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Course Objectives esa

The objective of this course is to:

present the E-10 System Engineering ECSS discipline

the link between E-10 standards and the other E and M standards.
Mention tips about their utilisation and tailoring within ESA invitations to
tender and requests for quotation.

For each of the standards from the E-10 ECSS Discipline, the following is
presented:

description of the content
guidelines for tailoring
examples of applicability and Agency practices
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Agenda

» 10:00 -12:00

— Background

— Introduction to E-10 Series
— Systems Engineering

— Requirements Specification
— Interface Management

» 14:00 - 16:00

— Verification

— Testing

— Other E-10 Standards (Environment, Ref Coordinate Sys, Human factors, Radiation)
— Systems Engineering Handbook mention

— MBSE and E-10-23 and 25

— Future Developments in Standards

> Q8&A
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General Background and Terminology for System Engineering
Introduction to E-10 System Engineering sub-branch
E-ST-10C: System engineering general requirements
E-ST-10-06C: Technical requirements specification
E-ST-10-24C: Interface management

E-ST-10-02C: Verification

E-ST-10-03C: Testing

Other E-10 Standards

E-10 Handbooks and Technical Memoranda

Outlook:

— Model-Based System Engineering
— ESA Mission Classification

— ECSS Tailoring

Useful references
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What are the Standards?

esa

Q (3signin / Register )

The European Cooperation for Space Standardization (ECSS) is a . i Search website
collaboration among ESA, the European space industry

represented by Eurospace, and several space agencies, to develop
and maintain a coherent, single set of user-friendly standards for use in
all European space activities.

Established in 1993 on Eurospace request to unify space PA
standardization at European level. ; ‘ of use
Officially adopted by ESA on 23 June 1994 through the resolution friendly standards for use in al
ESA/C/CXIII/Res to replace its own Procedures, Specifications and Eltopean shace actiitis

Standards (PSS) system.

The ECSS currently has 139 active standards, forming the ECSS
system.

The ECSS is managed by the ESA Requirement and Standard

ECSS-Q-5T-70-15C — Non- ECSS-E-ST-50C Rev.1 -

Division, based in ESTEC in Noordwijk, the Netherlands. The ECSS destructive testing (1May 2021)  Communications (1 March 2021)
maintains connections with multiple European and international '
standardization organizations, to contribute to standardization and to
adopt relevant standards as part of the ECSS system

o

| 202
ECSS-E-AS-50-21C - Adoption
Notice of CCSDS 131.0-B-3, TM
Synchronization and Channel
Coding (1 March 2021)

https://ecss.nl/
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https://idc.sso.esa.int/intranet/public/standards/space-engineering.html

Roles and Responsibilities Eesa

The Executive Secretariat provides the following T
fu nCtlonS S Organization

« Co-ordinate all activities leading to the development,
publication and on-going maintenance of the
standardization documents.

* Provides the ESA representatives to the ECCS Steering
Board (SB) and Technical Authority (TA)

«Manages the ECSS working groups providing support and
direction on how to draft standardization documents
using ECSS drafting rules.

» Maintains configuration control of ECSS documents
and ECSS website, including management of New Work
Item Proposals and Change Request to existing
documents.

» Support the establishment and implementation (including
monitoring) of the ECSS workplan
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https://stg-tec.esa.int/sites/act-9hTHRh/ecss.nl
https://ecss.nl/organization/steering-board/

Where to find our standards?

ECSS Disciplines

ECSS-8-5T-00C
System description

ECSS-5-5T-00-01C

Glossary of terms

[TITTTT

AEEEERN

The only ECSS Level 1 standard is ECSS-E-ST-5-00.
All the other ECSS standards are Level 2 or Level 3.

ECSS Standardisation Training Course

Space

U-10 di

U-20 di

U-30 d

(a5 of & May 2014)

Link: ECSS
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http://ecss.nl/standards/ecss-document-tree-and-status/
https://idc.sso.esa.int/intranet/public/standards/

On the ESA Intranet

Documents from "List of ESA Approved Standards"

Space Engineering
Applicable Standard
Systems Engineering

[-]1 ECSS-E-AS-11C

[-]1 ECSS-E-ST-10C Rew.1

[-]1 ECSS-E-5T-10-02C Rev.1

[-]1 ECSS-E-5T-10-03C Rev.1

ECS5-E-ST-10-04C Rev.1
ECSS-E-ST-10-06C
ECS5-E-ST-10-08C
ECSS-E-ST-10-11C

[-] ECSS-E-5T-10-12C

EC55-E-ST-10-24C

Reference document

ECS5-E-HB-11A

ECS5-E-TM-10-10A
ECS5-E-TM-10-20A
ECS5-E-TM-10-21A
ECS5-E-TM-10-23A
ECS5-E-TM-10-25A
SAVOIR-HE-003 i2 r0a

ECS55-E-HB-10-02A

ECS5-E-HB-10-03A

ECS5-E-HB-10-12A

ECSS Standardisation Training Course

Title
(including LEAS notes)

Adoption Neotice of IS0 16290, Space systems - Definition of the Technology
Readiness Levels (TRLs) and their criteria of assessment

Technology readiness level (TRL) guidelines

System engineering general requirements
Logistics engineering

Product data exchange

System modelling and simulation

Space system data repository

Engineering design model data exchange (CDF)
SAVOIR FDIR Handbook

Verification

Space Engineenng - Verification guidelines
Testing

Testing guidelines

Space envirenment

Technical requirements specifications
Reference coordinate system

Human factors engineering

Method for the calculation of radiation received and its effects, and a policy for

design margins

Space Engineering - Methods for the calculation of radiation received and its
effects and a policy for the design margin

Interface management

https://idc.sso.esa.int/intranet/public/standards/space-engineering.html

Published

01/oct/14

01/mar/17

15/feb/17
16/apr/10
1&/apr/10
16/apr/10
25/nov/11
20/okt/10
1/noviis
01/feb/18
17/decf10
31/may/22
31/may/22
15/jun/20
0&/mar/09
31/jul/08
31/jul/08
15/nov/08

17/dec/10

01/jun/15
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https://idc.sso.esa.int/intranet/public/standards/space-engineering.html

Why do we have standards?

To ensure that
what is heeded
gets delivered
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STANDARDS and REQUIREMENTS in CONTEXT @esa

Standards are documents created by experts.

Experts have not legal civil authority, therefore standards are not mandatory,
unless they are made mandatory by other binding legal document, for example,
a contract.

Standards are made normative by the ESA contracts
They are of mandatory application during the execution of the project.

