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GUI DELI NES AND STANDARDS FOR THE PROCUREMENT OF M LI TARY
SPACECRAFT SYSTEMS

PREFACE

This Defence Standard
supersedes |NTERIM Def Stan
18-01/1ssue 1 dated 1 September 1987

This Defence Standard provi des guidelines and procedures for use by
MOD (PE) project teamstaff in the procurement of MIlitary spacecraft
systemns. It also provides a set of procedures and Standards to be
called up in contracts relating to all aspects of the supply of
mlitary spacecraft systemns.

This Defence Standard has been prepared on behalf of MOD(PE)

Ceneral enquiries relating to the Defence Standard, comments on its
content, or any useful feedback concerning its use shoul d be
addressed to:

Directorate of Standardization
Kentigern House,
65, Brown Street,

GLASGOW
& 8EX

This Standard has been agreed by the authorities concerned with its
use and shall be incorporated whenever relevant in all future
designs, contracts, orders etc. and whenever practicable by amendment
to those already in existence. If any difficulty arises which
prevents application of the Defence Standard, the Directorate of
Standardi zation shall be informed so that a renedy may be sought.

Any enquiries regarding this Standard in relation to an invitation to
tender or a contract in which it is invoked, are to be addressed to
the responsible technical or supervising authority named in the
invitation to tender or contract.
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\% This Standard has been devised for the use of the Ctown and of its
contractors in the execution of contracts for the Crown and, subject
to the Unfair Contract Ternms Act 1977, the Cown will not be l|iable
in any way whatever (including, but without limtation, negligence on

the part of the Crown, its servants or agents) where the Standard is
used for other purposes.
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SECTI ON ONE

GENERAL

This Section contains no contractual requirenments, except in so
far as some of the listed applicable docunents are nandatory to

the extent defined in Section Four. It contains explanatory and

background information to assist in the application of this
St andar d.
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0 Lntroduction

There are |arge technical and financial risks associated wth
spacecraft system projects. Such projects, because of their
conmpl exity and because any spacecraft systemwll conprise a
nunber of technically sophisticated sub-systens and equi pnents,
i nvol ve a nunber of different contractors and suppliers. It is,
therefore, essential for the Procurenent Executive of the
Mnistry of Defence, MIX(PE), to take a rigorous, disciplined
and carefully structured approach to the procurenment of
spacecraft systens.

This Defence Standard has been witten follow ng a conprehensive
assessnent of the approach to spacecraft procurenent taken by
the mai n European and US procurenent agencies and organi sations.
The results of this assessnment are an approach to procurenent
which ains at achieving the greatest degree of comonality with
t he approach of these other procurenment agencies and

organi sations, taking into account any unique aspects or
constraints relating to MOD(PE) mlitary spacecraft systens
procurement. It is inportant to have a commonal ity of approach to
the procurenent of all spacecraft systems, as this will lead to
cost savings for the custoner and for the suppliers of the

el enents of the spacecraft system

Spacecraft system projects are highly specialized by their very
nature, and this results in the need for specialized procedures
and Standards. This Defence Standard takes account of standard
procurenment practices and specifically addresses those el enments
whi ch are unique to these conpl ex systens.

The prinmary objective of this Defence Standard is to set out a

uni fied approach for all future mlitary spacecraft system
procurenents, which all ows:

(a) Precise and effective nmanagenent of the programe by MOD(PE)
in order to obtain an operational system which neets all of
the specified requirenents.

(b) A MOD(PE) project team which is econom cal on nmanpower, but
which allows for effective control of procurement.

(c) Delegation of maximum responsibility to the prine contractor
conmensurate with a cost-effective progranme.

(d) Design flexibility to contractors, in order to allow a
contractor the maxi num opportunity to use the expertise and
experience within the conpany to neet the technica
requirenents levied in the contract. This flexibility is to
be constrained only by the project costs and tinescal es, and
by the need for the maintenance of the high standards of
quality and reliability that are necessary to achieve the
required | evels of performance over the operational lifetine
requi red of the system
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Section Four of this Defence Standard will be selectively invoked
in all future contracts for nmilitary spacecraft systens.

This Defence Standard replaces Av.P.38, Procedural Requirenents
for Spacecraft. Copies of this Standard are availabie to al
interested parties by application to the Mnistry of Defence
Directorate of Standardization.

1 Scope

This Defence Standard serves two purposes. |t contains:

(a) A handbook of guidelines for MOD(PE) project team staff
(Section Three).

(b) A set of procedures and standards to be applied in contracts
relating to all aspects of the supply of military spacecraft
systens (Section Four).

This Defence Standard applies to all spacecraft systens, but it
is applicable primarily to the procurenent of comrunications
satellite systens.

This Defence Standard is unclassified and the information
contained within it is in the public domain. Al security aspects
of the procurenment of a mlitary spacecraft system are covered in
the Standard by reference to Annex D.

2 Rel ated and Applicabl e Docunents

These docunents provide background information as defined in the
text, and are only nmandatory to the extent called up in Section
Four of this Defence Standard. Reference in this Defence Standard
to any related docunents neans in any invitation to tender or
contract, the edition and all anmendnents current at the date of
such tender or contract, unless a specific edition is indicated.

In the case of any conflict between the requirenents of this
Standard and any contract calling up this Standard, the nmatter
shall be referred to the appropriate project authority. In the
case of any conflict between the requirenments of this Standard
and any other Standards, or with docunentation called up in this
Standard, the matter shall be referred to the Directorate of

St andar di zat i on.

Ref erences to related and applicabl e docunents are given as:
AD 2.Xx.y

For example, AQAP-1 would be referred to as, AD 2.1.1
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2.1 Defence standards. The follow ng Defence Standards and Allied
Qual ity Assurance Publications (AQAP s) are referred to in this
St andar d:

AD 1. AQAP-1, NATO Requirenents for an Industrial Quality
Control System

AD 2. AQAP-2, @uide for the Evacuation of a Contractor’s Quality
Control System for Conpliance with AQAP-1.

AD 3. AQAP-6, NATO Measurenent and Calibration System
Requi rements for |Industry.

AD 4. AQAP-13, NATO Software Quality Control System
Requi rement s.

AD 5. AQAP-14, Quide for the Evaluation of a Contractor’s
Software Quality Control System for Conpliance wth
AQAP- 13.

AD 6. Def. Stan. 00-3, Design Cuidance for the Transportability
of Equi pnent.

AD 7. Def. Stan. 00-10, General Design and Manufacturing
Requi rements for Service Electronic Equipnent.

AD 8. Def. Stan. 00-14, Quide for the Defence industry in the
use of ATLAS.

AD 9. Def . Stan. 00-16, CGuide to the Achievenment of Quality in
Sof t war e.

AD 10. Def. Stan. 00-26, CGuide to the Evacuation and Expression

of the Uncertainties Associated with the Result of
El ectrical Measurenents.

AD 11. Def. Stan. 00-40, Achievenent of Reliability and
Mai ntai nability.

AD 12. Def. Stan. 00-41, MOD Practices and Procedures for
Reliability and Mintainability.

AD 13. Def. Stan. 00-52, The General Requirenents for Test
Specifications and Test Schedul es.

AD 14. Def. Stan. 05-3, Mitual Acceptance of CGovernment Quality
Assurance (Stanag 4107).

AD 15. Def. Stan. 05-28, NATO Guide to the Preparation of
Specifications for the Procurement of Defence Materiel.

AD 16. Def. Stan. 05-55, MOD Calibration Laboratories. QCperation
and Managenent.

10



AD 17.

AD 18.

AD 19.

AD 20.
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Def. Stan. 05-57, Configuration Managenent Policy and
Procedures for Defence Materiel.

Def. Stan. 05-61, Quality Assurance Procedural
Requi renent s.

Def. Stan. 05-67, Guide to Quality Assurance in Design.

Def. Stan. 59-36, Electronic Conponents for Defence
Pur poses.

2.2 US docunents. The followi ng US docunents are referred to in

this Standard:

AD 1.

AD 2.

AD 3.

AD 4.

AD 5.

FED-STD- 209, O ean Room and Wirk Station Requirenents,
Controll ed Environment.

M L- HDBK-217, Reliability Prediction of Electronic
Equi pnent .

DOD- STD- 480, Configuration contro - Engineering Changes,
Devi ations and Wi vers.

M L-STD-483, Configurati on Managenent Practises for
Systens, Equi pnent, Munitions and Conputer Prograns

M L- STD- 490, Specification Practises.

AD 6. M L-STD-975, NASA Standard Electrical, Electronic and

AD 7.

AD 8.

AD 9.

AD 10.

AD 11.

AD 12.

AD 13.

El ectronechani cal Parts List.

M L- STD- 1246, Product O eanliness Levels and Contam nation
Control Program

M L- STD- 1512, El ectroexpl osive Sub-Systens, Electrically
Initiated, Design Requirenents and Test Methods, NSTS
Tai l ori ng.
M L- STD- 1521, Technical Reviews and Audits.
M L-STD-1522, Standard General Requirenments for Safe
Design and QOperation of Pressurized Mssile and Space
Syst ens.
M L- STD- 1540, Test Requirenments for Space Vehi cl es.

M L-STD-1541, Electromagnetic Conpatibility Requirenents
for Space Systens.

M L- STD-1574, System Safety Program for Space and
M ssile Systens.

11
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15.

16.

5 & & &

17.

S

18.

S

S

AD 22.

AD 23.

14.

19.

20.

M L- STD- 1815, ADA Progranm ng Language.

M L-M 38510 (level S), Mcrocircuits, Digital and Linear.
M L-S-52779, Software QA Program Requirenents.

SD Regul ation 127-4, System Safety Certification
Procedures and Techni cal Requirenents for DOD NSTS

Payl oads.

SAMSO-LV-0031, NSTS Interface Requirenents Docunent
CGeneral Instructions and Format for Presentation.

TOR- 0059( 6110 0O1) -3, AFSCF Space/ Ground Interface.
DI D, DI -S-30565, Accident Risk Assessnent Report.
DD, DI-H 7047, System Safety Program Pl an.

SCF Panphl et 80- 2.

DOD I nstructi on 7000, Performance Measurenent for Sel ected
Acqui si tions.

2.3 ESA standards. The following ESA Standards are referred to in

this Standard:

AD1.

AD 2.

AD 3.

AD 4.

AD 5.

AD 6.

AD 7.

ESA PSS-01-21, Software QA for ESA Spacecraft and
Associ ated Equi pnent.

ESA PSS-01-101, Software QA Pl ans.
ESA PSS-01-201, Contam nation and C eanliness Control

ESA PSS-01-202, Preservation, Storage, Handling and
Transportation of ESA Spacecraft Hardware.

ESA PSS-01-603, ESA Preferred Parts List.
ESA PSS-02-301, ESA Standard on Environnental Requirenents
Speci fication for Space Equi pnrent Unit Level Test

Verification.

ESA PSS-05-0, ESA Software Engi neering Standards.

2.4 Oher. The follow ng docunents are referred to in this

Def ence St andard:

AD1.

AD 2.

Ariane 4 User’s Manual .

Astrotech Facility Docunentati on.

12



AD

AD

AD

AD

AD

AD

AD

AD

AD

AD

AD

AD

5

5

AD

AD

AD

AD

AD

AD

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
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ATLAS M ssion Pl anners QGui de.

BS4778, d ossary of terns used in Quality Assurance,
(including reliability and maintainability terns).

BS5295, Control of Ceanliness in Enclosed Spaces.
BS5750, Quality Systens.

CCSDS, Recommendation for Space Data System Standards
(Bl ue book).

DAC 61687, DELTA Spacecraft Design Restraints Mnual .
DC/ SC 84.126, Format for Application to Use ARI ANE
| CD 2-19001, Shuttle Orbiter/Cargo Standard Interfaces.

I.E.C.C. A Cuide to the Managenent of Software-Based
Syst ens.

| EEE/ ARI NC Spec. 416/1976,
| SO- 8402, Quality Vocabulary.

JSC 11123, Space Transportation System Payl oad Safety
Qui del i nes Handbook.

JSC 20109, NSTS Optional Services Pricing Manual

JSP 181, Specification for Technical Publications for the
Servi ces — Physical Standards.

JSP 182, Specification for Technical Publications for the
Services - Presentation and Layout.

JSP 183, Specification for Technical Publications for the
Services - Illustration Standards.

JSP 184, Specification for Technical Publications for the
Services - Security Requirenents for C assified Technical
Publ i cati ons.

JSP 188, Specification for Technical Publications for the
Services - Requirenments for the Docunentation of Software
in Mlitary Operational Real-tinme Conputer Systens.

K-STSM 14. 1, Launch Site Accomodati ons Handbook for Space
Transportati on System Payl oads.

MDC H3224 DELTA Il Spacecraft Users Manual .

MOD (PE) Conmpendi um of QGuidelines for Project Minagenent.

13
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AD

AD

AD

AD

AD

AD

AD

AD

AD

AD

AD

AD

AD

AD

AD

AD

AD

AD

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

NATLAS Accreditation Standard N-1.
NATLAS Regul ati ons N-2

NHB 1700.7, Safety Policy and Requirements for Payl oads
usi ng the Space Transportation System

NSTS 07700, Volune XIV, Space Shuttle Systens Payl oad
Accommodat i ons (i ncluding Annexes 1-10).

NSTS 13830, |nplenentation Procedure for Space
Transportati on System Payl oads System Safety
Requi renent s.

NSTS 21000 A01, Data Requirenents for the Payl oad Data
Package Annex.

NSTS 21000 A02, Data Requirenments for the Flight Planning
Annex.

NSTS 21000 A03, Data Requirenents for the Flight
Operati ons Support Annex.

NSTS 21000 AO04, Guide for Devel opnent of Data
Requirements for the Orbiter Command and Data Annex.

NSTS 21000 A05, Data Requirenents for the POCC Annex ( Vol
1, Vol 2, and Vol 2a).

NSTS 21000 A06, Data Requirements for the Crew Conpart nent
Annex.

NSTS 21000 AO07, Training Annex Data Requirenents.
NSTS 21000 A09, Payl oads Verification Requirenents.
NSTS 21000 All, Data Requirenents for the EVA Annex.

NSTS 21000-1DD- STD, Shuttl e/ Payload interface
Definition Docunent for Standard Accommbdati ons.

NSTS 21000- SI P- DEP, NSTS/ Payl oad Standard Integration
Pl an for Deployabl e Payl oads.

NSTS 21006- SI P- DOD, Shuttl e/ Payl oad Standard |Integration
Pl an for DOD Depl oyabl e/ Retri evabl e Type Payl oads.

NSTS 21063- POC- CAP, POCC Capabilities Docunent.
Payl oad Preparation Conpl ex Manual, Part 1.

Payl oad Preparation Conplex Mnual, Part 2, (conprising
Sections 1-4).

14
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AD 44. PEMS 4(10). Procedure for the Technical Transfer and
Handover of Defence G ound Systens Radar and Associ ated
Equi prent .

AD 45. RS-CSG Ed.3 (0), CSG Safety Regul ati ons.

AD 46. SAMIO HB S-100/KHB 1700. 7, NSTS Payl oad Ground Safety
Handbook.

AD 47. SCOUT Users Manual .

AD 48. SG0-01 (1), Ceneral Specifications for Dynam c Mddel s of
Payl oads.

AD 49. SG 1-26(2), Technical Specification for the Payl oad
Ther mal Model .

AD 50. SKYNET 4 System Requirenents Specification.

AD 51. STANAG 4159, NATO Material Configuration Managenent
Pol i cy.

AD 52. TITAN Il Comercial Launch Services, Payload Users
Handbook.

2.5 Applicable docunents, sources of supply

2.5.1 Requests for supply. Copies of docunents referred to in
Clause 2 are obtainable fromthe issuing authorities listed in
Table 1.

15
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Table 1

AQAP
Allied Quality
Assurance Publication

ARIANE 4

Astrotech

NATO quality
assurance

User
documentation
package (AD2.4
AD2.4.43,AD2.4.
A

AD92 A4 AR ADD

NvE > Vynvea.

AD2.4.50)
Facility and

integration
documentation

Mission Planners
Guide

16

Issuing Authority for Applicable Documentation

] ISSUING
H AUTHORITY

iDirectorate of
iStandardization,
iStan 1
iKentigern House
i85 Brown Stireet
iGlasgow G2 8EX

iHead of Customers
iService,
tArianespace

iBP. 177

1
191006 EVRY C

tFrance

——— . e G S o — " ———— — > i ———— " S o S T — 0 Wt o ———————— — S S S ———— " " " T —— " —

1Astrotech Space
iOperations Inc.

112510 Prosperity

iDrive, Silver Spring
'uarvlapd 20QNA

avovs

———— — - . ————— . S ————— Y — — — ——— " T——————— T P48 s o S ————— — T —— ——— o — —— —— -t —— 4 ¢ T

iDirector, Business
tDevelopment,
iGenerai Dynamics
iSpace Systems Div.
PO Box 85911

1San Diego

iCalifornia 92138-5911

i USA
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Table 1 (continued) Issuing Authority of Appliicablie Documentation

e S B B G B G " S e et o i o e Sl e . i it o o S e s i ot s S S M ke e W S S T 2 - — e S o s e e

DOCUMENT SERIES ' SUBJECT ' ISSUING
TITLE and REFERENCE ! H AUTHORITY
CCsSDs { Consultative 'CCSDS Secretariat

! Committee for iCommunications and
! Space Data iData Systems Div.

i Systems iCode TS
H I NASA
! tWashington DC 20546
H {USA
DAC ! DELTA iaunch iSenior Director,
MDC i vehicle spacecraft|DELTA/DELTA 1}
! design restraints !Programs,
! manuat 'McDonnell Douglas
H tAstronautics Company,
H 15301 Bolsa Avenue
{ DELTA 11 tHuntington Beach
i Spacecraft Users |California 92647
{ Manual 1USA
: !
1 ¥
1] 1
t 1
1 ]
1 ]
i ]
i !
{ H
[} [}
] t
t !
1] '
(] !
t ]
Def. Stan. Various subjects |(Directorate of

1

]
Defence Standard ! iStandardization,
' istan 1
H iKentigern House
H 165 Brown Street
' 1Glasgow G2 8EX

U e s T e 0 S M S B Gt R S i . St s e i ek = T i ot o i e e S o "~ - 4" S —a f (> G Gk o e o B o s e Sm e -t s o o

DOD (USA) i American Dept. of |MOD Library Services
i Defense documents (St Christopher House
i on configuration |Southwark Street
i control iLondon SE1 OTD
1
1

t(loan service)

R T S S G S G G Gt e G M e G s et G e e oA e S S s i e T e A e G e Y W T > S Gty W Wre e Snd A B S s WS e St W i A e ot e b e e e e i ot o

17
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Table 1 (continued) issuing Authority of Applicable Documentation

-~ Qg
~4 ¢
-
m
[
3
Q
o)
m
bl
m
e
m
P
O
m

i Various subjects |ESA Publications Div.
H VESTEC, Postbus 299

! 12200 AG Noordwi jk

: iThe Nether lands

- - = -

{ FED (USA) i American Federal {MOD Library Services
H i Standard on clean St Christopher House
H ! room requirements }Southwark Street

H ! tLondon SE1 OTD

i i i(loan service)

i 1LE.C.C.A i Computing/ i Computing (CC2)

i Inter - Establishment | Software i RSRE

i For Computer ! 1St Andrews Rd.

i Applications H iMalvern

| H iWORCS WR14 3PS

HE 1 ¢ i Various subjects |BS!| Sales Office

i International i for industry, iLinford Wood

\ Standards i worlidwide iMilton Keynes

i Organization ! IMK14 6LE

i JSP i Specification for |Forms & Publications
i Joint Service i technical pubs., iBranch,

i Publication i and software PO Box 202

! i requirements 1 COD Donnington

' ! iTelford

] 1

1 ]

1Salop TF2 8QF

i JSC i NSTS iCustomer Service
H { Documentation iCenter,
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3 Definitions Abbreviations and Acronyns

3.1 Definitions. A wide range of terms is used in mlitary
procurement. Certain terns are specific to certain aspects of the
procurenent process, for instance |aunch vehicles. These terns
are defined in the appropriate part of the text and are not
repeated here.

For the purpose of this Defence Standard, the follow ng
definitions apply:

3.1.1 Availability. The ability of an item (under the conbi ned
aspects of its reliability, maintainability and maintenance
support) to performits required function at a stated instant of
time, or over a stated period of tine.

(Def Stan 00-10 definition AD 2.1.7).

3.1.2 Concession. (Wiver). Witten authorization to use or
rel ease a quantity of material, conponents or stores already
produced but which do not conformto specified requirenents
(1SO 8402 definition AD 2.4.13).

3.1.3 Configuration. The functional and physical
characteristics of nateriel as described in its technical
docunentation and |l ater achieved in the product.

(STANAG 4159 definition - AD 2.4.52).

3.1.4 Configuration item (Cl). An item designated for
configurati on nanagenent.

NOTE: A "configuration itent is an aggregation of
hardwar e/ software, or any of its discrete portions, which
satisfies an end use function (see DOD STD 480, AD 2.2,3, and
M L- STD- 483, AD 2.2.4). Configuration itens are those
specification items whose functions and perfornance paraneters
shall be defined and controlled to achieve the overall end use
function and performance.

3.1.5 Configuration Managenent (CM. A discipline applying
technical and adm nistrative direction and surveillance to the
following activities:

a. Configuration identification. | dentifying and docunenting
the functional and physical characteristics of Cls.

b. Configuration control. Controlling all changes to those
characteristics.

¢c. Configuration status accounting. Recordi ng and reporting
changes processing and inpl enentation status.
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d. Configuration audit. Checking Cls for conformance with
configuration docunentati on:

(i) Functional configuration audit. The formal
exam nation of test data and quality assurance
records for a Cl, prior to acceptance, to check
that the C has achieved the performance and
functional characteristics specified in its
configuration docunentati on.

(i) Physi cal configuration audit. The fornal
exam nation of the "as-built" configuration of a
Cl to check that it conforns to its product
configuration docunentati on.

3.1.6 Gound control facility or station. This is the Telenetry,
Tracki ng and Command (TT&C) ground control facility which
operates the spacecraft during the mission. It should be noted,
that separate ground control facilities may carry out the Launch
and Early Obit Phase (LEOP), and the in-service phase,
operations tasks. All docunentation relating to this part of the
t ot al spacecraft systemis considered to be part of the ground
segment .

3.1.7 G ound segnent. This conprises the ground control
facility(ies) as far as the interface with the User’s ground
equi prent .

NOTE: Users ground equi pnent e.g SATCOM terminals are excluded
fromthis Standard since the normal MOD(PE) procurenent practices

are applicable.

3.1.8 Launch and Early Orbit phase (LEOP). LEOP is defined as
bei ng the m ssion phase beginning after, either launch on an
expendabl e launcher, or deploynment fromthe Obiter for a NSTS
m ssion, and ending at hand-over of the spacecraft to the User
for operational use after in-orbit com ssioning.

Handover of control fromthe LEOP control agency, e.g. AFSCF, to
the in-service control agency, e.g. RAF OGakhanger, will nornally
occur during this phase.

3.1.9 Launch vehicle integration. Launch vehicle integration is
a continuous process which is carried out throughout the entire
spacecraft procurenent progranme. It involves:

(a) Defining launch vehicle fright operations and ground support
requirements, including the launch site facility
requirements.

(b) Defining the upper stage requirenents, if one is needed.
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(c) Defining, controlling and nmaintaining the interfaces with the
| aunch vehicle and the upper stage (if required).

(d) Support for all analysis and testing activities associated
with all aspects of the assenbly, integration and testing of
t he spacecraft (and upper stage) to the |aunch vehicle. This
includes support for all neetings, technical working groups,
design and safety reviews etc., where interfaces are
di scussed.

3.1.10 Maintainability. A characteristic of a design and
installation of a particular item expressed as the probability
that the itemcan be restored to, or nmmintained at, a specified
| evel of performance, within a specified period of time, when
mai nt enance actions are carried out with prescribed procedures
and resources (Def Stan 00-10 definition AD 2.1.7).

3.1.11 Mnistry of Defence. M. The total resources and
manpower of this Governnment Mnistry, which includes the civilian
agencies (e.g RAE, RSRE, MOD(PE)) and the Services which
constitute the Arnmed Forces.

3.1.12 Mnistry of Defence, Procurenent. Executive, MODXPE). That
part of the MOD which undertakes procurenent activities,
i ncludi ng procurenment of nilitary spacecraft systens.

3.1.13 Product assurance. A set of design, managenent and
manuf act uri ng net hodol ogi es, which assure that the design and
devel opnent of a systemis carried out using conpetent practices,
and that the subsequent production, test and operation of the
systemis correctly perforned. This is in order to ensure a high
| evel of confidence that the systemw ||l provide satisfactory
perfornmance during its design lifetine.

These net hodol ogi es cover the disciplines of:

(a) Quality Assurance

(b) Reliability Engineering

(c) Parts, Materials and Process contro

(d) Maintainability/Availability Engineering

NOTE: The European Space Agency al so includes the disciplines of
System Saf ety Engi neering and Configuration and Data Managenent
wi t hi n Product Assurance.

3.1.14 Production permt. (Deviation permt), Witten
authorization, prior to production or before provision of a
service, to depart fromspecified requirenents for a specified
quantity or for a specified tine. (1SO 8402 definition

AD 2.4.13)

3.1.15 Quality. The totality of features and characteristics of
a product or service that bear on its ability to satisfy stated
or inplied needs. (I1SO 8402 definition AD 2.4.13).
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3.1.16 Quality Assurance (QA). Al those planned and systenatic
actions necessary to provide adequate confidence that a product
or service will satisfy given requirenents for quality (1S0 8402
definition AD 2.4.13).

3.1.17 Quality Control (CC). The operational techniques and
activities that are used to fulfil requirenments for quality.
(1SO 8402 definition AD 2.4.13).

3.1.18 Reliability. The ability of an itemto performa
required function under stated conditions for a stated period of
time. (1S0 8402 definition AD 2.4.13).

3.1.19 Safety. The freedom from unacceptabl e risks of personal
harm (BS 4778 definition AD 2.4.4).

3.1.20 Safety nmnagenent. The application of organizational and
managenent principles in order to assure, with high confidence,
the tinely realisation of the goal of optinmm safety.

3.1.21 Software. Software covers ail instructions and data
which are input to a conputer to cause it to function. It

i ncl udes operating systens, supervisory systenms, conpilers and
test routines, as well as applications prograns. The term

i ncl udes docunents used to define and describe the program
(including flow charts, network diagrans and program |istings)
and al so covers specifications, test plans, test data, test
results and user instructions. (Def-Stan 00-16/1 definition
AL) 2.1.10).

3.1.22 Spacecraft bus. The mechani cal structure which, together
with the propulsion, attitude and orbit control, electrical, and
telenetry and tel ecormand systens, nmintains and supports the
payload in its desired in-service position. The Spacecraft bus is
also referred to as the Service Mdul e or Spacecraft Platform

3.1.23 Space segnent. This conprises the spacecraft fright
hardware, the ground equi pment supporting its assenbly,
integration and test, the upper stage e.g. PAMD (if one is
required), the launch vehicle and all activities relating to

i ntegrating the spacecraft/upper stage to the |launch vehicle.

Al'l documentation relating to these parts of the total spacecraft
system or to these activities, is also considered to be part of
the Space segnent.

3.1.24 Spacecraft system This conprises the total system of
t he space segnent and the ground segnent.

3.1.25 Sponsor. The branch, within the MOD central staff,
responsi ble for the formulation and definition of performance
characteristics for the equi pnent needed to neet future
operational tasks and concepts. These performance characteristics
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are placed on MOD(PE) as a set of requirenents. These initially
appear as a Staff Target and are refined, as a result of
feasibility studies, into a Staff Requiremnent.

This branch acts as a focus, and primary channel of

communi cati on, between the Service custonmer and MOD(PE), and is
responsi bl e for providing User advice, guidance, interpretation,
and deci sions on trade-offs, as the project progresses. This
responsibility continues until the acceptance of equiprment into

service, or later, if further devel opment is necessary. For
spacecraft programmes, several of the Services may have an
interest in the project, in which case a "lead sponsor" wll be
nomi nat ed.

3.1.26 Staff Requirenent. A detailed statenment, prepared if
necessary after a Feasibility Study, describing the function and
perfornmance of a proposed new weapon or equi pnment and the
environnent in which it is to operate. It should include the
required In-Service date. A Staff Requirement is required
whether the military need is to be net by a new devel opnment or
purchase or adaptation of an existing equi prent.

3.1.27 Staff Target. A statenent expressing in broad terns the
functions and desired performance of a new weapon or equi pnent,
before the feasibility or nethod of neeting the requirenment or
other inplications have been assessed.

3.1.28 System Design Authority. The System Design Authority is
t he conmpany, establishnment or division responsible for the
adequacy of the design of the deliverable system ie. all
deliverable itenms and their interfaces with each other and wth
external systens, as listed in the project Statenent of Wrk.
The external interfaces to be considered will be specified by
MOD(PE) in the contract.

3.1.29 Top level contractual docunent. A contractual docunent
is one specifically called up in the contract. The aimis to
agree such docunments prior to contract signature.

3.1.30 User. In the procurement context, the Services are
generally and collectively known as the User. During the project
life cycle, different User agencies will be involved; they

include, equipnent sponsors, operations agencies, training
agenci es, mai ntenance agencies etc.

For spacecraft projects, other Governnent agencies may al so nmake
use of the spacecraft. However, their needs would be co-ordinated
through the primary User e.g. MOD (Navy) or MOD (AFD).

3.1.31 \Validation. Establ i shing the fitness of a product for
its operational mission.

3.1.32 Verification. Est abl i shing the correspondence between a
product and its specification.
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3.2 Abbreviation and acronym |ist

AD Appl i cabl e Docunents

ABM Apogee Boost Motor

ADA Conput er progranmm ng | anguage

AFSCF USAF satellite Control Facility

AFSD USAF Space Division

AT Assenbly, Integration and Test

AQCCS Attitude and Orbit Control Sub-System
AQAP Allied Qality Assurance Publication
ARAR Acci dent Ri sk Assessnment Report

ASE Ai rborne Support Equi prent

ATE Aut omati c Test Equi prent

AVRE At omi ¢ Weapons Research Establ i shrent
BNSC British National Space Centre

CADM Configuration and Data Managenent
CCAFS Cape Canaveral Air Force Station

CCB Configuration Control Board

ccp Configuration Control Panel )

CDCN Control |l er Defence Conmuni cations Network
CDR Critical Design Review

CDRL Contract Data Requirenments List

CEl CSA Cargo Elenent Integration and O bital Support
Arrangenent

CESG Conmruni cations Electronic Security G oup
CEWG Cost Efficiency Wrking G oup

a Configuration Item

Cl DL Configuration Item Data List

CIR Cargo Integration Review

C™m Configurati on Managenent

CSG Qui ana Space Centre, in French Quiana
DCl Ari anespace Interface Control Docunent
DCP Devel opnment Cost Pl an

DGDQA Directorate Ceneral of Defence Quality Assurance
DI D Data |tem Description

DL Arianespace Launch Requirements Documnent
DML Decl ared Materials List

DOD US Departnent of Defense

DPL Decl ared Parts List

DProcL Decl ared Process List

DQA(PS) Directorate of Quality Assurance (Project Support)
DQA(TS) Directorate of Quality Assurance (Technical Support)
DQA(ind) Directorate of Quality Assurance (Industry)

DRB Del i very Revi ew Board

DUA Application to use ARI ANE

ECP Engi neeri ng Change Proposal

EGSE El ectrical G ound Support Equi prment

El DP End Item Dat a Package

EMC El ectromagnetic Conpatibility

EPC Equi prent Policy Conmittee

EPCU Payl oad Preparation Conplex at the Guiana Space Centre
ESA Eur opean Space Agency

ESI Engi neering Staff Instruction

EVA Extra-Vehi cul ar Activity
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NASA
NATO
NATLAS

NSTS

OTWG
PA
PAM
PDR
PDS
PI P
PCCC
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Failure Mddes, Effects and Criticality Analysis

Foreign Mlitary Sales

Fl ight Operations Wrking Goup
FI i ght Readi ness Revi ew
CGeosynchronous Orbit

Gover nment Furni shed Equi prent
G ound Operations Plan

Ground Operations Wrking Goup
Ground Support Equi prent

NASA Goddard Space Flight Center
CGeosynchronous Transfer Obit
Interface Control Docunent
Interface Definition Docunent

Inter - Establishnment Committee on Conputer Applications

I ndependent Har dwar e/ Sof t ware Revi ew

In-Orbit Test

I nterface Requirenents Docunent
DOD | ndependent Readi ness Revi ew
Inertial Upper Stage

Intravehi cular Activity

NASA Lyndon B. Johnson Space Center

Joint Integrated Simulation
NASA Jet Propul sion Laboratory
Joint Service Publication

NASA Kennedy Space Center

Low Earth Orbit

Launch and Early Orbit Phase
Launch Readi ness Revi ew
Launch Servi ces Agreenent
Launch Site Support Manager
Launch Site Support Pl an

McDonnel | Dougl as Astronautics Conpany
Mechani cal Ground Support Equi pnent

Martin Marietta Aerospace
M nistry of Defence

M nistry of Defence (Air Force Departnent)
Executi ve)

M nistry of Defence (Procurenent
Mermor andum of Under st andi ng
Material Revi ew Board

Mast er Record | ndex

Nat i onal Aeronautics and Space Adm nistration

North Atlantic Treaty Organization

Nati onal Testing Laboratory
Non—Conf or mance Report

Nati onal Space Transportation System

Orbital Operations Handbook
Orbital Requirements Docunent
O bital Test Wrking Goup
Product Assurance

Payl oad Assi st Mbdul e
Prelimnary Design Review
Post Design Services

Payl oad I ntegration Plan

Payl oad Operations Control Centre
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PGS
PRR
PSR

QFAR
QPL

RAE

R&E

RAF
RAFSCSS
RAFRI U
RAF SEE

RFP
RID
RSRE
SAR
SCC
SCF
SER
SOF
SOwW
SR
SSPP
TBD
TI'M
TGS
TRB
TRR
TT&C
UK
UKDPO
USA
USAF
USAF SD
VOP

Ari anespace Satellite Qperations Plan
Payl oad Readi ness Revi ew

Pre-Shi p Revi ew

Qual ity Assurance

Quality Assurance Authority

Quality Control

Quarterly Finance & Achi evenent Report
Qualified Parts List

Qual ity Assurance Representative
Royal Aircraft Establishnent

Rehearsal s and Exerci ses

Royal Air Force

RAF Support Command Signals Staff

RAF Radi o I ntroduction Unit

RAF Signal s Engi neering Establishnent
Radi o Frequency

Request For Proposals

Review Item Disposition

Royal Signals and Radar Establishnent
Saf ety Assessnent Report

Spacecraft Control Centre

Satellite Control Facility

System Eval uati on Revi ew

Satellite Operations Facility

St at enent of Work

Staff Requirenent

System Safety Programme Pl an

To Be Deternined

Techni cal | nterchange Meeting
Transfer Orbit Stage

Test Revi ew Board

Test Readi ness Revi ew

Tel enetry, Tracking and Conmand

Uni ted Ki ngdom

UK Defence Procurement O ficer

United States of America

United States Air Force

United States Air Force Space Division
Variation OF Price
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4 Structure
This Defence Standard is divided into four sections:

Section One. This section introduces the Standard, explains its
scope and its applicability. This section also explains how the
Standard shoul d be used.

Section Two. This section gives a broad introduction to the life
cycle of a spacecraft system project, from concept fornulation
through to disposal at the end-of-life of the spacecraft.

Section Three. This section is intended as a set of guidelines
for use by the nmenbers of MOD(PE) Project Managenment Teans who
are Procuring spacecraft systenms. In addition, it may be used in
the induction and training of new nenbers of the MOD(PE) project
team This section also provides background infornmation to assi st
i ndustry in understandi ng MOD(PE) phil osophy, objectives, and
procedures for spacecraft system procurenent.

Section Four. This section specifies a set of requirenents,
termed standards, which will be applied selectively in all
mlitary spacecraft system contracts witten by MOD(PE). These
st andards have been fornulated for the benefit of the MOD(PE),
and of contractors and suppiers.

Thi s Defence Standard al so has four Annexes:

Annex A. This Annex is intended as an aid to using the Standard.
It is a mtrix which identifies the different phases of a project
inrelation to specific clauses within the Defence Standard. For
exanple, information relevant to the Project Definition phase of
a project appears In certain clauses in the Standard. The natrix
will identify those particul ar clauses.

Annex B. This Annex itenizes the contents of a recomended
Contract Data Requirenents List (CDRL). The CDRL identifies each
docunment to be supplied by the prinme contractor to MO PE) and
defines whether it is for MOD(PE) approval, review or

i nformati on.

Annex C. This Annex conprises a "file" of standard pro fornae
that are applicable to the different activities and phases of a
proj ect.

Annex D. This Annex addresses security aspects of nilitary
spacecraft progranmed.
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5 How To Use This Standard

This Defence Standard is intended for use by all parties involved
in mlltary spacecraft projects.

This Defence Standard may be used at different |evels:

(a) The content of Sections two and three is to assist the
MOD( PE) Project Manager in defining intramural manpower
requirements, and in the preparation of the prine contract
and the Statenment of Work.

(b) The MODX(PE) project team nenbers should read Section two, and
use Annex A to identify the applicable clauses in sections
three and four of the Defence Standard for each of the
di fferent phases of a spacecraft programme. The Proj ect
Manager should be advised of those applicable clauses which
are in Section four, so that these may be called up in the
Contract.

(c) MOXPE) should consider the guidelines of Sections two and
three in formng a project team preparing a MO PE)
Managenent Plan for the project and in managing the project
through to its conclusion.

(d) Industry should treat Sections two and three as background
i nformati on which assists their understanding of MOD( PE)
phi | osophy and objectives. It should not be assuned that
MOD(PE) will adopt all, or any, of the guidelines given,
since the MOO(PE) Project Manager will tailor his approach to
suit specific circunstances.

(e) Those clauses from Section four which are contractually
i nvoked are mandatory on the prime contractor and it shall be
possi bl e to denonstrate full conpliance.

This Defence Standard, if used correctly, mnimzes the need for

ot her applicable docunents in MOD(PE) spacecraft procurenent
contracts.
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SECTI ON TWO
THE PROJECT LI'FE CYCLE
This Section contains no contractual requirements. it provides

gui dance in the formof a broad introduction to the various

phases of a spacecraft project, highlighting aspects unique to
Space
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6 I ntroduction

Section Two is intended to give a broad introduction to the life
cycle of a spacecraft system project, with the aim of
highlighting the special requirements of spacecraft systens.

Figure 1 shows the phases of a project and how these relate to
project reviews and the progressive definition of baselines
t hroughout the project.

The outputs of a particular project phase nornally provide the
input to the follow ng project phase.

In general the phases of spacecraft system procurenent follow the
standard "Downey" cycle, as explained in AD 2.4.23. Sone
differences are that there are no pre-production nodels nade,
there is no production run and there are extra project phases
such as the launch canpaign and in-orbit testing. Note that the
"Downey" phase of Full Devel opnent covers the phases of

Devel opnent, Design Validation, Mnufacture and Assenbly,
Integration and Test (AIT), as defined in this Standard.

The project phases of Devel opnent, Design Validation, Mnufacture

and AIT, will be run serially for individual equiprments or
sub-systens. However, at a specific tine one spacecraft equi pnent
may be at a different phase than another, so there will be

overl ap between phases at spacecraft |evel.

Breaks in the programe between the Concept Formul ation,
Feasibility, Project Definition and Devel opnent phases could be
beneficial. This would allow consideration of the outputs of the
phases to be perforned, and requirenents to be changed or
re-defined if required, Contracts could also be re-negotiated if
required, in the interests of both parties. To achieve this,

al  owance for the breaks needs to be nade in the tinme schedul e of
the project. There also needs to be a nethod of keeping the
contractor’s project team together during the breaks to provide
continuity. This could be done by providing interim funding
within the costings and plans for the precedi ng phase. It is
usual for "package deal" contracts to be placed, covering

devel opnent and "production”, where the production quantities are
smal |
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7 Concept Fornul ation

This first phase of the project life cycle covers the period from
the initial idea for a project to a formal statement of

operational need. The tine schedule for this phase is variable
and depends entirely on the specific ideas under consideration.

The factors that lead to the fornul ation of a new concept
i ncl ude:

(a) The need to replace space or ground segnment systens nearing
the end of their operational lifetines.

(b) Qutputs from defence research and devel opnent studies which
of fer new neans of neeting an operational need or providing a
new capability.

(c) Operational experience with existing spacecraft systens.

(d) The need to replace systens that have failed before the end
of their expected operational lifetines.

(e) The identification, resulting from intelligence assessment
of a new threat

(f) A proposal from industry.

(g) The need to provide additional capacity for existing systemns.
(h) The need to inprove or enhance current operational systens.

The ideas arising fromthese factors are expanded by discussions
between the end Users, Central Staff, MOD(PE), the MID technica
support establishnents (such as RAE and RSRE), and industry.

If the User decides, follow ng discussions, that the project is
worth pursuing, an initial formal statenent of the project need
will be prepared in the formof a Staff Target (ST). In a Staff
Target, the User defines in broad terns the functions and desired
performance of the new spacecraft system before the feasibility
or method of neeting the requirenent has been assessed.

Draft STs are circulated wthin the MOD by the User. Conment is
sought from the User departnent(s), scientific staffs and
MOD(PE). O her departnents are also consulted for input to the
proj ect.

The final version of the ST is then submtted for approval to the
Equi prent Policy Conmttee (EPC). Approval of the ST enables the
next project phase, the feasibility study, to proceed. The ST and
any other requirenments for the project, such as the Operations
Concept, provide an input to the feasibility study. The
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feasibility study is performed against a System Requirenent
fornmul ated by the MOD(PE) research and devel opnent
establ i shments.

8 Feasibility Study

NOTE: This is also referred to as phase A of the project.
( ESA/ NASA t ermi nol ogy).

Feasibility Study is initiated after the approval of a Staff
Target and conpleted at the acceptance of the feasibility study
report(s). The prinme ains of this phase of the project are to
establish the feasibility of the project with respect to

techni cal aspects, cost, tinescale, risk and demand on resources.

Several conpetitive or conplenentary feasibility studies may be
performed for a project, to al low different approaches to be
i nvesti gat ed.

The feasibility study should comence with a review of the life
cycl e and operational success of previous simlar systens.
Failure to identify inherent problems in the project concept at
this stage can have |l arge adverse effects in later project
phases. It is therefore inadvisable to bypass or restrict this
phase. Work done in this phase may be confined to paper studies,
but it may be necessary to do sone experinmental testing to prove
the feasibility of a particular concept

The output of the feasibility study is a report containing the
fol | owi ng:

(a) A technical appraisal of alternative solutions investigated
and trade studies performed, including the results of any
experinmental work carried out, and an evaluation of the
preferred solution showing how the requirenents stated in the
ST could be net.

(b) An outline description of the system performance
characteristics and proposals for project definition of the
preferred solution. This should include a summary of the
mssion, and definition at a high level of the various
interfaces with other systens.

(c) A description, identifying the areas of possible technical
difficulty, with an assessnent of the possible risks
invol ved, and of any special steps to be taken to control
t hese ri sks.

(d) Plans and specifications for the follow ng project definition
phase of the project. These incl ude:

Syst em Requi renments Specifications,
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Managenment Pl an,

Product Assurance Pl an,
Desi gn and Devel oprent Pl an
System Verification Plan
Draft Critical Itens List.

(e) Assessnents of the costs, tinmescales and resources
required for the project.

(f) A Staterment of Work for the next phase.

After receiving, assessing and accepting the feasibility study
report(s), the User prepares a Staff Requirenent (SR), and a
proj ect devel opnent/definition proposal, which are subnitted to
t he Equi pment Policy Conmittee (EPC), and the Treasury, for
approval .

In an SR, the User provides a detailed description of a proposed
new spacecraft systemand its operation. It is the statenment of
ainms to which the subsequent phases are directed.

MOD(PE) refines the System Requirenent at this stage to take
account of the additional information now avail abl e.

9 Project Definition

NOTE: This is also referred to as phase B of the project
( ESA/ NASA term nol ogy) .

Project Definition is normally carried out by a contractor who
will also carry out the devel opment and manuf acture phases of the
project. Contractors nay be chosen by conpetitive tendering.

The objectives of this phase are:

(a) To verify the approaches identified during the feasibility

(b) To perform detailed trade-offs between performance, tinme and
cost, and identify the design route to be taken.

(c) To define the Qperations Concept of the overall spacecraft
system This docunent is discussed in 21.1.6 and shoul d not

be confused with the normal nilitary term "Operational
Concept".

(d) To produce system |l evel specifications defining how the

requi rements at systemlevel will be nmet. These will include
the definition of:
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(1) t he spacecraft sub-systens,
(ii) the spacecraft sub-system interfaces,

(ti1) the interfaces between the spacecraft and the upper
stage (if used),

(iv) the interfaces between the spacecraft and the |aunch
vehicl e,

(v) the interfaces between the spacecraft and the ground
segment,

(vi) the interfaces between the spacecraft and rel ated GSE.

(vii) the interfaces between the elenents of the ground
segnent .

To define the GSE
To identify and define the qualification approach to be taken

on the project. ie. prototype, protoflight or a m xture of
bot h.

Tomai ntain and update the System Requirenents

Speci fication, Mnagenent Plan, Product Assurance Plan,
Desi gn and Devel opnent Pl an and System Verification

Pl an produced during the feasibility study.

To establish mass and power budgets, and to define a policy
for budget margin control

To Produce further plans for carrying out the subsequent
phases of the project, as required by the Statenent of Wrk.

ToProvide estimates of the costs and tinescales of the
devel opnent and manufacturing phases of the project.

To identify Governnent Furnished Equi pnent (GFE)
requi rements.

To identify long | ead or single source of supply procurenent
i tens.

To refine the Critical Items List identified in the
feasibility study.

To produce a Statement of Work for the next phase

To define the outline Gound (launch site) Operations Plan
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A Prelimnary Design Review (PDR) is held at the end of this
phase to review the conclusions and output of the phase.
Dependi ng on the conplexity of the project, nore reviews may be
hel d throughout the phase.

The project definition phase is sonetines split into two parts,
PD 1 and PD 2 (or Bl and B2) to allow decisions to be nade on the
direction or continuation of the project.

PD 1 involves initiating the objectives above and establishing
the main features of the planning and specifications, especially
of the high risk areas of the project, in enough detail to allow
a decision on the future of the project to be nade. A proposal on
perform ng the PD 2 phase is al so produced.

The PD 2 phase continues and conpletes the objectives started in
PD 1 to a nore detailed level. The output would normally be a
firm proposal which commits the contractor who undertook the
Project Definition phase. This proposal should contain

conpr ehensi ve technical, schedule, cost, resources and managenent
details for the Devel opnent phase and outline plans for

subsequent phases.

10 Devel opnent

NOTE : Ol auses 10 to 14 cover the phases of the project often
referred to as Full Devel opment or as Phase C D ( ESA/ NASA
termnology). In parallel with phase C/D of the spacecraft,
the ground control faciliies are brought to a state of
operational readiness. During this tinme, hardware and
software sinulators of the spacecraft system el enents,
may al so be devel oped as aids to training and operationa
procedure devel opment. Material Review Boards (MRBs) are
held to investigate any failures or problens found during
t hese phases. The MRBs nake decisions to resolve, or work
around, the problens.

Dependi ng upon estimated programre costs, approval to proceed
wi th Devel opnent may be required fromthe EPC, the Treasury and
the Secretary of State for Defence. Re-endorsenent may be
subsequently required in the event of cost escal ation.

The aimof this phase of the project is to establish full details
of the design of the spacecraft system including the GSE. The
prime contractor continues the detail ed design of the system
working to the plans produced in the project definition phase.

Devel opment will probably involve the manufacture of engineering

nmodel s, and perhaps prototypes, of spacecraft equipments or
sub-systens in order to investigate the adequacy of the paper
desi gn.
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The out put of this phase will be a set of detailed drawi ngs and
docunentation that will allow the elenments of the spacecraft
system to be produced. The docunentation includes:

(a) Design specifications.

(b) Manufacture and test procedures.

(c) Integration procedures.

(d) Launch vehicle interfacing details.

