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FOREWORD

~ The high reliability required of all space equipment is
achi eved by the designs, design margins, and by the
manuf acturing process controls inposed at each and every |evel
of assembly. The design and design margins shoul d assure that
t he space equipment is capable of performng in the space
environnent . The manufacturing process controls are intended to
assure that a known quality product is manufactured to neet the
deS|gn requirenents and that any changes required can be nmade
based on a known baseline. Attention to every detail is
required throughout devel opment, manufacture. qualification.
transportation. and preflight testing to assure successful
operations of the space equipment.

~ For high-priority, long-life. conplex space equi pnent, high
reliability is usually achieved by strict conpliance to the
mlitary specifications and standards that docunent the
requi renents and good practices needed to achieve long life.
Programs for these types of space equi pnment are general
structured to provi de extensive checks and bal ances. wt
detailed reviews of each step by independent personnel. to
assure that no problemis overlooked. Particular attention is
given in the design to elimnating single-point failure nodes,
wherever practicable. Special design analysis, special
screen[n? during manufacturing. and other quality provisions
that will assure reliability are inplemented on any remaining
single-point failure itens to avoid |atest defects. For these
programs. a full qualification programis conducted on each of
the conponents, on each of the space experinments, and on each
space vehicle involved.

Not all space equi pnent is_hi?h priority or long life.
Many space prograns are for a single mssion that is of short
duration, and the equiprent may be reIativeIY sinple, or involve
only one experiment. \Wen conpared to long-life, nore conplex
programs, these one of a kind space prograns often present
excel | ent opportunities to save substantial tine and noney in
the acquisition. There is still a requirement for high
reliability, because a flight failure in space is sel dom cost
effective. The real problemis to identify those cost-saving
measures that are reasonable for each programand that will not
increase risks in an unacceptable way. This mlitary handbook
Is intended to address those issues and various other facets of
engi neering information pertinent to requirenents for one of a
kind space equipnent. The handbook provides the basis for a
consi stent technical approach for such prograns in order to
achieve, in a cost-effective way, the high reliability required.
The material presented is intended as a baseline of requirements
that should be tailored to the needs of each program
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FOREWORD (conti nued)

Section 1, Scope. states the purpose of this handbook
Section 2 is the list of docunments referenced in the text of the
handbook.  Section 3 presents definitions for various classes of
space prograns and equhgnent, as well as the definitions for the
various |levels of assenbly terns used. Note that the program
characteristics inposed by the statement of work and data
delivery requirements of the acquisition contract determ ne the
program class. The equi pnent characteristics inposed by the
program pecul i ar specifications referenced in the acquisition
contract determnes the equipnment class. There is no requirenent
that the equi pnment class and the program class be the sane.

That could be the case, but alnost any m x can be visualized to
meet unique program requirenents. Section 4 presents a series
of tables conparing typical attributes of the various classes to
provide a summary overview that may be hel pful. Tables I, Il
and Il are matrices of sone of the baseline program or
managenent related itens that nay be used by the governnent in
definitizing the Statenent of Wbrk or other contract provisions
for various classes of prograns.

In contrast. Tables IV through I X are matrices that
summari ze the technical requirenents presented in detail in
Sections 5 through 10 of this handbook for various classes of
vehicles or experinents. A program peculiar specification for a
certain class of space equi pnent would typically incorporate the
general technical requirements by extracting or referencing the
applicable requirenents from Sections 5 through 10 of this
handbook.  For the conveni ence of those preparing space
equi pment specifications, these sections of the handbook address
the requirenments in essentially the same sequence. format, and
organi zati on that would be addressed in a program peculiar
specification. Section 5 addresses equi pnent characteristics,
Section 6 general design requirements, Section 7 requirenments
for conmputer resources. Section 8 manufacturing requirenents.
Section 9 storage and handling requirements, and Section 10
addresses quality assurance provisions. Section 11, Notes,
provi des guidance information on tailoring of requirenents and
on the classification process.

The requirements docunented here for one of a kind space
equi pnment were gi ven gui dance from several NASA and Air Force
docunents. In particular. the Experimenter’s Planning Cuide for
Departnent of Defense Space Test Program (The Air Force Space
Di vi sion Report SD-TR-83-24) should be used in coordination with
this docunment in that it provides many | essons |earned from
flying one of a kind experinments over the last twenty years. In
addition. this Experimenter’s Planning Guide includes further
gui dance for integration, launch and orbit operations support.
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SECTION 1
SCOPE

1.1 PURPCSE

Thi s handbook provides definitions of various classes of
space programs and of various classes of space equipnment. The
handbook al so provides detail ed technical requirenents for the
design, construction. and testing of various classes of space
equi pment.  These requirenments are a conposite of those that
have previous been found to be cost effective for one of a kind
SEace programs. The information presented is intended to aid in
the formulation of nore detailed requirenments including design,
manufacturing. and testing for specific prograns.

1.2 APPLI CATI ON

Extracting or referencing apPIicabIe requirenments for a
certain class of space e3U|pnent_ rom Sections 5 through 10 of
this handbook is intended to assist in the preparation of program
pecul iar specifications. The material presented for each class is
I ntended as a baseline that should be tailored to the needs of
each acquisition as described in Section 11. The termns
“conponent.” “experinent,” and “vehicle” are increasing |levels of
assenbl y of sPace equi pnment addressed in this handbook.  Space

equi pment i ncl udes both the hardware and the associ ated software.
(See Section 3 in this handbook for definitions. )

1.3 CLASSI FI CATI ONS

Space equi pnment covered by this docunent are categorized into
four classes:

Cass A H gh Priority, MnimmR sk

Cass B Risk with Cost Conprom ses

Cass C Econom cal |y Reflyable or Repeatable
Cass D M ni mrum Acqui si tion Cost

A full definition of each class is given in Section 3.
Matrices that illustrate differences anong the various classes are
given in Section 4. Unless otherwise stated in the text of a
paragraph, the requirenents presented in this docunment apply to
Cass A Cass B, and Cass C space equipnent. Unless requirenents
are specifically stated for Cass Din the text of a paragraph, the
Class Crequirenents are to be used as guidance for Cass D.
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SECTI ON 2
REFERENCED DOCUMENTS

This section does not list the Space Division) Regulations
or other program managenent related docunents that are only
identified in tables as a convenience to the reader.

2.1 GOVERNMENT DOCUMENTS

2.1.1 Specifications, Standards, and Handbooks. Unless
otherwi se specified, the follow ng specifications. standards.

and handbooks of the issue listed in that issue of the
Department of Defense |Index of Specifications and Standards
(DoDI SS) specified in the solicitation forma part of this
standard to the extent specified herein.

SPECI FI CATI ONS:

Feder al

QR N-290 Ni ckel Plating (Electrodeposited)

QG320 Chrom um Pl ating (El ectrodeposited)

Mlitary

M L-M3171 Magnesi um Al loy. Processes for Pretreatnment
and Prevention of Corrosion on

M L- G- 5541 Chem cal Conversion Coatings on Al um num and
Al um num Al | oys

ML-F-7179 Fi ni shes and Coatings. Ceneral Specification
for Protection of Aerospace Wapons Systens.
Structures and Parts

M L- A- 8625 Anodi ¢ Coatings, for Al um num and Al um num
Al | oys

DOD- E- 8983 El ectroni ¢ Equi pment. Aerospace. Extended

Space Environment, General Specification for

DCD- W 83575 Wring Harness. Space Vehicle, Design and
Testing, General Specification for

M L-S- 83576 Sol ar Cell Arrays, Space Vehicle, Design and
Testing, General Specification for



DOD- A- 83577

DOD- E- 83578

STANDARDS:

MIlitary
M L- STD- 889
M L- STD- 1246

M L- STD- 1472

M L- STD- 1522

M L- STD- 1539

M L- STD- 1540
M L- STD- 1541

M L- STD- 1547
M L- STD- 1574
DOD- STD- 1578

M L- STD- 1589
M L- STD- 1815

HANDBOOKS

M L- HDBK- 5

M L- HDBK- 17
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Assenbl i es,

Movi ng Mechanical, for
Vehi cl es,

Space
CGeneral Specification for
Expl osi ve Ordnance for

Space Vehi cl es,
CGener al

Specification for

Met al s

Product C eanliness Levels and Contam nation
Control Program

Dissimlar

Human Engi neering Desi
Mlitary Systens.

Standard General Requirements for Safe Design
and QOperation of Pressurized Mssile and
Space Systens

gn Criteria for
Equi prent and Facilities

El ectrical Power, Direct Current, Space
Vehicl e Design Requirenents
Test Requirenents for Space Vehicles

El ectromagnetic Conpatibility Requirenents
for Space Systens

Parts, Materials. and Processes Requirenents
for Space and Launch Vehicles, Technical

System Safety Program for Space and Mssile
Systens

Ni ckel - Cadm um Battery Usage Practice for
Space Vehicles

JOVI AL (J73)
Ada
Metallic, WMaterials and El enents for

Aer ospace Vehicle Structures

Pl astics for Aerospace Vehicles -

Part 1,
Rei nforced Plastics
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M L- HDBK- 17 Plastics for Aerospace Vehicles - Part 11,
Transparent G azing Materials

DOD- HDBK- 263 El ectrostatic D scharge Control Handbook for
Protection of Electrical and Electronic
Parts, Assenblies and Equi pnent

M L- HDBK- 340 Application Quidelines for ML-STD 1540B;
Test Requirenments for Space Vehicles

2.1.2 Qxher Government Docunments, Draw ngs, and
Publications. The follow n? ot her Governnent docunents,
draw ngs. and publications forma part of this handbook to the
extent specified herein,

JSC 07700 Space Shuttle System Payl oad Acconmmodati ons,
Vol XI'V. (NASA JSO

SP- R- 0022 Vacuum Stability Requirenments of Polyneric
Materials for Spacecraft Applications
(NASA JSC)

NHB 1700. 7 Safety Policy and Requirenents for Payl oads
Usi ng the Space Transportation System (STS)
( NASA)

KHB 1700. 7 Space Tr ansBortati on System Payl oad G ound
Saf ety Handbook (Joint NASA/Air Force

docunent designat ed by the Air Force as
SAMIO HB S-100)

SAMIO HB S-100 Space Tr ansgortati on System Payl oad G ound
Saf ety Handbook (Joint NASA/Air Force
docunent designated by NASA as KHB 1700. 7)

FIPS PUB 1 Code for Information Interchange ( Feder al
Informati on Processing Standard; National
Bureau of Standards. This docunent is the
sane as ANS|-STD X 3. 4-1968)

(Copi es of specifications, standards. handbooks, draw ngs, and
publications required bK contractors in connection with specified
acqui sition functions should be obtained fromthe contracting
activity or as directed by the contracting officer.)

2.2 NONGOVERNMENT DOCUNMENTS

The follow ng docunent(s) forma part of this handbook to
the extent specified herein. Unless otherw se specified, the
I ssues of the docunents which are DoD adopted shall be those
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listed in the issue of the DoDI SS specified in the solicitation.
The issues of docunments which have not been adopted shall be
those in effect on the date of the cited DoDl SS.

ANSI - STD X 3. 4-1968 Code for Information Interchange
(This document is the same as
FIPS PUB 1)

éAppIication for copies should be addressed to American Nationa
t andards Institute, 1430 Broadway. New York. New York, 10018)

(Nongover nment standards and ot her publications are normally
avai lable fromthe organi zati ons which prepare or which _
distribute the documents. These docunents also may be avail abl e
in or through libraries or other infornational services. )

2. 3 ORDER_OF PRECEDENCE

In the event of a conflict between the text of this handbook
and the references cited herein, the text of this handbook shal
take precedence. Nothing in this handbook, however, shall
super sede applicable |aws and regul ations unless a specific
exenption has been obtai ned.
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SECTION 3
DEFI NI TI ONS

Definitions are in accordance with M L-STD 1540. and the

fol | ow ng:

3.1 CLASS DEFI NI TI ONS

Space progranms, space vehicles. and space experinments are
categorized into four classes as follows:

Hagh Priority, Mninm R sk. Class Ais defined

characteristics for ass A usuall¥ al so inVﬁ!Vﬁ
eatures: hig

I ndependent qualification itenms, conplete flight

time. Vehicle and experinent retrievability or

Risk with Cost Conprom ses. Cl ass B is defined

as a high-priority, mediumrisk effort, with cost-
saV|ng conprom ses made primarily in areas other
esign and construction. The characteristics
for Class B usually involve some combination of
the following features: high national prestige,
medium life, high conplexity, soft failure nodes,
Frotofl|ght qualification, limted flight spares.

schedule, and a critical |aunch tine. Vehi cl e

dass A [ _ m | _
as a high-priority, mninumrisk effort. The
some conbi nation of the foll ow ng _
national prestige. long life. high conplexity,
hi gh use of redundancy. soft failure nodes.
spares, highest cost, and a critical |aunch
In-orbit maintenance 1s usually not possible.
Cass B
t han
imted use of redundancy, high cost, short
and experiment retrievability or in-orbit
mai nt enance i s usually not possible.
dass C

Economi cally Reflyable or Repeatable. Cass Ci

is
defined as a nedium or higher risk effort that is
econom cally reflyable or repeatable. The
characteristics for Cass C usually involve sone
conbi nation of the followng features: mediumto
hi gh national prestige, short life, [ow to medi um
conplexity, small size. single string designs.
hard failure nodes. very limted flight spares
medi um cost, short schedule. and a noncritical
launch time. Vehicle and experi nent

retrievability or in-orbit maintenance is usually
possi ble. such as typified by Spacelab or Obiter
attached payl oads.



