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COPYRIGHT NOTICE:

By using the ECSS Training material, developed by ESA, you agree to the following conditions:

1. The training shall take place at your premises and shall be addressed to your staff (internal
participants);

2. In case of a training to be given to external participants, the prior ESA written authorisation shall
be requested;

3. The ESA Copyright shall always be mentioned on all Training Material used for the purpose of the
training and participants shall acknowledge the ESA ownership on such a Copyright;

4. The Training material shall not be used to generate any revenues (i.e. the training and Training
Material shall be "free of charge™ excl. any expenses for the training organisation);

5. Only non-editable PDF files of the Training Material can be distributed to the participants (nor
power point presentations);

6. Any deficiency identified in the Training Material shall be reported to the ECSS secretariat;

7. If the Training Material is modified or translated, the ESA Copyright on such edited Training
Material shall be clearly mentioned. A copy of the edited Training Material shall be delivered to ESA
for information.

8. You shall always hold harmless, indemnify and keep ESA indemnified against any and all costs,
damages and expenses incurred by ESA or for which ESA may become liable, with respect to any
claim by third parties related to the use of the Training Material.
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General Background
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Background

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.”

Cost &
Schedule

Training &

Performance Support

Manufacturing

Operations Disposal

http://www.incose.org/AboutSE/WhatlsSE
INCOSE is the International Council on Systems Engineering
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Background — ECSS-S-ST-00-01C

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

ESA UNCLASSIFIED — Releasable to the Public

Space System ) ----ooooooeeeeees
e e -

Space Ground
Segment Segment
Element Element

Space
Segment
Subsystem

Space Segment Ground Segment Launch Segment

Equipment/Unit Equipment/Unit Equipment/Unit
| Components ( = Parts) | [ egena:
______________________________________ O Functional view
| Materials | [ Prsntiew

Note 1: Since software can belong to Note 2: A subsystem can be split across two segments Space sagment ™ | “Ground segment™y _ " Space system
any level it is not apparent in this chart e.g. TT&C subsystem split across Space and Ground segments subsystem i

Functional vs Physical views, see also next slide
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ECSS “Glossary of terms” Concept Map

Concept Map of Main Terms Defined in ECSS-S-ST-00-01C "Glossary of terms"

‘Basic Conoopts| [ Lovels of B T ]

I8 naderines miseion 1 ba achisved by 8.

i
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!
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]

cencept impled by LS goasary. “t “‘ “J
; o | - Tn‘
SRy | s ) it |
ECSS Training Course | ESTEC | 14 March 2017 European Space Agency

ESA UNCLASSIFIED — Releasable to the Public slide 8



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 /
handbooks (e.g.) use subsystem as a
physical decomposition level, of a system,
and define system itself as both functional
and physical. This can be confusing in
international partnership beyond ESA
member states.

In ECSS a subsystem is a functional view,
usually from the perspective of an
engineering discipline.

ESA UNCLASSIFIED — Releasable to the Public

Physical view

product: “result of a process”

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

ECSS Training Course | ESTEC | 14 March 2017 European Space Agency
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Background - System Decomposition Example
from S-ST-00-01C Annex B

product or item

Data Relay Satellite

System

Navigation Satellite satellite (physical view)

System

spacecraft (functional

view) payload

satellite (functional view)
platform
instrument
arhiter
lander
hay
module
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spacecraft (physical view)

power

propulsion

data handling

thermal
structure
AOQCS

Tm&Tc

optical

RF
communication

examples
electronic unit (e.g9. DHU, PCSU, PDU, ASIC Alumiunium
ICu)
thruster hybrid to he taken from Q60 & Q70
valve integrated circuit
battery heat-pipe
reflector MLI
mechanism (when fully assembled) structural panel
vessalitank opfical array
mirrar/lenses/filters (assembly) pyro components
solar array (assembly) PCB
antenna (assembly) mirror
focal plane assembly solar cell
telescope (assembly) insert
solar panel (equipped) resistor
pressure vessels diode
optical bench transistor
RF filters capacitor
LA thermistor
IMUXOMUX heater
OMT propulsion fluidic
feeds
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Background — ECSS-S-ST-00C

The Customer-Supplier Model

Top-level customer

¢« Customer and Supplier are roles played
by the Actors that cooperate to produce, o 1 s

Other contract(s) at_-~, ~

\

Outside ECSS the Customer-Supplier Chain

is also known as the

“Supply Chain” or “Extended Enterprise”

ESA UNCLASSIFIED — Releasable to the Public
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operate and dispose a Space System prime level =" PRO%, 1IPO o
Supplier .
- One Actor (organization) canbea | s p— Cios
Customer or Supplier or both Elemental P A
) ) customer-supplier PRD/l,/”/’IDl ' . PRD\n\:\I\ n
« System is a relative concept that may chain are PRD 1y [ID1 o
: oont
appear anywhere in the Customer- | e Organization
- . Cust
Supplier chain: Complete L
) ; -suppli et | ST
a Customer’s Equipment can be the i PROLL ZZTIDIL iy PROETSGOT
Supplier’s System ARRL el
* Within one Customer-Supplier o
relationship the roles of “Information iy
Provider” and “Information Consumer> | Supplier Organization
depend on the direction of the Customer
4 4 ~ X
information flow, as denoted with the e ootial JPROMA 7D m | | pRO iy D mn
—_— 7P PRD m.i] |ID m.i BN
arrows Supplier Lowest level
supplier

PRD : Project Requirements Documents
ID : Implementation Documents
(Ref. ECSS-M-ST-10C)
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Background — ECSS-S-ST-00-01C

The Customer-Supplier Model
Informal Concept Map

Customer

development and
ealization of the

A

is the consumer in a

. receives the
specifies need through the

4 - D

/ reviews and accepts the
\\) ) .

reviews and accepts the provides the

is the provider in a responds with the

the

Supplier
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Example of a Customer-Supplier chain for an

ESA space project

Top-level customer

often representing the User(s)

LSI : Large System Integrator

Tier 1 subcontractors

—l f 1
. Sub 1 Sub 2 Sub 1 Sub 2

Lower level suppliers ...

Prime contractor

|
1 ]

Sub 3 Sub 1 Sub 2 Sub 3
of B of D of D of D

of B
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Background — ECSS-M-ST-10C

System Life Cycle

) Phases
TO:Need’s | Activities
identification Phase 0 Phase A Phase B Phase C Phase D Phase E Phase F
. JJMOR | PRR
Mission/Function
Conceptual
design SRR |POR
Requirements
} CDR
Detailed . 4
. Definitior
design
JOR
g . Verification |
Qualification
TR
and | | oRR
Acceptance Production
FRR
: J porr JELR
Operations Utilization E
Tirr
TF: Switch-off or _ MeR
burn-out/break- gPseosal—
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)

« ESA Reviews assess results from all project participants including:
ESA project
Industrial contractors
Any external partners

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

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

 Number, type and objectives of the Reviews are project-dependent.
Generally, there is a number of reviews that are “mandatory” such as
SRR, PDR, CDR, FAR

ECSS Training Course | ESTEC | 14 March 2017
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Background — Main reviews

Review Phase | Main Objectives

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

(MDR) / Phase A requirements. Allows solid start of preliminary design.

