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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 Engineerign Handbook mention

— MBSE and E-10-23 and 25

— Future Developments in Standards

> Q&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

Useful references
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Where to find our standards?

ECSS Disciplines

ECSS-5-ST-00C ECSS-5-ST-00-01C
System description Glossary of terms
i * Spau
_E e
e | il
(a5 of & May 2014}
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Link: https://idc.sso.esa.int/intranet/public/standards/


http://ecss.nl/standards/ecss-document-tree-and-status/

On the ESA Intranet

Documents from "List of ESA Approved Standards"

Space Engineering
Applicable Standard
Systems Engineering

[-] ECSS-E-AS-11C

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

[-] ECSS-E-ST-10-02C Rev.1

ECSS-E-ST-10-03C
ECSS-E-ST-10-04C (Rev.1)
ECSS-E-ST-10-06C
ECSS-E-ST-10-09C
ECSS-E-ST-10-11C

[-] ECSS-E-ST-10-12C

ECSS-E-5T-10-24C

Reference document

ECSS-E-HB-11A

ECSS-E-TM-10-10A
ECSS-E-TM-10-20A
ECSS-E-TM-10-21A
ECSS-E-TM-10-23A
ECSS-E-TM-10-25A
ESSB-HB-E-002-Issuel
SAVOIR-HB-003 i2 roa

ECSS-E-HB-10-02A

ECSS-E-HB-10-12A

https://idc.sso.esa.int/intranet/public/standards/space-engineering.html
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Title
(including LEAS notes)

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

Technelegy 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)
Guidelines for the use of TRLs in ESA programmes
SAVOIR FDIR Handbook

Verification

Space Engineering - Verification guidelines
Testing

Space environment

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

Published

01/oct/14

01/mar/17

15/feb/17
16/apr/10
16/apr/10
16/apr/10
25/nov/11
20/okt/10
21/aug/13
1/nov/19
01/feb/18
17/dec/10
01/jun/12
15/jun/20
06/mar/09
31/jul/08
31/jul/08
15/nov/08

17/dec/10

01/jun/15
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On the web

The European Cooperation for Space Standardization (ECSS) is a
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,

Officially adopted by ESA on 23 June 1994 through the resolution
ESA/C/CXIII/Res to replace its own Procedures, Specifications and
Standards (PSS) system.

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

The ECSS is managed by the ESA Requirement and Standard
Division, based in ESTEC in Noordwijk, the Netherlands. The ECSS
maintains connections with multiple European and international
standardization organizations, to contribute to standardization and to
adopt relevant standards as part of the ECSS system

ECSS Standardisation Training Course

e 1ar L
coherent, single 5 T use o f
endly standards for use in all / "

Eurcpean space activities.

*'u 1 . ! = ]
Latest published documents A 8

E(S5-0-ST-70-15C = Nan- ECSS-E-ST-50C Rewl =
destructive tasting [1 May 2021) Communications (1 March 2021)

ECS5-E-AS-50-21C - Adeption
Notice of CCSDS 131.0-8-3, TM
Synchronization and Channel
Coding [1 March 2021)

EC55-E-A5-50-22C - Adoption EC55-E-AS5-50-23( - Adoption EC55-E-AS-50-24C - Adoption

https://ecss.nl/
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Why do we have standards?

How the customer explained it How the Project Leader How the Analyst designed it How the Programmer wrote it How the Business Consultant
understood it described it

How the project was What operations installad How the customer was billed How it was supported What the customer really
documented needed
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To ensure that what iIs needed gets
delivered

Requirements set the scope of: 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 and then
it is recommended a cross-functional team working

It is necessary to establish a method to elicit and
make explicit all the requirements to assure they
do not remain hidden

Requirements are stated at different levels following this
order:
— Business Requirements
. i How the
— Service Requirements | customer

— Technical Requirements, iteratively refined through all the R
layers of the System Architecture

How the
Engineer
Designed it.
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General Background
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What is system engineering?

» 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

Training &

Performance Support

Manufacturing

Operations

Disposal

INCOSE is the International Council on Systems Engineering Slide 11
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http://www.incose.org/AboutSE/WhatIsSE

BaCkgI’Ound - ECSS—S—ST—OO—O:LC (Glossary of Terms)
Space System Decomposition

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 fulfills a
major, self-contained, subset of the
space mission objectives”

Four main kinds:
Space, Ground, Launch, Support

ECSS Standardisation Training Course

Space System )----------------{_Users

| Materials |

Legend:

Q Functional view
[ rhoseatoiew

Mols 1: Since software can belong 1o Mot Z: A subgystem can be splt ACross hwo segments v 4 (Dround v — 7 Space syviem
oy hevel it S not appanent in this chant &g TTAC subsystem spi scross Space and Ground segments 5 sutrysiem

Functional vs Physical views
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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.

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

product or item

examples
Data Relay Saterite spacecraft (physical view) power electronic unit {e.g. DHU, PCSU, PDU, ASIC Alumiunium
System ICU)
MNavigation Satellite satellite (physical view) propulsion thruster hybrid fo be taken from Q60 & Q70
System
spacecraft (functional
view) payload data handling valve integrated circuit
satellite (functional view)
platfarm thermal battery heat-pipe
instrument structure reflector MLI
orhiter AOCS mechanism (when fully assembled) structural panel
lander Tmé&Tc vesseliank opfical array
bay optical mirror/lensesifilters (assembly) pyro components
module RF solar array (assembily) 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
LINA thermistor
IMUX/OMUX, heater
omMT propulsion fluidic
feeds
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ECSS “Glossary of Terms” — Mobile Apps
o=y

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

Branch ~ Discipline v Type v
Popular terms
1) model factor (KM} ECSS-E-5T-22%0C Rev Cor » (17 transient 55057 X e
@ o amponee =Eaen @ wraysiniaes ECSS Glossary mobile
@ lare £r3s-LaTA01E applicatiuns

ECSS Glossary mobile apps available from i0S
and Android store and ECSS Glossary Plugin for
MS Waord available from Microsoft Appstore

https://ecss.nl/glossary/ 1 < search the online Glossary

Download ECSS eGlossary App

Microsoft Office Word Plugin

i ad plugin
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Background — ECSS-S-ST-00C

The Customer-Supplier Model

7, \\VK\\
Customer and Supplier are roles played by the Other contract(s) at %7~ orool lioo i
. primelevel a”~”~
Actors that cooperate to produce, operate and dispose : Supplier
a Space System L o R
One Actor (organization) can be a Customer or Elemental e
customer-supplier PRD1-%-ID1 PRD m<3~ IDn
Supplier or both chain A DL (DL IR
. . Supplier
System is a relative concept that may appear | e }Organizaﬂon
- - . Customer
anywhere in the Customer-Supplier chain: Complete L u: )
a Customer’s Equipment can be the Supplier’s S PRDIL 27 IDi1 i PROEM DN
AT [
System PRD i} 1D
Within one Customer-Supplier relationship the roles :
of “Information Provider” and “Information Consumer” L
- - - - vl
depend on the direction of the information flow, as Supplier
o ] Organization
denoted with the arrows Customer
ot 4 \v\
Outside ECSS the Customer-Supplier Chain is also tﬂﬁﬁi:fﬂ”ﬂf;‘ PRD T;lg,'»’“;;"; . IDPRP m-\W\I;\'\D m.n
known as the chain st m.i m.| S
“Supply Chain” or “Extended Enterprise” Supplier Lmsf:szs')t“lgel
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Background — ECSS-5-ST-00-01C
The Customer-Supplier Model

Customer

specifies the need/problem in the

is the consumer in a

receives and uses/integrates the

BUSINess reviews and accepts the

Agreement

Project :
Implementation

Requirements
Documents
(PRD)

Documents (1D)

Product(s)

defines the solution in the

reviews and accepts the

Supplier

ECSS Standardisation Training Course Slide 17

is the provider in a
realizes and provides the




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

Top-level customer Often representing the User(S)J
1
Prime contractor LSl : Large System IntegratorJ
1
Tier 1 subcontractors
[ —— 1 1

g Sub 1 Sub 2 Sub 1 Sub 2 Sub 3 Sub 1 Sub 2 Sub 3
Tier 2 subcontractors

Lower level suppliers
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Background — ECSS-M-ST-10C
System Life Cycle

Phases
Activities
Phase 0 Phase A Phase B Phase C Phase Dr Phase E Phase F
. JvoR |PRR
FeaSIblllty StUdy Mission/Function
- SRR [|PDR

Conceptual design , IR

Requirements
Detailed design J¢PR

Definition
Manufacturing LR
Assembly Verification |
Integr_atio_n R
Qualification _ lorr

Production
Acceptance FRR

§ o JER
Operations Utilization 111:
‘ULRR
MCRJ
Disposal

T, : Mission Need Statement

.

ECSS Standardisation Training Course

Te 1 Switch-off or burn-out / break-up
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Background — ECSS-M-ST-10-01C
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
iIssues

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

ECSS Standardisation Training Course Slide 20



Background — Main reviews

Review Phase Main Objectives
Mission Definition Review (MDR) / Phase 0 / Definition of Mission Baseline and assessment of feasibility of User
(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 21




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
e ICD with Launcher Authority, Payload, Operations, etc.

— Specific documents
* e.g. Planetary Protection req’s, Environment definition, Regulations, etc.

