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Boric Acid Transportation Pump

Product parameters

Design standards : RCC-M
Flow : 16.6m3/h

Head : 85m
Temperature : ~80°C
Pressure . 1.6MPa

Used in 600MWe . 900MWe . 1000MWe PWR nuclear power plant boric acid transportation system.
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Model Validity ... Context?
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Spiegel, M., Reynolds, P. F., & Brogan, D. C.

A Case Study of Model Context for Simulation Composability and Reusability.

In Proceedings of the Winter Simulation Conference, 2005. (Vol. 2005, pp. 437-444). IEEE.
http://doi.org/10.1109/WSC.2005.1574279



1L Invariant Constraints

La SphereAtiributes

1.

2.

10.

11.

Sphere Property - The body is a sphere and it re-
mains spherical.

Smooth Property - The body is smooth and it re-
mains smooth.

Impermeable Property - The body is completely
impermeable.

Initial Velocity - The body has an initial velocity
of v, that has no horizontal component of motion.
Angular Velocity - The body has no initial angu-
lar velocity.

Constant Mass - The mass of the body remains
constant over time. The body does not experience
ablation or accretion.

Constant Diameter - The diameter of the body
remains constant over time.

Distribution of Mass - The body has a centrally
symmetric mass distribution that remains constant
over time.

Uncertainty Principle - The diameter of the body
is much greater than the Plank length.

Brownian Motion - The mass and diameter of the
body are large enough such that Brownian motion
of the fluid has negligible impact on the body.
General Relativity - The mass of the body is low
enough to ignore the gravitational curvature of
space-time.

Implicit Assumptions!

1lc Earth Attributes

18. Flat Terrain - The ground does not have terrain
and remains flat for all t > 0.

19. Coriolis Effect - The Earth is not rotating. We ig-
nore the Coriolis effect.

2. Dynamic Constraints

20. Mach Speed - The velocity of the body is suffi-
ciently less than the speed of sound for that me-
dium.

21. Special Relativity - The velocity of the body is
sufficiently less than the speed of light for that
medium.

22. Reynolds Number - The Reynolds number re-
mains between 107 and 107 for all t > 0. The
Reynolds number is a function of velocity.

3. Inter-Object Constraints

23. Sphere/Fluid Interaction - The body and the fluid
interact only through buoyancy and drag. For ex-
ample, the body cannot dissolve in the fluid, nor
can the body transfer heat to the fluid.

24. Sphere/Earth Interaction - The body and the earth
interact only through the gravitational force.

25. Fluid/Earth Interaction - The fluid and the earth
do not interact.

26. Closed System - The Earth, sphere, and fluid do
not interact with any other objects.

27. Simple Gravity - Gravity is a constant downward
force of 9.8 m/s”.

28. One-Sided Gravity - The mass of the body is
much less than the mass of the Earth. The Earth
is not affected by the gravitational pull of the
body.

29. Inelastic Collision - The collision between the
sphere and the ground is perfectly inelastic.



Expenimental spring results, with mass m in kg and displacement x (+0.0001) in em

m| x m x m x m x m | x
1 2.100 3 6.3749 ] 10.4915 7 14.6081 9 19.0012
2 | 43166 4 8.4332 6 12.5489 B | 16.7774

Froportional Lirmit

I

!

g
displacement

v - : F
Missas F=—-kxr&s k=
= _ T
F=mg force
g £ L Wien Size

0.D. CENTURY | FREE LENGTH 1.D. RATE  |SUGG.MAX. DEFL | SUGG. MAX.LOAD| SOLID LENGTH | WIREDIA. [ TOTAL |0 | i | &
Inches mm NUMBER | Inches mm Inches mm Lbs./in. N/mm | Inches mm Lbs. N Inches mm Inches mm CoILS g ﬁ