Preliminary Requirements

Review (PRR)

System Requirements Phase B Freeze of Highest level requirements

Review (SRR)

Preliminary Design Review | Phase B Freeze of Mission baseline and requirements down to subsystem level.

(PDR) Confirmation of design at System level. Confirmation of AlV plan. It forms
the basis for industrial Phase C/D/E offer

Critical Design Review Phase C Confirmation of detailed design at unit level. Authorisation to complete

(CDR) 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 Phase D Confirmation of readiness to fly

(FRR) / Operational
Readiness Review (ORR)

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

ESA UNCLASSIFIED — Releasable to the Public
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Introduction to E-10
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System Engineering for ESA project — Use of

ECSS

» 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
= |SO (for debris mitigation and TRL definition)

= + ESSB Handbooks
(e.g. ESSB-HB-E-003 ESA pointing error engineering handbook)

» 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 ) — see hereafter
= SOW for tasks description
= Documents for Interfaces (ICD with Launcher Authority, Payload, Operations, etc.)

= Specific documents (e.g. Planetary Protection req’s, Environment definition,
Regulations, etc.)

ECSS Training Course | ESTEC | 14 March 2017 European Space Agency
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E-10 Discipline Subbranch

Includes System

Engineering proper,

but also:

e Space
Environment /
Radiation

« Human Factors
Engineering

2.3. Engineering branch

E-ST-20C Rev.1

E-ST-10C
System en
E-ST-10C Rev.1

E-ST-10-02C Rev.1

E-20-01A Rev.
Multipaction

x

E-ST-20-20C
Interface requirements
for elecirical power

Note:

E-30 discipline is detailed

in the next chart

E-ST-10-24C

| Interface management

©Ongoing update of an

New document in
production

existing document u

N

| |[E-sT-50-15¢C
CAN bus extensicn profocol

E-S
On-board

E-ST-70-11C
Space

E-ST-70-31C

E-5T-60-21C
Gyros terminclogy and
performance

E-ST-60-30C
Attitude and orbit
confrol systems

E-ST-70-41C \

NOTE 1: At next issue, the
document might be renumbered
to: ECSS-E-ST-50-50

(as of 26 March 2013)

ECSS Training Course | ESTEC | 14 March 2017 European Space Agency
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ECSS E-10 Standards Scope

The E-10 standards cover the following System Engineering areas:
General principles, definitions and documentation (incl. DRDs)
Verification

Testing

Requirements

Interfaces (to be published summer 2015)

Coordinate Systems

Space Environment / Radiation

© NO Gk WDdPRE

Human Factors

Several other areas of system engineering (traditionally) are covered by standard
in other disciplines, for instance:

1. Space Segment Operability (E-ST-70-11C) which defines autonomy and system
requirements for operability

2. Software (ECSS-E-ST-40C) for the definition of the System inputs to SW

3. Testing at subsystem level (e.g. propulsion) covered by the relevant standards

ECSS Training Course | ESTEC | 14 March 2017
European Space Agency
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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 phases (as defined in ECSS-M-ST-10,
Space project management — Project planning and implementation): it
defines what should be available from system viewpoint at the end of
each phase

» 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.

ECSS Training Course | ESTEC | 14 March 2017 European Space Agency
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ECSS-E-ST-10C “System engineering general
requirements”

System Engineering Functions (Fig. 4-1)

| -
.

|:| = System Engineering Scope

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

\, -
., .

Other Programme Disciplines

"

ECSS Training Course | ESTEC | 14 March 2017
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i - Configuation control I
b - Procurement :
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v ! | assurance | |
¢ | /-Dependabiity |
i i = o~
| I-Development ! ANALYSIS I‘ Eféiﬁ.fﬂm o
1 1 | B [
"k MAILT : | - Criticality A
P . REQUIREMENTS DESIGN AND | analysis o
o !| ENGINEERING CONFIGURATION | -PM&P '
1 . - Safaty L
LN fl - EEE companen; ool
[ VERIFICATION \ -
: oLl . SYSTEM |
1 = -
b _Operations Engineering . ENGINEERING !
i - Operations Verification \
' - Logistic Analysis I
b .
] T e ek A ALY '
: Production NN N \ Product |
™ .. Operations and Logistics Assurance

"7 =Interface Area
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ECSS-E-ST-10C “System engineering general

requirements”
System Engineering Functions Summary

Requirement
Engineering

System Analysis

Design and
Configuration

Verification

Integration and
Control

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

Define functions / function tree

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

Analyse impacts on cost and schedule

Establish all relevant environments

Perform trade-offs

Define analysis methods, tools and models

Elaborate system design and configurations
Define and manage interfaces

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

Define, plan and manage integrated technical effort amongst all disciplines
Define and maintain system budgets (mass, power, ...) as well as margin policy
Ensure availability and exchange of all (system-level, common) engineering data
Identify and manage candidate technologies, with TRLs

Support risk, change, non-conformances control

ECSS Training Course | ESTEC | 14 March 2017 European Space Agency
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ECSS-E-ST-10C:

3 Main Areas of Concern &
1 Central Task “Integration and Control”

Specify
the Problem

Facilitate, lead and
control collaboration
between all disciplines
and parties

Requirements

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

Customer

-,
, ~
L) @_//_ —_— _— —_— _— —_— _— —_— _— _\\_ _— — _— — _—
N
v

Supplier

Define
the Solution

Realise
the Product

Integration and
Control

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

Design

Manufacturing, <
Assembly & Integration,
Verification & Validation

\/ E-ST-10C: "Verification"
\/ and WA

ECSS Training Course | ESTEC | 14 March 2017 European Space Agency
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configuration“ and
“Analysis”
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ECSS-E-ST-10C:

Iterative “Integration and Control”

M \ Attitude & Orbit Control
Thermal

Comms

Propulsion

Power

* Integration and
Control
(possibly
concurrent in

f \ early phases)

System

/

T~
““I? 5  Iterate between
: & Requirements,
7 Design, and
] ) MAIV&V
A / * lterate across
7 : /// Disciplines
Manufacturing, %
"~ Assembly & Integration, p
Verification & Validation >
ECSS Training Course | ESTEC | 14 March 2017 European Space Agency
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ECSS-E-ST-10C:

“Integration and Control”
Across the Customer-Supplier Chain

Top-Level Customer
T Crstomer 2

Prime Contractor

& ',".-:-E‘:}.E \ '

2nd Tier Subqontractors

The Customer-Supplier Chain follows the

Product Tree or Work Breakdown Structure - :
or a combination thereof n" Tier Subcontractors

ECSS Training Course | ESTEC | 14 March 2017 European Space Agency
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ECSS-E-ST-10C:
“Integration and Control”
Effort along the System Life-Cycle

B A
= |
() ! . |
m - Design | ;
g Requi'remen:ts De:ﬁne the Solution Manufacturing,
% specly | i | Assembly & Integration,
= | [the Problem Verification & Validation _
' | Operation
, . Realisé: the Product )
. | ; : ; | Disposal
v Vv \/ v v \ \/
FAR

MDR PRR SRR PDR CDR QR

European Space Agency
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ECSS-E-ST-10C Annex D (DRD S
(DRD) d:esa

