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EMA

ECU

Project Scope

• Model Based System Engineering (MBSE) applied to an Electromechanical 
actuation system
• Evaluate the advantages of Model Based Safety Analysis (MBSA) offered by ATICA

• Collaboration between CESA and ANZEN:
• CESA: Proposes system case study. Provides requirements and architecture. Builds the model.

• ANZEN: Collaborates on CESA model creation. Provides MBSA tool.
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Héroux-Devtek at a glance
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CESA S.A.U
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Electromechanical actuation system
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• Primary flight control actuation system 
for a Turboprop Regional Aircraft
• Linear electromechanical actuation for 

aileron Surface

• Two actuation systems per Surface

• The actuation system is based on an 
Electromechanical Actuator (EMA) and an 
Electronic Control Unit (ECU)

• Two working modes:
• Active: Responsible for aileron movement

• Backdrive: No control over the aileron 
movement
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Electromechanical actuation system
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Electromechanical actuation system
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• System Safety Aspects
• SAE-ARP4761 within the SAE-ARP4754A framework

• Development Assurance Level A – most stringent

Catastrophic event Hazardous event

Inability to stop a runaway Runaway

System Safety Requirements

Failure to detect or correct runaway 1E-06/FH

Loss of control 1E-06/FH

Jamming 1E-08/FH

Runaway 1E-08/FH

Fail to brake the Surface 1E-06/FH

No single failure

shall lead to a 

catastrophic event

ECU 

contribution

EMA 

contribution
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Electromechanical actuation system
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• Electromechanical Actuator (EMA) – Main characteristics

AILERON EMA

Architecture Linear Direct Drive

Motor PMSM

Power Supply 270 VDC (28 VDC for brake)

Stroke ± 31.4 mm

Rated Speed
65 mm/s @ 13.1 kN (ret.)

65 mm/s @ 5 kN (ext.)

Maximum Operational 

Load
27.5 kN

Power Consumption 2 kW

Includes

Normally closed brake

Dual LVDT

Dual resolver for rotor position 

feedback

PT100 for motor temperature 

monitoring

EMA
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Electromechanical actuation system
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• Electronic Control Unit (ECU) – Main characteristics
• CONTROL / MONITOR architecture

• Position loop closed by the A/C control system

• Brake command is managed by the A/C control 

system

Brake SubsystemPower Subsystem

Strain Gage Subsystem

Motor Drive Subsystem

EDM Control Subsystem

ARINC Subsystem

FPGA Subsystem Motor Feedback Subsystem

ECU
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ANZEN worldwide
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System, safety and 

reliability experts

✓ Highly experienced system-safety & reliability 

engineers

✓ Specialization in complying with the highest quality 

standards for safety/availability critical missions 

Digitalization of 

systems engineering

✓ Development and extension of model-based software 

tools for digitalization of the system & safety 

engineering process

Specialization

✓ Complex electronics

✓ Safety Critical Systems

✓ Autonomous & software 

defined systems
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MBSE tools trade-off
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Capella (Arcadia method) System Composer (Matlab)

Architectures and requirements outline

Cameo System Modeler (SysML)
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MBSE tools trade-off
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Capella System Composer Cameo System Modeler

Architectures: Operational, 
System, Logical, Physical

Yes Yes, with custom extension Yes, with custom extension

Sequence diagrams Yes Yes Yes

Mode / States diagrams Yes Yes, with State Flow Yes

Requirement Management Yes, with Requirements Viewpoint Yes, with Requirements Toolbox Yes, with Requirements Plugin

Functional Chains Yes No Yes

Simulation No Yes, with Simulink Yes, with Simulink

Safety model Yes, with ATICA4Capella Yes, with custom extension Yes, with custom extension

Collaborative Work Yes, with Team for Capella No Yes, with Cameo Collaborator

Open-Source Customization Yes No No

Licenses Free Commercial Commercial
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Digital engineering framework
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ATICA

MBSA

Safety & Reliability 

Analysis Backends

atica4capella

Model Based Design and 

Simulation

SIMULINK SCADE

Model Based Systems Engineering

CAMEOCAPELLA RHAPSODY

Requirements

DOORS TEAM

CENTER
JAMA

Interoperability

mbse-capella.org/webinars.htmlanzenengineering.com/atica4capella-download/

Interoperability

https://mbse-capella.org/webinars.html
https://mbse-capella.org/webinars.html
https://www.anzenengineering.com/atica4capella-download/
https://www.anzenengineering.com/atica4capella-download/
https://www.anzenengineering.com/atica4capella-download/
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Digital engineering framework
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Requirements Management
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·Python4Capella

