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Maintenance approach por Satellite Ground Segments: GMV in Space
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)@ ed . .
SCIENCE: space exploration, galaxies, planets,

S/C SUBSYSTEMS: Guidance, asteroids, verification of physical theories, biology.
Navigation and Control (GNC) and
On-Board SW (OBSW)
EXPERTISE: Mission Analysis and
Systems Engineering, GNC
Algorithms and Technology, Robotics
and Autonomy, Mission and Satellite
Simulators, Ground Validation and
Test Benches

oy
OBSERVATION: meteorology, territory
observation, mapping, disaster management,
security, agriculture, fisheries, natural
resources, industry.

GMV IN FLIGHT SEGMNT

SATELLITES AND LAUNCHERS

A\

COMMUNICATIONS: telephony, TV radio,
Internet, broadband, mobile communications.

PRIME /INTEGRATOR: Leadership and
ground segment integrator
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?

NAVIGATION: geolocation, air and sea navigation,
road and rail transport, precision agriculture.

Qoo ¢ B

CONTROL CENTERS: Mission &
Satellite Control, Flight
Dynamics, Ground Station
Monitoring and Control, Mission
Planning

DATA PROCESSING: EO
Payload Data Processing, LAUNCH PAYLOAD MANAGEMENT
Science Operation Centers,
Telecom Payload Management

GMV IN GROUND SEGMENT
MISSION CONTROL & PAYLOAD

SUBSYSTEMS MONITORING DATA PROCESSING
AND CONTROL

DATA DISTRIBUTION

UPSTREAM DOWNSTREAM
(Provision of technology) (Exploitation of technology)
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Objective: Reduce Maintenance Time and High Service Availability

= HW upgrades: No impact on operations. Ensure safety of mission
" Mainteance Strategy: Reduce failure occurrences

= |nterface with ILS Tools: Ensure maintenance and Integrity of Data

e Logistics Management (material ref data, inventory, suppliers, etc.)

Maintenance management (plan and coordinate work order execution, collect data)

Decision Support System for analyzing and viewing collected data and plans
Common shared database as per ECSS-E-TM-10-10A
Ticketing tool (TBD incorporate into a single ticketing tool)

" Monitoring Strategy: Nominal/Action needed/Down
" Planning: Synchronisation of operations-maintenance

= Spare configuration
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Maintenance Concept as part of the ILS Concept

= Levels of Maintenance for all tasks to be performed on the system and system components in
order to restore the functionality and/or resilience/redundancy lost.

" Preventive / On-Condition Based Maintenance (CBM) and interaction with the FDIR
system, reducing failure occurrences.

" Repair policy, specifying the extent to which a repair of a component will be accomplished.
" Organizational responsibilities, identifying all the stakeholders and functions involved.
= “Impact to” Vs. “Dependencies from” in operations.

" Maintenance Support Elements: identify spare parts and repair pool, test and support
equipment, facilities, personnel and training, in accordance with LSA activities [FDIR]).
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S3000L V2.0 updated
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S3000L v2.0 Supportability

LSA & In-Service Support

In-Service (IPS)
product
(S3000L v2.0)

The Logistics Support Analysis (LSA) process is considered a subset of Integrated Product
Support (IPS). IPS has overall responsibility for the development of technical information and
the support environment used to support a Product throughout its intended life cycle. It is

necessary to harmonize the different disciplines in the context of supportability. The main

disciplines are:

— design influence

- product support management

- supply support

- support and test equipment

— technical data/technical publication
- personnel and manpower

- |T/software support

- facilities and infrastructure

— maintenance planning

- preventive maintenance program

— Packaging, Handling, Storage and Transportation (PHST)

- training and training devices

DESIGN :>

Design & RAMT
N Design &
development

OPS/MAIN :>

Logistics Support

Analysis (LSA)
Customer
requirements

Environmental &
operational
requirements

Support solution

Training &
Material support 1:;1;:::] training P:m:;
P equipment e

v v v v

r r

Support Infrastructure Maintenance
equipment plan

Integrated Product Support (IPS)

ICN-B6865-53000L0001-003-01

Fig 1 Functional elements of infegrated product support
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Maintenance Tasks Analysis (MTA)

Traditional Maintenance Tasks Product <::| Breakdown is the main

i input for the LSA

improved with MTA from S3000L LSA candidates Candidates & BEI
(within Product breakdown)
CORRECTIVE MAINTENANCE Task requirements
° I m p roved With a CO n d iti O n Ba Sed ; ; Tasil'equirements |'e5ultlng from different soirces ; .
Maintenance Fallres | | Damages | | SPERE | |Thresholds) | Obetinat | | et | | 2P
PREVENTIVE MAINTENANCE
. . . Taék requirements reso.lved by correspondiﬁg maintenance or oﬁerational support taéks
* Improved with prediction Models ; ; H ; ; ‘P :
qurectiva C:_:)rreclive Pr_eventwe Pljevemive Operational Data and Disposal
MAI NTE NAN CE TAS KS: mal?;esl;znce mall:;l:’rllznce malr;iagnce mal?;iﬂznce S:Japs;l)((')srt slgzrjvi?lrge tasks
. o o (eg, inspection tasks
1) Fa | I ures & eve nts req uiri ng Standard repair after special Task
procedures event) packages
maintenance taks @ @ @ @ @ @ @
2) Tasks Identification Maintenance Task Analysis
3) Tasks classification ICN-B6865-S3000L.0049-003-01