System Engineering Plan (SEP) =

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

The System Engineering Plan defines

“the approach, methods, procedures, resources and organization
to co-ordinate and manage all technical activities

necessary to specify, design, verify, operate and maintain a system
or product in conformance with the customer’s requirements”

» Project objectives / constraints / phases / reviews / product evolution

» SE tasks, inputs and outputs
» SE team responsibilities and organization,
including coordination between all engineering disciplines
» Procurement approach of all elements / equipment
» Technology development approach
> Verification Plan and AIT Plan, or combined AlV Plar Rl‘ng:‘:ji:(i,og‘ogﬁiiﬁff
» Coordinate systems plans may be integrated
» Processes, methods, facilities and tools SIf SRUFEIEIRIE

European Space Agency
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ECSS-E-ST-10C

Requirements Engineering 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

User requirements/
Mission objectives

Mission requirements

System requirements

System requirements

Lower level (equipment,
component) requirements

Interface requirements

Operations requirements

Responsible

User

ESA

ESA

Mission Prime
/ LSI

Lower Tier
Supplier

ESA or Prime

Operator

ESA UNCLASSIFIED — Releasable to the Public

Content

Non-technical, high level, general. Gives
rationale for the project. Contains mission
need statement.

Functional, technical, overall performance.
Applies to the Mission

Functional, technical, overall performance.
Applies to the System

Detailed, technical, reflects the (architectural)
design. Represents the interpretation of the
customer requirements from the developer

Very specific and detailed: flow-down of
system requirements.

Allows connecting the system with other
systems

Technical, including constraints, for operations

ECSS Training Course | ESTEC | 14 March 2017

Document Name

URD or Mission Objectives Document

Mission Requirements Document (MRD)
(sometimes merged with URD)

System Requirements Document (SRD)

System Technical Specification

Element, subsystem, equipment or
component requirements specification

Interface Requirements Document

Can be at any level where an interface
needs to be managed.

OIRD
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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 function tree, product tree, spec tree, tech budget, TS for next lower level, DDF

File) for next lower level, interface control doc, product user manual, ...

DJF (Design Justification req traceability wrt next lower level, req justification file, system concept report,

File) 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 a 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”

ECSS Training Course | ESTEC | 14 March 2017 European Space Agency
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ECSS-E-ST-10C Annex A

SE documents delivery per review (1/3)

Document title

Mission description
document

Specifications

Preliminary technical
requirements
specification

Technical requirements
specification

Interface requirements
document

System engineering plan
Technology plan
Technology matrix
Verification plan

AIT QM/FM plan

Orbital debris mitigation
plan

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

Coordinate system
document

ESA UNCLASSIFIED — Releasable to the Public

ECSS document

ECSS-E-ST-10

ECSS-E-ST-10-06

ECSS-E-ST-10-06

ECSS-E-ST-10

ECSS-E-ST-10

ECSS-E-ST-10

ECSS-E-ST-10

ECSS-E-ST-10-02

ECSS-E-ST-10-03

1SO 24113

ECSS-E-ST-10-09

DRD ref.

Annex B

Annex A

Annex A

Annex M

Annex D

Annex E

Annex F

Annex B

Annex A

Annex A

Phase O
MDR

+

Phase A
PRR

+

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

ESA UNCLASSIFIED — Releasable to the Public

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

Phase A

PRR

+

Phase B

PDR

+

ECSS Training Course | ESTEC | 14 March 2017

Phase C

CDR

+

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

European Space Agency

slide 33



ECSS-E-ST-10C Annex A

SE documents delivery per review (3/3)

Phase O  Phase A Phase B Phase C Phase D Phase E Phase F
Document title ECSS document DRD ref.
MDR PRR SRR PDR CDR QR AR ORR FRR LRR CRR ELR MCR
Verification control
b ECSS-E-ST-10-02  Annex C +(1) +(1) +(1) + e + + + + S e +
Test specification ECSS-E-ST-10-03 Annex D + =+ =+ =+ + + =+ =+ +
Analysis report ECSS-E-ST-10 Annex Q =+ + + + =+ —+ + + + =+ =+ +
Mathematical model + + + +
description
Correlation report + =+
Test procedure ECSS-E-ST-10-03 Annex C =+ —+ -+ -+ =+
Test report ECSS-E-ST-10-02 Annex D =+ ar =+ =+ =+ P ap ar P
Verification report ECSS-E-ST-10-02 Annex H + ar + + + + —+ -+ +
Design justification file + + +
for next lower level
Review of design report ECSS-E-ST-10-02 Annex F + —+
Inspection report ECSS-E-ST-10-02 Annex G -+ ar -+
GSE specifications + + =+ =+
GSE Data packages + =+ =+
Note (1) : Document limited to the verification matrix
ECSS Training Course | ESTEC | 14 March 2017 European Space Agency

ESA UNCLASSIFIED — Releasable to the Public slide 34



ECSS-E-ST-10C - System Engineering General
Requirements

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

European Space Agency
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ECSS-E-ST-10-06C
“Technical Requirements Specification"

Content

» Provides “requirements on requirements” — i.e. how to:
= |dentify 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 System Specification
» Common misconception: It does not provide practical instructions for
requirements management
= E.g. does not prescribe use of tools like DOORS, etc.

European Space Agency
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ECSS-E-ST-10-06C

“Technical Requirements Specification™
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

European Space Agency
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ECSS-E-ST-10-06C Annex A

“Technical Requirements Specification* (TS) DRD

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 presentation

Selected concept / product presentation
Life profile description

Environment and constraints description

YV V. V V V

Requirements

European Space Agency

ESA UNCLASSIFIED — Releasable to the Public ECSS Training Course | ESTEC | 14 March 2017 slide 39



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

Content

» Provides definitions and general requirements on:
= Verification process
= Verification planning
= Verification execution
= Verification close-out
» Provides in Annexes DRDs of several verification documents and
proposes a list of Verification documents deliverable per review
» It is complemented by the Verification guidelines HB (not normative)
which give explanations, advices and examples for the preparation and
execution of the verification programme and provide extensive
explanation on “model philosophy”.

European Space Agency
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ECSS-E-ST-10-02C - Verification

Definitions (from ECSS-S-ST-00-010C)

> 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

European Space Agency
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ECSS-E-ST-10-02C — Verification

Verification vs Validation

» ECSS 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

European Space Agency
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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)

European Space Agency
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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

European Space Agency
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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

European Space Agency
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ECSS-E-ST-10-02C

Verification methods

Verification shall be by one or more of the following verification methods
(in order of higher to lower level of confidence):

= Test — verification method by measurement of product performance and
functions under representative simulated environments
— is the preferred method

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

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

= Inspection — visual determination of physical characteristics

However:

» All safety critical functions shall be verified by test.

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

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

ECSS Training Course | ESTEC | 14 March 2017
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ECSS-E-ST-10-02C - Qualification

and Product categories

Notes:
Off the shelf:

Category Description Qualification programme

A Off-the-shelf product without modifications and MNone

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

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

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

C Off-the-shelf product with modifications. Delta or full qualification
Modification includes changes to design, parts, pro__gra_tr'l.me (including testi.ngj,
materials, tools, processes, procedures, supplier, decided on a case by case basis
or manufacturer. depending on the impact of the

modification.

D Newly designed and developed product. Full qualification programme.

ECSS Training Course | ESTEC | 14 March 2017
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procured from
the market.

