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System Model as an Integration Framework

traceability] Structure Behavior analysis
rationale | [d) ™" = needs

External A T closed form
RequirementsJ ﬁ [f!;—-c[ ] -
h ‘// H— D_[E?[D
o
Lo performanceg

viewpoint| COEEC I I estimates discrete event
System I |
Documentation - -
and Specifications
= network
Requirements Parametrics
System Model (SysML) Analysis Models
sysIframework fonIgn \
. Electrical Software Testing
Dzns?crl:a:\:l‘g:ia;ls Design Design Methods and

9 Models Models Models

© 2012-2014 by Sanford Friedenthal



SysML as co-simulation environment
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Reduce and standardize mappings

MATLAB MO Um A OpenModelica
SIMULINK

mola
o
L g’ege"g;.i':?

New OMG standard:
SysML Extension for Physical Interaction and Signal Flow Simulation (SysPhS)

4



Unified Physics

Domain Flowing Substance Flow rate Potential to flow
Electrical Charge Current Voltage
Hydraulic Volume Volumetric flow rate  Pressure
Rotational Angular momentum | Torque Angular velocity
Translational Linear momentum Force Velocity

Thermal Entropy Entropy flow Temperature

flow rate = amount of substance/time
flow rate * potential = energy / time = power




The Standard : SysPhs

*SysPhS - https://www.omg.org/spec/SysPhS/1.0
e SysML mapping to Simulink and Modelica
» SysPhS profile

» SysPhS library = _ —=°
/g, ——;E/?/’: —1/""
— s

OBJECT MANAGEMENT GROUP®

SysML Extension for Physical Interaction and Signal
Flow Simulation

Version 1.0

OMG Document Number: formal/18-05-03
Release Date: June 2018



Simulation profile

7.2 Simulation profile

«metaclass»

UML::Property

f

«stereotype»

PhSConstant

«stereotype»

PhSVariable

isContinuous : Boolean = true
isConserved : Boolean = false
changeCycle : Real = 0

Figure 1: Simulation stereotypes




Modelica vs Simulink

* Modelica
* Language is better suited for physical
modeling (plant)

* Object oriented approach for
modeling physical

components (mechanical, electrical, etc.)
e Causal and A-Causal semantics
(equations)

* Open standard (of the textual
language)

e Multi tool support (although Dymola
is dominant)

* Tool vendor independent

e Simulink

Language is well-suited for control
algorithms

Transformational semantics of signals

and signal processing

Causal semantics (inputs -> outputs)

Well integrated into the “MATLAB
universe”

Widely used in industry (standard de-
facto)

Many existing tool integrations

Code generation to
C/C++/VHDL/Verilog



Platform profile

«stereotype»

Block

T

«stereotype»

SimulinkBlock

«stereotype»

ModelicaBlock

«stereotype»

PhSConstant

T

name : String

name : String

«stereotype»

SimulinkParameter

«stereotype»
ModelicaParameter

«metaclass»

Port

+

I

name : String

value: ValueSpecification [0..1]

name : String
value: ValueSpecification [0..1]

«stereotype»

SimulinkPort

«stereotype»

ModelicaPort

name : String

name : String

«metaclass»

MultiplicityElement Slot

«metaclass»

*

I

MultidimensionalElement

«stereotype»

dimension: UnlimitedNatural [*]{ordered, non-unique}

Figure 33: Simulation platform stereotypes



Specification examples

SysML Modelica Simulink Simscape

Port typed by block with an in flow property | Component typed by an Inport Input variable
stereotyped by a non-conserved PhSVariable |equivalent data type
and typed by Real, Integer, Boolean or one of
their specializations (signal flow)
Port typed by block with an out flow property | Component typed by an Outport Output variable
stereotyped by a non-conserved PhSVariable |equivalent data type
and typed by Real, Integer, Boolean or one of
their specializations (signal flow) -
Port typed by block with an inout flow Component typed by Connection port | Node typed by
property typed by block (indirectly) connector domain 1
specializing ConservedQuantityKind s1:SpringA
(physical interaction) 1

. . ) p2:Flange
Block (indirectly) specializing Connector N/A Domain
ConservedQuantityKind (physical Ip1 :Flange
interaction) Lr

- — - - s2:SpringB
PhSVariables on blocks (indirectly) Components of connector | N/A Variables of domain n
specializing ConservedQuantityKind
(physical interaction) Figure 24: Connectors in SysML

10.8.3 Modelica modeling

SysML connectors correspond to Modelica connect equations, which link components typed by Modelica
connectors. This depends on the correspondence between SysML port types and Modelica connectors (see
10.7.8).