ESA suppliers shall perform their work in accordance to the standards listed in
their contracts, and they have to demonstrate to the ESA project team that they
have met the requirements in such standards
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Requirements: from definition to verification

» Requirements set the scope of a technical solution/commercial agreement/ delivery
project

Requirements have their own life-cycle, from when they have been stated until they are delivered,
passing through their implementation, verification and final acceptance

Consequently, a tracking process that controls the evolution of requirement in their life-cycle and
prevents leakages is needed

» Requirements involve several stakeholders
forming cross-functional team working

» Itis necessary to establish a method to
make explicit all the requirements to
assure they do not remain hidden e

Engineer

customer
‘explained it. Designed it.

Slide 11
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Application of the standards in ESA projects esa

Application of standards in ESA projects is defined in an ADMIN
(ESA/ADMIN/IPOL(2007)11, of mandatory application in ESA.

The ADMIN defines a document called the LEAS (List of ESA Approved
Standards).

The LEAS has two main sections:
— Section 1 "Normative documents”
« All ESA project shall-apply all the standards is Section 1 of the LEAS.
« If a document is not applied, individual justification for the non-application of the
document shall be provided.
— “"'SetCtion 2 “Reference-documents”.

« not of mandatory use by projects, use of this Section 2 is decided by each project. A
project may therefore decide to use every documents in this section as normative,
informative, or not use it at all, at their own judgement.
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Examples of Tailoring Cesa

Level 2 Management and Product Assurance standards in ECSS are so
generic that a pre-tailoring approach for all ESA projects makes sense to
account for the ESA specificities.

The ESA MaRD (ESA Management Requirements Document) and PARD
(ESA Product Assurance requirements document) templates are two ESA
documents built by including, respectively, the management and the PA
requirements in the ECSS M and Q standards, pre-tailored for applicability
to a generic ESA project.

ESA MARD and PARD templates still may need a final tailoring performed
by each project, to account for the project specificities. Hopefully, this final
tailoring will be minimum.

The resulting documents after this final tailoring are called “Project MaRD"
and “project PARD”.
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Knowledge of the ECSS E-10 System
Engineering Discipline

Systems Engineering Role & Responsibilities vis-a-vis ECSS-E-10

ECSS Standardisation Training Course Slide 14


https://visavis.nl/

What is system engineering? esa

System

— “set of interrelated or interacting functions constituted to achieve a specified
objective” [ECSS-S-ST-00-01C]

— “set of functional elements organized to satisfy user needs”
[IEEE P1220]

Requirement
— “documented demand to be complied with” [ECSS-S-ST-00-01C]

— “need or expectation that is stated, generally implied or obligatory” [ISO
9000:2000]

System engineering
— “interdisciplinary approach governing the total technical effort required to

transform a requirement into a system solution”
[ECSS E-ST-10C]
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What is systems engineering?

Definition by INCOSE

“Systems Engineering is an interdisciplinary approach and means to enable the realization of

successful systems.

It focuses on defining customer needs and required functionality early in the development
cycle, documenting requirements, then proceeding with design synthesis and system validation
while considering the complete problem.”

The workspace of SE

n:\' Technical De
Sp echnical Dept

Source: https://sites.google.com/site/systemengineeringitaly/

ECSS Standardisation Training Course

Cost &
Schedule

@
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Training &

Performance Support

Manufacturing

Operations

http://www.incose.org/AboutSE/WhatIsSE
INCOSE is the International Council on Systems Engineering



http://www.incose.org/AboutSE/WhatIsSE

BaCkgI‘OLInd o ECSS'S'ST'OO'O].C (Glossary of Terms)
Space System Decomposition

esa

Space System: "system that contains at least
a space, a ground or a launch segment”

NOTE: Generally, a space system is composed of all three
segments and is supported by a support segment.

Segment:

“set of elements or combination of systems
that fulfill a major, self-contained, subset of
the space mission objectives”

4 SEGMENT GATEGORIES:
Space, Ground, Launch, Support

Space Segment
Space

Space Ground Launch
Segment Segment Segment
Element Element Element

~ Taunch ™
Segment
System

Ground Launch
Segment Segment Segment
Subsystem Subsystem Subsystem

Materials
Note 2: A subsystem can be split across two segments. Space segment + Ground segment™ _ /~ Space system
e.g. TTAC subsystem split across Space and Ground segments subsystem subsystem and mgm/

Functional vs Physical views

Note 1: Since software can belong to
any level itis not apparent in this chart

| ®
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Background — ECSS-S-ST-00-01C
Space System Decomposition

Functional view

function: “intended effect of a product”

system: “set of interrelated or interacting
functions constituted to achieve a specified
objective”

subsystem: “part of a system fulfilling one or
more of its functions”

Warning: Outside ECSS many standards and handbooks
(e.g. NASA’s) use subsystem also as a physical
decomposition level of a system.

This can be confusing in international partnerships beyond
ESA member states. In ECSS a subsystem is always a
functional view, usually from the perspective of an
engineering discipline. 7

ECSS Standardisation Training Course

Physical view

product: “implements a function”
Note: There are four generic product categories: services, software, hardware,
processed materials

element: "combination of integrated equipment, components and
parts”

equipment: “integrated set of parts and components”
Synonym: unit

component: "set of materials, assembled according to defined and
controlled processes, which cannot be disassembled without
destroying its capability and which performs a simple function
that can be evaluated against expected performance
requirements”

Synonym: part

Slide 18



Background - System Decomposition Cesa
ample from S-ST-00-01C Annex B

product or item
examples
Data Relay Satellite spacecraft (physical view) power electronic unit (e.g. DHU, PCSU, PDU, ASIC Alumiunium
System ICU)
Navigation Satellite satellite (physical view) propulsion thruster hybrid to be taken from Q60 & Q70
System
spacecraft (functional
view) payload data handling valve integrated circuit
satellite (functional view)
platform thermal battery heat-pipe
instrument structure reflector MLI
orbiter AOCS mechanism (when fully assembled) structural panel
lander Tm&Tc vesseltank optical array
bay optical mirror/lenses/filters (assembly) pyro components
module RF solar array (assembly) PCB
communication antenna (assembly) mirror
focal plane assembly solar cell
telescope (assembly) insert
solar panel (equipped) resistor
pressure vessels diode
optical bench transistor
RF filters capacitor
LNA thermistor
IMUX/OMUX heater
OMT propulsion fluidic
feeds
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ECSS “Glossary of Terms” — Mobile Apps esa

ECSS-handbooks and technical manuals by branch, discipline and type.

