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g Agenda (1/2)

e Morning:
9h00 —9hn10 : Introduction (ESA)
9h10 — 9h20 : Study current status & milestones (TAS-F)
9h20 — 9h40: AM technics and material overview — WP 1100 (TAS-F/SIRRIS)
9h40 — 10h00: High level screening of AM design features — WP 1200 (TAS-I)
10h00 — 10h20: Impact evaluation methodology and application ranking— WP 2100/3600
(TAS-F)
10h20 — 10h40: Application screening on Sentinel 3 satellite — WP 3100 (TAS-F)
10h40 — 11 h0O: Application screening on Euclid satellite — WP 3200 (TAS-I)

11h00 — 12h00 : Structural optimization — Quantitative evaluation on applications and redesign
activities -— WP 3400/4200 (RUAG-Switzerland)

12h00 — 12h40 : Electronic units & thermal application - Quantitative evaluation on
applications and redesign activities — WP 3300/4100 (TAS-B)
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g Agenda (2/2)

« Afternoon:
14h00 — 14h30 : Quantitative evaluation on Sentinel 3 satellite design - WP 4400 (TAS-F)
14h30 — 15h00 : Quantitative evaluation on Euclid satellite design - WP 4500 (TAS-I)
15h00 — 15h30 : Wrap-up

15h00 — 15h40 : Optical payloads application — Quantitative evaluation on applications and

Redesign activities -— WP 3500/4300 (TAS-F) —restricted attendance (patent in progress)
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System Impact of additive manufacturing technologies

»~ 1. Introduction
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System Impact of additive manufacturing technologies

»~ 2. Study current status & milestones
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2. Study current status & milestones

] Task 1: State-of-the-Art '

: Partners background sharing @I | jmmmm =t e e
-, + Task 2: Impact evaluation ~ \
»~ Task 1 completed ! A methodology !

| . = * ! 2 1

| AMtechnllques /\ High level 1 | Criteria list definition @h
. || &materials “screening for most : I 1 |
.y TaSk 2 Completed : overview promising ! |, Weighting methodology :

\ techniques 1y A derivation )

»~ Task 3 completed

/ Task 3: Application screening & qualitative evaluation \|

- l -

~ TaSk 4 COm pletEd ! | Overall applications screening on space segments @l | I_ _______ _
| | .
0 ‘ Screening on S3 satellite ‘ ‘ Screening on Euclid satellite ‘ | §2 Mesting points with ESA

> 1 - 1 | — | o
~ Satellite re deSIQn 1 I\Z\ System synthesis on identified applications ‘ | | ;Q,\ Creativity sessions
| | - & .
| (ot [t L e |
1| Appf App2 AppN :
|
\ B \System synthesis on application evaluation and ranking ‘/l
————————————— TO +6 months
G GED GED GED GED GED GED GED GED GED G GED GED GED GED GED GED GED eED o= o= -
|’ Task 4: Quantitative evaluation \
I | Re-design | | Re-design | | Re-design | | Re-design || Re-design :
: App1 App2 App3 App4 AppS |
| ‘ S3 Satellite re-design ‘ ‘ Euclid Satellite re-design ‘ :
: ‘ S3 Quantitative evaluation ‘ ‘ Euclid Quantitative evaluation ‘ :
: W/\ Review & Update of Method & applications ranking ‘ |
— |

'\b\ Study conclusions and next steps recommendations ‘ !

/

Final Presentation——> )
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2. Study current status & milestones (2)

*~ Task 4 to FP : Quantitative evaluation and conclusions in Sentinel 3 and

Euclid re-design

+ 1 month + 1 month
agreed during agreed during

PM1 PM2

January [February |March | April

Planning de I'étude

| AKick Off |APM#1 | AMDDR#1 | APM#2 AMDDR#2 | AFP
WP 0100 | Study management - Reporting ;
Task 1 [State of the art !
WP 1100 ALMtechnologies overview |
WP 1200 Identification of most promising materials & technologies |
Task2 |Impact evaluation methodology
WP 2100 Derivation of the Impact evaluation methodology
Task3  |Application screening & qualitative evaluation
WP 3100 Application screening on Sentinel 3 satellite
WP 3200 Application screening on Euclid satellite

WP 3300 Qualitative evaluation on applications concerning electronic units & thermal
WP 3400 Qualitative evaluation on applications concerning structural optimisation

il

WP 3500 Qualitative evaluation on applications concerning optical payloads

WP 3600 System level evaluation and application ranking

Task4 [Quantitative evaluation

WP 4100 Re-design of applications concerning electronic units & thermal

WP 4200 Re-design of applications concerning structural optimisation

WP 4300 Re-design of applications concerning optical payloads

WP 4500 Quantitative evaluation and conclusions on Sentinel 3 satellite design

WP 4600 Quantitative evaluation and conclusions on Euclid satellite design |I
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System Impact of additive manufacturing technologies & S1TFIS

8

»~ 3. AM technics and material overview - WP 1100 (TAS-F/SIRRIS)
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By

3.1 TN1 synthesis — AM technologies design features [« SITTIS
9

~~ Materials to investigate

=~ Aluminium, Titanium, Stainless steel, Inconel, composites, PEEK,
AlLO,

-~ Technologies : LBM, DED

“~ Design features and current capabillities

»~ Advantages and disadvantages

In-process inspection, pOSt processing, defect reduction

»~ Modelling and assessing functional properties techniques
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Q. SITTIS

Direct Energy Deposition
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Technologies overview ( ! indicative values !) |« SITrIS

____ Vat Polym._

Means
Configuration
Environment
Build envelop
Layer thick.
Wall thick.
Accuracy
Supply
Supports

Ra

Speed
Materials

16/02/2016

Ref.:

IR Laser IR Laser IR Laser UV Laser
Powder bed Powder bed Powder nozzle  Powder bed Resin bed
Ar, 200°C Vacuum, 700°C Air/Ar Air/N, Air
640x400x500 @#350x380 n.a. 550x550x750 (2100x700x800)
30 — 60 pm 50— 70 um 0,X =X mm 80 — 150 pm 20 — 150 pm
0,3 mm 0,8 mm 0,X =X mm 1 mm 0,2 mm

0,1% -> 0,1 mm 0,3%->0,3mm O0,X%->0Xmm 03%->03mm 0,2% ->0,1 mm

Single compo Single comp Multi comp Single comp Single comp
plenty few no no plenty
5—15pum 10 — 20 um n.a. 10 — 15 pm 5—15pum
+ ++ - ++ +
Metals, Metals Metals + Polymers (+ Resins (+
(ceramics) ceramics “fibers”) powder)

This document is not to be reproduced, modified, adapted, published, translated in any material form in whole or in part nor disclosed =
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Materials and illustration by applications QU SITTIS

12
A320 hinge bracket

= T|tan Ium Water on-off valve (Woov) flown aboard ESA's Columbus
module attached to ISS — 40% weight reduction

Commercial launcher Electron (2016)
Main components made by EBM
(Comhustion chamber. oymps.
valves....)

Original design New design Selective laser melting

Mass: 284.6¢g Mass: 129.7 g Mass: 127.7 g
Material: Al 6061 Material: Ti6AI4V

1* eigen freq ~2100 Hz 1*" eigen freq ~2100 Hz
NiP coating NiP coating
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Materials and illustration by applications QU SITTIS

13

_ Copper made by FDM
. Copper 15% Polymer + 85% Copper
Post sintering

Rocket engine part @ Nasa.
11 hours manufacturing

http://www.thevirtualfoundry.com/3d-printing
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Materials and illustration by applications QU SITTIS
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- . IO CI Demo partin IN 625 @ Efesto-RPM Rocket engine @ GPI Prototype
NI 2108x500x500 — 330 h Made of IN 718, 750 Ibs of trust

Rocket injectors of NiCr by LBN

ht
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Materials and illustration by applications QU SITTIS

15

*~ PEEK

Made by FDM
Nozzle (@ 420°C™

The P 800 system 1s shown above. An air duct manufactured out of PEEK HP 3.
Photos courtesy, EOS GmbH.
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Materials and illustration by applications QU SITTIS
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Glass at MI'I™

~ Ceramics

The first CMC turbine engine components

by additive manufacturing

first stage nozzle segments

' Alumine %y W2 AR REL Alumina by Stereolitithography (Lithoz)

cooled doublet nozzle sections

‘#

high pressure turbine nozzle segments

2

| SiC/SiC CMCs have 20% chopped SiC flber

HA/TCP by Stereolithography (Kasios)
i, <
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Materials and illustration by applications

»~ Composites

Fig. 5. Optical microscope mantapes of simple sections, at 2.5 magnificiton.

Cooper, D., Blundell, N., Maggs, S., & Gibbons, G.
(2013). Additive layer manufacture of Inconel 625 metal
matrix composites, reinforcement material evaluation.
Journal of Materials Processing Technology 213, 2191-
2200.
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LTty
mwal

Fabricated Compressor Inlet Guide Vanes
with High Temperature Polymer Matrix Composites

Uitem 1000
| composite vane
by fused deposition

Inlet Guide = ./

| First Stage
Vane I g

Compressor Blade

4

{ Attachment detail
400°F operating temperature \

* Ultem 1000 (T, = 423°F) with chopped carbon fiber
* First Polyetherlmlde composite fabricated

Confidential THALES ALENIA SPACE COMMERCIAL IN CONF  IDENCE Tha IeSAlen 4

This document is not to be reproduced, modified, adapted, published, translated in any material form in whole or in part nor disclosed
to any third party without the prior written permission of Thales Alenia Space - © 2012, Thales Alenia Space

250

@ MarkForged Carbon Fiber
¥ 6061-T6 Aluminum

17

@ ABS (injection molded)

SPECIFIC FLEXURAL MODULUS, kN"m/kg

FDM with Carbon, glass or Kevlar fibers @ Markforge o om om om oo oo

STRAIN

Hard Core

with a Smooth Shell

Reduce scrap rate and defects. The non-marring,
low-friction shell provides an ideal contact
surface, while the fiber reinforced core provides
strength and precision to ensure quality.

Alloys couples tested @ Fabrisonic

44 78a[CulGe[iu[Fe [Mg]Mel Ni [Pal 71| [ag| TalSa[ Ti [w 2
AL Alioys | ®|®|*® .!n.g. slojsje/sjse/eo|ofe o]
Bo Aloys - .f. !..i el I. - b .. .
Cu Alloys |® -i._- e e e|e . e . e|e
— 1 Sl Ehall S Bk B
| |
Ge | .-i I 4t i.- | {
. . " e " w o e
Au | Bl i+ 1 3 - L 4
Fe Alloys i... .;.l.. .... .....
Mg Alloys L® l : .;, - .
Mo Alioys %] . [c . o e
Ni Atioys |®|®] ! QO 11 1@1¢
pe ) ..
Pt Alloys | ®.*® i vdl o
Y 1
Ag Alleys 'f'_ | . hd
i. Material palr prowen Ta Alloys |®| |®|®
for witrasonic welding &n |}
T Alloys i=i*: |
W Alloys
SIC Fibers in metal laminate Ir Alloys | *®

R

SiC fibers in aluminum laminate

Ry WS .1 Spa(‘e
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Materials and illustration by applications QU SITTIS

18
9000 €

-~ Electronics —_————

Build Volume 4" 6" 3 4" (10 cm X 15 cm x 10 cmj)
S Era | i ﬁ[jUCtDr Layer Rz--.-nlutlf.m 200 microns
Smartcap " . SR
ﬂ_‘_i :

A — Build Plate Kinematically Coupled
—
f . - . . \ Conductive Trace Width 250 microns
! U{ a Software
el ¥
‘ Hosted Cloud
] Supported Files STL. PLY, OBJ, OFF, AMF

UsB, Wik

electmd:a .

Supported Browsers Chrome, Firefox
Materials
Matorials PLA, Conductive Silver Ink
Resistivity 500 x 107 Q-m
Sitver Ink Cure Time 5 minutes
Bottom electrode g
Eottle\).) : o

Liquid food
. \

c
Cured liquid metal

49226 -3-OSUSM1 ST
(PVDF) a polymer with piezoelectric
properties, embedded in aluminum
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Materials and illustration by applications ¥V SITrIS

4 parts of aluminum 1 part, 40% stiffer, 35% lighter
44 rivets. Qualified for space flight on E300

D 8 S

Bracket for satellite. Mass reduction

222 -> 164 g Adaptateur Charge Utile Connector Support Integrated solution Topology Optimized

Topology Opt. Il

(ACU) of Space Launcher (original) 0.385kg 0.197kg 0.168kg
0.453kg - 15% weight - 56% weight - 63% weight
Assembled from 4 parts 1 part 1 part 1 part (bionic design)
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Materials and illustration by applications ¥V SITTIS

Material Comparison — XZ Orientation (On-Edge)

14000 70 500
450
§T ao S -
—; 180 &0 E 350 1E12 300
o 200 &
& 000 E 40 o = _
2 £ 5 =0 - 2 350
g a000 & 30 g £ il E:OL'
T uomo 20 g_'” g 2
B8 7 £ 1Ew8 150
[ 2 m E §
2000 10 = o B
b g 100
. o oo -] 1E+403
2 Utimate Tenste Strength Elongation at Break Tansile Modulus 50
j . ABS-ESD7 . ESD PEKK . ULTEM 9085 1E40 1
a} Figurn & - Comparison of ABS-ESD7 and ULTEM 0085 reain 1o ES0 PEKK in the or-sdge build disstion Surface Resistivity HDT (264psi)
o
o B esesor [l &so Pexk B viremsoss
= . - . - .
3 Material Comparison — ZX Orientation (Vertical) Fioutn 10 Busface rauistiviy and heat dellectcn lemgsmraturs cormparbane betwesn AGS-ESD7, ES PEKK, and ULTEM 9005 resin
|\ z X2 - On-itkge
7 & X
¢ L -—-‘
v oo 5 s
oo =0
£ w0 20 2am . . .
= .
i Electro-dissipative
= i issipativ
% a0 g b 2 -
& o L 5
: e materia
]
£ 200 T w0
1000 = 5
s 00 8
Ultimate Tensile Strangth Elongation at Break Tensile Modulus

[ rssesor [ Esorexk [ viremaces

Figure 8 - Comparmon batween ABS-EG07. ESD PEKK, and ULTEM B8ORS resin mechamcal properties in the vertical build direction.
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Materials and illustration by applications

»~ Satellite AM design by “common” people

FoldSat

"The foldable
1U CubeSat”

t" z
Base

16/02/2016

Ref.:

Specifically
designed for
additive
manufacturing

Rails for
boards
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Manufacturing configuration

The cubesat & printed flat wsing either
SLA ar SLS methods Approprate
materials would include ABS-like SLA
matenals or Hydon for 515 Thews
matatials are both strong and kgha,
ideal characteristics for spacaflight.

Once the prmt has bean complatsd,
onint=in hinges allow the flat panels ta
srticulate Mo o cube shape. Snap fits
hold the walh n  place  duning
amzamnly

Once the cube shaps has bess formed,
§ cowmtersunk screws ane used o
securely hold the structure in &= final
configuration. The complete stnctum
3 e wip of B componants (1 printed
frame and § screws)

B s
Q SITTIS

Cuoted manufectunng cost from 30
prnting house is $202 for ABG-bhe
SLA and 5180 for Nylon 505

- f-—-——\\/"-_.

Qhﬁﬁg

— -
Tha printad cupzons wyls hinges bmit the
wse of support material and post processing
afterthe prnt has been completed

21

Foldable Articulated CubeSat for Additive Manufacturing
FACSAM

The snap Fitengs used to hold the cubesat together
during assambly arw also used as the fastening
fwatwre to secure the @ructure in its final thapa
Screws ame sunk balow the swface o ansure no
interference with P-POD gjectorrads

5-35 Thiu All
The separiter spring plungerand snao fastensng

holes are prnted with threads, mguiting ne
addtonal machining sfter the prist

)

ThalesAlenia
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Materials and illustration by applications [« SITTIS

22
»~ Other
CoCr fuel nozzle @ GE Aviation CoCr high pressure turbine blade @
Combustion chamber @ ESA 20 parts combined in one desig GE Aviation
Platinum-Rhodium Lifetime x 5, 25% weight reducin

1253°C —32 min 100.000 parts in 2020

~ gradient G change in oxide
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AM Post process

I
Q. SITTIS

Mechanical properties of the SLM material after different heat reatments. W) = water quenching. AC = air cooling. FC = furnace cooling. Treatment six to eight are well known

titanium heat treatments [30]. Samples for treatment three were built in a different batch in which building errors are present, which led to premature failure of the components.

Nr. T (=C) £ {h) Cooling rate E (GPa) ay (MPa) UTS (MPa) Efracture [X)
1 540 5 woQ 1126 £30.2 1118 +39 1223 +52 5.36+ 202
2 850 2 FC 1147 +36 955+ 6 1004 + 6 12,84 + 1.36
3 850 5 FC 1120+ 3.4 909 £ 24 965 + 20 — (premature failure)
1015 0.5 AC
L followed by 1149 +1.5 301 +20 874 +23 1345+ 1.18
843 2 FC
5 1020 2 FC 1147 £0.9 Te0D+19 840 +27 1406+ 253
6 705 3 AC 1146+22 1026 + 35 1082 + 34 904+ 203
940 1 AC
7 followed by 1155+2.4 899 + 27 948 + 27 13.59+ 032
650 2 AC
1015 0.5 AC
8 followed by 1128+29 822 +25 902 +19 12.74 £ 0.56
730 2 AC
» F —
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AM defect reduction ¥V SITTIS

Murr, L. (2015). Metallurgy of additive manufacturing : Examples from

electron beam meltinghdditive Manufacturing xxx, xxx.e1l-xxx.e14. 24
1.5 — 0
Y5 (0.2%) EE Ti-6A L4V i L Co-26Cr-6Mo -
UTS

Elpngniq_ll (%)

&

10

Yield stress (YS); UT5-GPa

Fig. 15. Comparison of mechanical properties for commercial and EBM-
fabricated and treated Ti-6Al-4V (left) and Co-Cr-Mo (Co-base superalloy).