(e) Upper stage interfacing details (if used)

(f) Spacecraft to Gound Segnent interfacing details
(g) Spacecraft to GSE interfacing details

(h) Launch site ground operations procedures

(i) Orbital operations data from which the orbital operations
procedures may be produced.

(j) NSTS flight operations procedures (if used).

(k) Safety hazard anal ysis.

(1) Engineering Mdel test results.

A system Critical Design Review (CDR) is norrmally held at the end

of this phase, at which the adequacy of the design and its
conformance to specifications are revi ened.

11 Design Validation

Detai | ed designs for the space segment, produced in the earlier
phases need to be validated for adequacy and conformance to
requirements. This is done by qualifying the design and is of
great inportance because of the general inability to repair a
spacecraft once |aunched.

Qualification neans that by an agreed conbination of anal yses
(including simlarity with previously qualified designs), tests,
denonstrations and inspections, the spacecraft design is
denonstrated to have adequate margins and factors of safety over
the operating conditions expected during the lifetinme of the
spacecraft.

There are two mmi n approaches to spacecraft qualification and
these are terned the Prototype and the Protoflight approaches. A
specific project nmay use either, or a conbination of, the
approaches. Wth the protoflight approach, design validation is
conducted during the AT phase.
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The spacecraft contractor produces a Qualification Status List
whi ch shows the qualification status of all equipnments and
sub- systens used on the spacecraft.

11.1 Types of analyses. The types of analyses that may be used
i ncl ude:

(a) Communi cations Sub-system Anal ysi s.

(b) Thermal Sub-system Anal ysis.

(c) Structure Sub-system Anal ysis.

(d) Electrical Power Sub-system Anal ysis.

(e) Attitude and Orbit Control Sub-system Analysis.
(f) Propul sion Sub-system Anal ysis.

(g) Pointing Error Analysis.

(h) M ssion Analysis.

(i) Reliability Analysis.

(j) Parts Derating and Circuit Stress Anal ysis.

(k) Failure Mdde Effects, and Criticality Analysis.
(1) Worst Case Performance Anal ysis.

(m Radiation Analysis.

(n) Electromagnetic Conpatibility (EMC) Analysis

(o) Safety Hazards anal ysis.

11.2 Types of testing. The types of testing that may be used
i ncl ude:

(a) Acoustic vibration.

(b) Sinusoidal/random vibration.
(O Shock.

(d) Functional.

(e) Pressure.

(f) Thermal Bal ance.

(h) Thermal Vacuum
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(i) Thermal Cycling.
(j) Electromagnetic Conpatibility (EM).
(k) Solar simulation or infra-red testing.

These tests are not normaily performed separately, but may be
perforned together in various conbinations. Functional testing is
carried out before and during/after environmental testing, in
order to verify continuing correct operation.

The testing nmethod used depends on the particul ar

equi pment / sub-systenf system and is defined by the contractor in
the System Verification Plan, which is a top |evel contractual
docunent approved by MOD (PE).

Any mandatory tests will be identified by MOD (PE) in the
Statement of Work (see 21.1.3.1).

12 Manuf act ure

There are special requirements inposed during nmanufacture of
spacecraft equi pments, due to the environment and inaccessibility
that they will experience once |aunched. In order to ensure the
reliability and performance of the spacecraft over its design
lifetinme, the working practices and nethods of manufacture are
strictly controll ed.

Prior to and during the manufacture, nenbers of the contractor’s
Product Assurance departnment nonitor and control such aspects as:

(a) Quality of hardware, software and docunentati on.

(b) Parts procurenent.

(c) Material control.

(d) Process qualification and control.

(e) Contam nation control.

Configuration control is particularly inportant during this

phase. The CADM function ensures that the current build standard
is always known and deviations fromthe design standard are

recor ded.

The correspondence between design standard and build standard is

recorded on the Certificate of Conformance, and is verified by
the Quality Manager.
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13 Assenbly, Integration and Test (AIT)

During this phase of the project, individual pre-tested
spacecraft equi pnents and sub-systens are progressively
integrated and tested in a pre-planned sequence. This integration
process requires support equipnent to allow operation and testing
of the spacecraft, i.e. Gound Support Equipnent (GSE)

Al tests conducted on the spacecraft hardware are perforned to
controll ed, pre-defined procedures. The tests are subject to
surveillance by nenbers of the contractor’s Product Assurance
(PA) departnent, in order to ensure conpliance with the
procedures, and the use of approved working practices.

Facilities required for assenbly, integration and test include :

(a) S/IC assenbly halls with controlled anbient climte and
defined cleanliness levels. Ceanliness levels required are
dependent on the spacecraft design, and there nmay be a
requirement for the levels to be higher in localized areas
for specific operations.

(b) Anechoic chanmbers for EMC and acoustic noise testing.
(c) Vibration and shock excitation facilities.

(d) Solar sinmulation/infra-red/thermal vacuum facilities,
(e) Mass properties neasurenent facilities,

Sonme of these facilities may not be available at the contractor’s
site and may have to be hired, often abroad. This inposes
ti mescal e constraints and increases pressure to neet deadlines.

Conmpatibility tests between the spacecraft and ground segnent are
conducted during the AIT phase and may be repeated during the
I aunch canpai gn.

During the course of the AT phase, the spacecraft, either in
parts, or as a whole, needs to be transported. The transportation
i ncl udes novi ng equi pnments and sub-systens from sub-contractor
facilities to the prine contractors facility, and noving the
spacecraft between the prine contractors facllity and
environnental test sites or the launch site.

The transportation is carried out in specially designed
containers which control the environnental conditions experienced
by the spacecraft. This includes the control of such aspects as
temperature, humidity and vibration. The spacecraft and its
container are instrunented during transportation, to determne
the actual environnent experienced by the spacecraft.
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Security also needs to be controlled during transportation if the
spacecraft and/or support equiprment contains classified
equi prent .

A Pre-Ship Review (PSR) is held before final transportation to
the launch site, to ensure that the elenents to be transported
are in a ready, fully docunented state. A Certificate of Hardware
is submitted by the prine contractor after the PSR to certify
that the spacecraft conplies with its design standard with the
exceptions not ed.

14 Launch Canpai gn

Prior to arrival at the launch site, the spacecraft and GSE wil|l
have undergone safety review procedures to ensure conpliance
with the safety requirenents of the launch authority. Only if the
safety reviews have been passed, wll the |aunch canpaign be
allowed to start.

Overall responsibil ity for spacecraft |aunch operations lies wth
the MOD(PE) Project Manager. The MOD(PE) Project Manager is
supported by the Prinme Contractor’s Project Manager for the

runni ng of the spacecraft |aunch operations, and is, in turn,
responsible to the Launch Authority.

14.1 Spacecraft test activities. Spacecraft testing at the
launch site is limted to:

(a) Demponstration of the performance of the electrical
sub-systens follow ng transportation.

(b) Functional testing of equipnents which have been renpved for
transportation.

(c) Integration testing, to include equipnments which are first
integrated at the launch site.

14.2 O her launch site activities. G her launch site activities
i ncl ude:

(a) Final assenbly of the spacecraft elenents.

(b) Mate of the spacecraft with its Apogee Mtor (if applicable).
(c) Installation of pyrotechnic devices.

(d) Fuel | oading.

(e) Spin balancing of the spacecraft.

(f) Ground Segment conpatibility testing.

(g) Upper stage (if used) mate and conpatibility testing.
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(h) Launch vehicle mate, conpatibility testing and interface
verification testing.

(i) Certification of flight hardware and software to ensure
that all flight elements are deened safe and ready to
support the m ssion.

(j) Ensuring that the elenments of the ground segnent are ready to
support the nission.

(k) Monitoring of spacecraft health during |aunch countdown.

(1) Resolving any contingency issues arising from nmal function of
either the spacecraft or the |auncher.

(m Recovery of Airborne Support Equi pnent (ASE) after a

successful mssion, or of the cargo elenent after a
conti ngency |aunch abort (in the case of NSTS).

15 Launch and Early Orbit Phase Operations

The Launch and Early Orbit Phase (LEOP) is the period from | aunch
of the spacecraft until the hand-over of the operational
spacecraft to the User.

The control of the spacecraft at this tinme nmay not be by the sane
agency or nethods as those used for the in-service phase, and so
an extra interface may be involved. |If the launch is by the Space
Shuttle, the launch through to deploynent in the parking orbit is
under NASA control. NASA require support during this phase from
MOD(PE), the spacecraft prine contractor and the upper stage
contractor. The support being both in the planning and execution
of the m ssion.

Once the spacecraft is deployed fromthe Obiter, or put into its
transfer orbit by an expendable |aunch vehicle, the LEOP control
facility takes over responsibility.

The control of the spacecraft during this phase is to
pre-defined, agreed procedures. Expertise in all spacecraft
aspects will be available at the LEOP control facility, from the
prime contractor and from MOD(PE), to deal with anomalies.

Handover from the initial, to the in-service, control agency is
normal |y performed within LECP

The phase ends with the spacecraft in its operational orbit and
configuration.
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16 In-Obit Test

In-Obit Test (10T) is initially carried out within the LEOP
phase and may al so continue throughout the in-service phase.

IOT is an initial period of conmm ssioning and characterisation of
t he spacecraft bus and payl oad, which |eads to hand-over in a
known operational state to the user. This is followed by routine
testing and nonitoring to check the continuing operation of the
spacecraft throughout its lifetine. | OT may be used to determ ne
eligibility for paynent of in-orbit incentives.

In the event of anommlies being found, investigation and

di agnostic testing is carried out with prime contractor,
sub-contractor and MOD(PE) support as required.

17 Ln-Service Phase

This phase follows acceptance of the spacecraft system by the
User and runs until the end of its operational lifetine.

Post Design Services (PDS) requirements, for support from
contractors during this phase, are normally established
separately in accordance with User requirenents. This support
could include such aspects as trend analysis, anomaly

i nvestigation and operations planning.

18 Di sposa
VWhen the useful operational lifetinme of a satellite in
geosynchronous orbit is over, it is desirable to nove it out of

its orbital position and into a "graveyard" orbit. This frees the
val uabl e orbital position for use by later satellites. To allow
this to happen, sufficient propellant needs to be retained from
the operational lifetime to allow the orbital manoeuvre to be

carried out.

It may also be desirable to switch off the satellite at the end
of its lifetine to prevent interference with other spacecraft.

At the end of the project it is desirable to conduct a review of

the operational success of the systemin order that inputs can be
made to subsequent projects.
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SECTI ON THREE

MOD(PE) GUI DELI NES FOR THE
PROCUREMENT OF MI LI TARY

SPACECRAFT SYSTEMS

This Section contains no contractual requirenments. It contains
gui delines to be used by nmenbers of an MOD(PE) project teamin

t he organi zati on and managenent of the procurenent of a mlitary
spacecraft system

The adoption of the guidelines contained within Section Three is
not nandatory.
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19 Introduction

This section is intended for use by nmenbers of MOD(PE) Project
Managenent Teans who are procuring spacecraft systens. It may be
used in the induction and training of new nmenmbers of the team
who are unfamiliar with spacecraft systens, project nanagenent,
or both. It may also be used as a set of procurenent procedures
by established nenbers of the team

This section also provides useful background information to
assist contractors in understanding MOD(PE) philosophy and
obj ectives of spacecraft system procurenent.

19.1 The role of MO PE). The role of the MOD(PE) Project
Managenent Team in procuring a spacecraft systemis basically the
same as in the procurenent of any other high technol ogy system
for the Services. The fundanental requirenents are exactly the
sane. These are:

(a) To obtain high quality and reliable equipnent.

(b) To neet the User’s technical requirenents.

(c) To deliver equipnment into service on-tine.

(d) To achieve good value for noney.

(e) To maintain public accountability.

AD 2.4.37, the MOD(PE) Conmpendi um of Guidelines for Project
Managenment, is therefore fully applicable to spacecraft projects,
and Section 3 of this Defence Standard supplenents that docunent.
19.2 The specialized nature of space projects. Spacecraft
projects have certain specialized technical requirenents,

relating mainly to flight hardware, which effect how the project
is managed. These are summari zed bel ow

(a) Equipnent is subjected to unique environnments, necessitating
the use of specialized materials and techni ques.

(b) There is generally no nmeans to repair equipnment once in
orbit, therefore reliability has to be very high.

(c) Launch costs are high, wth distinct nmass and di nensiona
thresholds, therefore mass property budgets and the
spacecraft configuration need to be strictly controll ed.

(d) Launch authority requirements, e.g. NSTS safety
requi renents, inmpose strict constraints on MOD(PE)’S own
approach.

(e) The user interface is very specialized, requiring special
procedures and training.
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(f) Spacecraft are normally produced in snmall quantities
(typically less than three). Therefore there is no
production run.

The above factors, when conbined, result in a conplex

desi gn/ devel opnent process, which has to be followed by a
ri gorous nmanufacture, assenbly, integration and test phase.
Qual ity assurance, therefore, assunes a greater than nornmal
i nportance.

19.3 Risks associated with space projects. The risks associ ated
with mlitary spacecraft projects are shared between the MOD(PE)
and the prinme contractor.

19.3.1 Ri sks borne by the MO PE) are:

(a) That the performance requirenments are incorrect and do
not match the Users requirenents, or the eneny threat.

(b) That the specified requirements are inconpletely or
anbi guously stated, and the resultant system does not
nmeet MOD(PE)’ S expectati ons.

(c) That the specification is not net, or the equipnent is |ate,
due to default on the part of the prime contractor.

(d) That the requirenent is not net, or availability is
del ayed, due to late or inadequate GFE, (including |aunch
del ays or failures).

Any of the above, or any conbination of them may result in cost
escalation and military vulnerability, which can only be
partially offset by insurance (if adm nistratively acceptable and
avail abl e).

19.3.2 Risks borne by the prinme contractor are:

(a) Being unable to neet the requirenents or tinescales, due to
internal problems, or default by sub-contractors, resulting
in failure to deliver contract end itens and hence not
receiving full paynent.

(b) Not naking an acceptable profit.

(c) Suffering a tarnished reputation as a result of being
associ ated with an unsuccessful project, which may have
failed due to shortcom ngs of the prime contractor or because
of circunstances conpletely beyond his control.
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19.4 Summary. The specialized nature of spacecraft projects,
coupled with the high expenditure and risk associated with such
projects, demands that the MOD(PE) Project Manager is supported
by specialized personnel with relevant expertise and experience.
The sharing of project risks between MOD(PE) and the prine
contractor necessitates a close and frank working relationship in
order that these risks are mnimzed. The ainms of this section
are twofold: firstly to define the functions of the MOD(PE)
managenment and their interfaces with other bodies, and secondly
to provide managenent guidelines for the MOD(PE) project
managenent, based on MOD(PE) standard practice, but tailored to
the specific needs of spacecraft projects.

20 The MOD(PE) Project Team

20.1 General. The MOD(PE) project managenent team has a nunber of
i mportant functions to perform certain of which involve |iaison
w th outside organi sations, spacecraft control agencies and

l aunch authorities. The structure of the project team should be
such that these functions can be effectively carried out. A
suggested functional organisation is given in 20.2, although each
project will have its own specific demands. The rol es and
responsibilities of such a project team are described in 20.3,
and the interfaces with outside bodies are described in 20.4.

MOD(PE)’ s internal manpower resources are subject to constraints
beyond the direct control of the project manager, and
consequently industrial support (or consultancy) may be required
(see 20.5 ), or functions may be delegated to the prine
contractor.

20.2 FEunctional organization.

PROJIECT MANAGER

i i i i i i
PROGRAMME TECHNI CAL QUALITY FI NANCE & CONTRACTS USER
MANAGEMVENT  SUPPORT ASSURANCE SECRETARI AT BRANCH AGENCI ES

OFFI CE SUPPCRT SUPPORT SUPPCRT

The above chart shows the functional support required by the
MOD( PE) Proj ect Manager.
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20.3 Roles and responsibilities

20.3.1 Project manager. The Project Manager’s role is
conmprehensively explained in AD 2.4.23, the Conpendi um of
Cuidelines for Project Managenent. The responsibilities of the
Proj ect Manager nay be summarized as:

(a)

(b)

(c)

(d)

(e)

(f)

(9)

(h)

Pl anning, including determnation and promnul gati on of policy,
definition of objectives and fornulation of plans to fulfi

t hese objectives. The Project Minager should ensure that the
necessary resources will be available to support each project
phase. This planning should be docunented in an MOD(PE)
Managenent Plan, for internal use only (see 21.1.12 ). This
docunment shoul d be kept consistent with the Prime
Contractor’s Managenment Plan (see 29.3 ).

NOTE: Policy will be based upon staff requirenments, direction
from seni or managenent and MOD(PE)’s internal procedura
requirements.

Preparation, including generation of request for proposa
docunentation for the various project phases, and of a
contract and statenent of work for the selected contractor.

Control, including nonitoring of all activities on the
project, both within MOD(PE) and externally, to ensure
fulfillment of the objectives, in accordance with the plans.

Shoul d any discrepancies be reveal ed, corrective action
shoul d be taken. The Project Manager should ensure that
systens engineering activities are given high priority.

Overall systens engi neering managenent, to ensure that all
el enents of the system fit together and function effectively
as a whole, within the operational environment.

Co-ordination of all the activities of all staff supporting
the project, and of the interfaces with external agencies

i ncluding contractors, launch authorities, frequency
regulation authorities and control agencies.

Reporting of progress to senior nanagement and sponsors. This
includes technical, financial and contractual matters

Definition and comunication of all project requirenents to
the Prime Contractor, including agreement, and signed
approval, of all "top level" contractual docunents, including
the Overall System Requirenents Specification, which should
conformw th, and provide traceability to, the System
Requi r enment .

Approval of paynents to the prinme contractor.

Approval, from a technical and progranmatic point of view of
all contract change notes.
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(j) Assistance upon request, to the prime contractor’s Project
Manager in expediting export |icences, custons clearances
etc. Also, resolution of any commercial confidentiality
problems, for instance where a sub-contractor is not prepared
to reveal deliverable proprietary information to the prine
contractor.

20. 3.2 Programme nanagenent office. The primary function of this
office is to support the MOD(PE) Project Manager in fulfilling

the foll owi ng tasks:

Systens Engi neeri ng Managenent

Spacecraft Managenent

Payl oad Managenent

Launch Vehicle Interface Managenent

G ound Control Segment Procurenent Managenent

Ground Control Segnment Operations Managenent

In-orbit Test Managenent

Document ati on Managenent

Security Aspects Managenent

System Saf ety Managenent

Proj ect Schedul e Managenent

Proj ect Cost Managenent

Dependi ng on resources avail able, and the phase of the project,
some of the above functions may be al located to support staff or
del egated to contractors, as deemed necessary by the MOD(PE). All

Programre Managenent O fice staff shall support any programe
reviews applicable to their activities.

20.3.2.1 Systens Engi neering Mnagenent Significant resources
from the project managenent office should be devoted to overall

systens engi neeri ng managenent, as opposed to managenent of the
i ndi vidual elenments of the system such as the spacecraft or
ground control segnment. Specific tasks are to:

(a) Coordinate the preparation of the System Requirenent

(b) Review of the Overall System Specification prepared by the
prime contractor.

52



DEF STAN 18-01/2

(c) Coordinate system level trade studies within MDD, (e.qg.
onboard autonomy versus ground control).

(d) Monitor any system | evel trade studies performed by
contractors.

(e) Ensure technical coordination and interface control between
separately procured itenms (e.g. spacecraft and |aunches).

(f) Ensure that systemlevel reviews (i.e. PDR and CDR)
adequat el y address system aspects.

(g) Review non conformance at system level (as part of the MRB
process - see 37.2.2.2 ).

(h) Ensure that adequate system |l evel testing is planned and
successful ly conducted (e.g. conpatibility testing between
spacecraft and ground control segnent).

20.3.2.2 Spacecraft Managenent. This task evolves during the

di fferent phases of the project. During the Assenbly, Integration
& Test (AIT) and launch phases of the programe, each spacecraft
assunmes its own unique identity and consequently will require

i ndi vidual attention. The task is to:

(a) Ensure that spacecraft requirenments are clearly specified to
the contractor in the System Requirenent and that all
interfaces are properly defined.

(b) Ensure that conplete and coherent plans are available from
the prine contractor for the fulfilnment of these
requirements.

(c) Monitor the prime contractor’s design programme to ensure
that the agreed plans are fulfilled and that specifications
are net. This includes the review of deliverable docunents
and participation in progress neetings and project reviews
(See 38 ) to assure that technical progress is satisfactory.
Monitoring of critical parameters (e.g. nass and power
budgets and margins) is also a necessary task.

(d) Monitor the production/ manufacture and assenbly, integration
and test activities, including participation in Test Review
Boards (TRBs) (see 37.2.4.2 .) and Material Review Boards
(MRBs) (see 37.2 ), to assure that the design is
satisfactorily inplenented. Normally, a representative of the
MOD( PE) Project Manager will be present at the spacecraft
| ocation on a near-full-tine basis throughout final
integration, spacecraft level testing and the |aunch
canpaign. The representative needs to have the authority to
agree Concessions to performance and test requirements, up to
a defined level, in order to preserve schedul es.
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(e) Participate at spacecraft level MRBs (see 37.2 ), with
del egated power to exercise the MOD(PE) Project Manager’s
vet o.

(f) Support the launch vehicle interface activity, on spacecraft
aspects during the integration process and throughout the
[ aunch canpai gn.

(g) Support the Operations Director (see 27.2 ), on spacecraft
aspects, during orbital operations prior to hand-over of
control to the user.

20.3.2.3 Payload nmnagenent. All spacecraft, whether for
scientific or applications purposes, will carry a payload, which
will typically be a comunications or sensor package, frequently
enpl oyi ng sone new technol ogy.

Many aspects of a spacecraft project, such as spacecraft platform
design, launch vehicles, spacecraft operations etc, wll be
transparent to the end-user. The prinmary concern of the User wll
be payl oad performance, and therefore MOD(PE) should devote the
necessary resources to assure that the payload will neet the
users requirenments. Although the payload is part of the

spacecraft managenent task and needs to be treated as such,

speci alized attention is required to:

(a) Agree payload related aspects of the Overall System
Requi rements Specification in response to the System
Requi r enment .

(b) Ensure that conplete and coherent plans are produced, and
mai nt ai ned, by the prime contractor, for the fulfillnment of
performance requirenents by the payl oad.

(c) Ensure that interfaces between the payl oad and ot her
programre el enents, such as the spacecraft platform and the
ground segnment, are properly defined and controll ed.

(d) Monitor the payload design and design validation processes by
the review of deliverable docunments, and by participation in
progress neetings and project reviews (see 38 ), to assure
that technical progress is satisfactory.

(e) Monitor the payload production/ manufacture and assenbly,
integration and test activities, including participation in
TRBs and MRBs (see 37.2 ), to assure that the design is
satisfactoryly inplenented.

(f) Participate in the In Obit Test (1O0l) nanagenent to assure
that the planned IOl programme is consistent with the payl oad
design and AIT results, and that it adequately tests the
payl oad performance in orbit.
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20.3.2.4 Launch vehicle interface nmanagenent. It wll normally
be a requirenent that the spacecraft be conpatible with at | east
two specified launch vehicles. In general, these |aunch vehicles
will be selected and procured by the MOD(PE). The MOD(PE)
Programme O fice therefore has responsibility both for

procurenent of the launch vehicle(s) and for ensuring that the
spacecraft is properly integrated with the I aunch vehicle.

Assi stance will be required from technical support staff, and it
may al so be necessary to enploy an independent integration
contractor. It may be necessary for the MOD(PE) programme Ofice

to have a representative at the Launch Authorities prenises,
particularly in the run-up to the |aunch campai gn.

The Launch Vehicle Interface Managenent task is to:

(a) Qbtain, in the initial stages of the project, the necessary
i nformati on about candidate |aunch vehicles to allow senior
managenent to meke sel ections.

(b) Prepare, negotiate and agree a Launch Services Arrangenent(s)
(or equivalent) for procurement of |aunchers and ancillary
services, consistent with the spacecraft technical
requirements.

(c) Monitor the manifests of the launch authorities, and
i nvestigate any |auncher problens, in order to have
confidence in launch vehicle availability and capabilities.

(d) Monitor the progress of any flight specific nmateriel e.g
specially tailored wiring harnesses.

(e) Ensure that the prime contractor has all the necessary
| auncher performance and interface information to allow the
spacecraft, and its ground and flight operations, to be
desi gned.

(f) Monitor the progress of |aunch vehicle interfacing activities
and ensure proper interface definition and control.

(g) Ensure that all the necessary docunentation flows between the
| aunch authorities and the spacecraft nmanufacturer in a
timely manner, and that it is adequate.

(h) Co-chair, with the launch authority, the necessary worKking
groups and technical interchange neetings between the |aunch
authority and the prinme contractor.

(i) Plan the support to the various reviews conducted by the
[ aunch authorities, and ensure that any actions fromthe
reviews are followed up.

(j) Monitor upper stage to spacecraft interface devel opnent and
i ntegration.
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(k) Manage all project-specific activities at the launch site.
This includes the day-to-day nmnanagenent of the |aunch
campaign and liaison with the launch authority’'s Launch Site
Support Manager/ M ssi on Manager.

(I') Monitor conpatibility, and interface verification, testing.

20.3.2.5 Gound control segnment procurenent managenent.
Generally, each new spacecraft |aunched will require either new

control facilities, or nodifications to existing facilities. A
software sinulator of the spacecraft and a hardware sinulator of
t he spacecraft payload and TTC sub-system nmay al so be required.
These itens may, or may not, formpart of the Prine Contract for
t he spacecraft system The ground control segment procurenent
managenent task is to:

(a) Ensure that the control facilities required as a result of
the new spacecraft design and the Control Agency’s operations
concept are properly defined. Particularly inportant are the
external interfaces and the user interface, including its
er gonom cs.

(b) Participate in contractor selection

(c) Ensure that complete and coherent plans are produced and
mai ntai ned, by the contractor, for fulfilnent of all ground
control segment requirements. It is the responsibility of the
MOD( PE) Progranme O fice to reconcile any differences between
t he agenci es and contractors.

(d) Ensure that interfaces with the spacecraft and other ground
equi pnent are adequately defined and controlled. It is nost
i nportant to keep abreast of any changes in the spacecraft
desi gn which inpact on the ground control equipnent.

(e) Ensure that provision is made to supply, in a timely manner,
all of the docunentation and suitable training, for the
operation and mai ntenance of the facilities (including
sof tware).

(f) Monitor the design and design validation processes by review
of deliverable docunents and by participation in progress
neetings and project reviews (see 38 ), to assure that
technical progress is satisfactory.

(g) Mnitor the production/ manufacture and assenbly, integration
and test, installation and comm ssioning activities, to
assure that the design is satisfactorily inplenented.

(h) Liaise with the various User Agencies (see 20.3.7 ) at al
stages in the programe to ensure that their requirenents

56



DEF STAN 18-01/2

are addressed by the contractor. I nformal technica
i nterchange between these agencies and the contractor will be
encouraged, wthin the scope of the contract.

(i) Ensure that technical transfer of facilities from contractors
to MOD(PE) and their subsequent hand-over to the User (e.g.
MOD(Air)) is planned and executed in accordance with
AD 2.4.45, PEMS 4(10), "the Procedure for the Technical
Transfer and Hand-over of Defence G ound Systens Radar and
Associ ated Equi pment”.

20.3.2.6 Gound control segnent operations managenent. It is

likely that the spacecraft mssion will be considered in two
phases, the launch and early orbit phase and the in-service
(on-station, in the case of geosynchronous satellites) operations

phase. Separate arrangenents may be nade with different agencies,
but many requirenments are simlar and a common approach and
conmon docunentati on are advocated where possible.

The ground control segnent operations managenment task is to:

(a) Ensure that an "Operations Concept" docunent is prepared
covering all mssion phases (see 21.1.6 ).

(b) Ensure that the spacecraft contractor produces adequate
operations docunentation in a tinmely manner (e.g. Telenetry &
Tel ecommand Lists, Mssion Minual, Obital Operations
Handbook, Orbital Requirements Docunment etc.)

(c) Arrange adequate |iaison between the prine contractor and the
operati ons agency(s) by neans of working groups, technical
i nt erchange neetings and nutual participation in any design
and readiness reviews. It is also necessary for the contro
agency to review the prime contractor’s mssion analysis and
for the prine contractor to review the control agencies’
flight operations procedures.

(d) Ensure that the operations agencies produce detailed plans
for all mssion preparation activities, and for the
i npl enmentation of the mission phases for which they are
responsi bl e.

(e) Arrange for the MOD(PE) Programme O fice representative to
W tness the validation of all hardware, software and
procedures to be used in spacecraft operations.

(f) Arrange for the availability of sinulators (hardware and
software), and the spacecraft itself, during AIT and/or the
l aunch canpaign, for training, validation and conpatibility
testing.

(g) Arrange for the nom nation of nenbers of the MOD(PE) team to
participate in mssion operations.
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(h) Define terns of reference for all the above personnel and
ensure that they are fully fanmliarized with the rel evant
techni cal and progranme issues, and that they support al
necessary exercises and rehearsals.

(j) Arrange for the nomi nation of an Operations Director during
the m ssion phases for which MOD(PE) is responsible.

NOTE: Where 24 hour operations are necessary, back-up
Operations Directors will be required. However, the person
responsi ble for ground control segnment operations nmanagenent
shoul d be present during planned critical operations.

(k) Ensure that the hand-over of control:

(i) between LEOP and On-station control agencies
& (ii) between MOD(PE) and the User

is properly defined and executed.

20.3.2.7 In-Obit Test (10l nmnagenent. In-orbit testing of each
spacecraft is essential in order to:

(i) determ ne incentive paynents to be nmade to the
spacecraft contractor, where applicable

(ii) characterize spacecraft performance

(iii) diagnose any problenms which could be rectified
by redesign or rework of un-launched spacecraft

Such testing will be concentrated during the spacecraft
comm ssi oni ng phase, but certain tests may be repeated throughout
the life of the spacecraft. Planning for 10T should comence at
the earliest stage of the project. Separate contracts nmay be |et
for certain IOl activities.

The 1 OT managenent task is to:

(a) Ensure that system performance requirenents are specified
such that satisfactory perfornance can be verified

practically in-orbit

(b) Provide technical inputs to contracts branch to assist them
in drawing up and negotiating in-orbit incentive paynent
cl auses.

(c) Ensure that an 10T Plan (see 21.1.10 ), which should be
contractual, is prepared.

(d) Arrange procurenment of the necessary test facilities and

equi prent, including software for test equipnment control and
data anal ysis.
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(e) Ensure that 10T procedures are produced, and agreed by the
prime contractor, prior to |aunch. \Were possible, these
shoul d be based on factory test procedures so that results
can be correl at ed.

(f) Ensure close liaison between the 1Ol agency and the prime
contractor, so that the test programme is consistent with the
as- | aunched hardware.

(g) Ensure close |iaison between the 10T agency and the Satellite
Control Agency(s), so that the proposed tests will be
consistent with feasible and safe operational practices.

(h) Ensure that the 10T agency inplenents an incontrovertible QA
programre, Wwhich shall be audited by DGDQA.

(i) Mnitor in-orbit testing and to nmake recomendations to
contracts branch, based upon test reports, on the incentives
to be paid.

(j) Ensure feedback into the design of subsequent spacecraft in
order to rectify any performance problens encountered.

(k) Support hand-over of the spacecraft from MOD(PE) to the User

20. 3. 2.8 Docunentati on nanagenent. Successful project managenent
relies heavily on the tinely flow of up-to-date documentation
within the MOD(PE) Progranmme O fice and supporting agencies. The

docunent ati on managenent task is to:

(a) Define a systemto be used by clerical staff for |ogging of
all documents passing to and from the prine contractor and
the other parties involved in the progranme.

(b) Define a library system for use by clerical staff in
mai ntai ning centrally, up-to-date copies of all reports,
specifications etc. delivered by the prine contractor, or by
ot her parties involved in the programe.

(c) Prepare and agree the Contract Data Requirenents List (see
Annex B).

(d) Ensure that all "top level" contractual documents are
prepared, reviewed and agreed at the earliest possible stage
of the project.

(e) Monitor the effectiveness of the contractor’s Configuration

and Data Managenent System (see 31 ). Where deened necessary,
configuration audits will be carried out (see 31.1.7 ).
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(f) Organize the secretarial support at the system |level reviews
chaired by MOX(PE). This includes the circulation and review
within MOD(PE) of project review data packages and the
co-ordination of RIDs. It also includes ensuring that al
RIDs are satisfactorily closed in a tinely manner.

(g) Ensure that the contractor is provided with all necessary
docunentati on on GFE

(h) Maintain awareness of the current spacecraft configuration
status.

NOTE: Al the above tasks will be greatly facilitated if the
MOD( PE) Programre O fice is given access (read-only) to the
contractor’s conputerized databases and records for the
project. This should be negotiated into the contract.

20.3.2.9 Security aspects nmanagenent. All of the various security
branches are essentially advisory bodies. Therefore, a menber of

the MOD(PE) Programme Office shall be nomi nated as project
security officer.

Responsibilities of the security officer are to:

(a) Produce and distribute the contract "security aspects letter”
and the project Security Cassification Quide.

(b) ldentify, at the earliest stage in project planning,
requirenments for classified GFE and arrange procurenment of
these itens with adequate spares, training and docunentati on.

(c) Ensure that a Security and Mvenents Plan is produced and
agreed, addressing how classified hardware will be protected
at overseas locations and during transportation.

(d) Act as a focus for overseas visit clearance.

(e) Define Tenpest requirenents and nonitor the Tenpest contro
pr ogr anme.

(f) Resolve all contractor queries on security aspects.

20.3.2.10 System safety managenent, As the present policy is for
the MOD(PE) to procure the launch vehicles separately from the

spacecraft, MOD(PE) will be required to certify to the |aunch
vehicle authority that all applicable safety requirenments have
been net (see 26.3.3.9 for NSTS | aunched spacecraft and 26.2.3.3
for Ariane |aunched spacecraft). This will be particularly
stringent in the case of an NSTS |aunch. In the case of a DOD
mlitary launch, AD 2.2.17, SDR 127-4 will apply.

60



DEF STAN 18-01/2

In order to be able to make what constitutes a |legal declaration,
MOD(PE) need to pay particular attention to this task. The nost
effective nethod is to nomnate a System Safety O ficer, fromthe
outset of the project, whose tasks will be to:

(a) ldentify all safety requirenments of the launch vehicle
authorities. These will include both technical requirenents
and verification requirenents.

(b) Ensure that all applicable safety requirenents are included
in the spacecraft system Prinme Contract and any ot her
contracts concerning GFE

(c) Ensure that the contractor produces a satisfactory System
Safety Programme Plan (SSPP) (see 29.1.4.3 ).

(d) Monitor by nmeans of regular progress neetings and audits, the
contractor’s system safety progranme for conpliance with the
SSPP.

(e) Review all safety related docunments delivered by the
contractor, prior to their subnmission to the [launch
authorities.

(f) Co-ordinate the activities of technical support staff in
nmonitoring of the safety programme, particularly the hazard
anal ysi s.

(g) Co-ordinate and lead presentations at fornal safety reviews.

(h) Advise the MOD(PE) Project Manager on the formal safety
certification nmade to the | aunch vehicle authorities.

(j) Monitor the contractor’s safety activities at the |aunch
site, particularly hazardous operations.

(k) Report progress and problens to the MOD (PE) Project Mnager
on a regul ar basis.

20.3.2.11 Project schedule nmanagenent. Space projects invariably
have extrenely tight tinmescales, wth inportant deadlines, such
as launch dates, which have to be nmet if severe penalties are to
be avoided. It is an MOD(PE) Programme O fice responsibility to
integrate the schedules of al | the agencies supporting the
project to ensure that overall timescales are in accordance with
requi rements. The project schedul e nanagenent task is to:

(a) Draw up, at the earliest stage in the programme, an overal
schedul e of activities which neets the staff requirenent.

(b) Define schedule requirenents to each of the agencies/

contractors supporting the progranme which are consistent
with achieving the overall project timescale requirenents.
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(c) integrate the schedules of all agencies supporting the
programme into a top |evel schedule in PERT and/or barchart
format (as specified in the statenent of work), and to
maintain this in a current form

(d) Monitor the progress of all elenents of the progranme and
update the overall schedules to reflect progress and any
necessary repl anni ng.

(e) Advise the Project Manager of any schedul e problens and the
possi bl e consequences, and suggest solutions.

(f) Produce regular schedule reports for the benefit of the rest
of the MOD(PE) Programme O fice.

(g) Produce detailed schedules on specific aspects of the
progranme for the use of the MOD(PE) Progranme O fice. These
schedul es may be required in problem areas and to cover
activities for which MOD(PE) is responsible e.g. deploynent
of simulators after handover from their contractors.

(h) Drawup and rmaintain a Project Meetings Plan.

NOTE: Al the above tasks will be greatly facilitated if the
MOD( PE) Programre Ofice is given access (read-only) to the
contractor’s conputerized databases and records for the
project. This should be negotiated into the contract.

20.3.2.12 Project cost nanagenent. In the case of cost
rei mbursenent contracts, special attention shall be given to the

estimating, reporting, nonitoring and control of costs against
schedul e. The cost nmanagenent task is to:

(a) Review and approve the Devel opment Cost Plan (DCP) prepared
by the Prinme Contractor (see AD 2.4.23 ).

(b) Control changes to the DCP.

(c) Monitor cost/schedul e progress against the DCP by neans of
Quarterly Finance and Achi evenent Reports supplied by the
Prime Contractor.

(d) Conduct Cost Efficiency Wrking Goup Meetings (see 21.3.7 ).

(e) Apply Cost/Schedule Control Systens Criteria to ensure that
MOD obtains a quality product, on-tinme at the contracted
price (see AD 2.2.23, DOD Instruction 7000, Performance
Measurement for Selected Acquisitions).

20. 3.3 Technical support. It is desirable for the Progranme

O fice to be supported by technical specialists in all of the
vari ous spacecraft system engi neering disciplines. These
technical specialists may be drawmn fromthe R & D establishments
and/ or from independent consultancy organisations (see 20.5 ).
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External support will be particularly valuable during peaks of
activity, such as project reviews, AT phases and the |aunch
canpaigns. It has been the practice to date for this technica

support to be co-ordinated by a project officer at RAE
Farnborough. It should be recognized that the depth and tin ng of
techni cal support available fromintramural sources will be
outside the direct control of the Project Mnager. The project
officer may call upon additional support in specialist areas such
as nucl ear hardeni ng or Tenpest.

Techni cal support functions include:
(a) Preparation of requirenments specifications.

(b) Review of all technical docunentation delivered by the
spacecraft system contractor and | aunch vehicl e agencies.

(C Support to the programe office at all technical neetings and
revi ews.

(d) Monitoring of technical progress against agreed
i npl enentation plans. This includes AT phases.

(e) Support to the Operations Director during exercises,
rehearsal s and spacecraft operations.

(f) Evaluation of the system design and the deliverable
har dwar e/ software to confirm that requirenments have been net
and verified.

(g) Verification of test results.

(h) Evaluation of spacecraft performance in-orbit, and
participation in trend analysis and anonaly investigations.

(i) Support to the progranmme office at all system | evel, and
significant sub-system |l evel, Material Review Boards, Test
Revi ew Boards and Delivery Revi ew Boards

(j) Assistance to the programme managenent office in systens
engi neering activities.

20.3.4 Quality assurance support. DGDQA will normally be
identified as the Quality Assurance Authority (QAA) in the
contract. DGDQA support to the project will be co-ordinated by a
representative of DQA(PS), who will nornally be co-located with
t he programme nmanagenent office team on a near-full-tine basis.
The representative will be supported by DQA(TS) staff at DGDQA

| aboratories and DQA(Ind) staff located at the main UK defence
contractor’s plants. The representative nay al so nake use of
overseas government quality assurance representatives at foreign
sub-contractor’s prenises, in accordance with AD 2.1.14 -

Def. Stan. 05-3.
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In order to provide timely input into the project quality
pl anning, the QAA should be involved in the project froman early
stage, preferably in the feasibility stage.

Careful attention needs to be given to the quality assurance of
software. The level of this attention will be dependent on the
software integrity requirenents (see 30.8 ).

NOTE: Most European Space contractors and agencies group quality
assurance together with the disciplines of reliability
engi neering, parts, nmaterials, process control and
mai ntai nability/availability engineering. Together, these
are known as Product Assurance (PA). The European Space
Agency al so includes the disciplines of system safety
engi neering and configuration and data managenment within
PA. On a case by case basis DGDQA may al so support sone,
or all, of these other functions.

The roles of the (QAA on space projects are:
(a) Specification of project QA requirenents.

(b) Advising the Project Manager on the suitability of the
qgqual ity assurance systens of potential contractors.

(c) Negotiation of satisfactory quality plans prior to the
pl acenent of relevant contracts.

(d) Monitoring of the contractor’s quality assurance programe to
assure its conpliance with the agreed quality plan, and the
continued effectiveness of that plan. Auditing will be the
mai n et hod of achieving this aim Any deficiencies shall be
reported to the contractor on forns QAl75 (see Annex C).

(e) Advising the Project Manager and all other nenbers of the
project teamon quality aspects of the programe.

(f) Review of all delivered docunentation to assure that quality
in general is being addressed by the contractors.

(g) Participation in all system|evel project reviews.

(h) The DGDQA representative at the prine contractor’s plant wll
be a full nenber of the systemlevel MRB, with the right of
vet o.

(i) DGDQA will monitor, and verify, spacecraft |eve

environnental testing (particularly for qualification or
protoflight hardware) and |aunch canpaign activities.
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20.3.5 Finance & secretariat support. Standard MOD(PE) practice
will be foll owed.

20.3.6 Contracts branch support. Standard MOD(PE) practice wll
be followed.

20.3.7 User agencies. It is inportant that all nenbers of the
MOD(PE) Programme O fice and their contractors clearly understand
the role of the various User Agencies during the procurenent
phases, and their needs with respect to user and mai ntenance
docunentation, training, spares, etc. This will vary from project
to project and should be clearly defined in the Statenent of
Work. The organisation is summarized bel ow for a typical

comuni cations satellite progranmre.

20.3.7.1 MDD (AED). The role of MOD (AFD) is to act as Air Force
sponsor to the project, fulfilling two main functions:

(a) As an operational requirenents branch, to define the User’'s
requi rements for new equipnent and to participate in the
formal processes of project approval.

(b) As a technical policy branch, to supervise the preparation of
an "Qperations Concept" docunent, which defines, to MO PE)
and to all other service branches, how the spacecraft is to
be controlled. Al so, based upon advice from RAF/ RIU to define
a mai ntenance policy for the equipnment which will go into
service.

20.3.7.2 RAFSCSS (Support Command Signals Staff). This conmand
will normally be the del egated operations authority for the space
segnent, once the spacecraft are handed over from MOD(PE). The
RAFSCSS will also be the del egated engineering authority for the
ground segnent.

The RAFSCSS will be responsible for detailed operations

phi | osophy, including nmanning, and for the preparation of all
operati ons procedures (known as Engineering Staff Instructions -
ESIs).

20.3.7.3 RAF/RIU (Radio Introduction Unit). This unit is
responsible for the snmooth transfer into service of the equipnent
procured. This includes providing advice to the sponsor on
training, mintenance and spares, and for all associated

docunent at i on.

20.3.7.4 RAFSEE (Signals Engineering Establishnent). This
establishment is responsible for advising the sponsor on
communi cations |inks, cryptographic aspects and Tenpest.
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20.3.7.5 RAF Oakhanger. This is an operational unit which may
control spacecraft after hand-over from MOD( PE)

20.3.7.6 CDCN (Controller Defence Conmunications Network). This
organi sation is the conmunications operations authority for
satellite communications. Their responsibilities include access
pl anning, with support from RSRE, and direction to RAF Gakhanger
on how the Communicati ons Payload shall be configured.

20.3.7.7 RAF No.1 Radi o School, RAF Locking. This is the
organi sation responsible for the training of all Service
spacecraft operations personnel.

20.4 Rel ationships with outside organisations. This section
describes the relationshi ps between the MO PE) Progranmme O fice
and its suppliers of goods and services. Relationships with
contractors are in accordance with standard MOD(PE) practice

Rel ati onshi ps with other governnent agencies are special cases.

20.4.1 The prine contractor. The services to be provided by the
contractor should be explicitly defined in the contract and the
top level contractual docunents (see Annex B). The Statenent of
Wrk will define access to be afforded to MOD(PE) and their
representatives and the various neetings at which interchange can
occur. It will also define the nechanisnms by which the contractor
may be directed by MOD(PE), wthin the terns of the contract.
Direction outside the scope of the contract should be via a
contract anendnment, the mechanism for which should be defined in
the contract.

The contract should always call up AD 2.1.1, AQAP-1, which
requires the contractor to provide the custonmer’s Quality
Assurance Representative (QAR) with access to any area of the
contractor’s or sub-contractor’s prenises where any part of the
contracted work is being performed. Reasonable assistance should
al so be provided.

20.4.2 Sub-contractors. There should never be any direct
relationship between MOD(PE) and subcontractors, except where
MOD( PE) requires access to the sub-contractors commercially
sensitive information which cannot be divulged to the prine
contractor. These should be rare circunstances, and even this
exchange should be with the prime contractor’s prior know edge.
The preferred practice, with the above exception, is for all
contact and data exchange with sub-contractors to be through the
prime contractor. The prinme contractor should al so be present
during all neetings with sub-contractors.
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20.4.3 OGher contractors. It is likely that sone special itens
and services may be procured directly from specialist sources and
perhaps nade available to the prinme contractor as GFE. The prine
contractors responsibilities with respect to GFE are defined

in 29.1.3. In these cases there should be no direct contact
between the GFE contractors and the prinme contractor wthout

MOD( PE) ' s know edge and concurrence. MOD(PE) should assure that
the tinmescales of the various contracts are consistent.

20.4.4 The launch vehicle authorities. Launch and |aunch services
will normally be procured separately by MOD(PE). The arrangenents
vary for different |aunch vehicles. Full details are given in 26.

Direct technical |iaison between the launch authority and the
prime contractor should be encouraged by MOD(PE), but all
exchanges of docunentation should be via MOD(PE). MOD(PE) should
be infornmed of all problens identified.

20.4.5 The spacecraft control agencies. It is assunmed that

i n-service spacecraft control would be performed by an MOD User
Agency such as the RAF. They would then be considered as an
integral part of the MOD(PE) Programme O fice during the
procurenent phase, as defined in 20.2. |f LEOP control is to be
perfornmed by an agency outside of MOD, then a special working

rel ati onship should be defined in contractual or
pseudo-contractual (for inter-governnment arrangements) docunents.
In the case of USAF SCF, this would be covered by a docunent such
as the CEIGSA, which would be within the terns of an MOU.

20.5 Use of consultants. Increasingly, MOD(PE) is naking use of
consultants to augnment project teans. Consultants nmay be used to
provi de independent support in areas or disciplines where MOD(PE)
has insufficient resources, and also to even out peaks in

wor kl oad, such as at the start of a project or during project
revi ews.

Consultants will normally be specialists in their field, which
may be technical or managerial .

It is normally necessary for confidentiality agreements to be

si gned between MOD(PE) and the consultants, in order to protect
proprietary or privileged information which mght be divul ged by
ei ther party.

21 Techni cal ©Managenent
There are various nechanisns available to the MOD(PE) Progranme

O fice for the technical managenment of a spacecraft project.
Qui dance on the use of these nechanisns is given bel ow. Schedul e,
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financial, contractual and product assurance aspects, and the
speci al subjects of launch vehicle procurenment and mi ssion
managenent, are covered separately in 22 - 27.

Conpared to nost major MOD(PE) programmed, little

har dwar e/ software is produced during the course of a spacecraft
progranme and therefore the najor elenments in successful project
control are the tinely production, review and agreenent of
definitive docunmentation, and the conduct of a well planned
programme of neetings and reviews. @uidance is given in 21.1, on
the production of those docunents for which MOD(PE) are

responsi ble and in the nmanagenent of the docunentation produced
by other agencies and contractors. An approach to the conduct of
neetings and major programme reviews is described in 21.3

and 21.4, consistent with requirenents on contractors, as covered
in Section Four, but with an enphasis on MOD(PE)'s role.

