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Space Rider Mission

ANALYSIS WORKSHOP

Space Rider (ESA mission) will be Europe’s first reusable space transportation
system. It is intended to be launched from Europe’s Spaceport in Kourou, French
Guiana, using Vega-C launcher.

It should reach and stay in orbit as long as required to perform the payloads
operations, deorbit and reenter performing a ground landing to return payloads to end
users and be refurbished and reused for the next mission.

The duration of the low-orbit stay would be roughly two months, within which
experiences inside its cargo bay will allow technology demonstration and benefit
research in pharmaceutics, biomedicine, biology and physical science.

At the end of its mission, Space Rider will return to Earth with its payloads and land
on a runway to be unloaded and refurbished for another flight.

& - . ‘
https://esamultimedia.esa.int/docs/space_transportation/Space_Rider factsheet HiRes ok.pdf
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Beyond Gravity Contributions

BG contribution:

SAW panels and yoke
design, analysis and
manufacturing

BG contribution:

ALEK cone and cylinder
design, analysis and
manufacturing

BG contribution:
Cold Structure
manufacturing;
parachute and
landing gear doors

mechanisms design ]
and manufacturing .

Space Rider
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Configuration and SAW geometry

SAW stowed configuration

AOM

ALEK Re-entry

Module(RM)
Leeward side
\ Solar Array Wing

Re-entry
Module(RM)
windward side

(belly)

TFAWS 2024 — Al




Geometrical Mathematical Model

The GMM has the following variants:
- SA deployed
- SA stowed

ESARTRN=-TMS I
thermal modelling suite /
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External RTMMs

SADM RTMM

SC RTMM
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Panels modelling

ANALYSIS WORKSHOP

External

facesheet
covered in
solar cells

|

Internal facesheet
NO salar cells

AN

# SAW Panel TRANSVERSE COUPLINGS MY

#

HEHARHHRRER

# MY panel 1
GL (11101001 111620081 * k_CFRP_TRA : .921586
GL (111e1ee2 11102062 ) * k_CFRP_TRA ’ .026097
GL (1111663 11102063 * k_CFRP_TRA ‘ .026097

JrresaEMy

o

# from primitive SAW_PAN1_M
# from itive SAW _PAN1

©

# from primiti PAN1 MY:SAW CELL
# from primitive SAW PAN1 MY:SAW CELL 1 2
& ’ 98; # from primitive SAW PAN1 MY:SAW CELL 1
»111816813) * Kk C > SAW * 9.90 # from primitive SAW_PAN1_MY:SAW CELL

.

GL (1118164 11102004 * k_CFRP_TRA : .826097 /
GL (11101005 11192085 i k_CFRP_TRA : .026097
GL (111e1ee6 11162006 ) * k_CFRP_TRA ) .0260897

® ©

N NNNNN

@
MR N NN

©
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Yoke modelling

tider_prem » esatan 2 COMMOM

ANALYSIS WORKSHOP

# Recults Genzrated from
# FESATAN-TMS 2818 spl, run date 14:26 Thu 19 Jan 2823
# Model name: R_v2nokapton Analysis
# ESATAN-TMS 2818 , run date 14:26 Thu 19 Jan 2823
# Model name: YO CDR v2nokapton Radiative conductors
#Yoke internal PY
GL{112126861,112126803) = CF1 * 1.8 / ((1.8 [ (©.8367 * " k_CFRP_SAW Yoke)}); # from conductive interface Yoke 1
CF1 * 1.8 / ((1.0 / (9.9442 342 * k CFRP_SAW Yoke))); # from conductive interf
CF1 * 1.8 / ((1.@ / (@.015¢ AW _ _ ¢ lk_CFRP_SAN ; # from conductive interf
CF1 * 1.8 / ((1.@ [ {(©8.8218 * k_CFRP_SAW Yaolke)) (1.8 [ (8.8318 * k CFRP_SAk 2)}); # from conductive interface

]

L

C: > Scratch > ESATAN_TMS > Sy ider_prem > esatz
1 h SAW YOKE TRANSVERSE COUPLINGS

#MY_Yoke transverse
GL(11111001 , 11112601 * kY _CFRP_TRA
GL(11111002 , 11112002 * kY_CFRP_TRA
GL(11111003 , 111120603 * kY_CFRP_TRA
GL(11111004 11112604 * kY_CFRP_TRA
GL(11111005 11112605 kY_CFRP_TRA
GL(11111006 111120806 kY_CFRP_TRA
GL(11111007 * kY _CFRP_TRA

2 0 0 0 0 0 O 0
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Hinges modelling

ANALYSIS WORKSHOP

Spring Central Bolt
assembly X11
X01
Lever bracket s ] R
o1 C11141101
C11141111
Latch lever C11141131
X41 B C11141141
C11141151
Cl11141161
Shaft cylinder - -
X51 Hinge spring
X21
Cable supbort
X61