0.036 91| 10075 58 151 022 6 26 46 A5 38 3’ 17 35 B9 0.007 0.2 | 49.0 SST |C [N

0.036 91 W7 B3 159 .024 B 1.6 .28 6 441 25 1.1 25 6.2 0.006 0.2 | 40.0 SST _|C [N

0.040 102 | 2924 66 16.8 020 S n 20 A3 32 14 6.4 B0 126 0010 03 | 485 MW [C [N

0.040 1.02]| 10778 B9 175 .028 a1 1.0 AL 25 B9 35 16 30 77 0.006 0.2 | 495 MW _|C [N

0.054 137 | RA-6 25 6.4 036 3 62 11 09 2.2 56 25 6 41 0.009 0.2 | 165 SST [C [N

0054 137| 10619 J2 183 038 10 1.6 29 37 9.3 B0 27 32 84 0.008 0.2 | 39.0 MW |C |N

0.057 1.45| 70000 A3 33 045 14 a7 66 07 1 25 14 .04 1.0 0.006 0.2 575 | MW |C |N

0,057 1.45| 70000S A3 33 045 1.1 33 o7 05 1.3 A7 74 .04 10 0.006 0.2 575 | SST |C |N

0,057 1.45| 70009 A3 33 043 141 69 12 06 1.5 40 18 05 12 0.007 0.2 600 | MW |C |N

0.057 1.45 | 700095 13 33 043 11 60 11 04 1.1 26 12 05 12 0.007 0.2 600 | SST |C |N

0,057 1.45| 70018 A3 33 041 10 12 =1 .05 1.2 S7 25 06 14 0.008 0.2 613 | MW |C |N

0,057 1.45| 700188 A3 33 041 1.0 1" 1.8 03 .88 37 16 06 14 0.008 0.2 613 | SST |C |N

0.057 1.45| 70001 19 48 045 11 23 40 5 | 2.8 2 11 06 14 0.006 0.2 B13 | MW |C |N

0.057 1.45| 70001S 19 48 045 11 20 35 .08 2.1 A7 74 06 14 0.006 0.2 813 | ST |C [N

0,057 1.45| 70010 19 48 043 11 4.0 10 A0 2.5 40 18 7 0.007 0.2 888 | MW |C |N

0.057 1.45| 700108 19 48 043 11 35 B1 07 1.9 26 1.2 07 18 0.007 0.2 888 | SST |C |N

0,057 1.45| 70019 19 48 041 10 74 13 .08 2.0 57 25 .08 20 0.008 0.2 875 | MW |C |N

0.057 1.45| 700198 19 48 041 10 64 11 06 1.4 37 18 .08 20 0.008 0.2 875 | SST |C |N

0,057 1.45| 70002 25 6.4 045 11 1.7 30 A5 3.8 25 11 07 17 0006 0.2 | 103 MW |C |N

0.057 1.45| 700028 .25 6.4 045 1.1 15 26 % il 2.8 A7 74 A7 17 0006 0.2 | 103 SST |C |N

0057 1.45| 70011 25 6.4 043 11 Al 54 J3 33 40 18 .08 21 0.007 0.2 | 110 MW |C |N

0,057 1.45| 700118 25 6.4 043 11 21 A7 A0 2.5 26 1.2 .08 21 0.007 0.2 | 11.0 S8ST |C [N

0.057 1.45| 70020 .25 6.4 041 10 53 .92 a1 2.8 S7 25 A0 25 0008 0.2 | 115 MW |C |N

0.057 1.45| 700208 25 6.4 041 10 46 B0 .08 2.0 37 16 A0 25 0.008 0.2 | 115 SST |C [N

0.057 1.45| 70003 3 79 045 11 14 24 A9 47 2 13 .08 20 0.006 0.2 | 124 MW |C |N

0.057 1.45| 700035 31 79 045 1 1.2 21 A4 36 A7 74 .08 20 0.006 0.2 | 124 SST |C |N

0,057 1.45| 70012 3 79 043 11 24 42 A 4.2 40 18 10 26 0.007 0.2 | 135 MW |C |N

0.057 1.45| 700128 31 7.9 043 1.1 21 37 A2 3.2 26 1.2 10 26 0.007 0.2 | 135 SST |C |N

0,057 1.45| 70021 3 79 041 1.0 41 Jq2 14 36 S 25 J2 3 0.008 0.2 | 143 MW |C |N

A ART 1 AR il a4 7a A4 iA ae (5] 40 LN - a7 i e 49 a4 A AfS L] 449 ceT "~ L1

www.centuryspring.com




Validity “Frame” ~ reproducibility
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Denil, J., Klikovits, S., Mosterman, P. J., Vallecillo, A., & Vangheluwe, H. (2017).
The experiment model and validity frame in M&S.
In Proceedings of the Symposium on Theory of Modeling & Simulation (Vol. 49).

Vanherpen, K., Denil, J., De Meulenaere, P., & Vangheluwe, H. (2016).

Ontological Reasoning as an Enabler of Contract-Based Co-design.

In C. Berger, M. R. Mousavi, & R. Wisniewski (Eds.), Cyber Physical Systems. Design, Modeling, and Evaluation: 6th International Workshop, CyPhy
2016, Pittsburgh, PA, USA, October 6, 2016, Revised Selected Papers (pp. 101-115). Cham: Springer International Publishing.
http://doi.org/10.1007/978-3-319-51738-4_8
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A-Causal Modelling in Context

Problem-Specific (technological)

Domain-Specific (e.g., translational mechanical)
(general) Laws of Physics

Power Flow/Bond Graphs (physical: energy/power)

Computationally a-causal
(Mathematical and Object-Oriented) «— Modelica

Causal Block Diagrams (data flow)

Numerical (Discrete) Approximations

Computer Algorithmic + Numerical

(Floating Point vs. Fixed Point)

As-Fast-As-Possible vs. Real-time (XiL)

Hybrid (discrete-continuous) modelling/simulation

Hiding IP: Composition of Functional Mockup Units (FMI)
Dynamic Structure
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VHDL-AMS Muliti Domain Design
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Equation-Based Object-Oriented

Modeling LLanguages and Tools

EOOLT 2017

rF .3

EOOLT 2017

The EOOLT workshop
took successfully place
in Munich, Germany an
December 1.
Proceedings are now
available on ACM
Digital Library

Modelica Scalable
Test Suite

A new suite of scalable
test models can be
found here.

