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Anesthesia Machine

Founded in 1904
12000 employees
40 countries

First ventilator with valves and control loops.

The world's first Implantable Pacemaker

Mechanical Ventilator
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MATLAB BXIPPO

The mechanical Ventilator — What could go wrong?
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Risk Management vs FMEA

Risk Management (ISO 14971) FMEA (IEC 60812)

Normal and fault condition Only fault condition

Starts with Hazard Starts with detailed components
Severity based on Patient Severity based on

system performance

Manage all risks Improve reliability
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FMEA (IEC 60812)

Automated FMEA for a ventilator Extended X

MATLAB EXPPO
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FMECA

iiSyst... |iiFunction iiFailure iiLocal Effect |iiSystem Effect |iiS |iiPo |iiDetection |:iRPN |iiDetection/MOC |iiMOC req ref s 10 |iiD after MOC |iiRPN after ...
1 |Sensors |Proximal Pressure |Incorrect value |Incorrect Possible 8 8 10 640 Pressure Error When pressure error is detected the disable |8 8 1 64
Sensor pressure control. |barotrauma. Detection using valves shall be set to true, stopping
Higher true Proximal pressure |ventilation and activate high level alarm.
pressure if sensor estimation
control pressure
e is falsly lower. Qe
2 |Sensors |Insp Pressure Incorrect value |Incorrect Possible 8 5 10 400 Pressure Error When pressure error is detected the disable |8 5 1 40
Sensor pressure control. |barotrauma. Detection using valves shall be set to true, stopping
Higher true Proximal pressure |ventilation and activate high level alarm.
pressure if sensor estimation
control pressure
e is falsly lower. Qe
3 |Sensors |Exp Pressure Incorrect value |Incorrect Possible 8 5 10 400 Pressure Error When pressure error is detected the disable |8 5 1
Sensor pressure control. |barotrauma. Detection using valves shall be set to true, stopping
Higher true Proximal pressure |ventilation and activate high level alarm.
pressure if sensor estimation
control pressure
e is falslv lower. Qe




Typical FMEA work

MATLAB BXIPPO

Automated FMEA for a ventilator Extended X

iiSyst... |iiFunction ! Failure :: Local Effect :: System Effect | :: Po :: Detection |:iRPN
1 Sensors | Proximal Pressure |Incorrect value | Incorrect Possible 8 8 10 640
Sensor pressure control. |barotrauma.
Higher true
pressure if

control pressure
is falsly lower.
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Typical FMEA work

MATLAB BXIPPO

Automated FMEA for a ventilator Extended X

iiSyst... |iiFunction ! Failure :: Local Effect :i System Effect i :: Po :: Detection |:iRPN
1 Sensors | Proximal Pressure |Incorrect value | Incorrect Possible 8 8 10 640
Sensor pressure control. |barotrauma.
Higher true
pressure if

control pressure
is falsly lower.
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Typical FMEA work

Automated FMEA for a ventilator Extended X

iiSyst... |iiFunction ! Failure :: Local Effect :: System Effect :: Po :: Detection |:iRPN

1 Sensors | Proximal Pressure |Incorrect value |Incorrect Possible 8 8 10 640
Sensor pressure control. |barotrauma.
Higher true
pressure if
control pressure
is falsly lower.

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

Risk Priority Number
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The mechanical Ventilator — redundancy.
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prox — f (P insp» YVinsps fexpr Yexp)
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The mechanical Ventilator — redundancy.

Porox = f(pP insp’ Hinsp’ Pexp Hexp) prox

® ProximalPressure W ProximalPressureEst

MATLAB EXPPO
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MATLAB BXIPPO

Typical FMEA work

::RPN ||ii Detection/MOC |:i MOC req ref S 20 |i:D after MOC |i:RPN after...
640 Pressure Error When pressure error is detected the disable |8 8 1 64
Detection using valves shall be set to true, stopping

Proximal pressure  |ventilation and activate high level alarm.
sensor estimation

@7

MOC = Method Of Control
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Typical FMEA work

MATLAB BXIPPO

: RPN

. Detection/MOC

:: MOC req ref

i D after MOC

:: RPN after ...

640

Pressure Error
Detection using
Proximal pressure
sensor estimation

Qe

When pressure error is detected the disable
valves shall be set to true, stopping
ventilation and activate high level alarm.