DOD- HDBK- 343 ( USAF)
01 FEBRUARY 1986

Gass D Mninmum Acquisition Cost. Cass D is defined as
a higher-risk, mninumcost effort. The
characteristics for Class D usually involve sone
conbi nation of the followng features: nediumto
| ow national prestige, short life. [ow
conplexity, small size, sin?le string designs,
sinple interfaces. hard failure nodes, no flight
spares, |owest cost, short schedule, and a
noncritical launch schedule. Vehicle and
experiment retrievability or in-orbit maintenance
may or may not be possible.

Matrices that present typical differences anong the various
cl asses of space prograns, space vehicles, and space experiments
are given in Section 4. The classification process is discussed
I n Subsection 11.2.

3.2 SYSTEM

A systemis the conposite of equipnment, skills, and
t echni ques capabl e of perform ng or_supPorting an operationa
role. A systemincludes all operational equipnent. related
facilities, material, docunentation, services, and personne
required for its operation and mai ntenance.

3.3 EQUI PMENT

Equi pnent is a general termthat refers to an assenbly or
set of hardware. including the associated software, that is
Intended to serve sone purpose. Equi pnent does not include the
related facilities, material, documentation. services, or
Eersonnel required for operation or maintenance of the itens.

qui pnent constitutes one or nore elenments of every system

3.4 COWPUTER RESOURCES.

Comput er resources are the total set of conputer hardware
and software required to function on-line or off-line to perform
the required conputational functions. For the purposes of this
handbook, conputer resources are a type or subtier of
equi pnent . Sof tware includes the conputer prograns, data, and
firmnvare that are associated with conputer resources. The
hi ghest | evel of assenbly for conputer prograns is defined as a
conputer program configuration item A top |evel conputer
program configuration Item may consist of other subtier conputer
Brogran1conf|gurat|on itens, or conputer program conponents, or

oth. Conputer progran1conponents have subtier elenents called
conmput er program nodul es.
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3.5 SPACE EQUI PMENT

Space equi pnent is a general termthat refers to any
equi pnent in a sPace systemthat is intended for use in space.
The various |evels of assenbly of space equi pnent as defined in
this handbook are: space vehicle, space experiment, subsystem
component, subassenbly, and part.

3.6 LEVELS OF ASSEMBLY OF SPACE EQUI PMENT

~ The follow ng are definitions for space equipnent itens at
various |levels of assenbly. They are listed in decreasing
l evel s of conplexity, from the nost conplex to the |east conplex.

_ 3.6.1 Space Vehicle. A space vehicle is a conplete
integrated set of subsystenms and conponents capabl e of

supporting an operational role in space. A space vehicle may be
an orbiting vehicle. a major portion of an orbiting vehicle, or
a payl oad which performs I1ts mssion while attached to a
recoverable |aunch vehicle. The airborne support equi pnent
which is peculiar to programs utilizing a recoverable |aunch
vehicle is considered to be a part of the space vehicle being
carried by the launch vehicle.

3.6.2 Space Experinment. A space experinment is an
assenbly of subsystens and conponents capabl e of performng one
or nore functions in space. A space experinent is_usuaIIY part
of the space vehicle payload and is therefore considered to be a
| ower |evel of assenmbly of a space vehicle. However, a space
experiment nmay be an integral part of a space vehicle, a Payload
that performs its mssion while attached to a space vehicle, or
even a payload that is carried by a host vehicle but perforns
some of its mssion as a free-flyer. \Wether conpl ex space
equi pment is called a space experinent or a space vehicle is an
arbitrary decision of little consequence. since the nonenclature
used should not affect the classification or the requirenments.

3.6.3 Subsystem A subsystemis an assenbly of two or
more components, including the supporting structure to which
they are nounted, and any interconnecting cables or tubln%. A
subsystem is conposed of functionally related conponents that
perform one or nore prescribed functions. Typical space vehicle
subsystens are electrical power. attitude control, telenetry,
instrumentation. conmand. structure, thermal control, and
propul si on.

3.6.4 Component. A conponent is a functional unit that
is viewed as an entity for purposes of analysis, manufacturing,
mai nt enance, or record keeping. Exanples are hydraulic
actuators, valves, batteries, electrical harnesses, and

i ndi vi dual el ectronic boxes such as transmtters. receivers, or
mul ti pl exer.
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3.6.5 Subassembly. The term subassenbly denotes two or
nore parts joined together to forma stockable unit which is
capabl e of 'disassenbly or part replacenent. Exanples are a
printed circuit board with parts nmounted, or a gear train.

3.6.6 Part. A part is a single piece, or two or nore
pi eces joined together, which are not normally subject to
di sassenbly w thout destruction or inpairment of the design use.
Some exanples are resistors, transistors, integrated circuits,
rel ays, capacitors, gears, screws, and mounting brackets.

10
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SECTI ON 4
REQUI REMENT MATRI CES

This section is an overview that presents a number of
conmparison matrices to illustrate differences anong the various
cl asses of space prograns and equi pnent.

The 8rogran1c|assification and nanagenent requirenents are
made visible to the contractor by the contract provisions inmposed,
including the Statement of Wrk and the Contract Data Requirenents
List. Tables are provided to assist program management in
preparing these documents. Table | is a matrix o tgplcal program
characteristics for each class of space program Table Il provides
a mtrix of itenms to include in the Statement of Wrk for each

cl ass of Frogram Table I'll is a matrix of Progran1reV|ew items to
be schedul ed and included in the Statenent of Wrk for each class
of program  These matrices are not the conplete |ist of items to
include in the Statenment of Wrk, but only a partial |isting of
sone of the major items. The requirements inplemented in a
particular contract Statement of Wrk should be tailored to the
needs of that program (See Section 11 in this handbook.)

The equi pnent classification and technical requirenents are
made visible to the contractor by the equipnent specifications
i nposed. Tables IV through | X are matrices of typical technical
requirements to be included in specifications for space vehicles or
space experinents of each Class. They summarize the requirenents
presented in Sections 5 through 10 of this handbook. Table IV is a
summary of general characteristics for each Cass as presented in
Section 5. Table Vis a summary of design factors for each C ass
as presented in Section 6. Table VI is a sunmary of conputer
resource requirements for each Cass as presented in Section 7.
Table VII is a summary of construction factors for each C ass as
presented in Section 8.  Table VIIl is a summary of test
requi renents for each Cass as presented in Section 10. Table IX
is a conparison of typical fabrication and test requirements for
conponents to support the first flight itemof each Cass. The
requi renents inplemented in a particular specification should be
tailored to the needs of that program  There is no requirenent
that the program vehicle, and experiment Cl asses all correspond.
For exanple, a Cass C programas identified by the Statenent of
Work and ot her contract provisions mght involve the acquisition of
a O ass B space vehicle that carries a payload m x of Cass A B,
¢, and D experinents. (See Section 11 in this handbook.)

Tabl e X and Table Xl outline the suggested applicability of
USAF Space Division Regul ation SDR 540. the Commander’s Policies.
These matrices are intended to provide guidance to new Space
Di vi si on prograns considering making requests for waivers for one
of a kind space equi pment or vehicles.

11
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SECTION 5
SPACE EQUI PMENT CHARACTERI STI CS

Unl ess specifically stated otherwise, all requirements apply
to dass A Cass B, and Gass C. Unless speCJflcally st at ed
otherwise, the requirements for Cass C are guidance for Cass D

5.1 PHYSI CAL CHARACTERI STI CS

5.1.1 Mass Properties The weight of the space equi pnent
shal|l be controlled and nonitored during the acquisition process
for the preservation of performance nargins and as a control of
other mass properties.

5.1.2 Power. Vehicles and experinents Shall be designed
to operate froma 28 + 6 Volt dc, two-wire, single-point negative
grounded power subsystem conformng to ML-STD-1539. N ckel-
cadm um battery usage shall be in accordance with M L-STD 1578.

5.1.3 Durability. The space equi pment shall be so designed
and constructed that no fixed part or assenbly shall becone | oose.
no novabl e part or assenbly shall becone undesirably free or
sl uggi sh, and no degradation shall be caused in the perfornmance
beyond that specified for the space equi pnent during operation or
after storage.

5.2 RELIABILITY

_ The probability of mssion success for the nom nal m ssion
l'ife of ass A and C ass B space vehicles and experinments shal
be at |least 0.95. The Probablllty of m ssion success shal

i ncl ude consideration of any potential failures in associated
ground operations, such as commnding. that mght not be corrected
I'n tine to avoid an inpact on the space equipnent. The
reliability allocations Shall assure that the overall m ssion
reliability requirements are met, considering the nost severe
extrenes of storage, transportation, testing, and operations.

ReIiabiIitY anal yses and failure node effects and
criticality analyses shall be to the piece part level for O ass
A For Cass B, the analysis shall be to the level required to
identify all single point tfailure nodes or conponent redundancy.
For Cass C the analysis shall be to the conponent |evel and for
CGass D, to the subsystem | evel

The design of Cass A Cass B, and Cass C sFace equi pnent

shall be such that a failure in one conponent shall not propagate
to other components. Space experinments shall be capabl e of
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initiating protective measures to avoid catastrophic loss of the
éPare experiment or of the host space vehicle. The design of

ass D space experinents shall be such that a failure shall not
propagate to the host space vehicle.

5.3 MAINTAINABI LI TY

Unl ess mai ntenance or servicing in space is specifically
stated as ‘a program requirenent, space vehicles and experinents
shall be designed so as to not require any schedul ed mai ntenance,
repair, or servicing during their service life. The design shal
i ncorporate test and telenetry points to allow verification of
functional performance. The design shall accommopdate easy
installation and replacement of maj or conponents during factory
assenbly and of explosive ordnance devices, batteries, and other
site replaceable itens at the launch site when mated to the
| aunch vehicle. Access shall Dbe provided to those test plugs,
harness break-in points, external umbilical connections, safe and
arm devi ces, explosive ordnance devices, pressurant and
propellant fill and drain valves, and other devices as mght be
required for prelaunch naintenance, alignnent, and servicin?.
Alignment references for critically aligned conponents shall be
visible directly or through wi ndows or access doors.

5.4 ENVI RONMVENTAL CONDI Tl ONS

5.4.1 Launch, Reentry, and Landing Environnments. The
space equi pnent shall be designed to function wthin performance
specifications after or, if appropriate. during exposure in the

| aunch configuration to their design environnental |evels. These
desi gn environnental |evels for |aunch exceed the maxi mnum

predi cted | aunch environments for each item by the environnental
desi gn margin.

5.4.2 On-Obit Environnents. The space equipnent shall be
designed to function wthin performance specifications follow ng
or. 1f appropriate. during exposure in the on-orbit configuration
to their design environnental |evels. These design environnmenta
l evel s for on orbit exceed the maxi mum predicted on--orbit
environnents for each item by the environmental design margin.

5.4.3 Gound Environnments. These environnents are those
associ ated with all ground operations except testing, including
storage. transportation, and prelaunch operations. The space
equi pment shal | be designed to function wthin performance
SEeC|f|cat|ons followng or, if appropriate. dur|nﬂ exposure in
the ground configuration to environmental |evels that exceed the
maxi mum predicted ground environnents. The design shall be
caPabIe of sustaining exposures up to 12 hours in humd and
mldly corrosive environnents that could inadvertently occur
while the equipment 1is unprotected during nmanufacturing or
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handling, such as possible industrial environments or sea coast
fog that could be expected prior to launch. Relative humdities
up to 100 percent can be encountered.

5.4.4 Design Environnments for Various Casses. The
required environnental de5|%n margins for Cass A equi pnent are
those specified in ML-STD 1540 Therefore, the required
Enyfronnental design values for each itemof Cass A are as

ol | ows:

a. The thermal design range shall be 10 deg C beyond
the mnimum and maxi num predicted tenperatures.
Wiere practicable, each conponent shall be
designed to operate continuously wthin an
anbi ent teq?erature range of at |east -34 deg C
to +71 deg C.  To ﬁrevent generating a possible
ignition source, the tenperature of any part
gquged to the atnosphere shall not exceed 178

eg C

b. The vibration design range shall be 6 dB greater
t han the maxi mum predicted | evel but not |ess
than 12 g's (rmns).