Welcome to the EOOLT community!

This site is intended to be a meeting point for researchers and practitioners
working in the area of equation-based object-oriented modeling languages
and tools. The site's main purpose is to host the workshop pages for the
EQOLT workshop series. Below you can find links to the current and past
events, together with links to the open access workshop proceedings.

This site is maintained by David Broman. If you have any questions or
comments, please send an email.

-~ ) *--f EOOLT 2017, December 1, Munich, Germany

w 8th International Workshop on Equation-Based

e o Object-Oriented Modeling Languages and Tools

- ‘ EQOLT 2017 Proceedings (ACM Digital Library)
S8 Workshop site

EOQOOLT 2016, April 18, Milano, Italy
7th International Workshop on Equation-Based
Object-Oriented Modeling Languages and Tools

EQOLT 2016 Proceedings (ACM Digital Library)
Workshop site (archived)

EOOLT 2014, Berlin, Germany
6th International Workshop on Equation-Based
| Object-Oriented Modeling Languages and Tools

- EQOLT 2014 Proceedings (ACM Digital Library)

Workshop site (archived)
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this slide from Peter Fritzson's Modelica tutorial
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MoDELI'CA

*Model exchange/re-use standard (Modelica Association)
*Modelica Standard Library (MSL)

*Object-oriented, hierarchical; semantics based on flattening
*Computationally a-causal modelling; semantics based on DAEs
*QOriginated in Hilding EImquist's 1978 PhD thesis @ Lund

*Early 1990's: Modelica Design Team (started in SiE)
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MoDELI'CA

*hybrid (discrete-time/discrete-event) constructs

(e.g., used to model network protocols based

on TrueTime http://www.control.lth.se/truetime/)

Limited support for Dynamic Structure models (i.e., no “agents”)
*Separate model from its (numerical) solution ...

*Generate Functional Mockup Interface (FMI) compliant simulation units

*Currently: many commercial and open (e.g., OpenModelica) tools

*Related: Mathworks Simscape, EcosimPro, NMF, gProms, ...
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MoDELI"CA

Electrical Types

type Time = Real (final quantity="Time", final unit="s");
type ElectricPotential = Real (final quantity="ElectricPotential",
final unit="V");
type Voltage = ElectricPotential;
type ElectricCurrent = Real (final quantity="ElectricCurrent",
final unit="A");

type Current = ElectricCurrent;

Beware: variables are signals (functions of time)!



Libraries
@ VolumeDensityOfCharge
[I| SurfaceDensityOf Charge
[T ElectricFieldStrength

E ElectricPotential

Libraries

- @ VelurmeDensityOfCharge
—[il SurfacelensityOfCharge
~[T'] ElectricFieldstrength

= [il ElectricPotential

—@ Voltage

i A EE

Writeable | Type

Modelica Text View | C:/OpenModelical.9. 1Beta2flibfomlibrary/Modelica 3. 2. 1/SIunits.mo

Line: 1, Cal: 0

c

1 type ElectricPotential = Real (final quantity = "ElectricPotential",

“| b oA [B)@ | writeable

Type

Modelica Text View | C:/Open..nits.mo | Line: 1, Col: 0 | oy

1 type Voltage

= ElectricPotential; |

final unit = "V");
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MoDELI"CA

Electrical Pin Interface

connector PositivePin "Positive pin of an electric component"
Voltage v "Potential at the pin";
flow Current i "Current flowing into the pin";

end PositivePin;



Libraries

- ccc

- OpAmp

£+ OpAmpDetailed
o 'l’l'l' VariableResistor
o "‘l'l' VariableConductor
e VariableCapacitor
=L Variablelnductor
=~ Ideal

E Interfaces
-l Fin

- . PositivePin

o D MegativePin

F+ = TwePin

= * OnePort

- - TwePort

- . ConditionalHeatPort
- +P AbsoluteSensor

~ <P RelativeSensor

|- === VoltageSource

— =0~ CurrentSource

Lines
Semiconductors

Sensors

LSO

Sources

# [ | Digital
I Machines

»

m

‘II-I ﬁ Eﬂ ‘ Writeable ‘ Connector ‘ Modelica Text View | C:fOpenModelical.9. 1Beta2lib fomlibrary Modelica 3. 2. 1/Electrical /Analog/Interfaces.mo