Buk Properties

enatal

HE1:Steel Suec
HEB1:CuBeZbulk Stsel_opt

W HetAToTs B oo
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178.168

* 114.125

Spring :
shaft
hinge spring
lever bracket
latch

central bolt

# slack compensation

GLT

*G19 and cable support not present for last
hinge of last panel on both sides

Spring - .
i)
assembly ;llll'ige spring
K01
GL1 GLE
GLa
Central Balt Shaft cylinder
X11 %51
GL3 | —
" GLs _ GLlY
Lever bracket oy
able
x31 .
| support
GLE K61
Latch lever
X41

wi

GL1
GL2
GL3
GL4
GL5
GL6
GL7
GL8
GL9

4.35E-02
0.099
7.38E-02
8.58E-02
0.147
1.58E-01
1.71E-02
0.31295
0.40638
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ANALYSIS WORKSHOP

Root hinge modelling (1)

Planet gear
X21431

FEETEY Root H inge Adaptorgearhead ~ Rearbody
X21437 7| X21443
HDRM PY !
X =111 "for Ringgear -
HDRM MY X21434
“~] Gear box
X21440
Bearing front
Adjustment X21423
bracket
X21460
Spider
Central Bolt Clutch X21425
%21417 ~ \ X21419
SADM main
N bracket Lever bracket
X21407 X21410
// Latch lever
e f .\ \ X21413 —
Shaft cylinder ) . AN
X21404 Spring \ Lever bracket Fixed roller
assembly Latch lever X21480 X21450 :
X21401 X21483 Central Bolt
X21416
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Sun gear
X21428
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Root hinge modelling (2)

ANALYSIS WORKSHOP

# Root HINGES COUPLINGS PY

GL(11221480 11212001
GL(11221410 11211002
GL(11221410 11212002

.656 ; #connection hinge to yoke lower 1
.985 ; #connection hinge to yoke upper 2

e
FHERFHFH
GL(11221401 11221407 8.72 ; #spring assembly to main bracket
GL(11221401 11221404 8.e5 ; #spring assembly to shaft cylinder #decouple assumption
GL(11221404 11221480 7.58E-02 #connection shaft cylinder to lever bracket 2
GL(11221417 11221404 8.58E-02 ; #connection centralbolt2 to shaft cylinder
GL(11221417 11221480 0.294 ; #connection centralbolt2 to lever bracket2
GL(11221417 11221407 3.13E-81 ; #connection centralbolt to main bracket #i##
GL(11221483 11221407 1.71E-02 ; #connection latchlever2 to main bracket ###
GL(11221480 11221483 8.176346 ; #connection leverbracket2 to latchtlever2 ###
GL(11221407 11221460 9.463 ; #main bracket to adjustment bracket #HH
GL(11221413 11221407 1.71E-02 ; #connection latchlever to main bracket ###
GL(11221413 11221410 0.176346 ; #connection latchtlever to leverbracketl ##
GL(11221416 112214907 3.13e-01 ; #connection centralbolt 1 to main bracket ##
GL(11221416 11221410 0.294 ; #connection centralbolt 1 to leverbracketl ###
GL(11221416 11221419 08.0762 Q #connection centralbolt to clutch #it
GL(11221425 11221419 2.24E-01 ; #connection spider to clutch ##
GL(11221423 11221407 8.22605 ; #connection bearingfront to main bracket
GL(11221423 11221425 2.56E-802 ; #connection bearingfront to spider
GL(11221423 11221434 4.09E-01 ; #connection bearingfront to ringgear
GL(11221425 11221431 3.60E-01 ; #connection spider to planet gear
GL(11221428 11221431 8.68E-02 ; #connection sun gear to planet gear
titanium GL(11221428 11221440 3.84E-01 ; #connection sun gear to gear box
GL(11221434 11221431 2.60E-01 ; #connection ringgear to planet gear
emnsital GL(11221434 11221437 5.50E-01 ; #connection ringgear to adaptorgearhead
SurTec GL(11221449 11221437 1.59E-62 #connection gearbox to adaptorgearhead
GL(11221440 11221443 5.85E-01 ; #connection gearbox to rearbody ##
Steel_opt GL(11221450 11221480 1.14E-81 ; #connection fixed roller to lever bracket 2
PTFE TO GL(11221450 11251701 9.67E-02 ; #connection fixed roller to cable it
GL(11251701 11221460 2.30E-81 ;  #connection cable to adjustment bracket #
. CuBe2 GL(11221480 11211001 0.985 ; #connection hinge to yoke upper 1 #
1
e
1

.656 ; #connection hinge to yoke lower 2
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HDRM modelling

ANALYSIS WORKSHOP

HORM_PY_PANI_]