C. The acoustic design range shall be 6 dB greater
t han the maxi mum predicted | evel but not |ess
than 144 dB overall

d. The shock spectrum design range shall be 6 dB
greater than the maximum predicted |evel

~ Because of the greater allowable risk for Cass B
equi pment, the required environnental design margins are reduced
and the resulting environnental design values for Class B are
nodi fied fromthose specified in ML-STD 1540 as foll ows:

a. The thermal design range shall be 5 deg C beyond
t he m ni mum and maxi num predi cted tenperatures
(instead of 10 deg %L Where practicable. each
conponent shall be designed to operate
continuously within an anbient tenperature range
of at least -29 deg Cto +66 deg C. To prevent
generating a possible ignition source, the
tenperature of any part exposed to the atnosphere
shal | not exceed 178 deg C

b. The vibration design range shall be 3 dB greater

t han the maxi mum predicted |evel (instead of 6
dB) but not less than 9 g's (rms).
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C. The acoustic design range shall be 3 dB greater
t han the maxi mum predicted |evel (instead of 6
dB) but not less than 141 dB overall

d. The shock spectrum design range shall be 3 dB
ggegtgé)than the maxi mum predicted | evel (instead
0 :

Because of the greater allowable risk, and the recoverable
nature of nost Cass C and Cass D equi pment, no environnental
design margins are required and no allowance for testing
tol erance need be made. The environnental design values for
Cass C and O ass D equipnent are therefore nodified fromthose
specified in ML-STD 1540 as foll ows:

a. The thermal design range shall be between the
m ni mum and maxi num predi cted tenperatures. To
prevent generating a possible ignition source.
the tenperature of any part exposed to the
atmosphere shall not exceed 178 deg C.  \Were
practicable, each Oass C conponent shall be
desi gned to operate continuously within an

anbi ent tquerature range of at |east -24 deg C
to +61 deg C

h. The vibration design range shall be the nmaximum
predicted level but not [ess than 9 g's (rns).

C. The acoustic design range shall be the maxi num
predicted level but not less than 141 dB overall

d. The shock spectrum design range shall be the
maxi mum predi cted |evel.

5.5 TRANSPORTABI LI TY

The space equi pnent shall be designed for ground
transportability and for air transportability. —The space
eqU|Bnent to be mounted as an assenblr in the STS shall be
capabl e of being transported and handled in both the vertica
and horizontal attitude. Attach points for transportation and
handl i ng shall be provided on assenblies weighing nore than 100
kil ograns. The nodes of transportation, support, and types of
protective covers used shall be chosen to assure that _
transportation and handling do not inpose thermal, vibration.
acoustic, or shock environnental conditions which exceed those
I nposed by operational nodes.
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SECTION 6
SPACE EQUI PMENT DESI GN REQUI REMENTS

Unl ess specifically stated otherwise. all requirenents apply
to Class A ass B, and Gass C.  Unless specifically stated
otherwise, the requirements for Oass C are guidance for dass D

6.1 SELECTION OF PARTS. MATERIALS, AND PROCESSES

Unl ess ot herw se specified in the contract, the parts.
materials. and processes shall be selected and controlled in
accordance wi th documented procedures to satisfy the specified
requirements . The sel ection and control procedures shall
enphasi ze quality and reliability to nmeet the m ssion requirenents
and to mnimze total life cycle cost for the applicable system
An additional objective in the selection of parts, materials, and

processes shall be to mnimze the variety of parts, related
tools, and test equipnent required in the fabrication
installation. and maintenance of the space equi pment.  However,

identical electrical connectors. identical fittings, or other

i dentical parts shall not be used on space equi pment where

I nadvertent interchange of itens or interconnections could cause
possible malfunction. = The parts, nmaterials, and processes

sel ected shall be of sufficient proven quality to allow the space
equi pment to neet the functional performance, reliability, and
strength as required during its life cycle including all
environnental degradation effects. Parts for Cass A and Class B
equi pnent shall be in accordance with M L-STD 1547.

Care shall be exercised in the selection of materials and
processes to avoid stress corrosion cracking in hlghhg stressed
arts and to preclude failures induced by hYdrogen enbrittlenent.
arts. materials, and processes shall be selected to ensure that
any damage or deterioration fromthe space environment or the
out?assing effects in the space environment would not reduce the
pertormance of the space equi pment beyond the specified limts.

6.1.1 Material Selection. Mterials shall be selected
that have denonstrated their suitability for the intended
application. \Were practicable, fungus inert materials shall be
used. Conbustible materials or naterials that can generate toxic
outgassing or toxic products of conbustion shall not be used if
cost-effective alternatives exist. Materials shall be corrosion
resistant or shall be suitably treated to resist corrosion when
subjected to the specified environments. Protection of
dissimlar nmetal conbinations shall be in accordance with
M L- STD- 889. Structural properties of materials for use in space
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applications shall be taken from M L-HDBK-5 for metals and from
M L- HDBK-17 for plastics. Properties not listed shall be based
upon appropriate material tests. \Wen such data are not
avai l able, they shall be determ ned by approved test nethods. A
sufficient nunber of tests to establish values for nechanica
properties on a statistical basis shall be perforned.

Materials shall be selected for | ow outgassing in
accordance with SP-R-0022 (NASA JSC). The total mass |oss shal
be less than 1 percent. and the collected volatile condensable
material shall be |ess than 0.1 percent when heated in vacuumto
125 deg C and collected at 23 deg C.  The hydroscopic nature of
many materials such as conposites, electroformed nickel, and
anodi c goat|n%s for alum num shoul d be recognized, if they are
used, since they emt water in a vacuumand therefore may be
unsuitable for sonme applications.

6.1.2 Finishes. The finishes used shall be such that
conpl eted devices shall be resistant to corrosion. The design
goal shall be that there would be no destructive corrosion o
the conpl eted devi ces when exposed to noderately humd or midly
corrosive environments that could inadvertently occur while
unprotected during manufacture or handling, such as possible
i ndustrial environments or sea coast fog that could be expected
rior to launch. Destructive corrosion shall be construed as
eing any type of corrosion which interferes with neeting the
specified performance of the device or its associated parts.
Protective nmethods and materials for cleaning, surface _
treatnment, and applications of finishes and protective coating
shall be in accordance with ML-F-7179. Neither cadm um nor
zinc coatings shall be used. Chromum plating shall be in
accordance with QQ C-320. N ckel plating shall be in accordance
W th N-290. Corrosion protection of nmagnesiumshall be in
accordance with ML-M3171. Coatings for al um num and al um num
alloys shall be in accordance wth L-C-5541 or ML-A-8625.

6.2 STRUCTURE

6.2.1 Ceneral Structural Design. The prinary support
structure for the space equipnent shall possess sufficient
strength, rigidity, and other characteristics required to

survive the critical |oading conditions that exist within the
envel ope of handling and mi ssion requirenents. It shall survive
those conditions in a manner that assures safety and that does
not reduce the mssion success probability. The primry support
structure of the space equi pment shall be electrically conductive
to establish a single point electrical ground. The structure of
equi pment to be launched in the STS shall be designed to neet

the applicable safety requirenments of NHB 1700. 7.
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6.2.2 Strenqgth Requirenents.

6.2.2.1 Yield Load. The structure shall be designed to
have sufficient strength to withstand sinultaneously the yield
| oads. applied tenperature, and other acconpanying environmenta
phenomena for each design condition w thout experiencing
yielding or detrimental deformation

6.2.2.2 Utimate Load. The structure shall be designed
to withstand sinmultaneously the ultinate | oads, applied
tenperature. and ot her acconpanyi ng environnental phenonena
wi thout failure.

6.2.3 Stiffness Requirenents.

6.2.3.1 Dynamic Properties. The structural dynamc
proEertles of the equi pnent shall be such that its Interaction
with the space vehicle control subsystem does not result in
unaccept abl e degradation of perfornmance

6.2.3.2 Structural Stiffness. Stiffness of the
structure and its attachments shall be controlled by the
equi pment performance requirements and by consideration of the
handl i ng, launch. and |anding environments. Special stowage
provisions shall be used, if required. to prevent excessive
dynam c anplification during transient flight events such as
| aunch or [anding.

6.2.3.3 Conponent Stiffness. The fundanmental resonant
frequency of a conponent weighing 23 kilogranms or |ess shall be
5? H%rtz or greater when nmounted on its inmmediate support
structure.

6.2.4 Factors of Safety. The factor of safety of the
structure is the ratio of the limt load to the all owabl e | oad.

6.2.4.1 Flight Limt lLoads. Available options for
structural design are [isted in Table XII. For all classes of
equi pment. including Class D. all safety related structural
design requirenents shall be net. (See 6.12 in this handbook. )

6.2.4.2 Pressure Loads. Factors of safety for pressure
| oads shall be determned iIndividually for each pressure vessel,
based on tests to establish material characteristics and an
analysis of life requirements and ot her environnental exposure.
Proof and burst pressure factors shall be established at |evels
that ensure structural integrity, structural life. and safety
t hroughout all phases. The values listed in Table X1l are to
be considered as limting |ower bounds.
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TABLE XIlI.  Structural Design Factors of Safety
Design Factor of Safety
on Limit Loads
Design and Test Options Yield Ultimate
(FSY) (FSu) (Fsu)
Unmanned Manned
Events Events
1. Dedicated Test Article 1.00 1.25% 1.40
2. Test One Flight Article 1.25% l1.4¢C 1.40
3. Proof Test Each Flight Article 1.10 1.25 1.40
4. No Static Test 1.60 2.00 2.25%

6.2.5 Design Load Conditions. The equipnent shall be
capabl e of wthstanding all design |oad conditions to which it
I's exposed in all mssion phases, as applicable: ground,

rel aunch, erection, post-launch, boost, orbit, reentry, and
anding. During the orbit phase, all of the follow ng shall be
consi dered: nmaneuvering | oads, vehicle spin, neteoroi
environment. radiation environnment, and other environmental
factors, such as thermal effects due to internal heating, solar

heating, eclipses, and extreme cold due to anbient space
envi ronment .

6.3 FLU D SUBSYSTEMS

6.3.1 Pressurized Conponents. Fluid subsystens and
pressurized conponents shall be in accordance with M L-STD 1522
and NHB 1700.7 (NASA). For all classes of equipnent, including
CGass D. all safety-related pressurized conponent design
requi renents shall be net. (See 6.12 in this handbook. )

6.3.2 Tubing. Tubing shall be stainless steel, where
practicable. Tub|ngTjo!nts shal | be thermal welded butt joints,
where practicable. ubi ng design shall incorporate provisions
for cleaning and to allow proof testing
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TABLE XiIl. Pressurized Conponents Factors of Safety
Design Acceptance Qualification
Component ¢/ Ultimate (Proof)
Solid Rocket Motor Cases b/ 1.25 1.10 a/ 1.25
Pneumatic Vessels b/ 2.00 1.50 a/ 2.00 a/
Lines, Fittings, and Hoses
Less than 3.81 cm dia. 4/ 4.00 2.00 a/ 4.00 a
3.81 cm dia. and larger 4/ 1.50 1.10 a/ 1.50 a/
Other Pressurized Components 2.50 2.00 a/ 2.50 a/

Notes:
a/ No yielding pecrmitted at acceptance (proof) test
pressure, and no rupture at qualification pressure.
- 7 -~ et o wom -~ L AL atmmer mb oae wwm - e _-..-_-_ era Y en o o PR Y AP W PN
D/ dl,LU.Lb Ui DSdlEly 5S5IIOWIl arI e milnimum vVvaiues applicapilce
to metallic pressure vessels for h1ch ductile

fracture mode is predicted via a combination of stress
and fracture mechanics analyses. Design of metallic
pressure vessels for which brittle fracture mode is
predicted by these analyses shall be in accordance
with fracture mechanics methodology wherein the proof
factor as well as the design ultimate factor of safety

cghall be egtablighed to pr!\\r‘lﬂn a minimum of four

times the specified service life against mission
] In addition, a fracture control program

shall be established to prevent structural failure due
to the initiation or propagation of flaws or
crack-like defects during fabrication, testing. anad
service life.

c/ All pressure vessels, sealed containers, lines,
fittings, and other pressurized components of
equipment to be launched in the STS shall be designed

to meet the applicable safety requirements of

NHB 1700.7 (NASA) and SAMTO HB $-100 (designated by
NASA as KHB 1700.7).

T="
~

3.81 ¢m diameter is equivalent to 1.5 inches diameter
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6.3.3 Separable Fittings. Separable fittings shall have
redundant sealing surfaces, such as double “O rings, and be of
the “parallel |eaded” type. “Paral l el |oaded” neans that the
fitting contains a conpressed elenent which exerts outward
pressure on the other elements of the fitting such that both
seals are muintained even if relaxation occurs. Separable
fittings shall have provisions for locking. Separable fittings
shoul d be accessible for leak tests and for torque checks.
SeBarabIe fittings should not be designed or assenbled with
lubricants or fluids that could cause contam nation or could
mask | eakage of a poor assenbly.

6.4 MOVING MECHANI CAL ASSEMBLI| ES

Depl oynment nechani sms, sensor mechani snms, pointing
mechani sms, drive mechani sms, despin nechanisns, separation
mechani snms, and other noving nechani cal assenblies on Cass A
and Cl ass B space equi pment shall be in accordance with
DOD- A-83577. Cass C and Class D equi pment should use
DOD- A- 83577 as a gui de.