Line: 1, Col: 0 ‘ E

1

s

L

[1=%

1 ™y LN

| il el el

fad B = i

b =t b e b e

konnector PositivePin "Positive pin of an electric component”™

Modelica.SIunits.Voltage v "Potential at the pin"™ annotation (unassignedMessage = "An slectrical
potential cannot be uniquely calculated.
The reason could be that
— a ground cbject is missing (Modelica.Electrical.fnalog.Basic.Ground)

to define the zero potential of the electrical circuit, or
- a connector of an electrical component is not connected.™);

flow Modelica.SIunits.Current i "Current flowing into the pin" annotation (unassignedMessage =
electrical current cannot be uniquely calculated.
The reason could be that
- a ground cbject is missing (Modelica.Electrical.Analog.Basic.Ground)

to define the zero potential of the electrical circuit, or
- a connector of an electrical component 1s not connected.™);

annotation (defaultComponentName = "pin p", Documentation(info = "<html>
<pr»Connectors PositivePin and NegativePin are nearly identical. The only difference is that the
icons are different in order to identify more esasily the pins of a component. Usually, connector
FPositivePin is used for the positive and connector NegativePin for the negative pin of an electrical
component.</p>
</html>", revisions =
<ul>
<li><i> 1558 </ix

by Christoph

"En

"<html>

Clauss<br> initially implemented<br>

</1lix

5 </ul>
</html>"}, Icon(coordinateSystem(preservelspectRatio = true, extent = {{-100,-100},{100,100}}),
graphics = {Rectangle (extent = {{-100,100},{100,-100}}, lineColor = {0,0,255}, fillColor =
{0,0,255}, fillPattern = FillPattern.Solid)}), Diagram(coordinateSystem (preservelspectRatio = trus,
extent = {{-100,-100},{100,100}}), graphics = {Rectangle(extent = {{-40,40},{40,-40}}, lineCclor =
{0,0,255}, fillcolor = {0,0,255}, fillPattern = FillPattern.Scolid),Text (extent = {{-160,110},
{40,50%}, lineColeor = {0,0,255}, textString = "%name")}));

end PositivePin;
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Electrical Port

partial model OnePort
"Component with two electrical pins p and n
and current i from p to n"
Voltage v "Voltage drop between the two pins (= p.v - n.v)";
Current i "Current flowing from pin p to pin n";
PositivePin p;
NegativePin n;
equation
V =Pp.V - n.V;
O =p.1i+ n.i;
i=p.i;

end OnePort;



»

Libraries |||-| d@ﬂ ‘Writeable |Mode| |Modeli:3 Text View | C:/OpenModelical.9. 18eta2/ibjomlibraryModelica 2. 2. 1/Electrical/Analog/Inter faces.mao Line: 1, Cal: 0 | ﬁ‘

- ccc

- - OpAmp ‘
£~ OpAmpDetailed

o 'l’l'l' VariableResistor

J
'_Iu

bartial model OnePort "Component with two electrical pins p and n and current i from p to n"
S8I.Voltage v "Voltage drop between the two pins (= p.v - n.v}";
SI.Ccurrent i "Current flowing from pin p to pin n";
PositivePin p "Positive pin (potential p.v > n.v for positive voltage drop v} "

m
L B

=

L .5 VariableConductor annotation (Placement (transformation (extent = {{-110,-10%},{-90,10}}, rotation = 0)));:
e VariableCapacitor 5 Nege.xtivePin n "Negative pin" annotation(Placement (transformation(extent = {{110,-10},4{%0,10}},
L1 rotation = 0)));
Variablelnductor ¢ equation
# 5 Ideal 7TV = p.v - n.v;
= M3 Interfaces 8 0 =p.i+ n.i;

_. Pin S i=rp.i;

B positi b 1 annotation (Documentation(info = "<html>
i PositivePin 11 <p>»Superclass of elements which have <b>two</b> electrical pins: the positive pin connector
- [ Negativepin <i»p</i», and the negative pin connector <i»n</i>. It is assumed that the current flowing into pin p
F+ * TwoPin is identical to the current flowing out of pin n. This current is provided explicitly as current
e« OnePort 1. <fp> o
- 2 </html>", revisions = "<html>
Fe. .« TwoPort -
3 <ul>

= . ConditionalHeatPort
- «P AbsoluteSensor

o '@' RelatrveSensor
=& VoltageSource
=+~ CurrentSource

<li><i> 1998 </ix
by Christoph Clauss<br> initially implemented<br>
</1ix

e

1 o™ LR

</ul>
S </html>"), Diagram(coordinateSystem (preservelAspectRatioc = true, extent = {{-100,-100},{100,100}}),
graphics = {Line(points = {{-110,20},{-85,20}}, color = {160,160,164}),Polygon(points = {{-55,23},

e e e T e e

# [FL Lines {-85,20},4{-95,17},{-95,23}}, lineColor = {160,160,164}, fillCoclor = {1e0,1c0,1¢4}, fillPattern =

# H Semiconductors FillPattern.Sclid),Line (points = {{%0,20},{115,20}}, color = {160,160,164}),Line(points = {{-125,0},
[ sensors {-115,0}}, coloxr = {160,160,1¢4}),Line (points = {{-120,-5},{-120,5}}, color =

& B sources {160,160,164}),Text (extent = {{-110,25},{-5%0,45}}, lineColor = {160,160,164}, textString =

- "i"),Polygon (points = {{105,23},{115,20},4{105,17},{105,23}}, linecolor = {160,160,1¢€4}, fillcolor =
= Digital {160,160,164}, fillPattern = FillPattern.Solid),Line (points = {{115,0},{125,0}}, color =
i Machines {160,160,164}),Text (extent = {{90,45},{110,25}}, lineColor = {160,160,164}, textString = "i")}));
(=) MultiPhase 1% end OnePort;
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Object-oriented re-use and causality

_/\/\/\/\/_

Object "resistor"

1?