Commercial Co-Cr-Mo products are denoted by ASTM-F735 standard. 100
90
20
70
g ]
R @ s 2 50
— Nz g 40
q . . 2 3 e AT B
Section view Of . Ii;:slx‘;-]‘lmiﬂﬂlcll{b:
. — ) ) —Printed ABS, contours (g)
' : inal part ARG I
Print part using Inject resin into Jma:p 0t 4 —— Prited ABS, hortzonel (8
oy _— FDM internal voids
MOdUiV part “”rh “[J U.IIN f}.lt}l [}.[}3 l}.JU-'l- O.IUS U.I[]{s U.I]? 0.08
internal voids Strain (%) }
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AM In-process control - LBM QU SITTIS

25

Single frame [:} Key indicator (layer accumulated) [:) Vertical cross section [>3D-report

a: 0m?/s I

: 0 _ _
10m*/s T:350 K T S 1050 K
Fig. 4. Mapped key indicators for build height 3.6 mm: thermal diffusivity (left) and maximum measured temperature (right)

Krauss, H., Zeugner, T., & Zaeh, M. (2014). LaysevMonitoring of the Selective Laser Melting Prodegs hermography.
Physics Procedia, 64-71.
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AM In-process control - DED

Meltpool size control :

A camera films
continuously the
meltpool, coaxially with
the laser. If the size

Distance between
deposit and nozzle :

An in-line scanning of
the deposit is used to
correct the distance

N s
Q SITTIS

DeNsSor module:

Ge- photodiode
(1300~ 1600 nm),
Nd:YAG Photodiode

(1064 nm)
Sl \ b g ccp-
ichroitic beam splitter
. Camera
Contact thermometer—— 5 7'2’-;'%]?5.-

\&) ichroitic mirror
M

Focus lens — | ©

Laser beam

1 O
Protective glass — I/’II ermometer

Coaxial

Nd:YAG Photodiode
(1064 nm) \ A/mwder nozzle
Work picce

Temperature monitoring:

An IR pyrometer
measures the
temperature during
process to correct laser

26

deposit/nozzle

increases, the power
have to decrease and
vice versa

power.

Optics and Lasers in Engineering

ke

Increased stability in laser metal wire deposition through feedback from

Optics & Laser Technology
ik 5, B, S 200, P AT

ﬁ&? )

In-time motion adjustment in laser cladding manufacturing process for
improving dimensional accuracy and surface finish of the formed part

Optical monitoring of Nd:YAG laser cladding
- asuremel

optical measurements M. Dombenskaia. Ph, Bertrand, I. Smurov*

Amir Heralic™ & & anng.Karin Christianssan’, Mattias Otiosson”, Bengt Lennartson Jichang Liu LR Lijun Li Ecole Nationale d'Ingénieurs de Suint Evieone, 38 rue Jean Parot, 42023 Saint-Evienne Cedex 2, France
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g AM Modeling

« SITris

Topology Optimization

Finite Element Model

27

Initial Design
Space Geometry

Optimized Design
Geometry

Delft
University of
Validation Run T U D e I ft Technology
Shape Optimization
Tosca Structure from Simulia (Dassaut System)

Free space definition

N

General constraints

Uniform temperature increase

STL file
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AM Standards QU SITTIS

28

Get Involved / Technical Committees / Committee F42 / List of Subcommittees and Standards

Committee F42 on Additive Manufacturing
Technologies

Staff Manager: Pat Picariello 610-832-9720

Subcommittees and Standards
Standards under the jurisdiction of F42

Each main committee in ASTM International is composed of subcommittees that address specific segments within the general
subject area covered by the technical committee. Click on the subcommittee links below to see the title of existing standards
for each subcommittee. Then, click on the resulting titles to see the standard's scope, referenced documents, and more.

F42.01 Test Methods
F42.04 Design
F42.05 Matenéls and Processes Normes et projets sous la responsabilité directe du ISO/TC 261 Secrétariat
F42.90 Executive
F42.91 Terminology

F42.94 Strategic Planning ¥ 1S0 17296-2:2015 60.60
F42 95 US TAG to |SO TC 261 Fabrication additive — Principes généraux -- Partie 2: Vue d'ensemble des catégories de procédés et des matiéres premiéres

4 Norme et/ou projet 4+ Stade

' 150 17296-3:2014 60.60
Fabrication additive — Principes généraux — Partie 3: Principales caractéristiques et méthodes d'essai correspondantes
o 1S0O 17296-4:2014 60.60

Fabrication additive — Principes généraux — Partie 4: Vue d'ensemble des échanges de données

Subcommittee F42.01 on Test Methods e e

# 1SO/ASTM DIS 52901 40.60
Fabrication additive — Principes généraux -- Exigences pour |;achat de piéces en fabrication additive

Showing results 1-3 of 3 matching ACTIVE standards under the jurisdiction of F42.01 F42 Home { O ASIMNR R = 4 s 1089
‘abrication additive - Principes généraux - Artefacts d'essais
F2971-13 Standard Practice for Reporting Data for Test Specimens Prepared by Additive Manufacturing / 1SO/ASTM DIS 52903-1 4020
X ) ) X ) . i . Fabrication additive — Spécification normalisée pour la fabrication additive de matériaux plastiques & base d'extrusion — Partie 1: Matiéres
F3122-14 Standard Guide for Evaluating Mechanical Properties of Metal Materials Made via Additive Manufacturing Processes premiéres
ISO/ASTM52921-13 Standard Terminology for Additive Manufacturing-Coordinate Systems and Test Methodologies # ISO/ASTM CD 52903-2 3099
Titre manque
Showing results 1-4 of 4 matching Proposed New Standards under the jurisdiction of F42.01 F42 Home / ISO/ASTM DIS 52910 4099

Pratique normalisée — Guide de conception en fabrication additive

WK49798 New Guide for Intentionally Seeding Flaws in Additively Manufactured (AM) Parts

« ISO/ASTM 52915:2016 6060
WK49229 New Guide for Anisotropy Effects in Mechanical Properties of AM Parts Spécification normalisée pour le format de fichier pour la fabrication additive (AMF) Version 1.2
« ISO/ASTM 52921:2013 6060

WK49230 New Guide for Conducting Round Robin Studies for Additive Manufacturing

Terminologie normalisée pour la fabrication additive — Systémes de coordonnées et méthodes d'essai
WK49272 New Test Methods for Characterization of Powder Flow Properties for AM Applications
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System Impact of additive manufacturing technologies
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»~ 4. High level screening of AM design features — WP 1200 (TAS-I)
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4. High level screening of AM design features

30

For each material associated with the related process, five families of
parameters has been searched and analyzed:

» PROCESS WITH MATERIAL MAIN CHARACTERISTICS
» QUALITY STANDARDS

» MAIN MISSION REQUIREMENTS (ECSS-Q-70-71A)

» MECHANICAL-THERMAL-PHYSICAL PROPERTIES

» APPLICATIONS HERITAGE
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4. High level screening of AM design features

31

For each one of Five families of parameters (30 parameters c.a.) other Seven
class of materials: metal alloys and polymer, composite and ceramics
parameters has been set (about 40 materials) for a total 1200 cells c.a.

> PROCESS WITH MATERIAL MAIN
CHARACTERISTICS

> QUALITY STANDARDS
> Al u m I n | u m al IOyS ‘>> MAIN MISSION REQUIREMENTS (ECSS-Q-70-71A)
. ] ==, MECHANICAL-THERMAL-PHYSICAL PROPERTIES
> Tltan ium a.l | OyS APPLICATIONS HERITAGE

» Stainless steel alloys
» Nickel super Inconel alloys
» Composite structures
» Polymers and PEEK
» Ceramics and Al203
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4. High level screening of AM design features

32

BENCHMARK OF A.M. MATERIAL & PROCESSES

» The scope of this method is also to perform preliminary
benchmark of A.M. material & processes respect what is required
to a space application respect to the present data picture

» The presence of blank cell in the numerous matrix of the
parameters provide an immediate picture of what has been found
In this search and what is missing.

» As reference for each class of material one consolidate space
material has been taken in the table
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4. High level screening of AM design features

33

High level qualitative scale evaluations respect to suitability respect to
spacecraft applications on the base of data available have been set in order
to streamline the work to be performed in Task 3 and 4

OO®
O0®
_]OJ@,

Adequate
for space but
development

are needed

Not adequate Not adequate
for space for space, at present,

but promising in future

Adequate
for space
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4. High level screening of AM design features

34
» PROCESS WITH MATERIAL MAIN CHARACTERISTICS

Type of process

Max dimensions achievable for A.M. parts
Accuracy

Surface roughness

Minimal thickness

Ability for Bonding

Sk wh -~

ing |Corresponding “traditional” material not
jobtained in additive manufaturing

TEAVA (annaaea)
TBANV2S [T40) exciusad from hars prasemes
charactaratics
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4. High level screening of AM design features

35
» QUALITY STANDARDS
1. Existing Standard applicable for Additive
2. Existing Standard for A.M. process
3. Existing Standard for A.M. material
4. Existing Standard for A.M. verification
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4. High level screening of AM design features

36
> MAIN MISSION REQUIREMENTS = —
1. Temperature range
2. Outgassing in vacuum
3. Resistance to Radiation
4. Cleanliness (especially for optical allocation)

5. Electrical charge and discharge (Compatibility with
surface treatments)

6. Compatibility with surface treatments for thermal control

7. Resistance to corrosion (i.e. Atomic oxygen)

8. Safety

9. Fluid compatibility
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4. High level screening of AM design features

ITAGE IN O ICATIONS OF RITAGE IN OTHER APPLICATIONS O
RADITION OY NOT IN ADDITIVE OY IN ADDITIVE MANUFACTU
E 5
POTENTIAL MATERIALS OBTAINED BY AM. nerenmnes s
APPLICATIONS ON SPACECRAFT ADDITIVE MANUFACTURING Process AoTe e
cai ca
(A.M.) Others Othere

» APPLICATIONS HERITAGE s e

Heritage in Sp ace Example of Al traditional alloy Matas ssobresmn for st NA
Heritage in Aeronautics
Heritage in Automotive S e —

|WIDE USE IN MEDICAL APPLICATIONS

brackets Secondary and Tertiary)

hwhE

Heritage in Bio medics or others = fmmemne o
TIBAI4V ELI (Arcam) EBM
s —)
TiGrade 2 (Arcam) EBM
T 64 (EOS)
TIAIBV4 (Renishaw) LBM (SLM)
DED
“&GI“L‘; (EB with wire
L feed)

Shape memory alloy *
TINI
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4. High level screening of AM design features

38

Titanium Alloys powder based processes:

* TiAl4V with EBM & Laser sintering powder based process
« Tie4V with EBM & Laser sintering powder based process

[Jele]

For short time term application

Titanium Alloy by EBM or WAMM wire processes:

e TiAl4V with EBM or WAMM

Are very promising AM processes wire based process for large
structure (in order of magnitude of meters) For medium term application

__]OJ@,
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4. High level screening of AM design features

Aluminium Alloys powder based processes

—(\
« AISi1l0Mg AlSi7Mg0.6 with Selected Laser sintering by powder based process X
« Then also AlSi12, AISi7Mg with Selected Laser sintering by powder based \_/

process

For short time term application

INVAR & Nickel super alloys (particularly Inconel), Stainl ess steel and related
powder based processes:

* INVAR is promising for spacecraft optical applications

o Other Nickel super alloys (particularly Inconel) & Stainless steel are also
promising for spacecraft applications in medium term, also if applications are
limited : small component , propulsion (existing application for space in U.S.) Due
to limited data available (despite in US Inconel is already used by Space X for
propulsion system) a further proper investigation should be performed in
dedicated additional study.
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4. High level screening of AM design features

N
o

A.M. Polymers (particularly PEEK) and related proc  esses:

 PEEK families are promising for spacecraft applications may be in also less than
medium term as far the PEEK not in AM is already used in outer space
application

* In general for the polymers investigated very limited data has been found to
evaluate compliance for spacecraft application. A further proper investigation
should be performed in dedicated additional study; probably proper
developments could make some A.M. polymers promising for spacecraft
applications in medium/long term

Composite materials (e.g. metal matrixes, glass fibo  ber) and related processes:

« Very limited data has been found to evaluate compliance for spacecraft
application. A further proper investigation should be performed in dedicated
additional study, it seems that in future proper developments could A.M.
Composite materials & Ceramics in medium/long term
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4. High level screening of AM design features

41

Regarding A.M. Ceramics (particularly AIO3) and re  lated processes:

Very limited data has been found to evaluate compliance for spacecraft
application. A further proper investigation should be performed in dedicated
additional study, it seems that in future proper developments could
Ceramics promising for spacecraft applications in medium/long term

O0®
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System Impact of additive manufacturing technologies

42

»~ 5. Impact evaluation methodology— WP 2100 (TAS-F)
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5. Impact Evaluation Methodology

43

=~ WP2100 Output — AM-TASF-SYS-TN-001 issue 2

»~ Definition of generic criteria to evaluate and compare AM at system level

The main selected criteria are
R il 15} I.:' |J-._" @ '|'-' .
LIS -I_-. LS L) | ﬁlﬁ - Frﬂgrammailc

i ) o - Perf
=~ No independency of criteria eriormance

- Environment

> EXx mass

Sentinel 3 Mass Budget Payload Mass Budget

GNSS

OLCI Mass Budget

Harness
6%

Propellant
10%

Electronic Unit
10%

TTC Propulsion
1% 2%

Video
Acquisition

Thermal 5%

2%
Harness
6%

Scrambling
window
3%

Data Handling
5% 5%

3%
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5. Impact Evaluation Methodology
o

»~ Programmatic criteria

<2 weeks

*~ Lead Time

PROPOSAL PHASE

> Change of BIC/D phase o TR
RECEIPT, OPENING

& DISTRIBUTION

- Equipment manufacturing & test e }
—, T
""" i -

___________________ Submission 1o
......................... ESA Approval pesssssssssssssssssssssssssnssnnnannnnnn

F o
l [ RECOMMENDA nou]

& FINAL DECISION

»~ Life cycle cost

FSA
endorsement

2 Engineering

~ production

»~ AIT aspects

~ Integration

Lal] =ign
I:lbpoﬁw l.'n:rﬂnur:l - l.'n:-'ﬂnw;ﬁm = Condige sl on reer e ————— =
Bazn Bardira

- Test P L T i
)
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Impact Evaluation Methodology

45

Umbilical Connector Bracket (2 Brackets) SC Interface Ring

»~ Performance criteria

»~ Mass

CRSS Clamp Ring (open)

*~ (Geometry

LV Interface Ring

23 | SECTION A-A

3 T —
i i f I

bl I
R
|' .-:|II (il

PF Screw and

~ Interfaces steel washer

OLCI thermal

- Example OLCI flxa.tlon washer & stand-off

\

*~ Reliability T 3

8.1
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>~ Los compatibility

. Impact Evaluation Methodology

. . . Dimecl l.m'ti
Environment criteria el

: S %%
*~ Material resource /

[

*~ Energy resource

HTG S3
analysis

SCARAB modelization

' ST Erery
M| Lo
I achiming
Inchipast ponts
Applicable to
Ovishad Structure

Additive Manufacturing cost estimations based on Stainless Steel
(reference Roland Berger Strategy Consultant)

Tab. 6: Surviving ragments

Case
Tank frarment

Tank fragment

00O
Y

SLETR fragments

il
o

L
f
iz
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5. Impact Evaluation Methodology

47

e B management
HPA

~ Welghtlng - - N Engineering
W AIT sat

W AIT GSE & test

*~ Based on cost

M Products PF

..I M Payload
1 :':I" =l FM
PFM A
7 Payload cost includes engineering, manufacturing and test

Lead times includes equipment engineering cost & production cost

~ —> distributed on products

»~  Life cost includes satellite engineering + production cost

A

Score definition is : Weight are applied :

1= risky, critical or AM interested non demonstrated 1 = low priority
2 = slight advantage

2 = medium priority
3 = big advantage

3 = high priorit
\ gn p ¥
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Impact Evaluation Methodology

Criteria evaluation

1. Programmatic impact  |AM Weighted
This refers to satellite and includes engineering activity. AM impact is considered as a big advantage as
applicable to all mission duration. Note that satellite w heighting is very sensitive to PFM or FM. But

. payload is alw ays specific and represents a major part of the satellite cost.

Life-cycle cost 9
Relative to equipments, including equipement engineering and manufacturing and testing up to delivery

Lead time for satellite integration. Weight refer to products. Potential risk of satellite schedule delay. 9
Includes AIT tests and GSE. This part will depend of satellite FM or PFM (acceptance or qualification
tests).

AIT tests ) 3
Weight represents part of cost in the SC, includes ground support equipment, protection tool during

) ) integration, tubing support for ex. Reduction of pieces has a high positive impact on integration

AlT integration 4

2. Performance impact AM Weighted
Titanium & alu techno represent large % SC material. Weight is maximum according to snow ball effect.

Mass 9
Volume and geometry are impacted by AM w ith pieces surface optimization. Weight is limited as
threshold to change fairing configuration is important. Volume impact improvement can be used for global
satelitie design and payload capacity.Raw material aspect is considered at enviromental level.

Geometry 9 pay pacty P 4

. - . Includes supports, interface removal, links betw een mechanical parts...
Interfaces simplification 6
ST impact of design margins and pieces number reduction.
Reliability P gn marg P 2
3. Environmental impacts |AM W eighted
. Advantage of AMis major through the process.
Material resources 9 : gnthep 6
Energy resources Energy resource is limited 1

Cleanspace

possibility to use AM for demisable structure to allow mission to be compliant w ith LOS. Mandatory at
2020. The cost impact to comply ot LOS for medium satellite size is major (refer to threshold effect).

6
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5. Impact Evaluation Methodology

Launcher
»~ Criteria validity w.r.t Thresholc
*~ Launcher
Soyuz Vega-C Rockot PSLV
PL = BODkg/400W PL < 1000kg/3kW / Cost 1.6 Vega-C Reference 0.8 Vega-C 1.2 Vega-C
C < 1500 kg SC < 2000 kg Performance 4300 kg 1800 kg 1250 kg 1500 ka
. i on Sentinel3
Life =10 years Life = 10 ye orhit

"‘h..--____..-....ll"'

- Sentinel 3 = 1250 kg launch mass 815km/98°6

> If 30% satellite mass saving -> not sufficient for a step in launcher
* Increase of payload capacity

»~ Launcher threshold exists but no real impact on criteria for S3
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5. Impact Evaluation Methodology

»~ Criteria validity w.r.t Thresholds

»~ Cleanspace

Controlled re-entry
 +200 m/s DV

=

« Additional 60m/s for S3 = 35 kg propellant

Uncontrolled re-entry
e Casualty risk function (mass, volume, materials)

|

|

|

Proteus 100

|

Proteus 150

Proteus 500

/

PL < 100kg/M1 00V

PL < 170kg/150W

PL = 500kg/400W

PL = BOOkg/400W

PL = 1000kg/3kW /

S5C<200kg

SC = 450 kg

SC = 1000 kg

C < 1500 kg

SC < 2000 kg

Life = 5-7 years

Life = 10 y=ars

Life = 10 years

Life* 10 y=ars

Life < 10 ye

50

And larger....

-
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Impact Evaluation Methodology

51

Sentnel 3

»~ Sensitivity analysis
*~ PFM/FM

1. Programmatic impact Score (1-2-3) |AM Weight (1-2-3) | Weighted
This includes engineering activity. AM impact
is considered as a big advantage as

life-cycle cost 3 applicable to all mission duration 3 9

*~ Orbit

»~ Rosetta mission price/kg wet mass > 1000 Sentinel 3 mission price/kg wet mass
> Expensive PF & payload -> complex subsystem prop, TTC, AOCS, PDHT, power
> Ratio payload/satellite mass Sentinel ~10* ratio payload/satellite mass Rosetta

1. Programmatic impact | Score (1-2-3) |AM Weight (1-2-3) | Weighted

This refers to satellite and includes
enginearing activity. AM impact is considerad
as a big advantage as applicable to all
mission duration. Note that satellite
wheighting is very sensitive to PFM or FM.
But payload is always specific and represents
3 a major part of the satellite cost.

