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Introduction

A

@ Study interstellar dust and particles

DOLPHIN TRAJECTORY: EVEE
Ll
x107 | e :irstv:nu:tFly-by(V)
J Launch in 2031 (or 2047) during the 5
22°%  solar cycle minimum

® Second Earth fly-by (E)

5
@ High inclination through EVEE flyby

E&% Collaboration with ETH Zurich 2 '

Computed by Dr Andrea Bellome
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Motivation 8
ESA F-Class Reasons for Rejection

e Submitted to F2 call in 2022 Challenaes posed b

e Launchedin 2030-31 nter Io?wetopr J

o CaC<175 M€ tronsﬁ‘er Y

e Wet mass: 750 kg

: _[r);i r;\fog-s:6450-500 kg 73\, Predicted high cost of

), .
e Vega C or Ariane launcher 22 spacecraft design

/\ 175 M€
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Preliminary Estimation - Cost

Cost in 2022 M€

DOLPHIN Parametric Cost Model Estimation - Linear fit (LOG SCALE)
104 H ' ' : ' S S SO S | ; ‘ ‘ ; ®James Webb
-| * Past Missions 1
-=——=CER: y= 0.88x -255 ' |
| % Dolphin (600kg) 273M€ “oyager 1 SGalileo €uropa Clipper
®arker Solar Probe eVlagellan
QJuno
103 - e dnsight r qulels-REx |
B ew Horizons ¢ ©TEREO ®epiCol b
oy dk R 1075 DR i MAVEN bl
Pathf I élgier I
DEE
%Essb%é it-nN ®/enus Express
NuSTAR"b\k ®mirates Mars Mission
#Hyabusa @ uc «hang'e-2
) 4RIS ©OESTINY Hera Yy
10 Z— $Mangalyaan E
I 'SAMPI?X Cheop l Chandrayaan - 1 .
10° 103 10%

Wet mass in kg

Space Cost Engineering Conference 2024

Dry Mass:
150-3000 kg

Wet Mass < 6000 kg

€273
million
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Preliminary Estimation - Power

Power Estimation Based on Cost - Linear Fit

5000 |
* Past Missions

—CER: y =2.9299x + 372.08

4000 H * DOLPHIN (175 €): 885 W
3000 -
DESTINY+
2000+ £ mirates Mars Mission
Chang'e-2
‘Hyabusa Ak atsiki—

| DART

. 885 W

1000 - Mangalyaan
° I STAR
n dyadn - J_UCY ACE .

TES
Genesis Escépe%tardust

4/enus Express

LADEE

ole SAMPEX L unar Pros%ector

50Cheops 4 150 200 250

Cost in 2022 M€

300 350
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Preliminary Estimation - Mass & Cost Models &

Dry mass 400 kg

*Parametric cost model
Subsystem Mass Breakdown Based on 53 satellites, most smaller than 100 kg
Payload *Does not distinguish between recurring and non-
iff% Structure recurring costs
DH / 26.40/0 [ (4
40% € 214 million
TTSC
2%
.2 Thermal
45%
Propulsion AOCS
18.2% 9E5P/O
s .
> P *Parametric cost model
' *Based on 44 communication satellites, in Earth orbit

*Separates between recurring and non-recurring

oSt € 253 million

Space Cost Engineering Conference 2024 | 8




A
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Selection of Components Redefine Mass Budget
through Trade-Off

Cost Estimation for DOLPHIN Descoping Options for Cost
Reduction

Determine the feasibility of launching under the ESA F-Class constraints!
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Subsystem Design & Trade Off Study &’
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Thermal Control Subsystem &%) [Payioad Temperature ¢ 15, w401

Passive & active components from
Comet Interceptor

MLI

Thermal fillers
Thermal strap
Thermal washers
Thermistors
Heaters

Radiator sized for Venus Fly-by

ngothe5|s
Sun flux at Venus
e T<30°C

e Dissipated P=50W
— COTS HiPer Radiator (Airbus) selected
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Telemetry, Tracking & Command (:Aj)

Deep Space 1 Comet Interceptor

@ 32 () ’

() =
12 W Power 0125, [f)

Amplifier diameter HGA 65 W Power 09 m
Amplifier diameter HGA
Link Margin: - 8.3 dB Link Margin: 10 dB
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Electrical Power Subsystem 4} 900 W
Cheapest kg ‘41 %
Si O %
i, Honns @ Lebes s, W |Tel oo,
@‘ GaAs Single @ ¥ (€ x kg/W) - 0
GaAsDual @
GaAs Triple ‘x omallest x "/I +7/8 %