» Several categories of documents to be used at system level in ESA projects
— ECSS E-10 Standards
— ECSS E-10 Handbooks
— ECSS E-10 Technical Memoranda
— 1SO (for debris mitigation and TRL definitions)
— ESSB Handbooks (e.g. ESSB-HB-E-003 ESA pointing error engineering handbook)
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E-10 Discipline Sub-branch

ECSS Standards

Engineering branch

Includes System Engineering itself,
but also system level disciplines:

* Space Environment

* Radiation

* Reference Coordinate System

* Human Factors Engineering

E-30 discipline is E-50 discipline is
detailed in the next

chart

detailed in the next
chart

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

EQSS-E-5T-20.20C Rev.1

(Ongoing update of an Mew docurment in
existing document | production
b

(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. DRDSs)
— 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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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 available)

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

e ———

“Cost

I
|
- Planning -
- Configuation control / e
- Procurement n
- Information o
q-hDowmraniation s .
SYSTEM ENGINEERING INTEGRATION AND CONTROL 3 i ’
+ Product \
| assurance H
}- Dependability !
ANALYSIS 1 - Verification v
I -Procurement !
| - Criticality P
REQUIREMENTS DESIGN AND | analysis ¥
ENGINEERING CONFIGURATION | -PM&P i
|- Safaty e
-.\— EEE companent;
VERIFICATION \ !
\'\
eemmmmmTEEes ————. SYSTEM
- Operations Engineering - i ENGIMEERING
- Operations Verification [
- Logistic Analysis o N
Production N _‘.‘_": o TR N . \ ’ iy \ Product |
_________________ N\ _ _ Gperations and Logisticy] Assurance
I:I = System Engineering Scope i ~ " y=Interface Area

MAIT = manufacturing, assembly, integration and test
PM&P = parts, materials and processes

ECSS Standardisation Training Course

Slide 28



ECSS-E-ST-10C
System Engineering Functions Summary

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

System Analysis . 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

Design and Configuration . Elaborate system design and configurations
. Define and manage interfaces

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

Integration and Control . 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

ECSS Standardisation Training Course
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ECSS-E-ST-10C: 3 Main Areas of Concern &
SE Central Task “Integration and Control”

Specify
the Problem

Q

Facilitate, lead and
control collaboration

Requirements

between all _
E-ST-10C: "Requirements
diSCip"nes and engineering” and
pames “Analysis”

Customer

Supplier

Define
the Solution

Realise
the Product

Integration and
Control

E-ST-10C: "System engineering
integration and control"

Building Blocks &
Variation Points

Manufacturing,
Assembly & Integration,
Verification & Validation

\/ E-ST-10C: "Verification”
\/ el
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ECSS-E-ST-10C:

Iterative “Integration and Control”

\ Attitude & Orbit Control

Thermal

Comms

Propulsion

Power

Manufacturing,

Verification & Validation

N ,Qembly & Integration,

N \ X\ /

)

NN
SEARSODAN, ]

N N |
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* Integration and Control
(possibly concurrently in
early phases)

* Iterate between
- Requirements,
- Design,
- MAIV&V

* Iterate across Disciplines
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ECSS-E-ST-10C: “Integration and Control”

Across the Customer-Supplier Chain

~ "Omer. Top-Level Customer
. =usl

ww T | ' Prime Contractor

\.

Customer

ARR s
Design m ® A&'I
O w \/v V&\}
The Customer-Supplier Chain follows the
Product Tree or Work Breakdown
Structure
or.a.combination.-thereof

2nd Tier Subcontractors

nth Tier Subcontractors
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ECSS-E-ST-10C: “Integration and Control”
Effort along the System Life-Cycle

Fa-)
’5 A
= .
)
< DeS|gn
2 Deflne the Solutlon Manufactu ring,
% ! Assembly & Integration,
= | |the Problem Verification & Validation _
' ! Operation
Reaﬁsdthe Product )
| Disposal

= :
MDR PRR SRR PDR CDR FAR
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ECSS-E-ST-10C
Reqguirements 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
LSl 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

Requiement of a
technical natue

|
| Il ! v ! ! ]
| F\.rcmrl:il [ Msions | | nkerfaces | | Em-cmmmll | Prysical | ‘Ope::hmcl | | Hurnan factor | l°9 I | P‘M'm [Ccnf-gm-on] | Design | | verificaton |

Mead or Syslemmodes  Exemal hoosiendon huonamy smmnns Maimenanca Annlicnilty Imposad design - Memods
MBS Sysiam siges - launches Amiude Mcmru Conbol Personl Comguier uiiites Man Shadhand - Inspackon
siferert Sysleminchons - GPS Conamingson Mass Falim Packoging Comcngss camganans Margns - renieny of dasign

Syseminckong - oeW Fungus Mateals rranagament Supply EMiciency Inlechangeqtily - anlysis
s ntemal Gmly Mo Trans podakion Infayity -Nest
Hiwtncsons - Detween Hurmidity Shope
H/'w perbamance madules Meteomids
S'w pariommance  Ground segTent  Posmao Saiwam Manianaouy
Nuchsar contol Precpibon capachy Monuaching
poganming Prassye pocESsEs
Rodaton Radiatan
(Suscepabiey) System salely
Shack [Etect bveness
Spoce Deris Tesiabilly
Vieeaton Trnspariability
ity
Wokmanship
What the What the Which The The How the Which human The logistic The product The The design The
system systemn shal neraces conditions boundary perability it figueat
shall he system underwhich| | condtions of fhe he system he sslem corstaints conahants the system | | consbaints
perfarm pedom fhe shall have the systern | | forwhich the | | systermn shall shall comgly shall comply he sislem he systemn shal he sylem
o safisty func tional Towards shall performy | system shal be with with shall comply shall comply comply winh| shall
the equisement axerna he work ensue win wih comply withf
anjectve physical
compatioity
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ECSS-E-ST-10C
Main SE Deliverables and Organisation

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:

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

> Tecﬁnolqu development approach _ Depending on the size of

» Verification Plan and AIT Plan, or combined AlV Plan the project, constituent

» Coordinate systems plans may be integrated
. or be self-standing

» Processes, methods, facilities and tools

ECSS Standardisation Training Course Slide 37



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. Phase 0 Phase A Phase B Phase C
MDR PRR SRR PDR CDR QR
Annex B =F +
Annex A + +
Annex A +
Annex M + + <
Annex D + + + + + +
Annex E + + +
Annex F + + o
Annex B + + + + +
Annex A + + +
+ + + + + +
+ + + + +
Annex A + + + + +

ECSS Standardisation Training Course

Phase D Phase E Phase F
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




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

Document title

Design definition file
Function tree
Product tree
Specification tree
Technical budget

Preliminary technical
requirements specifications for
next lower level

Technical requirements

specifications for next lower
level

Design definition file for next
lower level

Interface control document

Product User manual / User
Manual

Design justification file

Requirements traceability
matrix w.r.t. next lower level

Requirement justification file
System concept report

Trade off reports

ECSS document

ECSS-E-ST-10

ECSS-E-ST-10

ECSS-M-ST-10

ECSS-E-ST-10

ECSS-E-ST-10

ECSS-E-ST-10-06

ECSS-E-ST-10-06

ECSS-E-ST-10-24

ECSS-E-ST-10

ECSS-E-ST-10

ECSS-E-ST-10

ECSS-E-ST-10

ECSS-E-ST-10

ECSS-E-ST-10

DRD ref.

Annex G

Annex H

Annex B

Annex J

Annex |

Annex A

Annex P

Annex K

Annex N

Annex O

Annex C

Annex L

ECSS Standardisation Training Course

Phase C Phase D Phase E Phase F
CDR QR AR ORR FRR LRR CRR ELR MCR
+ +
+ + +
+ + +
+ + + + + +
+ + + + + + + + +
+ +
+
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ECSS-E-ST-10C Annex A
SE documents delivery per review (3/3)

Document title

Verification control document
Test specification

Analysis report

Mathematical model
description

Correlation report
Test procedure
Test report

Verification report

Design justification file for
next lower level

Review of design report
Inspection report
GSE specifications

GSE Data packages

Note (1) : Document limited to the verification matrix

ECSS document

ECSS-E-ST-10-02

ECSS-E-ST-10-03

ECSS-E-ST-10

ECSS-E-ST-10-03

ECSS-E-ST-10-02

ECSS-E-ST-10-02

ECSS-E-ST-10-02

ECSS-E-ST-10-02

DRD ref.