Life--:;ycle cost 3 9
Relative to equipments, including equipement
enginearing and manufacturing and testing up
to delivery for satellite integration. Waight
rafer to products. Potential risk of satellite
Lead time 3 schedule delay. 3 g
2. Performance impact Score (1-2-3) |AM Weight (1-2-3) | Weighted

Titanium & alu techno represant large % S5C

Mass ;?:.ngal"h:;;g,;[ 5 maximum according to }
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»~ Sensitivity analysis
»~ Propulsion

> Very preliminary estimation of S3 with 4*PPS500 ,:= '

5. Impact Evaluation Methodology

52

DV,

= "“-2-']1.5

DV

chimigue

Propulsion
procurement
increases

Mass -> Snow ball
effect limited

Heaviest criteria: mass, lead time, life-cycle cost

Relative Robustness demonstrated through sengi@indlysis

Sentinel 3 mass budget reference hydrazine |electric propulsion
Platform
Structure 228 228
TT7C & &
thermal control 21 25
harness 65 GE
Power 139 144
20C5 B G2
data handling B =
propulsion 24 36
Payload 441 441
Total dry mass 1048 1070
Systemn margin 7 i
Hydrazine/Xenon 119 18
Satellite mass 1237 1158
16/02/2016
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5. Impact Evaluation Methodology

53

~~ Two satellites selected as different as possible

=~ (oal: to reveal synergy & application multiplicity

> Sentinel 3A&B
* Mature program
« LEO
e Optical payload
« Small « series » effect / FM
> Euclid
* In design phase
Different maturity
L2 orbit
* PFM
Science mission

Qualitative then Quantitative evaluation on those 2 candidates
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System Impact of additive manufacturing technologies
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»~ 6. Application screening on Sentinel 3 satellite — WP 3100 (TAS-F)
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6. Application screening on Sentinel 3 satellite

55

“ To assess the potential applications of AM technigues in manufacture &

assembly

>
N .. 2

:h hi -
i N :
1 i
I I K
! . f‘(r.h .
] -y
. I
1 i
: Dcean, coastal zones & sea koo, Fire monitoring :
1 applications n Applications i

“~ SVM + PLM OLCI SLSTR SRAL MWR
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6. Application screening on Sentinel 3 satellite

56

»~ Method

»~ 1/ Mapping of satellite elements
> First screening based on material
- Through product tree

2 ranking

»~ 2/ Redesign with IDM tool to take benefit of geometry

Catnprlete Spstem
Structure lsubsystems}

IDM aptimization

Al canfisuration:

- frame/equipmeants

Sentinel 3 seen in Catia Sentinel 3 seen in IDM - build geametry
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6. Application screening on Sentinel 3 satellite

16/02/2016

Ref.:AM-TASF-SY-MN-008

Lifecycle

=~ Engineering

*~ Modelization tool

»~ Topological optimization

Lead Time

~ At equipment level + integration
»~ Suppression of forged mold

»~ Change of procurement duration

Integration time
»~ Improvement / interfaces
-~ Mockup
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P/F integration F P/L integration 5/C AIT sequence L LT

i
o
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6. Application screening on Sentinel 3 satellite

58

»~ AT tests

~ No major improvement
> in AIT sequence:
Test duration.
> In MGSE:

» Ratio performance/price less
interest,

e Potential risk,

» Containers due to large
dimensions.

vertical Handling device

»~ Interests mainly on:

> Covers:
¢ Custom made in live,
* Light mass.

> EGSE:
» Specific to payload.

STR optical EGSE j
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6. Application screening on Sentinel 3 satellite

Bt 59
»~ Performance e

»~ Mass & power budget

- Will be evaluated in next step W
-~ Geometry — o "

> To optimize interface reduction "

> Launcher accommodation Risk sharing (CDR reference)
»~ Interfaces l

- Functions sharing

thermal/electric/structure .

~ Supports integrations ::::::m
»~ Reliabllity Vanagement

> Design freedom o Do

11%

~  Prototyping
- Possibility to increase robustness to

default ;
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6. Application screening on Sentinel 3 satellite

60
“~ Environment
»~ Material resource:
~ Major AM improvement,
- Bulk material savings,
2 Just needed quantity. .-
*~ Energy resource:
> Part indirect cost,
*~ LOS compatibility:
> Reducing number of debris,
- DA4D.
Break-up altitude, ‘
convective heat flux... 1, I
- N | I I
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6. Application screening on Sentinel 3 satellite

61

“~ Ranking:
> Weighting factor for the figures of Merit
> Approach
i Primary this figure
- Secondary » of merit >

. ¥ this figure of
- Tertiary

Weighting
factor

SCORES

merit compared to

Lead time

AIT aspects
Interface
Reliability
Material resource
Energy resource
LOS compatibility

Programmatic

I Life cycle cost

Life cycle cost
-> Lead time 1
AIT aspects 0
Performance
Mass 7 11,6
Geometry -4 9,0
Interface 5 11,1
Reliability -5 8,8
Environment
Material resource 0 10,0
Energy resource -9 7,8
LOS compatibility 1 10,2

Q=42 | 100,0
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6. Application screening on Sentinel 3 satellite

_ el 2
= = =2
: P e =
PRODUCT NAME > PT CODE ltems Material o o 3 > 4, = 2 > g'
= o E o S © = ® = o
> — w [4o4 o) = [&]
- = © = S =E] 2 % %)
Z = - o =
5 8 < 6 £ & = & 89
95 11 90 11,1 88 10,0 7,8 10,2
Platform| 1 | 1
Structure 1111
Primary Structure 1111111
central tube 1f1f1f1]1 composite; sandwich fom with CFRP 19 1) 5 f 4 o 1o | g [0 |2 | 1 | off 1223
face-sheets and aluminium honeycomb
Shear webs 111111112 sandwich with CFRP face-sheets 1 2 2 2 1 2 1 1 1 0 134,6
upper/bottom deck panel 111(1]1 sandwich with CFRP face-sheets 112122112111 11]0 34,
SADM reinforcement 111111114 So!arArray Drive Mechanism sandwich with CFRP face-sheets 1 2 2 0 2 2 1 1 1 0 120,4
Reinforcement
brackets and cleats 111]1)1|5 metallic brackets/ Titanium inserts 1] 2 1 1 11 2] 2 110
Interface ring 111]1)1|6 Mass impact includes LV side Al. Alloy 1]1210]2 211 110 1332 N
Secondary Structure 111(1]2
SVM panels 11111)2|1 sandwich with Al. Alloy face-sheets 112122112111 11]0 134,6
PIM panels 111)11)2|2 sandwich with CFRP face-sheets 1121221121111 1]6@0 W
brackets and cleats 1111112]3 Aluminium 1121111111212 ]1]0]0O0 113,7
Struts 11111)12|4 CFRP tubes / Al. Alloy fittings oj1f1)111)j111]111071]0O ,
Tertiary Structure 111(1]3
Tank support 11111]13|1 Al. Alloy 1] 2 1 i 110 ] A
STR support 111]11]3|2 Star Tacker Support Ti. Alloy / CFRP 111122112112 ]1]0 (132,7
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6. Application screening on Sentinel 3 satellite

63
CSS support 111|11]3]3 Coarse Sun Sensors Support Al. Alloy 1 2 0 2 1 1 1 1 0 99,1
RW support 111|11]3]4 Reaction Wheel Support Metallic end part / CFRP 1 2 1 1 2 1 2 1 0 ﬂ32,9
GNSS support 111]1]3]5 Global Navigation Satellite System Al. Alloy 1 2 1 2 2 1 1 1 1 0 QZZ 3
Support ! /
SADM support —> 111|1]3]6 Solar Array Drive Mechanism Support  |Al. Alloy 1 2 1 1 2 1 1 1 1 0 110,7
LRR support 111]1]3]7 Laser Retro Reflector Support Al. Alloy 1 2 1 1 2 1 1 1 1 0 110,7
RCT bracket 1]1]1]13]8 Reaction Control Thruster bracket Al. Alloy 1 2 1 1 2 1 1 1 1 0 )QOK
] Synthetic Aperture Radar Altimeter
SRAL fixation 111]1]3]9 support Al. Alloy 1 2 1 2 2 1 1 1 1 0 122,3
SBA support 1]1)13]A S-band Antenna Support Al. Alloy 1 2 1 1 2 1 1 0 1107
F & D support 1]1)13]|8B Fill and Drain Support Al. Alloy 1 2 1 2 2 1 1 0 (122,3)
Doppler Orbitography and N
DORIS support 1]l111]3]C Radiopositioning Integrated by Satellite |Al. Alloy 1 2 1 1 2 1 1 1 1 0 110,7
Support
HRN & WG supports 111|1]3]|D Harness and WaveGuide Supports Al. Alloy 1 1 2 1 1 1 1 1 1 0 100,0
Thermal Control L p R
Radiators 111121 data not available 1 1 2 1 2 2 1 1 1 0 120,1
Thermal doublers 111)12]2 aluminium 0 0 0 1 0 0 0 0 0 0 11,6
Interfillers 1111213 data not available 0 0 0 0 0 0 0 0 0 0 0,0
Heat pipes 111|214 Al alloy - filled with ammonia 1 2 2 0 2 2 1 1 1 0 120,4
Kapton Heaters 1]1112]5 kapton 0 0 0 0 0 0 0 0 0 0 0,0
Thermistors 1]11]2]|6 data not available 0 0 0 0 0 0 0 0 0 0 0,0
Clayborn heaters 111|2]7 data not available 0 0 0 0 0 0 0 0 0 0 0,0
Power 111]3
PCDU 11131 Power Conditionning Distribution Unit data not available 1 2 1 2 1 2 0 1 1 1 25,
Battery 1]1]3]2 Li-lon Battery Assembly Z:Lt;)%?tllpt)r;gIC;TU(;iIr:Tu;bStrrS:tlLre tl2fal2]af2]lo]sf2]1 klzs,e
SADM 1111313 Solar Array Drive Mechanism data not available 1 2 1 1 1 2 1 1 1 0 112,8
Solar Array 11134 data not available 1 1 1 2 0 0 0 0 75,6
TT&C 11114 Tracking, Telemetry and Command
S-band Antenna 111141 GFRP, AL alloy, copper 1 1 2 1 0 2 0 1 1 0 93,4
S-band Transponder 111142 data not available 0 0 0 0 0 0 0 0 0 0 0,0
DC / RF Harness 11115
Supports 111|5]1 data not available 0 1 2 0 1 2 1 0 0 0 72,3
Connectors & backshell 111|5]2 twisted cable- Metallic backshell 0 1 2 0 1 2 1 0 0 0 72,3
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6. Application screening on Sentinel 3 satellite

64
PDHT 1l1ls $:§§2ns:|;3rData Handling
PDHU Assy 1]11]16]1 Data Storage & Handling unit Assembly |data not available 2 1 1 2 1 2 0 1 1 0 113,3
TWT ~ 1]1]16]2 Travelling Wave Tube Al. Alloy 1 1 1 1 1 2 1 1 1 0 100,9
EPC - 1]11]16]2 Electrical Power Conditioning data not available 2 1 1 1 1 2 0 1 1 0 101,7
XBA Assy 1111613 X-Band Antenna Assy data not available 1 1 2 1 0 2 0 1 1 0 93,4
AOCS 11117 gﬁltt]lg:teagd Orbit Control
CSss 1111711 Coarse Sun sensors data not available 0 0 0 0 0 0 0 0 0 0 0,0
Magnetometer 1111712 data not available 0 0 0 0 0 0 0 0 0 0 0,0
STR optical head 1111713 Star Tarcker head data not available 0 1 2 0 1 2 1 0 0 0 72,3
MTB 1111714 Magneto Torquer Bar data not available 0 0 0 1 0 0 0 0 0 0 11,6
RW 1111715 Reaction wheel data not available 1 2 1 1 1 1 1 1 1 2 122,0
CRS 111]7]6 Coarse Rate Sensors data not available 0 0 0 0 0 0 0 0 0 0 0,0
Propulsion 1 |1 B
Tank 11118]1 Shell Titanium alloy 1 2 1 1 1 1 1 1 1 2 122,0
Thrusters 1]1118]2 1 N Thruster Alloy 1 2 1 0 1 1 1 1 1 1 100,2
Latch Valves 111]18]3 data not available 1 1 0 0 0 0 1 1 1 0 47,9
Ergol filter 1|1]s|4 ztca:zgnmer;i‘:fof g;i:e:vxf;j”'c tlafolofo]lola|r]1]|o] a0
SAPT 1|1|s]s ?:::gggggccuracy Pressure data not available 1fafofololsflols]2]|o] s02
FDV 1]11]8]6 Fill and Drain Valve titnanium seat, ceramic ball 1 1 0 0 0 0 39,1
Tubing & supports 11118 Supports tubing titanium 1 1 1 1 1 0 100,9
Trimming orifice 111]8]8 data not available 1 1 0 0 1 0 51,2
GNSS 11119 Global Navigation Satellite System
GNSS antenna 1111911 data not available 2 1 0 0 93,4
GNSS electronic 1111912 data not available 0 0 0 0 0 0 0 0 0 0 0,0
Data Handling 111 A
SMU 1]1]1A]1 Satellite Management Unit data not available 2 1 1 0 0 1 0 0 0 0 52,1
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6. Application screening on Sentinel 3 satellite

65
. . . . SETER ERN TS, Lateral panel:
e ngh rank”']g apphca'“ons _ AIur?iniSm Eoniycomb+
e ""_ e | Alu face-sheets
»~ Primary Structure e

-~ Secondary structure

CFRP sandwich
W SHE2E WER PT
sTPENeR IF ring
SMCoNE aluminium

: __- - — CFRP+alu honeycomb
1 | " BOTTOM DECK PANEL

TTC Star Tracker Antenna
»~ Integration of thermal control management
- Embedded heat-pipes
- Interest of material adaptation with specific CTE
- (Geometry adaptation to increase dissipation 7
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6. Application screening on Sentigal,2.satallite

_ "'a \- . %- . ﬂ“fll‘ £

66

»~ High ranking applications
»~ Mechanism Adele hinge

- AM simplification

- Reduction of pieces number
*~ Power PCDU

> Applicability to dissipative elements (PDHU SMU) SADM Mockup
*~ TTC Waveguide
*~ Harness

= |

23 Inter-panel harmess
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6. Application screening on Sentinel 3 satellite

67

Lateral panel:

»~ High ranking applications A
e PrOpUISIOn face-sheets
- Platform sandwich panel
e Aluminium alloy honeycomb
* Aluminium alloy skin
~ 4 supporting mounting structure
e Titanium
» Attachment tank to thrust cone

CFRP sandwich

IF ring aluminium

Nozzle (Safran)

»~ Propulsion Tank

Change tubing routing for
subsystem global

- -
T I u b I n g - | oplimization and « plug »
e
4

Thermistors are installed
on piping fines
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System Impact of additive manufacturing technologies

68

»~ 7. Application screening on Euclid satellite — WP 3200 (TAS-I)
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> EUCLID SPACECRAFT

Euclid is the next medium-class mission of ESA's Science Programme, to be implemented and launched by 69
2020. The objective of Euclid is to elucidate the geometry and the nature of dark energy and dark matter.

Mini FSS

SAS

PLM Telescoptﬂ

PVA
Star Trackers |
HGA

LGA _— o)

RCS Thrusters

MPS

Thrusters SAS
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N EUCLID SPACECRAFT

Service Module (SVM) comprising the The EUCLID spacecraft is composed of: 17
spacecraft platform with its subsystems and
a Sunshield protecting the PLM from solar

radiation and supporting the solar array.

>

SVM

(including Sunshield)

PLM

Payload Module (PLM), including
the Telescope and the Optical
Bench supporting the instrument
detectors and front ends
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EUCLID PLM mechanical architecture

Telescope External Baffle 71

SSH Main Frame SSH I/IF Rods

M2 Baffle

SSH Substrate M2 Support

Panels (3x) WAt Battio
el Baseplate
VIS Radiator
SSH Lateral
Panels PLM to SVM NISP Radiator

Bipods I/F (6x)

Cone Upper discrete Ring

SSH Lower IIF
Brackets SVM Upper Platform

SVM to PLM I/F (6x)

Shear Panels (8x)

A

Lateral Panels (6x)
Thrust Cone

Tanks Platform
Cone LVA Ring

SVM Lower Platform
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> EUCLID programmatics

72

.
TO+53M
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Euclid product tree

— 73
| | l | |
Payload Module PLM Service Module SVM Ground Support Equipment CPPA
100000 200000 300000 Coordinated Parts Procurement Agency
400000
SIC Structure | | Structure & Thermal Control | | EGSE Items procured by ALTER
110000 210000 310000 400001
PLM Equipment RCS Propulsion | | MGSE Items procured by TESAT
120000 222000 320000 400002
Non-SiC Structures MPS Propulsion || OGSE
130000 220000 330000
| | Thermal Hardware & Harness CDMS | FGSE
140000 230000 340000
CFI (1S, NISP) Software .
150000 240000  The Space Segment consists of a Payload Module (PLM ), and
PLM GSE TTac a Service Module (SVM), broken down into subsystems
160000 250000 . . .
» TAS-l is responsible of the Euclid System spacecraf tand of
260000 the SVM and its subsystems.
ey — » Airbus D&S is responsible for the Euclid PLM.
i « TAS-I has a complete visibility on the SVM part of  Euclid.
Fe « TAS-I has not a complete visibility of the design o  f PLM that is
— provided by Airbus D&S in compliance with the dedic ated
282000 specification and ICD’s.
System Hamess « The SVM section is considered and screened for the purpose

of the present activity.

>
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EUCLID satellite: geometric characteristics
The geometric dimensions of the Euclid

I =i EL SVM shape are =
] | 3,6m *3,6m*4,7m (x*y*z)

The Launcher selected for the Euclid
Satellite is SOYUZ ST 2-1B.