1

64
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Typical FMEA work

MATLAB BXIPPO

: RPN

. Detection/MOC

:: MOC req ref

I' D after MOC

:: RPN after ...

640

Pressure Error
Detection using
Proximal pressure
sensor estimation

Qe

When pressure error is detected the disable
valves shall be set to true, stopping
ventilation and activate high level alarm.

1

64
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Typical FMEA work

MATLAB BXIPPO

: RPN

. Detection/MOC

:: MOC req ref

i D after MOC

:: RPN after ...

640

Pressure Error
Detection using
Proximal pressure
sensor estimation

Qe

When pressure error is detected the disable
valves shall be set to true, stopping
ventilation and activate high level alarm.

1

64

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

Where are the problems with a manual workflow?

MATLAB BXIPPO

Automated FMEA for a ventilator Extended X

iiSyst... |iiFunction i Failure ii Local Effect ii System Effect it iiDetection |iiRPN |iiDetection/MOC |iiMOC req ref i i iiD after MOC |iiRPN after
Sensors |Proximal Pressure |Incorrect value |Incorrect Possible 10 640 Pressure Error When pressure error is detected the disable 1 64
Sensor pressure control. | barotrauma. Detection using valves shall be set to true, stopping
Higher true Proximal pressure  |ventilation and activate high level alarm.
pressure if sensor estimation
control pressure
@ is falsly lower. G
Sensors | Insp Pressure Incorrect value |Incorrect Possible 10 400 Pressure Error When pressure error is detected the disable 1 40
Sensor pressure control. | barotrauma. Detection using valves shall be set to true, stopping
Higher true Proximal pressure  |ventilation and activate high level alarm.
pressure if sensor estimation
control pressure
é is falsly lower. Qe
Sensors | Exp Pressure Incorrect value |Incorrect Possible 10 400 Pressure Error When pressure error is detected the disable 1 40
Sensor pressure control. |barotrauma. Detection using valves shall be set to true, stopping
Higher true Proximal pressure  |ventilation and activate high level alarm.
pressure if sensor estimation

4

control pressure
is falsly lower.

@7

19




Typical FMEA work

lor Extended X ‘

ure

:: Failure

Incorrect value

:: Local Effect

:: System Effect

:: Po

Incorrect
pressure control.

Possible
barotrauma.

U

Bic i ailling cesalBl oo

pressure if
control pressure
is falsly lower.

B vanacaas vl

_p, s | B |

Complicated cause and effect reasoning

MATLAB BXIPPO
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tor Extended X

Typical FMEA work

MATLAB BXIPPO

:: Failure :Local Effect  |:iSystem Effect |iiS |:iPo |iiDetection [IiRPN |[iiDetection/MOC |ii MOC req ref
sure  |Incorrect value |Incorrect Possible 8 8 10 640 Pressure Error When pressure errol
barotrauma. Detection using valves shall be set tc

pressure control.

<« ! pressure
pressure | nsor estimation

control pressure
is falsly lower.

@7

ventilation and activ

Complicated cause and effect reasoning

Is the MOC really solving the problem?

Manual labour
Error prone

21



What if you could...

Manage the system level design and....

GUI
. Settings
PowerSupply ()
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Power Supply |
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B —
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MATLAB EXPPO

22



What if you could...

\ Safety Analysis Manager

Automate the FMEA MOC verification...

MATLAB BXIPPO

¥ | Open Jﬂ Cut e Ho E F <
]:I . 0B, HEH é Q [) |/= Edit Callbacks p
S v g C
W E ave G Copy Add Add View Add Find Analyze P Clear Flags Export
r &, Import ﬁ Delete | Row Column ¥ Columns Link « Spreadsheet
FILE EDIT SPREADSHEET LINKS | SEARCH ALYZE SHARE
Automated FMEA for a ventilator® X 2
iiSystem/Subsystem |ii Function :i Failure ii Severity :i Occurance :i Detection RPN :i Detection/MOC I MOC req ref HE Ho] :iD after MOC  |:i RPN after ...
Sensors Proximal Pressure Incorrect value 10 10 10 1000 Pressure Error nk to 10 10 1 100
Sensor Detection using quirement
Proximal pressure
sensor estimation
e e
Sensors Insp Pressure Sensor |Incorrect value 10 5 10 500 Pressure Error nk to 10 5 1 50
Detection using quirement
Proximal pressure
sensor estimation
e Qe
Sensors Exp Pressure Sensor |Incorrect value 10 5 10 500 Pressure Error nk to 10 5 1 50
Detection using quirement
Proximal pressure
sensor estimation
24 s
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What if you could...