— 1

Vi v2
R
—1 .
vi va2?
R

V1-V2=R

I=(V1-V2)/R

V2=V1-R"1

V1=V2 +R*

Electrical Resistor

model Resistor "Ideal linear electrical resistor"
extends OnePort;
parameter Resistance R=1 "Resistance";
equation
Rxi = v;

end Resistor;
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Libraries Browser
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Libraries

(@) Blocks

@ ComplexBlocks

E StateGraph

=l [ Electrical

Bl E Analog

E Examples

= E Basic

-+ Ground

[ "= Resistor

|- =+ HeatingResistor
= Conductor

- =+ Capacitor

=== Inductor

- === SaturatingInductor
F JC Transformer

F B M _Transformer
- =L Gyrator

- w= EMF

r *‘ TranslationalEMF
- vov

-8 vcc

- ccv

- I& ccC

= OpAmp

T OpAmpDetailed
r 'l'l'l' VariableResistor
r 'l'l'l' VariableConductor
- VariableCapacitor
-1 Variablelnductor
9 Ideal

Interfaces

E Lines

E Semiconductors

=

e

m

’E myRLCnetwork™ | E Modelica, Electrical. Analog, Basic.Resistor
|-|-| ABEE |Wr1hea|::|e ‘Modei ‘ModeﬁtzTextU’lew ‘C:;‘DpenModeﬁ:zl.S.lBelzmj‘omﬁtxarvModeﬁm 3.2.1/Electrical fAnalog/Basic.mo Line: 1, Cal: 0 |ﬁ‘
1 model Resistor "Ideal linear electrical resistor™
2 parameter Modelica.SIunits.Resistance R(start = 1) "Resistance at temperature T _ref”;
3 parameter Modelica.SIunits.Temperature T ref = 300.15 "Reference temperature”;
- parameter Modelica.SIunits.LinearTemperatureCoefficient alpha = 0 "Temperature coefficient of resistance
(R_actual = R*(1 + alpha* (T _heatPort - T ref))";
5 extends Modelica.Electrical.RAnalog.Interfaces.OnePort;
6 extends Modelica.Electrical.Bnalog.Interfaces.ConditionalHeatPort (T = T_ref);
7 Modelica.SIunits.Resistance R_actual "Actual resistance = R* (1 + alpha* (T heatPort - T ref))";
5 eguation
S assert(l + alpha * (T _heatPort - T _ref) >= Modelica.Constants.eps, "Temperature outside scope of model!™);
10 R_actual = R * (1 + alpha * (T_heatPort - T_ref));
11 v =R actual * i;
12 LossPower = v * i;
13 annotation (Documentation(info = "<html:>
14 <p>The linear resistor connects the branch voltage <i»w</i> with the branch current <i>»i</i>» by <i>i*R = v</i>.

[ T o T o T S T T o T S T s B S e e T

=1 @ N = LD Do}

=1 o N

SR T Ve B v

28 end Resistor;

The Resistance <i»R</i> is allowed to be positive, zero, or negative.</p>
</html>", revisions = "<html>
<ul>
<li»<i>» August 07, 2009 </ix
by Anton Haumer<br> temperature dependency of resistance added<br>
</1lix>
<1i»<i>» March 11, 20095 </ix
by Christoph Clauss<br> conditional heat port added<br>
</1li>

<li»<i> 1998 </ix
by Christoph Clauss<br> initially implemented<br>
</1lix

</ul>

</html>"), Icon(coordinateSystem(preservelAspectRatio = true, extent = {{-100,-100},{100,100}}), graphics =
{Rectangle (extent = {{-70,30%},{70,-30}}, lineColor = {0,0,255}, fillcolor = {255,255,255}, fillPattern =
FillPattern.Solid),Line(points = {{-%0,0},{-70,0}}, color = {0,0,255}),Line(points = {{70,0},{%0,0}}, color =

{0,0,255}),Text (extent = {{-144,-40},{142,-72}+}, lineColor = {0,0,0}, textString = "E=%R")},Line(visible =
useHeatPort, points = {{0,-100},{0,-30}}, color = {127,0,0}, smooth = Smooth.Nones, pattern =
LinePattern.Dot),Text (extent = {{-152,87},{148,47}}, textString = "%nam=", lineColor = {0,0,255})}),

Diagram(coordinateSystem (preserveispectRatic = true, extent = {{-100,-100},{100,100}}), graphics =
{Rectangle (extent = {{-70,30},{70,-30}}, lineColor = {0,0,255}),Line(points = {{-96,0},{-70,0}}, coloxr =
{0,0,255}),Line (points = {{70,0},{96,0}}, color = {0,0,255}}3)):