The following Modelica code corresponds to Figure 24. It has a model Example with two components s/ and s2
of types SpringA and SpringB, respectively. The models SpringA and SpringB have two components p/ and p2
of type Flange, defined similarly to Spring in Subclause 10.7.8. Model contains a connect equation linking
component p2 of s/ to component p/ of s2.

model Example
SpringA sl;
SpringB s2;
equation
connect (sl.p2,
end Example;

s2.pl);




The implementation:

Cameo Systems Modeler 19.0 SP3

Simulink export

* BDD and IBD -> Simulink blocks

* Statemachines -> Stateflow

e  Parametrics -> S-functions or Simscape (acausal)
e Diagram layout

*  Black-box and/or full implementation

Modelica export

* BDD, IBD, Statemachines, Parametrics

* Variables and parameters

inputSignal dSP scopeSignalOutput

hPF

IPF

* Time derivatives ( der(x) )

stm [State Machine] [ ControlStateMachine ] J

* Dymola diagram layout annotations

e Standard Modelica connectors e ’

* Units and quantity kinds

when (swich==1)

WarmUp

when (waterTemperatureln>=99)

entry / mode=1;
fanPowerOut=0;

Off

entry / mode=0;
fanPowerOut=0;

when (swi¢

On
when |

entry / mode=1;
fanPowerOut=1;

- Warm!

) Up -
Tswich==1 eniry:mode=T fanPowerOut=0;; [WaterTemperatureln>=99]

CoolDown

]

when (water

entry / mode=0;

when (waterVolun

fanPowerOut=1;

[swich==0] |

o H
entry:mode=0;fanPowerOut=0;; On
entry:mode=1fanPowerOut=1:;
/Tswtch==0] 1

__~[waterVolumeln==0]

[WaterTemperatureln<=safeTemperature] -




SysML to Simulink/Modelica

ibd [Block] TotalSystem[ TotalSysem ﬂ

car: Car

e:Engine

System
architecture and

implementation

PAM : AMomentumPorf

PAM : AMomentumPor
T

throttle : TorqueSignalPin

env : Environment

throttle : ~TorqueSignalPin irLMT) i

ccs : CruiseControlSystem

=

pLM: L t pLM2: L

speed : VelocitySignalPin

Ly
w: Wheels

pH : HeatPort

:'_

th Tspeed : ~VelocitySignalPin pLI ;L

pLM : LMomentumPort

pAMWheel : HEBFI'!

pLMWheel : LMomentumPort

pT : LMomentumPort

pH : HeatPort
pHRoad : HeatPort

Modelic

4 model TotalSystem
Car car(g = g, slope
w.velocity.fixed = true,
true);
parameter Real g(start
parameter Real
parameter Real slope (start
Environment env;
AirIMTransmitter airlmtrans
airdensity = airdensity);

9.

parameter Surface frontArea(start

equation
connect (car.pLMWheel,
connect (env.pHRoad,
connect (car.pLM,
connect (airlmtrans.pLM2,
end TotalSystem;

slope, w.velocity.start
e.torque.start

airdensity(start =

car.pLM) ;

car.pAMWheel)
airlmtrans.pLMl)
env.pTAir) ;

0.0,
e.torque.fixed

0.0,

fixed = true);
1.2, fixed

81,
= true);

Simulink/Simscape

[ L
LJ

airlmtrans

env

= 0.0, fixed = true);
(crossSectionalArea = frontArea,
= 10.0, fixed = true); fix)=0
car
Solver Configurstion

ot flogged i

velocity

Fs

selcty ms)

o @ w0

Time ()

Nomterof anges 55 s s 0



SysML to Modelica example

model ConnectedTanksModel
ConnectedTanks _ConnectedTanks;
model ConnectedTanks

Pipe plipe(pipeLength.start=10.0,pipeLength.fixed=true, radius.start=0.5, radius.fixed=true,dynamicViscosity.start=2. ibd [ ConnectedTanks D
Tank fluidReservoirl(fluidLevel.start=40.0,fluidLevel.fixed=true,gravity.start=9.8,gravity.fixed=true,tankSurfaceA