HODRA_PY_PAND 2

HORM_PY_PANZ_1
HDRM_PY_PANS 2

HOAM _P¥_Pabia_1

HORM_FY_PAN4 1

HORM_PY_PANI 4
HORM_PY _PAML = HDRM_PY PANZ 4

HORIM_P_Pasz_3

HIIRMA_PY_PANZ_3

HOR R _P_PANG_3
HORM_PY_PANS_4

HOAM_PY_PaKA 3

Scratch > ESATAN_TM® aceRider_prem >

# HDRM MY COUPLINGS

HH#

FH

#MY_Panel 1 to HDRM 1a
GL(11231301,11201613)
GL(112313e1,11201623)

FEESRARHYE
GL(1123130€1,11202613)
GL(1123131,11202623)

#MY_Panel 2 to HDRM 1b
GL(11231801,11203€13)
GL(11231801,11203€23)

S
GL(11231801,11204€13)
GL(11231801,11204023)
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CF1 * (1
CF1 * (1

CF1 * (1
CF1 * (1
SRR

CF1

CF1 *
= CF1

CF1 *

(1

¢
(1

> COMMON > CONDUCTORS >

; #assumption
; #assumption

; Hassumption

; #assumption

; #assumption
; #assumption

; #assumption
; #assumption

= HDRM_PY_GLdata

from
from

from
+rom

project
project

project
project
project
project

project
project
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# HDRM STOWED
HHH
#r
#
#PY Panel
GL({112323@1,112332081)
281,11231801)
31801,11231281)
GL({11231281,11232881)

1e1,11233e01)
1233001,11231661)

\ \

"
l

|

HDRM base3 |\

- 1.8/1@.
- 1.8/18 ¢
+ 1.8/180.
- 1.8/1@.

- 1.8/18.
F1.8/1@.
l1.8/1e.
* 1.8/18.

- 1.8/1@.
* 1.8/18.¢
- 1.8/10.
l1.e/1e.

#assumption
#assumption
mption

#assumption

#assumption
#assumption
#assumption
#assumption

y

HDRM base 4

from
from
from
from

from
from
from
from

from
from
from
from

" THDRM base 2

Base HDRM Modelling

project
project
project
project

project
projec

project
project

project
project
project
project
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Harness and cables modelling

» Scratch » ESATAN_TMS > SpaceRide
Hamess # harness COUPLINGS

Nodes FHH
Harness 11X64200 - Harness
N Hamess Nodes #MY
: 11X61245
11X61100 - L 4 Nodes 11X61265 -
11X61150 e B . . 11X61250 - EiGaE # harness COUPLINGS
TN 11X61260

ANALYSIS WORKSHOP

GL(11161185 11161118 ; -8’ c ® -88125
GL(111611@0 11161115 . -8’ c . -28125

(9.439 + 8.139)/2.0)
8415 #

(8.85 + 8.8855)/2.8)
(e.e5 + @.105)/2.9)

GL(11161118 11161158 ’ -8 c : -88125

(

a
GL(11161115 11l1ell2e ’ -8’ c ® -88125 ((@.328 + B.185)/2.8)

bl

GL(11le112@ 11161125 = ! .9 . ! @.08125 {

GL(111lg115@ 11161145 ) = ’ -8 . : e.eel2s 8.2135
GL(11161145 11161148 ’ -8’ c ® 8.8e125 / 8.2185
GL(11161125 1116l1l13e ’ -8 . : e.eel2s 8.2135
GL(11161138 11161135 ; -8’ c ® 8.ee125 / 8.2185

H g £ : A . X=1for MY pancls

arness - A R & = 2 for PY bk
Nodes . 3 : K= 2 for PY pane!
11X61155 -

11X61195 \/ Cable
Node Cable

11%51801 Node
\ 11X51701

N 2 ESATAN TMS > SpaceR| stow » esatan > COMMON > CONDUCTORS > = Harness GL MY.data

HAHHHREHE harness contact zone

# Results Generated from

# ESATAN-TMS 2618 spl, run date 13:45 Mon 6 Feb 2823

# Model name: SpaceRider_prem Analysis case: harness_contact_couplings

# ESATAN-TMS 2018 spl, run date 13:45 Mon 6 Feb 2823

# Model name: SpaceRider_prem Generated conductors
GL(11102028,111611680) .080256275 * 200.000; # from contact zone harness_contact
GL(111©2029,11161168) .08716805 * 200.000; # from contact zone harness_contact
GL(111©2036,11161160) .0B618885 * 200.000; # from contact zone harness_contact
#
GL(111e203€,11161195) .08196222 * 280.000; # from contact zone harness_contact AT

# ’ Node

Cabl <160
GL(11102031,11161155) .08726834 * 2080.000; # from contact zone harness_contact sy 1161501

11%51601
TFAWS 2024 — August 26-30, 2024




ANALYSIS WORKSHOP

Connactor
cable 1
Node
11X71300

Connector
Mode 2
11X71250

Connector
Model
11K71200

cable 2
Node
11X71350

Connector

Connector modelling

%=1 for MY panels
X=2 far PY panels

Connector
Node 2
11X71150

Connector
Node 2
11X71100

Thermo Optical Properties

¢
@

i

kapton

. emalal

. Steel_opt

TFAWS 2024 — August 26-30, 2024
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=]
[=]
e