21.1 Docunents to be produced by MOD(PE). Section Two discussed
the project life cycle and the way in which each project phase
defines, in formal docunments, the requirenments and plans for the
next phase of the project. Sone of these docunents are the
responsibility of MOD(PE) and will be discussed bel ow. However
this does not preclude sone of them being produced by outside
agencies, including the prinme contractor. The MODX PE) Programre
O fice would retain approval of all such docunents before issue.
It is inportant that such docunentation is nmintained in an up-
to-date state throughout the life of the contact.

21.1.1 The Staff Requirenent. This will follow standard MOD( PE)
practice as defined in AD 2.4.23, the Conpendi um of Gui delines
for Project Managenent.

21.1.2 The Prine Contract for the spacecraft system The nature
and contents of the contract itself are discussed in 24.

21.1.3 The Request for Proposals. MOD (PE) shall prepare a
conpr ehensi ve "Request for Proposals" for each stage of the
contract for which costed proposals are required from industry.
The RFP may draw upon docunents prepared during earlier phases of
the project. The RFP shall contain as a mnimum

(a) Instructions to Bidders

(b) A draft Statement of Wrk (see 21.1.3.1)

(c) A System Requirement (see 21.1.3.2 )

(d) A draft contract

21.1.3.1 The Statenent of Wirk (SON. The SOW should be

prepared, negotiated and agreed prior to contract signature for
t he phase(s) concerned. 1In the case of conpetition, a draft SOW

should form part of the Request for Proposals,
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The contents of the SOW shoul d be:

(a) INTRODUCTION - including a list of applicable docunents and
any definitions.

(b) SCOPE & OBJECTIVES - of the project, of which the contract
forms a part.

(c) SCOPE AND APPLICABILITY - of the statenent of work.

(d) MOD(PE) RESPONSIBILITIES - including a description of the
MOD(PE) team and the interfaces between the Prinme Contractor,
and all other agencies supporting the progranme, such as
| aunch authorities and control agencies. This should also
define all itens to be provided to the contractor by MOX PE),
i.e. GFE hardware and software including docunentation,
training and facilities.

(e) PRI ME CONTRACTOR TASKS - |lists of all tasks to be undertaken
by the prine contractor, including technical and schedul e
requirements, schedule of neetings/reviews to be supported
and all itens to be delivered, i.e. hardware, software,

documentation, training and support, etc. Test requirenments
(including any nmandatory tests) and acceptance criteria
shoul d be addressed. The requirenments to be placed on the
prime contractor’s managenent system should al so be stated,
The format in which activity and schedule infornmation is to
be supplied to MOD(PE) for planning purposes, should be
speci fi ed.

For nore details see 29.1

(f) INTERFACE DEFINITION - the interfaces with itens procured
outside of this contract e.g. existing ground equipnent,
| aunch vehicles, etc. shall be defined.

NOTE: Where possible, the SOW shoul d cross-reference rather than
duplicate requirenents stated in other top |evel
contractual docunents.

21.1.3.2 The System Requirenent. The System Requirenent is MD
(PE)'s interpretation of the requirenents of the sponsor,
contained in the Staff Target/Staff Requirenent. The System
Requi renment should define all technical requirenments which the
systemis required to neet, and the Prinme Contractor’s System
Requi rements Specification should provide traceability to this
docurment .

Typi cal contents shoul d include:

(a) Overall system level requirenents.
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(b) Spacecraft system requirenments, including any inportant
sub-system |l evel requirenents on critical sub-systens
eg. the payl oad.

(c) Operations requirenents.

(d) Launch vehicle interface requirenents.

(e) TT&C sub-system requirenents.

(f) Test Requirenents.

(g) PA Requirenents.

(h) Environnental Requirements.

21.1.4 The Project Security Classification Guide. See Annex D.

21.1.5 The M ssion Managenent Plan. This docunent shoul d be
prepared prior to the conmmencenent of the AIT programme. It
shoul d define the specific personnel, and their responsibilities
and organisation, for all MOD(PE) personnel who will be actively
involved in the spacecraft AIT programe, |aunch canpaign, flight
operations (when using the vSTS) and orbital operations.
Schedul es for attendance at the various |ocations shall also be
included, to allow logistics, travel budgets etc to be arranged.

21.1.6 Operations concept. This paper should be prepared under
supervision of the User and should be published in first draft at
the earliest possible phase of the project, since it wll

i nfl uence design of both space and ground segnent. The QOperations
Concept paper should be called up by the Overall System

Requi rements Specification. |t should be a |living docunent and
shoul d be kept up-to-date with the design of the space and ground
segnent as they evolve. Contents should include:

(a) An overall system description, including both space and
ground segnments, from an operations perspective.

(b) A definition of the Spacecraft Control Centre (SCC) manning
concept: nunbers of staff, skills, working hours, authority
etc.

(c) A definition of how the operators will use the various
features defined in the System Requirement specification

(d) The philosophy for production, organisation and content of
operations related docunentation.

(e) The philosophy for dealing with anomali es.

(f) The nmethods to be used for scheduling of operations
activities.
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(g9) The back-up control phil osophy.
(h) Quality Assurance and Configuration Managenent plans.

(i) Philosophy and plans for the use of sinulators.

21.1.7 perations Planning Guides(s). Many different agencies are

involved in preparatory activities for spacecraft orbita
operations. The aimof the planning guide is to define al
activities which involve interfacing between organisations, in
the run-up to the declaration of readiness to support the

m ssi on.

NOTE: Separate docunments nay be prepared for the LEOP and
i n-service phases of operations, if separate agencies are to be
used.

The planning guide serves several functions:

(a) ldentification of all operations interfaces and confirmation
that the organisations on both sides of the interface
understand their responsibilities, from a technical and
schedul e point of view

(b) Confirmation that the schedules of all parties are
conpati ble and consistent with the overall project
schedul es.

(c) Provision of a means of nonitoring progress and replanning
in the event of slippages.

For each interface activity the planning guide should define:

Title.

Task no.

Schedule (normally L-n days, where L is the launch date).
Actual conpletion date.

Responsi bl e agency (If nore than one agency is involved,
one should be nom nated as the |ead).

Task description.

Li st of predecessor tasks.

Li st of successor tasks.

Definition of any sub-tasks (if required).

Remar ks.

A sanple format is shown in Annex C

21.1.8 Handover Pl an. This plan should define how handover of
control will be achieved between the LEOP and the in-service
control agencies, both initially upon conpletion of the LEOP
phase and subsequently, should control revert to the LEOP control
agency as back-up. This plan should define:
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(a) The handover concept,
(b) Criteria for handover of control.

(c) The nmechani sm and ground rules for handover (which will be
expanded into a detailed procedure).

(d) The organisation, and roles and responsibilities of the teans
i nvolved at both control centres.

(e) Any neetings which will be held.
(f) Any docunentation which will be transferred.

(g) Any information which will be exchanged to ensure that the
back-up control agency is in a state to assune control in a
conti ngency situation.

21.1.9 Rehearsal & Exercise Plan (R&E). Each control agency

shoul d produce a plan for all rehearsals and exercises which wll
be performed in preparation for orbital operations.

Exercises are defined as periods of sinulated operations for
training or validation purposes. They may be with or w thout
anomalies, not necessarily run in real-time, and have the ability
to "fast-forward" or "rewind & play-again". |ndependent advisors
woul d normal Ly be present. A typical duration would be |ess than
ei ght hours.

Rehearsal s are defined as periods of sinulated operations,
running in real-time, wth representative anomalies injected,
with the objective of denpbnstrating to independent observers that
the control facility (hardware, software, procedures and
personnel) are in a state of readiness to support the mssion. A
typical duration would be 48 - 72 hours.

Contents of the R & E Plan shoul d be:

(a) Policy on R & Es.

(b) Scope and objectives of the R & E progranme.

(c) Terns of reference for the R & E Conmittee.

(d) Definition of R & E scenarios, use of sinulators etc.

(e) Format for anonaly inputs, scripts, reports etc.

(f) Criteria for success of rehearsals.

(g) Schedules for the R & E progranme.
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21.1.10 In-Obit Test (10N plan. The aimof this plan is to
define the objectives of the 10l and the scenario to which the
IOT will be run.

The plan shoul d defi ne:
(a) The objectives of 1OT.

(b) The roles and responsibilities of organisations taking part
in |QT.

(c) The tests required including details of measurenents to be
made and the accuracy of those neasurenents.

(d) Quality Assurance requirenents.

(e) Draft schedule of tests to be perfornmed.
(f) List of constraints on testing.

(g) Reporting requirenents.

21.1.11 Mssion Operations Plan (MOP). The aimof this plan is
to define the objectives of the mission and the scenario to which
the mssion will be run. Separate docunents will be required for
each control agency. In the case of in-service operations for a
typi cal spacecraft, the MOP would form part of the Engineering
Staff Instructions (ESI’s).

The plan shoul d defi ne:
(a) The objectives of the mssion.

(b) The role and responsibilities of all personnel involved in
the m ssion.

(c) Ceneral practices to be followed by all personnel.

(d) Al neetings to be held, including details of: neeting
timng, attendees, chairnman, purpose and outputs.

(e) The operational interfaces between the organisations involved
in the mssion.

(f) A nomnal schedule of mssion events.
(g) Anomaly procedures.

(h) Protocols for communication between m ssion personnel.

(i) Layout of mission control centre, including a description of
consol es, printers, conmunications links, facsimle nmachines
etc.
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(j) Details of reports to be produced.

21.1.12 MOD(PE) Managenent Plan. The aimof this plan is to
describe the MOD(PE) managenent personnel responsibilities. It
shoul d incl ude:

(a) Nanes and positions of MOD(PE) Programme O fice personnel.

(b) Roles and responsibilities of the MOD(PE) Programe
O fice personnel.

(c) Reporting and neetings requirenents of the MOD(PE) Progranme
O fice personnel.

(d) Any changes to the above during different project phases.
(e) Project policies.

21.1.13 Launcher rel ated docunentati on. See 26.

21.1.14 O her contracts (including GFE). It is likely that a
nunber of related itens will have to be procured directly by
MOD( PE) outside the scope of the prinme contract for the
spacecraft system It is strongly recomended that the nunber of
such itenms be kept to an absolute m ninmum since the managenent
and interface control efforts required of MOD(PE) are likely to
be disproportionate to the inportance of these itens in the
context of the overall project. Sone of these items may
subsequently be nmade available to the prine contractor as GFE
(e.g. cryptographic devices or NASA Standard Initiators - NSIs),
or will be required to interface directly to the equi pnent
supplied (e.g. an existing ground station requiring

nodi fications). The contracts thensel ves may foll ow MOD(PE)
standard practice, but it is inportant that the related Statenent
of Work and requirenents specification carefully define interface
requirements. The foll owi ng aspects shoul d be addressed:

(a) Functional interfaces.

(b) Physical interfaces.

(c) Docunentation exchange requirenents.

(d) Schedul e interactions.

(e) Responsibilities for interface control.

(f) Integration and integrated test responsibilities.

The prime contractor’s responsibilities with respect to GFE and
related contracts are discussed in (29.1.3).
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21.2 Docunent ation nmnagenent. Successful project managenent
relies heavily on the tinely flow of docunentation to all nenbers

of the MOD(PE) team It is also inportant to establish and

mai ntain an up-to-date library of project docunentation. These
activities are covered by docunentati on managenent tasks

(see 20.3.2.7).

Del ays inherent in shipping large quantities of data and
docunent ati on between overseas |ocations should not be
underestimated and tine-saving systens (e.g. access to facsimle
machi nes and express-post/courier services) should be

est abl i shed.

The docunentation nmanagenent task will be greatly facilitated if
MOD(PE) is given access (read-only) to the contractor’s
conputeri zed databases and records for the project. Systens,
preferably conputerized, should also be established for
nmonitoring the status of:

(a) Action itens.

(b) Change requests.

(c) Concession/Production Permit applications.
(d) Review Item Dispositions (RIDs).

The tinmely review and feedback of comments on all delivered
docunentation is of the utnobst inportance, particularly the "top
level " contractual docunents, if MOD(PE) are to satisfactorily
control the project.

21. 3 Project neetings. Regul ar and ad hoc neetings will be held
between the prine contractor and MOD(PE) at nutually agreed tines
and locations. Agendas will be published by MOD(PE) in advance
(unl ess a standard agenda exists), and nmeetings will nornally be
chaired by MOD(PE). The timescal es of spacecraft projects are
such that all actions need to be cleared in a tinely nanner,
prior to the next nmeeting in a series. Mnutes will normally be
taken by the contractor and approved by MOD(PE).

21.3.1 Project Review Board (PRB) neetings. The PRB is the senior
policy steering conmmittee for the project and should normally be
chaired by the MOD(PE) project director, involving senior staff
from MOD(PE) and the contractor. This neeting would normally be
held quarterly with the broad aim of assuring that the Staff
Requirenment is net in a tinely and cost-effective manner.
Energency PRB neetings may be called at any reasonable tine by
MOD( PE) or the contractor. MOD(PE) would normally take the

m nutes of all PRBs.
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21.3.2 Progress neetings. Formal technical progress neetings will
normal |y be held, one week after receipt of each regular progress
report (see 31.2.5.1). The aimwll be to discuss the report,
concentrating on problem areas, in order to give MD(PE)

conti nued confidence in the ultinmate success of the project, from
the technical, schedule and cost points of view Every effort
shoul d be nmade to keep up-to-date with the contractor’s
activities, to avoid this becoming a forum for discussion of past
events.

In the case of cost reinbursenent contracts, one of these
progress neetings per quarter will also address contractual and
financial matters.

21.3.3 Product assurance progress neetings. These neetings shoul d
normal |y be held one week after receipt of the quarterly PA
reports (see 37) and will be norrmally be attended only by
representatives of the contractor’s QA organi sation and DGDQA,

The aim of the PA progress neetings is to provide a specialist
forumin which the continued effectiveness of the project PA
system and any problens which it reveals, can be discussed and
actions placed as required. These neetings are chaired by a DGDQA
representative and are normally held at the prine contractor’s
facility.

21.3.4 Meetings with the launch authorities. See 26.3.3.3

21.3.5 Meetings with the control agency (ies). Regular neetings
wWill be required with the Control Agency (ies), to progress the
activities discussed in 27.

21.3.6 O her regular neetings/working groups. The need for other
speci ali st working groups shall be considered when drawing up the
SOWfor a specific project, e.g.

(a) Tenpest

(b) Nucl ear hardeni ng

(c) Comsec.

21.3.7 Cost Efficiency Wrking Goup meetings. The Cost
Efficiency Wrking Goup (CEWS shall be formed from
representatives of the project team the prine contractor

and the relevant Branches of the Principal Directorates of
Contracts and of Technical Costs. The Group will be chaired by
a representative of the project team

21.3.7.1 Terns of reference. The G oups Terns of Reference
shall be to:

(a) Investigate and report on DCP cost estinates.
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(b) I nvestigate in depth specific aspect of QFARs both at WMjor
Task and Wbrk Package |evels and report on value for nopney
in relation to technical progress.

(c) Review the estimates of forward expenditure in relation to
costs incurred and programre status including the Master
Control Network and work packages.

(d) Keep under review the detailed cost control procedures
operated by the prinme contractor and propose any necessary
changes.

(e) Review the status and admi nistration of the Minagenent
Reserve (contingency).

(f) Report to the Programme Manager and the Quarterly Progress
Meet i ng.

21.3.7.2 Frequency of neetings. The CEWG shall convene fornally
every 3 nonths. The neeting shall be held not later than 3 weeks
after the issue of the QFAR and its output shall include a CEWG
Report to the Project Manager.

"Ad hoc' neetings of the CEWG may be convened for the purpose of
exam ni ng and recomendi ng approval or otherw se of Change
Proposals or for examining in detail problens revealed at the
gquarterly neetings.

21.3.7.3 Topics for discussion. The quarterly neeting of the
CEWG shall be concerned with the following matters both for the
Prime Contractor and Sub-Contract Design Authorities.

(a) Cost/schedule performance and trends for the quarter under
revi ew

(b) Cost/schedule trends and projections and anal ysis of
estinmates to conpl etion.

(c) Explanation of significant variances.

(d) Change proposal estinates.

(e) Directorate of Technical Costs reports and the efficiency of
contractor spend in cost plans, particularly comments on

overhead rates, wage rates etc.

The prinme contractor should identify and discuss cost/schedul e
problens, the forecast downstream effect of current trends and be
prepared to discuss recovery actions to overcone any slippage and
contain any cost overruns.

77



DEF STAN 18-01/2

21.3.8 ' Ad hoc' neetings. The contract/SOW should normally permt
the calling of 'ad hoc' neetings, by either the contractor or
MOD(PE), to discuss any topic requiring resolution.

21.4 Reviews. The reviews typically required on a spacecraft
system project may be split into several categories. The reviews
required on a specific project will be listed in the Statenment of

Wrk (see 21.1.3). In all cases, since the prime contractor is
the design authority, MOD(PE)'s approval or agreenment at any
review should sinply be taken as "permission to proceed”. This is
because a review can only show a sanple of the data for the itens
under review. MOD(PE) therefore cannot examine all aspects of the
itenms under review

MOD(PE)'s role for each of these types of review are discussed
separately bel ow

21.4.1 Spacecraft/ground segnent related revi ews,

(a) System Level Reviews:
(i) Proj ect Technical Reviews

- Prelimnary Design Review (PDR)

- Critical Design Review (CDR)

- System Eval uation Review (SER) (spacecraft only)
- Pre-Ship Review (PSR)(spacecraft only)

- Gound Control Equi pment On-Site Review

- Flight Readiness Review (FRR)(spacecraft only)

- Operations Review

— Launch Readi ness Review (LRR) (spacecraft only)

NOTE: A separate SER, PSR and FRR is held for each
spacecraft.

(i) O her Technical Reviews

- Material Review Board (MRB)
- Test Readi ness Review (TRR)
- Test Review Board (TRB)

(b) Sub-system and equi prent | evel reviews:

- Prelimnary Design Review (PDR)
- Critical Design Review (CDR)

- Material Review Board (MRB)

- Test Readi ness Review (TRR)

- Test Review Board (TRB)

- Delivery Review Board (DRB)

The requirenents on contractors both for docunentation subm ssion

and support to the reviews are discussed in 30.4. MOXPE)’'s
responsibilities are defined bel ow.
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21.4.1.1 Project Technical Reviews. MIXD(PE) shall act as Chairnan
with the follow ng responsibilities:

(a) To agree with the contractor the exact timng, duration and
agenda for the review

(b) To nom nate an experienced technical team wth an el enment of
i ndependence from the project team

(c) To brief the teamon their obligations and objectives,
pointing out any itenms requiring particular attention.

(d) To distribute the data package and confirm the arrangenents
and schedule for the docunentation review and subm ssion of
Review Item Di spositions (R D).

(e) To filter, and consider the systens aspects of, RIDs before
transmission to the contractor.

(f) To chair the formal review session and place actions where
probl enms are raised which can not be resolved during the
revi ew.

(g) To nominate a minutes secretary and ensure that adequate
m nutes are taken.

(h) To prepare a report for subm ssion to senior nmnanagenent,
summari zing the findings of the review team and making
reconmendations as to how the project should proceed.

(i) To ensure that all RIDs and action itens are closed out in a
tinmely manner, in all cases prior to the next system| evel
revi ew.

21.4.1.2 System level MRBs. All non-conpliances affecting system
level requirenents, i.e. deviations fromthe requirenents of the
"top level" contractual docunents shall be considered at system
level MRBs. MOD(PE) should be provided with a tinely invitation
to system level MRBs and with relevant background material.

MOD( PE) shoul d be aware however, that particularly during AT and
the | aunch canpaign, MRBs nmay have to be called at a few hours
notice and MOD(PE) should be in a position to support the
nmeeting.

MOD(PE) will have right of veto at system level MRBs, i.e. they
can refuse to waive requirenents and insist on the replacenent of
defective items. Acceptance of a Concession/Production Permt
however should only be taken as "pernission to proceed" and

MOD( PE) does not accept any responsibility for subsequent
deficient performance of any itemin service.
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21.4.1.3 Sub-system | evel reviews. Menbers of the MOD(PE)
Progranme O fice nmay attend these reviews wi th observer status,
questioning through the chair, and concentrating on the high risk
areas. This is in order to gain confidence that the prine
contractor is conducting the reviews in accordance with
requirements, and to gain background know edge prior to system

[ evel reviews.

21.4.1.4 Equipnent level reviews. MOD(PE) involvenment in

equi pnent level reviews will be limted to critical itenmns.
Menbers of the MOD(PE) Programme O fice may attend these reviews
W th observer status, questioning through the chair.

21.4.2 Launch related reviews (including safety reviews). See 26

21. 4.3 Spacecraft control operations reviews. See 27

21.4.4 Qverall programme reviews. Al those reviews discussed
in 21.4.1 relate to spacecraft system contractor activities and
those in 21.4.2 & 3 relate to |aunch vehicle and control agency

activities only. It is recommended that further "overal
progranmme |evel" reviews be conducted internally wthin MOD(PE)
post spacecraft PDR and CDR, to review the overall inplenentation

of project requirenments by all agencies involved.

22 Schedul e Aspects

Schedul e managenent is an inportant aspect of a programme as it
serves to reduce some of the programme risks borne by MOD(PE)
i.e. that the spacecraft system might be late, either due to the
prime contractor, or due to MOD(PE) or other suppliers of GFE
The consequences of |ateness are possible mlitary vulnerability
and probable cost escalation. (see 19.1)

22.1 bjectives of the MO PE) schedul e managenent system The
schedul e managenent system established by MOD(PE) should provide
the ability to:

(a) Monitor progress of the project as a whole.
(b) Continuously assess the risks of project slippage.

(c) Easily re-plan in the event of actual or anticipated
sl i ppages.

(d) Plan the deploynment of MOD(PE) personnel, particularly in
readiness for AIT, launch canpaign and operations

22.2 Requirenents of the MOD(PE) schedul e nanagenent system A
system shoul d be established, under the control of the MOD(PE)
Proj ect Manager (see 20.3.2.10). To be effective and efficient,
the system should nmake use of conputerized tools. Read access to
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the system shoul d be available to all personnel in the MO (PE)
Programme Office, with updating being perforned only by the
aut hori zed personnel

22.2.1 The system should fulfil the followi ng requirenents:

(a) Integration of the schedule information initially provided by
al | agencies supporting the programe:

) The prime contractor

i) The launch vehicle authority(ies)

ii) The spacecraft control agency(ies)

v) The suppliers of all other GFE

) The In-Orbit Test Agency

i) Al MD(PE) activities (particularly those
interfacing with other agencies)

(b) Presentation of the above information to MOD(PE) project
managenment in a form which can be easily assinmilated, in
order to confirmthat all schedules are conpatible, to
identify the nost critical path and to ensure that there is
adequate float in the programme. (The recomended format is a
top level network with 100 - 200 activities, including al
maj or reviews and mlestones, and related barcharts of
sel ected activities).

(c) Take activity and schedule information fromall parties and

regularly update the overall schedules. This information to
be applied in the format specified in the SOV

22.2.2 Regular overall schedule reports should be distributed to:

(a) Al menmbers of the programe nanagenent office.
(b) The chief technical adviser (Project Oficer).
(c) The finance officer.

(d) The contracts officer.

(e) The project sponsor.

Speci al reports or schedule investigations, should be produced
upon request.
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23 Financi al Aspects

This Defence Standard is witten on the assunption that, in
general, spacecraft systens will be procured by neans of fixed
price contracts. There are, however, various comnbinations of
fixed price and cost reinbursenent contracts that could be used
in spacecraft system procurenent.

In the event that a cost reinbursenment elenent to the contract is
required, other procedures may be necessary. Sonme of these are
briefly nentioned in this Defence Standard.

23.1 Cost control system Financial managenment of spacecraft
projects should follow the standard guidelines of AD 2.4.23,
Conpendi um of Guidelines for Project Managenent. No speci al
requi rements have been identified.

On cost reinbursenent contracts, MOD(PE) has visibility of a
prime contractor’s cost breakdowns, including those for
sub-contractors, under GC (Stores) 1, Standard C ause 43, 48
and 53. This will not be true of fixed price contracts.

23.2 M| estone paynments. The deliveries of spacecraft and

rel ated equi prent will occur at a fairly late stage in the
project. It is therefore sensible to snooth the cash flow for
both MOD(PE) and their contractor by nmeans of mlestone paynents.
These paynents should relate to inportant, neasurable

achi evenents and shoul d be unanbi guously defined in the contract.

M| estone paynments constitute MODX(PE)’ S npost effective contro
over the contractor and should therefore be given considerable
attention by finance, contracts and project managenment office
staff during contract negotiation. MIlestone paynents also
provide notivation to the contractor to fulfil obligations
on-time, particularly in the case where periods of delay, not
directly attributable to MOD(PE), do not attract a Variation of
Price (VOP) (increnents to take account of inflation). MOD(PE)
shoul d take great care not to delay the achievenent of a
mlestone, for instance by not providing GFE or other inputs in
accordance with the agreed schedul e.

M | est ones should be shown on both the contractor’s and MOD(PE)’s
top-1 evel schedules, and the contractor should be asked to quote
anticipated dates of achieving all outstanding mlestones, in
each nonthly report, both for progress nmonitoring and cash fl ow
predictions.

Partial paynents are not recommended, since these defeat the
i ncentive to achieve the mlestone.

It is recommended that the nunber of mlestones is kept to around
twenty.
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A percentage of the contract value should be retained for
schedul e and orbital perfornmance incentives.

23. 3 Leasing. Leasing is an approach to procurenent of
spacecraft services which is worthy of consideration. Under this
nmet hod, MOD(PE) would pay, in arrears, for satisfactory service
actual ly provided by spacecraft in orbit. There would be no stage
paynments during the spacecraft devel opnment and manufacture,

t hereby reducing the risk to MOD(PE) of paying for equipment
which is either late or does not achieve full performance in
orbit. As a consequence greater risks are borne by the
contractor. However, the contractor has the greater incentive of
increased profits if the spacecraft perform beyond their noninal
lifetine.

Under this approach, MOD(PE) may still carry the risk of having
to buy capacity elsewhere (if it is available), should the
spacecraft be late or fail to achieve full performance.

Therefore, there is no reason why MOD(PE) should not still insist
on regular progress reports and other docunmentation deliveries as
defined in Annex B, progress neetings, attendance at project

reviews etc, in order to gain confidence that the project is
proceeding satisfactorily. However, the ability to approve and
direct is forfeited. Contractor documents would be for

information only and reviews could only be attended in an
observer status.

There is no reason why MOD(PE) should not select and procure the
| auncher under this approach. However, in this case, MOD(PE)
would be liable for any failures attributable to the |aunch
agencies. The alternative would be to make the contractor fully
responsi ble for launcher procurenent, and the associated risks of
l auncher failure, against which it would be possible to take out
i nsur ance.

If required for mlitary reasons, MOD could al so provide al
satellite control facilities, in accordance with the contractor’s
defined requirenents, or alternatively, the control facilities
provided by the contractor could be manned by suitably trained
MOD personnel. Again MOD would be liable for any failures for
which their control personnel were responsible.

Leasing relies heavily on a watertight specification of
performance requirenents which can be verified in-orbit, both
initially and on a continuous basis throughout the programre. The
responsibility for 10T however can either be passed to the
spacecraft contractor, or be retained by MOD(PE)

The | ease contract negotiated for use of the spacecraft, would

i npose conmitnents both on the MOD(PE) and on the contractor.
Security aspects of the MOD use, would need to be addressed in
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the contract, as would priority use of the spacecraft by MDD
particularly during periods of political or mlitary tension.

23.4 lnsurance. There are several areas where MOD(PE) may wi sh
to take out insurance, however the Treasury should be consulted
for the current governnent policy on insurance. It can be assuned
that insurance will always be available, at a price. Prem uns do
not necessarily need to be agreed or paid until shortly before
the risk is taken.

23.4.1 I nsurance against launch vehicle failures. I nsurance may
be taken out, either directly with the launch vehicle authorities
(e.g. the Ariane "user-pool" arrangenment), or via a conventional
broker. This coverage may extend to the conplete cost of building
and launching a replacenent satellite and renting capacity

el sewhere until it is available, or just sonme elenent, or
fraction, of this.

23.4.2 Insurance of liabilities to third parties. In the event of
damage to personnel or property as a result of an accident,
perhaps during ascent, MOD(PE) may be held liable. Insurance
against this risk nay be available from the launch authorities
for a nodest premn um

23.4.3 Insurance of perfornmance in-orbit. I|nsurance nmay al so be
taken out against the risk of failures in orbit, before the end
of the design life of the spacecraft, assuming a successful

[ aunch.

23.4.4 Insurance against |aunch delays. This nay be taken out in
order to allow spacecraft capacity to be purchased el sewhere in
the case of [aunch del ay.

24 Contractual Aspects

Procurenment by MOD(PE) of spacecraft systens is governed by the
same internal directives to contracts branches as procurenent of
any ot her defence equipnent. These are largely as a result of the
government policies of the day and are constantly under review
and change. This clause is therefore restricted to two specific
areas of particular relevance to spacecraft projects.

24.1 Definition of requirenents. The high risks associated with
Space projects are not entirely conpatible with fixed price
contracting, particularly where a significant anmount of

i nnovation is required, either in design, materials, or

manuf acturing techniques. It is, therefore, reconmended that
projects be split into distinct phases, as defined in Section
Two, with the opportunity for re-negotiation of the contractual
conditions (technical requirements and price) prior to the
comencenent of the next phase. This reduces the risks for both
parties.
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Any elenment of conpetition will greatly inmprove MOXPE)'s
negoti ati ng stance.

It is essential that before the start of any phase, an agreed
requi rements specification and Statenment of Wrk is avail able,
upon which to base the contract. It is desirable that there also
be an agreed set of plans detailing how the work will be
controlled. (see 29.1)

24.2 |Incentive clauses. It is general practice wthin M PE)
defence contracting to make use of incentives wherever possible.
It is commbn practice in the space system procurenent community
to negotiate a contract incentive clause whereby the contractor
puts at risk a significant proportion of the contract paynents,
to be paid upon achi evenent of schedul es and satisfactory
in-orbit performance. This proportion would nornally be greater
than the anticipated profits on the contract. These incentive
sums would be in addition to any |iquidated danmages which becane
payable, due to failure to nmeet all contractual requirenents.

24.2.1 Schedule incentives. There is a strong notivation in space
projects to have the spacecraft available for |aunch on the
pl anned date. Failure to neet this date could result in:

(a) Further delays and additional costs incurred in arranging
anot her | aunch sl ot.

(b) A large anobunt of ground infrastructure being tenporarily
redundant, unless spacecraft capacity can be bought
el sewhere, again incurring additional costs.

(c) Costs payable to the launch agency for missing the |aunch
sl ot.

(d) Costs associated with storage and nai ntenance of the
spacecraft.

(e) Costs associated with the need to retain a project teamfor a
| ater |aunch.

Therefore, schedule incentive paynents are recommended, over and
above any agreed stage paynents. The criteria against which
payrments will be made should be easily neasurable and explicitly
defined in the contract. MOD(PE) should take great care to avoid
delaying the contractor, e.g. late deliveries of GFE, otherwi se
these incentives will be invalidated and the full paynent m ght
have to be nmade, regardless of achievenent.

24.2.2 Obital performance incentives. 1In the case of fixed price
contracts, particularly where tinescales are tight and there are
schedul e incentives to be earned, there mght be a tendency to
conpromi se quality of design or workmanship. This can be offset
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by the introduction of incentive paynents on the basis of actual
nmeasured performance in-orbit. The subject of 10T is discussed in
detail in 36. The followi ng points should be noted when
negotiating an orbital incentive clause:

(a) The key performance criteria should be defined in a form
which can be readily verified in-orbit, within the expected
uncertainties of the proposed neasurenment technique. Also, it
shoul d be possible to verify regularly throughout the life of
the spacecraft that performance is being maintai ned, wthout
unduly disrupting nornmal users of the spacecraft.

(b) It is reasonable to pay a significant proportion of the tota
incentives at the end of the conm ssioning phase.

(c) Any Concessions/Production Permts accepted by MOD(PE) during
the course of the programme shall be without prejudice to the
i ncentive clause.

(d) The clause should take account of the fact that any outage
of service, even mcroseconds mght cause significant
di sruption to operations, and therefore the paynment w thheld
should not be directly proportional to the duration of the
out age.

(e) Sliding scales e.g. n Pounds per dB per day are not
recommended, since they do not encourage the contractor to
neet all requirenents.

(f) It is recommended that |evels of performance should be
specified i.e. Full Performance, |Intermediate Performance,
and M ni mum Performance. The incentive paynment should then be
based on the achi evenent of these |evels.

(g) Prior to launch the contractor should be required to confirm
acceptance of the procedures and QA to be applied by the 10T
agency.

25 Product Assurance

The high risk and conpl ex, non-mnmi ntainable nature of space
systens, necessitate a rigorous programe of product assurance.
The spacecraft prine contractor would typically devote

approxi mtely double the anmount of engineering resources to PA
related functions than is normal for najor defence projects.

There is, therefore, a parallel need for greater vigilance within
the MOD Project Ofice. The role of the DGDQA representatives
supporting the project are defined in 20.3.4.

Product assurance covers, or supports, the follow ng disciplines:

(a) Quality Assurance - The objectives of quality assurance are
to achieve a spacecraft system including both hardware and
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software elenents, that will function correctly and neet its
performance and lifetine requirements. It is also to achieve
docunented records of the spacecraft design standard and
bui I d standard.

(b) Reliability Engineering- The objectives of reliability
engi neering are to achieve a spacecraft design which neets
the specified reliability requirenents. This is done by
anal ysis, review of the design throughout the design

evol ution and testing (where possible).

(c) Parts, Materials & Process Control - The objectives of this
function are to ensure that all parts, materials and
processes used in and during the nanufacture of the
spacecraft are suitable and qualified for their particular
use.

(d) Maintainability/Availability Engineering - The objectives of
this function are to ensure that:

(i) Repai rabl e equi pnents (normally confined to the
ground segnent) are designed to facilitate
preventative maintenance, fault diagnosis and
repair.

(ii) The overall system neets the system availability
requirement.

(e) System Safety Engineering (see 26) - The prinary objective
of the system safety function is to ensure that the
spacecraft, the ASE, and the GSE used at the launch site,
conply with the launch authority's safety requirenents.
There may al so be safety requirenents relating to ground
segnent equi pnent.

NOTE: System Safety Engineering nay be treated by contractors as
an el enent of systens engineering, rather than product assurance.

26 Launch vehi cl e procurenent

26.1 CGeneral. The MOD(PE) requirenents for a spacecraft system
will, as a general rule, specify that contractors bidding as
potential prinme contractors shall show spacecraft design
conpatibility with a minimm of two launch vehicles. These wll
be selected froma list which is included in the MO PE)

requi rements. The bidding contractors shall be required to
satisfy the MOD(PE) that their intended spacecraft design

envel opes the maxi mum environnental conditions specified for the
chosen | aunch vehicl es.

26.1.1 MOD(PE) role. MO PE) will choose on which of the selected
| aunch vehicles to launch the spacecraft and will generally be
responsi ble for the procurenent of the launch vehicle(s). It
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shoul d be noted that US |aunch arrangenments will normally be the
subject of a governnent-to-governnment Menorandum of Understandi ng

(MOU) .

MOD( PE) shoul d seek to ensure that the |aunch vehicle

manuf acturer/launch authority provides progress and incident
reports to MOD(PE), and the prinme contractor, on the |aunch
vehi cl e devel opment and manufacture (this my be accepted
practice for certain launch authorities).

The MOD(PE) Project Manager is generally responsible for
procuring the |aunch vehicle and for ensuring that the
integration of the spacecraft with the [aunch vehicle is
satisfactorily carried out by the prime contractor. See 20.3, 2. 3.

MOD( PE) may decide that the launch vehicle shall be procured by
the prime contractor, in which case the prine contractor will be
responsi ble for selecting, and for all aspects of procuring, the
[ aunch vehicle.

This Defence Standard is witten on the assunption that MOD(PE)
will procure the |aunch vehicle.

26.1.2 Prine contractor’s role. The prine contractor’s
responsibilities are given in 34.1.

26.1.3 Launch vehicles. There are several possible |aunch
vehicles available, with others currently under developnent. O
the current |aunch vehicles, the US Space Transportation System
(NSTS) has the nobst conplex integration process, and is
considered in this Defence Standard in detail in 26.3.

For certain launch vehicles, such as the NSTS, it is necessary
for the spacecraft to be attached to an upper stage to achieve a
hi gher energy orbit, eg. Geosynchronous Transfer Obit (GIO.

A Ceosynchronous orhit can then be achieved, if required, using
an apogee kick motor, which would be treated as a spacecraft
sub-system Possible upper stages that nmay be used, their
capabilities and procurenent arrangenents, are described in 26.4.

The ARI ANE 4 expendabl e |aunch vehicle has superseded the
previous ARIANE 2 and ARIANE 3 | aunchers. The capabilities and
integration process for the ARIANE 4 |aunch vehicle, which does
not require an upper stage to achieve GIO are described in 26.2.

O her launch vehicles which may currently be considered for
[ aunching a spacecraft, and their capabilities, are described
in 26.5.

26.1.4 Security. The security aspects of |aunch vehicle
integration at the launch site are addressed in Annex D.
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26.1.5 Insurance. Insurance against launch vehicle failures is
avail able and nmay be deened appropriate. This is described
in 23.4.1.

26.1.6 Schedule slippage. If the prinme contractor delivers the
spacecraft to the launch site later than scheduled, or if |aunch
processing takes |onger than scheduled, and as a result a |aunch
delay is caused, then MOXPE) may be liable for an additiona
paynment to the launch authority. |[If the launch authority del ays
the launch for reasons of its own, then MOD(PE) may be asked for
an additional payment by the prime contractor in order to ensure
continuity of technical support at the |aunch site.

26. 2 ARI ANE

26.2.1 Introduction. The ARIANE 4 series of |aunch vehicles
conprises six different |launch vehicle configurations, each
having a different arrangement of strap-on boosters for the first
stage. There are also a number of spacecraft conpartnents (called
the SYLDA and the SPELDA) and fairing configurations, allow ng
the capability of both single and dual spacecraft |aunches.

The ARI ANE 4 | aunch vehicle does not require that the spacecraft
be boosted by an upper stage. It is capable of various types of
m ssi on, including:

(a) the launch of satellites into GIO
(b) the launch of satellites into elliptical Earth orbit.
(c¢) the launch of satellites into sun-synchronous orbit.

The ARIANE 4 |aunch site is |located at the Guiana Space Centre
(CSG in French Guiana in South America.

26.2.2 Applicable docunentati on. The docunents applicable to the
ARI ANE 4 | aunch vehicle are listed in Section One, AD 2.4.1,

AD 2.4.9, AD 2.4.42, AD 2.4.43, AD 2.4.45, AD 2.4.48 and AD
2.4.49. These are provided by Arianespace to customers of the
ARI ANE 4 | aunch system

26.2.3 Integration process

26.2.3.1 Application to use ARIANE. Followi ng a decision that the
ARI ANE 4 | aunch vehicle is suitable for the intended spacecraft
application, and having determned the |aunch date requirenent,
MOD(PE) will enter into contractual negotiations with Arianespace
to secure a launch vehicle. The precise launch date and the

| aunch configuration (whether a single or dual spacecraft |aunch)
are determ ned by Arianespace and agreed with the MOD(PE), once
the m ssion characteristics and a | aunch wi ndow are established
These contractual negotiations culmnate in the Launch Service
Contract.
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The prime contractor establishes the mssion characteristics as
part of the technical submssion that is made to Arianespace in
the DUA. See 34.2.3.

The ARI ANE docunentation and review schedule takes 30 nmonths to
acconpl i sh. Thus, MOD(PE) negotiations with Arianespace for a
particular launch period should take into account this tine
schedule. The ARIANE 4 User’s Manual, AD 2.4.1, contains a tine
schedul e for docunentation and revi ews.

26.2.3.2 The Schedule for an ARI ANE | aunch. The schedule for an
ARI ANE | aunch, the docunentation delivery requirenents and the
review process are described in 34.2. It is the responsibility of
the prine contractor to neet this schedule and to liaise with

Ari anespace on all technical and schedule matters. MOD(PE) shoul d
ensure in the contract with the prine contractor that adequate
visibility is given to MOD(PE) on the progress of the |aunch
integration process. The SONwi th the prine contractor should
provide for launch vehicle integration activity reporting.

26.2.3.3 System safety. The role of the MOD(PE) system safety
managenent is considerably less for ARFIANE 4 than for an NSTS

| aunch, as the safety process is nuch reduced for such an
unmanned, expendabl e |auncher. Achieving conpatibility with the
ARI ANE 4 safety requirements and the safety subm ssion process is
the responsibility of the prine contractor. This is described

in 34.2.3.6.

26.2.3.4 Reviews and neetings. MOD(PE) should, as procurer of the
| aunch vehicle, be responsible for ensuring that the prinme
contractor is adequately represented at all relevant neetings
with Arianespace. MOD(PE) shall lead the prine contractor
representation at all reviews that take place.

Al'l prime contractor and Arianespace docunentation relevant to
| aunchi ng the spacecraft should be provided to the MOXPE). The
contracts between the MOXPE) and the prinme contractor, and
between the MOD(PE) and Arianespace should be witten to ensure
that this takes place

26. 3 Space Transportati on System

26.3.1 Introduction. The NASA Space Transportation System (NSTS)
delivers cargo elements into Low Earth Obit (LEO. An upper
stage is required to boost spacecraft into higher orbits
(geosynchronous, elliptical or sun-synchronous), see 26.4.

The NSTS, being a manned | aunch vehicle, has a considerably nore
conmpl ex integration process than an expendabl e | aunch vehicle,

and the safety requirenents |levied on cargo elenents are far nore
stringent (see 26.3.3.9).
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The prospective user of the NSTS should initially contact the
Transportation Services Division of NASA at NASA Headquarters in
Washington DC, who will advise on how to proceed.

The Space Shuttle Systens Payl oad Accommpdati ons Docunent, NSTS
07700, Volume XIV (AD 2.4.27) together with its appendi ces,
provides basic information on the NSTS system its capability and
on flight and ground operations.

Custoners of the NSTS, such as MOD(PE), may be classed as a

commerci al users, in which case they are NASA's responsibility,
or they may be DOD sponsored STS users. In the latter case,
different ground processing facilities wll be available at the

launch site, a different integration process nay apply, and
different safety requirenments may also apply (see 26.3.3.9). DOD
sponsored NSTS users may be supported during integration by DOD
i ntegration support contractors.

It should be noted that DOD sponsored NSTS | aunches may pl ace
addi tional security constraints on UK spacecraft, due to other
cargo elenments conprising the cargo.

26.3.1.1 NSTS definitions. It should be noted that there is
currently some confusion in the use made by NASA in its
docunentation of certain ternms: in particular, "Payload" and
"Cargo Elenent". The US Departnent of Defense has a nore

consi stent term nol ogy, which NASA accept. This Defence Standard
will follow the DOD NSTS definitions.

(a) Space Transportation System (NSTS). This conprises:
(i) The operators of the NSTS.

(ii) The integrated system consisting of the Space Shuttle
vehicle (Orbiter, External Tank, Solid Rocket Boosters,
and flight kits), associated flight hardware and
software, and supporting ground operations and
facilities.

(b) Custonmer or User. An organisation that requires the services
of the NSTS. In this Defence Standard it neans MOD(PE),
represented by the MOD(PE) Project Manager.

(c) Cargo Elenent. The user’s equipnment which is carried by the
NSTS, but which is not itself a part of the baseline NSTS.
This means the payl oad (spacecraft plus upper stage) together
with the Airborne Support Equi pment (ASE).

(d) Payload. The deployable part of the Cargo Elenent i.e. the
spacecraft plus the upper stage.

(e) Cargo. The total conplenent of Cargo El enments on any one NSTS
flight.
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(f) Airborne Support
har dware needed to support
sunshi el d,

(9)

(h)

Ground Support
ground equi pnent

Ear nest
prospective NSTS user
t he user
t he earnest
reasonabl e paynent for
in preparing for

(ASE) .
t he payl oad e.g.
instrunentati on and avionics.

The non-depl oyed fli ght
cradl e plus

Equi pnent

The nechani cal and el ectri cal
the Cargo El enent.

Equi prrent ( GSE) .
needed to handl e and test

A non-refundabl e paynent nade to NASA by a

before contract negotiations begin. If
and NASA do not execute a launch service agreenent,
money will be retained by NASA as an agreed upon
the projected costs incurred by NASA
and in negotiating the |aunch

Money.

negoti ati ons,

services agreenent with the user.

26. 3.2 Applicable docunentation.

The docunents applicable to the

STS | aunch vehicle are listed in Section One.

See:

EE58
NN NN

2.7, AD 2. 2.8, AD 2.2.10, AD 2.2.13, AD 2.2.17,
2.18, AD 2.2.20, AD 2.2.21, AD 2.4.27, AD 2.4.15,
4.10, AD 2.4.15, AD 2.4.21, AD 2.4.26, AD 2.4.41,
4.46, AD 2.4.28, AD 2.4.40, AD 2.4.2

26.3.3 Integration process

26.3.3.1 Responsibilities.
standard provi sions and services.

select froma set of options (in hardware,
ground processing provision)
the user’s particul ar

(a) NASA responsibilities.

The NSTS offers users a set of

In addition, the user can

m ssion capability and
the mssion to

in order to tailor

needs.

The following responsibilities are

under t aken by NASA:

(1)

(ii)

(iii)

(iv)

Fur ni shing and updating interface specifications, and
ot her design and operations docunentation, necessary to
aid the user in providing for the conpatibility of the
cargo element with the Shuttle, the Shuttle flight
environnent, and the NASA telenetry, tracking and
command support conmitted to each cargo el enent |aunch
t he

t horough preparation and checkout of

| aunch.

Provi ding for
NSTS for each cargo el enent

in consultation with the
the Shuttle/cargo el ement

Co-ordinating and managi ng
user’s technical managenent,
integration activities.

Regul ati ng user access to, and operation of, the cargo
el enment from the delivery of the cargo elenent to the
cargo integration facility through to the tine of
separation in orbit, or return of the cargo el ement
t he user.

to
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Managi ng cargo el ement |aunches, wusing its best efforts
to conduct the launch and associated services in a
manner that will pronpte success and satisfy the

requi rements and |aunch schedul e agreed upon with the
STS user.

For DOD sponsored |aunches, these responsibilities will
be shared between NASA and DOD

(b) NSTS user responsibilities. The responsibilities of the
NSTS user are as follows. MOD(PE) requires that these
responsibilities be undertaken by the prine contractor:

(1)

(ii)

(iii)

(iv)

(vi)

Delivering a flight-worthy cargo elenent to the |aunch
site on a schedule conpatible with the manifested
| aunch date that has been established by NASA.

Provi ding the associated cargo el ement ground support
equi pnent and personnel required to prepare the cargo
el enent for |aunch.

Providing to NASA all mission requirenents and
constraints necessary for NASA to provide NSTS
software, hardware, operations procedures, and other
agreed support and services.

I ncorporating provisions into the cargo el ement design
specifications and test programmes to ensure
conmpatibility of the cargo elenent with all NSTS
interfaces, including cargo integration test equipnent,
and ot her design and operations constraints that my be
encountered during prelaunch and |aunch activities.

Providing to NASA, for review and concurrence, cargo
el enent design specifications for the cargo el enent
interfaces, and test plans for the qualification and
flight acceptance testing of the cargo el enent.

Providing to NASA whatever cargo elenent telenetry,
tracking and command (TT&C) systens performance data
are required to determne that the cargo el enent
systens are conpatible with the NASA network, for any
networ k support that NASA comrits to.

(vii)Providing to NASA all information and docunentation

regardi ng hazardous systens of the cargo el enent and
ground equi prent that rmay be required to confirm
conmpliance with NASA safety requirenents.

(viii)Providing cargo element training to the NASA flight

crew and to ground controllers.
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26.3.3.2 Docunentation. MOD(PE) shall, in their capacity as
procurer of the NSTS |launch, sign all docunents as the custoner,
but shall require that the prime contractor is responsible for
maki ng all technical inputs required by NASA in these docunents.