6.5 EXPLOSIVE ORDNANCE

Expl osi ve ordnance to be installed on Class A and Class B
space equi pnent shall be in accordance with DOD-E-83578. (ass
C and Class D equipnent should use DOD-A-83578 as a guide. For
all classes of equipnent, including Cass D, all safety-related
expl osive ordnance design requirenents shall be net. (See 6.12
in this handbook.)

6.6 WRING

The electrical wring harnesses between space conponents
shall be in accordance wth DOD W 83576.

6.7 ELECTRONIC COVPONENTS

_Electronic conponents for Class A and Cass B space
aCPpI|cat|ons shal | be in accordance with DOD-E-8983. Parts for
ass A and O ass B equipnent shall be in accordance with
ML-STD-1547 . (O ass C equi pment shoul d be designed using
DOD- A- 8983 and M L-STD- 1547 as gui des.

6.8 SOLAR ARRAYS

Solar arrays for Cass A and Cass B aoace appl i cations
shall be in accordance with M L-S-83576. ass C equi pment
shoul d be designed using ML-S-83576 as a guide.
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6.9 NAMEPLATES AND PRODUCT MARKI NG

- For Cass A Cass B, and Class C space applications, each
vehicle, experinent, conponent, and interchangeable subassenbly
shal | be identified by a nameplate. The naneplate identification
may be attached to, etched in, or marked directly on the item
The nanepl ate shall utilize suitable letter size and contrasting
colors. contrasting surface finishes. or other techniques to
provide identification that is readily legible. The nameplate
shal | be capabl e of w thstanding cleaning procedures and
environnental exposures anticipated during the service |ife of
the item without becoming illegible. Mtal foil naneplates may
be applied if they can be placed in an area where they cannot
interfere with proper operation should they inadvertently becone
detached.  Metal stanping shall not be used. \Were practicable
identification naneplates on conponents and subassenblies shal
be in [ocations which permt observation of the marking at the
next higher level of assenbly. Nanmeplates shall contain. as a
mnimum the follow ng:

a. ltemidentification nunber
h. Serial nunber

c. Lot nunber

d.  Manufacturer

e.  Nonencl ature

~The marking of any two or nore items intended for space
applications with the sane item nunber or identification shal
I ndicate that they nay be capable of being changed, one for
another. w thout alteration of the items themselves or of
adj oi ning equipment if the itens also neet the specified flight
accreditation requirements.

06.9.1 Data Cards. \Wen size linmtations. cost, or other
consi derations Preclude marking all applicable information on an
item the nameplate may sinply provide a reference key to cards
or documents wnhere the omtted nameplate information nmay be
found. A copy of the referenced naneplate infornmation or card
shal | acconpany the itemor assenbly containing the itemduring
ground tests and ground operations.

6.9.2 “NOT FOR FLIGHT” Marking. [tems which by intent or
by material disposition are not suitable for use in flight, and
ich could be accidentally substituted for flight or flight
spare hardware, shall be red tagged or stripped with red paint.
or both, to prevent such substitution. The red tag shall be
conspi cuous and marked “NOT FOR FLIGHT.” The red paint shall be
material conpatible and the stripes unm stakabl e.
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6. 10 ELECTROVAGNETI C COVPATIBILITY

G ass A and Class B space equi pment shall be designed for
el ectromagnetic conmpatibility in accordance with M L-STD- 1541
For Shuttle launched eﬂyipnent, the requirements of JSC 07700,
vol. XV also apply. t hough G ound Support EquiFnent (GSE)
need not neet the flight electromagnetic conmpatibility
requirenents, it is necessary that GSE not be a source of _
interference to, or be affected by, flight hardware. GSE which
is to be used at the launch site, particularly that for Shuttle
| aunched equi pment, nust al so meet the em ssion requirenments
I nposed by the launch site.

Em ssions of Class C and Cass D equi pnent shall be
controlled in accordance with ML-STD-1541 requirenents and, for
Shuttle |aunched equipment. in accordance with the requirenments
of JSC 07700, Vol. X V.

6.11 1 NTERCHANGEABI LI TY

~ To the extent practicable, the desi?n of the space
equi pmrent shal | make provisions for the factory replacenment of
conmponents and subassenblies and for the prelaunch installation
or replacement of explosive ordnance devices, and batteries.

6.12 GENERAL SAFETY REQUI REMENTS

6.12.1 Ceneral. The design for all classes of equipnent
shal | be such that hazards to personnel, to the system and to
the associ ated equi pnment are either elimnated or controlled
t hroughout all phases of the systemlife cycle. The safety
requirements shall be in accordance with M L-STD 1574.

6.12.2 Space Transportation System Payl oads. For al
payl oads which are to be launched by the Space Transportation
System (STS), the safety requirements shall also be in
accordance with Chapter 2 of NHB 1700.7 (NASA). For these
payloads. it is required that the payload nust tolerate a
m ni mum nunber of failures and/or operator errors determ ned by
the consequence of any hazardous functions. For catastrophic
hazards or hazards that would result in personnel injury, |oss
of the orbiter or STS facilities and equi pment, the hazard needs
to be controlled such that no combination of two failures,
operator errors, or radio frequency signals wuld unleash the
hazard. For critical hazards or hazards that would result in
damage to STS equi pnent or in the use of contingency or
energency procedures, the hazard needs to be controlled such
that no single failure, or operator error, would unleash the
hazard. Hazardous functions are thereby controlled with either
two or three inhibits, depending on whether the hazard is
critical or catastrophic.
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In addition, Chapter 2 of NHB 1700.7 (NASA) defines safety
requi rements for space equi pnent structural design, stress
corrosion, pressure vessels, sealed containers, hazardous
materials, pyrotechnics, destruct subsystens, radiation,
ﬁlegtrical subsystens, flammabl e atnospheres, and refl own

ar dwar e

6.12.3 Gound Equipnent. The safety requirenents for
round equi pnent shall be I n accordance with SAMIO HB S-100
%de3|gnated by NASA as KHB 1700.7).

6.13 HUMAN PERFORMANCE/ HUMAN ENG NEERI NG

~Throughout the desk?n and devel opment of the equi pnent, the
applicable criteria in L- STD- 1472 shall be judiciously applied
to obtain effective, conpatible, and safe nman-equi pnent

I nteractions. Provi si ons such as tabs, collars, and different
thread sizes shall be enployed to prevent incorrect assenbly
which may inpair the intended functions.
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SECTION 7
COVPUTER RESQURCE REQUI REMENTS

Unl ess specifically stated otherwise. all requirements apply
to dass A, Cass B, and Class C.  Unless spec;flcally st at ed
otherwise, the requirenents for Cass C are guidance for Cass D

7.1 COWMPUTER RESOURCES FOR SPACE EQUI PMENT.

~The conputer resources are those required to function
on-line or off-line during one or nore phases or nodes of the
service |ife of the space equipment. These conputer resources
shal | be capable of performng the required real time
conput ational functions in the space equipnent and in the
associ ated ground equipment. These real tine functions include
dat a proceSS|n%, comuni cations, display, and control functions.
In addition. the equi pment conputer resources shall performthe
requi red nonreal tine data processing and support functions.

The follow ng requirements for conputer resources aﬁply to
Class A equipnment. For Class B and Class C equi pnent. the _
followi ng requirements for conputer resources apply only to nmjor
el ements of the conputer resources. Unless defined otherw se by
the program office or b% the contract, major elenments of conputer
resources are conputer hardware or software costing nore than
$100, 000 each. For Class B and O ass C conputer resources

el ements that are less than a major elenment, and for all Cass D
conputer resources, the requirenents shall be interpreted as

gui dance information.

~7.1.1 Conputational Equipnent. The conputationa
equi pment i ncludes processing units: special purpose
conput ati onal devices; main storage;, peripheral data storage;
i nput and output units such as printers. graphic displays. and
video display devices; and other associated devices. To the
extent practicable, the associated ground equi prent conputational
capability shall be provided by comrercially avail abl e genera
purpose conputer equipnent.

7.1.1.1 Conputer Instruction Performance Rate. Wthinits
operating environnent, each processing unit shall perform
instructions at a rate which is at least twice that required by
all other requirements specified. This increased capability IS
to allow for contingency growh in peak real time functiona
capability beyond the specific requirenments identified.

7.1.1.2 Data Channel Capacity. The maxi num input data
rate capability and the maxi num output data rate capability, when
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operating with the application conputer prograns, Shall be at
| east twce that required by the worst case data rate.

7.1.1.3 Main Storage (Primary Menmory). The capacity of
the main storaPe (primary nenory) 1n each conputer in the space
equi pment shal I be at |east 150 percent of the basic capacity
required by the other requirements specified. This 50 percent
spare capaci t%/_ is to allow for contingency growh beyond the
initial specitic requirenents.

7.1.1.4 Autonmtic Initialization and Startup. Each
computer shall have facilities to establish support capabilities
in response to a single control action. These facilities shall
Brow de for the automatic |loading, initialization, and starting of
oth the operating systemand the application conputer prograns.

7.1.2 perating Systems Used in Conputers. \ere
racticable. the olperat| ng system for each computer shall be in
road use and shall have a denonstrable record of reliable

performance. Qperating systems which require devel opment shall be
devel oped in accordance with the standards, conventions, and

devel opnent requirenments for application prograns contai ned
herein.  \Were applicable, the operating sgst_ems shal | ;)row de the
scheduling, task switching (on a priority basis), input/output
control, data nmanagenent, and nenory nmnagenent capabilities
required to suEport the real time conputational and control
functions of the conputational conponents. The operating system
shal | be capable of exploiting the growth requirenents specified
for the conputational equipnent w thout necessitating any

modi fi cati ons. Program pecul i ar changes, nodifications, additions,
or enhancenents to vendor supplied and mai ntai ned operating
systens shall require approval by the contracting officer prior to
incorporation and inplenentation.

7.1.3 Application Conputer Prograns.

7.1.3.1 Programm ng lLanguage. \Were practicable, application
conmputer prograns for space equi pment shall be witten in Ada per
M L- STD- 1815 or in JOVIAL J73 per ML-STD 1589. Assenbly |anguage
shal | be used only where its use is necessary for the satisfaction
of system perfornance requirements or where its use is cost
effective over the life of the system The term “assenbly
| anguage” includes the use of mcrocode and m croprogranm ng.

7.1.3.2 Conputer Program Structure. The conputer program
structure shall consist of Conputer Program Configuration Itens
(CPCls) at the highest level. A top-level CPClI nay consist of one
or nore lower |level CPCls. of one or nore Conputer Program
Conponents, or a conbination of both. The |owest |evel CPCl may
consi st of one or nore Conputer Program Conponents. Each Conputer
Program Conponent consists of one or nore | ower |evel Conputer
Program Mdul es.
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7.1.3.3 Structure of Mdules. Conputer Program Mdul es
shal | each be organized into two parts: an interface part and an
i mpl ement ation part.

a. The interface part shall characterize the
capabilities the nodul e nakes avail able to other
modul es or to other interfacing systemitens such as
devices or human operators. The Interface part
shal I not exceed 50 lines of source code (excluding
coments) .

b. The inplenmentation part of each nodul e shall define
how the operations specified in the interface are to
be provided. The inplenmentation part shall not
exceed 100 lines of source code (excluding comments).

7.1.3.4 Herarchical Program Design. Conputer prograns
shal | be designed in a hierarchical nmanner, and the |evels of the
hi erarchy shall correspond to the |evels of abstraction of the
tasks performed by the program A level of abstraction is
characterized by:

a. rheltypes of data objects defined to exist on that
eve
h. The operations defined to be performed to those data
obj ect's
Each | evel of the programshall be conplete in itself. Provisions

for incorporating existing nodules into the hierarchy shall be nade
so as to maximze the reuse of previously devel oped conputer
progr ans.

7.1.3.5 Standardized Control Structures. Only closed
control structures shall be used in the construction of program
modul es. Cl osed control structures are structures that have a
single entry point and a single exit point. For exanple. closed
control structures include: a) a sinple sequence, (b) a
conditional selection, and (c) an iteration

7.1.3.6 Strong Typing. Explicit declarations shall be
provi ded of the characteristics attributed to conputer program
el ements.  No conputer programelenent with a particular collection
of declared characteristics shall be treated as if it had sone
other characteristics.

7.1.3.7 Encapsulation Of Representations. Every conputer
program el ement which 1s used to represent sone concept other than
Itself shall be treated as encapsul ated within the declaration of
the concept represented. Encapsul ated neans that external to the
enca%sutat|ng declaration, no operation shall be applied directly
to the internal elenents. For exanple, either an array or a
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l'inked list may be the el ement used to represent a concept such
as a collection. In that case, the array or linked list would
be treated as declared within the declamation for the
collection, and no external array or |ist operations would be
al lowed, only collection operations.