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

= |t 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

» Itis found convenient (by experience) to separate at system level, thermal and
mechanical design aspects from functional design

= 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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Description -

1

ECSS-E-ST-10-02C - Models
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ECSS-E-ST-10-02C - Models

Description - 2

11 1 1

ESA UNCLASSIFIED — Releasable to the Public

Suitcase Model
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Description - 3

ECSS-E-ST-10-02C - Models

Frotoflipht Model (FFM) . . . . . .
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* Design
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flight standard
Flight Spare (F5) ) ) . ) )
Spare for flight use Full flight design & Eguipment lewel Acceptance festing
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Prototype and proto-flight verification

approaches \\\&%esa

Prototype approach: Verification approach where qualification is
achieved on a dedicated full flight-representative system model
(generally split between STM and EM) while only acceptance takes
place on the flight end item. This applies to equipment level too.
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Prototype and proto-flight verification
approaches - 2

Proto-flight approach: Verification approach where qualification
and acceptance take place at the same time on the flight end item.
This applies to equipment level too.
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Proto-flight (PFM)Testing vs Prototype
(QOM+FM) testing

Pro’s

Prototype:

Lower risk (issues
discovered early
on different model
from flight)

Possibility to
refurbish QM as
Spare

Possibility to use
the QM or training,
operations, etc.

ProtoFlight:

Lower Cost
(single model)

Shorter
development
schedule

Ccons

Prototype:

Higher Cost
(additional model)

Longer schedule

Protoflight:

Higher risk to
discover issues
too late

More complex
Spares approach

No further model
available for
operations,
troubleshooting,
etc.)

The cost and schedule saving of the Protoflight approach often overrules all other

considerations.

Protoflight approach is ideal for “standard” missions with high degree of recurrent

equipment
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Proto-flight practical approach

e Generally, risk mitigation for Protoflight Approach consists on:
e enhancing development testing,
e increasing the design margins

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

e 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)

ECSS Training Course | ESTEC | 14 March 2017
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ECSS-E-ST-10-02C - Overall Model

Approach — Hybrid Example

BREAD BOARD (MECHANICAL/THERMAL ENG./ENG. QUAL. MODEL FLIGHT/PROTOFLIGHT MODEL
REPRES.) (Comm. or mil grade paris) (Flight standard)
BB DUMMIESI EM/EQM FM/PFM
[
=
w
=
[
g
o] T - T
DEVELOPMENT
TESTING. AS QUALIFIGATION OR AGGEPTANCE OR
REQ AGGEPTANCE TESTIN PROTOFLIGHT
e TESTING
STRUCTURAL THERMAL
MODEL.
- EM PFM
= BB STM
w
=
=
w
= T
> —
=
'2 DEVELOPMENT FUNGTIONAL PROTOFLIGHT
- TESTING AS TESTING TESTING
REQ.
\_\ B n
o EM/EQM FM/PFM
%)
=
w
o
> B
«a SUBSYSTEM
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ECSS-E-ST-10-02C - Overall Model W\
Approach - Examples

STM: Actual structures and
thermal but dummy units

EM/ATB:No structures and no
thermal but assembly of
EQM/EM (functionally
representative) units

ECSS Training Course | ESTEC | 14 March 2017
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ECSS-E-ST-10-02C - Overall Model

Approach — Examples of ESA projects

Cryosat

No STM, no EM
SW-based spacecraft
functional model

Most units recurrent, not
requiring EQMs

““—K\R . ‘“" —

ST™M - EM (coped of all
the equipment EQMSs)

FM -
(even if it was called at that time PFM)

ECSS Training Course | ESTEC | 14 March 2017
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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

ESA UNCLASSIFIED — Releasable to the Public

. Ul @, L
No. [Subsystem/Instrument | Qual. Status | STM | EM | PFM | SP [ Remarks
1 Structure D 1 1 * |*5TM Spare
2 Thermal conirol D 1 = 1 1 [*5TM Spare
3 ADCS
* Coarse sun sensor A 2 1 2 * Dummy
* Star tracker A 3 1 |3 * Dummy
» Star tracker electr. A o1 3 * Dummy
s Gyro package A 1* 1 1 * Dummy
* Gyro electronic A 4r 1 3 * Dummy
* Reaction whesl A 1: 114 : Dummy
» Wheel drive electronic | H L * Dummy
& Actuator gyro electronic A ! ! ! Dummy
» Flap assembly D 2* 1 2 * Dummy ** PFM
) D LR R R b * Dummy ** PFM
= Control electronic
4 RCS
* Tanks B(A) g* 8** |B * Dummy ** from STM
* Thrusters A 12 |1 12 * Drummy
* Thrusters bracket D 4* 40 14 * Dummy ** from STM
* Latch valves A 11* |1 11 * Dummy
* Filter A 1: 11 * Dummy
PO O I
- Vave brackets o S ; Dummy ** from STM
# Pressure transducers A > ! 3 » Dummy
. D 1* 1** (1 * Dummy ** from STM
* Pipework
= Power
* Power control unit C 1 1 11 * Dummy ** EQM
* Battery requlator unit A 1 1 1 * Dummy
* Battery mgt unit A 1* 1 1 * Dummy
* Pyro drive unit c L L * Dummy ** EQM
* Power distribution unit D 1 L * Dummy ** PFM
» Battery A 2% 2 2 * Dummy
G OBDH
* Central terminal unit A 1* 1 1 * Dummy
« Comman pulsed distr. unit | A 1* 1 1 * Dummy
» Digital bus unit 4 4 |4 * Dummy
* Intelligent control unit SLE] 3: f"* ‘;2"* : gumm‘f :: EI?I;T
» Mass memeny, i 1 L ummy
* Remote blus ingrtbfyzgze 'EA C] |4 Margg20ln 2 * Dummy
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Product Matrix - Examples

Assume the Proba-3 mission consisting of 2 small satellites flying in
formation in a HEO orbit

» Reaction wheels from a German small satellite mission in LEO are found
suitable in terms of performance
= Which category are they? And which models shall be procured?
» The mission requires laser-based relative attitude and position sensors
of unprecedented accuracy
= Which category are they? And which models shall be procured?
» Coarse Analogue Sun sensors are used for safe mode
= Which category are they? And which models shall be procured?
» Integrated On-board Computer and PCDU (ADPMS) is a recurrent item
from the Proba-V mission
= Which category is it? And which model shall be procured?
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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)

= 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 to 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

ECSS-E-ST-10-02C Verification Requirement Specific product type

and requirements that are HHE 1ERHTT
ex| el a]lw|w|lews| 0| S |CECn
recommended NOT tO be tailored 5.1 VERIFICATION PROCESS I

a. The verification process shall demonstrates that the deliverable product meets the
specified customer requirenents and is capable of sustaining its operational role through:

are indicated ; }:m_?uumphmunsmd o No No |No [No |No |No |No |[Ne |Ne |Ne

3. Venhcation control and close-out.

5.2 VERIFICATION PLANNING

= Per type of Mission T

ion shall be i by one or more of the following verification methods:

1. test (including demonstration);

| Per phase of Project 2. analysis (including simlarity); No |Ne |No |No |Ne |Ne [No |Ne |No |Ne