Oy
tn
i
=

QR11186885
QR111e62E6
QR11166887
QR11186c888
QR1118688%
QR111e6818
QR11187881
QR11167682
QR11167883
QR11lle/884

3500 450.0

& ®

8
e
8
8
8

=D 3 &

Loads definition: Aerothermal flux modelling

Maximum Aerothermal Heat-fluxes [DT1]

.8al3541e *
.88135418 *
.8a8135418 *
.8al3s41e *
.8813541e *
.8al154298 *
.88154298 *
.8a8135418 *
.88135418e *
.B813541e *

Aerathermal Flux

- = =Fairing Sep at 28G5

3530.0 650.0

Time from T [s]

INTRF1{TIMEM,
INTRP1(TIMEM,
INTRP1(TIMEM,
INTRP1(TIMEM,
INTRP1(TIMEM,
INTRF1{TIMEM,
INTRF1{TIMEM,
INTRP1(TIMEM,
INTRP1(TIMEM,
INTRP1(TIMEM,

730.0 850.0 50,0

AEROTH_ARR,
AEROTH_ARR,
AEROTH_ARR,
AEROTH_ARR,
AEROTH_ARR,
AEROTH_ARR,
AEROTH_ARR,
AEROTH_ARR,

n

AEROTH_ARR(2, 13) =

¥

Aerothermal flux applied to
3 the +Z exposed surfaces of panels, yoke, HDRM and hinges

>

2 Single Group: Aerothermial

e
a
a
a
e
e
.0
a
e
e
e
e
a

2
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Loads definition: Plume modelling

ANALYSIS WORKSHOP

1 ﬂ

/

Solar Arrays \

Surface Radiative Meat Flux [kW/m2)

1 15| Solar Arrays Bottom Surface
2 06 Solar Arrays Lateral Surface
3 0.6
& 06

Radiative Fluxes during Z9 Flight Phase

1500W/m2

SREAL
# User-defined
z9plume(2, 6) =

'z9plume *

QFlllEﬂEEu
QrR1lle7aa 7’
QR1118786E8

QR11187869 =

QR11187878
supanpraranyay
QR111876871
QR11187872
QR1118@7 32
QR11167874
QR1118787T3
QR11167676
QR11187877
QR1lleve
QR11187879
QR111687888
SRR Y
QR11188871

DR1118:
QR11188874
QR11188875
IZ;I_R'['.I'[EHH G
QR11188877
QR11188878
IZ;I_R'['.I'[E" 9
QR11188888
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INTPFl[TI1EH

INTEF1 L_I IMEM,
INTRP1(TIMEM,
INTRP1(TIMEM,
INTRPL{TIMEM,

INTRP1(TIMEM,
INTRF1(TIMEM,
INTRF1 [_I IMEM,
INTRP1(TIMEM,
INTRPL(TIMEM,
INTRPL(TIMEM,
INTRPL({TIMEM,
INTRPL({TIMEM,
INTRPL(TIMEM,
INTRPL(TIMEM,

INTRPL(TIMEM,
INTRP1(TIMEM,
INTRF1(TIMEM,
INTRP1(TIMEM,
INTRPL(TIMEM,
INTRPL(TIMEM,
INTRP1(TIMEM,
INTRPL(TIMEM,
INTRPL(TIMEM,
INTRP1(TIMEM,

" PLcoeffl
PLcoeffl
PLcoeffl
FPLcoeff1

wm

m o

(PLcoeffl *=
{PLcoeffl
(PLcoaffl
(PLcoeffl *=

z9pluma,
z9plume,
z9plume,

(Pleoefflat

{Plcoefflat *
({Plcoefflat

(Plcoefflat *
(Pleoefflat *
(Plcoefflat °
(Plcoafflat °

(Plcoefflat

(Plcoefflat °

(Plcoefflat

i3]

o

m @ @

o Mm@ @ @D

21
F\l'

.8814)
.8814)
.8014)

ea14d)

refFlat °
efflat

.8815)
.8e14)
3. @E1d)
.8814)
3. 8814

3. 8014)
.8814)
3,0814)
.8a14)
3,8815)