7.1.3.8 Program Coding Conventions. All conputer
programs shall conform to the follow ng coding conventions:

a. The structure of the source code shall reflect
the design of the program

b. Each |ine of source code shall contain no nore
than three statenents. i.e., no nore than three

sem colons in Ada or JOVIAL. Each statement in a
line with nultiple statements shall have no nore
than three operations.

C. To the extent practicable, names used in conputer
progranms shall be consistent with those used in
t he system design

d. The code shall be witten such that no code is
modi fied during execution.

7.1.3.9 Program Comments. Comments shall be incorporated
t hroughout each conputer programto self-docunent the
orﬂan|zat|on and logic of the program  Conputer prograns shal
adhere to the follow ng comenting standards:

a. Banners. A banner shall be the first itemin each
conputer program |isting. The banner for a CPC
listing shall state the CPCl title, the titles of
all subtier CPCls if any, and the titles of al
subtier Conmputer Program Conmponents. The banner
for a Conputer Program Conponent |isting shal
state the title for the parent CPCl. the conponent
title, and the title of all nodules in the
conponent.  The banner for each of the two parts of
a module listing shall state the title for the
parent CPCl, the title for the parent conponent,
the title for the parent nodules (if any), the
title of the nodule. and whether the part is the
interface or the inplenentation part of the nodule.

b. Headers. A header consisting of a consecutive block
of comments shall follow the banner in each source
code listing to facilitate the understandin? and
readability of the listing. The header sha
provi de a prose abstract of the declarations and
processing activities to assist in understanding
t he program code.
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C. Special Comments. Special comments shall be
I ncluded wthin the source code listing to assi st
in reading particularly subtle or confusing code.
Speci al comrents nmay suppl ement header conments.
but they shall not replace the header comments. A
special comrent shall be included for every |ogic

branch and goin point to characterize the iIntended
operation of the programto that point.

7.1.3.10 Message Generation. The ground equi prent
computer prograns shall generate error and di agnostic nmessages on
line to facilitate real-tine fault isolation required to maintain
the system in operational status. In addition, these ground
equi pment conputer prograns shall generate off-line error and
di agnostic nmessages for the Io?glng of fault nmessages onto system
files for those categories of faults which require isolation and
correction but can be addressed off |ine and do not degrade
operational performance. The regu|red processing time to
identify and generate error and diagnostic nessages shall not

degrade the performance of the system Messages shall conformto
the fol |l ow ng:

a. Wth the exception of IengthY di agnosti c procedures
for use follow ng an abnormal condition, processor
nmessage and advisory fornmats shall not require
additional interpretation by the operator. For

exanmpl e, table | ookups and references to
docunentation shall not be required.

b. Every message and advisory shall include a unique
description of the condition which pronpted it.

C. On-line error nessages shall contain, as a m nimm
the follow ng information

1) Tine error was detected o
2) Textual description of error condition
) Required operator action where applicable

d. Of-line error nessages shall contain. as a mninum
the follow ng information

1) Tine error was detected

2) Textual description of error condition

3) Required operator action where applicable

4 I dentification of triggering nodule

5 | dentification of source program operation
being perforned at the tine of the error

(6) Conputer program or system execution status
followng the error
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7.1.3.11 Character Set Standards. Character sets shall
conformto standards in FIPS PUB 1 (ANSI-STD X 3.4-1968).

7.1.3.12 Gowh. The application conmputer prograns shal
satisfy their performance requirenents without the _
i mpl ementation of any of the growth provisions identified herein
for conputational equipnment. However, the application prograns
shal | be designed to be capable of easily exploiting any of the

identified growh provisions, such as added nenmory, which may be
I npl enent ed.

7.1.4 FEirnmware. Conputer prograns and data stored in a
class of storage that cannot be dynamically nodified by the
conput er during processing shall be considered firnware.

Requi rements on firmwvare shall be the sane as those on
application conputer prograns.

7.1.5 Conputer Resource (Utilization Mnitoring. The
ground equi pnent conputer resources shall provide a capability
whi ch can be exercised under operator control to monitor,
record, display, and print the utilization of the various
computer resources. The conputer resource utilization that

shal | be measurable and recordable during real-time operations
i ncl udes:

a. Job timing, i.e., overall utilization of the
central processing unit

b. Task timng. i.e., the seconds used by each
programin the central processing unit

C. Computer main storage (primary nmenory) utilization

d. Peripheral data storage (secondary mnenory)

utilization
e. A trace of the program execution sequence
- The time interval between recording sanples shall be
variable, and the types of data collected shall be options; both
shal | be under operator control

7.2 COVPUTER PROGRAM MAI NTENANCE RESQURCES

For Cass A space equipnent. conmputer program nmaintenance
resources are required to supﬁort sof tware devel opment and to
t

val i dat e changes t hroughout e devel opnent and operational use
of the software.

For other classes of space equi pnent, the requirenents for
conput er program mai ntenance resources are intended for
compliance only if delivery of the conputer program maintenance
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resources are required by the contract. Delivery requirenments nmay
not nean a physical transfer, but may be a paper transfer at the
time it is determned that the contractor has established the
conput er program mai nt enance resources needed to support possible
changes to the software required during on-orbit operations. The
need for conputer program mai ntenance resources is dependent both
on the_conFIeX|ty of the software and the tine that on-orbit
operational support of the space equipnent is required. For an
on-goi ng operational space program the need is clear. For one of
a kind space equi pnent where there may be a need only to support
devel opnment and changes through the first |aunch and any
contingency backup |aunches, the need may not be as clear. For
Class B or Cass C (and for nost Cass D) space equi pnent,
delivery of the conputer program mai ntenance resources nmay not be
required by the contract. The requirements for computer program
mai nt enance resources shoul d. however, be helpful for any major
sof tware devel opment and should be used as guidance even if not
required contractually.

~7.2.1 Conputational Equipnment for Commuter Program
Mai nt enance.  The conputational equi pnent for conputer program
mal nt enance is that conputational equipment required during the
service life to devel op and test changes to the conputer prograns
used in the space eQU|€nent and in any related training equipnent.
To the extent practicable, this conputational equipment for
conput er program nai ntenance shall be identical to the
comput ati onal equi pnent used for conputer program devel opnment.
In other words, the conputer program devel opnent equi pment woul d
normal |y transition to the conputer program nmai ntenance facility.
The conputer program mai ntenance equi pnrent shall be capabl e of
accommodating the growh requirements of the conputational
equi pnment w t hout necessitating major hardware nodifications.

7.2.2 Conputer Prograns for Conputer Program Maintenance
Conputers. The operating systemfor each conmputer used in the
mai nt enance of conputer programs shall be capable of exploiting
the growth requirements specified for the conputational equipnent
W t hout necessitating any major nodifications. Mintenance of the
computer prograns shall be sugported by utility progranms and ot her
computer programs running with the operating systen?s) and
conputer(s) specifically identified tor conputer program
mai ntenance.  The operating systen(s? and conputer programs used
for conputer program mai ntenance shall provide as a m ninumthe
followng interactive capabilities:

a. Editing
b. Conpi | ation which produces rel ocatabl e object code
C. If applicable, assenbly which produces relocatable

obj ect code
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d. Li nki ng type | oader

e. Generation, maintenance, and initialization of
storage nedia for prograns and data

f. Di agnostics to support fault isolation
0. Debuggi ng tools

h. Programlibrary facilities for both source and
obj ect code

I Configuration control capability.

To the extent practicable, the operating systen(s), other
computer progranms, and firmware to be used for conputer program
mai nt enance during the service life shall be the sane as that used
for conputer program devel opnent.

7.2.3 Conputer Resource Utilization Mnitoring. The
conput er resources used for conputer program nai ntenance shal
provide a capability to nonitor. record. display, and print the
simulated utilization of the conputer resources in the space
equi prent under sinulated flight conditions. The intent of this
capability is to provide a neans for maki ng neasurenents that
woul d assure that adequate growth margins can be maintained as
changes are incorporated during the service life of the space
equi pnent .

7.2.4 Additional Growh Capability. The conputer resources
used for computer program nmai ntenance shall be capabl e of
accommodating the specified growmh requirements of the conputer
resources of the space equi pment w thout necessitating any najor
modi fi cati ons.

7.2.5 Tools for Conputer Program Mintenance. Tools
required for the initial devel opnment of the space equi pnent
computer prograns and firmavare shall be organized into a library
and facility for subsequent reuse in testing and validating
changes to the conputer prograns. These tools include
confrguration-controlled masters of the rel eased conputer prograns
and firmvare, the associated docunentation, as well as the test
drivers, simulated data, and other special purpose devices. For
exanple, if a Mcroprocessor Devel opnment System (MDS) was used to
develop firmvare, the MDS and the associated conputer programs and
docunentation shall be controlled and retained as part of the
conputer program mai ntenance resources to support possible change
activity during the operational service life of the system
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SECTION 8
MANUFACTURI NG

Unl ess specifically stated otherwise. all requirenments apply
to Cass A ass B. and Class C. Unless specifically stated
otherwise, the requirenents for Cass C are guidance for Cass D

8.1 PROCESSES AND CONTROLS

Acceptance and flight certification of space equipnent is
primarily based on an evaluation of data fromthe manufacturing
process. = The manufacturing process for Class A, Cass B. and
Class C eguipnent shal | be acconplished in accordance with
docunent ed procedures and process controls which assure the
reliability and quality required for the mssion. These
nanufactutln%_Frocedures and process controls shall be docunented
to give visibility to the procedures and specifications bg whi ch
al | processes, operations, inspections, and tests are to be
acconplished by the supplier. This internal contractor
docunentation shall include the name of each part or conponent,
each material required. the point it enters the manufacturing
flow, and the controlling specification or drawing. The
docunentation shall indicate required tooling, facilities, and
test equipnment: the manufacturing check points; the quality
assurance verification points; and the verification procedures
correspondi ng to each applicable process or material |isted.
The specifications. procedures, draw ngs, and supportin?
docunentation shall reflect the specific revisions in effect at
the time the items were produced. These flow charts and the
referenced specifications, procedures, drawi ngs. and supporting
docunent ati on beconme the manufacturing process control baseline
and shall be retained by the supplier for reference. It is
recogni zed that many factors may warrant nakin% changes to this
docunmented baseline: however, all changes to the baseline
processes used, or the baseline docunents used. shall be
recorded by the supplier follow ng establishnment of the
manuf acturing baseline or follow ng the manufacture of the first
itemor lot of items. These changes provide the basis for
flight accreditation of the itens manufactured or of subsequent
flight itens.

The manufacturing process and control docunments shal
provide a supplier-controlled baseline that assures that any
subsequent failure or discrepancy analysis that may be required
can identify the specific manufacturing materials and processes
that were used for each item In that way. changes can be
incorporated to a known baseline itemto correct the probl ens.
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8.2 ASSEMBLY LOTS

To the extent practicable, parts for use in space equi pnent
shal |l be grouped together in individual assenbly |lots during the
various stages of their manufacture to assure that all devices
assenbl ed during the sane tine period use the sane material s,
tools, methods, and controls. Parts and devices for ﬁgace
equi pnent that cannot be adequately tested after assenbly w thout
destruction of the item such as explosive ordnance devices,
sone propul sion conponents, and conpl ex el ectronics, shall have
ot controls inplenented during their manufacture to assure a
uniformaquality and reliability level of the entire [ot. Each
| ot shall be manufactured, tested, and stored as a single batch.
Sequential ot nunmbers that indicate the date of manufacture
shal | be assigned to each lot.  (Typically, use three digits for
the day of the year and two digits 'for the year.)

8.3 CONTAM NATI ON

8.3.1 Fabrication and handling. Fabrication and handling
of space equipnent shall be acconplished in a clean environnent.
Attention shall be given to avoiding nonparticulate (chem cal)
as well as particulate air contamnation. To avoid safety and
contam nation problems, the use of liquids shall be mnimzed in
areas where initiators, explosive bolts, or any |oaded explosive
devi ces are exposed.

_ 8.3.2 Device CGeanliness. The particulate cleanliness of
i nternal noving subassenblies shall be maintained to at |east

| evel 500 as defined in ML-STD 1246. External surfaces shall
be visibly clean.

8.3.3 Qutgassing. Itens that mght otherw se produce
del eterious outgassing while on orbit shall be baked for a
sufficient time to drive out all but an acceptable |evel of
out gassing products prior to installation in the experinment or
space vehicle. See 6.1.1 in this handbook.) Analytical
contam nation nodel s shall be used to eval uate perfornance
I npacts of outgassing on adjacent critical equipnent.

8.4 ELECTROSTATI C DI SCHARGE

Appropriate provisions stated i n DOD- HDBK- 263 shal | be used
to avold and to protect against the effects of static
el ectricity generation and di scharge in areas containing
el ectrostatic sensitive devices such as mcrocircuits.
initiators, explosive bolts, or any |oaded explosive device
(also see 9.2 in this handbook). Both equi pnment and personne
shal | be grounded.
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8.5 CRAETSVANSHI P

Space equi pnent shall be manufactured. processed, tested,
and handl ed such that the finished itens are of sufficient
%ual!ty to ensure reliable operation, safety, and service |ife.

he items shall be free of defects that would interfere with
operational use such as excessive scratches, nicks, burrs, |oose
material, contam nation, and corrosion.