\ Safety Analysis Manager

Safeguard the digital thread throughout the project...

MATLAB BXIPPO

HOME

¥ | Open Jﬂ Cut e Ho E F <
]:' ’ L8 HEH é Q > (@& Edit Callbacks £
S h g C
E ave G Copy Add Add View Add Find Analyze P Clear Flags Export
r &, Import ﬁ Delete | Row Column ¥ Columns Link « Spreadsheet «
FILE EDIT SPREADSHEET LINKS | SEARCH ANALYZE SHARE
Automated FMEA for a ventilator® X
iiSystem/Subsystem |ii Function :i Failure ii Severity :i Occurance :i Detection RPN :i Detection/MOC |ii MOC req ref HE Ho] :iD after MOC  |:i RPN after ...
Sensors Proximal Pressure Incorrect value 10 10 10 1000 Pressure Error Link to 10 10 100
Sensor Detection using requirement
i Proximal pressure
stlmation = —
e e
Sensors Insp Pressure Sensorf| Incorrefit value 10 5 10 500 Press Error Link to 10 5 50
Detectiion using requirefnent
Proxintal pressure
sensorfestimation
e Qe e
Sensors Exp Pressure Sensor §| Incorrefit value 10 5 10 500 Pressufle Error Link to 10 5 50
Detectfon using requirefnent
Proxinfal pressure
sensorfestimation
24 967 24
S— S——
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What if you could...

Speed up extensive MOC validation ...

4 Simulation Aanager - I Y

3 ey T
Gridl

Stop Job List Simulafion Open Selected Show
| | Details | Resufis |
5”“‘”'—*"‘T'C”“S| p VIEWS I8 | . WNSPECT = iRRFSULTSY ' o o o =

C5TR (]
Total Simulations 200

Elapsed Time 00:00:12 - |
Number of Active Workers 18 M Errors/Aborted (0) [ Completed (0) [l Active (18) Queued (182)
Estimated Time Remaining pending

MATLAB BXIPPO

Permutations on
* Pressure above Peep

 Peep
* Tidal Volume
| Eratio

 Breath Rate
* Patient Resistance
« Patient Compliance
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What if you could...

Control (Variant)

Settings

PowerSupply

Ensure effective collaboration across your team....

.
Control =
< Control >

Sensor <1
> Settings
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) PowerSupply
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HIFi Control

> Settings
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PowerSupply
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[PowerSupply

upply

PowerSupply O

pply

WallSupply B

Control
 Control
= Sensor <
> Settings
ActuatorCommads 1>
(O PowerSupply
Emergency <
i ]
Monitoring @
b Settings Sensor <
L, SN

Sensors
< Sensors >

Breathing Circuit
< BreathingCircuit >

¥l

< Mea

> ActuatorCommands

(OPowerSupply  Y-tubg or Mask ()

B WallSupply
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MATLAB EXPPO

[
Patient

< Patient >

(O Y-tube or Mask

26



MATLAB BXIPPO

What if you could...

Separate your design from your faults...

O
Sensor . InspPressure @ > — I
InspPress 0 [
P4 FunctionalView_FaultModel/InspPress_fault - Simulink = 0O X
SIMULATION DEBUG MODELING FORMAT APPS (L
Stop Time {20 ‘ @ " =
2 __ ® b
’ PROJECT | FILE| LIBRARY | PREPARE (Normal = Step Run Step
0@ Fast Restart Back ¥ v Forward
v v v v il
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Sensor. |nspPressure . - = = @® |[*a]FunctionalView_FaultModel » [ Z]InspPress_fault v
) In/ Qress : [ [
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£
— NS I~
.; B— \é % -
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&
DeSIQn ' Fault Behavior O Error
Ready 153% VariableStepAuto
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What if you could...