3. review-of-design;
4. inspection.
- - b. All safery eritical functions shall be verified by test. No No |No |No |Ne |No |No |Ne |Ne |Ne
= Per level within p g0 [§1e1 B § 1 =) = I PRy e e —— N e TNe Mo e e Thie e The T
d. For each requirement verified only by analvsis or review-of-design, assessment analysis
(part of the VP) shall be conducted 1o d ine the level (major/minor) of the impactof | Yes | Yes |No |No | No | No | Yes |No | Yes | No
this irement on the mission
= Pert | duct (HW t s
er ICa ro uC unl ] e. If the impact of the i is major, a risk mitigation plan (part of the VP) shall be
defmed which mcludes, a cross check based on two independent analyses (in terms of Yes Yes [No | Noe [No | No | Yes | No | Yes [ No

SW component, Space —
Element, GSE, Launcher,

Ground Segment, Overall

System)
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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

ECSS Training Course | ESTEC | 14 March 2017
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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

= s 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
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ECSS-E-ST-10-03C - Development Testing

» 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
= see ECSS-ST-Q-60- and ECSS-ST-Q-70- series
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ECSS-E-ST-10-03C - Test Tolerances

» Testing tolerances on the most important test parameters are specified:

Test parameters | Tolerances Test parameters Tolerances
1. Temperature Low High Forces or torque +10 %
oo 0K e iE T Ot 9. Audible noise (for Crewed Element only)
Sound-power (L3 odave band cendre frequency)
325 Hz- 160 Hz 4348
160 Bz - 16 kH= 12 dB
9. Shock
ToE T to be deBined case by caze Espmm:n\?hmdzmmlmm
2. Relative humidity z10% L — e
3 Pressure (in vacuum chamber) 50% of fhe SRS amplitude sbove 0 4B
e 2% 10. Solar fluw
1,310-3hPafo 1,3hPa +30%
<1310-3hPa Zg0o m zeference plane £ 4 % of the oot value
4. Acceleration {steady state) and static load 0/+0% n zeference volume 26 % of the setvalue
3. Sinmseidal vibration 11. Infrared flux
Frequency {5 Hz to 2000 Hx) +2 % (or £1 Hz whichever is greater) telzan valus + 3 % on refezence plans(s)
Ampinde £10% 12, Test duration /410 %
Sweep rate (Dctimin) +5%
6. Random vibration
Amplitude (PSD, fraquency sasobtion befter fhan 1055z
20 Hz - 1000 Hx -1dE/+3dB
1000 H= - 2000 He +3dB
Eanimncvmﬂgr.m. =i0%
7. Acoustic noise
Sound pressure level, Octave band centre F1z)
315 -2 dB j+4 dB
&3 -1dB 43 dB
125 -1dB 43 dB
50 -1 d8 43 48
500 -1d8 43 48
1000 -1d8 43 48
000 -1dE 43 dB
Crvezall -1 dE 43 dB
Sound preszuze level homaseneiby pez ectave band +-2dB
3. Microvibration
Acceleration 0% European Space Agency
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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):

Test parameters | Accuracy
1. Mass
Space segment equipment and space segment 0,05 % or 1 g whatewver is the heavier
element
1. Centre of gravity (CoG)
Space segment equipment Within a 1 mm radius sphere
Space segment element + 2,5 mm along launch axds
11 mm along the other 2 axes

3. Moment of inertia (Mol)

Space segment equipment and Space segment + 3 % for each axis
element
4. Leak rate Ome magnitude lower than the system

specification, in Pa m* 5 at standard conditions
(10r13,25 Pa and 288,15 K).

5. Audible noize (for Crewed Element only)

325 Hzto 160 Hz +3dB
160 Hz to 16 kHz +24dB
6. Temperature
above 80 K 9
T=B0K Acouracy to be defined case by case
7. Pressure (in vacuum chamber)
>13hPa +15%
1310*hPatol3hPa +30%
<1310 hPa + 80 %
8. Acceleration (steady state) and static load +10%
9. Frequency for mechanical tests £ 2% (or £l Hz whichever is greater)
10. Acoustic noise +0,1d8
11. Strain £10%
1L EMIC See ECS5-E-5T-20-07 clauss 521,
13. ESD Ses ECS5-E-5T-20-06
See ECS5-E-5T-20-07 clanse 5.2 1 for ESD test on
tpace segment equipment. European Space Agency
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ECSS-E-ST-10-03C - Equipment Testing — Sequence

“Test as you Fly”

Physical Properties I _ _
— Leak Test » Equipment testing
Full Functional I . . .
& Performance Test e (either qualification
Humidity Test | or acceptable) s_hall
i Magnetic / PIM follow a pre-defined
Leak Test | sequence
Proof Pressure Test Audible Noise L
| » This is based on
Leak Test - .
: Full Functional & ltipactic trying to preserve
Acceleration Test' Perrormance Test the order in which
iStatic load, spin or transient) '
' Design Burst Pressure environments are
- . - |
Sinus u:hratmnz Burst test! encountered during
Random Vibrationz. ™[ Acoustic the operational life
' ! Life Test (“test as you fly”),
Shock and detect potential
Micro vibration Included for completeness butto he failures and defects
' performed on dedicated model depending i
Pressure cycling Test l:l on type of equipment and mission requirements as early in the tes_t
Leak Test Notes: sequence as possible

1 If not covered by sinusoidal test

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

|
Thermal Vacuum | and

{incl. Cerona che ck}l i ar
L T

| European Space Agency
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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 epace sepment equipment
a Electromic, elecirical and RF equipment d Walve g Thraster i Mochanism
b Antenna ¢ Fluid or propulsion equipment |h - Thermal equipment k Solarammay

¢ Battery [ Pressure vessel i Clptical equipment | Solar paned
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ECSS-E-ST-10-03C

Equipment Qualification Tests

The 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.

Applicability versus types of space segment equipment

Test Ref. bo Level &

Druratinn albw|e|ld|le|e|leglnlililk]n
General
Furnetional and
performance {FFT/RFT)
Humidity
Lifix
Bum-in
Mechanical
Fhysical propertics E|R|RE|R|R|E|R|R|E|R|R
Static Inad SoeTable52Mo2 X[ X X | X | X [X | X | X [X[X|X
Spin 5833 S Table 52 Mo 3 N W | X | W[ X [® | % | X [x[x]|X
Transient 58522 See Table 5-2 Mo 4 A x| N[ (WX |x|[x[x]|X
Ranidom vibration 58523 Soe Table 5-2 Mo & E(X|R|R|[BR|[R|BE|R|X|X]|X
Acoustic 5824 Soe Table 5-2 Mo & - | X X|X|R
Simzsoidal vibration 5525 Sec Table 52 Mo & E|E|E|E|E|R|R|RE|RE|R|ER
Shock 552k SoeTable52MoE |R|(X |R|R|R|(X|R|X|R|R
Micro-wibration
prneTated environment
Micro-wibration
sumoeptibility
Structural integrity
Leak SceTable 52 Moild |X| - | R .
Proof pressure |SeeTables2motl || - [ - |R|[R[R][R] -