Branch Discipline v

Popular terms

© moce factor (k) ecss-esr3 . R ECSS Glossary mobile
applications
E

ry mobile e from i0S

© source component @ array antenna

re and E G 1 for
able from

nline Gloss
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Background — ECSS-S-ST-00C
The Customer-Supplier Model

Customer and Supplier are roles played by the Actors that
cooperate to produce, operate and dispose a Space System

One Actor (organization) can be a Customer or Supplier or

both

System is a relative concept that may appear anywhere in

the Customer-Supplier chain:

a Customer’s Equipment can be the Supplier’s System

Within one Customer-Supplier relationship the roles of
“Information Provider” and “Information Consumer” depend

on .the direction of the information flow, as denoted with the

arrows

Other contract(s) at’,’:f”
primelevel a”-"

Supplier
”””””” Prime contractor
* eqLIivalent
Elemental e <

customer-supplier PRD 1,/:”
chain g

Supplier

Customer

Complete
customer-supplier
chain

Supplier
Organization

Lowest Elemental

customer-supplier PRD n’1.’1,:',' D Gkt PRD m.i. 2~ 1D m.n
chain a7 PRD m.i] | ID m.i ~

Supplier Lowest level
supplier

Outside ECSS the Customer-Supplier Chain is also
known as the
“"Supply Chain” or "Extended Enterprise”

2
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Background — ECSS-S-ST-00-01C
The Customer-Supplier Model

Customer

specifies the need/problem in the

is the consumer in a

receives and uses/integrates the

reviews and accepts the

Business
Agreement

Project
Requirements
Documents
(PRD)

Implementation

Documents (ID)

defines the solution in the

reviews and accepts the

Supplier

ECSS Standardisation Training Course Slide 22

is the provider in a
realizes and provides the




Example of a Customer-Supplier chain for
an ESA space project

AgencT Often representing the User(s)

Yy ‘
|
L
" LSI : Large System Integrator

Slide 23
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Overall ECSS picture of the E-10
System Engineering discipline
together with the E and M standards
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Background - ECSS-M-ST-10C
System Life Cycle

Phases
Activities
Fhase 0 Fhase A Phase B Phase C Phase Dr Phase E Phase F
T JLMDR LPRR
Feasibility study Mission/Funclion
i SRR |PDR

Conceptual design , 1°RR ]

Requirements
Detailed design jicor

Definition
Manufacturing LR
Assembly Verification |
Integration i

P A
Qualification Broduction
Acceptance FRR
I porr JER
Operations Utiization E
ﬂLRR
MCRJ
Disposal

T, : Mission Need Statement

.

ECSS Standardisation Training Course

Tr : Switch-off or burn-out / break-up
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Background - ECSS-M-ST-10-01C Cesa
Project reviews

Reviews are examinations of the technical status of a project and associated
issues at a particular point in time and against a pre-defined set of objectives.

Reviews are run by a mixed group of insiders and outsiders to the project
« but generally within the same entity the project belongs to (e.g. ESA)

ESA Reviews assess results from all project participants/contributors including:
 ESA project

« Industrial contractors

« Any external partners

Reviews provide recommendations on recovery/re-direction in case of
identified issues

ESA Review recommendations are advisory. Implementation of the
recommendations is the responsibility of the ESA Project Manager.

Number, type and objectives of the Reviews are project-dependent.

- Generally, there is a number of reviews that are "mandatory” such as:
SRR, PDR, CDR, FAR
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Background - Main reviews

Review

Mission Definition Review (MDR) /

Phase

Main Objectives

Phase 0 / Definition of Mission Baseline and assessment of feasibility of User

Preliminary Requirements Review Phase A requirements. Allows solid start of preliminary design.

(PRR)

System Requirements Review (SRR) Phase B Freeze of Highest level requirements

Preliminary Design Review (PDR) Phase B Freeze of Mission baseline and requirements down to subsystem level.
Confirmation of design at System level. Confirmation of AIV plan. It forms the
basis for industrial Phase C/D/E offer

Critical Design Review (CDR) Phase C Confirmation of detailed design at unit level. Authorisation to complete
qualification/built flight units

Qualification Review (QR) Phase D Confirmation of System Qualification

Acceptance Review (AR) Phase D Acceptance of the System from the Customer

Flight Readiness Review (FRR) / Phase D  Confirmation of readiness to fly

Operational Readiness Review (ORR)

NB: Launch Readiness Review is the equivalent review but for the Launcher

ECSS Standardisation Training Course

Slide 27




Introduction to E-10
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System Engineering for ESA projects:
Use of ECSS

» The standards shall be used (possibly after tailoring) to complement a project’s own
specific requirements documents, which traditionally include:
— Mission or System Requirements Document (MRD/SRD)
— SOW for tasks description
— Documents for Interfaces
« ICD with Launcher Authority, Payload, Operations, etc.
— Specific documents
+ e.g. Planetary Protection req’s, Environment definition, Regulations, etc.

» Standardization documents used by ESA include the following three categories:
— ECSS E-10 Standards (issued for use in ITTs, with unambiguously identified obligations, normative)
— ECSS E-10 Handbooks (informative, and providing guidelines, good practices, can be made normative)

— ECSS E-10 Technical Memoranda (informative, and providing useful information or data not yet mature for a
standard or a handbook)

— ISO (for debris mitigation and TRL definitions)
— ESSB Handbooks (e.g. ESSB-HB-E-003 ESA pointing error engineering handbook)
» Active Engineering Standards: here
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https://ecss.nl/standards/active-standards/engineering/

More on use of ECSS for Project Managers esa

The standards can undergo updates or improvements as part of their
review/feedback life cycle - typically 5 yearly.

LEAS is updated twice per year

It is advised that Project Managers contact TEC-QES for the latest
information on any possible-Change Requests that may have an impact
to the space project ITT phase, as well as the latest known practices
from previous project(s) in the way to apply ECSS in a business
agreement.
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E-10 Discipline Sub-branch

Includes System Engineering itself,
but also, system level disciplines:

Space Environment

Radiation

Reference Coordinate System
* Human Factors Engineering

ECSS Standardisation Training Course

ECSS Standards

Engineering branch

Note:

chart

E-30 discipline is
detailed in the next

ECSS-E-ST-40-07C
Simulation modelling
platform

Ongoing update of an
existing document

New document in
production

g

Note:
E-50 discipline is
detailed in the next
chart

ECSS-E-ST-6I
Star sensol

ECSS-E-ST-60-20C Rev.1,

ECSS-E-ST-
Gyro

ECSS-E-ST-

ECSS-E-ST-70
Ground sys
ECSS-E-ST-
[ECSS-E-ST-70
Telemetry a

(as of 15 March 2017)
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ECSS E-10 Standards Scope

» The E-10 standards cover the following System Engineering areas:
— General principles, definitions and documentation (incl. DRDs)
— Requirements specification
— Interface management
— Verification
— Testing
— Coordinate Systems
— Space Environment / Radiation
— Human Factors

» Several other areas of system engineering (traditionally) are covered
by standards in other disciplines, for instance:
— Space Segment Operability (E-ST-70-11C)
« which defines autonomy and system requirements for operability
— Software (ECSS-E-ST-40C) for the definition of the System inputs to SW

— Testing at subsystem level (e.g. propulsion)
« covered by the relevant discipline standards
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The ODSI Paradigm Lesa

ECSS standards, and specially Level 2, are intentionally generic.
Many requirements follow the ODSI Paradigm

a. Organize the activity in your own way

b. Document how you have organized the activity in your own way. The relevant
aspects to be documented are normally covered by a DRD.

c. Submit to your customer the document describing your organization, for approval.
Approval of your customer is important to ensure a consistent organization through
all the project actors such that your way of organizing is not conflicting with other
areas.

d. Once approved, Implement the documented organization. In the practical world,
the organization may have been implemented before, but from a formal point of view,
the implementation of a requirement applying the "ODSI” principle is considered valid
only after approval by the customer.