Annex C
Annex D

Annex Q

Annex C
Annex D

Annex H

Annex F

Annex G
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Phase 0 Phase A
MDR PRR
+(1)
+

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

Phase C

CDR

QR

Phase D

AR

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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Requirements
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ECSS—E—ST—10—06C Level 3 Standard

“Technical Requirements Specification™

» Provides “requirements on requirements” — i.e. how to:
— ldentify 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 an extent the Prime’s System
Specification

» 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

Pe rforman Ce I’eCIUII'ementS Performance usually added, currently missing from E—ST—lO—OGCJ

VVVVVVYVYYVYVVVYYY
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ECSS-E-ST-10-06C Annex A — DRD
Technical Reqguirements 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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Interface management

ECSS Standardisation Training Course Slide 46



ECSS— E—ST— 10— 24C Level 3 Standard, relatively “new” (2015) J
“Interface Management”

System  lement requirements specificaion(s) Describes the process for interface management and control, which is a
containing higher 'MI""*""“ requirements critical system activity
System/product *  “Interface” consists of two or more “Interface Ends” plus the

functional flogical / physical architectural decomposition

connection between them

l Interface management |

Interface management planning It includes:
1 . Customer defines the reqg’s which need to be placed on the interface
ntorface ientiication (electrical, mechanical, etc.) in IRD(S)
1 . Supplier prepares a description of its interface end in a so-called
ntrace reqiroments spocicaion. | 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
P managing customer and both interface end suppliers.
: | . Interface change management, verification and validation.
| torece pprovatand conol « Interface Identification Document (11D) to list all interfaces relevant
| to one project.

. -
Interface verification and validation
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ECSS-E-ST-10-24C
“Interface Management” Definitions

interface

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

/ component)
S - - - -

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

Supplier A

1 ! ]
! P i
: ') o
' [ 1 :
: P -
! Design i
i Oefinitign,
- FDR '
1 i
I
I
I

'
'
i
'

;; PDR

Supplier B
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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 ldentification Document (11D) — 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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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 (nhot
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”

» Validation

— 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.

e 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-
Product Category (for re-use)

E-ST-10-02C

Category

Description

Qualification programme

A

Off-the-shelf product without modifications and

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

None

Off-the-shelf:
procured from the market

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

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, prograrm‘ne (including tesﬁjlg),
materials, tools, processes, procedures, supplier, dectd.ecl— on a case bv 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
ptions (1/3)

Model Descri

Model (STH)
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ECSS-E-ST-10-02C

Model Descriptions

111
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(2/3)
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ECSS-E-ST-10-02C
Model Descriptions (3/3)

-
-

FProtoflight hodel (FFM)

* Flightuse Full flight desien & All levels Frotoflipght qualification
+ Design flight standard festing
gqualificabion
Flight Model (F1) Flight use Full flight design & Al levels Acceptance testing
flipht standard
Flight Spare (F3) - . . . . .
Spare for flight use Full flight design & Equipment Level Acceptance testing
flipht standard
Function oriented model i i ~ ~ _ ~ i i
Cualification agamst Flight representative Al levels Qualification testing
the applicable asnecessary for the oziented to a spedfic
funcHonal limited qualification funciion or requirement
requirements objectves
Training model ~ . ~ _ i i i
= Flight training Flight representative Al levels Qualification testing
baselme data with medifications fo oriented o specific HFE
allow for normal requirements
gravity operation
Virhaal and hybrid ~ i
medels b Development and Wirtaal or physical Al levels » Composition may
verification of specific | flight representativity change in course of
aspects asnecessary for the the project life cycle
applicable verfication . Often laces
objectives Tepiaces pure
hardware models
Human related models
Qualification agamst Flight representative All levels Crualification teshng
the applicable HFE asnecessary for the oriented to specific HFE
requirements limited qualification requirements
objectives
ground segment specific L ~ .
mdels Verification process of | Represantative as Ground sagment See also ECES-E-5T-70
the ground segment niecessary for the
and operations applicable verification
objectives

ECSS Standardisation Training Course

Slide 64



Prototype and Proto-Flight
verification approaches (1/72)

Prototype approach:

Verification approach where g o] .Fl““
qgualification is achieved on a 2 . - v
- - - g| (e < o )
dedlcated fl:lll fllght K-igs:!: '\‘Lfc'gzi/ \\:ﬂef!?;;i’/
representative system model L = . + ]
(generally split between STM and 4 ,\f\’ T TR :/;;::ﬂm;ﬂ:‘\) (e
EM) while only acceptance takes 2 e S~
. . e e Tr~—
place on the flight end item. v v i
TI STM _“‘ EM I EQUFJENT EARY QUALIFIED i M I
This applies to equipment level too. . R N SR B =Sy
mtmss > '\\fymmm) \ \ ulwmmu / ! \?ﬁmt\Q
..... i S R S T
% “:-l;?o: g .SBP:;?[::? FUGHT J
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Prototype and Proto-Flight
verification approaches (2/72)

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 (OM+FM) vs Proto-Flight (PFM)
Testing

Pro’s Con’s

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 level) 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)

— System Functional verification is carried out by SVF (Software Verification
Facility)
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ECSS-E-ST-10-02C - Overall Model

*

STM: Actual stuctures 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

(composed of all (even if it was called PFM
the equipment PFM at that time) « 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 |3 * Dummy
« Star tracker electr. A 3 1 |3 * Dummy
* Gyro package A 1* 1 1 * Dummy
* Gyro electronic A 4: T3 : Dummy
» Reaction wheel A 1‘_ T4 . Dummy
* Wheel drive electronic A 1* T . Dummy
» Actuator gyro electronic A ! ! ] Dummy
+ Flan assembi D - 1 2 * Dummy ** PFM
P assemuly D (1 [1 * Dummy ** PFM
* Control electronic
4 RCS
* Tanks B(A) g g |8 * Dummy ** from STM
* Thrusters A 12¢ (1 12 * Dummy
» Thrusters bracket D 4 4 |4 * Dummy ** from STM
« Latch valves A LR R * Dummy
» Filter A 1~ 1 1 * Dummy
» Flow meter E ;: 1 13 : B“mm‘f'
: ; ummy
LDl valves D 7 2= |2 * Dummy ** from STM
* Pressure transducers A - ! 3 » Dummy
o = D 1 1 (1 * Dummy ** from STM
* Pipework
3 Power
* Power control unit c 1 1 1 * Dummy ** EQM
+ Battery regulator unit A 1* 1 1 * Dummy
» Battery mgt unit A 1 1 1 * Dummy
» Pyro drive unit [ 1" 1= (1 * Dummy ** EQM
« Power distribution unit D 1 1 * Dummy ** PFM
+ Battery A |12 |2 * Dummy
G OBDH
+ Central terminal unit A 1™ 1 1 * Dummy
» Common pulsed distr. unit | A 1* 1 1 * Dummy
* Digital bus unit A 44 |4 * Dummy
+ Intelligent control unit C(D) L * Dummy ** EQM
* Mass memory unit D{C) 1* 1 1 * Dummy ** PFM
. A a* 2 2 * Dummy

Slide 71



ECSS-E-ST-10-02C - Verification
Documentation and Control

» Verification Plan (part of System Engineering Plan)

— Contains the overall verification approach, the model philosophy, the
product matrix, the verification strategies for the requirements, the
verification methods and planning, the verification tools, the
verification control methodology, the verification management and

organization
» Verification Control Document — VCD (part of DJF/SEP)

— Lists the requirements to be verified with the selected methods in the
applicable stages at the defined levels. It contains the Verification

Matrix
» Test report

— describes test execution, test and engineering assessment of results
and conclusions in the light of the test requirements (including pass-fail

criteria)
» DRDs for these documents are in Annexes of E-ST-10-02C
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ECSS-E-ST-10-02C - Verification
Documentation and Control

» The implementation of the verification process shall be monitored
by the Verification Control Board (VCB)

— a board composed of customer and supplier representatives that
ultimately assesses the requirements verification close-out

» The means to monitor the verification progress are the VCD and
the verification database
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ECSS-E-ST-10-02C - Verification
Guidelines for Use / Tailoring

» Guidelines for tailoring are
provided in ECSS-E-HB-10-02A
(verification guidelines), Annex
B

» Requirements that can be
tailored and requirements that
are recommended NOT to be

tailored are indicated

— Per type of Mission

— Per phase of Project

— Per level within product tree

— Per typical product (HW unit,
SW component, Space Element,
GSE, Launcher, Ground
Segment, Overall System)

ECSS Standardisation Training Course

ECSS-E-ST-10-02C Verification Requirement

per Product/

Mission

per Phase

per Level

Specific product type

Space HW

Space SW

Space
element

GSE

Launcher

Ground
segment

Overall
System

5.1 VERIFICATION PROCESS

a. The verification process shall demonstrates that the deliverable product meets the
specified customer requirements and is capable of sustaining its operational role through:
1. Verification planning;
2. Verification execution and reporting;
3. Verification control and close-out.

No

No

No

No

No

No

No

No

No

No

Verification methods

.2 VERIFICATION PLANNING
2
2

2.1 General

52
5.2..
5.2
a. Verification shall be accomplished by one or more of the following verification methods:
1. test (including demonstration);
2. analysis (including similarity);

3. review-of-design;
4. inspection.

No

No

No

No

No

No

No

No

No

No

o

. All safety critical functions shall be verified by test.

Ne

No

No

No

No

No

No

n

Verification of software shall include testing in the target hardware environment.