ANALYSIS WORKSHOP

Environmental loads: solar flux, Planetary flux and Albedo,
were automatically generated through ESATAN

e =T

AVUM Ext Structural T
© AVUM External Structure Diffusive to Boundar e SR AR —| Boundary nodes Case 3
- IF (05488 .LE. 8.881) THEN il e -
IF(TIMEM .LE. 1e988.8) THEN CALL STATST('N428','B')
CALL STATST ('Ni@e','B') T4B8 = ©.8 External Structure -
CALL STATST ('N181','B') . )
! #ALEK External Structure #
CALL STATST {"-J"JG;"__ ‘B') CALL STATST{'N422','B")
CALL STATST ('N183','B') T482 = @.8  #ALEK External Structure
T1ee = INTRP1(TIMEM, AVUM_T_B, CALL STATST('Na25°,'B") P
. - = = 10.8 #stator PY s
T181 = INTRPL(TIMEM, AVUM_T_B,
7182 = INTRP1(TIMEM, AVUM T B, ELSE
7183 = INTRP1{TIMEM, AVUM_T_B,
ELSE CALL STATST{'N4@@', 'B")
. T48@ = 58.@ #ALEK External Structure
CALL STATST ('N1@e’','D') CALL STATST('N4@1','B")
CALL STATST ('N181°,'D’ T481 = ® #ALEK External Structure p—
CALL STATST ('Ni@2','D') CALL STATST('N4@2",'B") -
’ 482 = 58.8 #ALEK External Structure oo
CALL STATST ('N1e3','D') © gy [T
’ ’ Meda 4
ENDIF T425 = 48.@  #stator PY e
END IF
R L e e et ] — — S— S Chavt iviormasen
a A0 mom 2w zam Timea[s} 244801
. # Internal boundary temperature node for connecting SADE/SADM equipment
B426 = 'ALEK Internal Structure', T = 5.8, A = 1.8D18, ALP = 1.8, EPS = 1.9;
#
Stowed case AVUM external structure boundary nodes boundary condition setup for deployed case 3

TFAWS 2024 — August 26-30, 2024
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Power drain modelling

& SpaceRider_powerdrain_MY_BOL.data X

Power drain was applied as a )
negative heat power QR (for S

QR11101001 = 1.0 * INTRP1(T11161881 , PWDBOL,1) * Q5111081001 QA11101001 ) alphaBoL)

deployed) or Ql (for Stowed) QR11101002 = 1.6 * INTRP1(T11101002 , PWDBOL,1) * (( Q511101002 QA11101002 ) alphaBOL)
. QR11101003 = 1.0 * INTRP1(T11101003 , PWDBOL,1) * ( 0511101003 QA11101003 ) / alphaBoL)
funCthn Of temperature- QR11101004 = 1.0 * INTRP1(T11101004 , PWDBOL,1) * ( Q511101004 QA11101004 ) alphaBOL)

QR111€1005 = -1.0 * INTRP1(T111010085 , PWDBOL,1) * ( Q5111901005 + QAl11101005 ) ; alphaBoL)

This power is applied for all the solar cells nodes powerdrain_ BOLdat X
only of all panels for the deployed configuration and TAN.T
the outermost panels of the stowed configuration.

For the stowed case, the power drain is applied only

on the outermost panel solar cells, as the others
have no or negligeable view with the sun. =H ey

118. 8, d.28;

It is an applied QR on the solar cells defined as

follow: @R solar cell node = -1 * solar cell efficiency in function of solar cell node temperature ‘INTRP

iTsuIar cell node, PWDBOL;1‘ * iiSolar power absorbed + [HiCUOIEDSOIDEE) /
)-
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Harness dissipation

ANALYSIS WORKSHOP

The harness dissipation was applied as a QI (for deployed) constant value spread
evenly on the back panel nodes in agreement with LDO. The amplitude of the
harness dissipation varies depending on the panel and depending on the case.

inputs
inputs
inputs
inputs

QIllzZezZaal
QI11282882
QIl12082863
QI11za2aa:d
QI112028a5

QIllz@zaas =

[r1] 1] |'_1:; l;,r_-|
o M @D o W
H H & & D &

23]
[+

HarDis_4_panl .B2; inputs

ix
o
o

HarDis_4_pan2 .74; inputs
HarDis 4 pan3 .66 inputs
HarDis 4 pand .58; inputs

]
i

HarDis 5 panl fE8.8
HarDisz 5 panl f
HarDis 5 panl /8¢
HarDis 5 panl fE8.8
HarDis_5 panl /Be

HarDis_5_panl - L3 inputs = HarDis_5_panl /

o ©

HarDis_5_pan2 = 4.38; inputs
HarDis 5 pan3 .36; inputs
HarDis 5 pand .A41; inputs

HarDis_5 panl /i

o
AT

m 0o

Harflis 5 panl [
HarDiz 5 panl /
HarDis 5 paml [

= I - - ]
[0

m 3

HarDic 5 panl [
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Analysis cases

Case 2 orbit Case 3 orbit

Case 4 orbit Case 5 orbit
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ANALYSIS WORKSHOP

Margin philosophy

from ECSS-E-HB-21-03A15

Sensitivity parameter variation

Parameter definition

CF1 Thermal Couplings

(+/-20%)
CF2 Thermal Capacitance

(+/-20%)
CF3 emissivity +/-0.03 (+/-0.02 for emi <0.2)
CF4 absorptivity +/-0.1 (+/-0.03 for abs <0.2)
CF5 max delta shape factors +/-10%