= N = EE fiaill= = EH IHH =t 5. F B &= 5= = == _ - + THE EUROPEAN SPACE AGENCY



Tailoring

Pmizc‘t N
chxmd;sﬂcil
1spect: Cost, risk & J
tech. drivers
s @ T ST ot i, /m\‘ Table 5-2: Example of EARM
Sanderds. ndards | documentation |
N \ (m')x / THE COMPLETE SET OF REQUIREMENTS IN THE STANDARDS IN COLUMN 1 ARE APPLICABLE, WITH THE
MODIFICATIONS STATED IN COLUMNS 2 TO 6

1. 2. 3. 4 5 6.
ECSS ECSS Req. | Org.Req. | Applicability | Modified or New requirement Justification

<t applic s Standard | identifier | identifier (M/D/N) (Full text)
Complete
setorres |

Harmvnimj

few's appilatil

> documentation |

N

NOTE: Column 3 is provided to give the users the capability of Requirement applicable with Modification
using their own requirement identification system, in parallel »
with the identification of the requirement in the applicable

Figure 5-9: Generic tailoring process standard (Column 2).

Requirement Deleted, not applicable
New requirement (requirement added)

Table 5-1: Example of EAT

Standard Applicability Justification
(A/M//NA) | (including justification of the use of other standard instead of)

EARM (ECSS
applicability
Standard applicable without modifications Re q U | remen t M a t ri X)

Standard applicable with modification. For each of these standards, the generation of a EARM is expected.

Standard not applicable at all
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Example of ECSS “tips”

Table 6-2: Applicability of ECSS-E Level 3 standards

Category and general rules for application

Subcategories

Standards

Standards of generic applicability at
any level of the contractual chain
They are generally applicable to all ESA projects

Standards for generic SE functions

Applicable to any engineering activity

E-5T-10-02 “Verification”
E-ST-10-03 “Testing”

E-ST-10-06 “Functional specification”

E-5T-10-24 “T/F management”

Generic standards, applicable at anv level of the contractual

chain

L o T o o o o L e v v}

E-ST-10-12 “Radiation dose

E-ST-10-11 “Human factors”

E-ST-20-05 “ESD”

E-ST-20-07 “EMC”

E-ST-20-20 “I/Fs for electrical power”

E-ST-32-01 “Fracture control”

E-ST-32-10 “FOSs”

E-ST-32-03 “Finite elements analysis
with E-5T-32)

E-ST-32-10 “Materials”

" (to be used in conjunction

Generic standards applicable at system
level
Standards imposing to make selection at agency

or prime level

They are generally applicable to all ESA projects, but
no need to flow them down to subcons

The selected requirements are flowed down via Tech
Specs

E-ST-10-04 “Space environment”
E-ST-10-09 “S/C coordinate system”
E-5T-70-41 “PUS"

E-5T-60-10 “Control performances”
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System Engineering E-ST-10C
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ECSS-E-ST-10C "System engineering
general requirements” - Content

» Provides (general) description and guidelines on system
engineering tasks
» Provides SE tasks per project phase: it defines what should be

available from system viewpoint at the end of each phase

— The space mission project lifecycle and its phases are defined in ECSS-M-ST-10, Space project
management — Project planning and implementation

» It provides a list of system engineering documents + DRDs
in Annexes (and guideline on project milestones when those shall be avai/ab/e)

» Common misconception: It does not provide System Engineering
“best practices” and methodologies (e.g. how to make system
budgets, define margins, make trade-offs, system modes, etc.).
This is left to each specific project to define.
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Other tools supporting Systems

Engineers

» Support Document for ESA

Projects

Within ESA we have:

» ESA LESSONS LEARNED
» e.Book

» Checklists

ECSS Standardisation Training Course

v

ort documents for ESA projects

The following decuments are produced for support of ESA projects.

The documents contain information coencerning the Engineering, Management and Product Assurance documents to be
delivered per review, the documents delivered periodically or incident triggered and incorporate the DRDs for those

documents.

The purpose of these documents is to help projects to build their DRL. The documents may be used for the purpose of
exploring the DRDs used in both the delivery per review and deliverable {periodic or incident triggered) document. (The
DRDs have been embedded in the table in a Word Format for ease of manipulation if needed.)

The documents include all documents delivery as defined in each ECSS standards discipline per discipling in the engineering
branch and sustainability branch, with reference to the corresponding DRD and the delivery schedule with regard to review
when defined in the ECSS system of standards.

D Title Published
ESSB-MDPR Issue 1 ESA Guideline for building project DRL from the ECSS Project 14-Apr-2013
Management documents
ESSB-QDPR Issue 1 ESA Guideline for building project DRL from the ECSS Product Assurance | 14-Apr-2013
documents
ESSB-EDPR Issue 1 ESA Guideline for building project DRL from ECSS Engineering 14-Apr-2013
documents
Zip file containing all DRDs in M3-WORD listed in the documents above |08-May-2013
ESSB-HB-M-003 Issue 1 Generic MARD Template 18-Dec-2017
ESSB-HB-Q-010 Issue 1 Corrigendum 1| Generic PARD Template 30-Apr-2020
ESSB-HB-M-005-Issuel A Lessons Learned Process Handbook 23-Mar-2020
ESSB-ST-E-006-Issuel ESA Procedural Requirements for Frequency Assign t 23-Mar-2020
MNote :This document replaces ADMIN/IPOL-PROC(2004)2 - ESA
Staff shall engage in the process described in this document, at the
project feasibility stage phase A of the ESA project.
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Lessons Learned Portal — 7

The Lessons Learned Portal can be found here:
https://lessonslearned.esa.int/Pages/Home.aspx

Instructions on how to find a lesson are here:
https://lessonslearned.esa.int/Pages/All-Lessons.aspx

To view a lesson, click on the Title of the lesson

You can search for lessons by typing the word you looking for in the search box above the list
You can find lessons of a specific Topic Type: Click on the column name Lesson Topic Type
You can also select by rating (stars): Click on the column name Rating (0-5)