No

No

No

No

No

No

No

o

. For each requirement verified only by analysis or review-of-design, assessment analysis
(part of the VP) shall be conducted to determine the level (major/minor) of the impact of
this requirement on the mission

e, If the impact of the requirement is major, a risk mitigation plan (part of the VF) shall be
defined which includes, a cross check based on two independent analyses (in terms of
model used and suppliers)

Yes

No

No

No

No

No

No
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Testing
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ECSS-E-ST-10-03C - Testing
Content

» Provides requirements for testing in general and in particular at
space segment element (e.g. spacecraft or instrument) and
equipment level

» Defines the tests to be performed to qualify and accept for flight
all equipment - sorted per “types” - and all elements

» Defines levels and pass criteria for the above tests

» Notes:

— End-to-end System validation is not included and should be project-specific
(when required)

— Subsystem testing is not covered as normally limited to project-specific
functional testing. Sometimes this is reported in the ECSS relevant to the specific
disciplines (e.g. propulsion)

— Tests at components/parts/materials level are covered by ECSS-Q-ST
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ECSS-E-ST-10-03C — Test Classification

Per objective:

»  Development testing
— used to validate new design concepts and the application of proven concepts and techniques to
a new configuration. It takes place before qualification and shall confirm performance margins,
manufacturability, testability, maintainability, etc.
» Qualification Testing
— Is the formal demonstration that the design implementation and manufacturing methods have
resulted in hardware and software conforming to the specification requirements
(also called prototyping testing in other engineering fields)
»  Acceptance Testing
— to demonstrate conformance to building specification and to act as quality control screens to
detect manufacturing defects and workmanship errors
Protoflight (PFM) Testing
— is the combination of the qualification and acceptance testing objectives on the first flight
model

Y
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ECSS-E-ST-10-03C Development Testing

A\

It applies mostly to equipment
» Typical testing performed in the early technology development
activities
» The standard does not specify which tests shall be performed for
development
— This is left to the project to define.
» Development Models are built on-purpose for development testing
— Sometimes also called breadboards — a term not used in
ECSS
» Qualification testing and associated levels provide a reference but
often at early stage materials and components basic resistance to
space environment needs to be tested
S-ST-Q-60- and ECSS-ST-Q-70- series
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» Testing tolerances

on the most

important test
parameters are

specified
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ECSS-E-ST-10-03C Test Tolerances

Test

8. Micr

0%

F Tol Test parameters Tolerances
1. Temperature Lene High Forces or bosque 0%
abore S0K Tmin D T DK 9. Audible noise (for Crewed Element only)
Sound-power (13 octave band centre frequency)
325Hz- 160 Hz 3 dB
160 Hz - 16 kHz 2dB
9. Shock
T8 E Tolezance o be defined case by case Fecpanse ﬁ;:ﬂptm* (112 actave centre
2 Relative id Shack level -3d8/+64B
3. Pressure (in vacuum chamber) 50% af the SRS above 0 dB
>13hFa z15% 10, Solar flm
1310-5kPato L3P 2309
PET— P in seference plans 4% of the seb walue
|4 Acceleration isteady state) and static load 0/40% n seference volume 28 %o of the set wahae
5. Sinusoidal vibration 11, Infrared flux
Frequency 5 Hz to 2000 Fz) +1% {or +1 Hz whichever iz greater) bean value £3% om reference plane(s)
i 1% 12, Test duration ~0/+10 %
Sweep sate (Octimin) 5%
6. Random vibration
1 (PSD, frequeng tter fhan 10EEz)
20Hz- 1000 Hz -1dB/+3 4B
1000 iz - 2000 Hz £3d8
Random overall gr.ms. 105
7. Acoustic noise
Soumnd preszure level, Octave band centze (Hz)
515 -2dB +4dB
6 -1dB 43 dB
25 -1dB 3 dB
250 -1dB 43 dB
500 -1dB 3 dB
1000 -1dB 3 dB
2000 -1dB 43 dB
Ovezall -1dB 43 dB
Sound pressure level it pes octave band +/-1dB
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ECSS-E-ST-10-03C
Test Accuracies

» Measurement accuracy for the
most important tests are
specified (input to test
facilities/instrumentation
selection)

ECSS Standardisation Training Course

Test parameters

Accuracy

1. Mass

Space segment equipment and space segment

elemenit

20,05 % or 1 g whatever is the heavier

2. Centre of gravity (CoG)

Space segment equipment

Within a 1 mm radius sphere

Space segment element

£2.5 mm along launch axis
+1 mm aleng the ofher 2 axes

3. Moment of inertia (Mol)

Space segment equipment and Space segment

clement

£ 3 % for each avis

4, Leak rate

Cme magnitude lower than the system.
specification, in Pa m® 5 at standard conditions
(1013,25 Pa anad 288,15 K.

3. Audible noise (for Crewed EI t only)

325Hztole0Hz +3dB

160 Hr to 16 kHz +24B

6. Temperature

above B0 K 1K

T=B0 K Acouracy to be defined case by case

7. Pressure (in vacuum chamber)

>13hPa +15%
1310*hPatol3hFa +30%
<1310 hPa =80 %

+10%

8. Acceleration isteady state) and static load

9. Frequency for mechanical tests

* 2 % (or £l Hz whichever is greater)

10. Acoustic noise +0,1dB

1L Strain =10%

12 EMIC See ECS5-E-S5T-20407 clause 5.2.1.
13. ESD Ses ECS5-E-5T-20-06

See ECS5-E-5T-20-07 clause 5.2 1 for ESD test on
space segment equipment.
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ECSS-E-ST-10-03C - Equipment Testing —
Sequence _Pryn Poprs o

Full Functional | I |
& Performance Test | ENC / ESD |
. . | Humidity Test | [
Test as yOou Fly J ok Toot | MagnetllclPIM |
. . : Proof P Test Audible Noi
> Equipment testing (either e [ Aua e |
1fi 1 ‘ Full Functional & —
qualification or acceptance) shall — FullFunctional & - I putipaction )
follow a pre-defined sequence (S o, sin or varsien pesignaur;tmssure|.“mDB c'.
Sinus vibration? :

. | Burst test* |
or |

> Try to preserve the order in which  [Random vibration?] [0 Acoustic | ——
. L I e
environments are encountered y Shock |
during the Operational Ilfe (‘_‘teSt as ’ Micm"libraﬁon | Included for completeness buttobe
you fly”), and detect potential Pressure cycling Test 1 grelrtf;;?::r‘:;u?::::ttﬁ?;?:Liipree'mgments
failures and defects as early in the Leak Test Notes: -
. I 1If not covered by sinusoidal test
teSt Sequence as pOSSIble Thermall\lacuum and : 2 These tests can be performed sequentially per axis

Thermal Cycling 3 Check only, full test could be performed on dedicated model
4 if not performed on dedicated model

(incl. Corona check) | for
I T

[

Figure 5-1: Space segment equipment test sequence
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ECSS-E-ST-10-03C — Equipment Testing
Types of equipment

» Required tests are different depending on “type” of equipment
— For instance, burst pressure testing does not obviously apply to optical
equipment
» Some tests need to be run only depending on specific mission
requirements or characteristics
— e.g. acoustic depending on equipment location, magnetic depending on
magnetic cleanliness requirements, etc.

» Some testing may require specific models

— e.g. burst
Types of space segment equipment
a Electronic, electrical and RF equipment d Valve g Thruster j  Mechanism
b Antenna e Fluid or propulsion equipment |h Thermal equipment k Solar array
c Battery f  Pressure vessel i Optical equipment 1 Solar panel
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ECSS-E-ST-10-03C
Equipment Qualification Testing

Qualification testing shall be conducted on dedicated QMs
that are produced from the same drawings,
using the same materials, tooling and methods as the flight item.

. Reference | WeftoLeveld | Applicability versus types of space segment equipment Test Reference |  Mef toLevel& | Applicability wersus fypes of space segment equipment
‘est ) N
clanse Dunation alwlelalelelalnlilile]n clause Duration alb|c|ldle|fFlg|n|i]ilx]
General .
Fortiomal and Pressure cycling 533 SeeTable 5-2MNo12 | X E|R|E|E
rformance (FFT/RFT) E|R|R|R|R|R|R|R|R|R[R|R
WIT_i_hj — — T T T T T T Diesign burst pressare | 5554 SocTable 52 Mo 1t | X E|R|[E|®
== = -1 Burst Soc Table 52 No [l R| R |F|E
Life SwTable52Mol [X|x |R|R| X [x|R|x|x|R Thermal
oz L X x X Thermal vacuum nis SeeTable52Mo1t [R(x |R| R R |x|R|R|R|R R
Mechanical =
Physical properties RlrR|R|R|R|R|R|R|R|R|R|R e
Tratie load ‘Son Tabile 5.3 Mo 2 AR R Thermal amiient 5243 SeTable52MNele |E| X |R|R|R|X|(RE|R|R|R
Spin Soe Table 5-2 N NIx [N x| x| x|x|x|x[x]|x
Transient Soe Table 52 Mo X W | X | X[ x [ X | W% | XXX Electrical / RE
Random vibration 5523 Sec Table 52 Mo & Bl [R|R|R|[R|R|[R|Xx]|x]|x EMC SoeTable52Modf |R[X [N | W] W [ X[ X [ X |X [%]%[%
X| X X X X xX X X X X X
Magresic R8T X
Aot LLET) See Table 52 Mo & X X|X|R
e e ESD SeeTable 528018 R | % [ [ x| [ [o | o | [ | x|x
N - PIM Soe Table 52 No 16 XN|[X
Simzsoidal vibration 5528 Soe Table 5-2 Mo 7 E|RE|R|R|R|RE|E|E|R|ER]|R .
i Hipaction X[ X
Caro
Cor '::;r"*"‘-'" 5556  [SeeTableS2No2n |R|R | R
Shock 5525 SwTable52Mof (R X |R|R|R|[x|R|x|R|R — —
. e Mission specific
Audible noise 5561 R R|R R R
Micro-wibration wnn x| x x| x x x
g;‘f#l':‘h’. envircnment K
Tpm———— e
Mic-vibeation 5528 SecTable 52 M08 | X x| x y
R Required
Sec Table 52 Mo 1| X R[R[R|R[x]|x .
Proof presmire So Table 52 Mo 11 X RIS X To be decided by the customer
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ECSS-E-ST-10-03C — Equipment
Qualification Test Levels and Durations