Uncertainty = \lil L-Ly)

With . Te temperature for reference case
T, - temperature for case i

Total Uncertainty from Sensitivities UCS

3°C

Systematic error SE

UCS+3°C

Total calculation uncertainty

acceptance and qualification margins have been assumed and considered to
establish the allowable temperatures, as follow:
- 5K acceptance margin
- 5K gualification margin

TFAWS 2024 — August 26-30, 2024 23



Results (1/3)

STOWED Min temp Max temp
= g
Solar Cells -170 140 DEPLOYED Min temp | Max temp
HDREM -59 +100 “C °C
Solar Cells -170 140
HDEM N/A /A
Connectors -5 +210
Hinges -85 +125
Root Hinge -90 +130
annectﬂrs 79 +210 Solar Panels (structure) 125 +160
Hinges 130 +130 Harmess 2210 210
Root Hinge (+ECD) -29 +100 Yoke 125 +160
Solar Panels (structure) -125 +160 Synchro Cables 200 +200
Harness -210 +210
Yoke -125 +160
Synchro Cables -200 +200
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Results (2/3)
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Case 1 temperature of solar cells nodes

=

S —— case 5 solar panel node maximum
t_case_1_STOW_COR_closeout:

Solar cell nodes e

11107036

Hoi_case_1_STOW_COR_closeout :

SPACERIDER_FREM

T

11107075

Hot_caze_1_STOW_CDA_clescout :

SPACERIDER_PREM

Temperature

11141627

Hoi_cass_1_STOW_CDR_clossout ©

SPACERIDER_FREM

T

11207002

Hoi_case 1 _STOW_CDR_clossout:
SFACERIDER_FREM

Temperature

11207004
Hot_case_1_STOW_CDR_closeout
SPACERIDER_FREM

T

11207045

Hol_case_1_STOW_COR_clos=out :
SPACERIDER_PREN

T

11207046
Hai_sase_1_STCOW_CDA_clossout :
SPACERIDER_PREN

Te

11207080

00 2300 1400 200 2,800 3000 3,200 2400 3,600 04000 4,300 - - P — — — — — — — — - e — o —
Tirnez] 1000 2000 3900 40M S0 G000 70¢C B8O <000 10008 10000 12,000 $3000 14000 15000 15,000 {7008 16600 15000 20080
Tiefs)|

TFAWS 2024 — August 26-30, 2024




Conclusion and way forward

 Model and analyses allowed to assess the ranges of
temperatures for all components

« Thermal maps provided to the mechanical team for thermo-
elastic distortion analyses

« Thermal modelling correct validation only through thermal testing

« Any other ways of modelling and improvements?
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Thank you for your attention!

For further information or questions, please contact me on:

adeeb.nazeeruddin@beyondgravity.com
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Systern (C) » Seratch @ ESATAM_TMS + SpaceRider_stow @ esatan

Mame

Cold_case_2 STOW_CDR w2
Cold_case 2_STOW_COR_v2_CFIM
Cold_rase_2_STOW_COF_v2_CF1P
Cold_case_2_STOW_COR_v2_CFZM
Cold_case_2_STOWY_CDR_v2_CFZP
Cold_case 2 STOWY_COR_v2_CF3P
Cold_cese 2 STOW_COR_v2_CF4M
Cold_case 2 STOW_COR_v2_CF5M
Cold_case 2 STOW_CDR_v2_CFSP
COMMOM

Hot_case_1_STOW _CDR w2
Hot_case_1_STOW_CDR_w2_CF1M
Hot_rase 1_STOW_CDR_w2_CFIP
Hot_case_|_STOW_CDR_w2_CF2IM
Hot case 1_5TOW_CDR «2 CFR2P
Hot_case 1_STOW CDR w2 CF3M
Hot_case 1_STOW_CDR_v2_CF3M_nopwd
Hot_case_1_STOW _CDR_w2_CF4P
Hot_caze_1_STOW_CDR_w2_CFP_nopwd
Hot_case_1_STOW_CDR_w2_CF5M
Hot_cace_1_STOW_CDR_w2_CF5P
Hot_case 1 _STOW_CDR_w2_nopwed

U U T T T R U N

The Thermal model consists of:

Date modified

Type

File falder
File faldzr
File falder
File falder
File falder
File falder
File falder
File falder
File folder
File folder
File feldar
File falder
File falder
File falder
File folder
File fulder
File fulder
File falder
File falder
File folder
File feldar

File Folder

Name

ARRAYS
CONDUCTORS
CONSTANTS
INITIAL

MCP

NODES
SUBROUTINES
VARIABLES

* A Geometrical Mathematical Model (GMM) (.erg.file)

« (.dat) files containing the arrays, the couplings, the

capacitances (MCP), the nodes declaration, the constants

and subroutines used, all gathered in a folder named

“COMMON"