ESA UNCLASSIFIED — Releasable to the Public

Test Reference | Hef bo Level& | Applicability versus of space segment &g wipeent
clavee Druratian alofelalele|g|n|ililx]n
Pressure cycling 5533 SeeTable52Mo12 |X| - | - |R|R|R|®
| Chesign: bnarst presssuare: LLETY SeeTable 52Mo1d |X| - |- [R|RJR| R
Burst 5535 SeeTable52Mold [x] - [ [JrR[R[R]R
Thermal
Thermal vacuum tm& SeeTable 528015 |R| X |R|BR|(R|X|[R|[R|R]|R 3
55414
Thermal ambient ani SeeTable52Male |R|X |R|BR|(BR|X|(R|(R|R|R

Mot remnred

ECSS Training Course | ESTEC | 14 March 2017

Electrical / RF
EMC See Table 52 Mo 17
F I A A I A A
Magresic LLL Y
ESD LLLE] SeeTable 52Moly |R| X [ X | X | X | X | X[ X | X | X | X |X
PN 5554 SecTable 52 MNo 1% | X | X
Wfultipaction X | X
Corona and arc
it SeeTable 528o2d |R| R | R
Mission specific L L
Audible noise

X Tobe deaded by the customer

European Space Agency
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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 OC on design max and min 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

European Space Agency
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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)

Application nates

Agpplicability versus bypes of space segment equipment

For k (solar array), the deployment test is mandatory before and after the
envirommental tests (marual deployment before the environmental tests).

T be performed, if the total duration of the acceptancs test sequenae is
insufficient to detect material and workmanship defect ocoerring in the space

Upon agreement with customer the Col and Mol is not measured by test. but
calculafed

General structural prood test is performed on pressure vessel if no covered by
higher level test (o g, simusoidal with full tanks).

SeeTable 84 Mo 1 Far k {solar array), the random vibration test should be added to acoustic test

for fixed solar array mounted divecthy in the spaoeoraft side wall (without offset

raciket).

Far b (antennas), i (optical), j (mechanism), random vibration or acoustic test is
Acoustic 5524 |SceTable4No2 S 1 N I welected on the type, size ard location of the space wegment

Reference Fef. to Lewel & Applicability versus fypes of space segment squipment Application motes
Druration
Tieak LLER See Table 54 No § X| - |E|RE|E|R|X]-]-1]- = = | For a (gectronic, ebectrical and RF equipment) required only on sealed or
Smusoidal vibration 5525 See Table 54 No 3 S - = - B I I surized "
Proaf pressure 5532 Soe Table 54 No & B R - I O S I I O R ik s SEgEment equipmer )
Far ¢ (battery) proof pressure, is performed at cell level i.e. component level).

See Table 54 Nod =] = - - . = S lx]x

See Table 54 No 7

{Can be combined in thermal vacuum test.

Soe Table 54 No 8 Tessts nust e

See Table 84 No 9

For equipment without elecronic best are Emibed #o bonding test.
Magnetic test to be performed if justified by mission needs, inzocordanoe with

=
e
Fe
=
4
s
.
-
-
Fe

the EMCCP,
See Table 54 Mo 10 x| X X|-]x] - -
| X - - - -
See Table 54 Mo 11 E|R|R| - - -  ENENEEE = | For condition of applicability of test, refer to 5.5.5.5,

ment for crewed space segment element.

chuuu:ifmspumw-:
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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 OC on design max and min temperatures
(operational and non-operational)
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ECSS-E-ST-10-03C — Equipment Protoflight Tests,

Test Levels and durations

» Protoflight tests are the same as for qualification
= except for static loads (nhot required)
= and destructive tests (burst — obviously not for the PFM)
The Protoflight test levels and durations shall be as follows:
» Proto-flight test levels: as qualification levels
» Proto-flight test durations: as acceptance durations
= e.g. 4 cycles for thermal

European Space Agency
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ECSS-E-ST-10-03C — Space Segment Element

Protoflight Tests

» Taken as an example for Space Segment Element Testing
» Note that tests are different from the equipment ones

Beef. to Lewvel &
Rafarance Faration &
Test |Applicabili Conditions
clanse Mumber of 13 ty
ications
<l ! - application: i — —
Funchional (FET / RFT) R cquipmment i Epafm :;ﬂrj:nh:c .
Ferformances (FT) 6513 ] sagEant element test 1s
Mission (MT) 5514 = frasible
oty o515 x Thermal I —
Mandory for space pegment 65416
Laumcher Interface &5Le x clement interfacing with launcher. Thermal wacwum csan Table 6-6 o 13 R
Applicable to space segment
65341 & elemenis that be under -
Thermsl ambient N Tabile 6-6 M= 14 X fpere e
seatic 6523 Table 66 30 1 Mandatory if not performed at 6543 vacunam environment dur.ms Eheeir
= - structure subsystem level lifetime
Mandatory for spinning space
segrnent elemients with an
Spin 6524 Table 66 No 2 X acceleration greater than 2 g or mare
to any part of the space segment
element
Transient 6525 Table 66 No 3 x
Acoustic test mary be replaced by
Acoustic 6526 Table 66 No 4 X oo vibeation.
For a small compact space segment
element, acoustic testing does not
pravide adequate envircnmental
simulation, and random vibration
Random wibration 6527 Table 6-6 Wo 5 X mayy replace the acoustic best

If acoustic test is performed, randam
vibration may be avoided.

|Frxr space segment element

Sinzsoidal wibration may be replaced performing atmospheric entry
Smmasoddal vibration 6528 Table 66 No & R by transient combined with modal
survey
Shock 6.5.19 Table §-6 No7 X Wicro-vibraton smission 6571
Micro-vibration
- 72
it £5.2.10 Table 66 No § x HFE 6572
Structural ME’ _ . - 6573
Mandatory for pressurized space Towde off gassing
segment ebements of on pressurized Andibls nipics 6574
Froof pressure 6531 Table 66 Mo § X equipment integrated in space
segment ebement for which the test is E Mandatory
feasible
Mandazory for Frossurized space X Tobededded on the basis of design features, required lfetime, sensitivity to environmental exposure, and expected
Pressuze cycling 6532 Table &-& Mo 10 X segment clements that will usage
ENpETIENCE Several Te-entTies. .
Mornd, for p 7 Modez All lesis pype are listed independendly of thedr application sialss:
Deesign burst prassure 6533 Table 6-6 Mo 1l X segment chement to be performed on - the dark grey indicates thal (e fype of st B never roquired oF optional
a dedicated hardware
- the lght grey ndicetes that there b5 mo st bevel and duration specilied im the Table -6 sinoe i is nod 3 ket where an envisooanen s
N Mandatory for pressurized space
Leak 6534 Table 6-6 Mo 12 X " 15 or on 3 applisd in e e ander hesl jE‘nC\/
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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 Space segment equipment Space segment element

or
Space segment element ?