8.6 NMECHAN CAL | NTERFACES

Wiere practicable, a common interface drill tenPIate shal |
be used to assure correct nmechanical mating, particularly for
interfaces external to the equipment.
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SECTION 9
STORAGE AND HANDLI NG PROVI SI ONS

Unl ess specifically stated otherwi se, all requirements apply
to dass A ass B, and Cass C._ Unless speCJf|caII¥ st at ed
otherwse, the requirenents for Cass C are guidance for Cass D.

9.1 HANDLI NG AND STORAGE | N-PLANT PRI OR TO ACCEPTANCE

~ Environnental conditions for Cass A and C ass B equi pnent
during proceSS|n?. and during storage prior to shipnment, shal
be within the following limts:
a. Tenper at ure: 21 deg C + 20 deg C
h. Hum dity: 50 percent + 40 percent

C eanliness shall be maintained during processing using
appropriate protective containers or covers.

9.2 STORAGE AND TRANSPORTATI ON SUBSEQUENT TO ACCEPTANCE

El ectrostatic sensitive itenms, such as nost electronic
assenblies and conponents containing explosives, for Cass A and
C ass B equi pnment shall be stored and transported in sealed
packages using antistatic wapping material. The antistatic
wrappi ng material used should not produce nonvol atile residues.
The antistatic wapping nmaterial shall be grounded through a
resistor prior to renoval. The grounding resistor shall have a
val ue between 100,000 ohns and 1 negohm

_ Storage, handling, and transportation conditions to which
items are to be subjected prior to flight shall be controlled to
acceptable limts. ~Ceanliness shall be naintained during
storage and transportation using appropriate protective
containers or covers. Tenperature and humdity conditions and
transportati on shock exposure shall be nonitored subsequent to
manuf acture. and the neasured |evels shall be eval uated agai nst
the acceptance test limts.
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SECTION 10
QUALI TY ASSURANCE PROVI SI ONS

Unl ess specifically stated otherwise, all requirements apply to
Gass A Cass B, and Cass C.  Unless specifically stated
otherwise. the requirenents for Cass C are guidance for Class D

10. 1 PARTS, MATERIALS, AND PROCESS CONTROLS

~ Parts. materials, and process controls are to be applied
dur!ng manuf acture and assenbly of all itens to ensure that
reliable equipment is fabricated. Al parts and materials shal
be adequately controlled and inspected prior to assenbly.
During fabrication of space equi pnment, the tools and processes,
as well as parts and nmaterials. shall be adequately controlled
and inspected to assure conpliance with the approved
manuf acturing processes and controls. Quality assurance
requi rements included in specifications referenced in Sections 5
through 9 of this handbook are considered incorporated as
requi renents of this section and should be nmet for the
appl i cabl e classes of equipment.

10.1.1 Records. Records docunenting the accreditation
status of the space equi pnent shall be malntained follow ng
assignnment of serial nunbers. Each space item shall have
I nspection records and test records nmintained by serial number
to provide traceability from system usage to assenbly | ot data
for the devices. Conplete records shall be nuintained for the
space itens and shall be available for review during the service
l1fe of the system The records shall indicate all rel evant
test data, all rework or nodifications, and all installation and
renmoval s for whatever reason

10.1.2 Manufacturing Screens. Each critical subassenbly,
each conmponent, each experinment, and each vehicle shall be
subjected to in-process manufacturing and assenbly screens to
assure conpliance with the specified requirenments to the extent
practicable. Conpliance with the docunented process controls,
document ed screening requirements, required hardware
configuration, and general workmanship requirenments shall be
verified. At each level of assenbly, each conpleted unit. shal
be subjected to visual inspection to assure that it is free of
obvi ous defects and is wthin specified physical limts.

10.1.3 Nonconforming Material. Nonconforming matetial.
components, or assemblies that do not meet the established
Tolerance limi%te s¢< for +<he 22ceptance limite in the in-grocese

-~

n
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screens shall be rejected for use. Any rejected material,
conponent, or assenbly.nay be reworked and rescreened in
accordance with established procedures if systemreliability is
not jeopardized. Nonconformng material or assenbled units in
each ot may be reworked and rescreened in accordance wth

est abli shed procedures if the rework is not so extensive as to
jeopardize the lot identity of the material or assenbled unit.
|f the reworked material or assenbled unit subsequently passes
the in-process screens, it can again be considered part of the
lot. Reassignnent of assenbled units to a different |ot shal
not be made. Nonconform ng material or assenbled units that do
not satisfy these rework criteria shall be considered scrap

10.2 DESIGN VERI FI CATI ON TESTS

Design verification tests shall be perforned to denonstrate
conpl i ance of new designs or of nodified designs with the
specified performance. Test units shall be sufficiently simlar
to HQe final units as to not jeopardize the validity of the test
results.

10.2.1 Verification of Nonoperating Constraints. The
ef fects of nonoperational environnents on the space equi pment
may be determ ned by nonoperating devel opnent tests. These
tests would be used to identify fabrication, storage, handling,
transportation, installation, and launch preparation constraints
or controls that may be necessary. Note that approval of the
contracting officer is required,  if it is necessary to provide
speci al nonoperating environmental controls other than those
specified herein.

10.2.2 Devel opment Tests. TyPicaIIy, breadboard or
prototype hardware Is used for devel opnent tests. \Wen cost
effective, flight hardware may be utilized for the devel opnent
test program The devel opment tests are performed as required
to yield informati on necessary to deternmne:

Design feasibility

Adequacy of basic design approaches

Functional paraneters

Thermal and structural data with particul ar enphasis
on deploynent, separation, latching nechanisns.
clearances, structural dynamc characteristics,
and math nodel verification

Mass properties _ _ _

Packa?!ng.and fabrication techniques

Stabilization performnce

EMC including TEMPEST

Safety_ _ _ _

Cl eanliness requirements and contamn nation
compatibility
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10. 2.2.1 Mdal Survey. Mddal survey tests are required
for large equipnment (see ML-STD 1540). The flight hardware, O
dynam cal ly sinulated hardware. including attachnent and support
hardware is the test article. Al natural nodes of vibration at
frequencies below 50 Hz shall be determ ned.

10.2.2.2 static Loads. A static |loads test as specified
in ML-STD 1540 shall be perforned on each vehicle or experinent.

10.2.2.3 Thermal Balance. The flight vehicle or
experiment shall be subjected to a thermal bal ance test as
specified in Paragraph 6.2.8 of ML-STD 1540, The test shall
i nclude both maxi mum and m ni mum power dissipation nodes. |f
heat pipes are included, the attitude of the equipnment shall be
such as to not bias the test neasurenents. A thernmal math nodel
shal|l be used to correlate pretest tenperature predictions with
the test data fromthe thermal balance test. As a goal
correlation of test results to the thermal nodel predictions
shall be within £+ 3 deg C The correlated thermal math nodel is
then used to nake final tenperature predictions for all m ssion
hases and, hence, verify the thermal margins required by

L- STD- 1540.

0 10.2.2.4 Nagnetic Mapping. |f applicable, a magnetic
mappi ng on the assennled vehicle or experinent shall be _
gonducted to provide rement, stray, and induced magnetic field

at a.

10.2.2.5 CQurrent Mrgin. Electrical current margins on
all el ectroexpl osive device ordnance circuits shall be
demonstrated. The test shall verify that no | ess than the
m ni mum recommended firing current {twice all-fire) would be
delivered to the el ectroexplosive devices under worst conditions
of mnimum voltage and maxi mum circuit and el ectroexpl osive
device resistance. The test shall also verify that the maxi num
current delivered to the el ectroexpl osive device does not exceed
its maximum qualified firing current under worst conditions of
maxi mum vol tage and mninmum circuit and el ectroexpl osive device
resi stance.

10.2.2.6 Mechanism Mtion Test. The erection,
depl oyment, latching. and jettison features shall be tested to
denonstrate adequate functioning under worst case environnents.

10.2.2.7 Shock .  Equi pment susceptible to shock shall be
eval uated for bench handling (nonoperating) and while operating

for possible pyroshock effects.

_ 10-2.2.8 Crash Safety (Nonoperating) Al t hough anal ysis
is usually adequate for Shuttle mssions. a denmpnstration may be
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used to show that the equi pment design conplies with the crash
safety criteria: i.e., the equipnent and its nounting
attachments shall not become detached. create a hazard to
personnel or to the Shuttle Orbiter, or prevent egress from a
crashed vehicle. QOperating performance is not required during
or after this test, so a nonoperating mass simulator may be
used. Compl iance to the fracture control plan is required.

010.2.2.9 (Qutgassing. Qutgassing evaluation tests are
required for materials, conponents, and subsystens whose
out gassing properties are not known. (See 6.1.1 in this handbook.)

10.3 LOT CERTI FI CATI ON TESTI NG REQUI REMENTS

Space parts, materials, and conponents that cannot be
adequately tested after assenbly. and nust rely uPon t he process
controls and in-process screenin? to assure satisfactory
performance and reliability, shall have appropriate lot _
certification tests inposed prior to assenbly. Lot certification
testing is that testing performed to denonstrate confidence that a
| ot of parts, materials, or conponents that have passed the
I n-process screening al so neets the other qualltr_and_perfornance
requirements. Al r1tens submtted for lot certification shal
have been manufactured using the sane supplier-docunented
processes and controls. Certification of a lot is achieved by the
satisfactory conpletion without failure of the appllcable tests.
Note that ot certification testing should be performed by the
supplier and need not be repeated by the user.

10.4 QUALI FI CATI ON AND ACCEPTANCE TESTS

Qualification and acceptance tests are intended to
denonstrate, to the extent it is practicable, that devices
manuf actured in accordance with the approved processes and
controls meet the specified design requirements.

10.4.1 Conponent Qualification and Acceptance Tests. For
C ass A conponents, the first article manufactured of each type
shal | be acceptance tested and then qualification tested in
accordance with M L-STD 1540. In addition, for STS usage, it
shoul d be denonstrated that the conponent can operate in an
expl osive atnmosphere. The conponent shoul d not create an
explosion in an explosive atnmosphere; it should contain any
expl osion occurring inside the conponent; and the tenperature of
t he conponent case and of all internal parts exposed to the
at mosphere shall not exceed 178 deg C.  Upon conpletion of the
qualification test program the Cass A qualification article is
usual |y used as a developnment test article for extended margin
evaluation tests and life tests. However. the qualification
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article test history may be reviewed for excessive test time and
potential fatigue-type failures to determine if the unit can be
refurbi shed and used in the 3uallf|cat|on vehi cl e or experinent
or as a flight spare in a redundant flight set, but it should
not otherwi se be planned for flight. Subsequent Class A flight
components after the first unit of each type shall be acceptance
tested in accordance with M L-STD 1540.

For O ass B conponents, qualification tests slightly
modi fied fromthe M L-STD-1540 baseline are required for the
first article manufactured of each type. These are called
Protof||ght tests, and they also serve as the acceptance tests
or that item The required Class B conponent protoflight tests
are the conponent qualification tests specified in ML-STD 1540
(6.4 in ML-STD-1540) with the follow ng changes:

a. The environnmental design nmargins have been
nodified for Class B fromthose defined in
M L- STD-1540. so the qualification test |evels
are reduced. (See 5.4 in this handbook. )

b. For the conponent vibration qualification test
(6.4.5 in ML-STD 1540), the test |evel shall not
be less than 9 g’'s (rms).

C. For the conponent acoustic qualification test
(6.4.6 in ML-STD 1540), the test |level shall not
be less than 141 dB overall

d. For the conponent pressure test, only proof
ressure tests per 6.4.10.3 a and 6.4.10.3 b in
L- STD- 1540 shall be conducted.

e. The conponent burn-in acceptance test (7.3.9 in
M L- STD- 1540) shall be substituted for the
component qualification life test (6.4 in
M L- STD- 1540

f. For STS usage, it should be denonstrated that the
conmponent can operate in an explosive
atnosphere.  The conponent shoul d not create an
expl osion in an explosive atnmosphere; it should
contai n any explosion occurring inside the
conponent; and the tenperature of the conponent
case and of all internal parts exposed to the
at mosphere shall not exceed 178 deg C.

~Following these Class B qualification tests. the
qualification article may be used as a flight article and
installed into the flight vehicle or experinent, or used as a
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flight spare, without further testing. Subsequent Cass B
fli?ht conmponents after the first unit of each type, if any,
shall be acceptance tested in accordance with M L-STD 1540.

The environmental design margins for Cass C conponents are
zero, so qualification test |evels and acceptance test |evels
are the same. Therefore, Cass C conponents only require
acceptance testing in accordance with M L-STD-1540. In
addition. for STS usage, it should be denonstrated that the
conponent can operate in an explosive atnosphere (see above).