The primary docunents which a user of the NSTS is required to
make input to, or to prepare, are as follows:

(a) NASA form 1628, 'Request for Flight Assignnent'

VWhen an NSTS custoner has conpl eted conceptual planning via
the Customer Service Centre at JSC, and is ready to initiate
the cargo element integration process, the custonmer conpletes
NASA Form 1628 (see NSTS 07700, AD 2.4.27 for an exanple
NASA Form 1628). The custonmer subnmits this formto NASA
Headquarters in Washington together with the stipul ated
"earnest nmoney" paynent. This action commences cargo el ement
integration activities, the first of these being the

devel opnent of the Launch Services Agreenent followed by the
Payl oad I ntegration Plan (PIP).

(b) Launch services agreenent (LSA)

NASA Headquarters is responsi ble for devel oping the LSA

which effectively constitutes the formal |egal contract with
the custonmer. This agreement enconpasses terns and

conditions, standard and optional service charges, special
fees, schedules, and final arrangenents associated with the
custoner’s requirements. The LSA is approved by the custoner
and NASA.

Charges for the standard services and the paynent schedul e
are set out in NSTS 07700 (AD 2.4.27).

(c) Payload integration plan (PIP)

The purpose of the PIP is to:

(i) Define roles and responsibilities of the customer and
t he NSTS.

(ii) Define the technical baseline for inplenmentation

(iii) Establish guidelines and constraints for integration
and pl anni ng.

(iv) Define integration tasks to be acconplished.
(v) Establ i sh operational service requirements.

(vi) Establish interface verification requirenents.
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(vii) Establish controlling schedules for all major
integration activities.

(viii) ldentify NSTS flight and ground safety requirenents.

(ix) Establish the basis for NSTS definition and pricing
optional services.

The PIP is also the control document for the joint

devel opnent of the interface design, and for the
docunentati on of cargo elenent inplenentation data contained
in the PIP Annexes (see bel ow).

NSTS 21000-SI P-DEP (AD 2.4.39) is a generic PIP format for
use by STS custonmers to enable themto determ ne the input
data required by NASA

NOTE: A separate PIP is required for the upper stage. This is
prepared and agreed by NASA and the upper stage
contractor.

Pl P annexes

Annexes to the basic PIP are the nethod by which each
custoner provides the detailed data required by the NSTS to
configure flight and ground systems, and to inplenent other
integration functions as defined in the PIP

To assist NSTS custoners in the preparation of the PIP
Annexes, a standard format has been prepared for each Annex

(see 34.3.3.2 for references) and assistance from the
appropriate NSTS organizations is provided to each customner

The specific Annexes required for a particular mssion, as
well as the degree of detail to be included in each Annex,

depends on the conplexity of the cargo element and also on
factors such as whether the payload is to be detached from
the NSTS Orbiter or not.

The Annexes required for a mssion and the schedule for
subni ssion by the custoner will be defined in the PIP

The prime contractor shall provide the technical input to the
PI P Annexes. The contents of each Annex are described
in 34.3.3.2.

If an upper stage is required, then the upper stage
contractor will develop an Interface Control Docunent (I CD)

t hrough NASA, based on a generic Interface Definition
Docunment. Spacecraft interfaces are mainly through the upper
stage, with the possibility of direct spacecraft/NSTS
interfaces as well. |If all spacecraft interfaces are through
the upper stage and are standard interfaces, then it may not
be necessary for the prinme contractor to nake any input to
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the upper stage ICD at all. It may be sufficient for the
prime contractor to provide an annex/addendum to the upper
stage I1CD for non-standard interfaces. This wll be

det ermi ned by NASA.

If a particular spacecraft programme does not require an
upper stage then NASA will prepare an Interface Definition
Docunment (1DD), based on information supplied by the
spacecraft prinme contractor in the PIP, and in working group
neetings. This IDD is reviewd by the prine contractor and
when approved beconmes the I CD (see NSTS 21000-1 DD STD

AD 2.4.38).

26.3.3.3 Wirrking groups. The NSTS and the custoner’s

organi zations wll support the engineering working groups |isted
bel ow, as required by NASA, depending on the nature of the cargo
el ement. These working groups are held periodically, as

determ ned by the progress nmade in the integration activities of
the cargo element, to support PIP and PIP Annex devel opnent.

The MOD(PE) will be responsible for ensuring adequate support,
from MOD agencies and fromthe prinme contractor, at each of these
nmeet i ngs.

The working groups define the technical interface requirenents,
identify and define engineering tasks or anal yses required, and
reconmend changes to resolve any problens arising fromthe
results of analyses or frominterface devel opnent. The worKking

groups are also responsible for the negotiation and preparation

of the PIP, PIP Annexes and, where applicable, the ICD (see
26.3.3.2).

The follow ng working groups normally take place:
(a) Structural/Mechanical. These address:

(1) Loads and dynami cs

(ii) Mechanical interfaces

(iii) Materials

(iv) Contami nation
(b) Thernal. These address:

(1) Passive thermal contro

(ii) Active thermal contro

(iii) Thermal analyses

(iv) Purge requirenents
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(c) Avionics and Software. These address:
(1) Power
(i)  Conmmands
(iii) Telemetry
(iv) @uidance
(v) Navi gati on
(vi) Control
(vii) Software requirenents

(d) Safety. The purpose of this working group is to interpret and
clarify safety requirenents. They al so provide an opportunity
for the cross-fertilization of experience from other
proj ects.

(e) Flight Operations. These working groups are used to define
operational requirenments consistent with NSTS capabilities
and to exchange data required for the cargo el enent
operations that interact with the NSTS. These groups are
convened as necessary to support preparation of the PIP and
PIP Annexes, and to review the docunentation resulting from
the PIP and PI P Annexes.

(f) Ground Operations. These working groups are used to define
the launch site and | anding site(s) ground operational
requirenments in order to define ground facility requirenents
and to establish ground processing activities. Thi s includes
all interface verification and testing requirenments at the
launch site. These working groups are convened as necessary
to support PIP and PIP Annex preparation, and to review the
docunentation resulting fromthe PIP and PIP Annexes.

It should be noted that these working groups may be combi ned as
necessary in order to make the best use of NASA and custoner
personnel and time.

It may be necessary, as a result of technical situations arising
during the spacecraft programme, to arrange Techni cal

I nterchange Meetings. The purpose of a TIMis to discuss, and to
recommend nethods of resolving, a particular technical issue. A
TIM may be arranged by MOD(PE), by NASA or by DOD (in the case of
a DOD sponsored NSTS | aunch).

26.3.3.4 Reviews. There are four major reviews in which the

custoner takes part, apart from system safety reviews
(see 26.3.3.9).
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For a series of simlarly designed spacecraft, it is necessary to
denmonstrate that nothing has changed fromthe first one of the
series. It is also necessary to dempnstrate that any probl ens
arising from previous flights of sinilarly designed spacecraft
have been resolved. This is also relevant in the system safety
process, see 26.3.3.09.

O her NSTS reviews nmay require customer support e.g. Integrated
Har dwar e/ Sof t ware Review (IHSR) at JSC, which is held to review
the conmpatibility of NSTS-provided hardware (e.g. the NSTS
Standard Switch Panel) and software with the cargo el enent
requirement.

For a DOD sponsored NSTS |aunch there nmay be other reviews in
whi ch the NSTS custoner has a role to play e.g. DOD I ndependent
Readi ness Review (IRR) at which the USAF Space Division review
the results of the assessnment of nission readiness, including
system safety, see 26.3.3.09.

The four nmjor reviews are:

(a) Cargo integration Review (CIR). This is nomnally held
approxi mtely 33 weeks before | aunch.

The purpose of CIRis to confirmthat the cargo el enent(s)

sel ected by NASA to make up the NSTS cargo can be physically
and functionally integrated into a flight which is within the
NSTS flight and ground capability. In addition, the CIR
establishes the baseline flight event sequence and provides
the custoner with an insight into the integration of their
requi rements at the cargo/flight |evel.

CIR is chaired by NASA with board nmenbers from the NSTS
el enents, and from the custoners conprising the cargo
el ement s.

(b) Flight Operations Review (FOR). This is nonminally held
approxi mtely 13 weeks before | aunch.

The purpose of the FOR is to determne the status of the STS
flight operations inplenentation and to ensure that the
training, the Mssion Control Centre, the Payl oad Operations
Control Centre facilities (including software), and the

operational documentation, wll be ready to support the fina
phase of training of crew and flight operations support
per sonnel

(c) Payl oad Readi ness Review (PRR). This is held at the |aunch
site prior to payload installation in the Orbiter. The PRR
Wi ll assess the readiness of the Orbiter and the payl oad for
the payload on-line integration activities.

(d) NSTS Flight Readiness Review (FRR). This is held
approxi mtely 2-4 weeks before |aunch.
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The FRR is conducted to verify that all of the NSTS/ cargo
integration activities have been conpleted and to certify
that all flight elenents are ready to support the m ssion.
Before the FRR, the custonmer and the NSTS determni ne and
verify their respective readiness to |aunch.

The FRR is conducted by NASA Headquarters and it is supported
by all of the major NSTS el enents. The cargo

i ntegration/safety assessnent is presented by NASA at this
revi ew

26.3.3.5 NSTS assessnents and anal yses. The NSTS perforns
assessnments to determne cargo conpatibility, based on cargo

el enent requirenents (at approximtely 15 nonths before | aunch).
See 34.3.3.5 for a description of the possible assessnents that
will be perforned, depending on the nature of the cargo el enent.

In addition, the NSTS perfornms flight verification analyses to
ensure that the interface environnents are within the agreed
limts and do not exceed NSTS capabilities (conpleted

approxi mtely 4 nmonths before |aunch). The NSTS custoner is
responsi ble for reviewing and comenting on the results of these
anal yses.

It is the responsibility of the prinme contractor to provide al
necessary technical data and assistance to the NSTS, such that

t hese assessnents and anal yses nay be carried out in a tinely
manner. The prine contractor also has the responsibility for
reviewing the results of the analyses, and for providing coments
to MOD(PE) for submission to the NSTS.

26.3.3.6 NSTS integration schedule. The different payl oad
i ntegration schedul es are described in NSTS 07700 (AD 2.4.27),
and this document should be referred to for general guidance.

26.3.3.7 Flight operations. The cargo elenent requirenents are
provided by the custonmer in the PIP, in the Flight Planning Annex
to the PIP, Annex 2, and in the Flight QOperations Support Annex
to the PIP, Annex 3. The technical inputs to these docunents are
provided by the prine contractor.

Fl i ght planning includes four interdependent elenents:

(a) Flight design. This conprises detailed trajectory, attitude,
and pointing planning (anong other paraneters) which becones
part of the basic Space Shuttle flight profile planning.

(b) Crew activity planning. This conprises the analysis and
devel opnent of required activities to be performed in flight,
resulting in a set of crew activity procedures and tinme lines
for each flight.

99



DEF STAN 18-01/2

(c) Operations planning. This enconpasses those tasks to be done
to ensure that the STS systens, and the ground-based flight
control operations, support flight objectives.

(d) Training preparation. This conprises those activities
required to ensure that the proper resources are available to
train the flight crew and flight operations support personnel
to performtheir assigned tasks.

26.3.3.8 G ound operations. The NSTS ground operations overal
systens description and dsign data are given in Appendix 5 to
NSTS 07700 Volune XV, (AD 2.4.27). The NSTS user’s
responsibilities in support of launch site operations are
described in the "Launch Site Accommpdati ons Handbook for Space
Transportati on System Payl oads", K-STSM14.1 (AD 2.4.21). This
latter docunment is intended as a guide for cargo el enent ground
operations planning, and as a basis for negotiating a Launch Site
Support Plan (PIP Annex 8) with the launch authority.

NASA appoint a Launch Site Support Manager (LSSM early in the
NSTS integration programre. The LSSM acts as the prinmary
interface between the NSTS user and the launch authority. The
role and responsibilities of the LSSM are described in

K- STSM 14. 1, (AD 2.4.21).

The Launch Site Support Plan (LSSP), PIP Annex 8, is described in
K-STSM 14.1 (AD 2.4.21), where the docunent’s Contents List is
also given. See 34.3.3.2 for a description of the purpose of PIP
Annex 8. It should be noted that the LSSP al so addresses
abort/contingency situations and post-I|anding operations.

It should be noted that Departnent of Defense cargo el enent
accommodati ons are not addressed in K-STSM14.1 (AD 2.4.36). The
nmechani sm for submitting input requirements in the case of a DOD
sponsored launch is through an Interface Requirenents Docunent
(IRD). This docunent fornms the principal source of data used by
the United States Air Force Space Division (AFSD) in preparing
the PIP, PIP Annexes and ot her necessary system | evel docunents.
The IRD also provides inputs to the DOD centralized database. The
basis for an IRD is SAMSO-LV-0031, "STS Interface Requirenents
Document General Instructions and Format for Presentation",

(AD 2.2.18). However, to be a useful working document, the IRD
shoul d be broader than is required by SAMSO LV-0031. It needs to
reflect the end-product documents which are derived fromthe IRD
by the USAF.

PIP Annex 9 describes the requirenments for interface verification
testing of the spacecraft and the spacecraft-specific upper stage
interfaces with the STS, during ground processing at the | aunch
Site.
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NOTE: In addition to the NASA and DOD cargo el ement processing
facilities at Kenndey Space Center and Cape Canaveral Air
Force Station, there is also the processing facility
supported by NASA. Rel evant docunentation (AD 2.4.2) is
obtai nable fromthe address given in 2.5.

26.3.3.9 Cargo elenent safety. Al cargo elenments using the NSTS
Wi ll be subject to a uniform set of safety requirenents.

Cargo el enent safety and G ound Support Equi prent (GSE) safety
are MOD(PE) responsibilities. MOID(PE) shall delegate the
technical responsibility for satisfying the NSTS cargo el ement
safety requirenents to the prinme contractor. The NSTS establishes
the safety requirenments for cargo elenents and ensures that any
possi bl e hazards identified by the customer are properly
controlled to neet the established safety requirenments, prior to
flight. The NSTS user has responsibility for identifying,
reporting and controlling any possible hazards to the
satisfaction of the NSTS.

NOTE: The safety certification of the baseline upper stage
portion of the cargo elenent is not part of the
MOD(PE)/ prinme contractor’s responsibility. The
spacecraft-specific upper stage interfaces are part of this
responsibility.

If a specific cargo elenent safety requirenent cannot be net, a
wai ver request may be subnitted by the NSTS user to NASA on a
Payl oad Safety Non-Conpliance Report. This is a standard form
NSTS Form 542C. A blank pro forma is given in NSTS 13830

(AD 2.4.28). The user is formally notified by the NSTS of the
acceptance or rejection of the waiver request. It should be noted
t hat wai ver processing is arduous, and therefore waiver

subni ssion should be avoided if at all possible.

Integrated NSTS/ cargo el enent safety is an NSTS responsibility.

Safety engineering is a continuous process that is part of all
cargo el enment/NSTS integration activities. NHB 1700.7 (AD
2.4.26), establishes both the technical and system safety

requi rements for NSTS cargo el enents. This docunent applies to
flight operations, ground operations, and cargo el enent
hardware. It should be read in conjunction with SAMIO HB

S- 100/ KHB 1700.7 (AD 2.4.46), which establishes the detailed
safety requirenments for ground operations and cargo el ement/ GSE
desi gn.

NSTS 13830 (AD 2.4.28) defines the safety review process which

i npl emrents the system safety requirenents given in NHB 1700.7 and
SAMIO HB S-100/KHB 1700.7. NSTS 13830 al so describes how the

Saf ety Assessnment Report (SAR) should be conpiled for each phase
of the safety review process. JSC 11123 (AD 2.4.14) assists the
cargo el enent developer in selecting design options to elininate
hazar ds.
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The cargo el enment safety process is operated through a series of
phased safety reviews (phases 0, I, Il and Ill). The NSTS cargo
el enent safety review panels conduct the safety reviews, during
which all safety aspects of cargo elenent design, flight
operations, GSE design and ground operations are reviewed. Safety
conpliance data, as specified in NHB 1700.7 (AD 2.4.26), shall be
submitted to the launch site, to the NASA project safety officer,
prior to delivery of the spacecraft/upper stage. At the Flight
Readi ness Review, the MOD(PE) system safety managenent
representative is required to submt a flight readi ness statenent
based on the final safety status of the cargo elenment. This final
safety status will include all post-phase IIl safety activity.
The MOD(PE) system safety managenent representative will be
required to certify at the FRR that all hazards have been
identified, assessed, and elimnated or controlled. The safety
review process is described in 34.3.3.9.

For Departnent of Defense cargo elenents, different safety

requi rements exist (ML-STD- 1574, AD 2.2.13, and SDR 127-4,

AD 2.2.17, describe the safety review process) and the safety
review panels also include DOD safety personnel. The NSTS user
safety docunentation format is also different for a DOD sponsored
m ssion. M L-STD 1574 requires that an Accident Ri sk Assessment
Report (ARAR) is prepared (see DID, Dl -S-30565, AD 2.2.20). This
is instead of a Safety Assessnment Report, as required by NASA At
the start of the spacecraft progranme, M L-STD 1574 requires that
the STS user prepares a System Safety Progranme Plan (SSPP). The
SSPP describes the system safety activities throughout the
spacecraft programme. The responsibility for preparing the SSPP
is described in 31.2.4.20.

For an NSTS DOD cargo, an Integrated Safety Review will be held,
regardl ess of the other phased safety reviews, follow ng the
phase Il review. This will validate the ARAR for the cargo-to-
NSTS interface. The scope of this review is described in

SDR 127-4, AD 2.2.17. Safety certification is given by the Safety
Certification Panel, which is convened followi ng the Integrated
Safety Review. This process and the scope of the "Certificate of
Saf ety Conpliance" is described in SDR 127-4. The MOD(PE) system
saf ety managenent representative will be required to present the
Certificate of Safety Conpliance at a DOD |Independent Readi ness
Review, as well as at the FRR (as descri bed above).

It is recoomended that MOD(PE) requires the prime contractor to
also follow ML-STD 1574 (AD 2.2.13), for spacecraft |aunched as
NASA commerci al payl oads. MOD(PE), as procurer of the |aunch

vehicle, will be required to certify the safety of the cargo
element to the launch authority. This inplies legal liabilities.
Therefore, in order to have the confidence that the prine

contractor has inplenmented a thorough system safety progranme,
M L- STD- 1574 should be invoked. This is a cost-effective approach
to system safety and hazard control.
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For later spacecraft in a series of simlar design, the system
safety process concentrates on whether there have been any
changes in subsequent spacecraft relative to the original one of
the series. In addition, it is necessary for the user to
denmonstrate that any problens arising from previous flights of
simlarly designed spacecraft have been resol ved.

NOTE: There is no standard format for the safety certificate,
therefore this will be agreed with the launch authorities.
The safety certificate required fromthe Prinme Contractor
shall be consistent with the certificate to be supplied to
the | aunch authorities.

26. 4 Upper stages

26.4.1 Introduction. Potential prime contractors shall be
required to identify in their bids whether there is a requirenent
to use an upper stage with any of the launch vehicles wth which
their proposed spacecraft is conpatible. An upper stage is
defined as a propul sive vehicle which transports payl oads to

hi gher energy orbits than are achievable by the NSTS, and certain
ot her launch vehicles, alone. It conprises the flight support
sub-systens, propulsion elenents, interface adaptor, airborne
support equi pnent, and the relevant ground support equipnent.

An upper stage is usually considered to be part of the spacecraft
system and as such is procured by the prime contractor as system
design authority. The prime contractor’s responsibility shal
enconpass contractual, schedule, financial, and technical aspects
of procuring the upper stage (see 26.3.3.9 for the system safety
responsi bility). The technical devel opnent of the basic upper
stage is outside the control of the prinme contractor. The prine
contractor will submit a Concession request to MOD(PE) in respect
of any technical requirenent that is affected by elenments of the
upper stage over which the prine contractor has no control.

The prime contractor is responsible for obtaining export licences
for upper stage hardware and docunentation to be taken to another
country fromthe US. MOXPE) will be notified if there are any
problens in acquiring the necessary US export |icences.

MOD( PE) shoul d ensure, through the Statenent O Work, that it has
access, for information purposes only, to the primary upper stage
techni cal and schedul e docunentation. The technical documentation
woul d include launch vehicle interfacing and ground operations.
MOD( PE) should also ensure that it has the right of attendance at
techni cal neetings between the prime contractor and the upper
stage contractor. MOD(PE) should establish the right of
attendance at any neetings regarding technical or schedul e
aspects of the spacecraft/upper stage interface with the |aunch
vehicle, between the prime contractor, the upper stage contractor
and the launch authority.
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Four possible upper stages which are currently available are
PAM D, PAMDI|, TOS, and |US.

The Centaur upper stage is currently only used as the final stage
of the ATLAS |aunch vehicle. This Standard does not, therefore,
address the Centaur stage any further.

NOTE: It should be noted that future devel opments in upper stage
technology may alter the information which is given in this
Def ence Standard.

26.4.2 PAMD. The upper stage contractor is the MDonnell Dougl as
Astronautics Conpany.

The capability of the PAMD to Geosynchronous Transfer O bit

(GTO is 1052 kg baseline, and 1247 kg maximum It is conpatible
with the STS and with the DELTA expendabl e |aunch vehicle. The
PAM D upper stage is also conpatible with the TITAN expendabl e

[ aunch vehicle.

26.4.3 PAMDI|I. The upper stage contractor is the MDonnell
Dougl as Astronautics Company.

The capability of the PAMDII to Geosynchronous Transfer Obit
is 1588 kg baseline and 1842 kg maxi mum The PAM DI | upper stage
is conpatible with the STS and also with the TITAN expendabl e

[ aunch vehicle.

26.4.4 Transfer orbit stage (TOS). The upper stage contractor is
Orbital Sciences Corporation.

TOS was designed as an STS upper stage system The capability of
the TOS is 5897 kg into GTIQO

The TOS is also conpatible with the TITAN expendabl e | aunch
vehi cl e.

26.4.5 Inertial upper stage (IUS). The upper stage contractor is
t he Boei ng Aerospace Company.

| US can be configured for use on both the STS and on the TITAN
expendabl e | aunch vehicle. The capability of the IUS from Low
Earth Orbit (LEO into Geosynchronous Orbit (GEO is 2268 kg.

IUS, being a two stage vehicle, will deliver a spacecraft
directly into GEO without the need for an Apogee Boost Mdtor as
part of the spacecraft.

NOTE: These capabilities are given for guidance only. The prine
contractor and the MOD project office should consult upper
stage suppliers for the latest capabilities.
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26.5 O her | aunch vehicles

26.5.1 Introduction. As well as the NSTS and AR ANE | aunch
vehicles described earlier, there are other launch vehicles which
are currently, or shortly to be, available. These |aunch vehicles
are all of the expendable type and with various |ift

capabilities.

Unless the prime contractor is given responsibility for procuring
the launch vehicle, MOD(PE) will, when fornulating the Request

For Proposals for a spacecraft system conpile a list of possible
 aunch vehicles. The bidding contractors will be required to show
conmpatibility with a mnimm of two of these l[aunch vehicles. It
will, therefore, be necessary for MOD(PE) to obtain basic
information on the available |aunch vehicles. The documentation
that should be requested, and where it is obtainable, is given in
this Standard.

As was the case for the NSTS and for the AR ANE | aunch vehicl es
MOD(PE) will choose and procure the |aunch vehicle(s) from those
selected fromthe list in the RFP by the prine contractor. This
procurement activity will entail all cost, contractual and

schedul e negotiations with the launch authority. The prine
contractor will be responsible for providing the |aunch
contractor(s) and the launch authority with all required
technical information, and with any technical support required
for integrating with the launch vehicle.

MOD( PE) should ensure that export licences are readily obtainable
for all hardware or documentation to be taken to another country
from the USA.

It should be noted that future devel opnents in |launch vehicle
technology may alter the information which is given in this
Standard. Additional types of launch vehicles may al so becone
avai |l abl e. The MOD project office, if procurers of the |aunch
vehi cl e, should consult |aunch vehicle suppliers for what is
avail able and for the current capabilities.

26.5.2 DELTA | aunch vehicle. The DELTA | aunch vehicle is
avail able in a nunber of versions according to the required
[ aunch capability.

The MDonnell Douglas Astronautics Conpany (MDAC) has devel oped
and manufactures the DELTA |aunch vehicle, and provides the
conmerci al | aunch services.

The "DELTA Spacecraft Design Restraints" manual, DAC 61687 (AD
2.4.8) and the "DELTA Il Spacecraft Users Munual", NMDC H3224 (AD
2.4.22), should be obtained fromthe address given in 2.5. The
pur pose of these docunents is to:

(a) Gve prospective vehicle users a basic description of the
DELTA | aunch vehicle and its performance capability.
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(b) Define typical spacecraft design and operational constraints
i mposed by the launch vehicle and the field operations.

(c) Specify typical docunmentation and integration requirenents
and procedures.

(d) Describe the launch site, facilities, regulations and
operati ons.

26.5.3 ATLAS | aunch vehicle. The Commercial ATLAS |aunch vehicle
was devel oped and is manufactured by General Dynamics, who al so
supply the launch services. The ATLAS |aunch vehicle uses the
CENTAUR stage for its third stage.

The "ATLAS M ssion Planners Quide" (AD 2.4.3):

(a) Gves a description of the |launch vehicle and its performance
capabilities.

(b) Defines the launch vehicle to spacecraft interfaces,
envi ronnment, and services.

(c) Identifies procedures, working groups, and documrentation
necessary for integration.

(d) Describes launch facilities and operations.
The CQuide is available fromthe address given in 2.5.
26.5.4 TITAN II1 launch vehicle. The TITAN |1l conmercial |aunch

vehi cl e was devel oped and is manufactured by Martin Marietta, who
al so supply the launch services.

The "TITAN Il Conmercial Launch Services, Payload Users
Handbook" (AD 2.4.52) gives:

(a) Details of the capabilities of the vehicle.

(b) A description of the payload interfaces and payl oad
i ntegration.

(c) Data on the general flight environnent.
(d) A description of launch processing operations.
(e) The safety aspects to be considered

The Handbook is available fromthe address given in 2.5.
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26.5.5 SCOUT | aunch vehicle. The SCOUT |aunch vehicle system has
been devel oped and is manufactured by LTV Aerospace and Defense,
who al so provide the |aunch services.

The "SCOUT User’'s Manual" (AD 2.4.47) gives:

(a) Details of the launch vehicle and its performance
capabilities.

(b) The nmnagenent organi sation for the launch vehicle, and the
requi red docurentation.

(c) Details of the payload interfaces, the flight environnent,
and operational constraints.

(d) A description of the launch sites, the launch facilities and
| aunch operations.

The User’'s Manual is obtainable fromthe address given in 2.5.

27 M ssion Managenent

In this context, mssion nanagenent is taken to nean all those
activities related to the preparation for operations, and the

actual managenent of operations, of spacecraft in-orbit. It is
assuned that MOD(PE) will define an "Qperations Concept". The
spacecraft system prinme contractor will then define the detailed
operations requirenments for all nission phases. MOD(PE) wll nake

the necessary arrangenents for in-orbit control in accordance
with these requirenents.

The mission may be split into two phases, the launch and early
orbit phase (LEOP) and the in-service phase (on-station in the
case of geosynchronous satellites).

27.1 Pre-launch activities. There are nunmerous activities which
shoul d be perfornmed under the co-ordination of MOD(PE) in
preparation for spacecraft operations. It is recommended that
these are defined in an Operations Planning Quide (see 21.1.7) at
the earliest stage in the programe. This docunment should then be
kept up-to-date and used to nonitor progress and re-define the
planning in the event of hold-ups. Mijor itens fromthis plan
shoul d al so appear in the overall project planning (see 22).
Regul ar neetings will be required to ensure close cooperation.

Wil st different control agencies may be used for the LEOP and

i n-service phases, a common approach and commbn docunentati on
shoul d be used wherever possible. This will reduce effort, snooth
t he handover process and facilitate any back-up arrangenents

whi ch nay be nade.

27.1.1 MOD(PE) responsibilities. The responsibilities of the
MOD( PE) Programme Ofice are described in 20.3.2.5
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27.1.2 Prinme contractor responsibilities. Cont ract or
responsibilities are defined fully in 35.2. They include:

(a) Definition of the operational requirenents, including
sof tware

(b) M ssion Anal ysis.
(c) Software definition, developnent and validation.
(d) Specification of operational procedures.

(e) Preparation of training material and training of all
personnel who will support operations.

(f) Supporting exercises and rehearsals.

(h) Conpatibility testing between space and ground segnents,
prior to |aunch.

(i) Liaison with the 1Ol organisation.
(j) Preparation and verification of |ink budgets.

(k) Review of planning for initial acquisition of the spacecraft
after launch, or deploynment fromthe Obiter.

(1) Arrangenents for spares and mmintenance, including associated
docunent at i on.

(m Production of an LECP report.

27.1.3 Control agency responsibilities. The responsibilities of
the control agency include:

(a) M ssion support planning, including preparation of flight
operati ons procedures.

(b) Co-ordination of the spacecraft specific software integration
with the general control facility software.

(c) Control facility to spacecraft conpatibility testing,
i ncluding both planning and actual test support.

(d) Provision of control personnel to be trained on the
spacecraft and its operation.

(e) Conducting and planning of rehearsals and exerci ses.

(f) Conduct of operations in accordance with approved procedures.
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27.2 LEOP operations. MOD( PE) should take a leading role in LECP
operations. Detailed roles and responsibilities for all personnel
involved will be defined in a Mssion Operations Plan (see
21.1.11), agreed in advance with the control agency. QOperations
shoul d be supported on a 24 hour basis, requiring shift working.
MOD( PE) shoul d provide a Spacecraft Operations Director (SOD),
who will be the single formal point of contact with the control
agency . The SOD will be supported by technical specialists from
the R & D establishnments, the spacecraft manufacturer and
possibly from the in-service control agency.

27.2.1 Nom nal operations. In the case of a nomnal mssion.
when anomalies occur for which recovery action has been
pre-planned, the control agency shoul d conduct operations in
accordance with previously agreed procedures. The role of MDD PE)

w Il be nonitoring, with support fromthe spacecraft contractor,

of operations. This is in order to:

(a) Confirmthat all aspects are nom nal .
(b) Be in a position to respond in the case of anonalies.

(c) Build up firsthand know edge of spacecraft behaviour in
orbit.

(d) Be able to provide accurate up-to-date progress reports to
seni or managenent.

27.2.2 Anonml ous operation. 1In the event that anonalies occur for
whi ch contingency procedures do not exist, then MOD(PE) woul d
agree the inmediate safing action to be taken by the control
agency to bring the spacecraft to a safe state. Options for

i nvestigating and resolving the anonmalies would be produced by
the spacecraft control team including spacecraft prine
contractor, control agency and MOD(PE). MOD(PE) would then hold
an anomaly neeting at which the syptons, diagnosis and proposed
cure are presented. An executive decision on the action to be
taken woul d be made by MOD( PE).

MOD( PE) woul d be present during handover of control to the
in-service control agency. Details of the Handover Plan are given
in 21.1.8.

MOD( PE) should ensure that any faults detected in space or ground
segnent hardware, software or procedures or in personnel
capabilities are corrected prior to the next m ssion.

27.3 In-service (on-station) operations. There will be a period
of operations, between handover of control fromthe LEOP control
agency and handover of the spacecraft to the User at the end of
in-orbit conm ssioning, when operations will be under the
direction of MOD(PE). MOD(PE)'s role would be as defined in 27.2
during this phase.
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Subsequent |y, throughout the operational life of the system but
particularly during the early period, MOX(PE) should arrange to
provide the User with:

(a) Post Design Services (PDS) on both the spacecraft and the
ground control segnent, including software. This should
i nclude the provision of engineering support by the
spacecraft manufacturer so that non-deliverable
docurment ati on, such as drawi ngs and test results, nmay be used
for anomaly investigations.

(b) Specialist operations support from contractors experienced in
control of sinmilar spacecraft. Support functions include but
are not limted to:

(1) Anonmal y investigations.
(ii) Maintenance of operations procedures,

(iii) Generation of operational procedures to cover new
operational requirenents.

(iv)  Miintenance of a conputer flight database.

(v) Long termtrend anal ysis.

(vi) Mssion analysis (including station keeping planning).

(vii) Advice in specialist technical areas.

(viii) Operations planning.

(ix) Assistance in training new staff.

(x) QO her technical studies and investigations.
27.4 (perations reviews. It is recomrended that formal reviews
be held at the end of the Rehearsal and Exercise phase for each
control agency. The purpose of these reviews is to confirmthe

operational readiness of the control agency, and the supporting
personnel, to support the nission.
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SECTI ON FOUR.

STANDARDS FOR THE PROCUREMENT

OF MI LI TARY SPACECRAFT SYSTEM

This Section contains a set of requirements, termed standards,
which will be selectively inmposed on spacecraft system
contractors in MOD contracts for mlitary spacecraft systens.

(The selection of requirenents will be made by MOD(PE), prior to
invitation to tender and contract award)
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28 I ntroduction

28.1 Purpose. The purpose of this section of the Defence Standard
is to specify a set of requirenents, terned standards, for an
orderly approach to the procurenent of military spacecraft
systens.

These standards have been specified to ensure that prine
contractors and their sub—contractors work to a conmon approach.
The standards described in this section will be selectively
applied in all mlitary spacecraft system procurement contracts
witten by the MOD (PE)

The intention is to refer in the text to other applicable,
existing Standards as relevant. Were alternative Standards apply
(e.g. a ML-STD and an ESA Standard) the text will refer to both.
In such cases, MOD(PE) will specify within contractua
docunent ati on which Standard is appropriate for a particul ar
procurenent situation.

At a sub-contract level, suppliers may follow different Standards
(e.g. a ML-STD or an ESA Standard): these shall not inhibit the
ability of the nateriel to meet the system | evel requirenents.

It remains the prine contractor’s responsibility to ensure that
the system level requirenments |levied by MOD(PE) are net.

28.2 Scope. The standards described in this section of the

Def ence Standard are intended to apply to contracts witten with
a prine contractor as design authority for a mlitary spacecraft
system They are also intended to be applied, as appropriate, by
the prinme contractor to sub-contracts.

29 Prinme Contractor Responsibilities

29.1 The role of the prine contractor

29.1.1 The prime contractor is a contractor having overal
responsibility for supplying those parts of a system as specified
by the ternms of the contract. This involves co-ordinating and
integrating the activities of a nunber of sub-contractors to neet
the overall system specification (see 29.2). The system w ||
generally conprise a space segnent and ground segnent equipnent.

The prine contractor will normally be nom nated by the contract
as the System Design Authority (see 30.1).

NOTE: The "project”, as far as the prinme contractor’s
responsibilities are concerned, rmay be defined as "all
activities related to the fulfillnent of the requirenments of
the Prime Contract".
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29.1.2 Responsibility of the prinme contractor. The prine
contractor’s responsibilities for achieving the objective of an
integrated system in terns of the contract specification,
schedul e and cost, shall include:

(a) The Placing and administration of suitable sub-contracts with
t he sub-contractors, see 29.4.

(b) Design authority, if designated in the contract, (see 30.1),
i nvolving the overall system engineering, including the
specification and control of the interfaces, design
co-ordination with sub-contractors and system | evel testing.

(c) Denonstrating the functions of the system and verifying
conpliance with requirenents.

(d) Overall planning, programing and the progressing of the
wor k.

(e) Conducting a thorough Product Assurance programe for the
proj ect .

(f) Overall financial managenent of the work, within the terns of
the contract.

(g) Providing MOD(PE) with the information it needs in order to
satisfy itself, on a continuing basis, that the work is being
perforned in accordance with requirenents. Activity and
schedul e information shall be provided in the format as
defined in the statenent of work.

(h) Provision of information necessary for the operation and
mai nt enance of the overall system

(i) Specifying to MOD(PE), who are normally responsible for
procuring the launch vehicle, the requirenments inposed on the
| aunch vehicle by the spacecraft design and the m ssion
requirements.

(j) I'n the case of cost reinbursenent contracts, meking
reconmendations to the MOD(PE)’'s project manager on
cost/benefit optim sation between sub-systens and between
devel opnent, production and predicted in-service costs.

29.1.3 Governnent furnished equi pnrent (GFE). The concept of prine
contractorship is not invalidated by the identification of itens
for separate MOD(PE) procurenent. The prine contractor is
responsible for the remaining elements of the system for the
spacecraft interfaces with the GFE, and for the integration of
the GFE into the total system

29.1.4 The prinme contractor’s tasks. The prine contractor’s
responsibilities include:
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29.1.4.1 Progranme planning. The prinme contractor shall produce:

(a) A Programme Plan, which defines the programe schedule. The
contents of this docunent are described in 31.2. 4.

(b) A Master Control Network. The contents of this docunment are
described in 31.2. 4.

29.1.4.2 CADM_ The prinme contractor shall establish a
Configuration and Data Managenent system and this shall be
defined in a CADM Plan (see 31.2.4.2). The CADM Plan is a "top
| evel" contractual docunent.

29.1.4.3 Ogani zational and technical plans. The prine
contractor shall produce and deliver the plans listed in the CDRL
(See Annex B). The contents and format of these plans are
defined in 31.2. 4.

29.1.4.4 Specifications. The prine contractor shall produce and
deliver the specifications listed in the CDRL (see Annex B). The
content and format of these specifications is defined in 30.3.1.

29.1.4.5 Selection and control of sub-contractors. The prine
contractor shall select suitable sub-contractors, as necessary,
to undertake responsibility for parts of the spacecraft system
The prine contractor is responsible for co-ordinating the work of
the sub-contractors, and for the deliverable equi pnment or service
produced by the sub-contractor. Having selected sub-contractors,
the prine contractor shall prepare a Statenent of Wrk

(See 29.4.4). MO PE) shall be supplied with a copy of the SOW
for each sub—contract greater than a certain value, as defined in
the contract. This is for information purposes only.

29.1.4.6 Technical Reporting. The contractor shall produce, as a
m ni mum and on a periodic basis as specified in the contract, the
followi ng reports:

(a) Mass Properties Report. This shall be a regular mass
properties prediction, which is updated at |east nonthly, and
issued in the formof a report. The spacecraft shall be
sub-divided into convenient itens (of mass typically not
greater than 5% of the total) for reporting purposes. The
contents of the report are described in 31.2.5.3.

As the programre proceeds and flight standard itens,

i ncl udi ng spares becone available, their mass properties
shall be neasured and recorded. The appropriate val ues shall
be incorporated into the predictions. The report shal

di stingui sh between neasured and estinmated val ues.

Each conplete integrated spacecraft shall have its mass
properties neasured as soon as integration is conpleted.
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(b) Power Budget Report. The spacecraft power budget shall
di sti ngui sh between neasured val ues and estinmates. The
contents of the report are described in 31.2.5. 4.

(c) Thernmal Data Report. The contents of the report are described
in 31.2.5.5.

(d) Fuel Budget Report. The contents of the report are descri bed
in 31.2.5.6.

(e) Pointing Error Report. The contents of the report are described
described in 31.2.5.7.

29.1.4.7 Progranme reporting. A Project Progress Report shall be
produced at regular intervals as defined in the Statenent of
Work, and shall give the status (including both the technical
aspects and the schedul e aspects) of every nmmjor element within

the spacecraft. In the case of cost reinbursenent contracts, one
report per quarter shall include a Finance and Achi evenent Report
(QFAR). Problens encountered will be reviewed, together with
proposed solutions. This report will formthe input to the

project progress neetings (see 21.3). The contents of the
progress report are described in 31.2.5.1.

29.1.4.8 Engineering change procedure. See 30.3.

29.1.4.9 Project reviews/neetings. The prine contractor shall
support the following reviews and neetings with adequately
gqualified and briefed staff.

(a) Project reviews. See 21.4 and 38

(b) Project neetings. Regular and ad hoc neetings will be held
between the prine contractor and MOD(PE) at nutually agreed
times and | ocati ons.

Proj ect neetings conpri se:

(1) Proj ect Review Board Meetings. This is the senior
policy steering comrittee for the project. It
i nvolves senior staff from MOD(PE) and from the prine
contractor , and shall be chaired by the MOD(PE)
Project Director. PRB neetings shall be held
guarterly with the broad aim of assuring that the
Staff Requirenment is net in a tinely and
cost-effective manner. MOD(PE) shall take and issue
the m nutes of these neetings.

(i) Project Progress Meetings. These are formal technical
nmeetings, which are held at regular intervals, one
week after the receipt of each progress report
(see 31.2.5.1). The progress neeting shall be chaired
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(iii)

(iv)

(vi)

(vii)

(viii)

by the MOD Project Manager. The purpose of the
progress neetings is to discuss the progress report,
concentrating on problem areas.

For major elenents of the space segnment which have
been sub-contracted, representative(s) fromthe
appropriate sub—contractor should attend these
nmeetings, if required.

The prine contractor shall take and issue the mnutes
of these neetings.

In the case of cost reinbursement contracts, one
progress neeting per quarter shall cover financial
aspects.

Product Assurance Progress Meetings. These neetings
shall be held one week after the receipt of the
quarterly PA Report (see 37). The purpose of these
nmeetings is to provide a specialist forum for

di scussing any problens revealed by the project PA
system

The meetings shall wusually be attended only by
representatives fromthe prinme contractor's QA
organi sati on and DGDQA.

The prime contractor shall take and issue the ninutes
of these neetings.

Meetings with the launch authority, see 34.3.3.
Meetings with the Control Agency(s), see 35.

O her Regul ar Meetings. The need for other specialist
working groups will be identified in the Statenent of
Wor k, between MOD(PE) and the prine contractor, for
the project,

(e.g. Tempest, Nuclear Hardening, Consec).

Cost Efficiency Wrking Goup Meetings. These
nmeetings are only applicable to cost reinbursement
contracts (see 21.3.7).

Ad hoc Meetings. The Prinme Contract/SOW will normally
make provision for ad hoc neetings to be called, as
necessary, by either the prime contractor or MOD( PE)

29.1.4.10 Security. See Annex D

29.1.4.11 Training. The contractor shall prepare suitable
docunentation defining, within the terns of the contract, the
training to be given to MOD(PE), and its designated agencies or
representatives.
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29.1.4.12 Launch and early orbit phase operations. The prine
contractor support is described in 35. This includes preparing an
O bital Requirenments Document (ORD), and an Orbital Operations
Handbook (OOH). The contents of these docunents are described

in 35.2.1.2.

29.1.4.13 In-orbit test. Responsibility for In-Obit Test may be
pl aced on the prime contractor, or sone or all of the testing may
be del egated to anot her agency. The responsibilities of the prine
contractor in each of these situations are described in 36.

29.1.4.14 In-service operations. The prine contractor shal

provide support to the In-Service control facility for anonaly
and mal function investigation. Corrective actions to be initiated
shall be recommended, if appropriate.

It nay be necessary for the prime contractor to seek
sub-contractor support in anomaly investigation

29.1.4.15 Post design services. Any post |aunch support
requirements will be the subject of separate contractua
arrangenent s.

29.1.4.16 Tenpest. See Annex D.

29.1.4.17 Nucl ear Hardeni ng. See Annex D.

29.2 Systens engi neering

29.2.1 The systens engineering process. This is a |ogical

sequence of activities and decisions which starts with a review
of the custoner’s requirenments, to ensure that they are conplete
and consistent, and then transforns these requirenents into a
preferred system configuration. The configuration will conprise
def i ned sub-systens, defined interfaces between those

sub—systens, and defined interfaces with external equipnent and
facilities. The systens engi neering process mmintains control of
the sub-systens and interfaces throughout the progranme to ensure
that the custoner’s requirenents are net.

29.2.2 Systens engi neering nmanager. The prine contractor as
System Design Authority shall appoint a Systens Engi neering
Manager whose role is to act as the focal point for the systens
engi neering effort throughout all phases, and for all aspects, of
the project. This responsibility shall include both Space and
ground segnment and operational aspects of the Prinme Contract.

117



DEF STAN 18-01/2

The Systens Engi neering Manager shall report directly to the
prime contractor’s project managenent; a recomended progranme
managenent tree i s shown bel ow

Senior 0 ==ee—m———————— Proj ect Management
Company d
Management

i Systens Engi nering Manager ----————————-
i Syst ens
Engi neeri ng
Support

System Safety —---—---—-

Sub-system M ssion and Interfaces Managenent
i.e.
Spacecraft.
Payl oad.
G ound Segnent.
M ssion Pl anni ng.
AT
Launch Vehicle Interfaces.
Configuration and Data Managenent.
etc.

The detailed responsibilities of the Systens Engi neering Manager
are given in 29.2. 3.

It is recoomended that the Systenms Engi neering Manager is
supported by a project dedicated Systenms Support Team nmade up of
rel evant engi neering disciplines such that the Systens

Engi neeri ng Manager can effectively carry out the
responsibilities defined in 29.2.3.

The System Safety managenment function reports to the Systens
Engi neering Manager with regard to all technical issues.
However, due to the inportance placed on system safety by the
'aunch vehicle authorities, and because of the NASA STS

phi l osophy that the STS user "proves" that hazards are not
credible, the prine contractor (as systems design authority)
shall ensure that reporting |oops exist directly to the project
managenment and to seni or conpany nmanagenent.

29.2.3 The responsibilities of the Systens Engi neeri ng Manager.

The Systens Engi neering Manager is responsible for the foll ow ng
in each phase of the progranme:

(a) Project Definition Phase:
(1) Formul ating design requirenents and alternative

i npl ement ati on approaches best suited to neet the
i nposed mi ssion requirenents.
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(iv)
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(vii)

(viii)

(ix)

(xi)

(xii)

(xiii)

(xiv)

(xv)

DEF STAN 18-01/2

Conducting or directing (as deened necessary)
trade-of f studies and anal yses of various payl oad,
spacecraft, ground segnent and data system

confi gurati ons.

Identifying, as a result of studies and anal yses,
maj or system | evel constraints, risks, and margins
related to the various design approaches.

Selecting the desired system configuration, and the
definition of the system design requirenents, such
that risks and constraints are mnim zed.

Definition of the sub-systens and their design
requirements.

Definition of the interfaces between the system
el ements (e.g. between the space segnment and the
ground segnent) and between the sub-systens.

Conducting or directing performance anal yses of the
interrelated elenments of the selected system and of
the sub-systens, in order to identify any problens.

Co-ordinating the preparation of specifications
(see 30.1). An inportant element of this involves
specifying the interfaces.

Definition of mass and power budgets, and a policy
for budget margin control

The review and authorization of system and sub-system
specifications. Also, the review of those interface
specifications for elenments of the system for which
the prine contractor does not have full design
authority or control

The co-ordination of technical inputs to all project
reviews, the Prelininary Design Review (PDR), and
progranme revi ews.

Prior to the system PDR, providing the pre-review
briefing (see 38.5).

The co-ordination of contractor responses to received
techni cal docunentation, and to RID S raised fromthe
review of the PDR data package (see 38).

The co-ordination of the prine contractor’s responses
to PDR data packages from sub-contractors.

Representing the prinme contractor, as system design
authority, at sub-contractor PDRs.
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The Systens Engi neering Manager shall, throughout this phase,
consider the inplications of the spacecraft system definition
on the launch vehicle interfaces, system safety, the
operations concept, the mssion requirements, and on the
system verification philosophy (including testability).

The Systens Engi neering Manager shall also be responsible for
overseeing the configuration and data managenent function. The
CADM Controller carries out the function of configuration and
dat a managenment (see 31), but the provision of technical support
to the CADM Controller, and the responsibility for all aspects of
configuration and data nmanagenent, shall be part of the role of
the Systens Engi neering Manager. This role of the Systens

Engi neeri ng Manager shall be undertaken throughout all project
phases.

(b) Devel opnment/ Manuf act ure Phases:

(1) The mai ntenance of control of devel oped portions of
the total system to ensure conpliance with the
m ssion requirenments, conpatibility through all of
the interfaces, and that the conposite perfornance of
the system el ements neets specified requirenents.

(i) Reliability engineering, in order to achieve a
satisfactory probability of m ssion success.

(iii) The co-ordination of the technical data and budget
reports listed in 29.1.4.6.

(iv) The co-ordination of technical inputs to all project
reviews and programe reviews.

(v) Prior to project reviews, providing the pre-review
briefing (see 38.5).

(vi) The co-ordination of contractor responses to received
techni cal docunentation, and to RID s raised fromthe
review of project review data packages (see 38).