¥:-15.03  Y: 154.06 di Modeling
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The circuit
model circuit
Resistor R1(R=10);
Capacitor C(C=0.01);
Resistor R2(R=100);
Inductor L(L=0.1); A @
|] i 2
VsourceAC AC; o = b=
Ground G; S
[}
equation & . =
connect (AC.p, R1.p); = =

_g_l
—f
l'0=

connect(Rl.n, C.p);
connect(C.n, AC.n); Vi]L
connect(R1.p, R2.p); E;
connect(R2.n, L.p);

connect(L.n, C.n);
connect (AC.n, G.p);

end circuit;

Meaning: set of Differential Algebraic Equations (DAEs) obtained by

1. expanding inheritance/instantiation
2. flattening hierarchy, unique names
3. expanding connect() into equations (across vs. flow)



Libraries Browser [

Libraries

. Complex

= P77 Modelica

ﬂ UsersGuide
2 Blocks

E ComplexBlocks
E StateGraph

= 4 Electrical

[+]

Analog

[+

Digital
Machines
MultiPhase
E QuasiStationary
- Spice3

E Magnetic

E Mechanics
B4 Fluid

7 Media

:{E Thermal

A\ Math
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. Complex

7% Modelica

o ModelicaReference
G ModelicaServices inductor

@ OpenModelica -.I:_D—.MU

L @ myRLCnetwork
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"|File Edit View Simulation

FMI

XML Tools Help

4 PEHHS {00 B QaQ/lwemeBNM B9+ @8-z b

Libraries Browser = E myRLCnetwork |
||
Libraries O E&E]ﬂ Writeable | Model | Modelica Text View | C:/Users/hv /Desktop/scribbles/myRLCnetwork.mo Line: 1, Col: 11 E
I . Complex
1 model myRLChetwork

7 Modelica

© ModelicaReference = true, transformation(origin = {-40,60}, extent = {{-10,-10},4{10,10}}, rotation = 0}));
H[:]Mmmmﬁaﬂms 3 Modelica.Electrical.Analog.Basic.Inductor inductor (L = 1le-006)
H[I]GpmMoﬂMm annotation[Plac§ment[visible = true, transformation(origin = {0,60}, extent = {{-10,-10},
L@ ryRLCnetwork {10, lD}?I IOtathI.l = 0 . .
= Modelica.Electrical.fnalog.Sources. SineVoltage sineInputVoltage(V = 10, fregHz = 50)
annotation (Placement (visible = true, transformation(origin = {-80,40}, extent =
{{-10,-10},4{10,10}}, rotation = -90)));:
5 Modelica.Electrical .Bnalog.Basic.Ground groundl annotation(Placement (visible = true,

-
£

(s

o

Lo

100} annotation(Placement (visible

Modelica.Electrical . Analog.Basic.Resistor resistor(R

transformation (origin {—-80,0}, extent rotation
equation

connect (resistor.p, sineInputVoltage.p) annotation(Line (points
{-79.8913,42.4565},{-79.8913,45%.4565}r) )

connect (resistor.n, inductor.p) annotation(Line (points
{-9.782e1,5%.2391y,{-9.78261,55.2391}))

connect (sineInputVoltage.n,inductor.n) annotation(Line (points
{10.0543,29.8913y,{10.0543,59.7826},{10.0543,55_.7826}}))

connect (sineInputVoltage.n,groundl.p) annotation(Line (points = {{-80,303},{-80,%9.782c1},
{-75%.61%c0000000001,9.78261},{-79.615%c0000000001,9.782061}}))

annotation (Icon(coordinateSystem (extent {{-100,-100},{100,100}}, preservehspectRatio

{{-10,-10},{10,10}}, 0yriz

{{-50,60},{-75.85913,¢e0},

{{-30,60},{-5.78Ze1,c0},

{{-80,30},{-80,25.85913},

I true, initialScale = 0.1, grid = {2,2})), Diagram(coordinateSystem(extent = {{-100,-100%,
I {100,100}}, preservebdspectRatio = true, initialScale = 0.1, grid = {2,2})));:
12 end myRLCnetwork;
X:-90.63 Y: 19.89 gﬁ Modeling
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oﬂ OMEdit - Check Model - myRLCnetwork

= @] ® |

=

- =L Gyrator

"Check of myRLCnetwork completed successfully,

Class myRLCnetwork has 24 equation(s) and 24 variable(s).
16 of these are frivial equation(s).
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class myRLCnetwork

Eeal resistor.v(guantity = "ElectricPotential"™, unit = "V") "Voltage drop between the two pins (= p.v - n.v)";

Real resistor.i(quantity = "ElectricCurrent™, unit = "A") "Current flowing from pin p to pin n";

Real resistor.p.v({quantity = "ElectricPotential™, unit = "V") "Potential at the pin";

Bezl resistor.p.i(guantity = "ElectricCurrent”, unit = "A") "Current flowing into the pin";