Fig 1 Relationship between task requirements and support tasks

4) Tasks Definition
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S3000L V2.0 TECHNIQUES
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Preventive Maintenance tasks based on the Operator Maintenance Plan (OMP)

=  HW preventive maintenance

= Planned according to the Scheduled
Maintenance Analysis (SMA)

= Based on trend analysis of component
behavior and Real-time monitoring

= |dentification of components that need
early maintenance

Corrective Maintenance executed when required

QCorrective Tasks HW Preventive Maintenance
SW Preventive

= Linked to related maintenance procedure oY Temporal Redundancy | paintenance
" SW preventive maintenance g \ SSA & Trends

* Planned according to the Software Support analysis

Analysis (SSA) @OO / 5 & /
g (i

= Based on trend analysis of component
behaviour and their real-time monitoring

s

[]

= Time intervals
= FDIR outputs
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Failure Mode Effects and Criticality Analysis (FMECA) and Failure Catalogue (FC)

* Key Objectives:
« 2> Propose DESIGN/DEVELOPMENT RECOMMENDATIONS to avoid unavailability/loss of systems

|L> FMECA (Failure Modes Effects Criticality Analysis) To identify failures at
different System Levels (requirements, design, implementation).

I-l_—> FC (Failure Catalogue): To trace the Failure Modes to test
implemented in monitoring and control.

e Statement: Failures as Events , WARNINGS A & ERRORs & are stored in logs.

PROBLEM: Operators and/or Maintainers find =»
EVENTS and ALARM Storms

Maintenance Procedures are defined in a PDF file of hundreds of pages

RAMT Traditional Techniques
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Predictive/On-Condition Maintenance tasks

Condition Based Maintenance

RAMS Analysis
FMECA:
Failure Modes

Monitoring to anticipate failures

DATA INPUTS

RECOVERY ACTIONS

9 i @ DATA FILTER —r
System to clean data, perationa
reduce noise an provide @ TRENDS ANALYSI,ER @ Procedures
@ EVENTS rght data in real-time.

Artificial Intelligence E——
ke S - TRAR Failure Mode
Advance Monitoring Failures Analysis aliure ivipde

@ Maintenance
6 Loas Tasks

Logistic Data

HW/SWIVM/NET W .
INNOVATIMG LOLUTIONT

Artificial Intelligence based algorithms to identify alarms and failure events
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Prediction Model

o Al Algorithms

AI AEROSPACE ’ counci I

Anomalies Detection

Live Data

Liistorical Data Anomalies : A-

Find Similar
Anomalies

Generate Trouble Ticket = &
h= Trouble Tickets
Alert | =
’ O
H— » Q =0
Warning b ‘ BT~
Display in '—ia § % -
A 7 ) mon X B3 | —
i PRI =4
9 l 1 v O — Predictive Models
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Root Cause Analysis for known failure:

Bayesian Networks

System is represented as a Bayesian Network:

Q

Q
Q

Q

Both common cause failure modes, and component failure modes
are represented as root nodes.

Components are the direct child nodes of the failure modes.

Test and monitors of the system are represented as nodes which
can give information about the network, called evidence.

The network has only one leaf node, which represent the whole
system status.

The operation of the known failures RCA is the following:

Q
Q

The analyzer is activated when detects changes in tests and
monitors.

Information of test and monitors is introduced in the Bayesian
Network as evidence.

Using the evidence provided by test and monitors, inference is
performed, calculating the probability of occurrence of each failure
mode.

Failure modes with not null probability are shown to the operator
ordered from most to least probable.

October 17th —20th | www.IPS-UF.com
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Data and failure analysis based on operational field data

Data reporting by activity

&
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Reports Data Storage
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C———System Optimization:>

Output in FDIR & LSA activities
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Conclussions
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CONCLUSSION

DESIGN
Failure mode
and effects
analysis
. Get System Identify Analyse .
Failure code Overview u Probable RCA Detect Barriers &
creation - Failure Deficiences

Catalogue
Work order Establish
analysis Failure Effects
Local Effect GSEG Effect Galileo Effect
Root cause
analysis
Identlfy Identlfy Identlfy Identlfy Identrfy
Preventive Measures| Detection Means Isolation Means Corrective Actions Recav Actions
Strategy
adjustment

Abnormal behavior to anticipate failures are identified using FMECA and Failure Catalogue complemented
with prediction algorithms based on Artificial Intelligence and Machine Learning.

When the failure is detected and its cause identified, the recovery/corrective maintenance tasks will be
executed with a minimum system downtime.

Monitoring mechanisms and prediction models will be updated with operational field data
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CONCLUSSION

" Maintenance strategy is based in S3000L
" Failures can be identified: FMECA + Failure Catalogue + Prediction algoritms

" Mainteance Strategy reduces system downtimes
Failure detection = Analysis of Cause > Execution of Recovery / Corrective task
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Thank You

Questions?

Isabel Bachiller

INNOVATING SOLUTIONS

Head of RAMS and ILS Section
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