(vii) The co-ordination of the prime contractor’s responses
to design review data packages from sub-contractors.

(viii) Representing the prinme contractor, as system design
authority, at sub-contractor design reviews.

(i x) Advice to the project team on risk assessnment, design
mar gi ns and i nadequaci es.

(x) Attending MRB's as the senior technical

representative. fromthe project team In the case of
sub-contracts, the Systens Engi neering Manager is the
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senior technical representative of the prine

contractor’s project team at "in-house", and at
sub-contractor, MRB's.

The Systens Engi neering Manager shall, throughout this phase,
consider the inplications of the spacecraft system

devel opnent / manuf acture on the launch vehicle interfaces,
system safety, the operations concept, the m ssion
requirenents, and on the system verification philosophy
(including testability).

(c) Design Validation Phase:
(i) The review of all sub-system and system test plans
and procedures, to ensure that they adequately
val i date the system design requirenents.

(i) The review of test results agai nst system design
requirements.

(iii) The investigation of failures and anomalies resulting
from testing, and the assessnent of the system
consequences.

(d) Preparation for Launch Phase:

(i) Launch vehicle integration.

(ii) Interface verification testing at the launch site.

(iii) System safety.

(e) Preparation for Qperations Phase:
There are several systens engineering functions which it is

necessary to consider fromthe outset of the devel opnent
phase of the programme which affect |ater phases (see 35.2).

These cone under the responsibility of the Systens
Engi neeri ng Manager and include the follow ng:

(1) M ssi on pl anning

(i) LEOP ground support planning

(iii) On- station ground support planning

(iv) Test and validation of ground facilities, as
part of the overall system

(v) Operator training

(vi) In-orbit planning and preparation

(f) In-Service Phase:
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The Systens Engi neering Manager is responsible for
co-ordinating the prime contractor’s investigation of all

i n-service spacecraft performance anonalies and for
reconmendi ng courses of action to the MOID(PE)

(see 29.1.4.14). This may require nodifications to operations
procedures, and may result in recomendations for changes to
the design, manufacturing control or test requirenments for
future spacecraft.

NOTE: Certain projects may start at the Devel opment/ Manufacture
phase and certain tasks nay be the subject of a separate
contract (e.g. in-orbit testing).

29.2.4 System engineering planning. The prine contractor shal
include a section in the Managenent Plan (see 29.3) describing
how t he system engineering function is to be carried out, and the
detailed responsibilities of the Systens Engi neering Manager

29.3 The prine contractor’s managenent pl an.

29.3.1 Scope and applicability. The Managenent Pl an establishes
t he managenent requirenents for the work to be perfornmed by the
prime contractor under the contract, and the procedures to be
followed to ensure that the ainms and objectives of the programre
are net.

29.3.2 The contents of the managenent plan. The prine
contractor’s Managenent Plan shall address the foll ow ng:

(a) Project nanagenent. The Plan shall descri be:

(1) The organisation of the prime contractor’'s Project
Team including the nanes of the people appointed to
each post.

(i) The organisation of the MOXPE) Project Team wth
designated titles (as supplied by MOD).

(iii) The detailed roles and responsibilities of the prine
contractor’s managenent team The Plan shal
hi ghlight the authority invested in each of the

roles. The points of l|iaison shall also be
i dentifi ed.
(iv) The role and responsibilities of any mgjor

sub-contractor, and the relationship with the prine
contractor.

(b) Systens engineering. The Plan shall describe:

(1) How the system engineering function is to be carried
out by the prime contractor.
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The detailed responsibilities of the prine
contractor’s Systens Engi neeri ng Manager.

The detailed responsibilities of the Systens Engi neering

Manager

Pr oj ect

are listed in 29.2.

control. The Plan shall describe the follow ng

aspects

(1)

(i)

of project control:

Docunentation. The prime contractor shall operate a
centralized docunentation systemto fulfil the
docunentation requirenments of the project fromthe
technical, cost, schedule, contractual and nmanageri al
point of view See 31 for a full description of
configuration and data managenent requirenents.

The Managenent Plan shall describe how the
configuration and data nanagenent requirenents will
be fulfilled in ternms of a CADM Pl an, the scope of
which is described in 31.3.

Meetings/ Reviews. The prime contractor’s Minagenent
Plan shall contain, as an annex, an agreed schedul e
of all mmjor project neetings and reviews. This shall
be updated on a regular basis. Docunentation
requirements for a neeting or review shall also be
described in the prinme contractor’s Managenent Pl an
together with the docunentation that will be produced
following the neeting or review, and the approach to
apportioning and controlling actions.

The following types of neeting and review typically
take place. The project-specific requirenents would
be described in the Statenment of Wrk:

1. Project Progress Meetings. See 29.1.4.9.

2. Project Reviews. See 21.4 and 38.

3. Sub-system neetings. The Managenent Plan shal
describe the prinme contractor’s approach to
progress neetings with sub-contractors, their
scope, conduct and responsibilities. A st at ement
as to MOD(PE)'s right of attendance (see 29.4.4)
shal | be included.

4. Product Assurance neetings (see 21.3.3 and 37).

5. Meetings, working groups and reviews as part of
the | aunch vehicle interface and | auncher
i ntegration process (see 26 and 34).

6. Meetings with the Control Agency(s) (see 27).
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(iii)

(iv)

7. Other regular neetings/working groups
(see 21.3.6).

8. Ad hoc neetings (see 21.3.7).

Visits. These, in contrast to neetings as discussed
in (ii) above, are defined as non-schedul ed neetings
between MOD(PE) and the prime contractor on matters
directly associated with the performance of the
contract. Such meetings may concern aspects of the
contract under the control of a sub-contractor or
supplier to the prime contractor. In this case the
MOD(PE) will request the prine contractor to arrange
a visit to the sub-contractor or supplier, which the
MOD(PE) will nake with the prinme contractor

The Plan shall give stated provision for such visits
to take place.

There are exceptions to these visits:

1. MOD(PE) has the right of access to all technica
facilities and documents used by the prinme
contractor and the sub-contractors, and these
shall be open to inspection and eval uati on by
MOD( PE) representatives at all reasonable tines
within the constraints of the contract. This is in
accordance with AQAP-1 (AD2.1.1) and Def. Stan
05-61, part 3 (AD 2.1.18). The prinme contractor is
required to co-operate with the MOD(PE)
representatives and to ensure that this
co-operation is extended to all sub-contractors
and suppliers.

MOD( PE) shall have the right to attend the
foll ow ng review boards which shall be established
and operated by the prinme contractor.

- Material Review Board (MRB). See 37.2.2.2.
- Test Review Board (TRB). See 32. 3. 4.
- Delivery Review Board (DRB). See 37.2.5.

The Plan shall nake clear the exceptions discussed
above and it shall define the MOD(PE)’'s requirenents
for access/attendance at review boards.

Sub- Contract Planning. This shall describe which
sub-contractors are to be used for which elenments of
the system how the sub-contractors are to be
managed, and shall outline on what basis
sub-contractors will be selected (see 29.4.3).
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A copy of the Managenent Plan shall be provided to
MOD(PE) prior to placenent of sub—contracts.

(v) Schedul e, control and reporting. These aspects of
project control shall conprise:

1. A Programme Pl an which defines the programme
schedul e. The purpose and scope of the Progranme
Pl an shall be described in the Managenent Pl an
(see 29.1.4.1).

2. A Master Control PERT Network. See 29.1.4.1. The
Managenent Plan shall detail the scope, use,
control and updating of this network.

3. Schedul e reporting and schedul e reviews. The
schedule is nonitored via the Project Progress
Meetings. The Managenent Plan shall describe the
prime contractor’s schedule control system which
provides for the tinmely delivery of all hardware,
software and services specified in the contract.
The Plan shall also describe how the schedule will
be reported and how it will take into account the
acconplishnents made in the various work packages.

29.4 Control of sub-contractors

29.4.1 CGeneral. A "sub-contract" s defined as a contract between
the prine contractor and sonme other agency, company, or part of
the sane conpany, for the supply of hardware, software,
docunentation, or services in pursuance of the overall spacecraft
system contract.

The control of sub-contractors and the relationship between the
sub-contractors and the MOD(PE), and between the sub-contractors
and the prime contractor, is described bel ow

Ref erence should also be nmade to 29.1, where the prine
contractor’s task of defining a Statement OF Wrk for each
sub-contract is defined; to 29.2, where the responsibilities of
the prime contractor’s Systens Engineering Manager in relation to
sub-contractors is defined, and to 29.3, where the contents of
the prime contractor’s Mnagenent Plan are defined, together wth
a description of the requirements on sub-contractors for project
reporting and for project reviews.

29. 4.2 Sub-contracts

29.4.2.1 The MOD(PE)’'s contractual relationship is with the prine
contractor. The prime contractor is normally the System Design
Authority and as such has overall responsibility for

co-ordinating and integrating the activities of a nunber of
sub-contractors to neet the overall system specification
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The prinme contractor’s responsibility is to select, and

negoti ate contracts with, suitable sub—contractors, such that
the prinme contractor’s obligations for the satisfactory
conpl eti on and performance of the whole work can be di scharged.

Sub-contracts placed "in-house" (e.g. to a separate project team
within the conpany who are responsible for a particular
sub-systen), should be treated in exactly the sane way as a
sub-system sub—contracted to another conpany or agency. However,
it is understood that the conpany’'s internal cost-accounting
practices will apply to "in-house" sub-contracts.

NOTE: In the case of a fixed price Prinme Contract, MOD(PE)
requires no visibility of sub-contract costing information. Such
i nformati on may however be useful in reaching agreenments on
contract anmendnents.

29.4.2.2 The prime contractor shall be responsible for evaluating
and nonitoring the work of the sub-contractors, and for
integrating information on sub-systens progress into the overal
system contract reporting to MOD(PE). The technical, schedule and
cost data provided by the sub-contractors should be in sufficient
detail for the prime contractor to discharge his overall system
managenent responsibilities under the contract.

In fornulating his requirenents for this data, the prinme
contractor should have regard for the reasonable needs for the
sub-contractors to protect conmmercially sensitive information.

29.4.2.3 The MOD(PE) shall have right of access, through the
prime contractor, to the work and the facilities of
sub-contractors where work on the contract is taking place (also,
see 29.3.2).

29.4.2.4 The prinme contractor shall be responsible for al
operating, servicing and naintenance publications required under
the contract for itens of equi prment devel oped or supplied under a
sub-contract. This responsibility includes servicing, operating
and fault analysis information required for incorporation in
publications for the overall system The prime contractor shall
make suitable contractual arrangenents to ensure that these

requi rements are net.

29.4.3 Ceneral qguidelines for the selection of sub-contractors

29.4.3.1 The prinme contractor, as system design authority, shal
use firns as sub-contractors that can denobnstrate conpliance with
the relevant requirenents of Allied Quality Assurance Publication
(AQAP) 1 (AD 2.1.1), or of BS5750 (AD 2.4.6). This conpliance
shall be ascertained by the prine contractor by neans of a PA
assessnent .
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In addition, the prinme contractor shall carry out a further
assessnment in order to be satisfied that a potential
sub-contractor is technically conmpetent to undertake the required
wor k. Due consideration shall be given to the potenti al
subcontractor’s resources, their past experience in the sane or
inrelated fields of technology, and of their past technical and
manageri al performance.

29.4.3.2 Although the prime contractor is design authority for
the overall spacecraft system sub-system or equi pnment design
authority to neet the relevant sub-system or equi prment

requi rements specification, may be vested in the sub-contractor

29.4.3.3 Before the prine contractor places a sub-contract

greater than a certain value defined in the contract, the MOD(PE)
Proj ect Manager shall be notified of the nane of the potential
sub-contractor, the nature of the work to be undertaken and its
security classification (including reference to the relevant
sub-system or equi pnent specification), andjustification for the
use of that sub-contractor (see also, 29.4.3 1).

29.4.4 Monitoring of sub-contractors. The pri ne contractor shall
ensure that the sub-contractors are suitably nonitored, both
technically and in terns of the programme schedul e, such that the
prime contractor’s responsibilities for the overall systemto the
MOD( PE) can be discharged. This shall include rights of access to
sub-contractor’s facilities where work on the cont act is taking
place, in order to audit the sub-contractor’s Product Assurance
system against the Product Assurance Plan, or observe work in
progress, as required.

How this sub-contractor nonitoring is to be carried out is to be
defined in the Statement O Wrk for the sub—contract. The SOW
shoul d, as a mninmm define:

(i) The deliverabl e equi prent.

(i) The deliverable docunentation to be subnmitted to the prine
contractor.

(iii)  The conduct of both parties, and their responsibilities,
at Project Reviews (see 38).

(iv) The conduct of both parties, and their responsibilities,
at Progress Meetings. For sub-contracted sub-systens,
these nmeetings will be held between the prinme contractor
and the sub-contractors, at intervals defined in the prinme
contractor’s Statenment of Work with the sub-contractor

For "in-house" devel oped/produced sub-systemns, these
nmeetings will be held between the system project team and
the sub-system project team at simlar intervals to those
for sub-contracted sub-systens. It should be noted that
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"in-house" developnent and production is a separate
activity to prime contractorship, and should be treated by
the prime contractor, from a technical and schedul e point
of view, as a sub-contracted sub-system

MOD(PE) shall be invited to attend these neetings in the
capacity of an observer.

These sub-systens neetings will address, but not be
limted to, all matters concerned with sub-system design
activities, including conformance, configuration,

interfaces, AIT, pre-launch preparation, safety

engi neering status, failure nodes and criticality,
contingency analysis, PA (including reliability analysis),
qgualification and critical itens status.

(v) The required design analyses and their reporting.

(vi) Qualification and Acceptance testing, including Test
Revi ew Boards.

(vii) System testing support activities.

(viii) PA requirements, including non-confornmance control
critical itemcontrol, Mterial Review Boards, and
Delivery Review Boards (DRB s). The requirenments for
non-conformance control, critical item control and MRB' s
should be sinmlar to those inposed on the prine contractor
(see 37.2.2). The approach to be taken to, and the
attendees at, DRB s are described in 37.2.5.

(ix) Configurati on nmanagenent.
(x) Change procedure (see 30.3.3).
(xi) Launch support activities.

(xii) Spacecraft operational support.

(xiii) Mnthly technical and schedul e progress reporting
(See 31.2.5.1, for prime contractor reporting where
sub-contractor inputs will be required).

MOD( PE) shall be supplied with a copy of the Statement O Wrk

for each sub-contract greater than a certain value, as defined in
the contract, for information purposes.
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30 Design

30.1 Design Authority. The term System Design Authority is
defined in 3.1.

System Design Authority is normally vested in the spacecraft
system prine contractor, via the prime contract

Design authority for sub-systens or equipnents nay be del egated
to sub-contractors, but the System Design Authority retains the
responsibility for the overall design and perfornmance.

30.1.1 Responsibility. The responsibilities of the Contractor
noni nated as System Design Authority include:

(a) Design of materiel to the specifications and PA Plan
i nposed in the contract.

(b) Design verification and validation.

(c) Generation, control and maintenance of all documentation
relating to the equi prent design, including specifications
(see 30.3.1), design reports, test reports, draw ngs and
interface specifications.

(d) Conducting sub-system design reviews, and supporting project
revi ews.

(e) Ensuring conpliance with all external interfacing
requi rements as defined in the contract.
e.g. requirenments of:

(i) The | aunch vehicle authority(ies),

(ii) The LEOP and in-service control agencies,
(iii) The existing ground facilities.

(iv) The upper stage (if used) manufacturer.

(v) O her Governnent Furni shed Equi pnent (GFE), such as
pyrotechnic devices, cryptographic equipment etc.

(f) Issue of a Certificate of Design certifying conformance
to the design requirenents.

The responsibilities of the System Design Authority wll be
defined by the contract and nay extend to the end-of-life of
system

30. 1.2 Sub-contractors. The System Design Authority is
responsi bl e for generating sub-system specifications. It may

del egate authority for the detailed design of the sub-system and
al so for the generation of docunentation and draw ngs.
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A Design Authority is responsible for the work of its

sub-contractors. It will ensure that the sub-contractor has
desi gn and production conpetence for the item being procured. An
audit of the sub-contractor’s nanagenent systens will initially

be conducted by the Design Authority to ensure that they conply
with any MOD(PE) requirenents, including AD 2.1.1, AQAP-1.
See 29.4. 3.

The Design Authority shall ensure that the specifications are net
by the sub-contracted design and shall receive Certificates of
Design and Certificates of Conformance for the equipnent.

30. 1.3 Governnent furnished equi pnent (GFE). The System Design
Authority has no technical responsibility for the design of the
GFE itself, but does have responsibility for ensuring that the
GFE is used in the correct manner, in accordance with the
interface specifications, and that the resulting system using the
GFE neets the system requirenment inposed in the contract.

The System Design Authority shall notify MOD(PE) of any
shortfalls or om ssions in GFE docunentation, that cause
difficulties in the design of the rest of the system MOD(PE)
shall also be notified of any problens or anomalies within the
actual GFE itens.

30.2 Design standards. Al'l designs produced by contractors shal
comply with the contractor’s own conpany design standards.
However, where there is conflict between the requirenents of this
St andard, when called up in the contract, and the conmpany design
practices, MID shall be advised and this Standard shall take
precedence.

The spacecraft system design shall conformto the follow ng
requirements:

See Annex D for Tenpest requirenents.
See Annex D for nucl ear hardening requirenents.

For spacecraft to be launched on the STS, the spacecraft design
shall conmply with the follow ng standards:

(a) AD 2.2.8, ML-STD 1512 (STS Tailoring) for pyrotechnic
devi ces.

(b) AD 2.2.10, ML-STD 1522 for pressure vessels.
(c) AD 2.2.12, ML-STD 1541 for EMC.

(d) NASA |etter PH L50-80 for structural design verification
requirements on DOD STS | aunches.
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30.3 Design control. The system outlined bel ow shall be the
preferred system of design control. However, a prime contractor’s
design control system which neets the requirenents of AD 2.2.3,
DOD- STD 480 nmay al so be acceptable. The design control systemto
be used shall be docunented in the CADM Pl an. See 31.3

30. 3.1 Design specifications. The prinme contractor shall nake
use of the systemof Part | and Part |l design specifications as
defined in AD 2.2.5, ML-STD-490. The requirenents of the ML STD
shall be tailored to apply to a spacecraft programme, which has a
smal | nunber of production itens.

! Staff Target

Sponsor  —mm——m—— e —— ' :
! Staff Requirenent

MDD (PE) —=—=—ee—o———— Syst em Requi r enent

- System Specification
Primee = = ———ee——ee i P —
Contract or ! i : :

] H 1 ]

-—— Sub-system Part 1 Specifications
Sub- Contractor -------- Sub-system Part 2 Specifications

The Part | and Part |l specification system neans that:

In response to an MOD(PE) System Requirenent, the prine
contractor shall produce an Overall System Specification and
a System Verification Plan. Follow ng approval of these
docunents by MOD(PE), the prime contractor shall produce a
series of specifications for all of the elenents of the
system These are the Sub-system Part | Specifications, and
sub-contractors will be requested to tender to produce
sub-systens to conply with them

The chosen sub-contractors shall produce a specification,

defining the design to conply with the Part | Specification,
and this is known as the Part |1 Specification.

131



DEF STAN 18-01/2

The Part 11 Specification shall be a detailed description of
the design, and of its validation, and shall be maintained

t hroughout the project to reflect any design changes
occurring. The Part Il Specifications shall include a matrix
of conpliance with the Part | Specifications.

AD 2.1.15 Def Stan 05-28, gives some general guidelines on the
preparation of specifications.

30.3.2 Configuration control. See 31.1.

30. 3.3 Change control procedures. See 31.1.6.

30. 3.4 Devel opnent _testing. During the design process,

devel opnent testing shall be perforned in areas of high risk or
new technol ogy, using prototype or engineering nodel equipmrent.
Thi s equi pment would not nornmally be built to flight standards

but should be functionally representative of the design. Resul ts
of devel opnent testing will normally be reviewed at PDR
30.3.5 Design certification. A Certificate of Design is the

nmeans by which a prine contractor certifies that the subject
design conplies with its particular design requirement (except as
detail ed otherw se).

An InterimCertificate of Design shall be submtted for MOD(PE)
approval following a successful Critical Design Review and the
final version shall be submtted at the Pre-Ship Review
An example Certificate of Design is contained in Annex C

30.4 Design reviews. For details of Prelimnary Design Reviews
(PDR) and Critical Design Reviews (CDR) see 38.

30.5 G ound support equi pnent (GSE). GSE is the equi pment needed
to support a spacecraft during its assenbly, integration and

test. GSE is generally broken down into Mechani cal G ound Support
Equi prent (MSSE) and El ectrical G ound Support Equi prent (EGSE).
MSSE i ncl udes such itens as lifting and handling devices and
propel I ant | oadi ng equi pnent. EGSE includes electrical test

equi pnent (both special -to-type and general purpose) and

i nstrument ati on.

The GSE may be required to be used at the manufacturer’s
facility, external test locations such as environnental test
facilities, and at the launch site. It shall be built to conply
with |ocal safety standards for the |ocations of intended use.

The GSE shall comply with AD 2.1.7, Def Stan 00-10.

VWhere GSE is intended to interface with flight hardware, the
interfacing elenments shall be of flight standard.
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The launch vehicle authority also inposes requirenments on the GSE
to be used at its sites. For NASA the requirenent is contained in
AD 2.4.46, the Payload G ound Safety Handbook, SAMIO HBS- 100/

KHB 1700 and for Arianespace in AD 2.4.45, the CSG Safety
Regul ati ons docunent, RS-CSG-Ed. 3(0).

30.6 Gound control equipnent. This is the equipnent required to
control and nonitor a spacecraft after l[aunch. The equi prent
shall be designed to comply with | ocal safety standards for the
| ocati on of use.

The Ground Control Equiprment shall conply with AD 2.1.6, Def Stan
00- 10. Particul ar attention should be given to the user
interface and its ergonom cs: advice on these natters is
available fromthe RAF Radio Introduction Unit.

AD 2.4.16 to AD 2.4.20, the JSP 180 series of docunentation, are
mandat ory on ground control equi prment and simul ators

The format of any S-band TTC link with the spacecraft shall be in
accordance with AD 2.2.19, TOR-0059(6110-01)-3 issue G AFSCF
Space/ G ound interface.

The format of any X-band TTC link with the spacecraft shall be in
accordance with the Skynet 4 stage 1 Overall System Requirenents.
These will be supplied by the MOD(PE) Project Manager

Consi deration should be given to the adoption of the Consultative
Committee on Space Data Standards (CCSDS) reconmendations for
packetized telenmetry (AD 2.4.7).

Training and training naterial shall be provided to the ground
control equipnent user as specified in the statenent of work.
30.7 Sinmulators. The follow ng types of sinulator nmay be used

during a spacecraft system programe:

(a) Spacecraft simulator (software), sonetinmes known as a
Ref erence Mbdel - This is used for:

(i) Val i dation of the ground segnent spacecraft control and
noni t ori ng phil osophi es and procedures.

(ii) Vvalidation of the ground segnment control and data
processi ng software.

(iii) Training of personnel in spacecraft control and

noni toring procedures, in usage of ground segnent
equi prent, and in spacecraft performance and behavi our.
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(b) Spacecraft TTC sinmulator (hardware) - This is used, both
pre-launch and in the case of operational anonalies, for:

(1) Val idation of the ground station receiving and
transmtting equipnent.

(ii) Validation of the ground segnment decodi ng and
formatting equipnent.

(c) Spacecraft Payload sinulator (hardware) - This is used for:
(i) Val i dati on of the spacecraft user equipnent.
(i) | OT rehearsals.

(iii) Anomaly investigation.
(iv) Payload utilisation studies, e.g. access planning.

The sinulator described in (a) above may be a hybrid sinmulator,
in which sonme equiprments are not nodelled in software but

achi eved by actual equipnent. The sinulators described in (b) and
(c) may be interoperable as a single unit.

The contractor shall conduct a configuration audit on the
simul ators, and document the performance differences between the
simul ators and the actual system prior to technical transfer.

The requirenents on the contractor for software sinulators are
covered in 30.8.

The hardware el enents of a sinmulator shall conply with the
requirements of AD 2.1.7, Def Stan 00-10. Specific requirenents
for portability, user interfaces, and packaging of the sinulator
shall be defined in the simulator specification.

30. 8 Sof tware. Requi rements for a formal, structured approach to
all aspects of system design, including software, have been
defined above in sub-clauses 30.1 — 30.7. Such an approach wll

| ead to an adequately docurmented system which is maintainable by
the User. This sub-cl ause defines sone requirenents which are
specific to software elenments of the system Requirenents for
software for spacecraft systens are the same as for any other
maj or defence project; they are covered here for reasons of
conpl et eness.

Al software deliverable itenms, and the nmedia on which they are
to be supplied will be defined in the MOD(PE) Statenent of Wrk
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30.8.1 Software requirenents

30.8.1.1 Operational applications software. The requirenents of
AD 2.1.7, Def Stan 00-10 (Part 2) Section 13 are nandatory. These
requirenments relate both to new and existing software which will
be devel oped/ enpl oyed. Exanples of software which fall into this
category are:

(a) On-board spacecraft software which may be critical or
non-critical to the function of the spacecraft. It may be
cont ai ned on-board as firmwvare, which cannot be changed once
| aunched, or it may be held on-board in nenory which can be
changed by up-link fromthe ground.

(b) Ground software that is deliverable. This includes software
for such aspects as real —tine spacecraft control and off-line
processing of related data, and sinul ators.

In addition, software for use at AFSCF shall be in the Jovial J73
| anguage and shall conply with the requirenents of

AD 2.2.4, M| Std 483, AD 2.2.5, M| Std 490 and AD 2.2.9,

M1 Std 1521.

30.8.1.2 Support software. The requirenents of Def Stan 00-10
(Part 2) Section 14, AD 2.1.7, are nandatory. Support software is
that software required during the design, devel opnent and

i mpl ementation of a total system which will not form part of the
operational system These requirements apply to proprietary as
wel | as specially devel oped software, irrespective of whether the
support software is to be delivered or not. Exanples of software
which fall into this category are:

(a) Software for nodelling parts of the system during the design
and design validation process. e.g SEMCAP analysis for EMC
i nvestigation, NASTRAN for structural nodelling, etc.

(b) Software devel opnent support tools such as conpilers,
editors, test prograns etc.

30.8.1.3 Automatic test equi pnment (ATE) software, The

requi rements of Def Stan 00-10 (Part 2), Section 15 are
mandatory. Exanples of software which fall into this category
are:

(a) ATE software for the EGSE, both to control the tests and to
anal yse results.

(b) ATE software for the IOl equi pnent, both to control the tests
and to anal yse results.

30.8.2 Software integrity. The contractor shall conduct an
anal ysis of the integrity requirenents for each function of the
System which will depend, wholly or partially, on software for
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its successful execution with the required reliability and
availability. Particular attention shall be given to safety
critical functions.

Any requirenents for software which are shown by this analysis to
require high integrity, shall be subject to additional neasures
and controls during the design, inplementation and testing. These
neasures shall be defined by the contractor and agreed by

MO PE) .

Software with high integrity requirenents shall be treated as a
critical item as defined in 37.2.3.

Further requirenents for safety critical software are given in
Part 2 Section 9 of AD 2.1.7 Def Stan 00-10.

30.8.3 Software configurati on nanagenent. See 31.1.5.1

30.8.4 Software quality assurance. See 37.2.7

30.8.5 Software security. See Annex D

30.8.6 Rel ated hardware/system aspects. The Software

Requi renments Specification, or equival ent docunment, produced by
the contractor for each software program shall define the
hardware and software environnent wthin which the program shall
run. It is required that all delivered software systens shall be
denonstrated to use not nore than:

75% of the installed nmenory

40% of the possible nenory capacity

50% of the processing power (as neasured against a rel evant
benchmar k)

Sufficient margins shall therefore be built into the Software
Requi rements Specification. These are the recomendati ons of
| ECCA for real-tinme enbedded conputer systens, AD 2.4.11.

31 Configuration and Data Management (CADM). There are two
aspects to the prinme contractor’s CADM functi on:

(a) Configuration nanagenent and the control of the build
st andard.

(b) Data managenent and conpliance with the Contract Data
Requi rements List (CDRL).

The prinme contractor shall prepare a CADM Pl an which descri bes
the CADM systemthat is to be enployed for the spacecraft
progranmme, including the requirenents to be placed on
sub-contractors. The Plan shall be in accordance with the
criteria set out in 31.3.
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The CADM system shall conply with Def Stan 05-57, AD 2.1.17, as
applicabl e.

31.1 Configuration nmanagenent. The objective of configuration
managenent is to define, both functionally and physically, by
drawi ngs, specifications and rel ated docunentation, the
configuration of a selected itemto the |owest level required to
assure standardi zation (including repeatable performance,
producibility, safety, quality, reliability, maintainabiiity,
survivability, testability, interchangeability, supportability
and interoperability). Detailed objectives are given in

AD 2.1.16, Def Stan 05-57, in so far as it applies.

31.1.1 Definitions. See 3.1 for relevant definitions. These are
taken from AD 2.4.51( STANAG 4159), however, this Standard tailors
t he NATO approach to configurati on nmanagenent to the needs and
practices of space projects.

31.1.2 Purpose. Configuration nmanagenent ensures that:

(a) The design standard of the equipnents and sub-systens which
make up the system can be defined at any tine.

(b) The build standard of the equipnents and sub-systens which
make up the system can be defined at any tinme.

(c) The approved docunentation, and the hardware and software are
conti nuously conpati bl e throughout the duration of the
pr ogr anme.

(d) Control of engineering changes is established in order to
mnimze the cost, and of the inpact on the programe, of
such changes.

(e) Al progranme personnel affected by an engi neering change are
aware of the effects of the change and have an opportunity to
participate in its evaluation.

Thus, configuration managenment ensures optinmm co—-ordination in
the evaluation of the effect on performance, reliability, cost,
schedul e, and manpower, of change proposals.

31.1.3 Responsibility. The prinme contractor’s project manager
shall be responsible for the establishnment and inplenmentation of
a configuration managenent system including the establishment of
a Configuration Control Board (CCB) and Configuration Control
Panel (CCP), see 31.1.6. The prine contractor’s configuration
managenent system shall be mandatory on all sub-contractors.

The prinme contractor’s Project Manager shall appoint a CADM
Controller whose function is to ensure that the configuration and
dat a managenent system described in the agreed CADM Plan is
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foll owed. The CADM Controller shall be responsible to the Systens
Engi neeri ng Manager for configuration control and data
managenent .

31.1.4 Confiquration managenent requirenents. The prine
contractor’s configuration managenent system shall acconmodate
the foll owi ng requirenents:

(a) In order to define the design standard, the spacecraft system
shall be identified by reference to the draw ngs,
specifications and related docunentation used in its
manuf act ur e.

(b) Al such drawings and specifications, together with status
i nformati on regarding any nodifications (i.e. Concessions and
Production Permts, see 31.1.6.5) shall be recorded in a
System Configuration Index. These draw ngs and
specifications shall be controlled and nmanaged by the prine
contractor’s CADM system

The System Configuration Index (Master Record Index) for the
overall spacecraft systemw |l consist of the Configuration
I ndexes for each of the elenments of the system

(c) The design standard shall be established at the Critical
Design Review, at which point the System Configuration |ndex
shall be frozen.

(d) A Configuration Control Panel shall operate to control
changes from the baseline configuration. Al proposed changes
to the baseline configuration shall be submtted to the
Configuration Control Panel for consideration.

(e) Wien the systemis ready for shipnment, follow ng conpletion
of the Pre-Shi pnent Review, a final Certificate of Design,
and a Certificate of Conformance for the spacecraft will be
issued. These certificates confirmthat the system neets the
design requirenent and that it conplies with the design
standard, except as detailed in supporting docunentation
whi ch describes exceptions or limtations that may apply
(i.e. the build standard). See also, 30.3.5 and 31.1.8.

Note: The systemwi |l not be delivered as a whole, e.g. the
ground segnent will probably be delivered before the
spacecraft.

31.1.5 The system configuration index and its managenent. The
prime contractor shall prepare and maintain the System
Configuration Index (sometines known as a Master Record Index M
or Configuration Item Data List CIDL) in order to define the
buil d standard of the systemrelative to the design standard.

See 31.1.5.3.
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31.1.5.1 Configuration item selection. Configuration control
starts fromthe point that a design is communicated to another
person by the originator.

A Configuration Itemcould be a circuit diagramor a drawing. It
will later be itens of hardware and software which are sel ected
for configuration managenent. The Configuration Itenms shall be
docunented such that they are uniquely identified by reference to
drawi ngs, specifications and any other relevant docunentation.

The System Configuration Index conprises a matrix of the
Configuration Itens for elenents of the spacecraft system
together with docunentation detailing engineering changes,
concessions and production permts allowed against the design
standard. This defines the build standard of the elements of the
system

Ceneral guidelines on configuration item selection are given in
Def Stan 05-57, AD 2.1.17, and in MI|-Std-483, AD 2.2.4. The
effects of configuration item selection, and of selecting too few
or too many configuration itens, are discussed in MI-Std-483.

The general criteria for Configuration Item selection are
described in Def Stan 05-57, AD 2.1.17. For spacecraft projects,

the followi ng possible criteria for Configuration Item selection
are suggested:

(a) The itemis listed in a Wrk Package descri ption.

(b) The item may be procured in the assenbled condition as a
spare.

(c) The itemis subject to separate qualification and/or
acceptance testing.

(d) The itemis deliverable test equi pnment, special test
equi pnment or support equi pnent.

Al'l conmputer software shall be subject to configuration

managenent, identified as Configuration Itens and subjected to
change control procedures. Configuration managenent of conputer
software will also ensure that conpatibility with hardware is
mai nt ai ned. The software will cone under full configuration

control when:

— The unit has been fornally verified to ensure that it
neets its design requirenents.

or - The unit is to be used to verify any functions of any
other unit.
Prior to this, informal control of the software will be achieved

by recording day to day activities and changes in a software
devel opnent not ebook.
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31.1.5.2 Sub-contractor configuration nanagenent. Configuration
managenent for the spacecraft systemis the responsibility of the
prime contractor as design authority. The prime contractor shal
specify in the CADM Plan the roles and responsibilities of the
sub-contractors in relation to configuration managenment and the
Configuration Control Panel and Configuration Control Board.

31.1.5.3. Confiquration index, requirenents and structure.

(a) The Configuration Index shall be organized in a hierarchical
manner by the progressive breakdown from top assenbly,
t hrough sub-assenbly, to unit |evel.

(b) The System Configuration Index shall identify the
applicability of all docunents to each spacecraft. Al
drawi ngs, specifications, procedures, plans, and any ot her
appl i cabl e docunments relevant to the manufacture, test,
i nspection or operation of the spacecraft system shall be
ref erenced.

(c) The CADM system shall provide for updating the System
Configuration Index as issue nunbers of the draw ngs and
document ati on change.

(d) The System Configuration Index shall be managed such that at
the tine of delivery of each spacecraft systemit is
conpl ete.

The structure of a Configuration Index shall be as foll ows:

(1) I ndex control sheet

(i) Drawing famly tree.

(iii) List of draw ngs.

(iv) List of design, interface and test specifications.
(v) Li st of any other relevant docunentati on.

31.1.5.4 Interface control. The control of Configuration Itens

includes controlling the interfaces. Interfaces between

sub-systens are defined in the appropriate sub-system

specifications. An Interface Control Document (I1CD) is required
for interfaces:

(a) Between the Space Segnment and the G ound Segrent.
(b) Wth external agencies e.g the LEOP control agency.
(c) Wth GFE

(d) Between external elenments of the system and the spacecraft
e.g the upper stage.
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Changes to interfaces shall be subject to change control
procedures, see 31.1.6.

31. 1.6 Change control procedures. Changes with a financi al

i npact shall be subject to the change control system specified in
the contract. Techni cal changes, wth no financial inpact, shall
be subject to consideration by the Configuration Control Board or
the Configuration Control Panel.

31.1.6.1 Configuration Control Board. A Configuration Control
Board (CCB) shall be set up by the prinme contractor and chaired
by MOD (PE). The CCB will approve or reject all proposed changes
to the system level design and build standard previously agreed
by MOD (PE).

The following will be represented on the CCB as necessary:

MOD (PE) Project Manager (Chairnman)

MOD (PE) Contracts Branch

Prime Contractor’s Project Manager

Prime Contractor’s Contracts Oficer

Systens Engi neeri ng Manager

The design discipline relevant to the change being
consi der ed

Product Assurance

Assenbly, Integration & Test (AIT)
Configuration and Data Managenent (CADM

Manuf act uri ng

System Safety

MOD (PE) support, as required

O hers, eg. sub-contractor support, as required

The main responsibilities of the CCB are to:

(a) Review MOD(PE) requested changes to ensure that the
technical, schedule and contractual aspects are
eval uat ed.

(b) Initiate design activity to establish feasibility and
i mplications of MOD(PE) requested changes.

(c) Review and evaluate technical or schedul e changes generated
by the prine contractor.

The proceedings of the CCB shall be mnuted by the CADM
Controller or his representative and approved by the Chairman.
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31.1.6.2 Configuration control panel. A Configuration Control
Panel (CCP) shall be set up and chaired by the prinme contractor.
The CCP will consider all proposed changes to the sub-system

| evel design and build standard previously agreed by the prine
contractor.

The following will be represented on the CCP as necessary:

Prime contractor Project Manager (Chairnan)
Sub- contractor Project Mnager

Systens Engi neeri ng Manager

Sub- contractor design discipline relevant to the change
bei ng consi dered

Product Assurance

Assenbly, Integration & Test (AT
Configurati on and Data Managenent (CADM
Manuf act uri ng

System Safety

MOD (PE) (normally the site representative)
QO hers as required

The main responsibilities of the CCP are to:

(a) Review prime contractor requested changes to ensure that the
technical, schedule and contractual aspects are eval uated.

(b) Review and evaluate for approval or rejection, technical
and schedul e changes generated by the sub-contractor.

(c) Gve approval for work on a change to proceed, on a limt
of liability basis, prior to conplete evaluation, if this is
demanded by the schedul e status.

The proceedings of the CCP shall be mnuted by the CADM
Controller.

31.1.6.3 Change classification. Changes proposed will be
classified into the follow ng:

(a) Cass 1A - Those changes affecting the following at system
| evel :

Per f or mance

Reliability

El ectromagnetic Conpatibility (EM)
I nterfaces

Saf ety

Cost to MOD (PE)

Programre schedul e

These changes will be referred to the CCB for change
approval .
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(b) Cdass IB - Those changes which affect a | ower |evel
speci fication previously approved by the prine
contractor.

These changes will be referred to the CCP for change
approval .

(c) Cass 2 - Al other changes.
The CCP will approve these changes.

31.1.6.4 Engineering change proposals (ECP). Proposed changes
to the design baseline will be submtted to the CCB or the CCP
via an Engi neering Change Proposal (ECP) form An example is
given in Annex C.

The prime contractor shall not incorporate any engineering
changes unl ess an ECP has been approved.

The ECP shall contain the follow ng information:

Oiginator’s nane

ECP Number

Change title

Description of change

Reason for change

Al ternative solution if any

Ef fect on cost and/or tinescale
Ef fect of non-approval of change

ECPs may be supported by narked-up copies of technical documents
or any other docunentation required to support the change. ECPs
subnmitted by sub-contractors may also be included to support a
prime contractor’s ECP.

Fol | owi ng change approval, CADM shall ensure that any affected
docunentation is updated to form the new design standard.

31.1.6.5 Non-conpliances. The overall MO PE) Policy On
non-conpliances is contained in AD 2.1.18, Def Stan 05-61 Part 1.

(a) Production Permts. (Deviation Permt)

A Production Permt is permssion granted to a manufacturer,
in advance of nmanufacture, to use materials or make
components or stores which differ from the specified

techni cal requirenents. This perm ssion operates for a
l[imted quantity or period, and on no account may be all owed
to extend to additional itenms wi thout further application
bei ng made by the contractor.

Proposed Production Permits shall be subnmitted to the
CCP/ CCB for approval.
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Applications for a Production Pernmit shall be rmade using a
MOD Form 77, see AD 2.1.18 Def Stan 05-61, for an exanple
form

(b) Concessions. (Wiver)

A Concession is permssion granted to a nmanufacturer to use
or release a limted quantity of material, conponents or
stores already manufactured but not conplying with the
specified technical requirenents.

The review and authorisation of Concession applications wll
be perfornmed by an MRB

Application for a Concession shall be made on MOD Form 77,
see AD 2.1.18, Def Stan 05-61, for an exanple form

NOTE: The terns "deviation"” and "waiver" should not be used in
t he processing of non-conpliances unless the IS0 8402
(AD 2.4.13) definitions are strictly adopted.

31.1.7 Configuration accounting. The objective of configuration
accounting is to provide docunentary evidence of the build
standard of each Configuration Item and the required design
standard, to identify any difference and to ensure that project
managenent are notified if differences have not been agreed by
the CCP.

Configuration accounting is a continuous task throughout the
duration of the programre. However, MOD(PE) may request a
specific configuration audit on any part of the spacecraft system
at any tinme. Simlarly, the prime contractor may request a
configuration audit of any sub-contracted part of the system The
purpose of a configuration audit is to verify the confornmance of
a configuration itemwth its docunented configuration
identification. Quidelines on the approach to configuration
auditing are given in Def Stan 05-57, AD 2.1.17.

The primary docunents used in configuration accounting are:

(a) System Configuration |Index.

(b) End Item Data Packages.

(c) Baseline Status.

(d) Certificate of Design (see 30.3.5).

(e) Certificate of Conformance (see 31.1.8).

31.1.7.1 Hardware and software verification. At any point in the
progranme CADM shall be capable of defining the design standard

and the build standard of any Configuration Item in support of
the verification task carried out by Product Assurance.
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31.1.7.2 End item data package (EIDP). An EIDP shall be prepared
for each Configuration Itemin the Configuration Index. The EIDP
shal |l conprise full docunentation describing that Configuration
Item including interface docunmentation. A typical ElIDP would
cont ai n:

(a) Certificate of Conformance.

(b) Configuration control docunentation.

(c) Interface docunentati on.

(d) Log book.

(e) Approved concessions/production permts/mgjor
non- conf or mances.

(f) Status of MRBs and resulting actions.

(g) Inspection Docunentation.

(h) Test Docunentation,

(i) DRB m nutes.

An EIDP shall also be prepared for the delivered spacecraft
system This shall conprise the System Configuration |ndex
(see 31.1.5.3).

31.1.8 Materiel certification. A Certificate of Conformance is
the means by which a prine contractor certifies that nmateriel
conplies with its particular design standard (except as detailed
ot herwi se) . The Certificate of Conformance certifies the actual
bui | d standard.

A Certificate of Conformance for a spacecraft shall be submtted
follow ng a successful Pre-Ship Review. Oher Certificates of
Conformance shall be submtted as itens are presented for

Techni cal Transfer.

An exanple Certificate of Conformance is given in Annex C

31. 2 Data nmnagenent

31.2.1 njectives. The objectives of a docunentation and data
managenent system are:

(a) To ensure that contractual docunentation and data
requirements are net. This primarily entails ensuring that
items |isted on the Contract Data Requirements List (CDRL)
are prepared and suppli ed.

(b) To ensure that sub-contractor docunentation and data is
integrated into, and controlled by, the CADM system
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(c) To ensure that required docunmentation is generated for both
techni cal and adm nistrative managenent.

(d) To systematically adm nister docunentation from the point of
award of the prinme contract throughout the entire spacecraft
programme until the end-of-life (as specified in the
contract). Documentation shall be stored for a period of
time, as specified in the contract, beyond the end-of-life of
t he spacecraft system

(e) To ensure that all technical docunents have been eval uated by
the project safety officer for the accuracy of their safety
content (see 37.6).

(f) To ensure that interdependenci es between docunents are
mai ntai ned, such that changes to one document are reflected
in others.

(g) To ensure that the prime contractor’'s approval process (as
detailed in the relevant conpany procedures) is foll owed.

(h) To ensure that adequate procedures are used for controlling
docunent ati on redundancy and superfluous distribution.

(i) To provide within the project a central, controlled and
readi |y accessible source of information (docunents and data
availability) for maxi num use.

(j) To provide for the handling and/or storage of classified data
in accordance with agreed security procedures (see Annex D).

(k) To provide a single point of contact for all data itens.

NOTE: Any classified documents generated by, or relevant to, a
spacecraft project shall also be controlled by the prinme
contractor’s docunentation system

31.2.2 Responsibility. The prine contractor’s project manager is
responsi ble for establishing and maintaining the data managenent
system He shall appoint a CADM controller to undertake this
responsibility within the project team Also, see 31.1. 3.

The CADM controller shall fulfil the objectives listed in 31.2.1.

31.2.3 Contract data requirenents list (CDRL) itens. The CDRL is
a list of the docunmentation and data that the prinme contractor
shall contractually supply to the MOD(PE). All of these documents
shoul d naturally evolve froma control |ed devel opnent process.

The deliverable docunentation is divided into five groups:
(1) "Top Level" contractual docunentati on.

(2) Programme definition docunents.

146



DEF STAN 18-01/2

(3) System and sub-system specifications.

(4) O her technical docunentation.

(5) Reporting docunentation.

The CDRL will be part of the contract and shall contain entries
in the "Subm ssion Date/Frequency” colum for each deliverable
docunent (see Annex B).

The CDRL will specify:
(a) ltem numnber.

(b) Docunent number (as allocated by the prinme contractor’s CADM
system.

(c) Docunent title.
(d) Issue status.

(e) MO PE) action. CDRL docunents delivered to the MOD(PE) are
for:

(i) Approval . This applies to all "top level" contractual
docunmentation, and to certain other docunentation.
MOD( PE)’ s approval of a docunent signifies permssion
to the prime contractor to proceed to inplenmenting its
contents.

(ii) Review.
(iii) Information.

VWhere the MOD(PE)'s action is "approval”, the prine
contractor cannot inplenent changes to a docunment wi thout the
agreenent of the System Configuration Control Board. Proposed
changes to this category of docunent shall be subnmitted to
the CCB using the change procedure, see 31.1.6.

Where the MOD(PE)'s action is "review', the prime contractor
may inplenent a change to a docunment after notifying the
MOD( PE) project manager of this intention in witing.
Exceptions to this are as foll ows:

(1) The docunentation concerned is to be supplied to the
[ aunch authority, in which case the MOD(PE) project
manager reserves the right to require changes to that
docurnent ation .

(2) It is considered that such a change is likely to

effect any level controlled by the system
Configuration Control Board, in which case the MO PE)
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proj ect nanager reserves the right to require
changes to that docunentation.

(f) Delivery requirenments. These conprise:
(1) Dat e of document submi ssion.
(i) Frequency of docunent subm ssion.
(iii) Quantity.
(iv) Format and type.
(v) Har dcopy/ f 1 oppy di sk etc.
The CDRL will be supported by Data |tem Descriptions (DIDs),
which will be prepared by MOD(PE). A DID will specify the
pur pose, scope, applicability and contents |ist description for

each docunent.

The DIDs will be attachnents to the Statenent O Wrk between the
prime contractor and the MOD(PE).

See Annex B for a typical CDRL for a spacecraft system
31.2.4 Contents of prine contractor docunentati on. The contents

of certain of the docunents to be produced by the prine
contractor are described bel ow.

31.2.4.1 Assenbly, Integration and Test Pl an. The plan shall
i nclude, but not be restricted to:

(a) Integrated systemtest to denonstrate the functional
performance of all spacecraft equipnent, including redundant
units and redundant pathways.

(b) Telenetry and tel ecommand conpatibility test with
representative ground TT&C equi prent.

(c) Electrostatic and EMC testing.

(d) Vibration test to subject the spacecraft to the vibration,
shock and acoustic environnent typical of the intended |aunch
vehicl e(s).

(e) Solar sinmulation testing in thermal vacuum to denonstrate the
spacecraft conpliance with all perfornmance specifications
while subjected to the environnmental conditions experienced
during all mssion phases.

(f) Static and dynami c balancing to reduce any inbal ance to
wi thin tol erance.
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(g) Mass Property neasurenments (nass and inertia measurenents and
centre of gravity determnination).

(h) Spin testing, for "spin stabilized" spacecraft, or for those
that are spin stabilized during transfer orbit, to
denonstrate the ability of the spacecraft to survive its spin
phase (including spin up and spin down).