FEeal resistor.n.v(guantity = "ElectricPotentizl”, unit = "V") "Potential at the pin";

Real resistor.n.i(quantihy = "ElectricCurrent”, unit = "A") "Current flowing into the pin";

parameter Boolean resistor.useHeatPort = false "=true, if HeatPort is enabled";

Real resistor.LossPower (quantity = "Power™, unit = "W") "Loss power leaving component via HeatPort";

Real resistor.T heatPort (gquantity = "ThermodynamicTemperature”, unit = "K", displayUnit = "degC", min = 0.0, start = 288.15, nominal =
300.0) "Temperature of HeatPort";

parameter Real resistor.R({guantity = "Resistance”, unit = "Ohm", start = 1.0) = 100.0 "Resistance at temperature T ref";

parameter Real resistor.T ref(guantity = "ThermodynamicTemperaturse", unit = "E", displayUnit = "degC", min = 0.0, start = 288.15,
nominal = 300.0) = 300.15 "Reference temperature";

parameter Real resistor.alpha(guantity = "LinearTemperatureCoefficient”, unit = "1/E") = 0.0 "Temperature coefficient of resistance
(R_actual = R¥(1 + alpha* (T heatPort - T ref))";

Real resistor.R _actual (quantity = "Resistance”, unit = "Ohm") "Actual resistance = R* (1 + alpha* (T heatPort - T ref))":

parameter Real resistor.T(guantity = "ThermodynamicTemperature”, unit = "E", displayUnit = "degC", min = 0.0, start = 288.15, nominal =
300.0) = resistor.T_ref "Fixed device tempsrature if useHeatPort = false™;

Bezal inductor.wv(guantity = "ElectricPotentizl"™, unit = "V") "Voltage drop between the two pins (= p.v - n.v)";

Eeal inductor.i(guantity = "ElectricCurrent™, unit = "A", start = 0.0) "Current flowing from pin p to pin n";

Feal inductor.p.v(guantity = "ElectricPotentizal”, unit = "V") "Potential at the pin";

Eeal inductor.p.i(guantity = "ElectricCurrent”, unit = "A") "Current flowing into the pin";

Real inductor.n.v(gquantity = "ElectricPotential™, unit = "V") "Potentizl at the pin";

Real inductor.n.i(quantity = "ElectricCurrent”, unit = "A") "Current flowing into the pin";

parameter Real inductor.L{guantity = "Inductance", unit = "H", start = 1.0) = 1le-006 "Inductance";

Eeal sineInputVoltage.v(guantity = "ElectricPotential”™, unit = "V") "Voltage drop between the two pins (= p.v - n.v)";
Eeal sineInputVoltage.i (guantity = "ElectricCurrent™, unit = "A") "Current flowing from pin p to pin n";

Real sinelInputvVoltage.p.v(gquantity = "ElectricPotential"™, unit = "V") "Potential at the pin";

Real sineInputvVoltage.p.i(quantity = "ElectricCurrent”, unit = "A") "Current flowing into the pin";

Bezl sineInputVoltage.n.v(guantity = "ElectricPotential™, unit = "V") "Potentizl at the pin";

Eeal sineInputVoltage.n.i(guantity = "ElectricCurrent”, unit = "A") "Current flowing into the pin”;

parameter Real sinelInputVoltage.offset (guantity = "ElectricPotential”™, unit = "V") = 0.0 "Voltage offset"”;

parameter Real sineInputVoltage.startTime (quantity = "Time", unit = "s") = 0.0 "Time offset™;

parameter Real sineInputvVoltage.V(quantity = "ElectricPotential™, unit = "vV", start = 1.0) = 10.0 "Emplitude of sine wave";
parameter Rezal sineInputVoltage.phase (guantity = "Zngle", unit = "rad", displayUnit = "deg") = 0.0 "Phase of sine wawve";
parameter Real sinelnputVoltage.fregHz (guantity = "Freguency™, unit = "Hz", start = 1.0) = 50.0 "Freguency of sine wave";

output Real sineInputVoltage.signalSource.y "Connector of Real output signal”;

parameter REeal sineInputVoltage.signalSource.amplitude = sineInputVoltage.V "Emplitude of sine wave";

parameter Real sineInputVoltage.signalSource.fregHz (quantity = "Fregquency”, unit = "Hz", start = 1.0) = sineInputVoltage.fregHz
"Frequency of sine wawve";

parameter Eezal sinelnputVoltage.signalSource.phase (guantity = "AZngle™, unit = "rad"”, displayUnit = "deg”) = sinelInputVoltage.phase

"Phase of sine wave";
parameter Real sineInputVoltage.
parameter Real sineInputvVoltage.
time < startTime";
protected constant Eeal sinelnputVoltage.signalSource.pi =
Eeal groundl.p.v(guantity = "ElectricPotentizl”,
Eeal groundl.p.i(quantity = "ElectricCurrent™, unit =

signalSource.offset =

signalsource.