SYSTEM E-BOOK
The System e-Book is

a collection of lessons relating to System Engineering

PUBLISHED LESSONS

v LessonNumber  Tite Project  Backgrouna /Suation
Project : Ariel @)

Prject : BepiColombo (Phase E) ()

You can also propose a new lesson here:
https://lessonslearned.esa.int/Lists/formal/NewForm.aspx?source=/

A well establish process to transform lessons into actionable items is in
place and TEC-SY contributes to it actively by injecting lessons for
consideration into the new missions (e.g. CDF and early phases
Systems engineering)
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ECSS-E-ST-10C

System Engineering Functions (Fig. 4-1)
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ECSS-E-ST-10C

System Engineering Functions Summary

« The system engineering function
shall provide a technical
assessment on any change
proposal to the baseline of the

ECSS Standardisation Training Course

T

Requirements
Engineering

System Analysis

Design and
Configuration

Verification

Integration and
Control

Elicit, write, organise, flow-down and maintain requirements
Validate top-level requirements with users (in Phase 0)

Define functions / function tree

Define and justify physical architecture / product tree
Derive end-to-end performance

Analyse impacts on cost and schedule

Establish all relevant environments

Perform trade-offs

Define analysis methods, tools and models

Elaborate system design and configurations
Define and manage interfaces

Define and perform product verification
Ensure that the verification is successfully closed out at each
stage

Define, plan and manage integrated technical effort amongst
all disciplines

Define and maintain system budgets (mass, power, ...) as well
as margin policy

Ensure availability and exchange of all (system-level, common)
engineering data

Identify and manage candidate technologies, with TRLs
Support risk, change, non-conformances control
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ECSS-E-ST-10C: 3 Main Areas of Concern &
SE Central Task “"Integration and Control”

Specify
the Problem

Facilitate, lead and
control collaboration
between all
disciplines and
parties

Define
the Solution

Building Blocks & .
Variation Points Design

Requirements

E-ST-10C: "Requirements
engineering" and
“Analysis”

Customer

Supplier

Realise
the Product

Manufacturing,
Assembly & Integration, 3
Verification & Validation

\/ E-ST-10C: "Verification"
\/ L
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E-ST-10C: "System engineering
integration and control"
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E-ST-10C: "Design and
configuration® and
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ECSS-E-ST-10C: “"Integration and Control”
Among disciplines

/ ——ais \ Attitude & Orbit Control

\ Thermal
/ ——ats \ V Comms

/ ———afg \ V Propulsion

/ e \ V Power - Integration and Control

(possibly concurrently in
N
Z&
g
L

early phases)
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ECSS-E-ST-10C: “"Integration and Control”
Across the Customer-Suppher Chain

Top-Level Customer
./uatomer

Prime Contractor

Reg irements

1st Tier Subcontractors

The Customer-Supplier Chain follows the 2" Tier Subcontractors
Product Tree or Work Breakdown
Structure nt" Tier Subcontractors

or a combination thereof
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ECSS-E-ST-10C: “"Integration and Control”
Along the System Life-Cycle

b= A
2 , |
) | oo
m . Design | |
2 Define the Solution Manufacturing,
% Specify Assg_mbl_y & Integ_rati(_)n,
£ ||the Problem Verification & Validation _
: ; Operation
RealiseI the Product
: . Disposal
v
MDR PRR SRR PDR CDR FAR
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ECSS-E-ST-10C
Requirements Specification Tree

Requirements shall be organized hierarchically — in a Specification Tree — that supports traceability
Typical documentation hierarchy for ESA project (NB: not in E-10):

Requirement types Responsible|Content Document Name
User requirements/ Mission User Non-technical, high level, general. Gives rationale for the| URD or Mission Objectives Document
objectives project. Contains mission need statement.
Mission requirements ESA Functional, technical, overall performance. Mission Requirements Document (MRD)
Applies to the Mission (sometimes merged with URD)
System requirements ESA Functional, technical, overall performance. System Requirements Document (SRD)
Applies to the System
System requirements Mission Prime / |Detailed, technical, reflects the (architectural) design. System Technical Specification
LSI Represents the interpretation of the customer
requirements from the developer
Lower level (equipment, Lower Tier Very specific and detailed: flow-down of system Element, subsystem, equipment or component
component) requirements Supplier requirements. requirements specification
Interface requirements ESA or Prime Allows connecting the system with other systems Interface Requirements Document
Can be at any level where an interface needs to be
managed.
Operations requirements Operator Technical, including constraints, for operations OIRD
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Examples - ECSS-E-ST-10C
Requirements Specification Tree
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ECSS-E-ST-10C
Main SE Deliverables and Organisation
A

Mission Description Doc high level description of mission concepts, including preferred concept

Specifications preliminary TS, TS, interface requirements doc
aka RB (Requirements Baseline)

SE Plan tech plan, tech matrix, verification plan, AIT QM/FM plan, debris mitigation plan, coordinate systems, ...

DDF (Design Definition File) function tree, product tree, spec tree, tech budget, TS for next lower level, DDF for next lower level,
interface control doc, product user manual, ...

DJF (Design Justification File) req traceability wrt next lower level, req justification file, system concept report, trade-off reports,
verification control doc, test spec, analysis rep, math model description, correlation rep, test procedure,
test rep, verification rep, DJF for next lower level, review-of-design rep, inspection rep, GSE spec’s, GSE
data pack’s

Note 1: In DDF and DJF, “File” should be understood in the meaning of collection of documents / information containers,
i.e. not a single computer file. In a digital data repository (e.g. using modern PLM or version control environment)
it can be thought of as a "Top Folder” or a "Repository” or a similar concept.

Note 2: Currently many ESA projects produce instead of a DDF and a DJF a "System Design Report”
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ECSS-E-ST-10C Annex D (DRD)
System Engineering Plan (SEP)

The System Engineering Plan defines:

>

Y YV V

VVYV VY

The SEP was formerly often known as
the "Design and Development Plan”

“the approach, methods, procedures, resources and organization to co-ordinate and
manage all technical activities necessary to specify, design, verify, operate and
maintain a system or product in conformance with the customer’s requirements”

Project objectives / constraints / phases / reviews / product evolution

SE tasks, inputs and outputs

SE team responsibilities and organization, including coordination between all

engineering disciplines

Procurement approach of all elements / equipment
Technology development approach

Verification Plan and AIT Plan, or combined AIV Plan
Coordinate systems

Processes, methods, facilities and tools

ECSS Standardisation Training Course

constituent plans may be integrated

Depending on the size of the project,
or be self-standing
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ECSS-E-ST-10C Annex A
SE documents delivery per review (1/3)

Document title

Mission description document

Specifications

Preliminary technical
requirements specification

Technical requirements
specification

Interface requirements
document

System engineering plan
Technology plan
Technology matrix
Verification plan

AIT QM/FM plan

Orbital debris mitigation plan
Other related plans

(as called in ECSS-E-ST-10
Annex D)

Coordinate system document

ECSS document

ECSS-E-ST-10

ECSS-E-ST-10-06

ECSS-E-ST-10-06

ECSS-E-ST-10

ECSS-E-ST-10

ECSS-E-ST-10

ECSS-E-ST-10

ECSS-E-ST-10-02

ECSS-E-ST-10-03

1SO 24113

ECSS-E-ST-10-09

DRD ref.