Have everything in reach using a model centric workflow

¥ FuncionsView * - Simulnk
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MATLAB
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The Mechanical Ventilator
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MATLAB BXIPPO
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MATLAB BXIPPO

Control
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Adding models to your System Engineering ,,
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Adding models to your System Engineering

Components

GUI

Control s
Monitoring e
Sensors 7

Breathing Circuit s

Patient
Power Supply

ActuatorCommads [~

Emergency b

MATLAB BXIPPO

Breathing Circuit 0
< BreathingCircuit >

< Mea Patient o

< Patient >

> ActuatorCommands

() PowerSupply  Y-tube or Mask () (O Y-tube or Mask
WallSupply

> Emergency

Gas Supply
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Adding models to your System Engineering

v & Sensor i
InspPressure double 1 mbar real 0 100
ExpPressure double 1 mbar real 0 50
InspFlow double 1 I/min real 0 180
ExpFlow double 1 I/min real 0 300
0O2_Fraction double 1 1 real 21 100
ProximalPressure double 1 mbar real 0 1]
ProximalPressureEsstm: | double 1 mbar real 1}

MATLAB BXPO
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Adding models to your System Engineering

Components
- GUI

- Control

= Monitoring
= Sensors

= | Breathing Circuit

- Patient
= Power Supply
= Gas Supply

v W

Breathing Circuit @

_< BreathingCircuit >

< Mea

b ActuatorCommands
(O PowerSupply  Y-tube or Mask ()
B> WallSupply

> Emergency

Patient (<l
| < P._lb_n' >

() Y-tube or Mask
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Adding models to your System Engineering

|P insp Qinsp

MATLAB BXIPPO

Breathing
| A :
' e e
Room Air 4 H Check Valve 1
Source Humidifier B _ =
Heated Inspiratory Tube
Wire Mask
® f = 0 — |
(x) o) ¢ ‘3? v
B F>
A wp-
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| o » A 8 A —‘ .
w
| H AlL-slB Q‘H Sensors
<|F < Check Valve 2
Room Air ) Lo
Sink Expiratory Tube Room Heat Room
Transfer Temperature

Pexp» 96%])

P”DT'O.X'J 917?"0.76"
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Adding models to your System Engineering

/

MATLAB BXIPPO

Simscape o
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Adding models to your System Engineering

/

)
@ E | o B i

Electrical | Battery Fluids | Multibody | Driveline } : (e N— L O o
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Simscape e Fyi S S
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Electrical Mechanical Magnetic Thermal Custom @ —
9 equations L w <]:, & & % Al
”“ 3 # ee ifv>v ROOHLA" meaicalonle  <IF [ A i Check Valve 2 W
.I-l*-l.l.l.l. “ e l;e— ( Sink Expiratory Tube Room Heat Room
. . - Transfer ~ Temperature P 9
Hydraulic Thermal Two-Phase Gas Moist prox» Yprox

Liquid Fluid Air
N == 5 B s R nrv )

. av \% Lossy
1= (CO + CVV) — 4+ — Ultracapacitor
dt r, !

B Editor - C\+MyComponents\[\gsyblltraCapagd!.ssc
40 equations -
41 i == (CO0 + Cwv*ve)*vc.der + vco/Rd;
42 v == vc + i*R;

==
43 end -
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Adding models to your System Engineering
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MATLAB BXIPPO
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Collaboration: System Engineer and Control Engineer

Gul
~ Seftings >
WC}
] _
Power Supply |
PowerSupply ()

Monitoring

Breathing Circuit
< >

MATLAB EXPPO
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MATLAB EXPPO

Collaboration: System Engineer and Control Engineer

[Control (Variant) } [ LoFi Control

) Settings

AntuatorCammadsC Sefings . HighPressureAlarmbinit (-
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* B
[ Fault |
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[> Settings
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e Sensor. -
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% PowerSupply c C ‘
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» Emergency Exp Pressure Control
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— L u=1
i P
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Collaboration: System Engineer and

{Control (Variant)

) Settings

PowerSupply

LoFi Control

Settings
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PowerSupply
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HIFi Control

> Settings
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HIFi Control
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ActuatorCommands P>
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MATLAB EXPPO
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Collaboration: System Engineer and Control Engineer

{Control (Variant)

) Settings

) PowerSupply

LoFi Control ’i

Settings

gency I

I
“mtorcumn‘mds >

PowerSupply

’I
!
|
‘l

HIFi Control

> Settings
|
> Sensor
|
PowerSupply
|

> Emergency

ActuatorCommads >

Sensorc

ActuatorCommads. C

Emergency C

LoFi Control

e ]

@

2]