- Spacecraft Adapter

24.110-m Fairing

Fregat Upper Stage

o )
s L
({F
& _

= Interstage

@ e
Y )

2" (Core) Stage

_, 17 Stage Strap-on
Boosters

on®
2" Uioff mass 307 t

ThalesAlenia
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Mass budget

Best Engineering

Spacecraft Module Estimate Maargln Margin | Current Mass
[%] [ka] [ka]
[kal
SVM
SVM Structure 179,0 15,0% 26,9 205,9
SVM Thermal Control 27,4 15,0% 4.1 31,5
TT&C 54,4 13,1% 71 61,5
CDMS 34,8 5,0% 1,7 36,5
AQCS 45,0 5,0% 2,2 47,2
Micro Propulsion System 67,0 6,9% 4,6 71,6
Reaction Control System 46,5 8,3% 3,8 50,4
Electrical Power Subsystem 24,4 4,2% 1,0 254
NISP Instruments Warm Units 59,0 6,8% 4,0 63,0
VIS Instruments Warm Units 26,8 30,6% 8,2 35,0
M2M drive electronics (MDE) Assembly 2,7 20,0% 0,5 3,2
FGS Assembly 53 20,0% 1,1 6,4
PLM thermal control harness in SVM 2,0 20,0% 0,4 2,4
SVM harness 67,7 20,0% 13,5 81,2
VIS, NISP harness in SVM 15,4 20,0% 3,1 18,4
Radiation Shielding 5,8 20,0% 1,2 6,9
Total SVM 663,1 12,6% 83,5 746,6
Sunshield
Structure and interfaces 63,9 14,0% 8,9 72,8
Thermal hardware 13,0 20,0% 2,6 15,6
Photovoltaic assembly 15,7 0,1 1,5 17,1
Miscellaneous 1,2 0,2 0,2 1,4
Total Sunshield 93,8 14,1% 13,2 107,0
PLM
PLM System (part of R-PLM) 563,2 10,7% 60,0 623,3
VIS and NISP harness (part of R-PLM) 27,2 0,1 2,8 30,0
TOTAL R-PLM 590,5 10,6% 62,8 653,3
VIS units in PLM 80,5 21,7% 17,5 98,0
NISP units in PLM 86,1 10,3% 8,9 95,0
FGS units in PLM 5,0 18,9% 1,0 6,0
Total PLM 762,1 11,8% 90,2 8523
Total Spacecraft dry mass 1519,0 12,3% 186,9 1705,9
System margin on CFls 0,0
System margin 141,5
PLM System margin (10%) 65,7
System margin excluding PLM (10%) 75,8
Total Spacecraft dry mass with margin 1847,4
Propellant (including pressurant mass) (2% margin included) 126,1
Cold Gas 65,7
Balancing Mass 450
Separated launch mass 2084,2
Adapter Mass 135,0
Total Launch Mass 2219,2
Requirement 2160,0
Margin for 135 kg LVA -59,2
Maximum Mass for Lighter LVA 75,8
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Euclid product tree

The screening of the EUCLID parts is based on the P
over Spacecraft main breakdown structure into succe

Structure & Thermal Control

roduct Tree that provides overview
ssive levels of hardware items.
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210000
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| |
Structure Thermal Control
211000 212000
| | | |
Thrust Cone Platforms Panel, struts, brackets Structure Miscellanea AVM Structure || Heaters
211100 211200 211300 211400 211600 212100
] oubler
Upper Platform Equipment panels assy Secondary Structure 212200
211210 — 211310 + Miscellanea
211410 | | Temperature Sensor
212300
Lower Flatform Shear panel assy
211220 — 211320 OSR
B 212400
Propellant tank struts assy MLI
- 211330 ] 212500
Black paint
Bracket assy B 212600
— 211340
] Filler
212700
Lower central
_ ropulsion platform :
e ,,'113:0 || Miscellanea
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Mass budget

SVM structure r
B SVM thermal control
TT&C and mechanism
B CDMS
AOCS
Cold Gas
W Propulsion
W Electrical Power S/S

M NISP Instruments Warm Unit

m VIS Instruments Warm Unit
B M2M Drive Electronics (MDE) & harness
m PLM thermal control harness in SVM

= SVM harness (with FGS harness in SVM

= VIS, NISP harness in SVM
Structure and Interfaces
w Thermal Hardware

Photovoltaic Assembly ‘7
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Equipments accommodation on SVM

CRs | MPE RW AOCS
' Equipment panels
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EUCLID satellite ranking

82

The five criteria identified for the selection of the most suitable parts to be manufacture

through RMFG techniques in the context of the present study are:

16/02/2016

Ref.:

Programmatic

Performance

Environment

Life cycle cost
Lead time
AlIT aspects

Geometry
Interface
Reliability

Material resource
Energy resource
LOS compatibility
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EUCLID satellite ranking

this
figure

of merit
>
V this figure of
merit compared to

Programmatic

Life cycle cost
Lead time

Performance

Interface
Reliability

Environment
Material resource
Energy resource
LOS compatibility

16/02/2016

Ref.:

SCORES

Lead time
AIT aspects
Geometry
Interface
Reliability
Material resource
Energy resource
LOS compatibility

I Life cycle cost

Weighting

factor

1 9,8
1 10,3
-3 9,3
6 11,6
5 11,3
6 11,6
-2 9,5
1 10,3
-8 8,0
6 8,5

Q=39 | 1000

83

For each criterion, a score
varying between 0 and 2
(higher is better) is given.
In order to determine the
weighting factor of the
above described five
figures of merit, the
following approach was
followed:
Each figure of merit (A) is
compared to each other (B)
according to the following
rules
Ais more relevant than B
- +1 point awarded
A and B are equally
relevant - 0 point
awarded
Ais less relevant
than B = -1 point
awarded

The total amount of points
(Pi) collected by each figure
of merit (i) is calculated The
table below summarizes
the process and the results.

)
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[from O = (no/very limited
applicability)

to 2 = (high applicability /
advanced (component level)
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Ref.:

EUCLID satellite ranking

@ o | 2

g o | 2 > > % g %4

ClEl 88|, S| 8|E[23|3]| %
Item Number Item Material é b Zg' 2| g| g 22| e| E|ToTaL

o | @ = =T R I B N

eS| 785855

. gla|¢o

98| 10|93 12|11 |12 |95| 10| 8 |85
0 EUCL
2 SVM
2|1 Structure and Thermal Control
2|11 Structure
21111 Central Thrust Cone Assembly 2 2 2 1 2 3 0 1 1 0 146,1
2(1(1(1(2 PLM Bracket 1 2 2 1 1 2 2 0 0 0 108,4
2(1({1(1|2|1|Upper|F Brackets Titanium 1 2 0 2 2 1 0 2 0 0 108,4
2(1(1|1|2|2 |Internal IF Bracket Titanium 1 2 0 2 2 1 0 2 0 0 108,4
2|11|11(1|3 Upper IF discrete ring AA7075 T7351 - Aluminium Alloy 1 2 0 2 2 1 0 2 0 0 108,4
2(1({1(1(4 LVA Ring 1 1 0 0 1 1 1 2 1 0 81,9
2(1({1(1(4|1|LVAIFring AA7075 T7351 - Aluminium Alloy 1 2 0 2 2 1 0 2 0 0 108,4
2(1|1({1|4]2 |Doubler AA7075 T7351 - Aluminium Alloy 1 2 0 2 2 1 0 2 0 0 108,4
2(1(1(3 Panels, struts, brackets
2(1(1(3(1 Lateral Panels (6x) 1 1 1 0 0 1 0 2 2 0 77,6
2(1|1(3|2 Shear Panel (8x) 1 1 1 0 0 1 0 2 2 0 77,6
2(1|1(3|4 Radial Rod (RCS tank) 1 2 1 1 0 2 1 0 1 0 92,8
2(1|1(3|5| ([Tank Rod (MPS tank) 1 2 1 1 0 2 1 0 1 0 92,8
2|1|1(4|6 Secondary structure - Brackets 0
2|1|1|4(6]|1|RW Bracket AA7075 T7351 - Aluminium Alloy 1 2 0 1 2 0 0 2 0 0 85,2
2|1|1|4|6|8|CMU Supports AA7075 T7351 - Aluminium Alloy 2 0 2 0 0 2 0 0 85,2
2|1|1|4(6|9 |STR Supports AA7075 T7351 - Aluminium Alloy 0 2 0 0 2 0 0 85,2
2|3 CDMS Data Not Available 0
2|5|8 K-Band HGA Assembly Data Not Available 0
2|5|8 ARA (antenna reflector) Data Not Available 2 2 1 1 0 123,7
2|6|8 2 FGS PEM (incl. Box) Data Not Available 2 0 2 0 115,7
2|7 Sunshield & Solar Array 0
2(7(1 Sunshield Structure 1 2 2 1 1 2 1 1 1 0 123,7

ASSY in orange




LVA (Launch Vehicle Adapter Ring)

85
Improvement can be mostly seen on:

¥~ Lead time: AM process generically reduces
manufacturing logistics from MRR to delivery

*~ AIT aspects: not significant

*~ Mass: redesign can significantly reduce the
mass w.r.t. the machined part. The topological
optimisation of this part can hypotisise a mass
saving of 20%

*~ Geometry: redesigned part modify the
geometry without significant advantages on the
physical architecture of the s/c

»~ Interface: improvement can be seen if the
brackets are included together other parts
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P EUCLID satellite selected part: PLM bracket assy

Brackets assy 86

Improvement can be mostly seen on:

»~ Lead time: AM process generically reduces manufacturing
logistics from MRR to delivery

»~ AIT aspects: not significant

<~ Mass: redesign can significantly reduce the mass w.r.t. the
machined part. The topological optimisation of this part can
hypotisise a mass saving of 20%

*~ Geometry: redesigned part modify the geometry without
significant advantages on the physical architecture of the s/c

InterfrRr]:. Improvement can be seen if the brackets are
included together other parts

Shear Panels

Panels

Titanium
Aluminum
Alloy
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EUCLID satellite selected part: lateral panel

87

Skin + core Zluminiumalley  RUAG replaced the sandwich panel by aluminium frame:

»~ Replacement of Sentinel-3 panels with frames has a
negligible impact on the global stiffness of the satellite
structure

»~ Thermal function can be embedded in the frame if needed
»~ Harness can be routed inside the frame structure

»~ QOverall mass impact of the frames concept is limited and
potentially recovered by optimization runs

<~ Improvement for the Euclid equipment panels can be
mostly seen on:

»~ Lead time: AM process generically reduces manufacturing
logistics from MRR to delivery

CFRsandwich ~ AIT aspects B
“~ Mass

“~ (Geometry

~ Interface

Available data does not allow a
guantification of the impacts

<~ Reliability
16/02/2016 ntial TIALES ALENIA SPACE COMMERCIAL IN CONF  IDENCE Tha IeSAlef,‘f’a
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EUCLID satellite selected part: central thrust cone assy

RUAG replaced the sandwich panel by aluminium frame ¢
The same solution can be adopted by the Euclid panels

Improvement for the Euclid thrust cone can be mostl y
seen on;:

*~ Lead time: AM process generically reduces manufacturing
logistics from MRR to delivery

»~ AIT aspects: sensibly improved if parts can be
manufactured already assembled

- Mass: to be assessed

»~ Geometry and Interface: can be improved if the PLM
brackets could be included, even partially

skin CFRP-core Aluminium alloy
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EUCLID satellite selected part: antenna reflector

89

»~ Improvement can be mostly seen on:

»~ Lead time: AM process generically reduces
manufacturing logistics from MRR to delivery

»~ AIT aspects:

“~ Mass

“~ (Geometry

“~ Interface

“~ Reliability

»~ Material resource
“~ Energy resource
“~ LOS compatibility
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EUCLID satellite selected part: Sunshield structure

RUAG replaced the sandwich panel by aluminium %

frame

The same solution can be adopted by the Euclid
sunshield substrate panels

Improvement for the Euclid support structuran
be mostly seen on:

*~ Lead time: AM process generically reduces
manufacturing logistics from MRR to delivery

-~ AIT, Geometry and Interface aspects: sensibly
improved if parts can be manufactured already
assembled

»~ Mass: to be assessed

Propellant
g/ tank struts
{7y assembly

L —
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™\ EUCLID sat. selected part: Power Control and Distri  bution Unit PCDU

91

»~ Improvement can be mostly seen
on:

»~ Lead time: AM process generically
reduces manufacturing logistics from
MRR to delivery

»~ AIT aspects

*~ Mass, Geometry, Interface: possible
Improvement can be derived from the
redesign of the metallic case

»~ Reliability

*~ Material resource
»~ Energy resource
“~ LOS compatibility
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Together
ahead. RUAG

E“ystem Impact of additive manufacturing technologies

»~ 8. Structural optimisation — Quantitative evaluation on applications and

redesign activities — WP 3400/4200 (RUAG-Switzerland)
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. y . _ Together
System Impact of additive manufacturing technologies ahead. RUAG

“~ RUAG scope of work (WP 3400; WP 4200)

System Impacts of ALM
technologies
ESA ITT 8005
Task 0
Study management &
tasks coordination
1 1 |
Task 1 Task 2 . _ ITask 3 Task 4.
State of the art Impact evaluation Applugatpn screening & Quantitative
TAS F methodology gualitative evaluation avaluation
I_ WP 2100 WP 3100 WP 4100
- Impact evaluation I Application Screening on | | Re-design of applications
TAS | methodology Sentinel 3 satellite eonceming alectronic units
& thermal,
WP 3200 —
WP 1200 H  Application Screening on _ LiLig 'FE":!' !
TAS B | | I on of most Euclid salallite i R{%-rl&.-;lur.: of appiic "Il,.l"l.:\-
pro ng malenals & cancermindg structural
lechnologies optmizaton
- VF 3300
Qualitative evaluation on
RUAG applications conceming WP 4300
elecironic units & thermal —— Radesign of applications
concaming optical payloads
WP 3400
Cualitative evaluation on
applications concerning WP 4400
structural oplimization || Cuantitative evaluation and
conclusions on Sentinal 3
WP 3500 satellite design

Qualitative evaluation on
applications concerning
optical payloads WP 4500
CQuantitative avalualion and
conclusions on Euclid

WP 3600 Anllitn de
salellite design

Application ranking = -7
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Together

Eummery - Flow of activities RUAG work packages ahead. RUAG
94

Concept
development Optimization

Future
Applications

Screening Welighting

Model Set- .
- Sp - Redesign
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ECreening of Typical Spacecraft Structure and Mechanism

Sandwich Panel
Edge Inserts

Sandwich
Panel Spool
Inserts

Equipment
Support
Brackets

Interface
rings/adapters
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Together
ahead. RUAG

Optimised
Lifting
Brackets

Customised
honeycomb

Integrated Reduced

: ) Connector
Heat Pipes interfaces Brackets

Integrate

cables Mass

optimised

Optlm[SEd design
Thermal
Doublers
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Together
ahead. RUAG

»~ Main identified fields of action for structural applications and
mechanisms:

§:reening of Spacecraft Structures and Mechanisms

Mechanical/Physical Integration of

Performance function
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- | Together
Mechanical/Physical Performance ahead. RUAG

Source RUAG Source thermacore Source CalTech.edu

Stiffness Thermal performance Multi material properties

- Optimize structural parts to - Optimize heat transport - Combine two or more
achieve better performance in within a part materials in a single part to
terms of stiffness . implement domains of

- Improve heat pipe specific mechanical and
physical properties

- Coatings

- Reduce mass thermal performance by
- Design for dimensional implementing a porous
stability by adapting the part capillary wick

stiffness - Electrical conductivity
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Together
Integration of Functions ahead. RUAG

Source thermacore Source DuPont

Structural part with
integrated Heat Pipes

Source mms

Wiring Conductive elements/

Grounding network

- Reduce effort for cable

routing

- Directly include complex - Reduce AIT effort

shaped, printed heat pipes in

- Make ty-bases and
stand-offs obsolete

- Reduce AIT effort

- Conductive ink
- Heater elements
- Grounding network

structural parts
- Reduce AIT effort
- Potential for mass saving
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- - Brackets; Conductive elements/ Integration of .
1. Programmatic impact Wiring Cleats O T Thermal functions Inserts/Core elements Rings/Adapters
Life-cycle cost femrecuring projects no upLﬂ f=ed recuring projects no up(Lc f=e¥ recuring projects no upd!! f0r recuring projects no updal = uring projects no updlﬂ 0] = uring projects no update
¥ / of design and manf' assumed of design and manf' assumed of design and manf' assumed of design and manf' assumed of design and manf assumed of design assumed
Lead time potential reducuon in lead time; - 9 lead time compared to forgings can
Conductive Elements/ Inserts/Core e sgicany
Grounding Network : Elements o | | e
intearation effort reduced since integration effort reduced since integration effort reduced since integration effort reduced integration effort can be reduced due
AIT integration 6 9 ) 3 features already included; 6 features already included (e. 9 significantly since features 0 no impact identified 3 to integration of elements
features are already included . . )
a aotwarlcnrintad aalaadiincludad (e.g. MLI stand-offs, Ty-bases...)
2. Performance impact I n te g r atl O n Of Inserts/Core elements
RINQ/Adapte
mass saving in combination with significant mass saving in T h m I F t =
Mass 8 topology optimisation o combmangn w Ith 0 e r a u n C I O n S 8 with topology optimisation Opology optimisation
topology optimisation
Wiring removed from top reduction of desicn space reduction in design space space reduction of desian space
Geometry 9 surface; 6 o n sp 0 no impact identified 6 feasable (module concept; 0 no impact identified 3 gn sp
) feasable; less interfaces ) feasable
more space for equipment compare with TAS-B proposal)
some potential to reduce the some potential to reduce the some potential to reduce number number of interfaces can be some potential to reduce the some potential to reduce the number
Interface simplification 3| number of interfaces (no Stand 3 number of interfaces 3 of interfaces (e.g. grounding 9 significantly reduced (module 3 number of interfaces 3 of interfaces (depending on the
Offs) (monolithic parts) network directly printed) concept) (depending on the design) design)
Realiabilty 0 no impact identified 0 no impact identified 0 no impact identified 0 no impact identified 0 no impact identified 0 no impact identified
) . - Conductive elements/ q !
3. Environmental impact Wiring Brackets ST Thermal functions Inserts/Core elements Rings/Adapters
Naterial resources 0 limited 6 amount of machmed away' 0 limited 6 amount of machmed away" 6 amount of machmed away' 9 amoupt of machmledlaway
material reduced material reduced material reduced material reduced significantly
Energy resources 0 limited 0 limited 0 limited 0 limited 0 limited 0 limited
AM design to prevent bulk material
Cleanspace 0 parts will not reach ground 0 parts will not reach ground 0 parts will not reach ground 0 parts will not reach ground 0 parts will not reach ground 3 that poses a potential risk to reach
ground during re-entry
Weighting 27 33 15 45 15 36
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Weighting of identified field of action

Imegranen of

Therma] uncmns

of design and manf' assumg i_l

Structural parts
. e e Wirin Brackets; Conductive elements/
109 p 9 Cleats Grounding network
Life-cycle cost 0 For recuring prolect§ no update 0 For recuring projects no update 0 For recuring projects no upd
of design and manf' assumed of design and manf' assumed
; potential reduction in lead time; lead time can be reduced; potential reduction in lead ti
Lead time 3 . 6 ) A 3 ; ’
less machining effort no forgings/plates required lead time of conductive eleme
AT tests 3 poteqnal reduction in AIT; test on 0 o impact dentified 3 poter)nal reduction in AIT; teston
integrated module level integrated module level
. . . integration effort reduced since integration effort reduced sin
. " integration effort reduced since ) ) .
AIT integration 6 ; 3 features already included; 6 features already included (e
features are already included ) ) )
interfaces reduced grounding network printed..
. - Conductive elements/
2. Performance impact Wiring Brackets e
mass saving in combination with signicant mass saving in
Mass 3 91 combina 9 combination with 0 no impact identified
topology optimisation S
topology optimisation
Wiring removed from top " .
. reduction of design space . N
Geometry 9 surface; 6 o 0 no impact identified
) feasable; less interfaces
more space for equipment
some potential to reduce the some potential to reduce the some potential to reduce nu
Interface simplification 3| number of interfaces (no Stand 3 number of interfaces 3 of interfaces (e.g. groundini
Offs) (monolithic parts) network directly printed)
Realiabilty 0 no impact identified 0 no impact identified 0 no impact identified
. . . Conductive elements/
3.E tal t W Bracket .
nvironmental impacf iring rackets CELH TS
Material resources 0 limited 6 amount of machmed away 0 limited
material reduced
Energy resources 0 limited 0 limited 0 limited
Cleanspace 0 parts will not reach ground 0 parts will not reach ground 0 parts will not reach ground
Weighting 27 33 15