Annex B

Annex A

Annex A

Annex M

Annex D

Annex E

Annex F

Annex B

Annex A

Annex A

ECSS Standardisation Training Course

Phase 0
MDR

+

Phase A
PRR

B

+ o+ o+ o+

Phase B
SRR PDR

+
+ +
+ +
+ +
+ +

+
+ +
+ +
+ +

Phase C Phase D Phase E Phase F
CDR QR AR ORR FRR LRR CRR ELR MCR
+ + +
+ + +

This table is used to set up the planning of a project
- For big projects this is essential

- For smaller projects you might want to reduce number

of deliverables to keep cost down

I ECSS asks for content and not for specific format

4
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ECSS-E-ST-10C Annex A
SE documents delivery per review (2/3)

Phase 0 Phase A Phase B Phase C Phase D Phase E Phase F
Document title ECSS document DRD ref.
MDR PRR SRR PDR CDR QR AR ORR FRR LRR CRR ELR MCR

Design definition file ECSS-E-ST-10 Annex G + + + + +

Function tree ECSS-E-ST-10 Annex H Tr ar T

Product tree ECSS-M-ST-10 Annex B Tr ar T

Specification tree ECSS-E-ST-10 Annex J + +

Technical budget ECSS-E-ST-10 Annex I + + + + + ar

Preliminary technical
requirements specifications for ECSS-E-ST-10-06 + +
next lower level

Technical requirements

specifications for next lower ECSS-E-ST-10-06 B 4t
level

Design definition file for next

lower level i > > i

Interface control document ECSS-E-ST-10-24 Annex A ar aF qr ar aF + + +

(Al User mEmtEl) US| pessieamin Annex P + + + + + + + + +
Manual

Design justification file ECSS-E-ST-10 Annex K ar ar ar + +

Requirements traceability e

matrix w.r.t. next lower level HEHEE A i i i

Requirement justification file ECSS-E-ST-10 Annex O + + + +

System concept report ECSS-E-ST-10 Annex C + +

Trade off reports ECSS-E-ST-10 Annex L + + + + +
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ECSS-E-ST-10C Annex A
SE documents delivery per review (3/3)

Document title ECSS document

Verification control document ECSS-E-ST-10-02

Test specification ECSS-E-ST-10-03

Analysis report ECSS-E-ST-10

Mathematical model
description

Correlation report

Test procedure ECSS-E-ST-10-03

Test report ECSS-E-ST-10-02
Verification report ECSS-E-ST-10-02

Design justification file for
next lower level

Review of design report ECSS-E-ST-10-02

Inspection report ECSS-E-ST-10-02
GSE specifications

GSE Data packages

Note (1) : Document limited to the verification matrix

DRD ref.

Annex C
Annex D

Annex Q

Annex C
Annex D

Annex H

Annex F

Annex G

ECSS Standardisation Training Course

Phase 0 Phase A
MDR PRR
+(1)
+

Phase B
SRR PDR
+(1) +(1)

+ +
+

Phase C

CDR

+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+

L=l
b

+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+

Phase D

AR

+ o+ o+ o+

45

ORR

FRR

LRR

Phase E

CRR

ELR

Phase F

MCR
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ECSS-E-ST-10C
Guidelines for use/tailoring

» The core of the Standard shall be left as is since it gives general
principles which are applicable in all cases

» Practical implementation instructions shall be included in SRD or SOW
Examples:
— Specific Product Tree or design constraints
— Margin philosophy
— Use of a tool (e.g. DOORS) to manage requirements
— Use/definition of models
— Operations implementation

» The documentation deliverables shall be tailored according to project
needs / heritage (own project DRL), including proposed delivery dates

— Example: System Design Report with content part of the Design Definition
File and part of the Design Justification File

» DRDs as defined in annexes would typically require some tailoring
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Table 7-2: Pre-tailoring matrix per “"Space product types” @esa

ECSS-E-ST-10C Rev.1
15 February 2017

Table 7-2: Pre-tailoring matrix per “Space product types”
Space Launch
segment | Space | segment | Launch Ground | Ground
element | segment | element | segment segment | support
and sub- | equipment | and sub- | equipment equipment | equipment
system system

Space
system

+ THE EUROPEAN SPACE AGENCY




Table A-1: System engineering deliverable documents @esa

ECSS-E-ST-10C Rev.1
15 February 20

related plans
alled in ECSS-E-

10 Annex D)

Coordinate
document
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Useful Annexes - Examples

ECSS-E-ST-10C Rev.1
15 February 2017

Annex R (informative)
Mapping of typical DDP to ECSS
documents

Design Development Plan (DDP) content ECSS coverage

Introduction
+  General summary of the scope, objective and constraints
+  Definition of responsibilities and pre-requisites
System definition including high level product tree 1.ST-10-PT
ntification of customer furnished products A-ST.
Availability of and need to reuse existing products -ST-10-SEP <
Specification tree 1-ST-10-PT <
-ST-10-Annex
Technology assessment -ST-10-SEP <
Availability of and need to develop new technologies -ST-10-TP <4.3>
System design flow and philosophy of models T-10-SEP <
«  Model philosophy ST-10-SEP <
Design margin philosoph

- Margin philosophy for requirements as flown
down from system to subsystem- assembly — and
equipment level

Management of system resource allocation over the
entire project phases and resource reporting to the
next higher level

Rationale

System control and verification
Qualification and acceptance philosophy
Budget allocation philosophy
Compliance to requirements demonstration philosophy
High-level Assembly, Integration & Verification Plan, incl.

- end to end test

= R EE vl E E H RSN sErms s = = A = BE
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ECSS-E-ST-10-06C
“"Technical Requirements Specification”
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Level 3 Standard

ECSS-E-ST-10-06C
“"Technical Requirements Specification”

Provides “requirements on requirements” - i.e. how to: -
— Identify and capture requirements [ — =

— Write requirements
 including how to formulate “"good” unambiguous requirements

 definitions of “shall”, “should”, "may”, words to avoid, ...

— Classify according to type of requirement
- functional, operational, physical, design, etc.