W -
e
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HIFi Control

D> - @Settings

1> @ Sensor

) Powersupply

D> Emergency

PhaseControl
< PhaseControl >

L

Settings— > Settings

Sensorlp—{ > Sensor

InspValveControl
< InspValveControl >

MomentaryPressure > % S

yFlow [> )

P MomentaryPressure

ontrol B>

pControl )

Sensorl— I Sensor

Emergency®—{ > Emergency

B> MomentaryFlow
b EnablePressureControl

ActuatorCommands >

ExpValveControl
< ExpValveControl >

o

‘b EnablePeepControl

‘B MomentaryPressure

Sensorp—{ P> Sensor

Emergency > Emergency

Actuator B
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Collaboration: System Engineer and Control Engineer

Control
Control Sensors Bl
< Sensors > |
- Sensor < . 4 Sensor Mea <
> Settings
ActuatorCommads
(O PowerSupply
Emergency < -
(@
'umm 2

Breathing Circu
< BroathingCircult >

4 Mea

b ActuatorCommands
(O PowerSupply  Y-tube or Mask O
> WaliSupply

b Emergency

(O Y-tube or Mask

lllll
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Collaboration: System Engineer and Control Engineer

wp
FD>

aL). % )

® ®
T s 2
o w = Jx
« | Volume .| Muscle
o | Data e Pressure f x
2 :I Resistance % Elastance Ll Lungs
($) [$) %>
| &
C L ﬂ
7‘ @ @ ®
7|
»
Added Lung Heat
Moisture L, Transfer
E_respiratory C_trachea

' 40 5P, 60

70 30 el 70

0008, ..,,0012

Body
Temperature

Trachea
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| < Patient >

(O Y-tube or Mask

43



MATLAB EXPPO

Injecting Errors and detection method

9 Faull.Inpod : Fault Outport
Sensor . InspPressure @ -
InspPress mm  mm

L} &
_— ‘ .
g i 'Always On -
| Add a fault on the signal gain_fault y
] Always On
—_ g s
=7 i % o b -
Conditional
Manual
Monitoring E’i [abs(Sensor.ProximalPressureEsstmation-...
< Monitoring > Sensor.ProximalPressure) < 2]
) PressureErrorDetectedWait
_ |OC = false; 1{ Emergency.PressureErrorMOC = false;
b Settings Sensor <
—:f_'_b WallSupply | [Emergency [~ —

[abs(Sensor.ProximalPressureEsstmation-...
Sensor.ProximalPressure) > 2]
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Fast, complete, and parallel verification
Design Study

"i FunctionalView - Simulink

ON - Fau

MODELING

FORMAT
=
=

Table Dashboard

REQUIREMENTS

| chavio Property Inspector
Fault Simulation || Save All | Adc E&' Resync Faults Fault Fault 2% Highlight Faults

Multiple
Simulatior

)

STATUS FILE PREPARE FAULTS VIEW
& Multiple Simulations* - MultipleSimul... ® x | Control GUI ~ DisableValves PID Coi
=
-E ﬁ - E - ‘l [ ® FunctmnalVlew »
';3 Run Design Study # Sin @
V] DesignStudylnsp 10 )
|
. = e
Details: DesignStudylnsp
Fault Table - FunctionalView_faultInf... ® x Requirements - Fur
Specification Run Options
@ Fault Conditional View: Requiremen
2 -
Searc
E Root Parameter Set I”de_’f__ D
] nsp Enable Model ... Active Fauli | g VentilatorF
D < #1 I
-
T Sen... pe R
£ P. o |
- D ¥ = Sen.. #2 I
Variable Name: ‘ InspErrorGain _{ l.. #6 I
Workspace: ‘g\obal-workspace ] T ESen.. i )
5 E.. v #5 |
Values: 02:0.2:2 & \
N#9 I
#10 I
4 »
]
Ready

40

35

30

25

20

‘ ‘ AathWork
Proximal pressure estimator.