-0 - OO

| Customer will generate a document derived from EC55.E.5T10.02 based on the above selections |

o . )

matrix | Suppllermll nrl!werwnh acompliance malnx §3 Applicable §3 Applicable T C (eq PFI) ’
§4 Applicable (4.6 ifrelevant) &4 Applicable (4.6 if relevant) §4 Applicable (4.6 if relevant)

wl‘lh a pli
n §4.3.2 Test blocks 1o be defined 1n§4.3.2 Test blocks to be defined
sl‘;s:ppllmhle o ;;!:;lpllce ble " gw&m il il
5.1 icable A Applicahl
A CM B CM C CM D CM B CM C CM £ AfFiieable 553 Aoblicanlo g:; m;:::
{table 5.1 to be ilored) {tabla 5.3 to be tailorad) .
3 i §5.5 Applicable though the table 5.7 (B i g o)

§5.5 Applicable though the table 5.1 e et ol
| Once EglEEd the Suppllerwlll prepare a \'erlﬂcﬂtlon matrix | | Once sgleed the: Supplier will plE pare a \'erlﬂcﬂtlun mairix | [wjge&‘:“fm"“ line with table 5.1) o seﬂ‘“j";""‘}:“" line with table 5.3) (1o be o IIn:gmmmhlos.ﬂl
l l l §1§? WA 525 A 525,;2‘: i
§7 NIA §7 NiA &1 NIA

] - o . B pexi, B,C aplcable -

| Bwm]

[ fBVMU fcvmﬂ

Create a new documentas par definitioninA, B,C, D, E, F ’ s ’ ’
0 (element QM) E {element Ful) F (element PFM)
§3 Applicable §3 Applicable §3 Applicable
§4 Applicable (4.6 if relavant) &4 Applicable (4.6 if relevant) §4 Applicable (4.5 if relevant)
In §4.3.2 Test blocks to be defined In §4.3.2 Test blocks to be defined In §4.2.2 Test blocks to be defined
§5 NIA §5 NIA &5 NI
&6 Applicable &6 Applicable & Applicable
§6.1 Applicable §6.1 Applicable §6.1 Applicable
§6.2 Applicable §6.3 Applicable §6.4 Applicable
(table 6.1 to be tailored) ftable 6.3 to be tailored) (table 6.5 to be tailored)
§6.5 Applicable though the table 5. §6.5 Applicable though the table 6.3 §6.5 Applicable though the: rable £.5
(to be tailored on line with table 5.1) (to be tailored on line with table 6.3} (to be tailored on line with table 6.5)|
§6.3 & 6.4 NI §6.1 & 6.4 NI 5§62 & 6.3 NIA
%::;nslhnd Alone Space Segment §7 for Stand Alone Space Segment Ellnhrnnsthnd Alone Space Segment
Annex A B C (_ EfEment Frrmrefo B 6 bt
Annex A, B, C applicable e e
e C g
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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 induced
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-OO 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.)

European Space Agency
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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 AlV 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:
= |nertial 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 RCS

E‘ Mean 120000 pole

The Standard does not provide “recommended” Coordinate h
Systems definition but leave it to each individual project to 2  reenwich Meridian
define. Here are examples: Felitic plane
Earth Centred Inertial (ECI) used for satellite motion Mean 120000 eauator plane
Origin: Earth centre of mass " Gocentey Yors
X:the intersection between the J2000.0 equatorial plane and P
the ecliptic plane b

. ] . %‘2}" TIE[][I]
Z:the direction of the Earth mean rotation pole at J2000.0 \
Y:completes the right-handed system Mean 120000 vernal equines

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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ECSS-E-ST-10-09C

Examples of commonly used RCS - 2

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

» 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 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)

European Space Agency
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ECSS-E-ST-10-12C - Methods for Calculation of

Radiation - Application

Effect Paramater Typical units Examples Particles
Total ionising Ionising dose in grays (materal) | Threshold voltage shift | Electrons,
doss (TID) material (Gyimaterial)) or | and leakage currents protons,

rad{material) in CMOSE, linear bremsstrahlung
1Gy=100rad bipolar (note dose-rate
sensitivity)
Displacement Displacement MeVig All photonics, e.g. Protons,
damage damage equivalent CCD tramsfer elecirons,
dese (total non- effidency, optocoupler | neutrons, ions
iomising dose) transfer ratio
Equivalent fluence con? Feduction in solar cell
of 10 MeV protons efficdency
or 1 MeV electrons
Single event Events per unit o’ versus Memeories, Toms Z-1
effects fuence from linear | MeV-an®fmg microprocessors. Soft
from direct eneIgy transfer errors, latch-up, bum-
jomisation (LET) spectra & out, gate ruphure,
CIoss-secton versus transients in op-amps,
LET comparators.
Single event Events per undt cm? versus MeWV | As above Protons,
effects from Huence from eneTgy neutrons,
nuclear reactions | specira & cross- Fy—
secton versus
particle energy
Payload-spedfic | Energy-loss specira, | counts ' MeV-? | False count rates in Protons,
radiation effects | charge-deposition detectors, false images | elecirons,
specira nCCDs neutrons, ions,
induced
charss Cravi oot radicactivity
TAVLI ~INASSEs
Ene vE (o B,1)
Biclogical Daose equivalent = sieverts (5v) or DMNA rupture, Ioms, meufrons,
damage Dose(tissus) x [EITS mutation, cell death protons,
Quality Factor; 1 Sw=100 rem electrons,
equivalent dose = y-Iays, X-rays
Drose(tissue) x
radiation weighting
factor;
Effective dose
Charging Charge coulombs (C) Fhantom commands Electrons
from ESD

ESA UNCLASSIFIED — Releasable to the Public

Sube=system or Technology Effect Sub-system or Technology Effect
component component
Integrated Power MOS m Optoelectronics | y-ray or X-ray TNID (alkali halides)
circnits SEGE and sensors (2) | scnfillator Enhanced background
SEB -Iay TNID
CMOS m semiconductor* | Enpanced background
SEE (generally) charged partide | TNID (scintillator- &
Bipelar THNID detectors semiconductor)
SEU Enhanced background
SET TID {scimtillators &
T semiconductors)
BiCMOS5 T microchannel Enhanced background
TNID plates
SEE (generally) photomuliiplier | Enhanced background
tubes
=t ™ Other imaging TNID
SEE (generally exc ;
SEL) SEnsCrs Enhanced background
- {e.g. InSb, InGads,
Optoelectronics | MEMS® m HgCdTe, GaAs
and sensors (1) | -cp TNID and GaAlas)
e Gravity wave Enhanced background
Enhanced background SENS0TS
(SEE) Solar cells Cower glass & TID
pyin] Cell TNID
SEE (generally) Non-optical Crystal osdllators | TID
Enhanced background materials polymers TID (radiolysis)
Fhotodiodes TNID _
Optical silica glasses TID
guin .
materials i bl
sET alkali halides TID
THNID
LEDs TNID
™ Radiobiological effects Early effects
laser LEDs TNID Stochastic effects
Opte-couplers TNID
pyin]
SET European Space Agency
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ECSS-E-ST-10-24C “Interface Management”

(Published 1 June 2015)

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

containing higher level interface requirements

|

System / product
functional /logical / physical architectural decomposition

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

l e e It includes:
iterface management plenning * Customer defines the req’s which need to be placed
l : on the interface (electrical, mechanical, etc.) in
IRD(S)
Interface identification
 Supplier prepares a description of its interface end in
: l .‘ a so-called Interface Definition Document (IDD) or
Interface requirements specification | Sin gl e-end ICD
l . * Once the interface is designed it is captured and
litedace dellition managed via an Interface Control Document (ICD),

adopted and “signed” by the managing customer and

both interface end suppliers.

* Interface change management, verification and
validation.