-I

_I

l Thermal functions I

Together

ahead. RUAG

Inserts/Core elements
or recuring projects no update 0 For recuring projects no upch
of design and manf' assumed of design and manf assumj
. lead time can be reduced
.g. lead time can be reduced; o
. ) 3 no semi finished products
lead time heat pipes...
needed
test on module level 0 no impact identified
integration effort reduced
significantly since features 0 no impact identified
are already included
Inserts/Core elements
ss savings seen feasable due to| - -
; : i mass saving in combinati
integration of functions and 3 with topology optimisato
reduction of interfaces &4
bduction in design space space
feasable (module concept; 0 no impact identified
ompare with TAS-B proposal)
number of interfaces can be some potential to reduce tie
significantly reduced (module 3 number of interfaces
concept) (depending on the design|
no impact identified 0 no impact identified
Inserts/Core elements
amount of "machined away" 6 amount of "machined awa]
material reduced material reduced
limited 0 limited
parts will not reach ground 0 parts will not reach groun
15

I Rings/Adapters I

or recuring projects no update

of design assumed

time compared to forgings can
be reduced significantly

sually no test on ring/adapter

level

ass saving in combination with

topology optimisation

reduction of design space
feasable

f

e potential to reduce the number|

interfaces (depending on the
design)

no impact identified

amount of "machined away"
material reduced significantly

limited

I-‘

design to prevent bulk material
poses a potential risk to reach
ground during re-entry

Based on the weighting done in WP3400, the highlighted two applications were subjected to
further re-design activities.
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Together
Integration of Thermal Functions ahead. RUAG

101
R l | 3
e - ] B 3
X e . ' @ .‘u 1l !
=\ ‘ o b
l : 5

ko 3

3 -1 Al

{ 4

Il |‘ ? el
. / fa

Heat pipe network on SGEO Payload Radiator Sentinel 3 - +Y panel thermal control
(source RUAG)
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- Together
Modular Radiator (Frame Concept) ahead. RUAG

« Radiator panel replaced by a frame where
modules are positioned onto according to
system needs

 Combine and merge the functions of the
equipment housings and a the conventional
radiator structure on module level

Frame

Thermal functions already
2 integrated in the module design
e =2 (e g printed heat pipes)

X

2 Radiator function already
/" part of the module design

fixation points fo frame
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- Together
Modular Radiator — Sequence of activities ahead. RUAG
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o Sensitivity Analysis on S/C level

e Segments created to allow the software to
do a size optimization

* Run optimization (various iterations)
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Together

Modular Radiator — Sensitivity Analysis ahead. RUAG

104

»~ Modelling Detail — Example PY Panel

16/02/2016

Ref.:

-~ Beam lay-out defined to
envelope the Sentinel 3
equipment lay-out (some
smaller adoption taken)

-~ Equipment mounted with
RB3 elements

~ Mass increased by 15%

50

|I-Beam cross section
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- Together
Modular Radiator — Sensitivity Analysis - Summary ahead. RUAG

105
Original design | Frame concept Frame concept | Frame concept
PY & MY MZ, PY & MY
Delta mass +6.9 kg +10.5 kg +12.7 kg
(3.6 +6.9) kg (22+36+69)kg
1st mode 17.85 Hz 17.79 Hz (-0.3%) 16.98 Hz (-4.9%) 14.85 Hz (-16.8%)
bending in Y-direction bending in Z-direction bending in Z-direction bending in Z-direction
2nd mode 18.57 Hz 17.97 Hz (-3.2%) 17.80 Hz (-4.1%) 15.59 Hz (-16.0%)
bending in Z-direction bending in Y-direction bending in Y-direction bending in Y-direction

*~ Replacement of PY and MY radiator panels with frames has a negligible impact on the global stiffness
of the Sentinel-3 satellite structure

*~ When three panels are replaced, the frequency drop is higher but still limited and could be recovered
by stiffening the frames and/or the primary structure

>~ Primary structure is the main contributor to the S/C stiffness
Overall mass impact of the frames concept is limited and potentially recovered by optimization runs

16/02/2016
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Together
ahead. RUAG

106

hodular Radiator — Size Optimization — General Aspects

»~ Beam design from the sensitivity analysis segmented to allow the software to do
a size optimization (size of Beam Flanges, Web Height...)

.
2" 2 "

CRIGIMAL SEGMENTED

-~ Each color represents a different physical property card (example PY frame)
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- Together
Modular Radiator — Size Optimization — Results ahead. RUAG

i EE |

EEE

=

Flanges enlarged

N

il ||

T T m [ T

Wall thickness
reduced
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- Together
Modular Radiator — Size Optimization — Results ahead. RUAG

optimized non-optimized
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- Together
Modular Radiator — Size Optimization — Results ahead. RUAG

109

Trop in frequency can be recovered
/ /
L

—~—_

-~ Frequency trop and mass increase can be recovered by employing size
optimization on the radiator frame
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- Together
Modular Radiator - Design Concept ahead. RUAG

110

»*~ Design Concept for Frame without thermal function

Long Beam

»~ Mechanical interfaces between
equipment modules and the frame
can be limited to a few
standardized connection points to
simplify the interface

»~ Equipment modules can be
developed, assembled and tested
individually, before integration into
the satellite structure.

Closure Panel

Cross Member

Equipment Module

View from inside out
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Modular Radiator - Design Concept

Together
ahead. RUAG

»~ Assembly and Integration concept

*~ Frame members are made
from 2 parts, an inner and an
outer part.

»~ Just the inner part will be
mounted to the satellite
structure at this stage.

»~ Harness can be routed in the

inside of the Frame Structure.

N\

Harness

»~ Closing of profiles

»*~ For the Frame Structure,
conical connections
guarantee accurate
positioning of the parts and a
high load transfer capability.

near Web
pnnection
O\

<
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- Together
Modular Radiator — Programmatic Impact ahead. RUAG

112

Lead Time Impact

» Positive Impact on lead time expected

* Manufacturing of frame vs. lead time of classical sandwich
panel radiator a ratio of 70 vs. 110 days was predicted

Effort for Design and Analytical Verification
* By using standardized elements and methods (e.g. attachment

points, Web developed for a certain load rang...) benefits are
seen conceivable

AIT Effort

* RUAG does not have access data related to system
Integration, but a positive impact is expected
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- Together
Modular Radiator — Performance aspects ahead. RUAG

113

Interface

e Reduced number of interfaces on module level

e Standardized elements for frame; members as well as
attachment points

Geometry

* Realize more compact parts, especially on module level

* In the frame harness and piping can be integrated, more
space for equipment available

Reliability

« Standardized elements and analysis methods have positive
effect on reliability
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- Together
Modular Radiator — Environmental impact ahead. RUAG

114

Material resources

» Less scraped material from machining

* Net shaped parts realized in case machining of interfaces
IS necessary

Energy resources
» » Substantial amount of energy is consumed during the

production of the powder and the build process
* Less semi finished products have to be produced

LOS compatibility

 No massive bulk material accumulations

» Risk reduced that parts are reaching the ground after
atmospheric re-entry
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Together

Modular Radiator — Outlook ahead. RUAG

115
Repeat the exercise having element based volumes, using classical Topology
Optimization
Dimension the beams also against strength (von Mises stress) and repeat the
optimization.
Expand the concept beyond the secondary structure panels and include also the
primary structure into the optimization considerations. What does this mean on the
overall satellite design.

Develop a concept for modules or sub-modules.

Elaborate in further detail the design concept of the module, sub-module and frame
element attachment points and create a kind of design catalogue.

Try to run a Topology Optimization on a complete Panel defined with volume
element.

Look on a concept, where the radiator frame has thermal functions.
Interface management — How to specify? Who is responsible for what?

Testability, process verification, capability to set material properties and the
correlation with the FEM model.

Manufacturability — How an end-to-end manufacturing can be realized ?

-
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Together
Ring/Adapters- Sentinel 3 LVA ring ahead. RUAG

~ Sentinel 3 LVA ring was identified as a very promising field of application
for AM technologies. This involves a topology optimized design.

Conventional machined Sentinel-3 LVA ring (source RUAG) N —
oo - b He o, e

[ A | 1

area to be optimised in . . ,
case study Sentinel-3 cone with mounted LVA ring (source RUAG)
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Together

Ring/Adapters- S3 LVA ring — Modelling ahead. RUAG

Tl

I

bl &

(]

[FEREREN] JIRENI 11l 1 JILLRLLARE
T RISEARAARE 1B2ES000RRRINLL
HH A

Simplified S3 FE on Adaptor; the Adaptor is clampledugh
RBE2 Spider

Yellow solid elements - contact area with the adafterged
contact nodes)

clamp band radial pressure applied

design variable for optimization was expanded
original design kept for lower floor flange and
interface area to launcher adapter

design variable : ‘)
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Ring/Adapters- S3 LVA ring - Optimization Problem Set-Uj
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ahead. RUAG

118

-~ Design Variable: Element densities with-in design space. Original S3 LVA

web and fork volume was expanded in order not to limit the optimization by
the initial design except for the lower floor flange and the interface area to
the launcher adapter.

~~ Responses: The following responses were chosen for the analysis:

»~ Volume fraction
-~ Eigenfrequency

~ Constraint: The following constraints were set:

»~ Volume fraction — upper boundary 70% of the original volume (unexpanded
volume); roughly 20% of expanded volume

»~ Yield stress of used material
»~ No manufacturing constraints introduced so far

-~ Aim: The aim of the optimization is the maximization the first global S/C

Eigenfrequency.
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- Together
Ring/Adapters- S3 LVA ring - Results ahead. RUAG

E-00
7t 2 28 53

2
3t 1 33

“~ The optimized design first global S/C frequency equal to 14.08 Hz against
the original 13.83 Hz

=~ Around 70 % of the original non-expanded volume kept
*~ 3.7 kg instead of 5.2 kg mm=) around 30% mass saving

=~ design mainly driven by the stifiness - analysis of the QSL and clamp band
pressure just reveals maximum Von Mises stresses in the order of 70MPa

.- Confidential THALES ALENIA SPACE COMMERCIAL IN CONF IDENCE Tha les A Ien’la

Ref.: This document is not to be reproduced, modified, adapted, published, translated in any material form in whole or in part nor disclosed

to any third party without the prior written permission of Thales Alenia Space - © 2012, Thales Alenia Space ; p a Ce



Together
Interface Ring - Optimization results ahead. RUAG

120

Yo e Z

. Section A:

»~ Columns shaped reinforcements; holes volumes in between the columns-shaped
reinforcements

>~ red solid elements have 100% of original density
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Together
Interface Ring — Optimization results ahead. RUAG

121

»~ Flange to Lower Floor is included in the design volume

Overall View
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-~ Lower Floor Flange is reduced to finger

Interface Ring — Opt
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Together
Interface Ring — Optimization results ahead. RUAG

»~ Columns shaped reinforcements design is still valid
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- Together
Modular Radiator — Programmatic Impact ahead. RUAG

124

Lead Time Impact

« Positive Impact on lead time expected
o 3 —4 weeks instead of 24 — 30 weeks

Effort for Design and Analytical Verification
 When design and analysis methods are established, a

similar development effort is expected compared to a
conventional designed ring.

AIT Effort

o Similar AIT effort compared to the conventional ring
expected
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Together
Interface Ring — Performance aspects ahead. RUAG

125

Interface
* No significant impact identified

Geometry

* Due to optimization and AM manufacturing technologies
more compact designs are deemed possible

Reliability

* No significant impact identified
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Together
Interface Ring— Environmental impact ahead. RUAG

126

Material resources

» Less scraped material from machining

* Net shaped parts realized in case machining of interfaces
IS necessary

Energy resources

e Substantial amount of energy is consumed during the
production of the powder and the build process

* No finished products have to be produced

LOS compatibility

 No massive bulk material accumulations

» Risk reduced that parts are reaching the ground after
atmospheric re-entry
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Together

Interface Ring - Outlook ahead. RUAG

Ves

Ve

Ves
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A study of the influence of the Cone to Fork fixation (currently a simple rigid
spider) shall be carried out with the connection modelled more realistically.

Another interesting aspect to be studied is the design of the connection of
the CFRP cone to the LVA ring.

It would be interesting to increase the thickness of the design volume for
the fork even further, e.g. to 9mm.

Over fluxes at the LVA interface due to QSL loads (e.g. launcher load
cases, transportation) to be included in future optimisation runs.

How can be the interface to the launcher modified wrt. to achieve a design
for additive manufacturing.

S
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System Impact of additive manufacturing technologies

128

=~ 9. Electronic units & thermal application - Quantitative evaluation on

applications and redesign activities — WP 3300/4100 (TAS-B)
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9. Electronic units & thermal application

129

Electronic unit structure

Unit :
Constituted of modules + housing
Mounted on system HP

Module :

* PBA (PCB with electronic components)

* Metallic frame + stiffeners

» Dissipative/heavy components reported on
structure

» Connectors

Battery

% 1 Y . Electrochemical cells

...".! 79
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9. Electronic units & thermal application

AM applications : Electronics printing 130

Advantages

e Circuitry in 3D instead of 2D : geometry DoF + 3D routing

* Building blocks

* Mechanically interesting (no PCB bending)

* Printing of heaters with resistive ink or print circuitry with
conductive ink on structure

e Easy instrumentation with printing of sensors

» Direct electrical insulation while manufacturing

Disadvantages

e Maturity level is low (even if used for smartphone
antennas or very small sensors)

» Specific materials needed - space qualification

« Not applicable to power electronics (or processors)
nor components with numerous connectors (evolution)

* Need to ensure contacts in case of shocks and vibrations

 Heat management ?

)
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9. Electronic units & thermal application

AM applications : Mass savings and Thermal manageme  nt

Reduce the mechanical structure to a minimum thanks to lattice structures and topological optimization

Electronic components : Power increases while size decreases
- heat flux density becomes a concern in almost every electrical application
Reduce contact

resistance

Conduction through metallic structure <> structure mass savings

—> Highly dissipating components at closest from cold source

—> Limiting interfaces reduces contact resistance

- Need to integrate thermal functions inside mechanical structure to drive heat

an23

» Spreaded
low flux
o Vapor Chamber w Heat Pipe
Wall
Liquid R\e;\t/l.JI’rll\ i evaporator Adiabatic zone condenser
70 icl C
——— — AR T
- Heat hiLﬁcfﬁ:x [ HH
Spreader "9 s st
&0 Evaporation “ /
Condensatio wall wick c
n
55

Baseplate & HP L
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9. Electronic units & thermal application

PCDU Thermal model LxWxH 345x355x200 mm 132

# :
_.:"’ - e \\.
- - - i
. - e .. T
NG . " e AL L YN

!\

Sentinel 3 PCDU dissipations
Module Dissipated heat (W)
3,92

Mass of the PCDU : 15.5 kg 1,96
Structure/total mass ratio : 50% 1692
i L —— ' POWER 1 53,32
— 'k - Y
E4 ———PHP4 _ 1,86
= PCDU —T] POWER 2 47,64
] . ~ DISTRI4 1,96
5 —Hr2 ~ DISTRI5 1,96
I _ DISTRIG 1,96
98 o~ .l MBYROZM  0.%08
connectors = 7
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9. Electronic units & thermal application

Reference case : 133

o Conditions :
Tmax (PCB) < 85°C

- max flux < 4 W/cm?2
80 mean flux < 1 W/cm?
175
- I e e e e
170
max flux
165 0,871 0,345 0,706 0,869 0,871 0,564
80 mean flux
0,253 0,130 0,275 0,339 0,343 0,176
55
} —> large margin on HP fluxes
— 50
e but very thin margin on T
S=/) ¥PBR -
= - remove HP and manage heat IocaIIyJ
R
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9. Electronic units & thermal application

Remove system HP one by one 1o =134
L [ -HP1 -HP2 "HP5 -HP3 g
——H oS5 100 "
._F"‘ Ei‘ eHH =4 2 : 90 :G »
=l — R s GRREEEES - ® -
PCDU X * 1 e E . 5
L = o o - :
= i b 170 E o | " HPL
|— = ———HP1 X TMTC - »
1123 o il ®POWER | 60 - ]
connectors # DISTRI 85 =
- 1.4 e e S S 1 7 }
| HP1 » 12 5 4 3 2 1 80 [ o
xHF2 ‘ Number of system HP o - | _Hp2
-HP3 ....................................... 1!0 = . ,!
| eHP4 ‘ 0,8 g 75 . ‘ \ :
AHP5 . ] | o B HP1 and HP5 can be removed , :
P ox . . 70 | H .
. . | £ almost without impact s L
; 7 3 A 02 § | :
o o " - - 00 -
y r: ber ofs?slem HP . 1 - | HPS
um . . i
____________________________________________ r To respect heat flux criterion at least 2 HP | .
THP | 35 are necessary + a redundant third one -
XHP2 20 = i
mHP3 2’5‘E T
+HP4 P N
4 HP5 20% »
— 156« -
" * P “| -HP3
. :
x- - T 0,5 0
l ~ 0,0
5 4 3 2 1
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9. Electronic units & thermal application

Addition of two-phase thermal functions 135

g

ATTEIE

HHP
50000 Wim.K  H .t
.7——'*"""'_*7-7-!-___ L

72 g 8 & s

3 8 8 88 47 ¢ 4oz g 3
g
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9. Electronic units & thermal application

Unit resizing 136

“Height is limited because of heat conduction SHP spreading
through the metallic structure” . - ——

Equal surface & power density

BP spreading and pHP keeps . &7 ff:
T max<85°C with only 1 system T

.0066
2RO IS0 =100
294 x 186 mm 186 X 294 mm
110 110 120
TMTC POWER DISTRI
= = | INEE D ..
100 —— 100 110 /_E-._—-—"——-'—
I"/ 100 sl
g% g %0 o e
o 1t rt1r1rtririrtri-riokba= Em =t — & ‘“““““'“""""""__‘_::_:.‘--‘j::'i':"' Z 90 ——
ool Ll L1 L] 1| | gl tie e o 0 L R x | || g MBS e al|lE [1-L] B xRN RN
£ == o N 0 e e g N A B P B i I a T O O I »
5 % T HAT =T % 80 TR s 3¢ 1mmmnsozz=gzc
- 70 /e Skt e i o A O I i E 70 AT £ \ __________________ A
186%x294 o NERNANS AN
294x186 —e—5HP —e—5HP —e+—5HP
60 —— 1HP - 60 —— 1HP — 60 —i@— 1 HP
~=dc-=5HP +BP +uHP --d--5HP +BP +pHP --4==-5HP + BP + uHP
--%-- 1 HP +BP +uHP -=3--1HP +BP + uHP -=3--1HP + BP + uHP
50 —7 — 1 50 +———— e T T e I 50 +——tt 3 L
0,50 0,70 0,90 H/L ratio 1,10 1,30 1,50 0,50 0,70 0,90 H/L ratio 1,10 1,30 1,50 0,50 0,70 0,90 H/L ratio 1,10 1,30 1,50
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9. Electronic units & thermal application

Merge modules - | 137
TMTC J . 0 %
) 0
eremove 3 modules (-25%) | == L)
eincrease power and height ,,
. . P P+33%
use BP spreading + pHP H H+33%% "
|

\-1 system HP y ] , / -+ '

DISTRI ==

Trac

=

AAARRS.N 4R
NANSN AR
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9. Electronic units & thermal application

New CAD file 138

12 modules 9 modules
345 x 355 x 200 mm 345 x 265 x 264 mm

=
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9. Electronic units & thermal application

Impacts : Mass . . 39

Heat management with micro heat pipes/spreading :
Mass of components remains the same (electrical function). A few connectors to motherboard can be spared.