Pyrox = f(Pinsps Oinsp: Pexps Oexp)

M ProximalPressureEst M ProximalPressureEst M ProximalPressureEst M ProximalPressureEst M ProximalPressureEst M ProximalPressureEst M ProximalPressureEst M ProximalPressureEst
M ProximalPressureEst M ProximalPressureEst

[ Time Plot
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Import FMEA in Excel to Simulink

ExcelFMEA « Saved v

X AutoSave -

File e Home Insert Draw Pagelayout Formulas Data Review View Automate Help

& cut [Aptos Narrow 22 Wrap Text General v
[Bcopy ~
Paste I U vI

~" & Fommat Painter $-% 9 % 8

Clipboard I~ Font ] Alignment F] Number F]

Jio A AN = == 9

EMerge&Cantnr =

MATLAB BXIPPO

System Function Failure Severity Occurance Detection
Pressure sensor Proximal Pressure Sensor PrioximalPressure_fault 10 10 10
Pressure sensor Insp Pressure Sensor InspPressure_fault 10 5 10
Pressure sensor Exp Pressure Sensor ExpPressure_fault 10 5 10
v J {rL lmport Row n i Failure ii Severity i Occurance :: Detection RPN i Detection/MOC |ii MOC req ref HS 0
iensor | Incorrect value 10 10 10 1000 Pressure Error Link to 10 10
Em pty SpreadSheet Detection using requirement
Proximal pressure
From Template or X sensor estimation
. é & &
| il tion iensor |Incorrect value {10 5 10 500 Pressure Error Link to 10 5
From Temp ate File Detection using requirement
al Pracciira Proximal pressure
N sensor estimation
MW _Aerospace_Templates AFHA o p P
ensor | Incorrect value |10 5 10 500 Pressure Error Link to 10 5
SFHA Detection using requirement
Proximal pressure
FMEA sensor estimation

4

4

4
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Automatic MOC verification

n i Failure i Severity i Occurance i Detection $:RPN i Detection/MOC |ii MOC req ref S o
sensor | Incorrect value 10 10 10 1000 Pressure Error Link to 10 10
Detection using requirement
Proximal pressure
sensor estimation
é é
sensor | Incorre e 10 5 10 500 Link to 10 5
requirement
@ @
sensor | Incorrect 5 10 500 Link to 10 5
requirement
é é
Monitoring E’i’
< Monitoring >
Sensor . InspPressure @ S>—— —(b> Settings Sensor <
InspPress 0 0 _'
e | | IF {
—{ > WallSupply i 'Emergency >

PressureErrorDetected
Ise; Emergency.PressureErrorMOC = true;
Emergency.DisableValves = true;

after(1,sec)
?—————— ¢

M

MATLAB EXPPO
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Automatic MOC verification

:: Detection/MOC

Pressure Error
Detection using

Proximal pressure

r estimation
ch

n ! Failure i Severity i Occurance i Detection ${RPN i Detection/MOC |: MOC req ref iis o
sensor | Incorrect value 10 10 10 1000 Pressure Error Link to 10 10
Detection using requirement
Proximal pressure
sensor estimation
é e é
sensor | Incorrect val 10 5 10 500 Link to 10 5
using requirement
| pressure
estimation
é @
sensor | Incorrect val 5 10 500 Link to 10 5
etection using requirement
Proximal pressure
sensor estimation
& é
Monitoring E’i
< Monitoring > 3
O
Sensor . InspPressure === -
P .InspF'ress » m UIIII ‘
~— > Settings Sensor <
= Analyze
— > WallSupply | ‘Emergency > — SpreadSheet N4

Presqure Error
Deteftion using
Proxjmal pressure
senspr estimation

@é

Presqure Error
Deteftion using
Proxjmal pressure
senspr estimation

Qé

CSHARF
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Digital Thread

= cc_LightControl

v

& Link #32

v

. Show cruise control...

Requirements

cc_ThrottleController

Biock Giagram

2 cc_CruiseControlData sidd

Data actionary fle

v

E’ lib_BaseConfig.sldd

Data oxctionary file

Design Artifacts

Digital Thread

ws Unit Tests
4 »

v

;| Indicator tests
= Served

v

cc_LightControl
) Lig

Block duagram

Tests and Results

Xte 3
i Failure iiLocal Effect  |iiSystem Effect |iiS |:iPo |iiDetection |iiRPN [ iiDetection/MOC [ ii MOC req ref I
re | Incorrect value §if Incorrect Possible 8 8 10 640 Pressure Error When pressure error is detected the disable

pressure control. |barotrauma. Detection using valves shall be set to true, stopping
Higher true Proximal pressure f|ventilation and activate high level alarm.
pressure if sensor estimation
control pressure

e is falsly lower. @ @

Incorrect value fif Incorrect Possible 8 5 10 400 Pressure Error When pressure error is detected the disable
pressure control. |barotrauma. Detection using valves shall be set to true, stopping
Higher true Proximal pressure [ ventilation and activate high level alarm.
pressure if sensor estimation
control pressure