Interface verification and validation

* Interface Identification Document (11D) to list all

Interfaces raievant o one project. European Space Agency
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ECSS-E-ST-10-24C “Interface Management”
Definitions

interface

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

A B

interface end x of A interface end y of B

boundary / connection

* Interface — boundary where two or more products meet and interact

 Interface end — one side of an interface

« external interface — interface between items under different programme
responsibilities

 Internal interface — interface between items within the same programme
responsibility

ECSS Training Course | ESTEC | 14 March 2017 European Space Agency
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ECSS-E-ST-10-24C “Interface Management”

Example Interface Management in the Life Cycle

Generic interface management life cycle

| Customer >
ﬁl ; '|cn:1l ¥ 1D ! !
Req

Doc. STATUS

1
1
1 : ! : 'l
i ICE'__E Preliminary Basdline ' Design| .
s ! Oefinitign,
I PDR ]

Controlled 1 T e ———————————

baseline .|| SupplierA | >

Frozen
(signed)
baseline

Requifement

1 L}
1 I ]
: ] ]
Bast¢line ' Design
v ' \\/ Definitign', /
¥ PDR CDR

Supplier B >
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Handbooks and Technical Memoranda

ECSS-S-ST-00C, ¢5.2.2:

E- 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-10-02A
Warification guidalines

|

ECSS-S-ST-00C, c5.2.3:
& Technical memoranda are non-normative documents providing useful

ECSS-E-HB-10-03A

— Toating hurdbook information to the space community on a specific subject.

ECSS-E-HB-10-12A

|_|Calculation of radiation » ECSS-E-HB-10-02A Verification guidelines

and its effects, and
margin policy handbook

A\

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

Logistics engineering

Ll

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

A, > ECSS-E-TM-10-20A Product data exchange
| » ECSS-E-TM-10-21A System modeling and simulation

simulation

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

_E,?:E%;mf;“ » ECSS-E-TM-10-25A Engineering design model data

ECSS5-E-TM-10-254 eXChange (CDF)

Engineering design

model data exchange

European Space Agency
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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
» However ...
A lot of guidelines and best practices can be found in the previous
version of ECSS-E-ST-10: Part 1B
= As part of a restructuring of the whole of ECSS to version C
all guidelines and best practices were moved out of the standards

= ECSS-E-ST-10 Part 1B can still be downloaded from
http://ecss.nl/standard/ecss-e-10-part-1b-system-engineering-
part-1-requirements-and-process/

European Space Agency
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1SO 24113 “Space debris mitigation requirements”

adopted through ECSS-U-AS-11C

» 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 small modifications have been introduced via the Standard:
ECSS-U-AS-10C

» 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

ECSS Training Course | ESTEC | 14 March 2017 European Space Agency
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Technology Readiness Levels - ISO 16290

Adopted by ECSS through Adoption Notice E-AS-11C

Technology Readiness Levels ( TRLs)

SystemTest, =
ONI‘III{GIIE TRLS Actual system “flight proven” through succeasful
= mission operationa

TRLE Actual oystem completed and“flight qualified "
Doveiopmen " L | — through test and demonastration (Ground or Flight)

TRL7 System prototype demonstration in a space

—— | — environment

Tedwogy .
Deminstiation TRL 6 Syotemfoubayatem model or prototype demonatration

— | — in a relevant environment {(Ground or Space)

Component andfor breadboard validation in relevant

Iﬁ% environment
Compeonent andfor breadboard validation in laboratory
envirenment

Ressarch to Prove

Feasibllity Analytical and experimental eritical function andfor
characterictic proof-of-concept

Basic Technology Technology concept andfor application formulated

Ressanch

Bagic principles oboerved 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

ESA UNCLASSIFIED — Releasable to the Public
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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
TRL5 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

ECSS Training Course | ESTEC | 14 March 2017 European Space Agency
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TRL Scale as Adopted through E-AS-11C
“Milestone achieved”

Milestone achieved for the element

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

TRL 1

TRL 2

TRL 3

TRL 4

TRL 5

TRL 6

TRL 7

TRL 8

TRL 9

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 supported by experimental data/characteristics.

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. 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 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 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.

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 operational environment.

ECSS Training Course | ESTEC | 14 March 2017 European Space Agency
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TRL Scale as Adopted through E-AS-11C
“Work achievement”

Work achievement (documented)

TRL 1 Expression of the basic principles intended for use. lIdentification of potential applications.

Formulation of potential applications. Preliminary conceptual design of the element, providing understanding of

TRL 2 how the basic principles would be used.

Preliminary performance requirements (can target several missions) including definition of functional performance
TRL 3 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
TRL 4 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.
TRL 5 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.

TRL 6 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.
TRL 7 Definition of performance requirements, including definition of the operational environment.

Model definition and realisation. Model test plan. Model test results.

TRL 8 Flight model is built and integrated into the final system. Flight acceptance of the final system.

TRL 9 Commissioning in early operation phase. In-orbit operation report.
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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 215t century
OMG System Modelling Language (SysML) released 2010

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

A\

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: “correct by construction”

= Integrated version, configuration and traceability control
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Model Based System Engineering (MBSE)

in 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

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

° Design

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

ESA UNCLASSIFIED — Releasable to the Public
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Specify
the Problem

Customer

Supplier

Realise
the Product

Manufacturing, ¢

Assembly & Integration,
Verification & Validation

M, A & | Models (including Logistics)
V & V Models (procedures,
testcases, results, NCRs, waivers, close-
out, VCDs)
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ECSS-E-TM-10-23 and E-TM-10-25

Towards a Semantic
“Space System Data Repository”

E-TM-10-25

-E-TM-E-10-25A
20 October 2010

EUROPEAN COOPERATION

FOR SPACE STANDARDIZATION

Space engineering

Engineering design model data

E-TM-10-23

ECSS-E-TM-10-23A
25 November 2011

EUROPEAN COOPERATION

FOR SPACE STANDARDIZATION

Space engineering

Space system data repository

exchange (CDF)

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

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

ECSS Secretariat ECSS Secretariat
ESA-ESTEC ESA-ESTEC

Requirements & Standards Division
Noardwijk, The Netherlands

Requirements & Standards Division
Noordwijk, The Netherlands

» Developed in tandem

* Where possible use common approach
» Where possible align with SysML
 Future merge to single real standard

* E-TM-10-25A made available Oct 2010
* E-TM-10-23A made available Nov 2011

ECSS Training Course | ESTEC | 14 March 2017 European Space Agency
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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

» OCDT used in daily practice in ESTEC CDF

» 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

» Harmonisation activity “Space System Data Repository” was run in

2015, defining a roadmap for coming years to develop genuine
standards / best practices for MBSE for the European Space sector

ECSS Training Course | ESTEC | 14 March 2017 European Space Agency
ESA UNCLASSIFIED — Releasable to the Public slide 105


http://www.vsd-project.org/
https://ocdt.esa.int/

Useful references

» ECSS at http://www.ecss.nl
» Systems Engineering Body of Knowledge, see 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.qov/archive/nasa/casi.ntrs.nasa.gov/20080008301.pdf

» International Council on Systems Engineering (INCOSE),
see http://www.incose.org

» INCOSE / OMG Model Based Systems Engineering (MBSE) Initiative,
see http://www.omgwiki.org/MBSE/doku.php
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