* higher equipment

e reduce number of modules

345x355x200 mm

15,50
244 224 12 15,20 -2%
—Module frames
194 282 12 16,31  +5% = Bascpiate
m PCB
345X265X264 mm B Components
shorter HP 294 247 9 14,44 7%
integration of thermal functions - :
—>equipment is
topological optimization additive manufacturing “ghter

. \%L?
—>equipment can

be even lighter

structure welght N ] |:||:> more compact and lighter spacecraft
16/02/2016 Confidential THALES ALENIA SPACE COMMERCIAL IN CONF IDENCE Tha IeSAleﬁ'a

Ref.: This document is not to be reproduced, modified, adapted, published, translated in any material form in whole or in part nor disclosed L Ei i
to any third party without the prior written permission of Thales Alenia Space - © 2012, Thales Alenia Space o ) FTISCCIFICE E':"'ﬂ"‘" ¥ p G Ce



9. Electronic units & thermal application

Impacts : Costs Suppor

140

Total Cost (reCU”Ing) .
Tests Structural parts are assigned

1% to a subcontractor
Structure

Manufacturing hours Manufactu 4% . Material cost
Support Hybride rlgng Pea
nocin 14% ’ Consumables

10%

Mechan.
1%

1%
Math

67%

/ Material is the main contributor in the

~ equipment cost, especially because of

% Wiring is the main contributor in o the amount of electronic components.
the manufacturing hours

/1 module structure machined ~ a few hundred euros \
(recurring)

Same structure in AM costs between 5000 and 10 000 €
(according to AM manufacturer)

. 1 module AM increases unit price by ~1,5%
. 2-phase thermal functions are quite expensive

\ [ —->+3-5% per module ]

if the number of modules is reduced by 25% + limit w —~equipment _iS
components reported on structure : Manufacturing more expensive
hours reduced by 10% - 3% saving in global cost [ —-1% per module ] N )
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9. Electronic units & thermal application

Impacts : Planning RECURRING 141

PCDU S3 PROJECT

hanical parts /
W PBA PFM

W Phase B2 & “MODULES FM1

L _ W Archi phase
W Preliminary Design Phase
@ Electrical evaluation post PDR meeting

W PFM PCDU Sentinel-3

v

Wp Phase C - EM Design & Developrient

Detailed design phase
p EM ing
7] CDR data package /RID's trea{ement

=

1*—#—#——. MODULES FM1

W Phase D - PFM development

Wy Design upddte & development

" FM parts procurement
lectrical / Methanical design update
'BA routirig update

1 parts t update
anufacturing files definition update
7 PBA ordering

P| POWER Module (3X)

) PFM manufacturing | O
Lyl DOSSIER
D%:;grrmc
Non-recurring : [PREPARATION
g . . [[1-ETANCHETE TO
» thermal aspects have to be taken into account earlier in the project cmauuc
« design time of the AM-thermal parts ? interaction with subcontractors : (B ;T.slm AL

DIST Module (6X)

* AM manufacturer (writing CNC program for machining requires
currently ~40h/module)

» 2 phase solutions provider

7] VISUAL FINAL
PYRO Module (2X)

Recurring :
. manufacturing time of the AM-thermal parts is estimated to 3-4 weeks (not in critical path)
CABLING

modules parallel manufacturing = no time saving with merging
. testing phase for each module (sequential) will be reduced - 1 week saving [E T:f;mmm 7
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9.

Electronic units & thermal application

Impacts : Environment 142

P

o

16/02/2016

Ref.:

Material
Raw material saving with AM is around 90% (printing of supports not taken into account)

Material amount (cm3) Materia_l
L (mm) H(mm)  Modules Aluminium block  Module savmg:/lwnh
294 186 12 1093,7 100,45 91%
244 224 12 1093,1 94,47 91%
194 282 12 1094,2 130,78 88%
294 247 9 1089,3 115,75 89%
294 372 9 1640,5 131,79 92%
294 297,6 9 1312,4 121,83 91%
Energy
For aluminium in comparison with titanium, the machining energy levels are much lower.
energy to manufacture fusion of metal
an aluminum block + VS powder by a laser +
bulk machining surface machining
LOS
minimizing PCDU mass should limit the probability of ground impact.
The use of topological optimization should help in that way. )
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Ref.:

9. Electronic units & thermal application
e

Thanks to AM, heat management with micro-thermal functions inside the structure seems
efficient

If 3 modules (25%) are removed by merging with others:

»~ Mass saving of 7% is achievable at equipment level and could be improved with topological
optimization

>~ Manufacturing hours can be reduced by ~10%
=~ Planning can be slightly reduced (1 week)
»~ Unit cost is estimated to increase by 6 to 12%

Price of AM / thermally functional part is unknown and can be quite expensive

Final benefit might be more perceptible at system level (less HP, lighter unit) than at equipment
level which is more expensive

Spacecraft manufacturer

Importance of interactions

Structure Equipment
manufacturer manufacturer
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9. Electronic units & thermal application
e

To apply additive manufacturing to dissipative electronic equipment, these aspects have to be integrated
or mastered:

Designers must be formed to design for additive manufacturing
Part quality assessment (with post-treatment) and standardization

~~ Reliable thermal function integration (THERMAM project)
-~ powder removal, internal surface treatment
-~ reliable sealing to ensure to hold internal pressure and avoid leaks at all costs

Testing 3D tortuous 2-phase systems designed for Og is tricky

~~ Integrate a thermal optimization in the AM design, just as topological optimization for mechanical
performance. - first level of thermal design, before adding the two-phase thermal function which
could eventually be avoided

State of Mind change : “AM parts are too expensive” but it can lead to cost savings that counter-
balance (launch ~50€/q)

By 2020, AM cost should be divided by two
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System Impact of additive manufacturing technologies

145

»~ 10. Quantitative evaluation on Sentinel 3 satellite design - WP 4400 (TAS-
F)
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10. Quantitative evaluation on Sentinel 3 satellite design

146

»~ Criteria : SDM Compliance
*~ 1/ 2T LEO satellite (Sentinel 3) -> orbit change to natural re-entry in 25 years

-~ 2/ following step : casualty risk computation

- HTG evaluation of survival pieces

> Casualty area computation

- Compliance with 10-4

»~ 3/ if NC -> controlled re-entry

- Drastic satellite design change

*~ For S3A&B, resultis ~1:11200

»~ => Impact of AM through “generic” LEO S/C . ﬁ

Fragments not fully in scale

¥~ Using CNES Tool “ Debrisk”
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10. Quantitative evaluation on Sentinel 3 satellite design

147
o
- : Y il
~»~ SDM Compliance for natural re-entry
\ . S 4ane = Modélisation du débris
5>~ 1/ Reduction of surviving elements e e
' l'ohjet
> D4D guideline: to expose as soon as possible bl =i
5~ 2/ Reduction of number of survival pieces \ 8, =surface de I'étre humain
Diameétre épaule d, = 0.677T m
— ~ 1 single piece goal

Long Beam

Closure Panel

»~ 1/ Reduction of surviving elements

»~ For elements that could demise, problem if Cross Member

separation at low altitude bt Madilis

View from inside out

»~ Demise though heat flux exposure

) RUAG Panel Modular Concept
»~ => separation of lateral panel / hole
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10. Quantitative evaluation on Sentinel 3 satellite design

=~ SDM Compliance for natural re-entry

»~ 2/ Reduction of number of survival pieces

Case 1:4 RW re-entry

altitude vs. time

-

0 500 1000 1500 2000 2500 3000 3500 4000 450
time(s]

- P_AM_fest - PCDU Wyrev - Battery ~ SA = S-band RiTx ~ S-band antenna - - X-band antenna

->-GPS raceiver -0~ GPS antenna ~<-X-band Tx -G Filtre RF - X-band antenna -4~ MdM - Panel-X = Panel -Yi+Y
-5 Panel-Z+Z = Panel +X - Angles SupportAntenne -X —+ LVA  RW support < RW -4 RW —-RW = RW
~% §TR bracket = pyro brackets & Thrusters © Tank < FDV ~ Filter  pyrovalve = SAPT  Propulsion pane
= SMU -+ RTU

Casualty area = = 2,3 m2

148

Case 2 : RWs+support in titanium AM (1
piece)

altitude vs. time

120 000

110 000 upa
100 000
90000
80000
70000
80000

altitude[m)

50000
40 000
30000
20000
10000

o

o 500 1000 1500 2000 2500 3000 3500 4000 450
time[s]

<+ P_AM_test <-- PCDU Myrev - Battery ~ SA ~-S-band RxTx ~ S-band antenna -~ X-hand antenna

- GPS receiver -0~ GPS antenna —<-X-band Tx -C- Filtre RF - X-band antenna -&-MdM - Panel-X -=-Panel-Y/+Y
% Panel-Z/+Z = Panel +X = Angles Support Antenne -X & LVA RW support -~ STR hracket -4 pyro bracke
-o-Thrusters = Tank -+ FDV —= Filter & pyrovalve © SAPT —< Propulsion panel — SMU RTU

Casualty area = 1,1 m2
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10. Quantitative evaluation on Sentinel 3 satellite design

149

»~ Method

»~ 1/ Step 1 = introduction of redesigned elements
> RUAG
> TAS-B PCDU & application to dissipative units
> TAS-F Optical bench re-design
- All ready manufactured TAS support/pieces
-~ 2/ Step 2 = Redesign with

- IDM tool to take benefit of geometry Sl s 4D

> Extrapolation of topological optimisation.

HIl Thermal
Configuration (f

Sentinel 3 seen in Catia Sentinel 3 seen in IDM
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10. Quantitative evaluation on Sentinel 3 satellite design

150

-~ Stepl

»~ Same configuration with 4 redesigned applications

> TAS-B PCDU & application to dissipative units

» Verification of PCDU accommodation

0 > g
* 7% on PCDU —>  Electronics GNSS/STR/Doris, ‘N\s ya :
SMU, OEU, PDHU \\5/’/

> RUAG panels & LAR I/F Ring /
> TAS-F OLCI Optical Bench S, X, GPS, Doris, SRAL

 -8.5%

> All ready manufactured TAS support/pieces

Company Parts Mass Saving factors
TAS-F ARABSAT main reflectors fitting (see 3.4.2.2 fig 3-18) 20 % —> S, X, GPS, Doris, SRAL
TAS-F Ku Horn support for telecom satellite 57 % —> LRR & Doris support
TAS-F Tubing support in PA12 (Polyamide) for Iridium next 69 %
TAS-I Spacecraft antenna-reflector sustainer 25 %
TAS-| Star tracker sensor bracket 46 % —> & RW support
TAS-I Equipment mechanics 30 % —_— SADM
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10. Quantitative evaluation on Sentinel 3 satellite design
| 151
“~ Step2
»~ Geometrical optimization: TAE
> To fit into Vega fairing,

- To try to optimize AOCS configuration,
Z SA “3D printing”:

» Verification of PCDU accommodation,

- 20% mean value reduction mass due to topological optimization.

e Lower maturity / Step 1
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10. Quantitative evaluation on Sentinel 3 satellite design

*~ Mass budget
~ Step 1l
> Wet mass — 52kg
*~ Step 2

- Wet mass — 94 kg

“~ Power budget

~ No impact

Confidential T H /e e 1115740155 004,36, [ 0T

 Reference  Stepl  Step2
n Plateform 152

Total mass without system margin

System margin

|V _lPayload |

e[ R A
System | hokdigmarginkG]  noluing revgin (k6] | g margin k6l

\lenia
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10. Quantitative evaluation on Sentinel 3 satellite design

153

“~ MCI

Reference Step 1 Step 2
REF Without margins | With margins REF Without margins | With margins STEP 1 Without margins | With margins
COG_x |[mm] 1509,44 151,65 [COG_x |[mm] 1509,44 1511,65 COG_x_|[mm] 1504,49 1507,16
COG_y [[mm] 7,89 2,03] |COG_y |[mm] 7,89 2,03 COG_y |[mm] 7,08 7,39
COG_z [[mm] -23,60 -27,54 |COG_z |[mm] -23,60 -27,54 COG_z |[mm] -10,03 -9,06
Reference Step 1 Step 2
Configuration _ Deployed EOL_ __ DeployedEOL
With margins With margins With margins

Ixx_S3 [kg.m?] 1714,0 1708,5 2640,9

Ixy S3 [kg.m?] 58,3 -14,7 152,3

Ixz_S3 [kg.m?] 55,7 -17,9 56,3

lyz_S3 [kg.m?] 58,3 -14,7 152,3

lyy S3 [kg.m?] 1404,2 1332,2 1131,4

lyz_S3 [kg.m?] -85,9 -62,0 -13,6

lzx_S3 [kg.m?] 55,7 -17,9 56,3

lzy S3 [kg.m?] -85,9 -62,0 -13,6

Izz_S3 [kg.m?] 2805,3 2774,3 3500,7

> Goal : descope wheels configuration
* Need 20% inertia reduction to keep AOCS performance
« Cdg still in conformance with Launcher requirement
16/02/2016
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10. Quantitative evaluation on Sentinel 3 satellite design

154

=~ Programmatics — Schedule
Sentinel 3A Reference (CDR status)

Program Milestones & phases 2007 2008 2009 2010 2011 2012 2013
11 21 31 4 11 2| 31 4 1 2 3| 4 1| 2| 3| 4 1] 2] 3] 4 1| 2| 31 4 1 2| 3| 4

Equipment
SMU EM
CRS EM
STREM
GPS EM
PDHU EM 1PDHU procurement
PCDU EM
Structure
Propulsion units
OLCI

Satellite

A [PDR

SVM & Satellite Functional & Electrical Model EM for VCF
Avionics Functional Verification

Avionics PDR Avionics Subsystem TRB

PF AIT

Satellite AIT

[T 1T 1 [Launch |

> Improvement mainly on lead time (no forged model, ...)

> Integration time Small schedule improvement
Schedule driven by Payload & Avionics

)
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10. Quantitative evaluation on Sentinel 3 satellite design

155

=~ Programmatics — Cost

*~ 3 axes
> Improvement at Sentinel 3 satellite level of re-designed applications
- Risk reduction at very beginning of a satellite program

Z Impact of satellite mass reduction

Sentinel 3 FM cost ratio
- FM satellite => Payload > 50%

m Satellite & System > Study addresses SVM & OLCI

M Spacecraft
m OLCI
m Other Payload

M Project Management
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10. Quantitative evaluation on Sentinel 3 satellite design

156
“~ Programmatics — Cost — axe 1
Improvement due to Additive manufacturing AM gain
Lead Time Provision process percentage (% )
Structure Reference PECT RUAG evaluation - ~30% manufacturing duration 0,09
PCDU, PDHU Reference PECT TAS-B evaluation - 2 weeks 0,00
Supports structure Reference PECT TAS-F evaluation from manufactured support-~ 0,01
20%
TOTAL 0,11
Improvement due to Additive manufacturing AM gain
Life cycle cost Provision process percentage (%)
PF Mechanical activities engineering S/C mechanical activities S/C mechanical analysis improvement with 0,01

topological optimization

Thermal & harness (TBC) routing activities - SVM activities activities at equipment level 0,03
generic embedded functions

OLCl activities Optical bench product TAS-F evaluation 0,05
TOTAL 0,09
Improvement due to Additive manufacturing AM gain
Integration Provision process percentage (%)
integration preparation equivalent AIT team activities AM mock-up to optimize integration process at 0,01
end of B2 phase - 20% improvement
Propulsion integration equivalent AlT team activities AM with thrusters & tubing embedded with no 0,01
realignment -
equipments & supports integration equivalent AIT team activities minimization of interfaces - 50% improvement 0,00
integration time
Structure & harness integration equivalent AIT team activities AM manufacturing as needed during integration 0,00
process
TOTAL 0,03
[ TOTAL | 0,22 J

|
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10. Quantitative evaluation on Sentinel 3 satellite design

157
“~ Programmatics — Cost — axe 2
Improvement due to Additive manufacturing AM gain
Technical ris ks Provision process percentage (% )
General low maturity of satellite design, and of venf &AIT approach, | 10% of own share (service module only) 20% reduction as verif & AIT approach secured 0,10
leading to quotation uncertainties for own share with AM mock-up at early program stage
Non recurrent activitie s for Payload 10% of payload inge neering activities topological optimization improvement for 0,03
me chanical analysis. Remaining 8% of payload
ingeneering
Additional analysis to ensure AOCS performances with specific Additional AOCS analysis No reductionis considered at this stage even if 0,00
mission modes AM could improve knowledge of MCl at early
stage of the program
Extra engineering and AT activities incase of unexpected behavior of | Additionnal 10 people fulltime over 2 months for |Subsystemintegration function at lower level will 0,03
SVM parts during ervironmental sequence anomaly resolution and delta analysis move this risk to procurement. Risk reduction of
20% is quoted at satellite level.
TOTAL 0,16
Improvement due to Additive manufacturing AM gain
Programmatic risks Provision process percentage (%) |
Schedule risk at Service Module integration level: schedule recovery | 10% of S/C AIT manpower costs 5% of S/IC AIT manpower costs considering AM 0,13
actions, more AIT personnel, 3 shifts (in addition to schedule design "integration oriented"”
elongation costs costed)
Schedule risk at satellite level: extension of schedule duration forthe |3 months of AIT manpower costs no significant impact of AM on sateliite system 0,00
whole 3-month planning margin due to late deliveryfor example test but risk reduction at inte gration and in
equipement delivery compensated byadditional
complextyof multifunctions applications
TOTAL 0,13
Improvement due to Additive manufacturing AM gain
Purchasing risks Provision process percentage (% )
General Iow matunty of overalldesrgn and of venﬁcaaon&Aﬂ' 10% of final expected purchased share margin estimated reduced due to 5% applied to 0,19
. 3 SMU and structure
Uncer!amnes on markel condmons currencies and obsulescence 10% for uncertainty and for obsole scence minor improvement due to lead time reduction 0,01
leading to higher purchase SVM costs (+ [TAR problems)
Provision for potential change notice generated by TAS-F and source |5% of final expected purchased share reduced to 2% for structure and SMU considering 0,11
of over costs on sub-contracted equipments. possible very late design definition as soosas
interfaces are not changed
TOTAL 0,31

| TOTAL

>
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10. Quantitative evaluation on Sentinel 3 satellite design

