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1. Introduction

Engineering Test Satellite-9(ETS-9)

Demonstrate advanced and competitive technologies for
“Next Generation Geostationary Communication Satellite”

Fully digital communication payloads
All-electric satellite bus technologies

High-power Hall Thruster System Mace: 4.9fon

Orbit: GEO
Power: 25kW




2. ETS-9 MBSE Challenge

Applying MBSE to risk management of Complex Hall Thruster System
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System Complexity

® Complex interactions between three
components, including power, gas,
plasma, and signals.

® The software inside the PPU
performs many functions to ensure
stable operation.

Project Concerns

® A comprehensive understanding of
the system-level failure modes and
the failure propagation effects of
complex Hall Thruster system

® From experience to data-driven and
reproducible analysis approach




3. Model Guided Failure Mode Analysis

System Model helps understand Failure propagation analysis
complex interactions focusing on the chain of functions
®
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4. Current Limitations of MBSE practices

System Model
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5. Exploratory System Architecture Analysis Framework

Identify .
Design Capture Explore and . . -
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6. The main idea
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/. Seamless Tool Integration of SysML and R language
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8. Results: Advanced Data Analytics

Model Elements as Diagram View

Language

SysML Activity Diagram
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8. Results: Rich Visualization

Model as Activity Diagram Views
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Visualize Data as Sankey Plot

# Sankey View
fig <- visualizeSankey(df_behavior)
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8. Results: Automation

FTA: Standard RAMS

Model Elements as Table View

# | 2 Name | 29 Risk Cause_Source
1 €2 FM-O1-TOP €3 FMH Olcontext Syeterm)
; o top
€3 FM13(context 51.2) | FM-01-TOP |
2 9 FMHO €3 FM-11(context S1.1)
€3 FM-1 2(context S1.1)
7) Prob
8.1470e-1
3 2 Fh-1 ®
Transform G2
| FM-10 |
€3 FMH 6(context 52.2)
4 FhH12
€ €2 FMH15{context 52.1) and
Prob
€3 FvH19 . 8.1470e-1
€0 FMH 4l cortext 521) Pu bl |Sh
5 £ FMH3 €2 FMH 6 cortext 52.2) G3 G 4 G5
63 FNVH Tlcortext 523 FM-12 | | FM-11 | | FM-13 |
6 {r generate fta, echo=TRUE, messc SE, warning=FALSE}
7 df <- getSysMLData(SERVER_IP, USER_NAME, PASSWORD, RESOURCE_ID, ELEMHNT_1DR.FGRJSTRUCTURE @ Prob ﬁ Prob Q Prob
8 4.0957e-1 5.6953e-1 2.7100e-1
9 6 df <- TidyDataOfFailureMode(df A
10 fta <- transformDFtoFTA(df
ftree2html(fta, write_file=TRUE
3  browseURL("fta.html" I t Cod e
L S vs ML HTML
anguage Gl oY Rmarkdown
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9. Conclusion

Engineering Test Satellite- 9

MBSE application to the
failure mode analysis

Proposed data-driven risk
analysis approach
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