Juno x SA +
ANSEIDS 5 < Lowest cost Battery =

Curiosity  $¢ over specific
energy
Keper @——
LCO { =Pt (€ x kg/Wh)

Aquarius x
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3 axis stabilised

AOCS Subsgstem % Pointing Accuracy = 0.1° - 1°

SRP=4x10°Nm
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OBC Airbus
ICDE-NG +
SSMM Nemo 2

Thales Alenia
Space
IPAC OBC

\> oD 424
Lower power/mass (W/kg) C|k_g °

\W/ -35%
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DOLPHIN Refined Mass Budget

Thermal

strap

Thermal fillers Thermal washer Transponder

0.3 0.1 sPo
Heaters ‘
0,6 p
— Hyper " Amplifier
Thermistors . Radiator 1’4
06 .
| 53 '
(@ 85%( x-szg N (}) 2 LGAS
) ' 0,8
 S—
1 HGA
: Fine Sun Sensor
Thruster 18
Thrusters '
8.7 (RCS) Gyroscope
6,4 46
Xe storage - &
Star OBC
Tracker

1,0 143

PPU
17,3

Reaction
wheels
218

215
\ D
Cables ‘

K/ ~
1,8 DCIV
2,6
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DOLPHIN Refined Mass Budget

v/
2/

Selection of Components through
Trade-Off
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Subsystem Mass Distribution
% of tot dry mass (317 kg)

OBDH, 24,
8%

Thermal
~ control, 13,

Payload, 50,
16%

D ®m [AOCs, 36
11%

EPS, 12, 4%

B Structure,

106, 33%

Propulsion,
52, 16%
B TT&C, 24,
8%

Mass % reduction from
1st to 2nd iteration

60%
40%
20%
0%
-20%
-40%
-60%
-80%
-100%

& o '\0(\
\d & & N ¢ Q
& <
< ¥ © &° & & (O
49%
C 1}

-21% _25% 292, a4,

-82%

Total dry mass with system margin: 397 kg
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v/

Redefine Mass Budget
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% Platform + Payload 86 M€
5

= 30ME
IA&T Program GSE LOOS
Software |esL 21 M€
=
Refinement Launch D@Q,_..,_\ 7.3 Me
of Cost Oerat D e
erations
Budget p aEn
(SSCM) 171 M€
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DOLPHIN TruePlanning Model
Final mission cost model

CaC comparison
[C3J  DOLPHIN i
='E3  Detailed PL Model |
G GSE . [ SSCM-based cost W TruePlanning-based cost
bt LAMA - 1
z LOOS l:'l LAMA -2 Platform
6 Operations o
& —— et Trajectory Sensor - 1 payions
I~ . bt Trajectory Sensor -2
= ystem |
= hgl NDA IA&T + Program level
= Assembly -
J-C Hardware = AFIDD Sortuare
=] D Platform = D Software
k’i Structure £ Operational Flight Program Launch?-SOEp;r:(t?gg:
i o Propellant
LJ Thermal g Operational Flight Program(2)
i AOCS = Operational Flight Program(3) cac
Q Power 2 Operational Flight Program(4) 0€ 25€ 50 € 75€ 100 € 125€ 150 € 175€
-~ - Cost (2022 M€)
bt Propulsion g Imaging, Sensing, and Mapping CSCI
Li; Communication = Imaging, Sensing, and Mapping CSCI(2) T r U e P I O n n i n g
L}  OBDH » Data Link CSCI
N CaC 170 M€
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SSCM vs TruePlanning )

v/

Cost Estimation for DOLPHIN
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Descoping: TruePlanning

Estimated Cost for OBDH

.
f)

— TruePlanning CER : y = -314x° + 71981x + 7405998
¢ Current value
7+ Cost reduction option

OBDH cost in 2022 M€
~ © ®
© o N s

N
(2]
T

~
~
o

50% OBDH electronics mass reduction

2 4 6 8 10 12 14 16
OBDH weight of electronics in kg

\!

-7% OBDH cost =600 k€

18

Assembly Estimated Cost vs System Complexity

|\~ TruePlanning CER : y = 27"13X2 + 122868x + 106573685
¢ Current value

H 7 Cost reduction option
1I5 2I0 2I5 36 55 4‘0
System complexity
Moderately >~ Familiar

complex \L

- 4% Assembly cost =4.5 M€

Space Cost Engineering Conference 2024
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Descoping @
"M\ (O

Descoping Options for Cost Reduction
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5 &

Selection of Components Redefine Mass Budget
through Trade-Off

Cost Estimation for DOLPHIN Descoping Options for Cost
Reduction

DOLPHIN fulfills the ESA F-Class cost constraints!’
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Thank You!
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