Used to write e.g. SRD and - to a certain extent - the Prime’s
System Specifications
Common misconception: It does not provide practical

instructions on how to do requirements management
— E.g. does not prescribe use of tools like DOORS, etc.
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ECSS-E-ST-10-06C
Types of technical requirements

Functional requirements

Mission requirements

Interface requirements

Environmental requirements

Operational requirements

Human factor requirements

Integrated logistics support requirements
Physical requirements

Product Assurance (PA) induced requirements
Configuration requirements

Design requirements (i.e. design constraints)
Verification requirements

Performance requ irements Performance usually added, currently missing from E-ST-1 0-06CJ

VVVVVVYVYYVYVVVYYY
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ECSS-E-ST-10-06C Annex A - DRD
Technical Requirements Specification (TS)

The DRD defines expected contents of a TS:

» Objective:

— establishes the intended purpose of a product, its associated
constraints and environment, the operational and performance
features for each relevant situation of its life profile, and the
permissible boundaries in terms of technical requirements

User’s need interpretation description
Selected concept / product description
Life profile description

Environment and constraints description
Requirements and constraints

VV VYV Y
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ECSS-E-ST-10-24C
Interface management
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ECSS- E-ST- 1 0- 24C Level 3 Standard, relatively ‘‘new” (2015) J
“Interface Management”

System / element requirements specification(s)
containing higher level interface requirements

|

System / product
functional /logical / physical architectural decomposition

‘ Interface management planning

!

‘ Interface identification

!

‘ Interface requirements specification ‘

!

‘ Interface definition ‘

)

‘ Interface approval and control ‘

!

' Interface verification and validation "

ECSS Standardisation Training Course

l Interface management

Describes the process for interface management and control, which is a
critical system activity

- “Interface” consists of two or more “Interface Ends” plus the
connection between them

It includes:

. Customer defines the req’s which need to be placed on the interface
(electrical, mechanical, etc.) in IRD(s)

. Supplier prepares a description of its interface end in a so-called
Interface Definition Document (IDD) or Single-end ICD

. Once the interface is designed it is captured and managed via an
Interface Control Document (ICD), adopted and “signed” by the
managing customer and both interface end suppliers.

. Interface change management, verification and validation.

. Interface Identification Document (IID) to list all interfaces relevant
to one project.
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ECSS-E-ST-10-24C
“Interface Management” Definitions

interface

(element / equipment / (element / equipment
/ component)

/ component)
A - T - B

interface end x of A interface end y of B

boundary / connection

. interface - boundary where two or more products meet and interact

. interface end - one side of an interface

. external interface - interface between items under different programme responsibilities
. internal interface - interface between items within the same programme responsibility
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ECSS-E-ST-10-24C - Example
Interface Management in the Life Cycle @esa

Described for

« (Generic

« Launch Segment

« Ground Segment

« Involving OTS product

Controlled
baseline

Frozen
(signed)
baseli ne

Requifement
Basgline
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ECSS-E-ST-10-24C - DRDs
(Document Requirements Definitions)

» Interface Requirements Document (IRD) — Annex A (normative)
— Defines the requirements for an interface or a collection of interfaces
» Interface Control Document (ICD) - Annex B (normative)
— Defines the design of the interface(s) ensuring compatibility among
involved interface ends by documenting form, fit, and function
» Interface Definition Document (IDD) or Single-end Interface
Control Document — Annex C (normative)
— Defines the design of an interface end
— Defines the responsibility of interface end supplier
» Interface Identification Document (IID) — Annex D (informative)
— Proposes list of all identified interfaces to be managed
— Live ‘document’ - can be web application / database
— References all applicable standards to any interface
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ECSS-E-ST-10-02C
Verification
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ECSS-E-ST-10-02C
“Verification”

» Provides definitions and general requirements on:
— Verification process
— Verification planning
— Verification execution
— Verification close-out

» Provides in Annexes DRDs several verification documents and
proposes a list of Verification documents deliverable per
review

» It is complemented by the Verification guidelines HB (not
normative) which give explanations, advices and examples for the
preparation and execution of the verification programme and
provide extensive explanation on "model philosophy”.
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ECSS-E-ST-10-02C - Verification
Definitions (from ECSS-S-ST-00-01C)

» Verification
— process which demonstrates through the provision of objective
evidence that the product is designed and produced according to its
specifications and the agreed deviations and waivers, and is free
of defects
— “building the system right”

> Valldatlon

— process which demonstrates that the product is able to accomplish
its intended use in the intended operational environment

— “building the right system”

— Validation demonstrates that the space system (including tools,
procedures and resources) will be able to fulfil mission requirements

— It also includes confirmation of product integrity and performance after
particular steps of the project life cycle, e.g. pre-launch, in-orbit
commissioning, post-landing
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ECSS-E-ST-10-02C - Verification
Verification vs Validation

» ECSS in general does not mandate system validation
— Unlike in aeronautics for instance

» The reason is that the way system requirements are written for
the space segment already address the suitability of the product
to fulfill the needs of its intended use - therefore, in most cases
verification encompasses validation

» The latter is not always true for ground segment elements
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ECSS-E-ST-10-02C
Verification Process

» The verification process shall be implemented in subsequent
stages all along the program life cycle
— The stages depend upon project characteristics and identify a type of
verification
— Usually, the verification stages are related to project milestones

» The classical verification stages and milestones are:
— Development (PDR - CDR)
— Qualification (CDR - QR)
— Acceptance (QR - FAR)
— Pre-launch (FAR - Launch) to verify after transportation / storage
— In-orbit (Commissioning)
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ECSS-E-ST-10-02C
Verification Process

» Qualification - to verify the design according to project
requirements;

» Acceptance - to ensure that the product is in agreement with
the qualified design, is free from workmanship defects and
acceptable for use

» Commissioning - verification and validation activities conducted
after the launch and before the entry into operational service
— either on the space segment elements only
— or on the overall system, including the ground segment elements
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ECSS-E-ST-10-02C
Verification Process

» The verification shall be performed incrementally at different
verification levels

» The number and type of verification levels depend on the
complexity of the project

» Typical verification levels are:

— Component (or Part) e.g. resistor, relay, bearing

— Subassembly or Module e.g. printed circuit board

— Equipment (or Unit) e.g. valve, battery, electronics box

— Subsystem e.g. electrical power, structure, thermal
— Element e.g. satellite

— System e.g. manned infrastructure system
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ECSS-E-ST-10-02C
Verification methods

Verification shall be by one or more of the following verification methods
(in order of higher to lower level of confidence):
— Test: verification method by measurement of product performance and functions

under representative simulated environments
- is the preferred method

— Analysis: verification method performing a theoretical or empirical evaluation
using techniques agreed with the Customer — may be analysis by similarity

— Review-of-design: verification method using approved records or evidence that
unambiguously show that the requirement is met

— Inspection: visual determination of physical characteristics

However:

« All safety critical functions shall be verified by test.