é is falsly lower. @e é

Incorrect value | Incorrect Possible 8 5 10 400 Pressure Error When pressure error is detected the disable
pressure control. |barotrauma. Detection using valves shall be set to true, stopping
Higher true Proximal pressure f|ventilation and activate high level alarm.
pressure if sensor estimation
control pressure

2 is falsly lower. 2 2
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Digital Thread

Requirements - Monitoring
View: Requirements - E}DE E}, ,t% ﬂ 2 & __@Fllte:

Index ID Summary

v H VentilatorRequirements

#1 HighPressureAlarm

#7 TimeAtHighPressure

#3 HighPressureAlarmInformation

#2 HighPressureEmergencyEvac

#6 PeakPressureDuringEvacu

#4 The maximum pressure rgency evacuation
#5 The HighPressureAlarm d

MOC requirements from FMEA

Pressure Error Detection

Detection using
Proximal pressure
sensor estimation

e

i ii Detection |i!RPN |iiDetection/MOC| |:: MOC req ref

10 640 Pressure Error When pressure error is detected the disable
Detection using valves shall be set to true, stopping
Proximal pressure || |ventilation and activate high level alarm.
sensor estimation
T4 @

10 400 Pressure Error When pressure error is detected the disable
Detection using valves shall be set to true, stopping
Proximal pressure || |ventilation and activate high level alarm.
sensor estimation
e @

10 400 Pressure Error When pressure error is detected the disable

valves shall be set to true, stopping
ventilation and activate high level alarm.

4




MATLAB BXIPPO

Collaboration: System Engineer and Test Engineer
Reuse of Faults

‘ Test Manager

-
o T D OM B 8 F sme & ¢ @

C
New Open Save I%

OPY" Delete Test Spec | Run Runwith Stop Parallel | Report Visualize Highlight g Export Model Testing | Preferences Help
v v v @ Paste v Report v  Stepper v in Model Dashboard v
FILE EDIT RUN RESULTS ENVIRONMENT | RESOURCES
Results and Artifacts |=] High Pressure Error - Normal Co... % [f| StatPage x & Dashboard x
‘ Filter tests by name or tags, e.g. tags: test ‘
« B Simscape-Medical-Ventilator High Pressure Error - Normal Condition

¥[3 High Pressure Error

Simscape-Medical-Ventilator » High Pressure Error » High Pressure Error - Normal Condition

Baseline Test

@ High Pressure Error - Fault in pressure sensor

Create Test Case from External File
@ High Pressure Error - Control Signal Error 150%

¥ [23 Proximal Sensor Estimation » TAGS
@ ProximalEstimator » DESCRIPTION
@ ProximalEstimator - Fault in InspPressure Sensor 80% » REQUIREMENTS*

@ ProximalEstimator - Fault in ProximalPressureSensor Error 70%

*+SYSTEM UNDER TEST*®
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Collaboration: System Engineer and Test Engineer

Reuse of Faults

-‘ Test Manager

woEs = B > O [

C
New Open Save & Copy Delete TestSpec | Run Runwith Stop Parallel
- - - @ Paste - Report v  Stepper

FILE EDIT RUN

Test gl Results and Artifacts

‘ Filter tests by name or tags, e.g. tags: test

~35 Simscape-Medical-Ventilator

~[3 High Pressure Error T

@ High Pressure Error - Fault in pressure sensor
@ High Pressure Error - Control Signal Error 150%
~ [33 Proximal Sensor Estimation

@ ProximalEstimator

@ ProximalEstimator - Fault in ProximalPressureSensor Error 70%

"y

MATLAB EXPPO

I
I [E] ProximalEstimator - Fault in InspPressure Sensor 80% Sen

FAULT NAME
* If the list of faults is incomplete, click to refresh.

’_| MODEL ELEMENT FAULT NAME TRIGGER

|| FunctionalView/Sensors/StdPress mb... |ExpPressure_fault Always On
|| FunctionalView/Sensors/StdPress mb... | InspPressure_fault Always On
" | FunctionalView/Sensors/StdPress mb... | PrioximalPressure_fault Timed: 4

AL ASSESSMENTS®
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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

Analyze
Spreadsheet

MATLAB BXIPPO
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Questions?

A
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