» The qualification test levels shall exceed the maximum predicted

levels by a factor of safety
— which assures that, even with the worst combination of test tolerances,
the flight levels shall not exceed the qualification test levels

» Examples of qualification factors:
— For mechanical loads: KQ = 1.25 (recommended) over the limit loads,
or +3dB for shock, random and acoustic expected spectra
— For thermal: =10 °C on max and min design temperatures (operational
and non-operational)

» Some launchers require higher qualification factors
— E.g. Soyuz asks for KQ = 1.3 on limit loads — in such cases the KQ
from launcher manual is taken as reference
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ECSS-E-ST-10-03C
Equipment Acceptance Tests

» The acceptance testing shall be conducted on all the flight products
(including spares)

icability versus rypes of space segment equipment Application motes
cldle|flg|h|ili|lk]|1

Reference Hef. to Lewel &
clause Duration

T be pe

om of the acoptance test sequends s
d warkmanship defect ocourring in the space

Bum.in LLE I X X X

Mechanical

Upen agreemers with customer the Co: and Mal 15 not mesmared by &

Physical propertics

alaulaed

Static load X Reference Ref. bo Level & Applicahility f space li notes.
General structural proc Test - et z
- higher level tast o5 5 e rmaton albleldle]ilg|bfiljlk]
Transient Structuzal integrity
Random vibration 8533 See Table 54 Mo 1 E|X|R|R|BR|RIR|R | X [X[X Leak See Table 54 No § X E|R|R|R|X For a (ebectranic, electrical and RF equipment) required only on sealed or
o P . pressunzed spae segment equipment
|Froof pressure Eoa Table 5-4 No & Rl A For ¢ (battery) proo pressure, is performed at el Jevel (Le. component level).

Acoustic Goe Table 54 Mo 2 X X|x|w

Thermal vacum See Table 54 No 7 x|R|[R|r|x|r|[r|[R|R B

secomd I"le'-|h-or-m| s
testing at space segmmer BEALk Can be combined in thesmal vacuam test

Theerrnal smblent 5543 Bun Table 54 No 8 BlX|R|R[R|x[R]R[R R Tests not required for bat hat cannot be recharged afer testiny

For k {zolar arra

-
. X (from the second P ¢ Elecrical / RE
Sinuzaidal vikeation LL%1] Soe Table 54 No 3 3 sconptanae testing at sp | EMC 855.1 Ser Table 54 Mo § E| %

,
-
o
p
"
=

[HE X_| For equipment without electronic test are mitest 1o bonding test.
AR EEE Magretic test to be perfo stifiod by mission noods, in accardancs with
the EMCCP.

Magnetic

Micro-vibration JE See Table 5-4 No 10 B ¥ X
erated environment I FE
‘e vibration sy, Soe Table 54 Mo & x W% Tt trr b performend o | Corona and arc ee Table 5.4 N 11 5l ® For condition of
discharge
Mission specific
“Audible noise 5560 k| ® k| ® R R Regquired for space segment equipment for crewed space segment element
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ECSS-E-ST-10-03C — Equipment
Acceptance Test Levels and Durations

» The acceptance test shall be conducted under environmental
conditions no more severe than those expected during the
mission

» and it shall not create conditions that exceed safety margins or
cause unrealistic modes of failure

» Examples of acceptance factors:

— For mechanical loads: KA = 1. (recommended) over the limit loads or
+0dB for shock, random and acoustic expected spectra

— For thermal: £5 C on design max and min temperatures (operational
and non-operational)
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ECSS-E-ST-10-03C — Equipment Proto-
Flight Tests, Test Levels and Durations
» Proto-Flight tests are the same as for qualification

— except for static loads (not required)
— and destructive tests (burst — obviously not for the PFM)

» The Proto-Flight test levels and durations shall be as follows:

— Proto-Flight test levels: same as qualification levels
— Proto-Flight test durations: same as acceptance durations
* e.g. 4 cycles for thermal

ECSS Standardisation Training Course
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ECSS-E-ST-10-03C
Space Segment Element Protoflight Tests

» Taken as an R

Reference Dhuzation & R Pef. to Level &
Test clanse Number of o Conditi Reference . &
- ition -
icati Test |Applicabili Conditions
examp le for Space ame | emborot  [APRUCDS
ey T o applications
R 1 egrated in space
6513 [ segment clement for which the test is
egment element :
6515 R Thermal
Mandaory for space —
- o816 * clomord intestacing with luuncher Thermal vacum AL | ENe1s n
I ; 6542
e St I I l g Physical propertics ] R ‘Applicable to space scgment
blodal survey. X X . 635416& N elemients that operate under a non
Static Tablesg el ¥ |Mmtsey ifnot performed ¢ Thermal amiient 5543 | TlestlNoli x vacuum environment during their

structure submystem level

‘Mandaory for ing, space
ote that tests Mo o =
Spin 6524 Table 66 No2 x accel tion greater than 2 g or more

0.3y part of the space segment Electrical | RF
- - cement EMC 6552 Takble 6-6 12 15 B
Transient 6525 Table 6-6 No 3 X
are different from | [ | o :
A ctic 6526 Table 6-6 No 4 x Tawiom han.. COmPIHJ:J.ih' L
Fer a small compact space segment
clement, acousic testing does not FIM Tahle 6-6 o 16 X
de adk
x

-
A
t h I m n t simulation, and random vibraticn Magnetic
Random vibration 6.527 Table 66 No 5 X may replace the acoustic test.

If acoustic test is performed, random

. For space segment clement
= £ th d 6561 hzd
1 L performing atmospheris entry
Siruscidal vibration 6528 Table 6-6 No & R by transient combined with modal — -
ones by Cremed Mission Specic
Shock - 6528 | Tableos Nov ® Micro-vibration emiss =
Hiczermbration 65210 | Table¢-6NoS X = =
Structural integrity - -
for pressurized space Towic off gassing R
emmts o on pressurized PREEE——
Audible noise R
6531 | TableseNo® X cqrated in space
segrment dlement for which the best is E Mandatory
feasible ) Y
Mangatory for Pressurized qpace X Tobe decided on the basis of design features, required lifetime, sensitivity to environmental expostare, and expectod
6532 ‘Table 6-6 Na 10 x segment elements that will usage
experience several re-entries.
Mandatory for pressarized space Mide: All tests type are listed independenly o thesr application status:
Deesign burst pressure 6533 Table 6-6 Ne 11 X FegF fement fo bey tha dark groy indicstes that (e type of st B never reguired oF oplional
2 dedicated hardwars 7
Mandatory | p— - the light grey indicates that there is e st bevel and duration specsfied in the Tabl &6 snoe i is rot & test where an envisnment is
Leak 6534 | Tableg-6Nel2 X Ty tor pressares e » "

 under iest

sagment elements or on pressurized
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ECSS-E-ST-10-03C
Testing Documentation and Programme

» Documents:

— AIT Plan

» Describes the AIT process and, with the Verification Plan, gives the process for
requirements verification

« AIT / V&V process is typically a main driver for cost & schedule

— Test specification

» Purpose of the test, test approach, item-under-test and set-up, required GSE,
test tools, test instrumentation and measurement accuracy, test conditions,
test sequence, facility, pass/fail criteria, required documentation, participants
and test schedule

— Test Procedure
» Detailed step-by-step instructions for conducting test activities
» Programme:
— Before Test: TRR (Test Readiness Review)
— After Test: PTR (Post Test Review) — TRB (Test Review Board)
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ECSS-E-ST-10-03C

Testing Guidelines for Use / Tailoring

» Guidelines for tailoring are provided in Annex D.

