Universitat Stuttgart
Institute of Space Systems




Agenda

Toolchain

Mission Design

Inputs

Optimal Sequence

Transfer Sim

Outputs

(@00 —

o—0
o-Le

rs @esa

09.10.2024

2




Mission Design One Tour
Concept Of Operations Next Client Departure to

Servicing next Clients

First Client

Servicing H ) ,/
X T (O A
i

Servicer
isposal

tart of first B ) \
Tour / EEI . Next Client \End of first Tour
Refuel ) ) .
Servicer at PST First Client
Initial GSO
Launch > II:..'==|
Propellant Supply PST l-!-euse Refuel Servicer at PST
B ear Tank (PST) & Start next Tour
( J | )\ ) | J
Y Y § |
LEOP PST Interaction Multiple Client Interactions Return to PST or

EOL-Ops

Toolchain

IRS @esa [ Mission Design | Inputs |—{ Optimal Sequence |—{ Transfer Sim |—{ Outputs }— Results }— Outlook ] 09.10.2024 3




Methodology: Toolchain
Inputs

Enter 'single’ for single simulation or ‘batch’ for multiple simulations:
Enter 'stsp’ for Static TSP or 'dtsp’ for Dynamic TSP with multiple timesteps:

Enter '1t' for low-thrust, 'ht' for high-thrust or 'simp ht' for the simple high-thrust:
Enter 'GUI' to use graphical interface or 'CLI' to use command line:

Input-Data
(client positions, config parameters)
|

v

Solving of optimal
client sequence

[ ) | )
'

Simulation of entire
transfer sequence

!

Output-Data

(Av, fuel & time requirements)

tf Satellite Data Input

Selectmode:  |[EREITNNNNNN - |

TO-Revolutions [days] 7

Servicing time [days] 15

Transfered propellant [kg] |70

Submit I
f Satellite Data Input

Sectmode [T -

| T——p——

Developed by Philipp Grining

Sat 1: Satellite name Sat 4: Satellite name
Sat 1: TO-Revolutions [days] |7 Sat 4; TO-Revolutions [days] |7
Sat 1: Servicing time [days] 15 Sat 4: Servicing time [days] |15
Sat 1: Transfered propellant [kg] |70 Sat 4: Transfered propellant [kg] |70
Sat 2: Satellite name Sat 5: Satellite name
Sat 2: TO-Revolutions [days] 7 Sat 5: TO-Revolutions [days] |7 Developed by Philipp Grining
Sat 2: Servicing time [days] 15 Sat 5: Servicing time [days] |15
Sat 2: Transfered propellant [kg] |70 Sat 5: Transfered propellant [kg] 70

Sat 3: Satellite name

Sat 3: TO-Revolutions [days] 7 Submit

Sat 3: Servicing time [days] 15
Sat 3: Transfered propellant [kg] |70
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Toolchain
Optimal Sequence

- \ Optimal Sequence: [0,1,7,6,5,3,2,4,0]

Input-Data
(client positions, config parameters)

v

Solving of optimal
client sequence

O e N e

y

Simulation of entire
transfer sequence

Y

Output-Data

(Av, fuel & time requirements)

Toolchain

m @esa [ Mission Design f—{ Inputs |—{ Optimal Sequence — Transfer Sim |—{ Outputs - Results — Outlook | 09.10.2024




Solving of optimal
client sequence

Optimal Sequence

Why do we need an algorithm? [

J

]

Determining the optimal sequence is not trivial:

Satellites with Inc < 5°: Inc, RAAN, and Longitude

* Doesn'’t follow a simple logic like ...

... following a straight line in projection plot
of all GSO satellites

... always going around the GEO belt
sequentially

« Changing different orbital elements takes
different amounts of Av
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Optimal Sequence
Distance Matrix

Solving of optimal
client sequence

[ J | )

00 0 06
@ 07 | 100% | 687 | 1407
O 0| om |10am ]| 75 100™ 75m
e 68T | 1047 | 0% | 502
Q 140™ | 75™ | 50™ | o™ —




Toolchain
Transfer Simulation

Input-Data
(client positions, config parameters)

High-Thrust Transfers

Solving of optimal
client sequence

Simulation of entire
transfer sequence

Output-Data
(Av, fuel & time requirements) — Servicer Client
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Toolchain
Transfer Simulation
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Toolchain
Outputs

Input-Data
(client positions, config parameters)

'

Solving of optimal
client sequence

Transfer 1 25.821 uel: 7.0: deltav: 46.011
Transfer : 1 22.398 uel: 4.2: deltav: 27.676
¢ Transfer 1 22.317 uel: 12.95 deltav: 85.174
. . . Transfer : 2311 uel: 9.3; deltav: 61.545
Slmulatlon Of entire Transfer ! 69.28 uel ; -4 deltav: 294.775
transfer sequence Transfer ¢ : 28.266 uel: . deltav: 231.7

Transfer : 56.807 uel: 20. deltav: 137.31
¢ Transfer - .093 uel: 20.¢ deltav: 141.487

Results

Total deltav [m/s]: 1025.678

Output'Data — Total elapsed time [days]: 265.323

(Av, fuel & time requirements) Total used servicer-fuel [kg]: 152.854
Total transferred fuel [kg]: 490.000
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Results

Optimal sequence

Mostly sequential around GSO belt,
but increasingly deviates with
growing client inclinations
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Full Transfer Sequence

IRs @esa

Servicing mission with five clients
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Conclusion and Outlook

Toolchain optimizes multiclient-IOS missions
with a relatively high degree of accuracy and minimal computational cost.

Key aspects future research

« Extending the toolchain to cover orbital regions beyond geosynchronous orbits

« Overall accuracy of the underlying concepts remains an area for continual improvement
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