Tank fluidReservoir2(fluidLevel.start=15.0,fluidLevel.fixed=true,gravity.start=9.8,gravity.fixed=true,tankSurfaceA
equation
initialValues

connect(pipe.pipeOpeningl, fluidReservoirl.tankOpening); fluidDensity = 10.0{unit = kilogramPerCubicMeter}
connect(fluidReservoir2.tankOpening, pipe.pipeOpening2); fluidLevel = 40.0{unit = meter}

fluidReservoir1 : Tank

end ConnectedTanks; gravity = 9.8{unit = meterPerSquareSecond}
connector VolumeFlowElement [[par [Tank )] —— tankSurfaceArea = 4.0{unit = squareMeter}
flow VolumeFlowRate q; _ 1C: TankConstraint 1
Pressure p; e icFoumuassteent v
end VolumeFlowElement; tankOpening
type Pressure=Real(unit="Pa"); tankOpening — cequal» . .
type VolumeFlowRate=Real(unit="m3/s"); AplpeOpenlng1
model Tank L,_VF_';:_PTeS_STJ{' coauab ] pressure «deeigm[ﬂ“emm . Lyl "
VolumeFlowElement tankOpening; [ VF a: ValumeFiowRate | e M nswﬁfﬁﬁ“ea "uidﬂe‘"_si\'v pipe : Pipe
parameter Area tankSurfaceArea; initialValues

«efqual» «gqual»

dynamicViscosity = 2.0{unit = pascalSecond}
pipeLength = 10.0{unit = meter}
radius = 0.5{unit = meter}

parameter Acceleration gravity;
parameter Density fluidDensity; ||ankSurlaceArea'Area‘ ‘ﬂuidDensily’Density
Length fluidLevel;

equation |¢
tankOpening.p=gravityxfluidLevelxfluidDensity; pipeOpening2
der(fluidLevel)=-tankOpening.q/tankSurfaceArea; KOpeni
end Tank; tankOpening
. T par [ Pipe A
type Length=Real(unit="m"); constrainty .
type Density=Real(unit="kg/m3"); porc——" PC : PipeConstraint GynamicViscosty  Viscosity fluidReservoir2 : Tank
- - PipeOpening {resistance=(8*viscosity*length)/(3.1416*(radius"4)),
type Acceleration=Real(unit="m/s2"); - — TudFlow=pressureDifrsisiance, initialValues
S e e e P Pressure | operingtFluidFowropaningoFIGFIonS0, fluidDensity = 10.0{unit = kilogramPerCubicMeter}
fluidFlow=opening1FluidFlow} . _ o
model Pipe s oty [ cequal» : - ﬂmdll_evel = 15.Q{unlt = meter}
VolumeF LowEl t Dpiped inal openingiPressure . eqa pipeOpening2 gravity = 9.8{unit = meterPerSquareSecond}
- resistance « . .
ISP SUAIEL p}pe pen}ng T | — o 4 | rp Fresture™ tankSurfaceArea = 4.0{unit = squareMeter}
VolumeFlowElement pipeOpening2; | YFa: VolumeFlowRate || cequaly [Jopening1FiidFiow operingzpressure | cequab [ gt
VolumeFlowRate fluidFlow; radius opening2FluidFio wquab | _
. 30 «equaly ] O] “VF.q: VolumeFlowRate |
Pressure fluidPressureDiff; ‘eﬁm ﬂuufﬂ]ow presﬁew | A e |

parameter Length pipelLength;
parameter Length radius; «equab «%m dequab
parameter Viscosity dynamicViscosity; TuidFiow -VolumeFlowRate

ViscousResistance resistance;
equation
resistance=(8xdynamicViscosity*pipeLength)/(3.1416x%(radius”4));
fluidFlow=fluidPressureDiff/resistance;
fluidPressureDiff=pipeOpening2.p-pipeOpeningl.p;
pipeOpeningl.q+pipeOpening2.q=0;

fluidFlow=pipeOpeningl.q;
end Pipe;
type ViscousResistance=Real(unit="N-:s/m5");
type Viscosity=Real(unit="Pa-s");
end ConnectedTanksModel;



Usecases