Space segment equipment
or
Space segment element ?

o

Customer will generate a document derived from ECSS-E-5T-10.03 based on the above selections |

Tﬂl’?ﬂf?ﬂ B e

[ supptier will answer with a comptiance matrix | [ supptier witt answer witn a compiiance matrix |

Space segment equipment Space segment element

|A(|3MD |B(|3MU |c&|:M[]

| Once agreed the Supplierwill prepare a verification matrix ‘

|D?MU \B?MU |C?M[]

| Once agreed the Supplier will prepare a verification matrix |

rDVM[] ‘EBVMH fcvm[]

rAVM[] rBVMﬂ fcvmﬂ

I Create a new document as par definitioninA, B,C, D, E, F
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§1 Applical
§1 Applicable (46 if relovant)
In §4.3.2 Test blocks 10 be defined

{table 5.1 to be tailored)

§5.3 & 5.4 NIA

A fequipment QM@ B (eq FM}

§5.5 Applicable though the table 5.1
{to be tailored on line with tabie 5.1)

§3 Applicable
§4 Applicablo {46 If relovant)
1n§4.3.2 Test blocks to be defined
§5 Applicable

§5.1 &pplicable

5.3 Applicable

(table 5.3 to be tailored)

§5.5 Applicable though the table 3.
(to be tailored on line with table 5.3)
§5.1 8 5ANA

€ eq PFIN)
§3 Applicable
§1 Applicable (4.6 Hrelevant)

§5.5 Applicable though the tablo
(10 b tallored on line with tabla 5.5)

S §52 65314
67 A N A
Annex A, B, C applicablo

Annex A, B, € applicable

D {element QM)
53 Applical
4 Applicable (46 i ralevant)

In §4.3.2 Tast blocks 1o be defined
§5

ical

table 6.1 1o be tailored)

§6.5 Applicable though the table 5.
{to be tailored on line with table 5.1
§6.3 & 6.4 NIA

§ 7 for Stand Alone Space Segmant

Eloment

)

E (element F) | ( F (element PFM)

§ Applicable
§4 Applicable (4.6 if ralevant)

In §4.3.2 Test blocks (o be defined In §4.3.2 Test blocks (o be defined
NiA

§ Applicable
§6.1 Applicable

§6.3 Applicable

fiable 6.3 10 ba tailorad]

§6.5 Applicable though the able 6.
{to be tailored on line with table 6.3)
§6.1 & 64 NIA

§7 for Stand Alone Space Segment

(table 6.5 to be tailo
§6.5 Applicable though the able &
{to be tailored on line with table 6.
§6.2 6.3 NA
§1 for Stand Alons Space Segment
Element
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Other E-10 Standards
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ECSS-E-ST-10-04C — Space Environment
Content

» Specifies/recommends most appropriate models and tools to
define a range of space natural environments and to assess the
iInduced environments generated by the interaction between the
spacecraft and the natural environments

— (Earth) gravity: EIGEN-GLO4C model is specified complemented by
IERS models and JPL Planet and Lunar Ephemerides for perturbations

— (Earth) Magnetic field (internal and external)

— Electromagnetic radiation (e.g. thermal)

— (Earth) atmosphere - NRLMSISE-O0 model for altitudes < 120 km,
JB-2006 model above 120 km (Annex G mentions also Planetary
atmospheres)

— (Earth) plasma (e.g. charged particles) and energetic particles
radiation (Annex | gives some planetary environment data)

— Space debris and meteoroids
— Contamination
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ECSS-E-ST-10-04C - Space Environment
Documentation

» The Standard only provide requirements for the preparation of a
Radiation Environment Specification and not for an overall Mission
Environment Specification

» It is common practice to have a Mission Environment Specification
(either prepared by ESA or the Prime) which reports the analysis
performed to assess the Spacecraft environment in all phases of
the mission (not only in orbit but also on-ground, on the launch
pad, etc.)
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ECSS-E-ST-10-04C - Space Environment
Guidelines for Use / Tailoring

» Generally for Earth-bound missions, all natural and main induced
environments are well covered and within each section the
standard provides tailoring guidelines

» For interplanetary missions, especially if including a surface
mission (e.g. ExoMars, Lunar Lander, etc.), project own
environment description and requirements are needed

» Thermal environment is usually specified in more detail by

projects/primes for albedo and Earth IR (own tailoring) in
comparison to what is in ANNEX F

» In most projects the prime issues as a “Support specification” the
specification of all the environment (from AIV to transport to
launch to orbit) applicable to the mission
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ECSS-E-ST-10-09C
Reference Coordinate System — Content

>

>

General definition and guidelines on how to define reference
coordinate systems for a space project

Mandates the preparation already from phase A of a Coordinate
Systems Document explaining all the frames to be used

— May be part of the System Engineering Plan

Specifies need to define transformations between coordinates and
define time unit (as some coordinate systems are time-dependent)

There are three Annexes:

— A: DRD of Coordinate Systems Document (Normative)

— B: Transformation Tree formats (Informative)

— C: Existing International Standard

Hints in Annex A that at least the following systems shall be defined:
— Inertial System (Heliocentric or Earth centered or both)

— Orbital System (also sometimes called rotating frame)

— Mechanically fixed System (also sometimes called body frame)

— Instrument/Unit-fixed System (one for each unit)
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ECSS-E-ST-10-09C — Reference Coordinate
System — Use / Tailoring

» The Standard does not provide “ recommended” Coordinate
Systems definition but leaves it to each individual project to
define
— Can choose from International Standards (which are however not of

much practical use)

» The Standard does specify the format for describing the
coordinate systems and associated transformations (within the
Coordinate System Document) and this should be tailored

» Suggest to leave applicable but tailor Annex A depending on
project specific needs
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Examples of commonly used
Reference Coordinate Systems (1/2)

The Standard does not provide “recommended” Coordinate
Systems definition but leave it to each individual project to
define. Here are examples:

Earth Centred Inertial (ECI) used for satellite motion

Origin: Earth centre of mass

X:the intersection between the J2000.0 equatorial plane and
the ecliptic plane

Z:the direction of the Earth mean rotation pole at J2000.0
Y:completes the right-handed system

Rotating Orbital Frame used for satellite attitude with
respect to mechanically fixed satellite reference frame

Origin: Satellite centre of mass
+Z: (Yaw) pointing towards the Earth centre

+Y: (Pitch) parallel to the orbit angular momentum vector,
pointing in the opposite direction (i.e. orbit anti-normal)

+X: (Roll) completes the right-handed system
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Examples of commonly used
Reference Coordinate Systems (2/72)

Mechanically-fixed Satellite Coordinate System
used to identify attitude and locations onboard
the satellite

Origin: Reference Point on the satellite Structure,
often at Launcher Interface

X: Typical direction linked to specific geometric or
attitude features of the satellite

Z: often the launch direction
Y:completes the right-handed system
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ECSS-E-ST-10-11C
Human Factors Engineering

ECSS Standardisation Training Course

>

>

It contains requirements to be taken into account
when designing systems with high interaction with
Humans (called Human-machine systems)

— E.g. Human Spaceflight Vehicles

It includes:
— ergonomics,

— reference for anthropometric characteristics
(European),

— EVA requirements,
— Requirements for crew space (volume, furniture, etc.)
— Requirements on human operations (e.g. onboard ISS)
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ECSS-E-ST-10-12C — Methods for
Calculation of Radiation - Content

» Provides extensive description of the recommended analysis
processes for definition of the expected radiation environment and
effects on a space mission

» It is complemented by the guidelines in the HB (not normative)
which give explanations, formulas and examples for the calculations.

» Includes:
— Summary of radiation effects (highly recommended reading !)
— Calculation methods and margins
— Shielding approach
» Details on the main effects:
— TID (Total lonizing Dose) / TNID (Total Non-lonizing Dose)
— Displacement Damage
— SEE (Single Event Effects)
— Sensor backgrounds
— Biological effects (for human spaceflight)
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ECSS-E-ST-10-12C - Methods for

Calculation of Radiation - Application

Effact Parameter Typical units Examples Particles
Total ionising Ionising dose in grays (material) | Thresheld veltage shift | Elecirons,
dose (TID) material (Gylmaterial)) or | and leakage currents protons,

rad{material) in CMOS, inear bremsstrahlung
1Gy=1001ad bipelar (note dose-rate
B semsitivity)
Displacement Displacement MeVig Al photonics, e.g. Protons,
damage damage equivalent CCD transfer electrans,
dose (total non- efficiency, optocoupler | neutrons, ions
ionising dose) transfer ratio
Equivalent fluence co? Feduction in solar cell
of 10 MeV protons effidency
or 1 MeV electrons
Single event Events per unit o’ versus Memaories, Ions Z=1
effects fuence from linear | MeV-om¥mg microprocessors. Soft
from direct energy transfer errors, latch-up, bum-
jomisation (LET) spectra & out, gate rupture,
cross-section versus transients in op-amps,
LET comparators.
Single event Events per unit o versus MeV | As above Protons,
effects from Huence from energy neutrons,
nuclear reactions | specira & cross- ioms
section versus
particle energy
Payload-specific | Energy-loss spectra, | counts ' MeV” | False count rates in Protons,
radiation effects | charge-deposition detectors, false images | electrons,
spectra inCCDs neutrons, ions,
induced
chargi Gravity proct radioactivity
ging ravity proofmasses | o,
Biological Dose equivalent = sieverts (5v) or DNA rupture, Ions, neutrons,
damage Dosa(tissue) x Tems mutation, cell death protons,
Quality Facter; 1 5v =100 rem electrons,
equivalent dose= y-rays, X-1ays
Dose(tissus) x
radiation weighting
factor;
Effective dose
Charging Charge coulombs (C) Fhantom commands Electrons
from ESD
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Sub-system or | Technology Effect Sub-system or | Technology Effect
component component
Integrated Fower MOS m Optoelectronics | 1-ray or X-ray TNID {alkali halides)
circuits SEGR and sensors (2) | sdntllater Enhanced background
SEB FIay TNID
CMOS m semiconductort | Erhanced background
SEE( ) charged particle | TNID (scintillator: &
Bipolar TNID detectors semiconductor)
SEU Enhanced background
SET TID (scimtillator: &
puis] semiconductors)
BiCMOS D microchannel Enhanced background
™D plates
SEE( ) photomultiplier | Enhanced background
tubes
501 D N -
SEE (generally exc. &6 )
SEL) Sensors Enhanced background
(e.g- InSb, InGaAs)
toel N 2
fnrd MEMS m HgCdTe, Gads
sensors (1) | ccp TNID and GaAlas)
guin) Gravity wave Enhanced background
Enhanced background SENS0TS
(SEE) Solar cells Cover glass & TID
D Cell TNID
SEE (generally) Non-optical Crystal osdllators | TID
ed backg ial polymers TID (radiclysis)
Fhotodiodes TNID
Dpﬁgal silica glasses T
D .
T materials alkalihalides | TID
LEDs TNID ~
m Radiobislogical effects Early effects
laser LEDs TNID Stochastic effects
D D inistic late effects
Opto-couplers TNID
D
SET
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Handbooks and Technical Memoranda

ECSS-S-ST-00C, ¢5.2.2:

Handbooks are non-normative documents providing background information, orientation,
advice or recommendations related to one specific discipline or to a specific technique,
technology, process or activity.