Scratch » ESATAN TMS » SpaceRider stow » esatan > COMMON

A

Date moc

28.09.202
28.09.202
25.09.202
28.09.202
25.09.202
27.09.202
28.09.202

28.09.202

v d Gecmatry
v a SpeceRiser_stow
v < ACM_ROMM
» ¢ ALEK resuces
» ¢ HDRM_MY_Base
> G HORM_PY_Base
> ¢ RH_CON
> b AM_reduced
> G SADM AN _MZ
> P SADM_AM_FZ
v 4 SAWN

» ¢ Catien
» ¢ Connecton MY
» ¢ Connecton_PY
. ¢ HMarmess ALY
» ¢ ~amaess_FY
v ¢ -m-.g"_t.!‘v
L ¢ rtinges_FY
> P MY_Amambly_SAW
. ¢ PY_Assembly_SAW

vy
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Scratch » ESATAMN_TMS » SpaceRider_prem > esatan » COMMOMN » CONSTANTS

#

Mame

3¢ GMM_LOCALS_IF.dat

»¢) GMM_LOCALS_IF_CF1M.dat
»¢) GMM_LOCALS_IF_CF1P.dat
»¢) GMM_LOCALS_IF_CF2M.dat
»¢) GMM_LOCALS._IF_CF2P.dat
) GMM_LOCALS_IF_CF4M.dat
) GMM_LOCALS_IF_CF4P.dat
»¢) GMM_LOCALS_IF_CF5M.dat
»¢) GMM_LOCALS._IF_CF3P.dat

| K5TG_RTMPM.locals
) K5TG_RTMM_const.dat

RO U O T

Date modified

0.03.2023 14:54
10.03.2023 16:4]
10.03.2023 16:4]
10.03.2023 16:4]

0.03.2023 16:44
13.03.2023 14:5(
13.03.2023 14:5(
10.03.2023 18:0(
10.03.2023 18:0(
20.02.2023 13:4

0.02.2023 13:4]

Scratch » ESATAM_TMS » SpeceRidei_prem @ esatan » COMMON » NODES

Name

IQ newSADM_nodes_FZ,dat
ﬂ newSADM_nodes_M7. dat

) GMM_SAT_nodes_case_4 CDR.dat
) GMM_SAT nodes_case_3_CDR.dat

Date modifie

8.02,2023 19
8.02.2023 19
802202319
22,02 2023 14

Scratch > ESATAN_TMS > SpaceRider_prem > esatan > COMMON > VARIABLES

Name

’o K5TG_Motor_and_AuxDissipation.dat

¢ K5TG_DissipationON.dat

ﬂ K5TG_variable.dat

’o SpaceRider_harDiss_5_PY.data

ﬂ SpaceRider_harDiss_5_MY.data

ﬂ SpaceRider_harDiss_4_PY.data

ﬂ SpaceRider_harDiss_4_MY.data

’Q SpaceRider_harDiss_3_PY.data

’o SpaceRider_harDiss_3_MY.data

b <] K5TG_DissipationOFF.dat

’o SpaceRider_powerdrain_PY_EOL.data

)d SpaceRider_powerdrain_PY_BOL.data

ﬂ SpaceRider_powerdrain_MY_EOL.data
’Q SpaceRider_powerdrain_MY_BOL.data

R O U T T U U O

Date modiﬁeci/

2402,

24.02,

0202
veug,
0202

Jaueg,

[=1
o
>

)2
IC

I

3.01.

2073 10.50
2023 18:58

2023 18:49

2023 17:

N2 17.95
2023 17:25

2023 17:23
2023 17:23

202317:15

2023 13:44

073

2023 13:43

Scratch » ESATAN_TMS » SpaceRider_prem > esatan » COMMON » ARRAYS

WM M N N N N N N N

Name

:Q fluxes_arrays_cased_CFAM.dat
:Q fluxes_arrays_cased_CF3P.dat
'o fluxes_arrays_case5_CF3M.dat
ﬂ fluxes_arrays_case5_CF4P.dat
ﬂ fluxes_arrays_case5.dat

ﬂ fluxes_arrays_case3.dat

ﬂ fluxes_arrays_cased.dat

) Dissipation_5_5A.dat

) Dissipation_4_3A.dat

ﬂ Powerdrain_BOL.dat

4 Powerdrain_EOL.dat

Date modifieéll

11.03.2023 15:39
11.03.2023 10:47

002 9097 97,56
0.03.2023 22:56

0.03.2023 22:55

10.03.2023

Scratch » ESATAN_TMS » SpaceRider_prem » esatan 3 COMMON »

RO U U U " Y S L

WName

o) SADM_MZ.dat

) SADM_PZ.dat

YQ Hinges.dat

# Yokes.dat

ﬂ SO _panels_MY_pan.dat
ﬂ SAW_panels_MY_pand.dat
n SAW_panels_MY_pan3.dat
ﬂ SAW_panels_MY_pand.dat
ﬂ SAW_panels_PY_panl.dat
ﬂ SAW_panels_PY_pand.dat
ﬂ SAW_panels_PY_pan3.dat
ﬂ SAW_panels_PY_pand.dat
) HDRM.dat

