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Agenda

Background Problem Definition Solution
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Anesthesia Machine

Mechanical Ventilator

• Founded in 1904

• 12000 employees

• 40 countries

• First ventilator with valves and control loops. 

• The world's first Implantable Pacemaker
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Getinge
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Getinge
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Getinge
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The mechanical Ventilator – What could go wrong?

𝑃𝑖𝑛𝑠𝑝, 𝜃𝑖𝑛𝑠𝑝

𝑃𝑒𝑥𝑝, 𝜃𝑒𝑥𝑝

𝑃𝑝𝑟𝑜𝑥, 𝜃𝑝𝑟𝑜𝑥

“Patient Connector”

Pressure & Flow Sensor



77

Risk Management vs FMEA
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Risk Management vs FMEA
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FMEA (IEC 60812)

FMECA
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Typical FMEA work
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Typical FMEA work
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Typical FMEA work

RPN = S*Po*Detection = 8 * 8 * 10 = 640

Risk Priority Number
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The mechanical Ventilator – redundancy.

෠𝑃𝑝𝑟𝑜𝑥 = 𝑓(𝑃𝑖𝑛𝑠𝑝, 𝜃𝑖𝑛𝑠𝑝, 𝑃𝑒𝑥𝑝, 𝜃exp)
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The mechanical Ventilator – redundancy.

෠𝑃𝑝𝑟𝑜𝑥 = 𝑓(𝑃𝑖𝑛𝑠𝑝, 𝜃𝑖𝑛𝑠𝑝, 𝑃𝑒𝑥𝑝, 𝜃exp) 𝑃𝑝𝑟𝑜𝑥
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Typical FMEA work

MOC = Method Of Control
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Typical FMEA work
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Typical FMEA work
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Typical FMEA work

RPN = S*Po*Detection = 8 * 8 * 1 = 64
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Typical FMEA work

Where are the problems with a manual workflow?
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Typical FMEA work

Complicated cause and effect reasoning
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Typical FMEA work

Is the MOC really solving the problem?

Manual labour

Error prone

Complicated cause and effect reasoning
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What if you could…

Manage the system level design and….
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What if you could…

Automate the FMEA MOC verification…
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What if you could…

Safeguard the digital thread throughout the project…
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What if you could…

Speed up extensive MOC validation …

Permutations on 

• Pressure above Peep

• Peep

• Tidal Volume

• I_E ratio

• Breath Rate

• Patient Resistance

• Patient Compliance

10 000 to 100 000 

permutations



2626

What if you could…

Ensure effective collaboration across your team.…
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What if you could…

Separate your design from your faults…

Design Error
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What if you could…

Have everything in reach using a model centric workflow…
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The Mechanical Ventilator

𝑃𝑖𝑛𝑠𝑝, 𝜃𝑖𝑛𝑠𝑝

𝑃𝑒𝑥𝑝, 𝜃𝑒𝑥𝑝
𝑃𝑝𝑟𝑜𝑥, 𝜃𝑝𝑟𝑜𝑥
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Adding models to your System Engineering
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Adding models to your System Engineering

Components

▪ GUI

▪ Control

▪ Monitoring

▪ Sensors

▪ Breathing Circuit

▪ Patient

▪ Power Supply

▪ Gas Supply



3232

Adding models to your System Engineering
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Adding models to your System Engineering

Components

▪ GUI

▪ Control

▪ Monitoring

▪ Sensors

▪ Breathing Circuit

▪ Patient

▪ Power Supply

▪ Gas Supply
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Adding models to your System Engineering
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Adding models to your System Engineering

V+

V-
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Adding models to your System Engineering
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Adding models to your System Engineering
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Collaboration: System Engineer and Control Engineer
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Collaboration: System Engineer and Control Engineer
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Collaboration: System Engineer and Control Engineer
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Collaboration: System Engineer and Control Engineer
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Collaboration: System Engineer and Control Engineer
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Collaboration: System Engineer and Control Engineer
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Injecting Errors and detection method
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Fast, complete, and parallel verification

Design Study



4646

Import FMEA in Excel to Simulink
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Automatic MOC verification
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Automatic MOC verification
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Digital Thread



5050

Digital Thread
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Collaboration: System Engineer and Test Engineer

Reuse of Faults
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Collaboration: System Engineer and Test Engineer

Reuse of Faults
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Another great reason to automate your FMEA

The FMEA should be updated whenever:

• A new cycle begins (new product/process)

• Changes are made to the operating conditions

• A change is made in the design

• New regulations are instituted

• Customer feedback indicates a problem
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Questions?
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