ECSS-E-HB-10-024

Werification guidelines
- ECSS-S-ST-00C, ¢5.2.3:

ECSS-E-HB-10-03A Technical memoranda are non-normative documents providing useful information to the

Testing handbook 5 9o o
space community on a specific subject.

]

ECSS-E-HB-10-12A
Calculation of radiation
and its effects, and
margin palicy handbook

ECSS-E-HB-10-02A Verification guidelines

ECSS-E-HB-10-12A Methods for the Calculation of radiation and its
effects and margin policy handbook

ECSS-E-HB-11A Technology readiness level (TRL) guidelines
SAVOIR-HB-003 SAVOIR FDIR Handbook

ECSS-E-TM-10-10A Logistics engineering

ECSS-E-TM-10-20A Product data exchange

ECSS-E-TM-10-21A System modeling and simulation
ECSS-E-TM-10-23A Space system data repository
ECSS-E-TM-10-25A Engineering design model data exchange (CDF)

ECSS-E-TM-10-10A
Logistics enginesring

ECSS-E-TM-10-20A
Product data exchange

I

VVVVVYVYVY VY

ECSS-E-TM-10-21A
System maodelling and
simulation

ECSS-E-TM-10-23A
Space system data
repository

ECSS5-E-TM-10-25A
Engineering design
model data exchange
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ECSS System Engineering Handbook

» Work on ECSS-E-HB-10 “System engineering handbook” was
started but put on hold — currently unsure whether or when it will
be finished

» As part of restructuring the whole of ECSS to version C
all guidelines and best practices were moved out of the standards
» However ...
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ECSS System Engineering Handbook

ECSS-E-10 Part 1B

18 November 2004

memerll\neemg
A lot of useful guidelines and best practices can still be = == =] |
found in the previous version of ECSS-E-ST-10: Part e ==
1B —
ECSS-E-ST-10 Part 1B can be downloaded from
http://ecss.nl/standard/ecss-e-10-part-1b-
system-engineering-part-1-requirements-and-
process/
o e
ECSS Standardisation Training Course ! s s ars

Figure A-1: Structure of the system engineering discipline
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1SO 24113 (ECSS-U-AS-100)
“Space debris mitigation requirements”

Adopted through ECSS-U-AS-10C

Not part of E-10 series but large impact on system design

ECSS has adopted the international standard:

ISO 24113: Space systems - Space debris mitigation requirements.
Only minor modifications introduced via ECSS-U-AS-10C

V. VVY

Policy in summary

» All ESA Space Vehicle including Satellites, Launchers and Inhabited Vehicles
shall be disposed of

— At the end of life they shall be out of “Protected regions” (LEO up to 2000 km
and GEO +/-15 deg, +/- 200 km) within 25 years

— Either moved to non-protected regions or re-entered into Earth atmosphere for
break-up and burning

— Uncontrolled re-entry not allowed if casualty risk > 10-4 (the case of ATV and
possibly Envisat)

— If drift to non-protected regions or re-entry do not happen naturally, active
(propulsive) measures needs to be accounted for
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Technology Readiness Levels
1SO 16290 adopted through ECSS-E-AS-11C

Technology Readiness Levels ( TRLs)

77 wall I AN
C-peml%m TRLD Actual system “flight proven” through succeostul
R miesion operationa
TRL B Actual oystem completed and“flight qualified ”
[S)e%mﬂem L through test and demonatration (Ground or Flight)

TRL7 Syetem prototype demonetration in a epace
— environment

Tedniogy <
Demenstration TRL 6 System/oubeyotem model or prototype demonstration

— in a relevant environment (Ground or Space)

Component and/or breadboard validation in relevant
environment

Technalogy
DEVEIMTEM
Component and/or breadboard validation in laboratory

environment
Research to Prove

Feasibiiity Analytical and experimental eritical function and/er
characteristic proof-of-concept

Basic Technalogy Technology concept and/or application formulated

Ressarch x

Bagic principles obaerved and reported

Note: The TRL scale evaluates a given technology in
the context of a specific application, not by itself

If a given technology has been flying for a long time it
does not mean that it is automatically TRL 9!

TRL 9 is achieved only for the exact same
application with exactly the same requirements,
otherwise it is TRL 5

TRL definitions are applicable to both HW and SW
Accompanying Handbook ECSS-E-HB-11A published 1 March 2017

ECSS Standardisation Training Course
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TRL Scale as Defined In 1SO 16290

TRL 1 Basic principles observed and reported

TRL 2 Technology concept and/or application formulated

TRL 3 Analytical and experimental critical function and/or characteristic proof-of-concept
TRL 4 Component and/or breadboard functional verification in laboratory environment

TRL 5 Component and/or breadboard critical function verification in a relevant environment
TRL 6 Model demonstrating the critical functions of the element in a relevant environment
TRL 7 Model demonstrating the element performance for the operational environment

TRL 8 Actual system completed and accepted for flight (“flight qualified™)

TRL 9 Actual system “flight proven” through successful mission operations
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TRL Scale as adopted through E-AS-11C

“Milestone achieved”

TRL 1 Potential applications are identified following basic observations but element concept not yet formulated.

TRL 2 Formulation of potential applications and preliminary element concept. No proof of concept yet.

Element concept is elaborated and expected performance is demonstrated through analytical models

LREES supported by experimental data/characteristics.

TRL 4 Element functional performance is demonstrated by breadboard testing in laboratory environment.

Critical functions of the element are identified and the associated relevant environment is defined.
TRL 5 Breadboards not full-scale are built for verifying the performance through testing in the relevant
environment, subject to scaling effects.

Critical functions of the element are verified, performance is demonstrated in the relevant environment

RS @ and representative model(s) in form, fit and function.

Performance is demonstrated for the operational environment, on the ground or if necessary in space. A
TRL 7 representative model, fully reflecting all aspects of the flight model design, is build and tested with
adequate margins for demonstrating the performance in the operational environment.

TRL 8 Flight model is qualified and integrated in the final system ready for flight.

Technology is mature. The element is successfully in service for the assigned mission in the actual

TRL 9 . .
operational environment.
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TRL Scale as adopted through E-AS-11C

“Work achievement”

TRL 1

TRL 2

TRL 3

TRL 4

TRL 5

TRL 6

TRL 7

TRL 8
TRL 9

Expression of the basic principles intended for use. Identification of potential applications.

Formulation of potential applications. Preliminary conceptual design of the element, providing understanding of how the basic principles
would be used.

Preliminary performance requirements (can target several missions) including definition of functional performance requirements. Conceptual
design of the element. Experimental data inputs, laboratory-based experiment definition and results. Element analytical models for the proof-
of-concept.

Preliminary performance requirements (can target several missions) with definition of functional performance requirements. Conceptual
design of the element. Functional performance test plan.
Breadboard definition for the functional performance verification. Breadboard test reports.

Preliminary definition of performance requirements and of the relevant environment.

Identification and analysis of the element critical functions.

Preliminary design of the element, supported by appropriate models for the critical functions verification.
Critical function test plan. Analysis of scaling effects.

Breadboard definition for the critical function verification. Breadboard test reports.

Definition of performance requirements and of the relevant environment.

Identification and analysis of the element critical functions.

Design of the element, supported by appropriate models for the critical functions verification.
Critical function test plan. Model definition for the critical function verifications. Model test reports.

Definition of performance requirements, including definition of the operational environment.
Model definition and realisation. Model test plan. Model test results.

Flight model is built and integrated into the final system. Flight acceptance of the final system.