#) RoctHingedat

a Connectors.dat

MCP

Date mcdi:ie;

23.01.2023 1643
23.01.2023 16:46
070320231144
07.03.2023 11:46
07.03.202311:47
07.03.2043717:48
07.03.2023 11:48
(7.03.2023 11:49
07.03.202311:50
3.202311:52
07.03.2023 11:53
07.03.202311:53
07.03.2023 11:54
07.03.2023 11:55
07.03.2023 11:56

Seretch » ESATAM TMS + SpaceRider prem * esatan » COMBMOMN » CONDUCTORS

Hama=

3] VOKE_TRANS GL.data

: o YOKE INT_GLdats

T ) saw_PY_PAN_TRANS_GL data
o) SR PV INT_GL.dats
o) sEW MY PAN_TRAMS GLdata
# o) SN MY INT GLdata

+ %) ROOTHINGES_ GL_AX data

o % KSToFlight RTMM_PT dat

. 3] K3TGFlight_RTMM_MZ dat

) 3] HINGES intermnel GLdats

o) HIMGES_GL_PY.data

T o) HINGES_GL_NY data

3] HOAR_PV_GL data

3] HORAM_MY_GL data

o) Harress_GL_PY.data

) Harress_GL_MY data

# GR_BOL_CaseS_CFFdot
) GR_BOL_Case5_ CF3M.dat
o) GR_BOL_CazeS.dat

3 GR_BOL_Cased_CFAM. dat
# GR_BOL_Cased CFIP.dat
] GF_BOL_Cased.dat

ﬂ GR_BOL_Cased.dst

) Connectors_GL.data

# Cables_GL data

Scratch > ESATAN_TMS > SpaceRider_prem > esatan » COMMON > SUBROUTINES

~
Name

)o fluxes_sub_case3.dat
’Q fluxes_sub_cased.dat
’Q fluxes_sub_cased_CF3P.dat
‘ fluxes_sub_cased_CF4M.dat
’o fluxes_sub_case5.dat
ﬂ fluxes_sub_case5_CF3M.dat
ﬂ fluxes_sub_case5_CF4P.dat

% % % % N %

Date modified
10.03.2023 15:09

N2 9092 1502
10.03.2023 15:03
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SpaceRider_stow_Hot_case 1_STOW CDR v2.d X

tch » ESATAN_TM

ider » esatan > Hot_c: 1 CDR

FMGDEL SpaceRider_prem, GLOBALFILE = Global file.data

##thot case 1
FLOCALS

$INCLUDE ™.
it

$INCLUDE ™.
$NODES

$INCLUDE “.
$INCLUDE ™.

. f/COMMON/CONSTANTS/GMM_LOCALS IF stow.dat”

. fCOMMON/CONSTANTS/K5TG_RTMM. locals”

. /COMMON,/NODES/GMM_SAT_nodes_case_1.dat”
. SCOMMOM/NODESf ADM nodes MZ.dat™
$INCLUDE ..

/COMMONM/NODES/newSADM_nodes_PZ.dat™

HHEHAHHHRHHRHHRREHRRHHER

$CONDUCTORS
$INCLUDE ".
SINCLUDE ™.
$INCLUDE ".
$INCLUDE ™.

FINCLUDE ~
$INCLUDE ™.
$INCLUDE
$INCLUDE
$INCLUDE
$INCLUDE
$INCLUDE
$INCLUDE

. /COMMONM,/CONDUCTORS /HDRM_MY_GL .data™
. /COMMON/CONDUCTORS fHDRM_PY_GL .data™
. /COMMON,/CONDUCTORS fHINGES_GL_MY.data”
. /COMMON,/CONDUCTORS/HINGES_GL_PY.data”™

MMON/CONDUCTORS/SADM_SC_GL.data”

. /COMMON/CONDUCTORS/SAW MY INT GL.data™
. . /COMMON/CONDUCTORS/SAW MY PAN TRANS GL
. . /COMMON/CONDUCTORS/SAW PY_TINT GL.data™
. fCOMMON/CONDUCTORS/SAW_PY_PAN_TRANS GL
« . /COMMONM/CONDUCTORS /YOKE_INT GL.data"
. fCOMMON,/CONDUCTOR KE_TRANS GL.data™
. /COMMON,/CONDUCTORS /Connectors_GL.data™




There is no automatic way to verify the GMM and TMM.
However, the following steps have made it possible to
detect and eliminate errors:

- visualization of all surface and nodes properties in the
GMM
- use of automatically generated data everywhere possible
- use of declared constants for computation of couplings
and capacities
- analysis of results (temperature distribution, heat flux
balance)
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