« Verification of SW shall include testing in the target hardware.

» For each requirement verified only by analysis or review-of-design, a risk assessment shall be conducted
to determine the impact (major/minor) of this requirement on the mission.
If the impact is major, two independent analyses shall be performed (in terms of model used and suppliers).
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ECSS-E-ST-10-02C - Verification Stages

Qualification and Product Category (based on heritage)

Off-the-shelf:
procured from the market

Commercial Off-the-Shelf (COTS):
procured from the market
and not developed for space application

Category Description Qualification programme

A Off-the-shelf product without modifications and | None

s subjected to a qualification test
programume at least as severe as that
imposed by the actual project
specifications including environment
and

+ produced by the same manufacturer or
supplier and using the same tools and
manufacturing processes and procedures

B Off-the-shelf product without modifications. Delta qualification programme,
However: decided on a case by case basis.
It has been subjected to a qualification test
programme less severe or different to that
imposed by the actual project specifications
(including environment).

C Off-the-shelf product with modifications. Delta or full qualification
Modification includes changes to design, parts, progra.tmne (including tEStmg_)I
materials, tools, processes, procedures, supplier, decided on a case by case basis
or manufacturer. depending on the impact of the

modification.

D Newly designed and developed product. Full qualification programme.
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ECSS-E-ST-10-02C
Model Philosophy

A Model and Test Philosophy needs to be established as:
» Qualification of the design needs extensive testing
» Testing of the flight model only is not efficient as:

— It is too late in case problems are found
« It would be very expensive to correct the design when the system is already integrated.

— It may be detrimental to the lifetime of the spacecraft / unit

» Additional models of the flight hardware are necessary, to allow early testing
for effective design qualification

» The models must be representative of the flight hardware for all those
parts that need to be tested

» It is found convenient (by experience) to separate — at system level -
thermal and mechanical design aspects from functional design aspects

— To qualify thermal and mechanical design, a Structural-Thermal Model (STM) is
usually built

— To qualify functional design, a so-called Engineering Model (EM) is usually built
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ECSS-E-ST-10-02C
Model Descriptions (1/3)

-
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ECSS-E-ST-10-02C
Model Descriptions
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ECSS-E-ST-10-02C
Model Descriptions (3
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Prototype and Proto-Flight
verification approaches (1/2)

Prototype approach:

Verification approach where E |
qualification is achieved on a s v
dedicated full flight- | (=
representative system model L
(generally split between STM and
EM) while only acceptance takes g
place on the flight end item.
| ‘
This applies to equipment level too. I~ Pt S R e
. > ‘xa*m@".’)" (St e \?F )
g minn _1_!' ; ¢
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Prototype and Proto-Flight
verification approaches (2/2)

Proto-flight approach:

Verification approach where
qualification and acceptance
take place at the same time on
the flight end item.

This applies to equipment level
too.
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Prototype (QM+FM) vs Proto-Flight (PFM)
Testing

Prototype Proto-Flight Prototype Proto-Flight
Lower risk Lower Cost Higher Cost (additional Higher risk to discover
(issues discovered early (single model) model) issues (too) late in
on different model from lifecycle
flight)
Possibility to refurbish Shorter development Longer schedule More complex spares
QM as spare schedule approach
Possibility to use the QM No further model
or training, operations, available for operations,
etc. troubleshooting, etc.

> The cost and schedule savings of the Proto-Flight approach often overrules all other
considerations

> Proto-Flight approach is ideal for “standard” missions with high degree of recurrent
equipment
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Proto-Flight practical approach

» Generally, risk mitigation for Proto-Flight Approach consists of:
— enhancing development testing,
— increasing the design margins

— using design tools with high degree of confidence and validation (whenever
possible)

— implementing an adequate spare policy.

» In practice, the most commonly used approach is a hybrid
approach:

— Qualification models (or EQM) are used at lower level (subsystem and
equipment Ievell)1 for the most critical or innovative parts and proto-
flight approach is applied at space segment element level
— A STM (Structural Thermal Model) is defined for the mechanical part. This

can then be either refurbished into the PFM (if margins are high) or
discarded after use.

— EM at system level is limited to a degree of Electrical/interfaces/functional
representativeness (sometimes called ATB: Avionics Test Bench)

— Eystlem) Functional verification is carried out by SVF (Software Verification
acility
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ECSS-E-ST-10-02C - Overall Model
Approach - Examples

-!i.',‘!ﬁi" = _, |

; “ o / e pE: '(/ ‘. f:’._'?- s .I
STM: Actual structures and EM/ATB: No structures and no
thermal but dummy units thermal but assembly of EQM/EM

(functionally representative) units
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ECSS-E-ST-10-02C - Overall Model
Approach — Examples of ESA projects

XMM-Newton

Cryosat

(composed of all (even if it was called PFM
the equipment PFM at that tlme) « No STM, no EM
EQMs) « SW-based spacecraft

functional model
* Most units recurrent,
not requiring EQMs
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ECSS-E-ST-10-02C
Product Matrix

» For each unit on the basis of
the category, the
qualification status and the
verification needs (a matrix

of models) shall be defined.

This forms the basis of the
procurement activities

ECSS Standardisation Training Course

* Remote bus interface

No. |Subsystem/Instrument | Qual. Status | STM|EM | PEM | SP | Remarks
1 Structure D 1 1 * |* STM Spare
2 Thermal control D 1 * 1 1 |*STM Spare
3 AQCS
» Coarse sun sensor A - 1 2 * Dummy
 Star tracker A 3 1 |2 * Dummy
« Star tracker electr. A 3 1 |3 * Dummy
+ Gyro package A 1* 1 1 * Dummy
* Gyro electronic A 4 L * Dummy
+ Reaction whesl A ': T4 : Dummy
* YWheel drive electronic : :* 1 :II N gﬂmm:
: :ctuat::: gyro electronic D o+ 1 o * Dumny ** PFM
ap assembly D (1 |1 + Dummy ** PFM
* Control electronic
4 RCS
* Tanks BiA) g g |8 * Dummy ** from STM
* Thrusters A 12¢ (1 12 * Dummy
» Thrusters bracket D 4 4% 14 * Dummy ** from STM
« Latch valves A LR R * Dummy
» Filter A 1 1 1 * Dummy
* Flow meter E ;: 1 13 : B“mm‘f'
- : ummy
. E,'!Ifedb“;:k":t's“es D 2 |2 |2 * Dummy ** fram STM
A 3 1 3 * Dummy
» P.ressure transducers D 1= 1[4 + Dummy ** from STM
* Pipework
3 Power
+ Power control unit Cc 1* 1 |1 * Dummy ** EQM
+ Battery regulator unit A 1* 1 1 * Dummy
» Battery mgt unit A 1 1 1 * Du