Commissioning in early operation phase. In-orbit operation report.
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Potentia
applications

Breadboard In
laboratory

principhes
Studies,
Simulations

Basic

Element subject to TRA:
new RF transistor TRL1 TRL2 TRL3 _sTRLA

ii = W g L 0§ §
%5 =g __5% N p 3
- BNNEE

Element subject to TRA:
RF Channel amplifier with
integrated new RF transistor

Figure 5-1: Illustration of a new RF transistor then RF amplifier progressing
through TRL
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Outlook: Gradually Increased use of
Model-Based System Engineering (MBSE)

Since about 2006 there has been a growing trend to move to MBSE
INCOSE MBSE Initiative started early 21st century

OMG System Modelling Language (SysML) released 2010

MBSE tool implementations (COTS and open source) maturing and
being put into industrial practice

Main goal: more efficient and effective system engineering

by moving from a document-centric to model-centric approach
making use of the capabilities that modern computer tools can
offer

— cf. transition of 2D drawings to 3D CAD over the last 30 years
» Most important expected benefits:

— One master definition of information = “Single Source of Truth”

— Any number of views / perspectives on the same information

— All views are inherently consistent: “consistent by construction”

— Integrated version, configuration and traceability control

V. VVVYVY
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VYmor Verr  Vsrr Veor

Yoo oY Vi Ve Ver VM

Needs ConOps Feasibility Preliminary Design Detailed Design

System Model(s)
concurrent
design facility earth return orbiter
2 mars sample return NG
E sample fetch rover @ .
Dpen Concurrent Design Tool euclid
@

2 mars sample return

envision
2 esa-sci

{’ e.deorbit
ﬁ{@ e.lnspector

adrios
> clean space

artes sunrise
2 esa-tia
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MAI V&V Commissioning Operations Disposal

paperless ground
segment engineering

advanced digital
ground segment
engineering

Digital Twin
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VYmor Verr  Vsrr Voor Yor  Vor ooV Virr Ve Ver W

Needs ConOps Feasibility Preliminary Design Detailed Design MAT V&V Commissioning Operations Disposal

System Model(s) B
concurrent 3
$==ien facility earth return orbiter : paperless ground
2 mars sample return . N segment engineering

advanced digital

ground segment
engineering

sample fetch rover
2 mars sample return

Open Concurrent Design Tt

envision

2 esa-sci
[
{‘ e.deorbit
o - based tools
ﬁ{@ c.Inspector Capelils ;I;% used
Mixture of: MagicDraw also

> clean space
- consolidated, well established practices (e.g. OCDT in CDF) ) used in ESA-AF
- studies/programmes (Paperless Ground Segment, ARTES
Sunrise) ]
- full deployment in on-going projects as pilots (Euclid, E_nterprlse
e.deorbit, PLATO) Architect (SysML)

artes sunrise
2 esa-tia
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Model Based System Engineering (MBSE)

INn an ECSS E-10 context

Provide all needed views
and all needed reports
on all system data

from a consistent source
model

Define
the Solution

Requirements

Requirements Models
including traceability links

Coordination and
Control

Specify
the Problem

Customer

Supplier

Realise

© Design

Data Common to all Disciplines
Interfaces between Disciplines
Configuration Control & Baselines

the
Product

System / Architectural Design Model
Trade-offs & Design Rationale
Structure and Behaviour Models
Analysis and Simulation Results

ECSS Standardisation Training Course

Manufacturings
Assembly & Integratia))
Verification & Validation
M, A & | Models (including Logistics)

V & V Models (procedures,

testcases, results, NCRs, waivers,
close-out, VCDs)
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Purpose and Challenge of System(s)

Engineering A

System Engineering is

* interdisciplinary approach governing the
total technical effort to transform
requirements into a system solution

* integration and control, coordinating the
various engineering disciplines and
participants throughout all the project phases

[from ECSS-E-ST-10C]

o)

J

\_/ Configuration and Version Control

Work Breakdown Structure / Cl Tree / Interfaces _

Supply Chain / Industrial Team

Manufacturing / Assembly / Integration

Goal of Model-Based System Engineering (MBSE)
is to improve SE using a digital engineering approach

ECSS Standardisation Training Course

= Handle huge amount of information
across many dimensions

Domains of Expertise / System-Subsystem Views

Security / IPR Protection Eunction Tree

Digital Environment Functional Architecture / Interfaces

Standards and Tools Product Tree

Physical Architecture / Interfaces

Variants / Re-use / Product Line
/ TRL / Maturity
ﬂ Problem Specification

Requirements

Lifecycle Stage

Logistics Verification & Validation

Analysis / Simulation

Cost Product Assurance
Risk
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Essence of Transition to
Model Based System Engineering

Separation between representation and presentation of information

Information sharing between Representation Many different Presentations
all project disciplines of system information i.e. Views for a particular purpose
(often generated — consistent by construction)

(domains of expertise) “Single Source of Truth”

System Engineering Tables (Flat / Hierarchical)

Attitude & Orbit Control

I-

Diagrams

Plots

Thermal Control

Documents / Reports

Dashboards (Web Apps)

2D & 3D Graphics

Repository of Models
Role-based access rights
Including version control
Possibly federated

Incremental evolution — not revolution

Main focus on collaboration and rigor (in terms of information quality)

Similar to transition from 2D drawings to 3D CAD (1985 — 2005) — but now interdisciplinary
Gradually achieving continuity across the lifecycle — Continuous digital thread from phase O to F

ECSS Standardisation Training Course
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MBSE “Continuous Digital Thread”

AR
VYvor Verr  VsrR Veor Veor  Vor  orY Virr Verr Veer WMmer
Needs ConOps Feasibility Preliminary Design Detailed Design MAI V&V Commissioning Operations Disposal

System level “models hub” to share info between all disciplines
ystem Mode System level info & data sharing

I | I [ 111 (Il
Discipline f Discipline 1 specific info
| | .

Discipline ! Discipline 2 specific info

I I I

Discipline N Mod Discipline N specific info
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ECSS-E-TM-10-23 and E-TM-10-25
Towards fully digital engineering

E-TM-10-25 S

Space engineering

Engineering design model data
exchange (CDF)

Focuses on conceptual models
in early life cycle phases (0, A)

E-TM-10-23 s

Space engineering

Space system data repository

Focuses on large models
in later life cycle phases (B, C, D, E)

ECSS Standardisation Training Course

» Semantic data models — essential for interoperability e

» Developed in tandem

* Where possible uses common approach
* Where possible aligned with SysML

* E-TM-10-25A made available Oct 2010
» E-TM-10-23A made available Nov 2011
* Future: merge to single real standard

uuuuuu
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ECSS Implementations and further
development

>

>

Proof-of-concept tool for E-TM-10-23 validation available at Virtual Spacecraft Design
site: http://www.vsd-project.org

Evolution of VSD used in EGS-CC

(European Ground System Common Core) project

E-TM-10-25 implemented in Open Concurrent Design Tool (OCDT) under ESA
Community Open Source License, see https://ocdt.esa.int

— Other commercial tools available

— OCDT will transition to COMET as from 2022

OCDT used in daily practice in ESTEC CDF, since 2014

ESA contribution (in cooperation with NASA-JPL) for Quantities, Units, Dimension and
Values (QUDV) accepted in OMG SysML

— same QUDV in E-TM-10-23 and E-TM-10-25

— further evolution into OMG SysML v2 (publication in 2020)

Harmonisation activity “Space System Data Repository” was run in 2015, and “Model
Based for Systems Engineering” in 2020 (MB4SE AG) defining a roadmap for MBSE
for the European Space sector

Since 2017 in Competence Domain CDO09 “Digital Engineering for Space Missions”
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Useful references

ECSS

— http://www.ecss.nl

Systems Engineering Body of Knowledge

— http://sebokwiki.org/

ISO/IEC 15288, Systems and software engineering — System life
cycle processes

— http://en.wikipedia.org/wiki/ISO/IEC_15288

NASA/SP-2007-6105 Revl, NASA Systems Engineering Handbook
— http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20080008301.pdf
International Council on Systems Engineering (INCOSE)

— http://www.incose.org

INCOSE / OMG Model Based Systems Engineering (MBSE) Initiative
— http://www.omgwiki.org/MBSE/doku.php
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List of acronyms

AIT
AV
AR
BB
BOL
CDR
cl
CIDL
CcoTS
CR
DDF
DDR
DIL
DJF
DRD
DRL
EEE
EGSE
EM
EMC
EOL
EQM
EQSR
FAR
FDIR
FM
FMEA
FMECA
GDIR
HMI
HW

assembly, integration and test
assembly, integration and verification
acceptance review

breadboard

beginning-of-life

critical design review

configuration item

configuration item data list
commercial-off-the-shelf

change request

design definition file

detailed design review

deliverable items list

design justification file

document requirement description
document requirement list

electronic, electrical and electromechanical
electrical ground support equipment
engineering model

electro-magnetic compatibility
end-of-life

engineering qualification model
equipment qualification status review
flight acceptance review

failure detection, isolation and recovery
flight model

failure modes and effects analysis
failure mode effects and criticality analysis
general design and interface requirement
human-machine interface

hardware
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I/F
ICD
ID
IEEE
11D
INCOSE
IRD
ISO
J2000.0
KQ
MGSE
MRD
NCR
ORR
PFM
PRD
PRR
QM
QR
RAMS
RB
SEP
|
SRD
SRR
STM
TID
TID
TIDL
TIDS
™
TRL

interface

interface control document

implementation document

Institute of Electrical and Electronics Engineers
interface identification document
International Council on Systems Engineering
interface requirements document
International Organisation for Standardisation
epoch 2000 January 1.5 (TT)

qualification test factor

mechanical ground support equipment
mission requirements document
nonconformance report

operational readiness review

protoflight model

project requirements documents

preliminary requirements review

qualification model

qualification review

reliability, availability, maintenance and safety
requirements baseline

system engineering plan

systéme international

system requirements document

system requirements review
structural-thermal model

total ionising dose

total ionizing dose

total ionizing dose level

total ionizing dose sensitivity

technical memorandum

technology readiness level
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