158
Programmatics — Cost — axe 3
»~ Reduction of launched mass
Improvement due to Additive
Improvement due to Additive AM gain manufacturing process -high AM gain
Technical hypothesis Provision manufacturing process - low hypothesis percentage (%) hypothesis percentage (%)
Single launch on Vega reference launched launch cost function of updated launched 0,87 Step in launcher capacity - Possible use 4,15
mass = 1238 kg mass 1186 kg - Step 1 of Rockot
Single launch on Vega reference launched launch cost function of updated launched 1,58 Step in launcher capacity - Possible use 4,15
mass = 1238 kg mass 1144 kg - Step 2 of Rockot

»~ |ncrease of Payload

percentage (%)
for price of kg
Improvement due to Additive payload
Technical hypothesis Provision manufacturing process - low hypothesis launched
equivalent launched mass => Equivalence Payload |Possibility to increase Payload mass of 42 -4,54 I! h
Payload additional mass cost/ mission cost . kg - Step 1 (same cost/payload mass ratio) : 1
Payload mass ref = i :
441 kg { ' |
—_—>
equivalent launched mass => Equivalence Payload |Possibility to increase Payload mass of 79 -7,94 |
Payload additional mass cost/ mission cost . kg - Step 2 (same cost/payload mass)
Payload mass ref = _
441 kg & ’31
Conclusion: Cost saving hk A

Major effect is “snow ball effect” of dry mass reation
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> GSTP/ARTES for AM

159

~ Structure:
~ G61A-021QT: Primary Structures made by additive
manufacturing (proposed)

~ Thermal function in structural parts:

~ G61A-027MS: Development of embedded thermal functions
In structural parts using 3D printing (proposed)

~ Mechanism:
*~ G61A-033MS: Development of a Compliant Mechanism
Based on additive Manufacturing (proposed)

“~ Material:
»~ GSTP 6.2: Net shape processing by SLM of aluminium
alloys with high silicon content for low thermal expansion
applications (proposed)
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Ref.:

~ RF function in structural parts:
~ G61A- 029ET: Development of one single part integrating

GSTP/ARTES for AM

160

waveguide filter, bends, couplers, supporting structures made by
additive Manufacturing (proposed)

-~ RF Hardware:
*~ G61A-035ET: Evaluation and consolidation of additive

Manufacturing processes and materials for the manufacturing of
RF hardware (proposed)

=~ 15.ITT.30: Additive manufacturing of large focal arrays (intended)
=~ 15.ITT.38: Miniaturised Ka band beam formatting network

(intended)

“~ Propulsion Hardware:
~ G627-004QT: investigation into additive layer manufacturing for

engine structural component (initiated in 2014)

D,
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> GSTP/ARTES for AM

161

-~ Space hardware:

~ 15.1.QM.14: Development and test of additive manufactured
space hardware — evaluation in term of mass, interface,
environment impact and cost (completed)

»~ Verification methodology:

-~ 15.1.0M.18: Verification methodology for parts made by additive
manufacturing (issued)
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Technology Readiness Level

162

Technology Readiness Levels definition Expected model — /’“\
philosophy for full System Test, Launch
e & Operations TRL9
qualification =
TRL 1 Basic.principles o_bsgr_ved and reported_ . o . _ System/Subsystem TRL &
Transition from scientific research to applied research. Essential characteristics and behaviour of systems Conceptual Design, Development =
and architectures. Descriptive tools are mathematical formulations or algorithms. Feasibility study, TRL 7
Preliminary Design p
2BB, 1EM, 1 PFM Technology
Demonstration =
TRL 2 Technology concept and/or application formula ted — ==
Applied research. Theory and scientific principles are focused on specific application area to define the Feasibility study,
concept. Characteristics of the application are described. Analytical tools are developed for simulation or Preliminary Design Eechsl'lolugr "
analysis of the application. 2BB, 1EM, 1 PFM ol
TRL 3 Analytical and experimental critical function and/or characteristic proof-of-concept Research to Prove
Proof of concept validation. Active R&D is initiated with analytical and laboratory studies. Preliminary Design Feasibility
Demonstration of technical feasibility using breadboard or brassboard implementations that are 2BB, 1 EM, 1 PFM
exercised with representative data.
Basic Technology
—— - Research
TRL 4 Component/subsystem validation in laboratory environment
Standalone prototype implementation and test. Integration of technology elements. Experiments with full- Preliminary Design
scale problems or data sets. 1BB, 1 EM, 1 PFM
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Technology Readiness Level
163
*~ PCDU: TRL 3
»~ Frames radiator/LVA: TR 2
-~ Optical bench: TR 2 (invar), 1 (ceramic)

»~ Objective of the proposed pre-development activities is to reach
TR4 including breadboarding activities in addition to more
generic activities
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Next activities — applications (recall)

PCDU: 164
-~ Part quality assessment with post treatment (manufacturing reproducibility,
reliability,...)

=~ Training for AM design
-~ Thermal optimisation (topology) — might avoid the two-phase thermal function

»~ Heat pipe integration (powder removal, surface treatment, testing orientation —
wick structure without grooves, mechanical pressure resistance with removal of
the heat pipe orientation constraint)

LVA:

-~ Definition improvement (ring attachment to the adjacent parts)
»~ Mechanical analysis

>~ Breadboarding

Framed radiator:

»~ Topology optimisation on a complete frame

»~ Concept study of the module and submodule => equipment supplier to be
associated to this study

=~ Thermal and electrical function of radiator frame
»~ Breadboarding
»~ Concept apcpllcable to primary structure (TBC)
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Next activities

~ General: 16

-~ Interface/multifunction management => multifunction integration
Imposes multi-disciplinarity (thermal, electrical, RF functions
embedded in mechanical parts)

> Design of a next generation mini/micro-platform using AM to the
maximal extent with multifunction integration

»~ Topologic optimisation not limited to mechanical optimisation
(thermal, thermal distortion,...)

2 In relation with aim B of the ESA AM roadmap, dedicated to the
design tool (refer to document ESA/IPC(2015)82)

-~ Design compatibility with Space Debris Mitigation requirements
> In relation with aim B of the ESA AM roadmap
»~ Development of a design tool suite for AM including in particular
CAD design (lattice structure)
> Aim B13 of the ESA AM roadmap

D,

Confidential THALES ALENIA SPACE COMMERCIAL IN CONF IDENCE Tha |€SA| en Ia
Thisdocument y h d?) yp C||1 dh pd;r$r| ada pp trimr)ssklné hfqrh 0 |AI ted in Spyma\e 2(|Jszm:lr;1n| h/lk| S;:)art nor disclose Space



b

Next activities

166

~~ General (following):
»~ Normalisation (ECSS) for design/material supply/processing
/post-processing/qualification capabilities
»~ Inspection, testability (samples — tensile static test- tomography)

> In relation with aim F of the ESA AM roadmap (FO04: NDI for AM
manufactured parts)

»~ Investigation of the reliability and reproductibility/transferability
> Aim D10 of the ESA AM roadmap

»~ Compatiblility of surface with cleanliness requirements
> Aim EO6 of the ESA AM roadmap

D,
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System Impact of additive manufacturing technologies

167

»~ 11. Quantitative evaluation on Euclid satellite design — WP 4500 (TAS-I)
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Quantitative evaluation method setting

168

Quantification of ALM impacts are quantified through the following
aspects:
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Quantitative evaluation method setting
169

Quantification of impacts are quantified through the following aspects:
»~ Mass, geometry
»~ redesign
»~ propellant saving and needed components
»~ Improved buy-to-fly ratio
»~ Thermal aspects
-~ Improve thermal efficiency by embedding coolant
=~ Improve thermal interfaces
»~ Life cycle

»~ Improvement of all life cycle process including design, rawing/baseline
management, PDM, ICD, lead time

..and then time/Cost saving
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EUCLID quantitative evaluation proposed focus 1 of 3

170

Quantitative evaluation of ALM mass saving impacts

»~ Mass reduction on components impact Inertial properties of spacecraft
1) Quantitative Recalculation of Total dry mass

2) Quantitative Recalculation Inertial Moments & C.0.G.

-~ Quantitative_Evaluation of Impact on
=~ Euclid launch cost to Earth orbit
»~ Euclid transfer orbit system to Lagrange point: needed propellant and tanks

»~ Euclid Attitude Control operations: RCS needed propellant, tanks (6,25 year nominal life)

»~ Possible saving (qualitative) on primary structure due to subsystem mass saving

Are to be considered thermal inertial aspects as consequences of mass savings
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EUCLID gquantitative evaluation proposed focus 2 of 3

171

Quantitative evaluation of ALM assemblies versus P DM life cycle

<~ An assembly produced by several parts can be produced in a single

components

»~ Evaluation of Impact on

>~ Estimation on savings due to reduced complexity parts trough:
> design,
~ drawings,

> documentation management,

> configuration baseline management,

> Purchasing
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EUCLID gquantitative evaluation proposed focus 3 of 3

172

Quantitative evaluation of ALM buy-to-fly impacts

»~ Bulk Metal material reduction estimation on ALM components respect

traditional machining

»~ Evaluation of Impact on

»~ Quantitative estimation of material waste reduction
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Quantitative evaluation

173

Service Module (SVM) comprising the The EUCLID spacecraft is composed of:
spacecraft platform with its subsystems and
a Sunshield protecting the PLM from solar

radiation and supporting the solar array.

>

SVM

(including Sunshield)

PLM

Payload Module (PLM), including
the Telescope and the Optical

Bench supporting the instrument
detectors and front ends 7
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Quantitative evaluation

174

The EUCLID quantitative application consists to evaluate the results of the
application screening and gualitative evaluations performed in the task 3 of the

study logic and then implement them to EUCLID satellite.

The qualitative evaluations are concentrated on the following aspects:
¥~ structural optimization and mechanisms (proposed by RUAG)

»~ electronic units and thermal integration (proposed by TAS-B)

¥~ optical payloads (proposed by TAS-F)

Since no optical payloads are present in the EUCLID SVM element, the
gualitative evaluations performed on optical payloads are not applicable to
EUCLID in the frame of the present study.

Therefore the evaluations considered are only those relevant to structural
optimization-mechanisms and electronic units with thermal integration.

-
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Quantitative evaluation

The Euclid spacecraft has been analysed and the parts that have been

1

\l

5

considered worth for Additive Manufacturing listed and ranked. The parts
selected with the higher score are functionally listed below: :

Structural parts

LS

16/02/2016

Ref.:

*~ LVA RIng
~ PLM bracket assembly SELECTED PARTS
. Antenna reflector
~ STR Supports Central Thrust Cone
Electronic equipment STR Supports
~ PCDU Electr(?nic Bcl)x (PCDU)
: ateral pane
Sandwich Pan.els LVA Ring
>~ Lateral equipment panels Upper IF discrete ring
=~ Shear panels PLM bracket assembly
~~ Thrust radial rod (RCS tank) &MPS tank rod
rustcone Shear panel
-~ Antenna reflector Sunshield structure
Support structure

»~ Sunshield structure

*~ Rods
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Quantitative evaluation

. - Current 176
. . Unit BEE Margin Margin

Reflector assy CFRP sandwich 121 1 1,21 0,242 1,452

skin CFRP-core Aluminum alloy 17,6 0,15 2,6 20,3
_ Nominal Skin + Reinforced Skin M55J/EX1515 (45°,0°,-45°,90°)s 735 2 147 015 2,2 16,9
e sandwich Adnesive EX1516 071 2 14 0,15 0,2 1,6
e core AA-3/16-5056-0.007 32kg/m3 1,27 1 13 0,15 0,2 1,5
e reinforced core AA-3/16-5056-0.007 32kg/m3 022 1 02 015 0 0,3
CMU Supports AAT7075 T7351 15 2 3 0,15 0,45 3,45
Star Tracker bracket AAT7075 T7351 1,7 1 1,75 015 0,26 2,01
Electronic Box (PCDU) 1 18,7 0,04 0,75 19,45
_ Equipment Panel +X skin+core Aluminum alloy 1 6,19 0,15 0,93 7,12
_ Equipment Panel +Y skin+core Aluminum alloy 1 585 0,15 0,88 6,72
_ Equipment Panel -X skin+core Aluminum alloy 1 541 0,15 0,81 6,23
_ Equipment Panel -Y skin+core Aluminum alloy 1 615 0,15 0,92 7,08
_ Equipment Panel +X-Y skin+core Aluminum alloy 1 1,37 0,15 0,21 1,58
_ Equipment Panel +X+Y skin+core Aluminum alloy 1 137 0,15 0,21 1,58
149 015 223 17,08
. LA IR ring AAT7075 T7351 135 1 135 0,15 2,02 15,52
e poubter AAT7075 T7351 017 8 136 0,5 0,2 1,56
Titanium 437 1 437 015 0,66 5,02
P upper IF Brackets Titanium 1,8 6 108 0,15 1,62 12,42
i internal IF Bracket Titanium 053 6 32 015 0,48 3,68
RCS Tank Struts assy CFRP-fittings Aluminum alloy 2,26 0,15 0,34 2,6
[ MPs Tanks Struts assy CFRP-fittings Aluminum alloy 328 015 0,49 3,78
Shear Panels Assembly skin CFRP-core Aluminum alloy 8 7 0,15 1,05 8,05
Support Structure 388 0,15 5,89 44,64
Y Rods CFRP
_ Rods end fittings Titanium
_ Rods brackets Aluminum alloy =
e substrate Panels CFRP 7,15 215 011 2,31 23,76
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Quantitative evaluation
The evaluation and quantification of the impacts deriving from the application of the additive L

technologies to Euclid parts can be based on different aspects
Redesign based on what has been proposed by RUAG on structural parts foresees

*~ to replace the sandwich panel by aluminum frame and

=~ optimize the design of the LVA ring
This solution can be applied on the similar Euclid honeycomb panels with both skin and core in

Aluminium alloy. They are:
Lateral equipment panels (skin and core in Aluminium alloy)

SVM tank platform (skin and core in Aluminium alloy)

Ty

Y

Redesign based on what has been proposed by TAS-B for thermal/electronic parts

Impact on mass, power, MCI/Mol and Configuration aspects.

- The following table summarizes the impacts deriving from the proposed redesigns based on
Sentinel parts and their application to the analogue parts on Euclid:
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Quantitative evaluation

The following table summarizes the impacts deriving from the proposed redesigns based on
Sentinel parts and their application to the analogue parts on Euclid:

Redesign activities

Quantitative results on
Sentinel redesigned
parts (in synthesis)

Applicability to EUCLID
parts

Quantitative impact
assessment on Inertial
EUCLID properties

Quantitative technical
impact assessment on
EUCLID Mission

16/02/2016

Ref.:

Ruag: from CRFP panel to ALM

modular framed panel

1) impact on mass panel +15% for each
equipment

2) impact on mass panel structure -30%
3) cost reduction TBD%

4) Lead time reduction -63% TBC

Structural analyses performed on
Sentinel are assumed valid also for
Euclid applications:

1) apply to all 6 equipment panel

2) apply to SVM Lower & upper platform
including shear panels and on thrust
cone Assembly

1) Mass saving

2) C.o.M. impact

2) Mol impact

1) Launch propellant saving

2) Orbit manoeuvres propellant saving
3) ACS propellant saving

4) Propellant tanks savings

5) Additional payload

Ruag: from traditional to ALM design
LVA ring

1) mass reduction -30%

2) cost impact: TBD%

3) Lead time impact from 30W down to
4W TBC

1) YES: Same factors can be applied to
Euclid LVA ring

1) Mass saving

2) C.o.M. impact

2) Mol impact

1) Launch propellant saving

2) Orbit manoeuvres propellant saving
3) ACS propellant saving

4) Propellant tanks savings

5) Additional payload

178

TAS-F:
optical
bench
in ALM

TAS-B: from traditional PCDU to ALM
heat pipes in PCDU

1) mass reduction -7%

2) cost increase +3%

3) dimensions reduction on footprint -
30%

4) dimension height increase + 50%
5) Lead time impact TBD%

N/A

1) YES on PCDU TBC dimension versus
envelope available

2) On all other electronic equipment box NA
by applying a conservative mass

reduction of -15%

1) Mass saving

2) C.o.M. impact NA
2) Mol impact

1) Launch propellant saving

2) Orbit manoeuvres propellant saving

3) ACS propellant saving NA
4) Propellant tanks savings

5) Additional payload
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Quantitative evaluation

179

The different impacts on the EUCLID mass can be summarized as follows:
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Ref.:

SVM OPTIMISED SVM ORIGINAL | SAVING [kg.]
MASS [kg.] MASS [kg.]
RUAG panels 764 4 -17.8
RUAG ring 741,5 5,1
TAS-B 718,8 746.,6 27,8
RUAG + TAS-B 713,7 32,9
RUAG + TAS-B + all 678,0 67,8

:
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A) Structural redesign: impact on mass

The implementation of the mass impacts identified by RUAG by replacing 180
honeycomb panels with ALM modular framed panel has the following impacts:

»~ the average panels mass saving corresponding to 50%

>~ the masses of the equipment installed on the optimized panels increase of 15%
(to account for the additional equipment support).

- These values has been applied to the Euclid honeycomb panels with both skins and

core in Aluminium (i.e. Lateral equipment panels and SVM tank platforms).

- Applying this redesign on the EUCLID Aluminium panels and equipment installed on

them, the overall mass increases of 17,8 kg ., from 746,6 kg. to 764,4.

The implementation of this redesign to EUCLID does not represent an advantage in
terms of mass budget.

- The RUAG redesign of the LVA ring generates a mass saving of 30%: the

16/02/2016

Ref.:

application of this value to the EUCLID LVA ring generates a mass saving of 5,1 kg.
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B) Redesign of electronic equipment: Iimpact on mass

181

»~ The optimisation proposed by TAS-B foresees to save 7% of the
total mass of the PCDU by redesigning the electronic metal case
and merging 3 modules.

-~ The application of this approach to Euclid PCDU as well as all the
other electronic boxes dissipating more than 15 W (as per TAS-B
recommendation) saves 27,8 kg.
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C) Impact on mass budget considering RUAG + TAS-B redesign:

182

The combined RUAG + TAS-B cases means to considers:
~ the redesign of the metal cases of the electronic boxes and saving

27,8 kg. (see point B above)

~ the redesign of the LVA ring with a mass saving of 5,1 kg, (see

point A above). In order to maximise the mass saving, the RUAG
redesign of the honeycomb panels is not considered since it
generates an increase of mass of 17,8 kg. ((see point A above).