The environnental design margins for Cass D conponents are
zero. so qualification test |evels and acceptance test |evels
are the same; however, testing of Class D conmponents is optional

10.4.2 Software Qualification and Acceptance Tests
Qual ification and acceptance of software shall be based on
functional testing of the conputer progranms, data. and firmare
in the space egu|pnent conputers, using representative test
cases generated to sinulate the range of operational _
requirenents .  Software for Class A space equi pment requires an
i ndependent verification and validation

10.4.3  Experinent or Vehicle Level qualification and
Acceptance Tests. A large space vehicle typically 1ncludes
several physically distinct segnments such as a host vehicle
segment, an experinment or payl oad segnent, and an injection
stage. The size |imtations of nost environnmental facilities
general ly preclude testing of all segments conbined. In that
case. each mmjor segnment Is tested as though it were a space
vehicle being delivered by the contractor involved. Space
experiments can therefore usually be acceptance tested and
qugluflcatlon tested as though they were a separate space
vehicl e.

For Class A space experinments or vehicles. the first
article manufactured shall be acceptance tested and then
qualification tested in accordance with the vehicle |level tests
of ML-STD-1540. Upon conpletion of the qualification test
program the Class A qualification article is usually used as a
devel opnent test article for evaluation tests. However, the
qualification article test history na¥ be reviewed for excessive
test tinme and potential fatigue-type tailures to determne if
the unit can be refurbished and used as a flight spare. If such
flight use is planned, and if subsequent to qualification
testing there are significant nodifications incorporated in the
qualification test article, or numerous conponents are
refurbi shed or replaced with new conponents, the equi pnment shal
be retested to the vehicle | evel acceptance test baseline of
M L-STD- 1540 (7.1 in ML-STD 1540) prior to flight certification.
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Subsequent C ass A space experinments or vehicles, after the
first qualification unit, shall be acceptance tested in
accordance with the space vehicle | evel acceptance test baseline
of M L-STD 1540.

For C ass B space experinments or vehicles, the flight
article na% be the only article fabricated. and qualification
tests slightly nodified fromthe M L-STD 1540 space vehicle
level qualification test baseline are required for the first
article. These are called protoflight tests, and they also
serve as the acceptance tests for the item so the space vehicle
| evel acceptance tests required by ML-STD 1540 are wai ved.  For
Brotoflight tests, only the vehicle level qualification test

aseline of ML-STD-1540 (6.2 in M L-STD-154OL Is required for
Cl ass B space experinents or vehicles. with the follow ng
changes:

a. The environmental design margins have been
nmodified for Cass B fromthose defined in
M L-STD-1540. so the qualification test |evels
are reduced. (See 5.4.4 in this handbook.)

b. For the space vehicle acoustic qualification test
6.2.3 in ML-STD 1540). the test |evel shall be
dB greater than the maxi num predicted | evel but
not |ess than 141 dB overall. The duration of
the test shall be the sane as for the space
vehi cl e acoustic acceptance test (7.1.3.3 in
M L- STD- 1540) .

C. For the space vehicle vibration qualification
test (6.2.4 in ML-STD 1540), the test levels
shal I produce vibration responses in the _
equi pnent which are 3 dB greater than the maxi num

redicted level. The duration of the test shal
e the same as for the space vehicle vibration
acceptance test (7.1.4.3 in ML-STD 1540).

d. For the space vehicle thermal vacuum
qualification test (6.2.7 in ML-STD 1540), the
nunber of hot-cold cycles shall be four and the
tenperature extrenmes shall be 5 deg C beyond the
m ni mum and maxi num predi cted tenperatures.

e. |f the optional space vehicle thermal cycling
test (6.2.9 in ML-STD 1540) is adopted as
baseline, the m nimum space vehicle tenperature
range shall be 60 deg C. The test should include
15 percent nore thermal cycles than specified for
t he space vehicle thermal cycling acceptance test
(7.1.8.3 in ML-STD 1540).
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f. Tests shall be conducted to verify the adequacy
of the limt and ultimte |oads for structural
devices, such as separation nuts and bolts.

0. The safety requirements of NHB 1700.7 ( NASA)
shall be verified for Shuttle-launched equi prent.

h. El ectrical and el ectronic equi pnment shall be
tested to the requirenents of L- STD- 1541, and
for Shuttle-launched equi pment, to the
requi renents of JSC 07700. Vol. XV

Subsequent fIi?ht units of Class B space equi pnment after
the first unit shall be acceptance tested in accordance with the

space vehicle | evel acceptance test baseline of ML-STD 1540
(7.1 in ML-STD 1540).

~Class C and O ass D space equi pment only require acceptance
testing in accordance with the space vehicle | evel acceptance test
baseline of ML-STD-1540 (7.1 in ML-STD 1540). However, the EMC
test (7.1.2 in ML-STD-1540) is required; it 1s not optional.
10.5 RETEST.

Ret est guidelines shall be in accordance with M L-STD 1540.
10. 6 REUSABLE FLIGHT HARDWARE TESTS.

Sonme equi pnent, or portions of the equi pnent, may be intended
for reuse on subsequent nissions. Reusable equipnent woul d be

subjected to repeated exposure to test, launch, tlight, and
recovery environments throughout its life. Qualification testing
of reusabl e hardware shall be conducted at environnmental |evels

and durations that provide a sufficiently high margin to assure
equi pment integrity after the regU|red repeat ed environmnent al

exposures .  Methodol ogy for avoiding fatigue failures is presented
in M L-HDBK- 340.

10. 7 QUALI FI CATI ON OF EXI STI NG DESI GNS

Requal ification is required for items that incorporate
ext ensi ve chan?es in design. manufacturing processing.
environnmental Tlevels, or performance requirenents. wever
nethodology presented in M L-HDBK-340 may be used to show that
exi sting designs, or itens previously qualified for other
applications, have adequately denonstrated conpliance to all
qualification requirements for the new designs. Deficiencies in
meeting some requirenents may be fulfilled by supP]enentin%
existing data with new test data. However, qualification by
simlarity shall be permtted only with the concurrence of the
contracting officer. \aiver of qualification or requalification
requi rements requires the approval of the contracting officer.
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10.8 SERVICE LI FE VERI FI CATI ON TESTS

Service life verification tests are defined as those tests
conducted on limted life devices to denonstrate that flight
devi ces woul d perform satisfactorily during their specified
service life. Explosive ordnance devices and other conponents
whose performance may degrade with tine shall have life
certification or extensions based upon passing either an aging
surveillance test or an accelerated aging test as described in
the applicabl e subtier specifications such as DOD E-83578 for
expl osi ve ordnance.

10.9 PRELAUNCH VALI DATI ON TESTS

~ Prelaunch validation tests shall be conducted on space
equi prent in accordance with the applicable requirements of
M L-STD-1540. These integrated systemtests include all tests
designed to verify system performance.

10.9.1 Functional Integration. End to end integration

tests shall be conducted to assure an orderly buildup and verify
proper subsystem operati on.

10.9.2 Alignment Checks. Alignnment checks shall be
conducted as required to verify alignnents of specific equiprent.

10.9.3 Integrated System Tests. Integrated system tests
are systemlevel functional tests done in accordance with the
appli cabl e paragraphs of M L-STD 1540. Integrated system tests
provi de baseline performance data and fol |l ow-up conparison data
to verify factory tests and assure that no degradation results
fromthe individual environmental tests. transportation, _
storage, and preceding flights shall include a “tgp|cal” flight
si nul ation enconpassing prel aunch, |aunch, and orbital nodes of
operati on.

0 10.9.4 Mass Properties. Actual weight and center of
gravity (cg) neasurenents are required at the conponent and at
each higher level of assenbly to verify predictions and to
ensure that the equipment nmeets final weight and cg requirenents.

10.9.5 H gh Pressure. Tests of all pressure subsystens
of the integrated equi pnent shall be RFrforned I n accordance
with M L-STD- 1540 (Paragraph 6.2.6). NHB 1700.7 (NASA) and
SAMIO HB S- 100 (designated by NASA as KHB 1700. 7).

10.9.6 Certification for Flight. Upon conpletion of the
integrated system tests, the test history of the integrated
equi prent _shal |l be reviewed to determne its acceptability for
flight. The concept of product flight accreditation is used to
assure that the critical conponents satisfy all requirenments
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t hat have been found necessary for successful space m ssions.
Note that items furnished by ether government agencies SGFE) may
require additional testing or controls to satisfy the flight
accreditation requirenents. Flight accreditation is a process
in which the status of each itemis under continuing eval uation
fron1pro?ran1inception to final accreditation for flight. The
extent of reviews required is dependent upon the specific
qual i fication and production status of the experinment to be
flown and the suitability of its as-qualified design for the
intended mission application. Unless specifically excluded,
flight accreditation should incorporate all technical assessnent
activity frominception of the programthrough manufacturing,
qualification. transportation, handling. storage, and
post-delivery operations leading to final installation and
checkout prior to flight. The assessnent activity involves
incremental reviews and cul mnates in docunentation that al
accreditation requirements have been met. After conpletion of
the final review for each item the aCCiFtablllty or
nonacceptability for flight is docunmente

~ Itens are considered to be flight accredited if the itens
satisfy all of the follow ng conditions or the conditions have
been waived by the contracting officer

a. The itens have passed the specified design
verification tests.

b. The itenms have passed the qualification or protoflight
test requirenents.

C. The items are froma lot that passed the specified |ot
certification tests. Governnment furnished items are
not exenmpt from this requirement. If prior |ot

certification testing has not nmet the requirenments
contained herein, testing should be conducted to
dermonstrate conpliance.

d. The itens have been transported and stored within the
specified environmental limts for the device.
e. The itens are froma |ot that has an adequate service

life for the schedul ed operational use.
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SECTION 11
NOTES

11.1 TAILLORI NG

The nmateri al Presented in the handbook is intended as a
basel ine that should be tailored to the needs of each program

To assist in this, the requirenents are stated in ways that are
self-tailoring to each application, where possible. Note that

t he program characteristics |n?osed by the statement of work and
data delivery requirements (referenced in the acquisition
contract) determine to a |arge extent the programclass. The
equi pment characteristics inposed by the program peculiar

speci fications falso referenced in the acquisition contract)
determine to a large extent the equipment class. There is no
requi rement that the experinent class, the vehicle class, and
the program class be the same. That could be the case, but

al nost any m x can be visualized to nmeet unique program
requirements.

Some of the information included in the handbook is for
eneral guidance. Nevertheless, all requirenents of this
andbook shoul d be eval uated for each application, and those

that seem inappropriate should be identified. “ Contractors are
encouraged to report to the contracting officer, for program
office review and consideration, any identified requirenents
bel i eved excessive or conflicting. However. contractors are
rem nded that deviations fromcontractually inposed requirenents
can be granted only by the contrapt|n%_off|cer. In the case of
di fferences between requirenents in this handbook and contract
requi rements. the contract requirenents take precedence.

11.2 CLASSI FI CATI ON PROCESS

11.2.1 Discussion The classifications of space

progranms, space vehicles, and space experinents are program
managenent decision that are based on conproni ses between
m ni mum ri sk and mnimum cost that are determned to be
appropriate by the governnment. The classification decisions nmay
seem sonewhat arbitrary because they are not only based on the
program factors and goals, but on a consideration of failure
contingenci es made possible b% the m x of other space prograns
that exist or will exist in the sane time frame, and on other

| ess tangi ble factors such as the maturity of the hardware,
?rogranyoffice, or contractors involved. The tradeoff analysis
or nmeking these determ nations includes consideration of such
factors as the national priority of the program the associated
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national prestige at risk, the conplexity of the space vehicle
or space experinent being acquired, the allowable program
schedule e, the allowable weight, on-orbit life, criticality of
the launch tinme, retrievability, on-orbit repairability, plans
for ongoing production, the systemlife cycle cost, the

al I owabl e Brogran1risk, and the contingency plans associated
wi th possible flight failure.

The major factor considered in establishing the ﬁrogram
class, the vehicle class, the experinent class, and the quantity
of itens to be manufactured is the contingency plan to be used
in the event, unlikely as it mght be, that a hard failure
occurs early after launch, and all data are lost. The proper
contingency plan depends on the purpose of the program If the
pl anned programis sianK a technol ogy denonstration. a reflight
contingency plan using the sane type of itemmght not be the
best plan because of other parallel progranms, or because it
could be estimated that tec noIOﬂy advances woul d occur in the
time that would have el apsed such that a different technol ogy
denonstration woul d be needed. If the planned space equi pnent
is retrievable, or if in-orbit maintenance is possible, the
contingency plans would involve those actions. Foll ow on
flights, if they are part of the planned program would be an
integral part of the contingency plans, and nore than one
vehicle or experinent would be required. At the national [evel
if a hard failure is really acceptable w thout a contingency
plan, it will surely be suggested that consideration be given to
spending the time and nmoney on a programfor sonething that is
real |y needed.