(i) Integrated system test to denponstrate, after environmental
exposure, the satisfactory operation of all equiprment in the
spacecraft, including redundant wunits.

(j) System validation testing (sonetinmes called conpatibility
testing) to denonstrate successful operation between the
spacecraft and the ground control stations.

(k) Any special tests developed by the contractor to denonstrate
satisfactory operation of particular itens in the system that
cannot be properly tested in the other tests |isted above.

If, for exanple, an upper stage were required, a
conpatibility test of the spacecraft (possibly using a
spacecraft sinulator) and its ASE with the upper stage shoul d
be performed. This test could be carried out at the prine
contractor’s facility or at that of the upper stage
contractor.

The plan shall detail test requirenments, test equipnent
requirenments, software requirenments, test linmts, and success
criteria for Qualification testing, Acceptance testing and for
Protoflight spacecraft system testing.

The AIT Plan shall define the roles and responsibilities of
i ndi vidual s and organi zations taking part in any test.

31.2.4.2 Configuration and Data Managenent Pl an. The plan shall
as a nmninmum include the follow ng:

(a) Organization. This shall describe the project team
organi zation and shall identify the position of the CADM
Controller. The organizational structure for interface
control shall be defined. The conmpany CADM organi zation, and
its relationship to the project team shall also be
descri bed.

(b) Roles and responsibilities. The role, detailed
responsibilities and authority of the nmenbers of the project
team including the CADM Controller, shall be described. This
shall include the role and responsibilities of the CADM
Controller with regard to sub-contractors.

(c) A system bl ock diagram showing the najor elenents of the

system and the project interface requirements with other
systens external to the project.
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(d) Configuration nmanagenent system The approach to system
configurati on rmanagenent which the prinme contractor intends
to adopt within the project shall be descri bed.

(e) Configuration identification. The approach to Configuration
Item selection and to the Configuration index, including the
form of its presentation, shall be detailed. Howthe approach
applies to sub-contractors shall also be addressed.

(f) Configuration control. This shall contain a description of
the change control procedure for both the prinme contractor
and for the sub-contractors, the role and responsibilities of
the Configuration Control Panel and Configuration Contro
Board (see 31.1.6), and the project review process as the
nmechani sm of configuration control. The CADM role in relation
to design reviews shall be descri bed.

(g) Interface control. This aspect of configuration contro
requires careful nonitoring. The approach to this shall be
described in the CADM Pl an.

(h) Configuration accounting. The Plan shall address how the
build standard of the system and the design standard of the
systemwill be nonitored and controlled. The Plan shall also
descri be the approach to be taken to undertaking
configuration auditing.

(i) Data managenent. The Plan shall describe the prinme
contractor’s CADM system for docunentation and data

managenent, including that required from sub-contractors. The
Pl an shall describe the approach to preparing a System
Specification Tree. It shall also describe how changes to
techni cal docunmentation will be controlled and approved.

31.2.4.3 Contam nation Control Plan. This plan shall define the
cl eanli ness environnent for the spacecraft throughout the

di fferent programre phases. It shall identify the contam nation

sensitive elenents of the spacecraft and describe precautions to
be taken to prevent degradation of these elenments. The plan shal

specify how the cleanliness environment is to be controlled and

monitored. (This plan may be part of the PA plan).

31.2.4.4 Design and Devel opnent Plan. This plan shall define the
contractor’s approach to managenent of the design and devel oprent
effort, particularly in areas where risky or innovative

techni ques are to be enpl oyed. This plan shall include the
approach to testing during the devel opnent phase (eg. engineering
nodel tests).

31.2.4.5 Devel opnent Cost Plan. This is applicable to cost
rei mbursenent contracts only. It shall contain:

(a) A devel opnent progranme, of the work planned
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(b) Devel opnent cost, tinme and resource estimates related to the
pr ogr anme.

(c) Estimates of production costs.

(d) A description of the project cost nanagenent and contro
arrangenents the contractor intends to enploy.

(e) An estinmate of support equi pment costs and an assessnent of
whole life costs.

31.2.4.6 Environnental Requirenents Specification. This shall
detail how the spacecraft is to survive, and satisfactorily
function for the design lifetine, in the environnent that will be
experienced. The environnment during all phases of the mission,
including launch, is to be addressed. The contractor shall also
predict the environnment resulting fromthe use of the proposed
GSE, as a result of the materials used in the construction of the
spacecraft, and due to transportation packagi ng and
transportati on nethods.

31.2.4.7 Fracture Control PIan. In each area of structure where
failure could result in a catastrophic event, design shall be
based on fracture control procedures to prevent structural
failure because of the initiation or propagation of flaws or
crack-li ke defects during fabrication, testing and service life.
These procedures shall be docunmented in the Fracture Contro

Pl an.

31.2.4.8 Gound Qperations Plan. The plan shall include the
fol | ow ng:

(a) Oganisation. Roles and responsibilities during each phase of
ground processing; |aunch authority and programme reviews;
scheduling, and a description of the buildings to be used at
the launch site for ground processing operations.

(b) Launch authority GSE. A specification for the GSE and
building facility requirenents required by the programe
(see 34).

(c) Programme GSE. A specification of all programe GSE
including that related to GFE, which is to be used at the
| aunch site.

(d) Operations. The purpose and detail ed operations of each
procedure to be carried out in the assenbly, integration and
test of the spacecraft, upper stage (if required) and |aunch
vehi cl e during ground processing.

(e) Safety. The safety aspects of ground processing shall be

addressed and there shall be adequate cross-reference to the
safety hazard anal ysi s.
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(f) Training. Launch authority training courses shall be taken
by programme personnel at the launch site, or in order to
work at the launch site. Training to be given by the prine
contractor to progranme personnel will also be described.

(g) Contingencies. Spacecraft and (if required) upper stage
conti ngency operations at the launch site and, in the case of
STS, post | andi ng.

(h) Security. See Annex D.

31.2.4.9 In-Service Control Agency Interfacing Pl an. The
contents of this docunent are discussed in 35.

31.2.4.10 Launch Vehicle Interfacing Plan. The Plan shall
i ncl ude:

(a) The integration process (docunentation and configuration
control, interface design and the analyses to be carried out,
conmpatibility testing and interface verification testing).

(b) A description of the project system safety organisation as
determ ned by the requirenents of the relevant |aunch
authority (see 34), and the safety review process required by
the launch authority.

(c) Roles and responsibilities, including a description of the
reviews and neetings required by the relevant |aunch
aut hority.

31.2.4.11 LEOP Control Agency |Interfacing Pl an. The contents of
this docunent are discussed in 35.

31.2.4.12 Managnent Pl an. See 29. 3.

31.2.4.13 Mass Properties Control Plan. A plan shall be prepared
detailing how nass properties of the spacecraft and upper stage
if applicable (conplete cargo element in the case of an STS
launch) will be controlled throughout the programe and verified
during qualification and acceptance testing prior to |aunch.

Mass properties include rmass, centre of gravity, nonments of
inertia and inertia ratios. The plan shoul d define the nethods
to be used to mnimze the need for balance and inertia control
wei ght s. The plan shall also define how rmass properties data
will be gathered from all subcontractors collated (normally by
comput eri sed nethods) and presented in regular reports

(see 32.2.2 (P)).

31.2.4.14 Master Control Network. Thi s shall include:

(a) The design, draw ng, devel opnent and other activities for
each flight unit on the spacecraft, and also for any
structural nodels, engineering nodels, prototypes, etc.
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(b) The design, developnent and manufacture of the ASE and GSE

(c) Al elenents of the Gound Segnent (including sinmulators and
t he spacecraft reference nodel).

(d) The interfaces between the prinme contractor and the
sub-contractors.

(e) Long lead parts and GFE deliveri es.
(f) Project progress reporting.

(g) Equi pnent rel ease and delivery.

(h) Major software packages and anal yses.
(i) Payment milestones.

31.2.4.15 Nucl ear Hardeni ng Pl an See Annex D.

31.2.4.16 Packaging, Handling, Storage and Transport Plan. A plan
shall be prepared defining how the contractor will fulfil the

rel evant requirenents of ESA-PSS-01-202 (AD 2.3.4). This plan may
formpart of the PA Plan. This plan shall be consistent with the
Security & Movenents Plan (see Annex D).

31.2.4.17 Product Assurance Pl an. This Plan shall include a
description of the follow ng:

(a) The quality assurance system

(b) Documentation, including change control and configuration
managenent .

(c) The quality control of sub-contractors, including contractor
eval uati on and surveill ance.

(d) Non-conformance reporting, analysis and corrective action
response.

(e) Reliability assessnment, and failure nodes, effects and
criticality analysis.

(f) Parts engineering tasks (selection, qualification and
acceptance testing, specifications, etc.)

(g) Materials and processes tasks (selection, qualification and
acceptance testing, specifications, etc.)

(h) Radiation analysis and protection

(i) Qualification status list.
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(j) Critical itens list, including the approach to be taken to
identification and control of critical itemns.

(k) Project reviews.
(1) Quality assurance standards for GSE.

(m Software quality assurance, non-conformance and configuration
control (see 30, 31 and 37).

(n) Gound segnent PA tasks, to the extent defined by the
contract, addressing hardware, software and sinul ators.

(0) Reliability and quality training.

31.2.4.18 Programe Pl an. This Plan shall:

(a) Describe the overall programme, addressing each of the
di fferent phases of the progranme (see Section Two).

(b) Detail the systens engineering tasks to be perforned.
(c) Define the nmilestones, as agreed in the Prime Contract.

(d) Describe sub-system planning for the payl oad, spacecraft bus
and ground segment.

(e) Include work package descriptions defining how the work is to
be sub-divided into tasks, the start date and duration of
each task, the task/work package assignee, and the inputs to,
and outputs from each work package.

31.2.4.19 Security and Mvenents Pl an. See Annex D.

31.2.4.20 System Safety Programe Pl an. This plan is only
mandat ory for STS | aunches. In the case of DOD sponsored

| aunches it is required by DOD. In the case of NASA sponsored
[ aunches it is required by MDD,

The contents of this docunent shall, as a mninmum be in
accordance with M L-STD-1574, AD 2.2.13, and DI D DI -H 7047,
AD 2.2.21.

31.2.4.21 System Verification Plan. Thi s docunent defines how
each of the requirements in the Overall System Requirenents
Specification will be verified.

31.2.4.22 TEMPEST Control Pl an. See Annex D.

31.2.4.23 Training Plan. This plan shall define all training to
be provided by the contractor to MOD operations personnel. It
shall include a list of courses to be provided, and for each
course details of:
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(a) Duration and schedul e
(b) Course content

(c) Pre-requisites for students (ie. other courses or relevant
experi ence)

(d) Facility requirenments (eg. sinulators or access to satellite
operations facility)

(e) Maxi mum and mini num course size

(f)y Training material to be supplied for use in repeat courses
(eg.video recordings)

31.2.5 Progranme reporting by the prine contractor.

31.2.5.1 Project Progress Reports.

Progress reports shall be submtted at regular intervals, as
defined in the Statenment of Wbrk. The reports shall include, as
appropriate, information under the follow ng headings:

(a) Introduction. This should state the relevance of the report
in terms of the programe schedul e.

(b) Programme Status. This should include the status of:
(i) The project schedul e.
(i) Sub-contracts.
(iii) Significant future activities.

Activity and schedule information shall be in the format defined
in the SOW

(c) Space Segnent Status. The report shall describe the status of
each sub-system (including the upper stage if applicable).

(d) Launch vehicle interfaces and integration status.

(e) System Safety status.

(f) Gound Segnment. This shall include those aspects of the
ground segnent identified in the contract as being the
responsibility of the prinme contractor.

(g) AIT status.

(h) M ssion dynam cs status.

(i) CADM This should include:
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(i) Configuration control status.
(ii) Docunments issued/received.
(iii) Meetings held, if relevant.

(j) A description of current and anticipated problens, together
with their proposed sol utions.

(k) Concluding remarks. This should include any points that the
prime contractor may wish to bring to the attention of the

MOD( PE) .

(1) An Annex showing a trend analysis chart. This chart
identifies the mgjor project mlestones, as defined in the
Prime Contract and the Progranme Plan, in relation to when
these mlestones were actually achieved (see Annex C for an
exanpl e) .

In the case of cost reinbursenment contracts one progress report
per quarter shall contain a section which reports in detail on
rel evant financial matters. PE(CA) Form 3 shall be used unless
ot herwi se defined in the contract.

NOTE: Product Assurance activities are reported in the quarterly
PA Progress Report.

31.2.5.2 Product Assurance Progress Reports. The contents of
these quarterly reports are described in 37.

31.2.5.3 Mass Properties Report.

The report shall as a m ni mum contai n:

(a) Predictions for all of the relevant configurations of the
spacecraft.

(b) Predictions of inertias and bal ance requirenments for
spacecraft which are spin stabilized in orbit or |aunched by
spin stabilized vehicle stages.

(c) Trends plotted graphically to substantiate predictions,

As the programe proceeds and flight standard itens, including
spares become available, their mass properties shall be neasured
and recorded. The appropriate values shall be incorporated into
the predictions. The report shall distinguish between neasured
and estinmated val ues.

31.2.5.4 Power Budget Report. The report shall, as a m ninmm
cont ai n:

(a) The type of primary and secondary power sources.

(b) A matrix showi ng the usage of the electrical power, together
with the voltage and the power consuned.
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(c) The total power consuned and the total power available at the
Begi nning of Life, the End of Life, and during eclipse.

31.2.5.5 Thernal Data Report. This report shall give detailed
thermal data for the spacecraft for the space sinmulation testing,
for the pre-launch and | aunch phases of the nmission, and for each
orbital phase of operation.

31.2.5.6 Fuel Budget Report. This report shall give estinmates of
the fuel requirements during the various m ssion phases using the
selected trajectory. Contingency fuel nass margins shall be

gi ven.

31.2.5.7 Antenna Pointing Error Report. This report shall
address the nechanical and thernmal aspects of the spacecraft
system whi ch affect antenna pointing accuracy. The report shal
al so include the attitude control system aspects which affect
ant enna pointing accuracy.

32 Spacecraft Design Qualification

32.1 Ceneral. Prior to launch of a spacecraft, all elenents,
i ncluding the assenbl ed spacecraft as a whole, shall be
qualified

Qualification means that by an agreed conbi nation of anal yses
(including simlarity with previously qualified designs), tests,
denmonstrations and inspections, the spacecraft design is
denmonstrated to have adequate margins and factors of safety over
the environnments to be survived during the lifetinme of the
spacecraft. This ensures, that performance, manufacturing and
material variations will not cause any individual spacecraft nade
to the design to operate outside known linmts. The only failures
to occur during the spacecraft lifetinme should then be random
ones.

Qualification is applicable at part, equipnent, sub-system and
spacecraft |evels.

There are two nmain approaches to spacecraft qualification and
these are terned the Prototype and the Protoflight approaches. A
specific project may use either, or a conbination of, the
approaches. The approach to be adopted shall be agreed at the
start of the project definition phase.

32.1.1 Prototype approach. Wth this approach, dedicated, fully
i nstrunented hardware is manufactured to full flight standards
and exposed to a full qualification test programe at equi pnrent
and integrated spacecraft level. The qualification test progranme
is performed with stress levels greater than those predicted for
flight in order to denonstrate adequate margins. After testing,
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the hardware is deened to be unfit for flight and nay be
destructively analysed to deternine the effect of the test
stresses on it.

The approach requires consideration of the cost and schedul e
implications of building an extra spacecraft and perforning the
test progranme. The benefit is that it provides a high |evel of
confidence in the spacecraft neeting the mission requirenents.

If a series of spacecraft are to be built, the cost of the
prototype is anortized, and so the trade-off of cost against risk
may be nore attractive.

32.1.2 Protoflight approach. This was introduced after
experience had been gained from a nunber of spacecraft

progranmmred. Many hardware designs were being re-used, wth
relatively mnor nodifications, from previous qualified mnissions,
and so the prototype approach was unnecessarily expensive.

Wth the protoflight approach, no dedicated test spacecraft is
built and the qualification test progranmme is applied to a
spacecraft intended for flight. Testing is done at equiprent

| evel and then on the assenbl ed spacecraft, but only a proportion
of the full test durations are applied at each |evel. After
successful ly passing this type of testing, the protoflight
spacecraft is ready for flight with no major refurbishment or
internal inspection required.

The protoflight approach is therefore attractive, since it
requires the build and testing of one |ess spacecraft, so
reducing costs. It also leads to a reduced tinme from project
inception until first launch. However the protoflight progranme
does have a higher level of risk than a prototype programe.

In the case of a totally new design concept for an equi prment, the
prototype phil osophy can be adopted at equi pnent |evel for that
particul ar piece of equipnent: the overall spacecraft approach
still being that of protoflight.

32.2 Design anal yses

32.2.1 Purpose of design anal yses. These are used to denonstrate
the integrity of the spacecraft, its conformance to requirenents
specifications, and to denonstrate and quantify performance
margins for the lifetine of the spacecraft.

32.2.2 Types and content of design anal yses. The foll ow ng
anal yses shall be perforned; this shall not be considered an
exclusive list:

(a) Conmmuni cations Sub-system Analysis - This anal ysis shal
denonstrate the adequacy, and confornmance to specifications,
of the communi cati ons sub-system
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The anal ysis shall include: |ink budgets, the effects of
spacecraft pointing errors, antenna performance nodelling,
spurious signal analysis and a transponder design anal ysis.

Ther mal Sub-system Analysis - The thermal analysis shal
address all spacecraft nopdes of operation and configurations
during all mssion phases and will denonstrate conformal

desi gn.

Structure Sub-system Analysis - This analysis shal
denonstrate the ability of structural elements to performto
their specifications when subjected to expected | oading
conditions. The analysis shall consider static and dynanic
fornms of loading. This shall include stress analysis.

El ectrical Power Sub-system Analysis - This shall analyse the
power requirenments of the spacecraft sub-systens in the
various operating conditions and phases of the m ssion and
denonstrate that the power sub-system is capable of supplying
the power with specified margins.

For the various operating nodes, and throughout the
spacecraft lifetime, the anal yses shall

(i) Show the effects of solar cell degradation

(i) Investigate battery aspects, including: reconditioning
and dept h-of discharge requirenents, and degradation
effects.

(iii) Gve power profiles of voltage and current requirements
and availability.

(iv) Gve the transfer orbit power budget.

EMC Analysis - This analysis shall investigate the EMC
aspects of the design, including all sub-systens that could
cause or be affected by electronagnetic interference.

e.g. SEMCAP anal ysi s.

ACCS Sub-system Analysis - This analysis shall denonstrate
the dynam c conditions and responses of the spacecraft to the
antici pated disturbances and requirenents during all m ssion
phases. The analysis shall show that the AOCS can maintain
the required attitude and orbit during all mssion phases.

Propul sion Analysis - This shall denonstrate the ability of
t he propul sion sub-systemto neet the requirenents. It shal
i nclude plume profile nodels to evaluate plune inpingenent
effects, and support the propellant budget analysis and the
m ssion analysis by providing propul sion sub-system

per f ormance dat a.
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(h)

Propel | ant Budget Analysis - This analysis shall define the
propel l ant usage in terns of the m ssion sequence and
denonstrate the ability to meet the mission requirenents with
adequat e margins.

M ssion Analysis - The mission analysis shall deternmne a
detail ed sequence of events for the spacecraft during al
parking orbit (if applicable), transfer orbit, and
geosynchronous orbit operations. The analysis shall include
| aunch wi ndow constraints and definition of attitude and
orbital nanoeuvres as a function of tine.

Reliability Analyses - These shall be perforned in order to
denonstrate that the selected equipnent configurations (part
sel ection and redundancy |evels) neet the required

reliability levels. They shall include functional reliability
nodel s, statement of equi pnent operating cycles, equipnent
operating durations during the m ssion, wearout

consi derations and stresses. (See 37.3.3).

Parts Derating and Circuits Stress Analyses - These shall be
prepared for all circuits on the spacecraft to verify the
adequacy of the design approach used.

The analysis shall define the derating criteria and parts
applications for all parts used. The criteria identified
shall include derating factors to be applied for maxi num
steady state and transient stresses, and paraneter variations
to be expected during the spacecraft lifetine and due to

radi ati on effects. (See 37.3.1).

Failure Mde, Effects and Criticality Analyses - These shal
be perfornmed to identify and assess the consequences of
failure of any spacecraft component. (See 37.3.4).

Wor st Case Performance Anal yses - These shall be done on al
spacecraft equipnments to ensure satisfactory operation under
a set of worst case conditions. (See 37.3.1).

Avail ability Analyses - These shall be perforned to
denmonstrate that the system availability requirenments can be
fulfill ed. (See 37.5.2).

Radi ati on Analyses - This analysis shall deal wth natural
radiation, and (if necessary) effects of nuclear events.
(See Annex D).

Mass Properties Analysis - Mass properties data shall be
gat hered throughout the programme from all hardware
subcontractors and collated into regular reports in a
standard format.

Fracture Control Analysis - The analysis resulting from
application of the procedures contained in the Fracture
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Control Plan (see 31.3.4).

32.2.3 Design anal ysis docunentati on. The anal yses |isted

in 32.2.2 shall be provided to MOD(PE) as required in the project
CDRL (see Annex B). The docunentation shall contain sufficient
detail to allow verification of the analyses. Any additional

expl anatory text, drawi ngs, references, or other material which
may be useful in the review of the analyses, shall also be

provi ded.

32.3 Qualification testing

32.3.1 Ceneral. Qualification testing involves the application
of stresses to spacecraft hardware, in order to denmpnstrate that
the design, manufacture and assenbly is adequate to neet the

m ssion requirenents. The types of stress inposed relate to those
that woul d be experienced by the spacecraft from |launch until end
of life. The levels of stress inposed are higher than those
expected, during both the lifetinme of the spacecraft and
acceptance testing, in order to denonstrate adequate nmargins.

Al'l tests conducted on the spacecraft hardware shall be perforned
to pre-defined procedures, issued and controlled in accordance
with the project Configuration and Data Managenent (CADM system
(see 31.2). The tests shall be subject to surveillance by nmenbers
of the contractor’s Product Assurance (PA) departnent in order to
ensure conpliance with the procedures and the use of approved
conpany working practices.

Prior to each test a Test Readi ness Review shall be held.

Imedi ately after each test a Post Test Review (quick |ook) shal
be hel d. When all results have been analysed a Test Revi ew Board
(TRB) shall be held (see 37.2.4).

Al failures experienced during testing shall be reported on a
Non Conformance Report (NCR) and referred to a Material Review
Board (MRB) See 37.2.2.2.

32.3.2 Equi pnent | evel testing. The basel i ne equi pnent
qualification test requirenments consist of those tests specified
in Table 2. This baseline may be tailored to the specific
requirements of a particular project. Details of the test
requirements are given in AD 2.2.11, MI-Std 1540 and AD 2. 3.6,
ESA PSS-02-301. The MI-Std 1540 approach is preferred, but the
ESA Standard approach is also acceptable since the requirenents
enconpass those in the MI-Std.

The test levels and durations inmposed during equipnent |evel
qualification, depend on whether the prototype or the protoflight
approach is being adopted, and on the specific requirenents of
the project.
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The equi pnent shall operate without failure, malfunction or
out - of -t ol erance performance throughout the testing and/or at the
post-test checkout.

32.3.3 Sub-system |l evel testing. Sub-systemlevel testing shal

be carried out if testing at this level provides a nore realistic
test simulation than equi pnent |evel testing. The requirenents

of 32.3.2 then apply to the sub-system

32.3.4 Spacecraft |evel testing. The aim of testing at
spacecraft level is to denonstrate that the spacecraft, in a
configuration as representative as possible of flight, neets al
its performance requirenents, with the necessary qualification
mar gi ns.

A protoflight spacecraft, having been qualification tested, shal
not undergo any further acceptance testing.

32.3.4.1 Types of qualification testing. The basel i ne
qualification process conprises the follow ng types of
environnental and systens tests at spacecraft |evel:

Functi onal

Acoustic vibration,

Si nusoi dal / random vi brati on,

Shock,

Pressure,

Ther mal Vacuum

Thermal Cycli ng,

El ectromagnetic Conpatibility (EMO),

Therrmal bal ance (including Solar sinulation/infra-red).

Descri ptions of the above nmentioned tests are given in AD 2.2.11,
M L STD 1540.

This baseline series of tests shall be tailored to the specific
requirements of a particular project.

Requi rements for the above testing, and any additional testing

required, shall be defined in the prine contractor’s Assenbly,
Integration and Test Pl an.
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Equi prents and sub-systens are normally only electrically powered
during spacecraft level testing if they would be powered during
the part of the mission that the test is qualifying. This enables
the testing to be representative of the operational

configuration.

32.3.4.2 Test |evels. The test levels to be inposed during
spacecraft qualification testing nay vary between different
projects, there being a trade-off to be made of cost agai nst
system confidence. The |evels chosen shall be specified in the
prime contractor’s Environnental Requirenments Specification
Typically used factors for prototype spacecraft are:

Tenperature nargins 10 degrees Centigrade above
maxi mum and 10 degrees Centigrade
bel ow mi ni rum operating
t enperature extrenes

Operating tenperature limts are defined at spacecraft level to
represent the expected operating environnent of the spacecraft.

Si nusoi dal vibration 1.5 x predicted maxi num | evel s
Acoustic vibration 4 dB greater than predicted maxi num
| evel s

Shock 1.5 x predicted maxi num | evel s

The durations of sinusoidal and acoustic vibration being twce
the maxi mum durations predicted in the relevant |aunch vehicle
users nanual (s).

The predicted vibration levels are nornmally those identified from
the coupled dynanmic analysis of the spacecraft and | aunch vehicle
or fromthe launch vehicle user manual.

Typically used factors for protoflight spacecraft are:

Tenper ature margi ns 10 degrees Centigrade above
maxi mum and 10 degrees Centi grade
bel ow m ni rum operating
t enperature extrenes

Operating tenperature limts are defined at spacecraft level to
represent the expected operating environnent of the spacecraft.

Si nusoi dal vibration 1.2 x predicted maxi mum | evel s
Acoustic vibration 2 dB greater than predicted nmaxi num
| evel s

Shock 1.2 x predicted maxi mum | evel s
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The durations of sinusoidal and acoustic vibration being the sane
as the maxi mum durations predicted in the relevant |aunch vehicle
users manual (s).

The predicted vibration levels are normally those identified from
the coupl ed dynam c analysis of the spacecraft and |aunch vehicle
or fromthe launch vehicle user manual .

32.3.5 Part |evel testing. See 37.4.1.4.

32.3.6 Ground support equi pnent. See 33.2.6

32.3.7 Test docunentation. Test docunentation is required in the
form of Test Plans, Test Procedures, Spacecraft and Sub-system
Log Books and Test Results. The docunents will be under CADM
control (see 31.2).

Details of spacecraft |evel test procedures and test
configurations, shall be available for inspection/review by
MOD(PE) at |east one nmonth prior to the testing. Test reports
shall be available to MOD(PE) after the conclusion of the
testing.

NOTE: These docunents may not be CDRL itens.

32.3.8 MOX(PE)'s role. The MOD(PE) shall have the right to
attend spacecraft level qualification testing. Their
representatives shall have access to all test results and shal
be free to participate in the test reviews described in 37.2.4.

The prinme contractor shall notify MOD(PE) of the schedul e of
spacecraft level qualification tests.

32.3.9 Anomalies/failures. See 33.2.9

32.4 Qualification by simlarity. Equi prent s whi ch have been
qualified for flight on other progranmes may not require further
qualification. In order to denonstrate that previous
qualification is adequate, the prine contractor shall show that:

(a) There have been no changes in the design or manufacture of
the equi pnment since qualification.

(b) The previous qualification test requirenents were equal to or
greater than MOD(PE) requirenents.

(c) The use of the equipnent in the MOD(PE) progranmme is the sane
as that for the previous progranmme(s).
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Test Electrical/ Antennae Batteries Valves Fluid or  Pressure Thrusters Thermal  Optica
El ectronic Propul sion Vessels Equi pment  Equi pnent
Equi prent Equi pent

Funct i onal R R R R R R R R R

Ther mal R R R R R @] R R R

Vacuum

Ther mal R 0] R 0] 0 - - 0 -

Cycling

Si nusoi dal R 0] R R 0 0 R 0 R

Vibration

Random R R(2) R R R R R R R

Vibration

Acoustic - R(2) R 0] - - - - -

Shock R 0 0 @) o - 0] o 0

Accel eration 0] R 0 @] - 0 - - R

Humi di ty 0 0 0 o o o 0] 0 0

Pressure - - R (1) R R R R - -

Leak R (1) - R (1) R R R 0] 0 -

EMC R 0 - R 0 - 0] - -

TEMPEST 0 0 - - - - - - -

R = Required Notes: (1) Required only on sealed or pressurized Equi pnent

0 = Optional (2) Either Random Vibration or Acoustic Test required,

the other being optional
- = No Requi renent

Tabl e 2 Equipnent Qualification Test Matrix
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32.5 Qualification status |ist. The prine contractor shall generate a
Qualification Status List for the project. This shall show the current
qgualification status of all equipnments and sub-systens used on the
spacecraft.

33 Production/ Manufacture, Assenbly, Integration & Test

33.1 Production/ manufacture contr ol

33.1.1 Product assurance. The production/ manufacture of
spacecraft hardware shall be perfornmed to conpany procedures
assessed to AD 2.1.1, AQAP-1 standards, e.g. for workmanship,
handl i ng and cl eanliness. The production/ manufacture shall be
nmonitored by nenbers of the contractor’s Product Assurance
departnent. See 37.

33. 1.2 Docunentation. Hi story cards shall be maintained for al
items produced/ manufactured. The history card shall acconpany the
items and certify, with operator's/inspector's stanps, al
processes and inspections undergone by the itens.

33.1.3 Spares. A spares plan shall be produced early in the
project which determnmines the project spares procurenent policy.
Consi deration should be given to the need for spares throughout
the project phases. Wen it is considered that spares may be
required, they shall be procured/ nmade together with the itemto
be used.

33.2 Verification and validati on of hardware/software

33.2.1 Ceneral. In order to confirmthat spacecraft el enents
have been correctly produced/ manufactured and assenbl ed,
acceptance tests shall be perforned on all the spacecraft

el ement s.

The acceptance tests of the spacecraft elenments shall consist of
functional testing to verify correct operation before and after
environnental testing, and shall be done both at equi pnent and

i nt egrated spacecraft |evel.

The environnental testing shall consist of thermal vacuum and
vibration tests to levels defined in the project Environnenta
Requi renments Specification.

During the environnmental testing, performance paraneters wll be
continuously nonitored, if applicable, e.g. nonitoring of relay
contacts during vibration testing, when the relays control safety
critical functions.
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Al'l tests conducted on the spacecraft elenents shall be perforned
to pre-defined procedures, issued and controlled in accordance
with the project Configuration and Data Managenent (CADM system
(see 31.2). The tests shall be subject to surveillance by nmenbers
of the contractor’s Product Assurance (PA) departnent in order to
ensure conpliance with the procedures and the use of approved
conpany wor ki ng practi ces.

All failures experienced during testing shall be reported on a
Non Conformance Report (NCR) and referred to a Material Review
Board (MRB) See 37.

33.2.2 Equi pnent |evel testing

33.2.2.1 Acceptance testing. The basel i ne equi pnent acceptance
test requirenents consist of those tests specified in Table 3.
This baseline may be tailored to the specific requirements of a
particular project. Details of the test requirenents are given in
AD 2.2.11, M1 Std 1540 and AD 2.3.6, ESA PSS-02-301.

The MI1-Std 1540 approach is preferred, but the ESA Standard
approach is also acceptable since the requirenents enconpass
those in the MI-Std

The equi pnent shall operate without failure, malfunction or
out - of -t ol erance performance throughout the testing and/or at the
post-test checkout.

Al flight equipnents shall be subjected to a mninum of 250
hours of operating time (including testing) prior to launch, wth
no failures in the final 200 hours.

33.2.2.2 Qualification testing. See 32.3.2

33.2.3 Sub-system | evel testing. Sub-systemlevel testing shal

be carried out if testing at this level provides a nore realistic
test sinulation than equipnent |evel testing. The requirenents

of 33.2.2 then apply to the sub-system

33.2.4 Spacecraft level testing

33.2.4.1 Ceneral. The reviews defined in 37.2.4 shall be held
for each spacecraft |evel test.

33.2.4.2 Types of acceptance testing. The following tests form
the baseline testing to be perforned as acceptance testing of the
spacecraft (this does not include the protoflight spacecraft):

Functi onal
Acoustic vibration,
Si nusodal / random vi brati on,

Shock,
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Pressure,
Ther mal Vacuum
Therrmal Cycling,

El ectromagnetic Conpatibility (EMJ),

Details of these tests are given in AD 2.2.11, ML STD 1540.

This baseline shall be tailored to the specific requirenents of a
particul ar project.

Requi rements for the above testing, and any additional testing
required, shall be defined in the prime contractor’s Assenbly,
Integration and Test Pl an.

During the thermal testing the turn-on capability of spacecraft
equi pnent s/ sub-systens at the m ninum non-operative tenperature
and the maxi mum operative tenperature, shall be denonstrated

33.2.4.3 Test |evels. The test levels to be inmposed during
spacecraft acceptance testing shall be specified in the Project
Envi ronnmental Requi renents Specification

Some typical factors used are:

Tenperature rmargins 5 degrees Cel sius above
maxi mum and 5 degrees
Cel si us bel ow mi ni num
operating tenperature extrenes

Operating tenmperature linmts are defined at spacecraft |eve
to represent the expected operating environnment of the
spacecraft.

Si nusoi dal vibration 1.1 x predicted naxi num | evel s

Acoustic vibration 1 dB greater than predicted
maxi mum | evel s

Shock 1.1 x predicted maxi mum | evel s
The durations of sinusoidal and acoustic vibration inposed are
the same as the maxi mum durations predicted in the rel evant
| aunch vehicl e users manual (s).
The predicted vibration levels are normally those identified from

the coupled dynami c analysis of the spacecraft and |aunch vehicle
or fromthe |aunch vehicle user manual .
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33.2.4.4 Qualification testing. See 32.3

33.2.4.5 System verification and conpatibility testing. A system
test of the ground segnent with the spacecraft shall be perforned
to verify the conpatibility of the spacecraft with the ground
segnent elenents. (See 33.2.5.3).

When the spacecraft is to be |aunched using an upper stage, a
test for conpatibility of the spacecraft, and its Airborne
Support Equi pnent (ASE), with the upper stage shall be perforned.
This may be done at the launch site or at a manufacturer’s
facility.

Launch vehicle conpatibility testing and interface verification
testing, shall be carried out at the launch site. See 34 for
details of the testing requirenents inposed by the |aunch
authorities.

33.2.5 Ground segnent

33.2.5.1 Hardware. Each equi pnent/sub-system of the ground
segnent shall undergo factory acceptance tests that neet the
foll owi ng requirenents:

(a) The equi pnent shall be operated in a configuration as near to
the final operating configuration as possible.

(b) The equi pnent shall be continuously nonitored so that any
mal function is detected.

(c) The acceptance test will run for the period (not |less than 96
hours) specified in the project Statenent of Wrk, during
which tine the equi pment shall be operated in accordance with
its user’s manual. The equi pnent shall only be accepted if no
failures occur during the testing.

Foll owing these tests a review shall be held to deternine the
readi ness of the ground segnent hardware to be delivered.

After delivery to the site of use, the ground segment hardware
shall be installed and conmi ssioned. It shall then be tested to
establish that the factory acceptance test results are stil
achieved, and integrated with other elenents of the ground
facility. Following this a review may be held as part of the
handover to the User.

33.2.5.2 Software. Each software item of the ground segment
shall undergo acceptance tests that neet the follow ng
requirements:

(a) The software shall be operated in a manner as near to the
final operating configuration as possible.
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(b) Al significant options of use shall be exercised with a
variety of correct and incorrect data inputs.

(c) The acceptance test will run for the period specified in the
project Statement of, Work, during which the software shall be
denmonstrated to be fully operational.

Al test failures will be the subject of MRBs (see 37.2.2.2).

33.2.5.3 System verification and conpatibility testing. After
integration, the ground segnent shall undergo a series of systens
tests to verify, both the correct function of the systemin al

of its operational configurations and nodes, and the operational
procedures to be used during the mssion.

Tapes of recorded spacecraft telenetry data, and/or a spacecraft
TTC sinulator rmay be used in prelimnary tests. These prelimnary
tests are used to gain early confidence in the ground segnent,
particularly the software, before testing with the spacecraft.

Testing shall then be carried out with the ground segnent

equi pnent and the actual spacecraft, to prove the operation of
the conpl ete space and ground segnent system This testing shal
include verification of the |link between the ground station(s)
and the spacecraft.

The testing shall involve the ground station covering the Launch
and Early Obit Phase (LEOP) of the nmission, and that covering
the in-service operational phase, if the two are different.

The test configuration shall be as representative as possible of
the actual system This may involve the use of |and |inks between
the ground station and the spacecraft, or the link may be via a
satellite already in-orbit.

Testing of in-orbit operational procedures shall be done at this
time to check that the intended sequences of operation wll
perform as expect ed.

33.2.6 Gound support equipnent (GSE). Al Gound Support

Equi prent used shall be designed to mnimze the risk of damaging
the spacecraft. It will be fully validated, prior to use with
spacecraft flight hardware. For exanple, GSE electrical equipnent
shal |l be checked for correct voltages at the interface to flight
har dware. Al so, see 30.5.

The GSE, when being used to test flight hardware, shall be
operated only in accordance with pre-witten and verified
procedures.

When the GSE is intended to be used at the launch site, there are
safety and facility requirenents inposed upon both it, and its
use, by the launch vehicle authorities. These are covered

in 34.3.3.9
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All GSE that interfaces with flight hardware shall be of flight
standard, e.g. connectors and mating surfaces.

Bought out GSE which does not conmply with the rel evant docunents
called up in is Defence Standard will be the subject of a
concession application, or an agreed approach as defined in the
Product Assurance Pl an.

33.2.6.1 Electrical ground support equi pnent (EGSE). Al EGSE
shall be calibrated on a scheduled basis. The calibration shall
be carried out against standard neasuring equi pnent traceable to
national or international standards.

The date of the next due calibration check shall be nmarked on all
items of EGSE.

33.2.6.2 Mechanical ground support equi prent ( MSSE).
Al'l mechani cal handling equi prent shall be proof |oaded prior to
use and inspected at regular, pre-specified intervals.

33.2.7 Test docunentation. The docunentation associated with
spacecraft and ground segnment testing includes, test procedures,
test results, and equi pnent and sub-system | ogbooks. The
docunents will be under CADM control (see 31.2).

33.2.8 MOXPE)’'s role. MOD( PE) shall have the right to attend
system | evel acceptance testing. Their representatives shall have
access to all test results and shall be free to participate in
the test reviews.

The prine contractor shall notify MOD(PE) of the schedul e of
acceptance tests. Details of test procedures and the test
configuration shall be available at |east one nonth prior to the
testing. Test reports shall be available after the conclusion of
the testing.

33.2.9 Anonulies/failures. The prine contractor shall report to
MOD( PE) any parts, equipnents or sub-systens which fail to neet
test specifications during system | evel testing.

The failure shall be reported imediately to MOD(PE), as a
Non- Conf ormance Report (NCR), with information on the follow ng
being given in the NCR

(a) ldentification of the failed item This shall include part,
serial and batch nunbers.

(b) Point within the test sequence at which failure occurred.
(c) Mode and suspected cause of failure.

The NCR will be discussed at an MRB (see 37.2.2.2).
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The prine contractor shall conduct failure analyses and propose,
for MOD(PE) approval, corrective action to be taken and
re-testing required to denponstrate satisfactory perfornmance of
the repaired item The prine contractor shall take the
appropriate action to prevent recurrence of the failure.

Anomal i es which occur during testing, such as design faults or
incorrect interfacing, shall be investigated by the prine
contractor, and MOD(PE) shall be inforned of the problem and of
t he proposed corrective action.

33.3 Preservation, storage, handling and transportation

Al itens of spacecraft hardware, from conponent up to spacecraft
| evel, shall be preserved, stored, handled and transported wth
care to prevent any deterioration. The requirenents of ESA
PSS-01-202 (AD 2.3.4) are nandatory.

In the case of ground equi pnent any critical itens requiring
speci al precautions shall be identified and protective procedures
prepared and inpl enent ed.

Some items eg. GSE and sinulators may have portability
requirenents which shall be specified in the Statenent of Wrk
Def Stan 00-3 (AD 2.1.6) provides guidance in this area.

A plan shall be prepared defining all activities to be perforned

(See 31.2.4). Security aspects shall also be considered (see
Annex D).

172



DEF STAN 18-01/2

Test Electrical/ Antennae Batteries Valves Fluid or  Pressure Thrusters Thermnal Opti cal
El ectronic Propul sion Vessel s Equi pnent  Equi pment
Equi pnent Equi pnent

Functional R R R R R R R R R

Ther mal R 0 R R R 0 R R R

Vacuum

Ther mal R 0 0 0 0 0 - 0 -

Cycling

Random R R(2) O R R 0 R R R

Vi bration

Acoustic 0 R(2) - - - - - - -

Shock 0 - - - - - - - 0

Pressure - - R (1) R R R 0 - -

Leak R (1) - R (1) R R R 0 - -

Burn-in R - - R - - R - -

EMC 0 0 - - - - - - -

TEMPEST 0 0 - - - - - - -

R = Required Notes: (1) Required only on sealed or pressurized Equi pnent

O = Optional (2) Either Random Vibration or Acoustic Test required,

the other being optional
- = No Requirenent

Tabl e 3 Equi pment Acceptance Test Matrix
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34 Launch Vehicle Interfaces

34.1 General. In general, contractors responding to a "Request
For Proposal" for a spacecraft system as the potential system
design authority, shall be required to denonstrate in their bid
conmpatability with a mninmum of two |aunch vehicles. These shal
be selected froma list which will be included in the MOD(PE)
requirements.

34.1.1 Bidding contractors. Contractors responding to an RFP
shal | :

(a) Ensure that spacecraft design constraints, including safety
aspects, inposed by the launch vehicle can be acconmodated
within the intended spacecraft design.

(b) Ensure that the spacecraft design can adequately cope with
the environmental conditions inposed by the |aunch vehicle.

(c) Ensure that the specified in-service schedule requirements
for the spacecraft system can be achieved by the |aunch
vehi cl e schedul e.

MOD(PE) will choose the launch vehicle(s) from those sel ected by
the prine contractor.

Al though MOD(PE) will normally procure the |aunch vehicle, it may
decide to pass this responsibility to the prine contractor, for a
particul ar contract.

This Defence Standard assunes that MOD(PE) will procure the
[ aunch vehicle.

34.1.2 The responsibilities of the prinme contractor. The prine
contractor shall be responsible for:

(a) defining launch vehicle requirenents. This enconpasses:

(1) The choi ce of options offered within a launch vehicle
system The prinme contractor shall endeavour to
simplify launch vehicle interfaces in order to mnimze
the need for optional |aunch vehicle services.

(ii) The definition of ground support and flight operations
requirements.

(iii) The definition of launch site facility requirenents,
including the requirements within each facility.

(b) Defining, naintaining and controlling the interfaces with the
chosen | aunch vehicle(s). This enconpasses:

(i) Devel oping interface definition and contro
docunentation, as specified by the |launch vehicle
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contractor or launch authority.

(i) Requesti ng any necessary waivers and deviations to
| aunch vehicle and | aunch authority requirenents.

(iii) ldentifying potential safety hazards and specifying how
these will be controll ed.

(iv) Defining spacecraft related |aunch site operations and
procedures.

Defining, maintaining and controlling the interfaces with the
upper stage, if one is required. This includes defining the
spacecraft launch site operations and procedures for the
cargo elenment (spacecraft plus upper stage plus ASE).

See 26.4 for a description of the various upper stages.

Techni cal support activities (as required by the rel evant

[ aunch authority). This entails the provision of technical
support for all analysis and testing activities associated
with all aspects of payload integration, including neetings,
techni cal working groups, design and safety reviews etc.

At the launch site, the prime contractor shall assenbl e,

integrate and test the spacecraft. The spacecraft will then
be integrated and tested with the upper stage (if one is
required), and the conplete cargo element will then be

integrated and tested with the launch vehicle. These
activities shall be docunented in the prinme contractor’s
Ground Operations Plan, see 31.2.4.8.

Launch vehicle integration and interface testing. This
includes all integration and testing tasks required by the
launch authority, and as determned with the upper stage
contractor, for ensuring conpatibility with safety

requi rements, for neeting |launch site requirements, and for
verifying and exercising the interfaces. This also entails
the provision of any necessary GSE to support integration and
testing activities.

Techni cal support at any test that may be required between
the spacecraft and the ground control station, and separately
between the spacecraft and the Launch and Early O bit
Operations Phase control station (if different). This test
may be carried out with the spacecraft at the prine
contractor’s facility, at the launch site, or at sone other

| ocati on.

Ensuring that ail activities are within the contracted
progranme schedul e.
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(h) Ensuring that export licences are obtained for all
docunent ati on, hardware and software to be exported from the
USA.

34.2 Ariane
34.2.1 Introduction. The ARIANE 4 series of |aunch vehicles, and

the possible options which are available, are described in
AD 2.4.1, the ARIANE 4 User’s Manual .

The task of integrating a spacecraft to the launch vehicle is
acconpl i shed through the appointnment by Arianespace, at contract
signature, of an ARIANE 4 M ssion Manager. The prine contractor
shall, at the same tinme, nominate a Spacecraft Interface Manager
who will normally be the person with technical responsibility
within the prine contractor’s project team for |aunch vehicle
interfaces and safety. The ARIANE 4 M ssion Manager is

responsi ble for the execution of the Launch Services Contract.
This is done through a continuous exchange of information between
the M ssion Manager and the Spacecraft Interface Manager, via the
MOD( PE) | aunch vehicle interface managenent, which has
responsibiiity for the launch vehicle procurenent.

The ARIANE 4 M ssion Manager is specific to a particular
spacecraft custonmer: if there is a dual payload on a flight then
there will be two M ssion Managers appoi nted by Arianespace.

34.2.2 Applicable docunents. The docunents applicable to an
ARI ANE 4 | aunch are listed in Section One, AD 2.4.1, AD 2.4.9,
AD 2.4.42, AD 2.4.43, AD 2.4.45, AD 2.4.48, AD 2.4.49.

34.2.3 Integrati on process.

34.2.3.1 Application to use ARIANE (DUA). The ARIANE 4 user is
required to submt a DUA, in which the spacecraft interfaces with
the launch system are defined. The DUA shall be prepared by the
prime contractor for MOD(PE) concurrence before submission to

Ari anespace.

The DUA shall be prepared according to the format (as applicabie)
given in the ARIANE 4 User’s Manual (AD 2.4.1), to include;

(a) M ssion characteristics.

(b) Spacecraft data.

(c) Launch preparation at the Quiana Space Centre (CSG.
(d) Spacecraft Devel opnent Pl an.

(e) Spacecraft Test Plan.
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The DUA al so contains an Appendi x which is the Phase 1 safety
subnission. The format for this Appendix is also given in the
"Format for Application to Use ARIANE' (AD 2.4.9). It is not,
however, a requirenent that the Phase 1 safety subnission be made
as part of the DUA: a separate Phase 1 subm ssion docunment may be
prepared, see 34.2.3.6.

34.2.3.2 Interface control docunent (DCl). This docunent is
prepared by Arianespace in response to the DUA. The DCl coll ates
all interface and operational requirenents comon to the | aunch
system and the spacecraft, and describes their conpatibility. On
approval, the DCl becones the working docunment which defines and
controls technical interfaces, and operational requirements and
activities. The DCl is updated by Arianespace as the programe
progr esses.

The DClI is approved by both Arianespace and the user and it is
mai nt ai ned under formal configuration control until the |aunch.
The prime contractor, as system design authority, shall advise
the MOD(PE) of approval of the DC

A typical contents list for the DCl is given in the AR ANE 4
User’s Manual, AD 2.4.1.