~ The EUCLID items impacted by the redesign are those in the rows

16/02/2016
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coloured in yellow (LVA ring redesigned by RUAG) and in orange
(TAS-B redesign) in the figure 10-6 below.
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\ D) Impact on mass budget considering RUAG + TAS-B redesign

approach and redesigning ALL the remaining screened parts

183

In addition to the EUCLID structural and electronic parts, a further
evaluation exercise has been done including:

~ All the EUCLID parts candidate for Additive Manufacturing

identified in the Euclid screening

~ This exercise is based on the hypothesis that all these parts will

be made with additive manufacturing and therefore redesigned to
better exploit the additive manufacturing capabillities.

~ These parts have different characteristics and therefore their

16/02/2016
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potential mass saving is strongly dependent to their functions and
geometrical complexity.
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\ D) Impact on mass budaget considering RUAG + TAS-B redesign
approach and redesigning ALL the remaining screened parts

184
»~ The following table reports some examples of parts (not belonging to EUCLID but derived

from experience made by the Thales companies) redesigned for additive manufacturing
and their resulting mass savings:

ARABSAT main reflectors fitting (see 3.4.2.2 fig 3-18) 20 %
Ku Horn support for telecom satellite 57 %
Optical baffle 18%
Adel'light hinge 30 %
Tubing support in PA12 (Polyamide) for Iridium next 69 %
MDPS support bracket 22 %
Spacecraft antenna-reflector sustainer 25 %
Star tracker sensor bracket 46 %
Equipment mechanics 30 %
Cold Plate for Liquid Cooling 25 %

»*~ These examples demonstrate that the mass saving values obtained after a generic
redesign/topological optimization process vary from 18% to 69% and that is dependent on
function and shape.

»~ In order to calculate the theoretical mass saving derived from the application of the
additive manufacturing techniques to all the EUCLID candidate parts, it has been
conservatively assumed a generic mass saving value of 20%. j
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D) Impact on mass budget (continued)

185

Applying this saving to all those EUCLID candidate parts, in addition to
those considered in the above RUAG + TAS-B exercise (that leads to
a mass saving of 32,9 kg.) it is possible to have a theoretical additional
mass saving that can be interpreted in two different ways:

~~ The first hypothesis is based on the application of the generic 20%
of mass saving to all the remaining candidate parts except for all
the honeycomb panels for which a redesign means an increase of
mass. In this case the mass saving is 67,8 kg.

~~ The second hypothesis is based on the application of the generic
20% of mass saving to all the remaining candidate parts, including
all the honeycomb panels. In this case the mass saving is 108,6 kg.
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11. Quantitative evaluation on Euclid satellite design

186

~ Fuel AOCS budget & launcher evolution

« The Euclid mission requires high energy maneuvers being the final destination the

Lagrangian Point L2, several Delta V maneuvers are planned

« A mass saving on the spacecraft produce a saving of propellan t needed for the

Orbit control system because the energy to provide to the spa cecraft is

proportional to its mass.

e This is obviously valid also for the launcher propellant in c harge of the earth orbit
insertion. Al propellant saving can be traduced directly to cost saving (launcher
change)
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11. Quantitative evaluation on Euclid satellite design

187

Fuel AOCS budget & launcher evolution

1. Orbit control system evolution ( from Earth to L2,

L2 station keeping, decommissioning)

Propellant mass budget for orbital maneuvers and

decommisioning
105,00
104,00
T 103,00 - - ALM | Ballast | FINAL
T OPTIMISED | ORIGINAL SA:'NG T}E‘S]S ST:'TG
T 102,00 MASS[ka] | MASS[) | O g g.
o
RUAG panel 7644 178
] - : ; ;
E 101,00 RUAGTing— ?%\ 51
B TASE 78, 278
] B !
£ 10000 C | RUAG+TASE 37 \mﬁ\\m\ 4] 189
- D |RUAG+TASB+all| 6380 s | -3 | B
5 99,00 E |RUAG+TASB+all  &780 A8 +18 493
98,00
97,00

1580 1900 1920 1940 1360 1280 2000 2020 2040
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11. Quantitative evaluation on Euclid satellite design

188

~ Fuel AOCS budget & launcher evolution

Yaw of up to 360 deg
< to perform a strip

1. Attitude control system evolution (1 of 2)

E
iy
Pitch backwards of 9% W1 T
30 deg max to image \ L2 > . i
sub-polar regions in v ] _@
ecliptic coordinate B :T ‘_F_J_..-*"H

L
Esbdl " Rall to keep the Sun direction
within 1 deg of the normal of
the solar array

Most of the ACS maneuvers or Euclid:

»~ ACS maneuvers (by reaction wheels) to compensate the Hydrazine
thruster misalignment during orbital maneuvers (L2 insertion)

“~ ACS maneuvers (by cold gas thrusters) to compensate the solar radiation
disturbances in L2 (6 years life)

»~ ACS maneuvers (by cold gas thrusters) to re-point the spacecraft in L2 for
scientific observation (6 years life)
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11. Quantitative evaluation on Euclid satellite design

189

Fuel AOCS budget & launcher evolution

1. Attitude control system evolution (2 of 2)

A mass saving on the spacecraft produce also reduction on Moment of Inertia
of the spacecraft. The energy needed for a pure repointing attitude maneuvers
IS proportional to the Mol of the spacecratft.

Being most of the Euclid ACS maneuvers compensation respect to
perturbations (solar radiation or misalignments of Hydrazine thruster during
Orbital manoeuvres and station keeping during scientific observation) the
possible ACS propellant savings are very complex to evaluate: the smaller Mol
change also the dynamic behaviour of the S/C manoeuvres (more “agility” of
the spacecraft and more sensitivity respect to external perturbations like solar
radiation disturbances or thruster misalignment), if saving any, could be very
marginal. A very complex evaluation is considered out of the scope of present
study.
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11. Quantitative evaluation on Euclid satellite design
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“~ Fuel AOCS budget & launcher evolution
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11. Quantitative evaluation on Euclid satellite design
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. Fuel AOCS budget & launcher evolution synthesis

- Estimated propellant savings for mass saved (on SVM) on Sentinel Spacecraft
by ALM

=~ Orbit Control System onboard the spacecraft for L2 insertion and decommissioning) saving
respect the 130 Kg of Hydrazine are marginal for 100 Kg of mass saved (5 kg c.a. of saved
Hydrazine respect to 100 Kg of SVM mass saved)

~ Attitude control system: complex evaluation needed for Euclid, probably minor saving
respect the 60 Kg Nitrogen propellant foreseen at the present status.

*~ Fregat delta V= 3190 m/sec_: saving for 100 Kg of SVM mass saved are in the order of
170 kg of saved propellant

»~ Launcher : saving for 100 Kg of SVM mass saved are in the order of magnitude of 5000 kg
of saved propellant on launcher
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11. Quantitative evaluation on Euclid satellite design

193

~ Interface, geometry, reliability evolution

~ Change of geometry for Euclid due to ALM seems not possible being the
S/C strongly constrained to special mission:

~ Dimension of the payload are not under TAS-I control, payload dimensions
and geometry are fixed.

-~ The dimensions of the Solar shield are fixed, being also the solar shield the
panel surface constrained by total electrical power needed.

~ Dimension in height of SVM are mainly constrained by propellant thanks
dimension (Hydrazine and Nitrogen). The estimated reduction of Hydrazine
(<5kg) do not justify smaller tanks.
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11. Quantitative evaluation on Euclid satellite design
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Reliability evolution

- Due to present ALM solutions no major impact on reliability are envisages.

»~ |n case of assembly of more pars that by ALM redesign reduce the number of
parts of the assembly, than an increase of reliability could be foreseen.

»~ In case the TAS-B solution could lead to decrease of max Hot junction
temperature of electronic components, than an increase of reliability is
foreseen. The quantitative evaluation of this impact is complex and could be a

future activity

.- Confidential THALES ALENIA SPACE COMMERCIAL IN CONF IDENCE Tha |es A Ien’la

Ref.:AM-TASF-SY-MN-005 This document is not to be reproduced, modified, adapted, published, tra Itd ymat ial form in whole or in part t or disclosed
to yth rd party without the prior written permission of Thales Alenia Spac: ©2012 Thales AI Sp pace



11. Quantitative evaluation on Euclid satellite design
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*~ Environmental & Space Debris Mitigation evolution

»~ Euclid mission is not foreseen for re-entry in atmo sphere being in L2, than should be

not subjected to Space Debris Mitigation rules.
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Environmental & Space Debris Mitigation evolution

The environmental “green” impact could be led by:

Waste reduction and the smaller pollution to manufacture S/C parts in ALM

The buy to fly by ALM is optimized _and waste reduced. In TAS-I experience the buy to fly of
equipment mechanics in ALM pass from 1 to 10 c.a. for traditional CNC machining (up to 10 Kg of metal
for 1 Kg of finished parts for electronic equipment’s according TAS-I experience) with a strong reduction
by ALM 1to 2 or better values machining (also better than 2 Kg of metal to obtain 1 Kg of finished parts
for electronic equipment’s according TAS-I experience)

As example In case of 100 Kg of equipment about the 20-30% is the part of aluminum alloy mechanical
boxes and frames (in TAS-I experience) than the for 20-30 Kg of finished mechanics are needed 200-
300 Kg of bulk aluminum material in case of traditional CNC machining.

For 20-30 Kg of finished mechanics are made by ALM, 40-60 Kg c.a. of powder aluminum material
could be sufficient instead 200-300 Kg c.a. by CNC (as order of magnitude).

The positive impact on environment is also to all the life cycle of the saved material since the origin._
The smaller pollution in atmosphere  due to the smaller propellant (some tons for 100Kg saved mass)
needed to launch the spacecraft in Earth Orbit

The smaller Hydrazine propellant to be produced for Orbit Control System of the spacecraft (<5kg c.a.
for 100Kg saved mass)

The smaller documentation/energy _ needed to manage, on a S/C development, less parts and-t
less PDM activities thanks to ALM assembly.
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197

~ Cost evolution

Cost evolution as % respect to SVM mission cost development | S <2"%
»~ cost savings due to Replacing Spacecraft panels with ALM modular framed panel
»~ cost savings dueto ALM LVA ring
»~ cost savings due to traditional PCDU to ALM heat pipes in PCDU
> this is not recognized as cost savings at unit level
> cost savings at system level
»~ cost savings due to Hydrazine savings derived from ALM mass savings

Possible cost savings due chipper heavier adapter imply a possible cost savings <
0,5% according information available

“~ The potential cost savings on launcher due to potential propellant savings are not
under TAS-I control. Other launchers options should be evaluated (possible future

activity)
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~ Schedule evolution

No disruptive major schedule savings are present on Euclid mission due to ALM

introduction as defined in present study.

On the mission critical path is present the payload development and the electronics
equipment which are not impacted in the development duration by ALM according the
solutions in the present study.

~ Anyway the lead time reductions also of the ALM parts identified in present study are
promising.

~ A possible promising optimization is introduced if by ALM in case STM MAIT campaign
could be anticipated in the program schedule.

-~ This STM anticipation lead to an anticipated harmonization and confidence of the loads
given to the sub systems for design to the CDR. This fact leading to a reduction of
potential overdesign (mass & cost) as well of the risks. This is a complex analyses for
guantitative evaluation, out of the scope of present study, but possible subject of future
activities.
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¥~ Schedule evolution

Task Narrw |m 2o
gz | ges | gra g

]

-

Phase B2
Prime - Phase B2 £.O @ Prime - Phase B2 KO
PLM SRR [SVM B FGS |/F Systems Requirements Revid o PLM SRR (SVM & FGS i/F System Requirements
S/C SRR (System Requirements Review) & S/CSRR (System Requirements Review)
PLM PDR | Preliminary Design Review) © PLM PDR ( Preliminary Design
$/C PDR [Preliminary Design Review) BOARD
Phase (/D
Phase VDO & Phase C/D KO
LM COR (Critical Design Review) & PLM CDR (Critical Design Review]
S/CCDA [Crivical Design Review| o & S/CCDR (Critical Design Review)
UM QR (Qualification Review) & PLM QR (Qualification Review)
S/C QR (Qualification Review| & S/C QR (Qualification Review)
S/C FAR |Final Acceptance Review) ° & S/CFAR (Final Acd
ST 1M Doy ° @ S/CFM Delivery
Industrial Consurtium Build up
ITT Batch | Refease & Subco Kk -ON
ITT Batch |l Release & Subco Gck-Off
ITT Batch Il Release & Subco Kick Off
ITT Batch IV Release & Sebeo KGck-Of
lavm am
PLM AVM Integration & Testing
AVM SVYM Imegration & Testing
AVM S/C Imegration & Testing
[AVM Maintanance
AVM Maintanance CD
AVM Maintanance E1
ISTM™ AIT
STM SV AT
STM SV STAND BY PLM
SVM PLM AT
STM SWM ST LM & Susshield Mating
STM 5/C Test & Eswircomental Campaign
STM SWM K SSH Structures Refurbishment
STM Refurbishment Contingency [39 days)
PEM AT
PFM SYM Activithes
SVM STAND BY PLM
PFM PLM Activities
PFM PLM & PFM SYM Mating & S/C Acthvities
PFM S/C Activities until TV/TB
PFM TV/TE preparation Comtingency (16 days)
PFM 5/C Environmental Test Campaign
ESA Contingency (14 days)
[Phase E1
Launch Campaign
Eudlid Launch
$/C Comemissioning
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Overall synthesis evolution
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~ QOverall synthesis evolution

The mass savings on present Euclid configuration led to new CoM with two
scenarios:

~ Scenario A) new ballast mass are needed to ensure CoM centering

~ An increase of the ballast mass has been calculated and reduce the mass
savings obtained by ALM.

~ Impact on frequencies of S/C should be assessed due to lighter mass with
respect the same stiffness, as well thermal issues.
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- Overall synthesis evolution

Scenario B) a new allocation of SVM units may reduce (or avoid) the
iIncrease of ballast mass and optimize the ALM savings.

Being the present exercise performed on already Euclid defined spacecratft
architecture , a new allocation for Euclid equipment’s is in principle
possible but out of the scope of present work. The present allocation of
Euclid equipment’s take in account also of thermal issues (more dissipative
units are placed on the cold side of Euclid), than a new allocation should
iImply a thermal analyses assessment.

This fact is a clear indication that ALM (to be convenient) should
enter in as input of preliminary phase of architecture defin ition.
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~ Overall synthesis evolution

The SVM mass savings and new Mol lead to main 4 scenarios:

~ Scenario 1) Keep the full S/C mass and use the saving for and Additional
Payload instrument in order to have additional scientific return by the
mission. Possible additional payload of 49,8 Kg (case E) and 89 KG (case
D). This is a purely exercise, the feasibility of and additional payload
allocation in the present Euclid Architecture should be verified with more
data on the payload also in term of volumes, power, data resources.
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~ Overall synthesis evolution

The SVM mass savings and new Mol lead to main 4 scenarios:

~ Scenario 2) Take the Cost saving for chipper a more massive (135kg
instead 80kg) S/C adapter versus Fregat (mass of chipper adapter is 135

KG instead of light adapter in CFRP of mass 80kg) keeping the near the
same total S/C max mass
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~ Overall synthesis evolution

Scenario 3) Take all the mass saving, with all cost savings (<2% respect to S/C

activities):
*~ AOCS propellant saving <6Kg for the 49,8 Kg (case E) and 89 KG (case D)

- Upper stage and launcher propellant savings and then cost savings: not under
TAS-I control, other launchers options should be evaluated (possible future

activity)
“~ The mass savings implies Mol reductions that could lead to chipper inertia

wheels selection and possible cost savings:
> Not true for Euclid because , the 49,8 Kg (case E) and 89 KG (case D)

savings of present study do not imply enough Mol reduction to justify a
cheaper inertia wheels selection.
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~ Overall synthesis evolution

Scenario 4) Take the mass saving, except the AOCS propellants savings :

Life elongation for more propellant availability for AOCS and upper stage

=~ Partially true for Euclid because additional propellant for baseline Orbit maneuvers (Fregat and
hydrazine) do not imply longer life for Fregat propellant (only additional margins), may imply a bit
longer life for hydrazine needed for orbital maneuvers of station keeping in L2. Life depend also
of availability of Nitrogen for ACS see point b on following.

=~ Not true for Attitude control system, , the 49,8 Kg (case E) and 89 KG (case D) savings of
present study seems do not imply a elongation of ACS life (Nitrogen for cold gas)

Launcher propellant savings and then cost savings

=~ not under TAS-I control, other launchers cheaper options should be evaluated (possible future
activity)

-~ The mass savings implies Mol reductions that could lead to cheaper inertia wheels selection and
possible cost savings:

> Not true for Euclid because , the 49,8 Kg (case E) and 89 KG (case D) savings of present
study do not imply enough Mol reduction to justify a cheaper inertia wheels selection.
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~ Conclusions

1) On Euclid the ALM has been applied on SVM  which is about the half of
Euclid S/C ( P/L is not under TAS control), quantitative resu Its are

promising but no disruptive on technical and program savings

2) Application of ALM is promising for Spacecraft application but a clear

indication is that ALM should enter in as input of preliminary phase of any

S/C architecture definition
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~ Technology readiness level and required preliminary development

Euclid is foresee to be launched in 2020 and CDR is planned in 2018, then some ALM
technologies/application with adequate TRL can be candidate for evaluation for Flight on Euclid
mission.

If case, a proper acceptance criteria and negotiation shall be agreed with ESA for ALM parts, being
also ECSS for ALM space application in progress but not still fixed.

Considering TAS experience on parts manufactured in ALM by T164 and AISi alloys, several
brackets present in Euclid spacecraft can be envisaged for an activity of re-design by topological
optimization for ALM and going to a flight worthiness evaluation (starting TRL5-6) (see some
following figure)

The others ALM solution proposed in the present study (panel with ALM and heat pipe by ALM in
the electronic equipment units) seems having very low TRL and need a time development not fitting
the Euclid schedule for a Flight implementation.

While, having TAS-I, experience on equipment units mechanics designed and manufactured in
ALM, a screening to identify if some Euclid electronic equipment mechanics can designed in ALM
for potential flight application on Euclid may be done. In that case, a proper acceptance criteria and
negotiation shall be agreed with ESA for ALM parts also taking in account all program issue, risks
and efforts. This could be a future activity.
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- Possible future activities

A. Develop Flight parts or equipment in ALM for Euclid Mission

The STM anticipation lead to an anticipated harmonization and confidence of
the loads given to the sub systems for design to the CDR. This fact leading to a
reduction of potential overdesign (mass & cost) as well of the risks. Perform
the complex analyses for quantitative evaluation

C. Environmental impact: traduce in a quantitative environmental footprint saving
(CO2, H20 savings) the saving due to ALM on spacecraft mission. All
guantitative evaluation could extrapolated on all foreseen space mission in the
planet in the future years.

D. Screening for Material and processes in ALM promising for space applications:
continuation of WP1200

W
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“~ 12. Wrap-up
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