The real problemis to identify those cost-saving neasures
that are reasonable for each programand that will not increase
risks in an unacceptabl e way. It is helpful to distinguish
between the “hardware class,” as reflected in the equipnent
specification requirenents, and the “programclass,” as
reflected in the acquisition contracts. In all cases. the
hardware and software nust be be designed to survive and
function in the anticipated space environments. In every case
the requirenent is also for high reliability, because a flight
failure in space is seldom cost effective. In the hardware
classifications. as one progresses fromCass Ato Cass D, the
hardware may have | ower design nmargins, |ess conpliance to
technical standards, and less stringent testing requirenments
imposed. As a result, the related costs decrease, the related
confidence nmargins decrease, and the risks increase. In the
program managenent classifications, as one progresses from C ass
A to Cass D, the program managenent constraints, data delivery
requi rements, and spares requirements inposed by the governnent
decr ease. As a result, the related managenent costs decrease,
the governnment visibility decreases. and the risks increase. A
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program for a certain class of hardware that is nanaged as a

G ass B program shoul d have | ower acquisition costs, and higher
risk, than 1f it were managed as a Class A program A program
managed as a Class C program shoul d have |ower acquisition
costs, and higher risk, than if it were managed as a Class B
program A Class D program woul d have the | owest acquisition
costs and the highest risk. The correct program decisions
regarding the classification of space equi pnent acquisition
prograns (as reflected in the contracts), and of the space

equi pment itself (as reflected in the equi pment specification
requirenents) , are major nanagement steps towards reducing the
acquisition costs. If the correct decisions are nade. they can
al so be major steps in reducing the programlife cycle cost.
Reducing initial acquisition costs may not be a successful neans
of reducing the program life cycle cost. If it were al ways
successful, all prograns and equi pnent would be Cl ass D

In all space experiment programs there are extensive
pressures to reduce costs and schedules. Sonme actions are
equal Iy effective in reducing costs. regardless of the class of
t he sFace equi pment or the class of the space program  For
exanmpl e, an effective way to reduce acquisition costs may be to
allow the use of a standard item rather than reduce the weight
Rﬁ a redesign. This is not always feasible; but in those cases

ere it is, it would be equally effective iIndependent of class
considerations. = OQther actions. such as those to elimnate
managenent requirements and data rePortlng requi renents, cannot
be applied to the sane extent to all program classes, but they
are actions that are applied to Class D prograns. to sone extent
to Gass C programs, and to a |lesser extent to Class B
prograns. Ot her ways to reduce costs are to reduce the anount
of hardware fabricated and the nunber of people involved in the
program Al though many actions can be taken to greatly decrease
cost. the fundanental design and manufacturing requirenments nust
be met for proper operation in space and for m ssion success.
Therefore, the nost effective actions are not to elimnate
essential designers or manufacturing personnel. or to reduce
desi gn and manufacturing requirenments, but to elimnate sone of
the managenment reviews, data reporting requirenments, and testing
requirements . The price paid by a space experiment programin
taking these actions is a tradeoff between cost savings and an
increase in the risk of failure. The actions that involve
program nanagenent are not addressed in this technical handbook,
except to a [imted extent in the matrices of Section 4 and to
some extent in this section.

11.2.2 Experinent or Vehicle Cassification Criteria

A space experiment nay be a |ower |evel of assenbly of a

space vehicle, a payload that perforns its mission while
attached to an orbifing vehicle. or even a payload that is
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carried by a host vehicle but performs sonme of its mssion as a
free-flyer. Vet her conﬂlex space equi pnent is called a space
experinent or a space vehicle Is an arbitrary decision of little
consequence, since the requirenments and classification criteria
shoul d be the same. Correlation of the technical requirenents
&experlnent.or vehicle specification requirements) with the

ass definitions identifies the class of experinent or vehicle
bei ng acqui red.

- 11.2.2.1 Class A Experiment or Vehicle - Hgh Priority,
Mnimum Risk. Class A space experinments are equi pnent for which
a mninumrisk approach 1s clearly dictated by prohibitively
high cost of the consequences of failure, or by an unacceptable
combi nation of costs and intangible factors associated with
failure. Success-critical single failure points are not
permtted if avoidable by functional or block redundancy.
Unavoi dabl e single failure points nust be justified based on
ri sk anal ysis and neasures | nplemented to mnimze risk. Design
margins are conservative. Full conpliance to technical standards
is generally required. A formal qualification programis _
required using initial conponents. Flight acceptance testing is
required on subsequent conponents. A formal experiment
qual ification programis also required using dedicated
qualification equipnment. Subsequent flight experinments would be
acceptance tested. Class A space experinents are typically
conpl ex, hlgh-grlorlty, hi gh-cost, long-1ife equipnment. For
Spacel ab or Orbiter attached instruments. Cass Ais likely to
be appropriate only for eqU|ﬁnent or instrunents which are
exgected to be critical to the success of an entire Spacel ab or
Orbiter mssion.

The criteria for a Class A space vehicle is the sane as for

a Cass A space experinent. However, qualification tests

pl anned for the space vehicle need not repeat tests conducted at
the subtier space experinent level. A decision can be nmade to
ei t her conduct sggarate tests on the experinment and on the host
vehicle or to conbine the experiment with the vehicle for a
single qualification test. The nost cost-effective overal
qualification program should be inplenented. The typical O ass
A space vehicle is a |arge upper-stage vehicle with the highest
cpnﬁlex!ty.such as a |large upper-stage vehicle carrying severa
high priority COass A experinents. Cass Ais tyglfled by high
Brlorlty free-flyer space vehicles that will not be accessible
y the Space Transportati on System (STS) after deploynent.

11.2.2.2 Cass B Experinent or Vehicle - MediumRisk with
Cost -saving Conpromses. C ass B space exBerinents can be
characterized by an approach where reasonabl e conprom ses
bet ween m ni mum risk and mni mum cost are appropriate due to the
capability to recover fromin-flight failure by some neans that
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is at least marginally acceptable. even though it involves
significantly high costs or highly undesirable intangible
factors. Success-critical S|n?Ie failure points are acceptable
based on cost and risk tradeoff analysis. and neasures
inplenented to minimze the risks. SlnPIe string design _
apPrpaches are acceptable; however, payloads or experinents with
mul tiple information sources shoul d provide redundant functions
to preserve the capability for partial success. Design margins
are limted. Full conﬁliance to technical standards is _
generally required. The first unit of each type of conponent is
gi ven conbi ned qualification and acceptance tests (protoflight
tests) .  Subsequent conponents are given an acceptance test.
Typically, a single Cass B space experiment is constructed, and
it is giyen combi ned qualification and acceptance tests
(protoflight tests) prior to launch. The testing is nore
extensive than functional or environnental screening tests, but

| ess extensive than a formal qualification test for Cass A

The criteria for a Cass B space vehicle is the same as for

a Class B space experinent. It would be designed to preserve
the capability for partial success should one or nore
experiments fail. owever, the conbined qualification and

acceptance tests (protoflight tests) planned for the space
vehi cl e need not repeat tests conducted at the subtier space
experiment level. A decision can be made to either conduct
separate tests on the experinent and on the host vehicle or to
conbi ne _the experiment wth the vehicle for a single protoflight
test. The nost cost-effective overall test program should be
inplenented . The typical Cass B space vehicle is a one of a
kind. free-flyer vehicle which carries several independent. high
priority experiments. |t would be designed to preserve the
capability for partial success should one or nore equi pnents
fail. The typical C ass B space vehicle is a directly depl oyed
free-flyer space vehicle which after deploynment will not be
accessible by the STS and may or nay not be retrievable.

11.2.2.3 Cass C Experinent or Vehicle - Economically
Reflyable or Repeatable. C ass C space experinments are
equl pnment where conprom ses between mnimum ri sk and m ni mum
cost can be driven toward the mninmum acquisition cost extrene.
This is acceptable if the risk of failure remains |ow and the
| aunch costs are | ow enough 60 that reflight or repeat flight is
cost effective as a routine backup in the event of an in-flight
failure. Aso, there should be a relatively small inpact of a
failure except for the cost of repair and reflight, ichis
estimable with reasonable confidence and is directly tradeable
with in-flight reliability enhancenent costs. Therefore, a
decision criterion of mninumtotal expected cost is appropriate
and practical. For Class C, retrievability or in-orbit
mai ntenance is usually possible. Success-critical single
failure points are acceptable. Design margins are zero. Only
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limted conpliance to technical standards is required. Each
conponent is given an acceptance test. Typically, a single
experinment is conducted, and it is given an acceptance test
prior to launch. The testing is typically limted to
functional, environmental screening, safety, and interface
conpatibility tests.

The criteria for a Cass C space vehicle is the sane as for
a Class C space experinment. However. the acceptance tests
pl anned for the space vehicle need not repeat tests conducted at
the subtier space experinent level. A decision can be made to
ei t her conduct Sﬁgarate tests on the experinment and on the host
vehicle or to conbine the experiment with the vehicle for a
single test. The nost cost-effective overall test program
shoul d be inplenented. Cass C space equipnent and Cass C
space vehicles are typified by Obiter attached experinments. or
any equi pnent planned for in-orbit maintenance.

0 11.2.2.4 dass D Eerri ment or Vehicle - M njnmum
Acqui sition Cost. 1 ass D space experinents or vehicles can be
characterized as having objectives worth achieving by a mni num
cost attenpt. Class D covers mediumto low priority sBace
experinents or vehicles where contractor maturity can be
utilized to the maxi mum extent. Mst technical paraneters
i ncluding nmargins would be established by the contractor.
Single failure points are acceptable, and formal verification
requirements are limted to those necessary for safety and
conpatibility. Typically, a single unit is constructed. and it
is given an acceptance test prior to launch. Cass D
experiments or vehicles are usually small and sinple. Cass D
is typified by an STS Orbiter “CGet Away Special” or other |ast
m nute carry-on payl oads.

11.2.3 Program d assification Criteria

Acqui si tion management of space vehicles and experinments is
usually at the system program level. The nanagenent is the
responsibility of the System Program Office (SPOQ. The SPO
est abl i shes schedul es, budgets, 1nterface agreements, managenent
controls, technical controls, reviews, acquisition strategies,
acqui sition contracts, and other plans, tools, and resources
required for a successful program  Correlation of these SPO
actions with the Cass definitions mght identify the
classification or programclass for the total program managed by
that SPO. Correlation of the managenment requirenments, item
deliveries. data deliveries. and other nonproduct requirenents
in each contract with the class definitions always identifies
the classification or program class of each acquisition
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11.2.3.1 Cass A Program - High Priority, Mninum Risk.
Cass Ais assigned to prograns where every feasible step nust
be taken to assure success. Class A prograns are prograns W th
the highest national priority. with the highest associated
national prestige at risk, with the |ongest allowable program
schedule, and wth the | owest feasible programrisk. Cass A
prograns are structured with extensive checks and bal ances and
with detailed reviews of every step. Formal reviews are held
every month. Full conpliance to nanagenent standards is
general ly required. Extensive data delivery requirenents are
typical. A conplete set of conponent flight spares is
required. A conplete qualification vehicle independent of the
flight hardware 1s usually required, and the refurbished
qualification vehicle is used in the contingency plan associated
with possible flight failure. The typical Cass A space program
woul d usual Iy have ongoing production or operational
requi renents.

11.2.3.2 (Cass B Program - Medium Risk with Cost-savin
Compromi ses. Class B sFace prograns can be characterized by an
approach where reasonabl e conprom ses between m ninum risk and
m ni mum cost are appropriate. Provisions for a contingencg
backup launch are typically not part of a Class B program but
shoul d be considered in the initial programplanning. Cass B
is assigned to prograns where the added fabrication and testing
costs associated with a conplete qualification vehicle

i ndependent of the flight hardware are not desired. Program
schedul es are reduced, with formal reviews only every two

mont hs.  Conmponent flight spares are |imted.

11.2.3.3 (dass C Program - Economcally Reflyable or
Repeatable. Cass C space prograns are prograns wnere
conprom ses between m ninum risk and m nimum cost can be driven
toward the m ni mum acquisition cost extrene. Cass C prograns
cover nmediumopriority sPace prograns usually where reflight or
repeat_fllﬁht Is cost effective as a routine backup in the event
of an in-flight failure. Program schedules are shorter, with
informal reviews only every three nonths. Conponent flight
spares are limted. Because Cass C space programs run a
greater risk of failure than Cass B, contingency backup |aunch
pl ans should be a factor in deciding to inplement a dass C
program even though the contingency plans mght. not be a part
of the initial acquisition contract.

11.2.3.4 dass D Program- MninumAcquisition Cost.
Class D prograns are m ninumcost prograns that are contractor
managed with little government review. Cass D covers nediumto
low priority space prograns where contractor maturity can be
utilized to the maximum extent. Program schedules are short.
Conponent flight spares are not required. Class D prograns can
be characterized as prograns that have Objectives wort
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achieving by a lowcost attenpt. Because Cass D space prograns
run a greater risk of failure than Cass C, contingency backup

| aunch plans should be a factor in deciding to inplenment a C ass
D program even though the contingency plans mght not be a part
of the initial acquisition contract.
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