34.2.3.3 Mssion anal yses. A series of mssion anal yses are
conducted by Arianespace to ensure that the mi ssion objective can
be achieved. The analyses are in two main phases, a Prelimnary
M ssion Analysis (concerning the conpatibility of the spacecraft
design with the AR ANE environnent), and a Final M ssion Analysis
(concerned with the actual flight plan and the final flight
predictions). At the conpletion of each phase, analysis results
docunentation is produced and a M ssion Analysis Review takes
place. In addition, there are other studies carried out by

Ari anespace as part of the integration process. These, and the

i nput requirenments to be satisfied by the prine contractor, are
l'i sted bel ow

(a) Prelimnary Mssion Analysis. The prine contractor shal
supply the technical input required for this analysis. The

input to the analysis will normally be part of the DCI (as
based on the ARIANE 4 user’s DUA input), except as indicated
bel ow.

The Prelimnary Mssion Analysis includes the follow ng
st udi es:

(1) Prelimnary trajectory and m ssion sequence.
(ii) Prelimnary flight nechanics study.

(iii) Prelimnary dynam c coupled |oads analysis. The prine
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(b)

(c)

(d)

(e)

contractor shall provide a prelimnary spacecraft
dynam ¢ nodel which conforns to the requirements of
SG 0-01(1), General Specifications for Dynam c Mdels
of Payl oads (AD 2.4.48).

(iv) Prelimnary radio frequency conmpatibility study.

Final Mssion Analysis. The prime contractor shall supply the
technical input required for this analysis. The input to the
analysis will normally be part of the DCl, except as

i ndi cated bel ow.

The Final Mssion Analysis includes the follow ng studies:
(1) Final trajectory and m ssion sequence.
(ii) Final flight nmechanics anal ysis.

(iii) Final dynam c |oads analysis. The prinme contractor
shall provide a test-validated spacecraft software
nodel which confornms to the requirenents of SG 0-01(1)
(AD 2.4.49).

(iv) Thermal environnent. The prinme contractor shall provide
a spacecraft software thermal nodel which confornms to
SG 1-26(2), Technical Specification for the Payl oad
Thermal Mddel (AD 2. 4.49).

(v) Final radio frequency conpatibility study.
(vi) Dual payload conpatibility study (if applicable).

Spacecraft Environnent Test File. The prinme contractor shall
provide details of the planned spacecraft environnental
testing. The prine contractor shall provide results fromthe
tests, as required by Arianespace.

Payl oad mass characteristics. The prine contractor shall
ensure that Arianespace is notified of the final nass of the
spacecraft in its launch configuration prior to the Launch
Readi ness Review (see the ARIANE 4 User’s Manual, AD 2.4.1,
for details of Reviews).

Post - | aunch docunents.

(i) Injection data. Arianespace provides data on the
position, velocity and attitude of the spacecraft at
the instant of separation fromthe |aunch vehicle.

(ii) Obital tracking operations report. The prine

contractor shall provide to Arianespace orbital
tracking data on the initial spacecraft orbits,
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including attitude just after separation. This is
needed for back-up evaluation of |aunch vehicle
per f or mance.

(iii) Launch evaluation report. Arianespace draws up a report
on the |l aunch operations, based on processed |aunch
vehicle telenmetry and tracking data. A section of this
report covering all |aunch vehicle/payload interface
aspects is supplied to the MOD(PE) and to the prine
contractor.

Additional details of the mssion analyses are given in the
ARI ANE 4 User’s Manual (AD 2.4.1).

34.2.3.4 Launch preparation and range operations. The
docunentation required for |aunch operations is prepared by
Arianespace. It is based on technical and schedule data for both
the spacecraft and for the launch vehicle.

The Launch Requirements Docunent (DL) is the docunent from which
| aunch operations docunentation is prepared. The prinme contractor
shall submit the following inputs to Arianespace as inputs to
this docunentation process:

(a) Spacecraft QOperations Plan (POS). This plan defines the
operations to be carried out on the spacecraft fromthe tine
of arrival at the CSG The Plan shall also describe testing
and checkout operations and requirenents, and the facilities
needed to carry out these tasks.

The ARIANE 4 User’s Manual, AD 2.4.1, gives a typical format
for the POS. The CSG facilities are described in the Payl oad
Preparation Conplex Manuals (AD 2.4.42 and AD 2.4.43).

(b) Spacecraft Operations Procedures. For each operation
described in the PCS, a procedure shall be submitted to
Arianespace (within the constraints of any Security Plan that
has been agreed with Arianespace). Hazardous operations shal
be addressed through the safety process, see 34.2.3.6.

(c) Safety Submissions. Data and information on hazardous
operations and equi prent shall be notified to Arianespace through
the safety subm ssion process, see 34.2.3.6.

Arianespace inputs to the DL are described in the ARIANE 4 User’s
Manual (AD 2.4.1).

34.2.3.5 Spacecraft integration schedule. The typical spacecraft
integration schedule is shown in the ARIANE 4 User’s Manual ,

AD 2.4.1. This schedule specifies the dates for docunentation
delivery and it also defines when the various reviews take place
Reviews are held at the conclusion of each of the two m ssion
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anal yses phases, and to authorize the commencement of certain
launch site operations. Details of the various reviews are given
in the ARIANE 4 User’'s Manual (AD 2.4.1).

34.2.3.6. System safety. The prime contractor shall be
responsi ble for satisfying the ARIANE 4 safety requirenents.

Al launches fromthe CSG require the approval of the |aunch
authority’'s Gound and Flight Safety Departnents. These approvals
cover the spacecraft hazardous systens and the flight plan
respectively. In order to obtain this approval, the prine
contractor shall denpnstrate that the spacecraft, the associated
GSE, and the utilisation of the spacecraft and the GSE, conply
with the provisions of the CSG Safety Regulations (AD 2.4.45).
This conpliance is denonstrated by the phased subm ssion by the
prime contractor of docunentation defining and describing the
hazardous el enents and their operation. Safety neetings may occur
between the CSG G ound and Flight Safety Departments and the
user, prior to the CSG s response to a subnission for one of

t hese phases.

There are three phases to the safety subm ssion process:

(a) Phase 1. The Phase 1 submission can be nade as part of the
DUA (see 34.2.3.1) or as a separate submission. In the latter
case, the prine contractor prepares a file containing all of
t he documents necessary to informthe CSG of what hazardous
el ements and operations have been identified, and how these
will comply with the safety regulations. A check-list to
assist in the preparation of this file is given in the CSG
Saf ety Regul ations (AD 2.4.45).

(b) Phase 2. In this phase, the prime contractor submits the
hazardous systens manufacturing, qualification and acceptance
docunentation of all systens and equi pnent classified as
hazardous. The subm ssion also specifies the policy for
checking and operating all such systens and equi pment.

(c) Phase 3. In this phase, the prime contractor shall submt
details of verification and validation procedures for the
hazardous el enents of the system

A description of the phases in the safety process, and the

schedule for all safety related activities, is given in the
ARI ANE 4 User’s Manual (AD 2.4.1).

34.3 Space Transportation System (NSTS)

34.3.1 Introduction. The MOD(PE), as procurer of the NSTS |aunch
will negotiate either a comrercial NSTS |aunch directly with
NASA, or a DOD sponsored NASA launch. In the latter case, there
are considerations of which the prinme contractor shall be aware.
These are in the areas of:
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(a) Integration. DOD personnel and/or support contractors wll
attend working groups and rneetings, and certain working
groups will be chaired by the USAF Space Division, sonetines
jointly with NASA Integration docunmentation is essentially
the same as for a conmmercial NASA | aunch. See also AD 2.4.40

(b) Safety. Conpliance shall be denpbnstrated with the
requi rements of ML-STD 1574 (AD 2.2.13), SDR 127-4 (AD
2.2.17), DI-S-30565 (AD 2.2.20), and DI -H 7047 (AD 2.2.21).
M L- STD- 1574 requires that NSTS users prepare a System Safety
Progranme Plan, SSPP (see 31.2.4.20 for a description of this
docunment), and an Accident Ri sk Assessment Report, ARAR
(described further in DID DI-S-30565). Safety review panels
will also include DOD safety personnel

NOTE: MOD(PE) require that prine contractors also follow
M L- STD- 1574 (AD 2.2.13) for spacecraft |aunched as
NASA comrer ci al payl oads.

(c) Gound operations. DOD facilities at Cape Canaveral Air Force
Station (CCAFS) may be used in addition to, or instead of,
NASA facilities. There are also different docunentation
requi renments, see 34.3.3.8.

The prine contractor shall be responsible for supplying all
technical inputs required by the NSTS integration process in a
tinely manner, and according to the NSTS integration schedule as
agreed in the PIP.

34.3.2 Applicable docunentation. The docunentation applicable to
an NSTS launch is listed in Section One. See:

AD 2.2.1, AD 2.2.7, AD 2.2.8, AD 2.2.10, AD 2.2.11, AD 2.2.12,
AD 2.2.13, AD 2.2.17, AD 2.2.18, AD 2.2.20, AD 2.2. 21,

AD 2.4.10, AD 2.4.27, AD 2.4.14, AD 2.4.21, AD 2.4.26,

AD 2.4.28 - AD 2.4.41, and AD 2.4.46

34.3.3 Integration process

34.3.3.1 Responsibilities. The responsibilities undertaken by
NASA are listed in 26.3.3.1. The NSTS user’s responsibilities are
also given in 26.3.3.1, and these responsibilities shall be
undertaken by the prine contractor. Specifically, the prine
contractor is responsible for the design, devel opnent, test,
performance, and safety of the flight spacecraft, the
spacecraft-specific upper stage interfaces, the Airborne Support
Equi prent (ASE) and the G ound Support Equi prent (GSE), and al so
for the build-up and checkout of the cargo elenment. The prine
contractor is also responsible for providing support to the NSTS
anal yti cal and physical integration activities as identified in
the Payload Integration Plan (PIP). The prinme contractor shal
carry out these responsibilities according to the schedul e agreed
in the PIP.
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34.3.3.2 Docunentation. The main NSTS docunents to which the
prime contractor shall contribute are as foll ows:

(a) PILP. See 26.3.3.2(c).

(b) PIP _Annexes. See 26.3.3.2(d). The Annexes for a typical
spacecraft are as follows. The applicability depends on the
nature of the spacecraft. It should be noted that the upper
stage contractor will also prepare a separate PIP and PIP
Annexes for the baseline upper stage:

(i) Annex 1, Payload Data Package. This Annex provides
detail ed data on the physical characteristics of the
spacecraft and includes a definition of the mass
properties, configuration drawings of all major
el enents of the spacecraft, RF radiation data, and
functional data on the cargo elenent. See NSTS 21000
A01 (AD 2.4.29) for the detailed data requirenents.

(ii) Annex 2, Flight Planning. This Annex provides the
required flight design and crew activities planning
data. The Annex is divided into two sections: the
flight design section, and the flight activities
pl anning section. See NSTS 21000 A02 (AD 2.4.30) for
the detail ed data requirenents.

(iii) Annex 3, Flight Operations Support. This Annex
contains the user inputs dealing with the ground and
on-board flight control operations and procedures
(both nom nal and mal function). See NSTS 21000 AO03
(AD 2.4.31) for detailed data requirenents.

(iv) Annex 4, Command and Data. This Annex defines the
speci fic spacecraft commuand and neasurenent formats
and identifications, and is divided into two vol unes.
Volunme | includes data transmitted via the Obiter
operational instrunmentation downlink. Volune II
includes data that is transmtted via the NSTS Ku-band
antenna (if required by the spacecraft). See NSTS
21000 A04 (AD 2.4.32) for detailed data requirenents.

(v) Annex 5, Payload Operations Control Centre. This Annex
is divided into two volunes. Volune | identifies the
custoner’s real-tine and near-real -tinme services and
communi cation interfaces for spacecraft control from
the JSC POCC. Volume |l identifies the custoner’s
requirenents for data and communication interfaces
necessary to all ow spacecraft control froma renote
POCC. See NSTS 21000 AO5 (AD 2.4.33) for detailed data
requirements.
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Annex 6, Obiter Crew Conpartnent. This Annex provides
a detailed description of the spacecraft itens to be
installed or stowed in the Orbiter crew conpartnent.
This includes the Standard Switch Panel spacecraft-
specific configuration. See NSTS 21000 A06 (AD
2.4.34) for detailed data requirenents.

Annex 7, Training. This Annex provides a schedul e and
a description of the spacecraft-unique training
activities. See NSTS 21000 A07 (AD 2.4.35) for a
description of the input requirenents.

Annex 8, Launch Site Support Plan. This Annex defines
payl oad processing flow at the launch site, defines
the custoner’s launch and | anding site nominal and
conti ngency support requirenents, and specifies |aunch
site facilities and resources that fulfil customner
requirenents. See K-STSM14.1 (AD 2.4.21) for a
description of the facilities and services avail abl e
for spacecraft processing, for a description of the
co-ordi nati on and negotiation process between the
prime contractor and the NSTS in order to prepare the
LSSP, and for the input requirenments of the LSSP

Annex 9, Payload Verification Requirements. This Annex
describes the activities necessary to deternine the
interface conpatibility of the spacecraft and the
spacecraft-specific upper stage interfaces with the
NSTS. See NSTS 21000 A09 (AD 2.4.36) for the input
data requirenments, and for a list of those activities
which are provided by the STS as a standard service.

Annex 10, Intravehicular Activity (IVA. This Annex
defines specific in-flight maintenance and in-cabin
activities requiring hardware-to-crew interfaces in
the cabin or with a custonmer payload nodul e. NASA have
not yet decided whether to issue a data requirenents
docunment for this Annex. The need for this is stil
under di scussi on.

NASA nmay decide to anal gamate any Annex 10
requi rements into other annexes, as appropriate, in
whi ch case there will not be an Annex 10.

Annex 11, Extravehicular Activity. This Annex defines
the spacecraft-uni que extravehicular activity
interface requirenents for either planned or

conti ngency operations. See NSTS 21000 All (AD 2.4.37)
for input data requirenents.

NSTS-to-Cargo Elenent interface Control Docunent (I1CD). The

upper
based

stage contractor will develop an 1 CD through NASA,
on a generic interface Definition Docunment, see

AD 2.4.38. Spacecraft interfaces are mainly through the upper
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stage, with the possibility of direct spacecraft/NSTS
interfaces as well. |If all spacecraft interfaces are through
the upper stage then it may not be necessary for the prine
contractor to nmake any input to the upper stage ICD at all.
It may be sufficient for the prine contractor to provide an
annex or addendum to the upper stage ICD. This will be

det ermi ned by NASA.

If a particular spacecraft programme does not require an upper
stage then NASA will prepare an interface Definition Docunent
(1DD), based on information supplied by the prinme contractor in
the PIP, and in working group neetings. This IDD is reviewd by
the prinme contractor and when approved becones the |CD.

34.3.3.3 Wrking groups. The prime contractor shall provide

rel evant technical experts fromthe project teamto the schedul ed
nmeetings of the working groups listed in 26.3.3.3. Technical

i nputs required by these working groups shall be prepared by the
prime contractor. Actions from the working groups which are
within the responsibilities of the system design authority shal

be fulfilled by the prinme contractor. In addition, the prine
contractor shall support any Technical Interchange Meetings
(TIMs) that may be arranged with rel evant personne

(see 26.3.3.3).

34.3.3.4 Reviews. The reviews in which the NSTS user has a role
are described in 26.3.3.4. The prine contractor shall:

(a) Supply all required user technical inputs for these reviews

(b) Support these reviews, as necessary, wth relevant technical
experts fromthe project team either to take part or as
observers.

(c) Satisfy, where necessary, requirements nade as a result of
the reviews and/or answer any actions which are within the
responsibilities of the system design authority.

For later spacecraft in a series of simlar design, it is only
necessary to denonstrate that nothing has changed from the first
one of the series. It is also necessary to denonstrate that any
problenms arising from previous flights of simlarly designed
spacecraft have been resolved. This is also relevant in the
system safety process, see 26.3.3.9 and 34.3.3.9.

34.3.3.5 NSTS assessnents and anal yses

(a) The NSTS perforns the foll owi ng assessnents, based on the
nature of the cargo elenent and on cargo el enent
requirenents, in order to determine the conpatibility of the
whol e flight cargo. The prinme contractor shall provide the
required technical inputs for these assessnents, via the PIP,

184



DEF STAN 18-01/2

the PIP Annexes, and through discussions at Wrking G oups
and TIMs. The prime contractor shall also review the results
of these assessnents.

The assessnments are begun at approximately 15 nonths before
launch, and the results are inputs to the data package
produced to support CIR These assessnents include:

Structural assessnent.

Ther nal assessnent.

Avi oni cs assessnent.

Active cooling assessnent.

Space allocation, weight, and centre of gravity
assessnent .

Energy and consumabl es assessnent.
Fl i ght operations support.

Crew activities.

I nt egrated conmands and dat a.
POCC.

Crew conpartment configuration
Trai ni ng.

Ground operations.

The NSTS al so perforns the following flight verification
anal yses in order to ensure that the interface environnents
are within the agreed limts and do not exceed STS
capabilities. These analyses are conpleted approximtely 4
nont hs before launch. The prine contractor shall be

responsi ble for providing the nodels for both the spacecraft
and the upper stage, for reviewing the results of these

anal yses, and for assessing cargo element conpatibility:

(i) Structural analyses. Transient and quasi-static
response anal yses are perforned based on conbi ned and
test-verified cargo el enent and STS structural and
mat hemati cal nodels. The results are docunented in a
verification |loads report which defines interface
| oads, relative deflections, and a limted nunber of
cargo internal | oads.

(ii) Thermal analysis. If required, updated cargo el enent
thermal mat hematical nodels are conbined with the STS
mat hermati cal nodels and an analysis is performed by the
STS to verify conpatibility of the flight design.
Tenperature predictions for customer-specified nodes of
the cargo el enent nodels are provided in the analysis
report.

(iii) Software verification. Cargo elenent-unique software
tapes conpiled fromthe flight systens software
requirements in the PIPs are checked and verified with
the Orbiter flight software at the launch site.
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34.3.3.6 NSTS integration schedule. The different payl oad
i ntegration schedules (for general guidance) are described in
NSTS 07700 (AD 2.4.27).

34.3.3.7 Flight operations. Flight planning enconpasses the four
el enents described in 26.3.3.7.

The prine contractor shall provide the spacecraft technical
requirenents in the PIP and in PIP Annexes 2 and 3.

The prine contractor shall fully support the Flight Operations
Wor ki ng Group (FOANG).

NOTE: The FOAG is sonetines ternmed the Payl oad Operations Wrking
G oup.

34.3.3.8 Gound operations. The responsibilities of the NSTS user
are described in the "Launch Site Accommodati ons Handbook for STS
Payl oads", K-STSM14.1, AD 2.4.21. This docunent describes the
nmechani sm for the input of user requirenments (PIP Annex 8, Launch
Site Support Plan). In addition, activities necessary for
interface verification testing are docunented in PIP Annex 9. See
NSTS 21000 A09 (AD 2.4.36).

The prine contractor shall nake the necessary technical input to
PIP Annex 8 for launch facility requirenments, for abort/
contingency situations and for post |anding operations (e.g.
renoval of any spacecraft ASE after flight), and to PIP Annex 9
for Interface Verification Testing requirements. These docunents
will be discussed and negotiated at the G ound Qperations Working
Goups (GON5. The prine contractor shall ensure adequate
technical representation at the schedul ed GOAG s.

NASA appoint a Launch Site Support Mnager (LSSM to act as the
primary interface between the NSTS user and the |aunch authority.
The role and responsibilities of the LSSM are described in
K-STSM 14.1 (AD 2.4.25). The prine contractor shall liaise with
the LSSM on all technical and schedule matters concerning the
cargo elenent. Such liaison shall take place via the MOD(PE)
representative responsible for launch vehicle interface
managenent .

For a DOD sponsored NASA | aunch, the technical input for ground
operations is made via an Interface Requirenments Docurent (IRD).
Thi s docunment is discussed in 26.3.3.8. The docunent is

structured such that the requirenments for launch facilities are
nmade wi thout there necessarily being the need for a PIP Annex 8.

34.3.3.9 Cargo elenent safety. NSTS user safety responsibilities
and requirenments are described in 26.3.3.9. The prine contractor
shall be responsible for undertaking the safety anal yses for the
spacecraft, for the spacecraft-uni que upper stage interfaces,

and for the GSE to be used by the progranme, for each part of the
phased safety process. The prine contractor is also responsible
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for preparing, maintaining and controlling the safety
docunentati on (Accident Risk Assessnent Report (ARAR), or Safety
Assessnent Report (SAR) for a NASA commercial |aunch), and for
supporting all safety reviews and neetings with rel evant
techni cal experts.

The safety certification of the baseline upper stage portion of
the cargo elenment is not part of the prinme contractor’s
responsibilities. However, the prine contractor shall ensure that
this safety certification has taken place prior to the spacecraft
phase |11 safety review The spacecraft-specific interfaces of
the upper stage are part of the prine contractor’s
responsibilities.

Phased safety reviews will normally be conducted at four |evels
of cargo elenent design maturity. The NSTS Safety Revi ew Pane
chai rman may choose to waive the requirenment for some of these
reviews. The depth of the formal reviews are al so determ ned by
the NSTS Safety Review Panel chairman, in conjunction with the
custoner, and depends on conplexity, technical maturity and
hazard potential

The definition of the safety review process, which inplenents the
system safety requirements given in NHB 1700.7 (AD 2.4.26) and
SAMIO HB S-100/KHB 1700.7 (AD 2.4.46), is given in NSTS 13830

(AD 2.4.28). JSC 13830 describes the devel opnent of the SAR and
its contents, for each part of the safety review process.

For a DOD sponsored NASA | aunch the safety anal yses are conpil ed
in an Accident Risk Assessment Report (ARAR) instead of in a SAR
The DOD approach to system safety is described in ML-STD 1574
(AD 2.2.13) and in SDR 127-4 (AD 2.2.17). ML-STD- 1574 requires
that the NSTS user, at the start of the programme, prepares a
System Safety Progranme Plan (SSPP) which defines the system
safety activities throughout the spacecraft programe. The SSPP
is described in DID DI-H 7047 (AD 2.2.21), and its contents

in 31.2.4.20. The ARAR is described in DID Dl -S-30565 (AD
2.2.20).

NOTE: MOD(PE) require that prine contractors also foll ow
M L- STD- 1574 for spacecraft |aunched as NASA comrerci al
payl oads. This is a cost-effective approach to system
safety and hazard control

For later spacecraft in a series of sinmilar design, the system
safety process concentrates on whether there have been any
changes in subsequent spacecraft relative to the original one of
the series. |In addition, it is necessary for the user to
denonstrate that any problens arising from previous flights of
simlarly designed spacecraft have been resol ved.

M L- STD- 1574, which is mandatory, requires that the contractor
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shall certify conpliance with all established safety
requirements. The format of this certification shall be agreed
with MOD (PE) and the launch authorities.

34.4 Upper stages. Potential prine contractors shall be required
to identify in their bids whether there is a requirenent for an
upper stage.

In general, an upper stage is considered to be part of the
spacecraft system and as such shall be procured by the prine
contractor as system design authority. The prinme contractor’s
responsibility shall enconpass contractual, schedule, financial,
and technical aspects of procuring the upper stage (see 34.3.3.9
for the system safety responsibility).

The technical devel opnent of the basic upper stage is outside of
the control of the prime contractor. The prine contractor shal
submt a Concession request to MOD(PE) in respect of any
technical requirenent that is affected by alterations to the
basel i ne upper stage nmade by the upper stage contractor.

Four possible upper stages, which are currently available, are
described in 26.4.

NOTE: It should be noted that future devel opnents in upper stage
technology may alter the information which is given in this
Def ence St andard.

34.5 O her |aunch vehicles. Potential prinme contractors shall
show in their response to the RFP, conpatibility with a mninum
of two available launch vehicles (selected froma list within the
RFP). The ARI ANE expendabl e | aunch vehicle and the STS have been
descri bed above. The other potential |aunch vehicles, depending
on the type of spacecraft programre being considered, which are
currently available are described in 26.5. Al details regarding
the launch vehicles, the integration process and the safety

engi neering requirenents of the launch vehicles are given in the
rel evant | aunch vehicle docunentation (see 26.5).

As was the case for STS and for the AR ANE | aunch vehi cl es,

MOD( PE) shall choose and procure the launch vehicle(s) from those
selected fromthe list in the RFP by the prine contractor. This
procurenent activity will entail all cost, contractual and
schedul e negotiations. The prinme contractor shall be responsible
for providing the launch contractor and the |aunch authority with
all required technical information, and with any technical

support required for integrating with the launch vehicle.

NOTE: It should be noted that future devel opnents in |aunch
vehi cl e technology or in the types of launch vehicle
available, may alter the information which is given in this
Def ence St andard.
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35 M ssi on Managenent

35.1 Ceneral M ssi on managenent is concerned with the managenent
of the spacecraft system including the upper stage (if used),
following release fromits launch vehicle. It covers pre-mssion

pl anni ng, and mi ssion control and operation.

Control of a spacecraft is normally split into two phases, the
Launch and Early Orbit Phase (LEOP) and the In-service phase. The
requirements for the ground control facility during these phases
are different, and the function may be perfornmed either by the
same, or by separate ground control facilities.

Historically the LEOP phase for MOD(PE) spacecraft has been

conducted fromthe US Air Force Satellite Control Facility (AFSCF
or commonly SCF).

35.2 Pre-launch activities

35.2.1 Mssion planning

35.2.1.1 Spacecraft. The prine contractor shall produce a
flight design for the spacecraft to neet the m ssion
requirements. Analyses carried out to produce the flight design
shal | include

(a) Trajectory Selection - To derive the optinmumtrajectory
conmpatible with the mission requirenments and to assess the
errors at injection into drift orbit resulting fromerrors
present at entry into, and produced during, the transfer
orbit stage.

(b) Fuel Budget - To estimate the fuel requirenments during the
various m ssion phases using the selected trajectory.

(c) Ground Station Coverage - To ensure that nonitoring and
conmandi ng access is avail able near continuously. For
critical events such as ABM firing, dual ground station
coverage is desirable.

(d) Gound Control Procedures - To establish procedures to be
used to control the spacecraft, taking account of spacecraft
and ground control facility characteristics. Also to ensure
that tine is available to gather and eval uate spacecraft
data, such as health status and orbital paraneters, and to
carry out the control procedures.

(e) Launch Wndow Constraints - To establish the constraints
i nposed by the mission requirenments and the design of the
spacecraft. in particular, the constraints inposed by the
effects of solar direction and eclipse on spacecraft
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(f)

(9)

(h)

(J)

(k)

(1)

(m

tenperature and power. It shall be shown that there is a
| aunch wi ndow of at least "ni minutes on "n" days as
specified in the Overall System Requirenments Specification.

Depl oynent W ndow Constraints (NSTS | aunch) - To establish
the constraints on the deploynent fromthe Orbiter inposed by
the mission requirenments and the design of the spacecraft. In
particular, the constraints inposed by the effects of solar
direction and eclipse on spacecraft tenperature and power.

Obit Determination - To define orbit determ nation accuracy

requi rements which will be consistent with fuel budget
estimations, and with station keeping limts in final orbit.
To denonstrate that these requirenents will be net by the

specified ground station tracking capability.

Attitude determnation - To define attitude determination
requi rements consistent with desired pointing accuracies, and
to denonstrate that the on-board sensors and associ ated
processi ng software can neet the requirenents.

Upper Stage Configuration and Flight Design (if an upper
stage is required) - To plan the flight of the upper

st age/ spacecraft after deploynent fromthe Obiter. This

shall consider STS safety rules, for exanple, those
concerning safe distances for thruster firing or switch-on of
transmitters. The stability/flight control performance of the
upper stagel/spacecraft shall also be considered, and any need
for active nutation danping determ ned.

Transfer Obit - To assess the performance and sizing of the
spacecraft ABM with respect to the selected trajectory. To
generate attitude manoeuvres required to stabilize the
spacecraft during the transfer orbit and to align it for ABM
firing.

Station Acquisition - To determ ne the sequence and timng of
orbit and attitude manoeuvres necessary to place the
spacecraft at its nominal orbit, within fuel budget, by the
required tine. The analysis may have to take account of any
requirenments for In-Orbit Testing (10T).

Station Keeping - To deternmine the cycle of manoeuvres
necessary to maintain the spacecraft on-station within the
al  owed tol erances.

Non- nom nal performance analysis - To determine the effects
of the various cases of spacecraft el enent mal function or
out-of-limt performance.

The flight design shall also define the requirenents for
spacecraft attitude and pointing during the various nmanoeuvres,
including thruster ignition start tinme, thrust duration, initial
and final attitude, and antenna pointing
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An event tineline shall be produced showing a summary of |aunch
times, orbit insertion, nmanoeuvre times, conmunication events,
separation events and sunlight/darkness events. This shall also
show command and any special telenmetry nonitoring/analysis
requirements.

The results of this mssion analysis shall be docunented by the
prime contractor in the M ssion Mnual.

35.2.1.2 Gound support planning. After release or depl oynment
of the spacecraft from the launch vehicle, and prior to handover

of the spacecraft to the in-service control agency, m ssion
support is provided by the LEOP control facility.

The system of docunentation used as a basis for this m ssion
support, shall be based on that described in AD 2.2.22, SCF
Panmphl et 80-2 and the prinme contractor shall conply with the data
requirenents of this document. This conpliance includes the
production of an Obital Requirenents Docunent (ORD) and an

O bital Operations Handbook (OCH).

The ORD shall explicitly define LEOP control facility support
requirements and shall also contain information on the foll ow ng:

(a) Key personnel

(b) Project mssion and objectives.

(c) Launch schedul e

(d) Brief spacecraft system and sub-system description.
(e) Orbital characteristics.

(f) Tracking system details.

(g) Command and telenetry details.

The OOH shall contain all that technical spacecraft data which is
of benefit to personnel required to anal yse spacecraft operations
or telenetry data. The aim shall be that no other spacecraft
docunentation shall be required for reference purposes by

operati ons personnel

The OOH shall also be concerned with the in-service phase of the
m ssion and shall address spacecraft contingency procedures,

whi ch shall be based on the spacecraft Failure Mdde Effects and
Criticality Analysis (FVMECA)

35.2.1.3 LECOP control facility software. The LEOP contro
facility will provide some general, non-spacecraft specific,
software to support the spacecraft. In addition, the prine
contractor shall design, produce, test and deliver any
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spacecraft-specific software necessary to control and nonitor the
orbital operations defined by the mssion analysis studies
defined in 35.2.1.1. The project SONw Il define the requirenents
for integrating this software with the LEOP control facility.

The total software shall be capable of the follow ng functions:

(a) Processing and displaying telenetry data.
(b) Attitude determ nation.
(c) Predicting attitude sensor coverage.

(d) Predicting lunar and solar interference with the attitude
sSensors.

(e) Determning the optinmm spacecraft orientation and fire tine
for apogee notor burn (in the case of geosynchronous
m ssi ons).

(f) Determning the velocity increment required for attaining the
operational orbit.

(g) Determning the commands required for attitude, and
spacecraft configuration, control.

(h) Determning the nmanoeuvres required to attain the operational
orbit.

35.2.2 Preparation. See 21.1.7 for details of the LEOP
operations planni ng guide.

The prine contractor shall take part in all Obital Test Wrking
G oups (OTW5 held by the LEOP control agency. These OTWss are
concerned with all operational aspects of the mission, not only
the test activities.

The contractor shall support the Software Wirking Goups held to
di scuss the interface of the spacecraft specific software with
the LEOP control agency general software.

In order to prepare for the LECP operations, the prinme contractor
shal |l provide input to the commttee planning the LEOP rehearsals
and exercises. This may include, for exanple, types of anomalies

to be sinmulated, based on spacecraft test results.

The prime contractor shall take part in/support mnission exercises
and rehearsals conducted by the LECP control agency. For the

first launch in a spacecraft series, there will be two
devel opnent rehearsals and one dress rehearsal. For subsequent
| aunches, one (or perhaps two) rehearsals will be sufficient.
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Rehearsal s shall be supported by all personnel with an active
role during the actual mssion, in order to fully test the
deci si on maeki ng processes.

For STS missions, the prine contractor shall support Joint
Integrated Sinmulations (JI'S) controlled/ held by NASA JSC and the
LEOP control agency. These sinmulations cover the mssion from

[ aunch until deployment fromthe Obiter or contingency | anding.

The prine contractor shall also support the in-service control
agency in pre-launch preparatory activities. This shall include:

(a) Support to the Rehearsal and Exercise comm ttee including
provision of realistic anomaly inputs.

(b) Support to exercises in an advisory/training capacity.
(c) Support to rehearsals as an independent unpire.

(d) Review and concurrence with operational procedures.

(e) Assistance with flight database set—-up and enhancenent.
(f) Support to operations planning neetings.

(g9) Investigation of anomal ous behavi our of ground equi prment
provided by the prinme contractor.

(h) Ensuring that any changes to the spacecraft design or
performance, are notified to the operations agency in the
form of amendnments to the OOH or other rel evant docunents.

35.2.3 Testing and Validation. The purpose of validation and
testing is to ensure, prior to launch, that the spacecraft can be
monitored and controll ed successfully by both the LEOP, and the
in-service, ground control facilities.

Validation of the interface shall be performed by ensuring that
the spacecraft TT&C sub-systemis conpliant with its
specification, and by working group neetings to ensure that the
spacecraft data and operational requirenents are interpreted
correctly by the LEOP, and the in-service, control facilities.

Tapes of spacecraft telenmetry shall be recorded during spacecraft
testing and provided to the LEOP, and the in-service, control
facilities, in order to confirmthat spacecraft data can be
satisfactorily processed.

Interface conpatibility testing shall be perforned to verify the
i nterfaces between each control facility and the spacecraft. The
test configuration shall be as representative as possible of the
actual system This may involve the use of land |inks between the
ground station and the spacecraft, or the link my be via a
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satellite already in orbit. It may be desirable to performthis
testing either when the spacecraft is at the AIT facility, or
when it is at the launch site, or both. Operational procedures,
for the LEOP and in-service phases, shall be validated at this
time, to check as far as is possible, that they are correct and
conpl ete.

35. 2.4 Traininag. The prine contractor shall provide a training
course for the LEOP control agency operations personnel . The

course shall be supported by relevant docunentation, and shall
have sufficient content to allow the operations personnel to
understand the spacecraft in enough detail for themto perform
their required tasks.

An exampl e course outline is as follows:

(a) Introduction - Training course description.
Proj ect objectives.
System descri ption.

(b) Mssion Profile and - Launch constraints.
Command Operations Ascent operati ons.
Transfer orbit manoeuvres.
Drift orbit injection.
De-spin and 3-axis stabilization.
Station acquisition.
Station keeping.

(C) Spacecraft description - Ceneral spacecraft description.
and sub-system Comuni cati ons sub-system
operation Structure/thermal sub-system

El ectrical power sub-system
Attitude and orbit control.
Propul si on.

TT&C sub-system

Pyr ot echni ¢ sub-system

(d) Spacecraft specific - Description.
sof t war e Oper ati on.
(e) On-orbit support - Status nonitoring.

Manoeuvre and sub-system control.
Testing requirenents.

Ecl i pse operation.

Transfer of control to in-service
control facility.

Training course requirenents for the in-service control facility
operators shall be as defined in the Statenment of Wrk, but
typically the course will include:

(a) Spacecraft design philosophy, including fault recovery
procedures.

194



DEF STAN 18-01/2

(b) Spacecraft function and perfornance.

(c) TT&C facility design philosophy.

(d) TT&C facility function and perfornmance.

(e) TT&C facility operation and nai nt enance.

35.3 LEOP operations. The operations necessary for an STS | aunch
may differ somewhat from those required for launch on an
expendabl e vehicle. The mssion effectively begins in transfer

orbit after launch on an expendable vehicle, but nay be earlier
(in parking orbit), after an STS | aunch.

During LEOP the actual operations will be conducted by LEOCP
control agency personnel to the procedures defined before the
mssion. Typically they will perform the follow ng tasks:

(a) Initial acquisition of the spacecraft after |aunch.
Bot h nominal and contingency procedures shall be avail able
for this.

(b) Verify the spacecraft’s health follow ng |aunch, or
depl oynment from the STS Orbiter, and throughout the LEOP
phase.

(c) Determine the spacecraft attitude and orbit.

(d) Carry out any required deploynent of appendages such as
ant ennae.

(e) Carry out any required attitude manoeuvres, including that
for apogee notor firing.

(f) Execute any required spin-up or stabilisation.
(g) Command and verify the apogee notor burn.

(h) Re-determine the spacecraft attitude and orbit foll ow ng
apogee notor burn.

(i) Make any required attitude or orbit adjustnents.
(j) Establish in-service position and spacecraft configuration.

Prime contractor technical personnel shall provide support to the
LEOP control agency in perfornmng these tasks and shall assist in
any anomaly investigations, in the re-calculation of trajectories
to overcone anonalies, and in the redefinition of procedures,
necessary to achieve the nission requirenents. The prine
contractor personnel shall therefore be required to have
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expertise in all of the spacecraft sub-systenms, and in the
operations pl anning.

35. 4 Handover. The prine contractor shall support the handover
of control of the spacecraft to the in-service control agency, to
the extent defined in the Handover Plan (see 21.1.8)

35.5 In-service operations. The prine contractor shall provide
support to the in-service control facility for anomaly and

mal function investigation. Corrective actions to be initiated
shall be recommended, if appropriate.

It may be necessary for the prinme contractor to seek
sub-contractor support in anonaly investigation

Separate contractual arrangenents will normally be nade, under a
Post Design Services (PDS) contract, for investigation of
possi bl e enhancenents to the ground facilities. This may include
trial installation of any new equi pnent to be supplied. Actual

i ntegration of new equi pnrent would nornmally be undertaken by the
User, in accordance with User configuration control procedures.
The PDS contractor may al so be required to update operational and
mai nt enance handbooks.

The PDS contract will also cover provision of additional spares
and possibly third line maintenance (if required), for both
ground control equi prent and simul ators.

Such a contract will provide long-term support to the User in
accessing the spacecraft manufacturer’s non-deliverable
docunentati on (such as drawi ngs and test results), in support of
anonmal y investigations.

36 In-Orbit Test

Responsibility for In-Obit Test (10T nmay be placed on the prine
contractor, or sone or all of the testing nay be delegated to
sone ot her agency. The requirenents described in this clause nmay
be applied to any agency required to perform|OT.

36.1 Obj ectives. An 1OT programre will generally consist of an
initial conm ssioning phase, followed by periodic neasurenents
t hroughout the life of the spacecraft.

The objective of the 10T programme is to characterize the
spacecraft performance (both spacecraft bus and payl oad) in order
to:

(a) Define to the User the detailed operational capabilities
actually available fromthe system after |aunch of the
spacecraft.
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(b) Allow refinement of operational procedures, access plans etc,
in the event that performance is not entirely in accordance
with the performance requirenents specification.

(c) Diagnose any problens with the spacecraft which could be
rectified either by redesign, or rework, of unlaunched

spacecraft in the sanme series.

(d) Determine the incentive fees earned by the prime contractor.

36.2 10T planning. Planning of the IO programme shall commence
at any early stage in the project because of the long lead tinmes
associated with the necessary preparatory activities. The |OT
agency shall appoint an |1 OT Manager who will interface directly
with the person responsible for IOl managenment within the MOD(PE)
Project Ofice. Overall requirenents for a particular 10T
programme shall be defined in an IOl plan (see 21.1.10), which
may either be devel oped by the |1 OT agency and approved by the
MOD( PE), or inposed on the 10T agency by the MOD(PE) Project
Ofice. In response to the 10T plan the IOl agency shall devel op:

(a) Test techniques.
(b) Test equipnent.
(c) Test procedures.

(d) Software, both to control the test equipnment and to anal yse
the test results.

(e) Calibration procedures.
(f) A QA progranmre.
(g) Report formats.

The above shall be validated, prior to launch, by nmeans of test
rehearsals, probably making use of spacecraft simulators.
See 30.7 for further details of sinulators.

A test plan shall also be prepared for the actual conduct of the
tests. These shall be conducted in a | ogical nmanner, mnim zing
t he amount of switching of spacecraft units, and maxim zing the
use of the time available.

36.3 Test techniques. Test techniques which will fulfil the test
requirenents, whilst achieving the necessary accuracy, shall be
devel oped. Where possible, these should be based upon factory
test techniques developed by the spacecraft manufacturer for
spacecraft testing, in order that ground and in-orbit test
results can be directly comnpared.
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There will be pressure to handover the spacecraft to the user as
soon as possible after launch, therefore all test techniques
shal |l collect the necessary data as quickly as possible. The test
equi prent hardware and software requirenents for each test shall
be identified in outline test procedures.

Avai |l abl e test equi pment and established techniques shall be used
wher ever possible. Any novel techniques shall be validated at an

earlybstage by use of simulators, or by using existing spacecraft
in-orbit.

The sub-set of tests which are to be perforned regularly,
t hroughout the operational life of the system shall have m nimum
i mpact on nornal operations.

36.4 Test equipnment. As soon as the test techniques are
established and agreed, any necessary hardware procurenent shall
be initiated. All hardware shall be under strict configuration
control (see 31) and shall be the subject of a defect recording
system which meets the requirements of AD 2.1.1, AQAP-1.

36.5 Test procedures. Detailed test procedures shall be prepared
for each test. These shall clearly identify roles and
responsibilities of all parties supporting the test.

Where conputer controlled automatic test equipnment is likely to
be used, these test procedures may consist largely of software.
Any requirements for transmission of commands to, or reception
and processing of telemetry from the satellite shall be clearly
identified and co-ordinated with the satellite control agency for
the mssion phase concerned. These procedures shall include data
processing and error analysis nethods. Acceptance levels shall be
established by a statistical analysis of sources of error and
agreed with MDD (PE). Def Stan 00-26 (AD 2.1.11) provides

gui dance in this area.

The procedures shall be validated prior to |launch and maintai ned
under strict configuration control.

Consi deration should be given to beginning and concluding all
tests with the spacecraft in the sane state. This will allow
maxi mum flexibility in the scheduling of tests.

36.6 Test software. Al test software shall be produced in
accordance with AD 2.1.4, AQAP-13. It shall be docunented in
accordance with the guidelines of AD 2.3.7, ESA PSS-05-0. The

| anguage used shall be ATLAS. A guide to the inplenentation of
the language is given in AD 2.1.8, Def-Stan 00-14. The full ATLAS
| anguage is defined in AD 2.4.12, |EEE/ ARINC specification
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416/1976: a sub-set of this is used in nost applications.

36.7 Calibration procedures. Procedures shall be established and
impl emented for calibration of all ground segnment test equipnent.
The Procedures shall take account of individual equipments and
compl ete test set-ups, including software.

The calibration systemused shall neet the requirements of
AD 2.1.3, AQAP 6 - "NATO Measurenent and Calibration System
Requirenents for Industry".

36.8 Quailty assurance. The |10T agency shall conduct an
incontrovertible QA programe which shall meet the requirenents
of AD 2.1.1, AQAP 1 or AD 2.4.56, BS 5750. These requirenents
shall also be passed down to any sub-contractors.

The QA programre shall be subject to audit by both DGDQA and the
spacecraft prinme contractor.

Where these tests are being perfornmed by MIXD | aboratories,
AD 2.1.16, DEF STAN 05-55 defines adequate calibration and QA
requirenents.

Another option is to use a NATLAS accredited test house
(see AD 2.4.38 and AD 2.4.39).

36.9 Reports. Format, content and scheduling of all test reports
shall be defined prior to launch. This nay be done by producing a
"dummy" report. Reports shall nake use, wherever possible, of the
outputs (tabular and graphical) of the data analysis software, in
order to save tine.

36.10 Responsibilities of the prinme contractor
(when not the |OT agency).

In cases where the prine contractor does not perform the in-orbit
testing, the prinme contractor shall have the foll ow ng
responsibilities:

(a) Agreerment of the [OT Plan.

(b) Reviewing of, and concurrence with, 1Ol procedures.

(c) Reviewing of, and concurrence with, the 10T QA progranmre.

The spacecraft prime contractor shall be given full access to |OT
test procedures and results.
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37 Product Assurance

The prinme contractor shall establish and inplement a Product
Assurance programme to conply with the requirenents of this
clause, and shall produce a Product Assurance Plan specifying how
the requirements are to be net. (see 31.2.4)

The prine contractor shall produce a quarterly PA report to be
subnmitted to DGDQA. The quarterly report will contain details of
the progress of the PA programme during the reporting period. It
Wil include details of the follow ng aspects of the PA

pr ogr anme:

(a) Non-confornances.

(b) Reliability.

(c) Critical itemns.

(d) Testing.

The prine contractor shall hold quarterly PA neetings w th DGDQA

to discuss the quarterly PA progress reports. (See 21.3.3)

37.1 Rel evant st andar ds. The use of, and conpliance with, the
foll ow ng documents is nmandatory for all elenents of the
spacecraft system

AD 2.1.1, AQAP-1 - NATO Requirenents for an industrial
Quality Control System

AD 2.1.4, AQAP-13 - NATO Software Quality Control System
Requi rement s

AD 2.1.11, Def Stan 00-40 - Achievenent of Reliability and
Mai ntainability

MOD Practices and Procedures for
Reliability and Maintainability

AD 2.1.12, Def Stan 00-41

AD 2.1.18, Def Stan 05-61 - Quality Assurance Procedural
Requi renments Parts 1,2,3

Compliance with one of the follow ng documents is mandatory for
spacecraft hardware:

AD 2.2.1, FED- STAN-209 - Cean Room and Work Station
Requi renments, Controlled Environnment

AD 2.2.7, ML-STD 1246 - Product deanliness Levels and
Cont ami nati on Control Program

AD 2. 3.3, ESA PSS-01-201 - Contam nation and C eanliness Control
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AD 2.4.5, BS 5295 Control of Ceanliness in Enclosed
Spaces

The use of, and conpliance with, the follow ng docunents is
mandatory for itens of the ground segnment and G ound Support
Equi prent :

AD 2.1.7, Def Stan 00-10

General Design And Manufacturing
Requirements for Service Electronic
Equi prent s

AD 2.1.20, Def Stan 59-36

El ectroni ¢ Conponents for Defence
Pur poses

AD 2.4.44, PENMS 4(10) Procedure for the Technical Transfer
and Handover of Defence G ound
Systens Radar and Associ ated

Equi prent

NOTE : Ot her applicable docunments are also mandatory to the
extent called up in Section 4 of this Standard.

The follow ng docunments may provide useful advice and
i nformati on:

AD 2.1.2, AQAP-2 - Quide for the Evaluation of a
Contractor’s Quality Control System
for Conpliance with AQAP-1

AD 2.1.5, AQAP-14 - Quide for the Evaluation of a
Contractor’s Software Quality
Control System for Conpliance with
AQAP- 13

AD 2.1.19, Def Stan 05-67 - Guide to Quality Assurance in Design

AD 2.1.9, Def Stan 00-16 - Quide to the Achievenent of Quality

in Software
AD 2.3.1 - AD 2.3.7 - ESA PSS Series Docunents
AD 2.4.4, BS 4778 - Gossary of Ternms used in QA

37.2 Quality control

37.2.1 General. Relevant definitions taken from BS 4778
(AD 2.4.4) are included in 3.1.

The contractor shall plan and inplenent a quality assurance
progranme which confornms to the requirenments of AD 2.1.1, AQAP-1.
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37.2.2 Non-confornmance contr ol

37.2.2.1 Ceneral. A non-conformance can be defined as the failure
of an item of hardware or software to conformto the requirenents
of its specification.

The prinme contractor shall establish and operate a system for
controlling, recording and analysing all non—conformances which
occur during manufacture, assenbly, integration and test, storage
and handling. The system will be based on Non-Confornmance Reports
(NCRs) being raised for itenms found not to conformto

speci fications.

The information given in an NCR will be sufficient to allow
initial disposition of the non-conformance into one of the two
classifications, major or minor. A mgjor non-conformance is one
that affects safety, reliability, operation, cost or schedule.
Al'l other non-confornmances are classed as mnor.

The non-confornmance system shall be applied to:
(a) Flight standard hardware and spares.

(b) Conponents and materials, beginning at incom ng
i nspection.

(c) Ground Segnent equi pnent.

(d) G ound support equipnent after acceptance testing.

(e) Software.

The MOD(PE) shall be inforned within twenty-four hours of any
maj or non-conformance at sub-system or system level, or of a
critical item

The NCRs raised will be considered by a Material Review Board
(MRB) (see 37.2.2.2), for dispositioning. MOD(PE) shall be
invited, with reasonable notice, to attend the MRB. This wll be
with the status of observer, except at system | evel MBs when
MOD( PE) shall have the right of veto.