·Requirements Viewpoint

Interoperability through excel

Purposes:

• Bidirectional interoperability between DOORS and Capella

• Requirements Management in Capella with Requirements Viewpoint

• Import / export test case working with Python4Capella

• Future replacement of Python4Capella by a GUI to import / export 

requirements inside the ATICA4Capella viewpoint

with IBM DOORS

Interoperability through excel
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Requirements Management
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with IBM DOORS
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Requirements Management
with IBM DOORS

3 ph Permanent Magnet Synchronous Motor
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System model

• Operational analysis
• What the Customer expects
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• Provide controlled linear movement compatible with 

DAL A → Control / Monitor architecture

• Enable to stop the movement and maintain position

• Provide status of parameters

• Definition of modes and states
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System model

• System analysis
• What the system has to accomplish
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• Functions within the system to carry out the 

operational capabilities defined at Operational 

level

• Functional chains created for each operational 

capability

• System failure conditions

• Linked with requirements
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System model

• Logical architecture
• How the system is going to accomplish it
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• Main components of the system

• Increased decomposition of the functional 

chains defined

• Main components failure modes

• Linked with requirements
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System model

• Physical architecture
• Real implementation
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System model

• Physical architecture
• Real implementation
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• Breakdown of the system’s main components 

into physical boards and parts

• Component information included

• Lower-level failure modes

• Linked with requirements

3 ph Permanent Magnet Synchronous Motor



ANZEN & CESA PUBLIC

Outline

• Project scope

• Electromechanical actuation system 

• MBSE tools trade-off

• Digital engineering framework

• Requirements Management

• System Model

• ATICA4Capella

• Connection with Simulink

• Next steps

29



ANZEN & CESA PUBLIC

ATICA4Capella | Safety metamodel
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FHA

FTA

FMES / 

FMECA
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ATICA4Capella |
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Model Based Safety Analysis

Functional Hazard Analysis (FHA)

System level 

FC 1.2 Loss of motor drive
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ATICA4Capella |
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Aligned with 

ARP4761 

prescriptions

FHA

Model Based Safety Analysis

Functional Hazard Analysis (FHA)

System level
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ATICA4Capella &
Requirements Viewpoint
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Prob < 1e-9 h-1
New Feature

Under consolidation

Requirements impacting the 

failure condition, to be 

verified by safety analysis

Requirements associated to 

the system function, to be 

considered during the design

Function 

Development 

Assurance 

Level (F-DAL) 

assignment 

based on FHA 

results

One of the failure conditions 

associated to the system 

function is catastrophic

Requirements associated to 

the system function, to be 

considered for during the 

design

ATICA will assist the 

modelling process providing 

warnings when conditions 

associated to certain 

requirements are not met 

+
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ATICA4Capella |
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Model Based Safety Analysis

Logical level
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ATICA4Capella |
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Model Based Safety Analysis

Physical level
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ATICA4Capella |
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Model Based Safety Analysis

Failure Net
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Failure net / FMES generation
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Functional Failures (02 Logical Arch)

Failure Conditions (01 System Arch)

ATICA/CAPELLA

ISOGRAPH

FMECA

Failure Net:

➢ Component Level

➢ Board Level

➢ System Level

➢ Basic Failure Modes

New Feature

Under consolidation

Failure Modes (03 Physical Arch)

Capella

Failure Net

FMECA

≡ FMES

Top                                         Up 

Down                                    Bottom 

Project Time 
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Interoperability
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Connection with Simulink
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same componet, several representations

New Feature

Under consolidation
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Connection with Simulink
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same componet, several representations

New Feature

Under consolidation

Interoperability through excel

Interoperability through excel
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Conclusions

• Main conclusions from Héroux Devtek Spain / CESA point of view:

• Great utility for complex and highly integrated systems and equipment

• MBSA enriches the model and increases the awareness of the safety aspects

• Test effectiveness to foster coordination between multidisciplinary teams and 
manage project information

• Evaluate the initial learning curve versus the final benefits
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Next Steps

• Future work:

• Implement MBSE including MBSA as a new systems development methodology 
at Héroux Devtek Spain / CESA. Collaborate with ANZEN to expand ATICA 
functionality:
• Analysis of hidden failures
• Analysis of redundancies
• Cut sets analysis
• Fault Tree Analysis
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