All non-conforming itens shall be identified, segregated and

wi thdrawn from further operation until the NCR is dispositioned
by an MRB, after which the approved recomendations wll be
i npl enent ed. I f necessary, all other itenms fromthe sane batch

as the non-conforning item shall al so be segregated.

37.2.2.2 Material review board. The MRB shall consist of the
following menbers, or their representatives:

Product Assurance Manager (chairnan),

Proj ect Manager,
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MOD( PE) representative,
Sub- system engi neers as appropriate,
Sub-contractors as appropriate.

The role of the MRB is to :

(a) Establish the cause of the non-conformance. This may involve
initiating an investigation/analysis.

(b) Decide the action to be taken on the non-conformng itemto
mninze its effect on the programe.

(c) Understand the full inplications on the programme, with
respect to safety, quality, reliability and perfornmance, of
the proposed non-confornmance rectification.

(d) Determne the action to be taken to prevent recurrence of the
non-conformance, e.g. change the manufacturing process.

If the MRB decides that, as a result of the non-confornmance, it
is necessary to request a Concession, this shall be raised with
the Configuration Control Panel (CCP) or with the Configuration
Control Board (CCB). See 30.3

The prine contractor shall inpose a simlar form of non-
conformance control on its sub-contractors (see 29.4).

37.2.3 Critical itemcontrol. The prinme contractor shal
identify any critical parts, materials, equipnments or processes
determined by one of the following criteria:

(a) Single point failures.

(b) Long lead tinme or single source for supply itens.

(c) Extreme process, or handling, sensitivity.

(d) Itens difficult to transport or store.

(e) Manufactured using difficult, or low vyield, processes

(f) Itenms for which ground testing is difficult.

(g) Items subject to wear-out or dinensional instability.
(h) Software with high integrity requirenents.

(i) Hazardous Itens.

(j) Non-qualified parts, materials or processes.
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(k) Technol ogy not previously used in design.

(1) Lifed itenmns.

A Critical Items List shall be naintained, giving information on
why the itemis deenmed to be critical and how it will be

controlled to minimze risks, e.g additional quality controls or
procurenment of spares.

37.2.4 Testing. Quality engineers shall be part of the
spacecraft Assenbly, Integration and Test team
Prior to testing the Quality engineers shall:

(a) Verify that the applicable test documentation is available
and approved, and fanmiliarize thenselves with it.

(b) Verify that all test equipnent is calibrated/validated and
fit for the purpose of use.

(c) Ensure that the standards of cleanliness/contam nation
control conply with the specifications.

(d) Verify the test configuration, that the itens are ready for
test, and agree the start of testing.

(e) Take part in the Test Readi ness Review (TRR).

Dur

ng testing the Quality engineers shall:

(f) Ensure that all testing carried out on the spacecraft is
perforned to the detailed witten procedures.

(g) Ensure conplete and accurate recording of test data.

(h) Docunent non-conformances occurring during testing and raise
Non Conformance Reports (NCR) as necessary.

After testing the Quality engineers shall

(i) Ensure that relevant sub-system and spacecraft |og books are
kept up to date.

(j) Verify the adequacy of test reports.

(k) Take part in the Test Review Board (TRB)

The contractor shall ensure that all test equipnent used during
testing is controlled in accordance with the requirements of

AD 2.1.1, AQAP-1, which calls up AD 2.1.3, AQAP-6 for calibration
requirements.
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See also 32.3 and 33.2 for details of qualification and
acceptance testing.

37.2.4.1 Test Readiness Review (TRR. Prior to comencenent of
each formal qualification or acceptance test or test phase, a TRR
shal | convene.

The following shall be invited to attend or be represented:

Al T Manager

QA Representative

Test Conduct or

Custonmer Representative

The purpose of this reviewis to:
(i) Assess the configuration and readiness of the itens to

be tested and the readiness of the facilities and
docunent ati on.

(ii) Establ i sh the design standard and the build standard.
(iii) Revi ew the status of non-conformance and verify that any
open non-conformances have no inpact on the test

validity.
(iv) Revi ew and eliminate/control any existing safety hazards

for the test.

(v) Verify that all test equipnent is within calibration
limts.
37.2.4.2 Post Test Review The purpose of this reviewis to

review data generally, in a "quick |ook" formto ascertain
whet her the testing has been successful and that the next test
may proceed.

37.2.4.3 Test Review Board (TRB). After each fornal
qualification or acceptance test or test phase a TRB shall
convene. The following staff shall be invited to attend or be

represent ed:

Proj ect Manager

PA Representative

Desi gn Engi neer

Test Conduct or

Custoner Representative (with right of veto at
system | evel)

The purpose of this reviewis to:
(i) Revi ew test data packages and | ogbooks, after detailed

data reduction and analysis, to verify the results of the
Post Test Review.
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(i) Ensure the conpl eteness of test data and the validity of
any test decisions due to test error or failure.

(iii) Determine and certify that the test data has proved the
itemunder test suitable for its intended use.

37.2.5 Delivery review board (DRB). The prinme contractor shall
establish a DRB to accept delivery of equipnents, sub-systens and
critical items fromits sub-contractors.

The DRB shall be held at the sub-contractor’s establishnment and
shall review all data contained in the End Item Data Package
(EIDP) (see 31.1.7.2) for the deliverable item

The following shall be invited to attend, or be represented at,
t he DRB:

Prime Product Assurance Manager (chairnan)
Prime Sub-system Manager

Sub-contractor Product Assurance Manager
Sub- contractor Sub-system Manager

The DRB shall authorize the delivery of the item under review and
shall accept the build standard of the itemin relation to the
desi gn st andard.

MOD(PE) shall be invited to attend all DRBs held for sub-systens
and critical itemns.

37.2.6 Cleanliness. The prine contractor shall establish and

i mpl erent a programre for the control of all sources of

contam nantion. This shall be defined in the PA Plan. The

cl eanl i ness standards used during production, assenbly and
testing of flight hardware shall be in accordance with AD 2.2.1
FED- STD- 209, AD 2.2.7 ML-STD 1246, AD 2.3.3 ESA PSS-01-201 or
AD 2.4.5 BS 5295.

Note: These are not equival ent docunents and great care should
be taken in selecting the npbst relevant approach.

Cleanliness |levels to be used shall be based on an assessnent of
the susceptibility of the spacecraft to contam nation.

Where GSE is used in the vicinity of flight hardware, it shall
have the sane |l evel of cleanliness as the flight hardware. O her
GSE, and Ground Segnent hardware, shall conmply with the
cleanliness requirenments of Part 6 of AD 2.1.7, Def Stan 00-10.
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37.2.7 Software. A software quality assurance programme which
nmeets the requirements of AD 2.1.4, AQAP-13, shall be

i npl enent ed. Amongst ot her requirenents, AQAP 13 has a nmandatory
requi rement for preparation of a Software Quality Control Pl an.
This may form a section of the Product Assurance Pl an.

For software procured from Europe, an approach which neets the
requirenments of AD 2.3.1 ESA PSS 01-21 and AD 2.3.2 ESA PSS
01-101 and follows the guidelines of AD 2.3.7 ESA PSS-05-0, wll
be acceptable.

For software procured fromthe USA, a quality progranme which

nmeets the requirements of AD 2.2.16 ML-S-52779, wll be
accept abl e.

37.3 Reliability

37.3.1 Ceneral. The reliability of an itemis the probability
that it will performits intended function for a given length of
time under stated operating conditions.

The objective of the Product Assurance function in reliability is
to achieve a design that neets the specified reliability
requirements. This is done by analysis and review of the design,
during the design evolution, and includes:

(a) Failure Mbdes Effects and Criticality Analysis (FMECA).

(b) Trade-off studies.

(c) Worst case anal yses.

(d) Derating |evels.

(e) Redundancy provi sion
(f) Parts stress anal ysis.

The requirenents of AD 2.1.12, Def Stan 00-40, and AD 2.1.13, Def
Stan 00-41, shall be conplied with for the design and anal ysis of
t he spacecraft and of ground control equipnent.

37.3.2 Reliability figures The systemreliability requirenent
shall be apportioned to provide reliability requirenments figures
for each of the systemelenents. These figures can then be used
to give design ainms for the system el enments, against which design
reliability can be checked.

The nunerical values generated for system elenents have limted
absolute intrinsic worth but shall be used to:
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(a) Evaluate the reliability inpact of different design
sol uti ons.

(b) H ghlight specific critical areas of the design which nay
need special controls or the introduction of redundancy.

(c) Denpnstrate conpliance with contractual reliability
requirements.

Systemreliability figures shall be generated for the foll ow ng
points in the mssion:

1. The achi evenent of transfer orbit.

2. The achi evenent of the in-service position and
configuration.

3. One year into the mission lifetine.

4. Every further two years of mission lifetinme.

37.3.3 Reliability npdelling and anal yses. Reliability analysis
shall be performed for all equiprments. From these, analyses and
nunerical reliability figures for sub-systens and the whole
spacecraft system shall be generated. Detailed reliability
nodel ling is not mandatory for the ground segnent.

The part failure algorithnms given in AD 2.1.13 Def Stan 00-41
Part 3, which calls up AD 2.2.2 M L-HDBK-217, shall be used to
generate equipnent failure rates. Wen parts are not covered by
this docunent, the latest available failure rate infornmation
shall be used. The part failure rate information source used
shall be identified in the reliability analysis for al

equi pnent s.

In the reliability analysis, the failure rates shall be factored
to allow for the various operating environnents.

The environnental factors used shall be:

St orage and Dor mancy 01
Launch vibration 40.0
Upper stage and apogee 40.0

nmotor firing

On-station operation 1
For nodul es of software within the spacecraft system an estimte
of reliability shall be made. This estimate shall be based on

know edge of similar systems, and on the |level of validation
testing to be carried out on the software nodul e.
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MOD( PE) shall be given the opportunity to review and approve the
reliability nodel used in the reliability analysis.

In the case of ground control equipnent, a reliability
denonstration test shall be perforned, to denbnstrate, wth
reasonabl e confidence, that the target reliability has been

achi eved: Def Stan 00-41, Part 5, Section C (AD 2.1.13) provides
gui dance in this area

The reliability analysis shall be updated to take account of any
desi gn changes.

If required by the contract/SON these anal yses shall be expanded
to take account of repair/reconfiguration tines, which wll
provide availability estimates (see 37.5.2).

37.3.4 Failure nodes effects and criticality anal yses (FMECA).

The prinme contractor shall perform FMECAs, in which the design is
exami ned at all levels and the effect determ ned of each
particular failure node on the performance. This shall be done
for all nodes of operation and m ssion phases.

A FMECA shall be perfornmed on each equi pnent design, each

sub- system design and the spacecraft design, by examining the
failure nodes of the lower level of integration and the
interaction of these failure nodes. The FMECA shall consider the
| aunch vehicle interface. A full FMECA is not mandatory on the
ground segnent (unless specified in the SON.

37.3.4.1 The FMECA shall identify, for each failure node:

(a) The effect.

(b) The probability.

(c) The lower level failure(s) which causes it.

(d) The nethod of overconming the failure node.

(e) The way in which the failure node would be observed.

37.3.4.2 The FMECA shall be used to:

(a) ldentify single point failures.
(b) ldentify other critical itens.

(c) Assist in the generation of the spacecraft reliability nodel

(d) Identify design inadequaci es where changes are required.

(e) Ensure that telenetry and tel ecommand capabilities, where
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practicable, exist to detect and control failures on-orbit.

(f) Provide input to the contingency volune of the Obital
Oper ati ons Handbook (OOH), upon which contingency operating
procedures will be based. See 35

(g) Provide inputs to the safety hazard analysis. See 34.3.3.09.

(h) Verify, as far as is possible, that all redundant elenents
and pathways, and all critical items can be fully tested at
i ntegrated sub-system and spacecraft |evel.

The FMECA shall be updated to cover all design changes.

Single point failures and other critical itens shall be
controlled in accordance with 37.2. 3.

37.3.5 Wrst case anal ysis. The Wbrst Case Anal ysis shal

exam ne the effects of the expected worst case environnents on
the equipments, sub-systens and spacecraft, and shall define the
wor st case environments expected for them The conditions to be
consi dered include: tenperature, radiation, electrical stress and
conponent agei ng.

The conclusions of the anal yses shall show whether the
perfornmance requirenents are net under the worst case conditions.

This does not apply to the ground segnent.

37.4 Parts, nmterials and process control

This Defence Standard addresses, except where indicated
otherwise, the control of parts, materials and manufacturing
processes used for the Space segnent.

37.4.1 Parts. A part is taken to nean an electronic, electrical,
el ectronechani cal or mechani cal part.

37.4.1.1 Part selection. In the design of the system the prine
contractor shall be responsible for the selection of parts which
are capable of neeting the perfornance, environnental,
reliability and safety requirenments of the contract.

The selection criteria shall ensure that the nunber of part types
used is mnimzed.

Al parts used on the spacecraft, and ASE in the case of an NSTS
| aunch, shall be qualified for the purpose of use.
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The ESA Preferred Parts List (ESA PSS 01-603, AD 2.3.5) shall be
used as the primary basis for part selection. Parts sel ected
fromthis list are approved for use within MDD spacecraft and
associ ated equi pnent, provided that the conditions for a
particul ar application are net.

The contractor shall review all parts selected for their actua
qualification status prior to procurenent.

For each part selected, which is not listed in the ESA PPL, a
detailed justification has to be provided together with the Part
Approval Request.

The selection of NON PPL |isted parts shall be based on the
know edge regarding technical performance, qualification status
or qualifiability, and history of previous usage in simlar
applications. Preference shall be given to parts from sources
whi ch woul d necessitate the |east evaluation/qualification
effort.

In these circunmstances, preference shall be given to the
followng parts in the order shown:-

(a) Parts manufactured in Europe and listed in the ESA PPL
(ESA PSS 01-603, AD 2.3.5).

(b) Oher parts listed in the ESA PPL.
(c) Parts approved for European Space Progranme.

(d) Parts which have been qualified to non European Space
St andar ds.

(e) Parts fromsources listed in Def Stan 59-36 (AD 2.1.20).

If it is considered necessary to use a part not previously Space
qualified, justification shall be given for its use and the part
shall be subjected to specification screening, and qualification
and | ot acceptance testing, to establish its suitability for use.

37.4.1.2 Declared parts list. A Declared Parts List (DPL) shal
be produced detailing all parts used on the spacecraft. The DPL
shal | be updated throughout the project phases and shall include

i nformati on on the foll ow ng:
Part type and identification
Manuf act ur er
Speci ficati on Nunmber

Equi prent (s) part is to be used in

Quantity used
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Testing requirenents

37.4.1.3 Parts procurenent specifications. Al'l parts shall be
procured to specifications which shall define the requirenents

for:
El ectrical paraneters
Physi cal di nensions/interfaces
Mar ki ng
Modi fications from a group specification
Life
Screening and | ot acceptance

I nspection/Pre-cap (i.e. pre-encapsulation, or pre-packaging)
i nspection

Testing

Burn-in

Accept/reject criteria

Packagi ng, handli ng and storage

Lot/ batch identification

Docunentati on and data review
Any parts that fail during |lot/batch acceptance testing, burn-in
or later testing and use, shall be the subject of a failure
anal ysis. The failure analysis shall determne the failure
mechani sm node and cause, and shall recomend any required

foll owup action.

37.4.1.4 Parts testing. Al parts shall be inspected and tested
for conpliance with specifications prior to use.

37.4.1.5 Parts traceability. Records shall be kept to afford
full two-way traceability of all flight standard parts

i.e. It shall be possible to trace the history of any part within
t he spacecraft back to a specific lot/batch and nanufacturer/
supplier; and, it shall be possible to trace where every part
froma specific |ot/batch ends up.

37.4.1.6 Gound equipnent parts. Parts for ground equi prent
shall comply with the requirements of AD 2.1.20, Def Stan 59-36
"El ectroni c Conponents for Defence Purposes”.
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Connectors, and other parts, which mate with flight equi pment
shal |l be of flight standard. Connector savers will be used where
possible and all mate/denate of flight connectors shall be

m ninmzed and recorded in equipnent |og books or history cards.

37.4.2 Materials

37.4.2.1 Material selection. In the design of the systemthe
prime contractor shall be responsible for the selection of
materials which are capable of neeting the perfornmance,
environnental, reliability and safety requirements of the
contract. The selection criteria shall ensure that the nunber of
material types used is mnimzed.

Space proven naterials, i.e well known materials for which test
data applicable to the space environnent is available, or which
have previously been used successfully in space m ssions, shall
be sel ected wherever possible. However each naterial shall be
evaluated for its particular application on the spacecraft.

If it is considered necessary to use a material which has no
applicable history of use, justification shall be nade for the
use. The material shall be subjected to a qualification test
progranme to verify its suitability for the intended application.
Areas to be considered during the test progranmme nmay incl ude,
out-gassing in thermal vacuum thermal cycling, radiation, stress
corrosion, flammbility, off-gassing and toxicity. The testing
depends on the material and its intended use.

Materials which are variable in their final properties, or which
have limted life characteristics shall be subject to |ot/batch
acceptance testing to denonstrate conpliance with their
specifications or standards.

Materials which have limted |life characteristics shall be

clearly nmarked with their life expiry date. It may be possible to
extend this expiry date, if the appropriate naterial testing is
per f or med.

37.4.2.2 Declared materials list. A Declared Materials List

(DML) shall be produced detailing all materials used on the
spacecraft. The DML shall be updated throughout the project
phases and shall include information on the follow ng:

Material type and identification,

Chem cal nature and type of material,

Manuf act ur er,

Qut gassi ng characteristics,

Toxi city,
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Flammabi lity rating,
Stress Corrosion resistance (for netallic naterials),
Identification of limted life materi al s,
Mat erial use and | ocati on,
Si ze code.
37.4.2.3 Material procurenent specifications. Each nateri al
used shall be procured to an approved specification or standard.

Maxi mum use shall be made of existing specifications or
st andar ds.

The material specifications shall include the follow ng:
Description of naterial type and identification,
Chem cal conposition and properties,
Shel f life requirenents,
Storage, handling and packagi ng requirenents,

Required material properties, such as dinensions, densities,
thermal performance, strength etc,

Docunent ati on requirenments.

Lot/ batch acceptance testing shall be perfornmed by either the
supplier, or the user, to ensure conpliance with these
speci fications.

37.4.2.4 Materials traceability. Records shall be kept to give
full two-way traceability of all flight standard nmaterials. i.e.
It shall be possible to trace the history of any piece of
material within the spacecraft back to a specific |ot/batch and
manuf act urer/ supplier, and it shall be possible to trace where

all material froma specific |ot/batch ends up.

37.4.2.5 Gound equipnment materials. If materials used in ground
equi pnment will cone into contact with, or will be used for
testing flight equipnment in a sinulated space environnment, then
the ground equi pnent naterials shall also be of flight standard.

Materials used in ground equi pnent which will not come into
contact with flight equipnent shall conmply with the requirenents
of Part 7 of AD 2.1.7, Def Stan 00-10.
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37.4.3 Manuf acturing processes

37.4.3.1 Process selection. The contractor shall be responsible
for the selection of processes which are capable of neeting the
requirenents of the contract. The selection criteria shall ensure
that the nunmber of types of process used is mnimzed. These
requirements also apply to re-work processes to be applied to
non-conform ng materi al

Standard processes, or processes which have been successfully
used on previous Space programmes, shall be used whenever
possi bl e. However, each process shall be evaluated for its
particular application on the spacecraft. Any new processes to be
used, shall be identified and qualified at the earliest possible
stage of the project.

If it is considered necessary to use a process which has no
applicable history of use, justification shall be nade for the
use. Typical products of the process shall be subjected to a
qualification test programme to verify the suitability of use of
the process. The testing depends on the process and the intended
usage.

37.4.3.2 Declared process list. A Decl ared Process List
(DProcL) shall be produced listing all the processes used on the

spacecraft. This includes all basic techniques, e.g soldering and
wel ding. The DProcL shall be updated throughout the project and
shall include information on the past use of the process and its
qual i fication status.

37.4.3.3 Process specifications/standards. Each process used
shall be covered by a process specification or standard. Maximum

use shall be nmade of existing specifications or standards.

The standards shall include detailed information on workmanship
requirenments for the performance and control of the processes by
the operator. They shall include details of the preparation, use

of equiprment, conditions to be nmintained during the process,
met hods of verifying correct performance of the process, and the
docunentation required for the process.

37.5 Maintainability/availability engineering

37.5.1 Maintainability engineering. A maintainability progranme
shall be established and inplenmented on all repairable

del i verabl e equi pnent. This includes all ground segnment hardware
and software, as well as flight software which can be nodified
from the ground. Design criteria for maintainability should be
defined in requirenents specifications at all Ievels. The
requirements of Def Stan 00-10 Part 2 Section 5 (AD 2.1.7) are
mandat ory.
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37.5.2 Availability engineering. In conjunction with the

mai ntai nability programe, the contractor shall perform studies,
initially based on predictions, but introducing actua
nmeasurenents of reliability and maintainability, to denonstrate
that the overall spacecraft system neets the system availability
requirement defined in the System Requirenent. Account shoul d be
taken of various spacecraft storage/launch strategies, including
storage in orbit.

37.6 System safety engineering. This relates primarily to the
| aunch vehicle and launch site safety requirenments (see 34.2.3.6

and 34.3.3.9). However, equipnent to be delivered to MO sites,
or operated by MDD personnel, shall neet the safety requirenents
of Def Stan 00-10, Part 2, Sections 7 and 9 (AD 2.1.7).

37.7 Configuration and Data Minagenent. See 31.

38 Project Reviews. See 21.4 for the role of MOD(PE) during
proj ect reviews.

38.1 Types of review. The prine contractor is required to plan
for, arrange, conduct, and support the follow ng reviews:

(a) Prelimnary Design Review (PDR)
The purpose of the PDR is to subject the system design
concept (including mssion and operational aspects) to a
systematic critical study, verifying the feasibility of the
proposed solution and its conpliance with the requirenents,

(b) Critical Design Review (CDR
The purpose of the CODR is for the prime contractor to
provi de evidence that the perfornmance and devel opnment status
of the system (including mssion and operational aspects),
after equi pnent and sub-system design verification analysis
and testing, mneet the requirenent specifications.

(c) System Eval uation Review (SER)
The purpose of the SER is to ensure that the spacecraft has
been built and integrated to the appropriate specifications
and procedures and that it enters the systemlevel tests
in a known, fit, state with all non-conpliances docunented.

(d) Pre-Ship Review (PSR) (or Final Design Review (FDR))
The purpose of the PSR is to denonstrate that the spacecraft
has been built to the appropriate, agreed specifications
and that the results of systemlevel testing, to approved
Test Plans, are satisfactory. i.e. to prove that the
spacecraft is qualified and acceptable for flight and that
the systemis appropriate to support that flight.
The review will also denonstrate that the spacecraft is
ready for shiprment to the Launch Site.

Al production permts and concessions previously issued
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shall be revi ened.

(e) Gound Control Equiprment On-Site Review
The purpose of this review is to denmonstrate that the ground
equi pnment has been built to the appropriate, agreed
specifications and that the results of testing are
satisfactory. Such a review shall be held for each ground
facility.

(f) Operations Readi ness Review
The purpose of this review is to denonstrate that all
el enents of the ground control segnent including hardware,
sof tware, databases, comunications |inks and the operational
procedures are ready and sufficient to support the flight.
Such a review shall be held for each ground facility.

(g) Flight Readiness Review (FRR)
The FRR, which is held at the launch site, is to denonstrate
that the spacecraft has successfully conpleted its fina
assenbly and check-out, in accordance wi th approved
procedures, and is ready to be integrated with the |aunch
vehi cl e or upper stage.

(h) Launch Readi ness Review (LRR)
The LRR is to denpnstrate that the spacecraft has
successfully conmpleted the final check-out testing, after
integration with the Launch Vehicle or Upper Stage, in
accordance with approved procedures.

To support the system | evel reviews, sub-system equipnent and
critical itemreviews shall be held by the prime contractor.
MOD(PE) shall be invited to attend all sub-system equipnent and
critical itemreviews as observers.

38.2 Schedul ing. Revi ews shall be held in a tinely manner i.e
at a point in the schedule that allows the factors being
reviewed to be influenced. They shall review docunents that
evol ve naturally in the system design, build and testing.

(a) The PDR shall be held when the basic design concept has been
determ ned and before detailed design work has been

started.

(b) The CDR shall be held prior to conmitting the design to
manuf acture of deliverable itens. It nay be necessary for
some itens to be released to manufacture before CDR, in
order to mmintain schedule, but this should be avoided if
possi bl e.

(c) The SER shall be held after integration of the spacecraft
but prior to environmental testing.

(d) The PSR shall be held prior to releasing the spacecraft for
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transport to the launch site or other agreed destination.

(e) The G ound Control Equipnent On-Site Review shall be held
after installation and commi ssioning at the ground site and
prior to technical transfer/handover.

(f) The Operations Readi ness Review shall be held prior to the
LRR so it can provide an input to that review

NOTE: The User will take the lead at this review, with the
contractor providing support as defined in the SOWN

(g) The FRR shall be held after spacecraft assenbly and
check-out and prior to launch vehicle or upper stage
i ntegration.

(h) The LRR shall be held followi ng launch vehicle or Upper
Stage integration and testing but prior to |aunch.

The actual review timng shall be as defined in the project
St at ement of Work.

38. 3 Data package content. The data packages shall include the
docurments defined in Table 4 for the reviews shown. It should be
noted that no special docunentation is required for project
reviews, existing project docunmentation is sufficient. This neans
that the data package docunentation may be progressively released
before the review, as it becones avail abl e after updating.

The data package shall also include details of any particul ar
topics to be discussed during the review.

38. 4 Revi ew process. The final elements of the data package,
with a conplete contents list, shall be delivered to MOD(PE)

before the review in accordance with the CDRL. In the case of
design reviews this shall be not later than four weeks before the
review The data package will then be reviewed by a dedicated

MOD(PE) team including any necessary support agencies. This may
be done by splitting the data package into disciplines for review
by technical specialists. Review Item Dispositions (RIDs) will be
rai sed by these specialists on itens of concern. The RIDs will
then be sent to the prinme contractor, no |ater than one week
before the review

38.5 Pre-review briefing. I medi ately after delivery of the
final data package for a system level review, a briefing shall be
given to the MOD(PE) team on the content of the review data
package and of the status of the project. This is to allow
menbers of the MOD(PE) project team who may only be occasionally
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involved in the project, to be brought up to date on the project
away fromthe review itself. The project review can therefore be
concerned solely with answering RIDs on the data package.

Invitations to the briefing will be widely distributed within
MOD(PE), but attendance at the review itself will be limted.

38.6 Review conduct. Reviews will normally be held at the prine
contractor’s facility where the design activity is in progress.

The prinme contractor shall produce and agree with MOD(PE) an
agenda of topics to be covered at the review and circulate it at
| east one week prior to the review

At the review the prinme contractor will respond to the RIDs as
appropriate, or will take Actions to investigate those RI Ds which
require further work.

Wher ever possible RIDs should be raised prior to, and not during,
the review

At the conclusion of the review the MOD(PE) team w || neet
together to decide on the adequacy of RID responses and the
action itens to be placed on the prime contractor. The results of
this neeting will be presented to the review Since the prine
contractor is the System Design Authority for the project,

MOD( PE) approval of the review should be taken only as

"perm ssion to proceed" with the project. Docunent ed exceptions
and limtations nay be accepted by the MDD (PE). Such acceptance
extends only to the matters stated and is not to be treated as
extending by inplication to any other requirenent, nor does it

i mply acceptance by the MO (PE) of responsibility for all or
part of the design which remains with the Design Authority.

Mnutes will be submitted by MOD(PE) which include, as a m nimum

Date, tinme and purpose of the Review,
Li st of participants,

Record of agreenents,

Poi nts of discussi on,

Action item summary,

Concl usi ons of Revi ew.

38.7 Revi ew panel s

38.7.1 System | evel reviews. The Review Panel will be conposed
of :

(a) Presenters - Prine contractor Project Manager,

Systens Engi neering Mnager.
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Prime contractor design (including system and
sub-syst em engi neers) and PA personnel,

Project Safety Oficer,
(b) Reviewers - MOD(PE) Review Chairnan,
MOD( PE) Project team
Speci al i st support as required.

38.7.2 Sub-system level reviews. The Revi ew Panel will be
conposed of

(a) Presenters - Sub-contractor Project Manager,

Sub-contractor design (including system and
sub-syst em engi neers) and PA personnel.

(b) Reviewers - Prine contractor review chairnman (System
Engi neeri ng Manager),

Prime contractor team appropriate to item under
revi ew.

(c) Observers - MOX(PE).

38.8 Action items. For each review, an Action |Item status
summary shall be prepared, listing all actions and their closure
references as appropriate.

An Action Item shall be placed at the end of the review, for all
RI Ds renmi ning open, to ensure a tinely response.

It shall be ensured, at the start of each review, that all
actions from previous reviews are cl osed.
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Docunmentation Title PDR CDR SER PSR FRR

Equi prent Speci fication F S - S -
Sub- syst em Speci fication F S S S -
System Specifications F S S S S
Critical Itens List P F - S S
Design Analysis & Study Reports P F - S S
Qualification Status P F S S S
Bl ock Di agrans P F S S S
Configuration Status Docunent S S S S S
Launch Vehicle interface P F S S S
Descri ption

Safety Analysis P F S S S
Interface Control Draw ngs P F S S S
Decl ared Materials & Processes Lists P F S S -
Managenent Pl an P F - S S
AT Plan P F S S -
PA & CADM Pl ans F S S S -
Design Verification Matrix P F S S -
Basel i ne Status List P F S S -
Devel opnment & Test Pl ans F S S S -
FMECA P F S S S
Reliability Analysis P F S S S
Operati onal Requirenments Handbook - P S F S
Parts Derating & Stress Analysis P F S S S
Equi prent & Sub-system Test Pl ans P F S S -
Test Procedures - P F S -
Test Results & Reports - - - F F

Table 4 Project Review Data Package Requirenents
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Non- conf or mance Stat us - P
Handl i ng, Packagi ng, Storage & P F
Transportation Procedures

M ssi on Manual P F
Equi prent / spacecraft | og books - P
GSE Descriptions/ D agrans P F
Failure & Corrective Action P S
Anal yses

Spare Parts Phil osophy/Pl an P S
System Verification Plan F S
Orbital Requirements Docunent P F
Orbital Operations Handbook - P
P = Prelininary

F = Final

S = Status & Changes

Table 4 Project Review Data Package Requirenents
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ANNEX A

Matrices of Applicable Clauses vs Project Phases

This Annex is intended as an aid to using the Standard. It
contains matrices which identify the different phases of a
project in relation to the specific clauses within the Standard.
For exanple, information relevant to the manufacturing phase of a
project, including references outside the Standard to other
appl i cabl e documents, appears in certain clauses within the

St andar d. The matrices identify those particular clauses by *.

Table Al cross refers the project phases to Section Three of the

Standard, and Table A2 cross refers the project phases to Section
Four of the Standard.
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ANNEX A
Clause P.D. Dev. Des/Val. Manuf. AIT Launch Camp. LEOP 10T In Service
20 The MOD(Pt) Project; * * * * * * * * *
Team !
]
21 Technical ; * * * * * * « % *
Management !
]
t
22 Schedule Aspects | * * * * * * £ %
t
|
23 Financial Aspects | * * * * * * * * *
1
1
24 Contractual Lo * * * * * * * *
Aspects H
]
f
25 Product Assurance | * * * * * * *  x
I
|
26 Launch Vehicle ] * * * * * *
Procurement !
]
|
27 Mission Management | * * * % *
TABLE Al
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ANNEX A
Clause P.D. Dev. Des/Val. Manuf. AIT Launch Camp. LEOP 10T in Service
25.1 Role of the HE * * * * * * * *
Prime Contractor !
]
29'2 Systems ; E 3 ] E 3 * ] * x E 3 ]
Engineer ing '
1
30] Des]gn ; x * x x * t 3 4 E *
Author ity H
1
]
30.2 Design Standards | * * * * * *
t
]
30.3 Design Control | * * * * * *
]
]
30.5 Design of GSE I * * s * *
]
30.6 Design of Gro E * * * * *
Control Equipment H
1
1
30.7 Design of ! = * * * .
Simulators !
]
]
30.8 Design of . * * * *
Scftware H
1
]
31 Configuration and | * * * * * * * * *
Data Management H
i
32.2 Design : *
Qualification Analyses!
I
I
32.3 Qualification ' * * *
Testing H
]
t
33.1 Production/ H *
Manufacture Control |
!
33.2 Validation of H * *
Hardware/Software H
]
1
34 Launch Vehicle I * * *
Interfaces !
1
i
TABLE A2
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ANNEX A

Clause P.D. Dev. Des/val. Manuf. AIT Launch Camp. LEOP i0T In Service

35.2 Mission
Management Pre-launch
Activities

35.3 LEOP Operations

1

)

]

I

H

'

!

g

35.4 In-Service '
Operations !
:

:

1

;

:

1

]

36 In-0rbit Test
37 Product Assurance

38 Praoject Reviews

TABLE A2
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ANNEX B

Exanpl e Contract Data Requirenments List (CDRL)

The follow ng tables give an exanple of a mnimum CDRL to be
i nposed on a prine contractor for a spacecraft system

The CDRL is divided into five groups:
Top Level Contractual Docunents,
Progranme Definition Docunents,
System and Sub-system Specifications,
O her Techni cal Docunentati on,
Reporting Docunentati on.

NOTE: The "Submi ssion Date/Frequency” colum in the CDRL should
be agreed prior to contract signature.

B-1
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Item Doc.

No. Title

Overal | System Specification
Space Segment Specification
G ound Segment Specification

Communi cat i ons Payl oad
Speci fication

Environmental  Requirements
Speci fication

EMC Specification

Simul ator Specification(s)
Management Pl an

System Verification Plan
Product Assurance Plan

Contami nation Control Plan
System Safety Progranmme Plan
Launch Vehicle Interfacing Plan
CADM Pl an

In-Service Control Agency
Interfacing Plan

LECP Control Agency Interfacing
Pl an

TEMPEST Control Plan

Nucl ear Hardening Plan
Obital Requirements Docunent
Design and Devel opnent Pl an

Devel opment  Cost Pl an*

* Cost reinmbursement contracts
only

MOD(PE) Action Subnission Date/Frequency

Approval
Approval
Approval

Approval

Approval

Approval
Approval
Approval
Approval
Approval
Approval
Approval

Approval

Approval

Approval

Approval

Approval

Approval
Approval
Approval

Approval

TABLE Bl "TOP LEVEL" DOCUMENTATI ON
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[tem Doc. No. Title I ssue MOD(PE) Action Submission DatelFrequency

Mssion Analysis/Manual Revi ew

Fracture Control Plan Revi ew

AIT Plan Revi ew

Packagi ng, Handling, Storage Revi ew

and Transport Plan

Devel opment Testing Plan Revi ew

Mass Properties Control Plan Revi ew

Mass Properties Verification Revi ew

Plan

Security & Movenents Plan Revi ew

Training Plan Review

Gound COperations Plan Revi ew

Master Control Network Revi ew

TABLE B2 PROGRAMVE DEFI NI TI ON DOCUMVENTATI ON
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[tem Doc. No. Title | ssue MOD(PE) Action Submission Date/Frequency

Power Sub-system Speci fication Revi ew
Part | and Part Il

TTC Sub-system Specification Revi ew
Part | and Part Il

RCS Sub- system Speci fication Revi ew
Part | and Part Il

Structure Sub-system Revi ew
Specification
Part | and Part Il

ACCS Sub-system Specification Revi ew
Part | and Part Il

Thermal  Sub-system Revi ew
Specification
Part | and Part Il

Pyrotechnic sub-system Revi ew
Speci fication
Part | and Part Il

EGSE Specification Revi ew
MGSE  Specification Revi ew
Software Devel opnent Revi ew

Speci fication

Equi pment Part | and Part || Revi ew
Specifications for Critical
Itens

TABLE B3 SYSTEM AND SUB- SYSTEM DOCUNMENTATI ON
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[tem Doc. No. Title I ssue MOD(PE) Action Submission Datel/Frequency

PDR Data Package Approval
CDR Data Package Approval
SER Data Package Approval
PSR Data Package Approval
Safety Assessment Report Approval
Specification Tree & List Revi ew
Orbital QOperations Handbook Revi ew
Design Reports Revi ew
Test Results Revi ew
Declared Parts List Revi ew
Declared Materials List Revi ew
Declared Process List Revi ew
Safety Review Data Packages Revi ew
GSE Li st Revi ew
Thermal Analysis Report Revi ew
Structure Analysis Report Revi ew
Electrical Power Analysis Revi ew
Repor't

ACCS Anal ysis Report Revi ew
Propul sion Analysis Report Revi ew
Propel | ant Budget Analysis Revi ew
Report

Reliability Analysis Report Revi ew
Parts Derating and Stress Revi ew

Anal ysi s Report

FMECA Report Revi ew

TABLE B4 OTHER TECHNI CAL DOCUMENTATI ON
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[tem Doc.

No. Title

| ssue MOD(PE) Action Submission Date/Frequency

Wrst Case Perfornmance
Analysis Report

Comuni cati ons Payl oad Anal ysis

Report
Mbdal Survey Test Report

Spacecraft Launch Site Test
Procedur es

LECP Control Facility
Compatibility Testing Plan &
Procedur es

In-Service Control Facility
Conpatibility Testing Plan &
Procedur es

Conmuni cations Payload Test
Reports

Critical Items List

LECP Report

Contingency Analysis Report
Upper Stage Statement of Wrk

Sub-contractor Statements of
Wor k

TABLE B4 OTHER TECHNI CAL DOCUMENTATI ON

Revi ew

Revi ew

Approval

Approval

Revi ew

Revi ew
Revi ew
Revi ew
[nformtion

I nformtion
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[tem Doc. No. Title | ssue MOD(PE) Action Submission Date/Frequency
T R et Progress Reports  Review s defined inSON

Product Assurance Reports Revi ew Quarterly

Mass Properties Report Revi ew Quarterly

Thermal Data Report Revi ew Quarterly

Power Budget Report Revi ew Quarterly

Fuel Budget Report Revi ew Quarterly

Pointing Error Report Revi ew Quarterly

TABLE B5 REPORTI NG DOCUMENTATI ON
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Annex C Standard Pro—formae. This Annex gives exanples of
standard pro-formae that are applicable to the different phases

and activities of a project.
Interfacing Task Description,
Engi neering Change Proposal,
Review |tem Disposition Form
Certificate of Design,
Certificate of Conformance,
Trend Analysis Chart,

Quality Deficiency Record

I't

contains the follow ng profornae:

G1
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I NTERFACI NG TASK DESCRIPTI ON
TITLE Task No.
Schedul e
Conpl ete
LEAD TASK PERFORMED FOR
DESCRI PTI ON
PREDECESSOR  TASKS
SUCCESSCR  TASKS
SUB TASK RESPONS| BLE AGENT

REMRKS

G2
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SECURITY CLASSI FI CATI ON
ENGI NEERI NG CHANGE PROPOSAL ECP No.
PRQIECT Cont ract
Contract or CN No.
Initiator of Change Title of Change | ssue
Recommended C ass. Mdel affected DATE
REASON FOR CHANGE CR No.
DESCRI PTION OF CHANGE
RELATED FACTORS (USE CONTINUATI ON SHEET |F REQU RED)
FACTCR YES |NO FACTCR YES |NO FACTCR YES
PERFCRVANCE TESTI NG SAFETY
RELI ABI LI TY MATERI ALS & PROCESSES PACKAG NG
| NTERFACE EMC CosT
VEEI GHT GFE PROGRAMVE
DI MENSI ONS GSE
ELECT PARAMETERS SOFTWARE
ESTI MATED | NFLUENCE ON CONTRACT PROVI SI ON
TOTAL COST | NFLUENCE
MATERI AL ENG HOURS MANUFAC HOURS | LABOUR COST OTHER CCSTS
SCHEDULE | NFLUENCE
IN FINAL DELIVERY ON PERT NETWORK
I NFLUENCE ON OTHER PROVI SI ONS
CCB DATE APPROVED APPROVED APPROVED
I NI TI ATOR PROJECT MANAGER CONTRACTS
PRIME CONTRACTCR APPROVALS
CHANGE CLASS| | NTRODUCTI ON POl NT APPROVED APPROVED
PRIME PROJECT MAN CONTRACTS
MOD( PE)  APPROVAL
APPROVED DATE APPROVED DATE
PROJECT MANAGER CONTRACT  OFFI CER

SECURITY  CLASSI FI CATI ON
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SECURI TY CLASSI FI CATI ON

REVIEWITEMDISPOSITION (RI D

FORM

RID NUMBER
PROJECT REVI EW
DOCUVENT  TI TLE I SSUE No.
DOCUMENT  REF. PAGE/ PARA
RD TITLE
DI SCREPANCY/ PROBLEM
SUGGESTI ON
CATEGORY (Delete as applicable)  GENERAL/ SPECI FI ¢/ TYPO
ORI G NATOR POSI TION DATE
RESPONSE
RESPONSI BLE  ENG NEER POSI TI ON DATE
REVI EW BOARD DECI SION
ACTION REQUI RED DUE DATE
CERTIFIED CLOSED BY POSI TION DATE

SECURI TY  CLASSI FI CATI ON

o
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Security Qassification . . . . . . . . . . . ... ...

CERTI FI CATE OF DESI GN Certificate Number . . . . . ... ... ... ... ...,
For the purpose of : (subject to the limtations of 8)
Qualification Test on Prototype or Protoflight . . . . . . . . .(Spare) . . . . . . . . ..
Shipment and Launch (Spare) . . . . ... . ..
Space SyStem. . . . . L e
Equipment Nomenclature . . . . . . . . . e e e e
Configuration Index No. and Issue No. . . . . . . . . . . . . . . . . .
Gontract No. . . . . o

Indicate which of the following this Certificate of Design applies to:
A conpl ete Spacecraft System. . . . . . . . . . . ..
A Conplete Spacecraft . . . . . . . . . AConplete Gound Support System. . . . . . . . .

A Spacecraft Sub-System. . . . . . . A Gound Support Sub-System.

W, the designers of the above equi pnent hereby certify that:

1. Wth the exceptions stated in 7 below, the design conplies with the
requirenents stated in:

and all other relevant specifications.

2. The cal cul ations made during the course of design have been checked and
every reasonable precaution taken to ensure their accuracy.

3. The Configuration Index relating to this equipnment, all calculations and
associated design data, and all test reports submtted by us, are a true and
accurate record of this equipnent.

Security Classification . . . . . . . . . . . ... ... .. ...

G5
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Security classification .

4. Every reasonabl e precaution has also been taken to ensure the safety of
any hazardous item directly or indirectly associated with this equipnent.

5. Al'l relevant supporting Certificates of Design have been received.

6. Install ation and other relevant instructions are given in:

(Signed) . . . . .. .. .. . (Chief Engineer) . . . . . .. . . ... .. (Director)
(Signed) . . .. ... .. . . (Safety Oficer) (Required when hazardous itens are
concerned or dlrectly or indirectly affected by the equipnent)
For . . . . ... ... ... e (Narme of Contractor)
................. (Date)
FOR MOD(PE) USE ONLY*
Exceptions and limtations stated in Paras 7 and 8 are accepted on behal f of
the MOD(PE), such acceptance extends only to the natters stated and are not
to be treated as extending by inplication to any other requirement of the
specification nor does it inply acceptance by the MO PE) of responsibility
for all or part of the design which remains with the Design Authority.
MOD( PE) Project Mnager Dat e

*Certification by the MOD(PE) PMis not a requirenent when this formis used by
a sub—contractor. The certification box is to be deleted in diagonal Iines.

Security Cassification . . . . . . . . . . . .
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Security Classification

CERTI FI CATE OF CONFORMANCE Certificate Nunber

Space System

Equi pment  Nomenclature . . . . . . . .

Configuration Index No. and Issue No.

Contract No

For the Purpose of : (subject to the linitations given bel ow)

Indicate which of the following this Certificate of Conformance applies to:

A conpl ete Spacecraft System

A Conpl ete Spacecraft . . . . . . . .. A Conplete Gound Support System. . . .

A Spacecraft Sub-System. . . . . . . A Gound Support Sub- System

We hereby certify that, subject only to the exceptions and limtations noted
below this nmateriel conforms to the design, manufacturing and test requirements
relating to the purpose stated above.

Security Classification
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Security Classification ... ........... ... ... ... ..

Excepti ons:

(Signed) . . . . . . . (Safety Oficer) (Required when hazardous itens
are concer ned or d| rectly or indirectly affected by the equipnent)

(Signed) . . . ... ... .. (Quality Manager ) . . . . . . . . ... ... .. (Project Manager)

For . . (Narme of Contractor )
............. (Dat e)

FOR MOD(PE) USE ONLY*

Exceptions and limtations stated in above are accepted on behal f of

the MOD(PE), such acceptance extends only to the natters stated and are not
to be treated as extending by inplication to any other requirenent of the
specification nor does it inply acceptance by the MOD(PE) of responsibility
for all or part of the design which remains with the Design Authority.

MOD( PE) Project Mnager Dat e

*Certification by the MOD(PE) PM is not a requirement when this formis used by
a sub-contractor. The certification box is to be deleted in diagonal Iines.

Security Qassification..........ooooiiii..
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QA 175

' 1
QUALI TY DEFI ClI ENCY RECORD (Revised 3/81)

1. Ref. No.

2. To: (Contractor) 3 Fom

Copy: Tel ephone:

4. The following Deficiency requires investigation:

4a. Is this Deficiency likely to affect production schedules (If "Yes" send copy to Project Manager/Technical
Authorit
D Yes D No y

5. It is requested that a reply asto correctjve action taken, be submitted within days of the
date below. [If corrective action cannot be finalised by that date, request the date action will be

c?ncl uded. The reverse side of this forrg may be used for reply. Please refer to the above reference
IT separate conmmunication is used.

Signature of QAR
Dat e Name in capitals
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6. Contractor’s reply:

Signature of Contractor's Representative

7. Statement of verification and evaluation of Contractor’s action (to be conpleted by the QAR)

8. Statement of followup action, when necessary:

9, Signature

CG11
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Security

This Annex is issued on a "need to know' basis, as authorised by
i ndi vi dual MOD(PE) Project Mnagers.

Application for copies should be nade to the Issuing Authority:

DSL Conms

Turnstil e House
98 Hi gh Hol born
London WC1V 6LL

It contains text detailing:

a) Project Security Cassification Guide
b) Security and Mvenents Pl an

c) Software security

d) Tenpest

e) Nucl ear Hardening

D1
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C Crown Copyright 1989 This Standard may be fully
reproduced except for sale
Publ i shed by and obtainable from purposes. The follow ng

conditions nust be observed:
Mnistry of Defence

Directorate of Standardization 1 The Royal Coat of Arms and

Kentigern House the publishing inmprint are to

65 Brown Street be omtted.

GLASCOW & 8EX 2 The following statement is to
be inserted on the cover:

Tel No:  041-228 7890 "Crown Copyright. Reprinted by

(name of organization) with the
perm ssion of Her Mjesty's
Stationery Ofice.’

Requests for commerci al
reproduction should be addressed
to MOD Stan 1, Kentigern House,
65 Brown Street, dasgow & 8EX

The foll owi ng Defence Standard file reference relates to the work on this
Standard - pyp stan/312/01/02

Contract Requirenents

When Defence Standards are incorporated into contracts users are
responsible for their correct application and for conplying with contract
requirenments.

Revi si on of Defence Standards

Defence Standards are revised when necessary by the issue either of
anendnents or of revised editions. It is inportant that users of Defence
St andards shoul d ascertain that they are in possession of the |atest
amendnents or editions. Information on all Defence Standards is contained
in Def Stan 00-00 (Part 3) Section 4, Index of Standards for Defence
Procurenent - Defence Standards Index published annually and supplenented
periodically by Standards in Defence News. Any person who, when making
use of a Defence Standard encounters an inaccuracy or anbiguity is
requested to notify the Directorate of Standardization wthout delay in
order that the matter nmay be investigated and appropriate action taken.
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