npw )

startTime (quantity = "Time",

unit = "v")

sineInputvVoltage.offset "Offset of output signal™;

unit = "s") = sineInputvVoltage.startTime "Output = offset for
3.141592653589783;
"Potential at the pin":

"Current flowing into the pin";



equation

assert (1.0 + resistor.alpha * (resistor.T heatPort - resistor.T ref) >= 1le-015,"Temperature outside scops of model!");

resistor.R_actual = resistor.R * (1.0 + resistor.alpha * (resistor.T heatPort - resistor.T ref));

resistor.v = resistor.R actual * resistor.i;

resistor.LossPower = resistor.v * resistor.i;

resistor.v = resistor.p.v - resistor.n.v;

0.0 = resistor.p.i + resistor.n.i;

resistor.i = resistor.p.i;

resistor.T _heatPort = resistor.T;

inductor.L * der (inductor.i) = inductor.v;

inductor.v = inductor.p.v - inductor.n.wv;

0.0 = inductor.p.i + inductor.n.i;

inductor.i = inductor.p.i;

sinelnputVoltage.signalSource.y = sinelnputVoltage.signalSource.offset + (1f time <
sineInputVoltage.signalSource.startTime then 0.0 else sinelnputVoltage.signalScource.amplitude * sin(6.283185307175%586 =
sineInputVoltage.signalSource. fregHz * (time - sineInputVoltage.signalScource.startTime) +
sineInputVoltage.signalSource.phase) ) ;

sinelInputVoltage.v = sinelnputVoltage.signalSource.y;

sinelnputVoltage.v = sinelnputVoltage.p.v - sinelnputVoltage.n.wv;

0.0 = sineInputVoltage.p.i + sinelnputVoltage.n.i;

sineInputVoltage.i = sineInputVoltage.p.1i;

groundl.p.v = 0.0;

resistor.p.i 4+ sinelInputVoltage.p.i = 0.0;

resistor.n.i 4+ inductor.p.i = 0.0;

inductor.n.i 4 sinelInputvVoltage.n.i + groundl.p.i = 0.0;
resistor.p.v = sinelnputVoltage.p.v;

inductor.p.v = resistor.n.v;

groundl.p.v = inductor.n.v;

groundl.p.v = sinelInputVoltage.n.wv;

end myRLCnetwork;
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goo —-falign-functions -msseiZ -mfpmath=sse —I"C:/CpenModelical 3. 1Beta//include/omc/c" -I. -DOPEMMODELICARZ XML FROM FILE AT RUNTIME -c -o
myRLCnetwork records.o myRLCnetwork records.c
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goo —-falign-functions -msseiZ -mfpmath=sse —I"C:/CpenModelical 3. 1Beta//include/omc/c" -I. -DOPEMMODELICARZ XML FROM FILE AT RUNTIME -c -o
myRLCnetwork 0Znls.o myRLCnetwork OZnls.c
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goo —falign-functions -mssel -mipmath=sse —I"C:/OpenModelical .9.1Betal//include/ome/fe™ -I. -DOPENMODELICER XML FROM FILE AT RUNTIME -o -o
myRLCnetwork O4set.o myRLCnetwork O4set.c
goo —falign-functions -msseiZ -mipmath=sae —I"C:/OpenModelical .3.1Betai//include/omc/c™ —-I. -DOPENMODELICA XML FROM FILE AT RUNTIME -c -o
myRLCnetwork O5evt.o myRLCnetwork OSevt.c
gcc —falign-functions -msseZ -mfpmath=ss3e —I"C:/OpenModelical .59.1Betai//include/ome/c” —-I. —-DOPENMODELICA XML FRCOM FILE AT RUNTIME -o -o
myRLCnetwork 0&inz.o myRLCnetwork O&inz.c
goo —-falign-functions -msseiZ -mfpmath=sse —I"C:/CpenModelical 3. 1Beta//include/omc/c" -I. -DOPEMMODELICARZ XML FROM FILE AT RUNTIME -c -o
myRLCnetwork 07dly.o myRLCnetwork 07dly.c
goo —-falign-functions -msseiZ -mfpmath=sse —I"C:/CpenModelical 3. 1Beta//include/omc/c" -I. -DOPEMMODELICARZ XML FROM FILE AT RUNTIME -c -o

myRLCnetwork 08bnd.o myRLCnetwork O8bnd.c
myRLCnetwork OSevt.c: In function "myRLlnetwork zerolrossinglDescription':
myRLinetwork 05Sewt.c:51: warning: essignment discards gquelifiers from pointer target type

goo —-falign-functions -msseiZ -mfpmath=sse —I"C:/CpenModelical 3. 1Beta//include/omc/c" -I. -DOPEMMODELICARZ XML FROM FILE AT RUNTIME -c -o
myRLCnetwork 0%alg.oc myRLCnetwork O3alg.c
goo —-falign-functions -msseiZ -mfpmath=sse —I"C:/CpenModelical 3. 1Beta//include/omc/c" -I. -DOPEMMODELICARZ XML FROM FILE AT RUNTIME -c -o
myRLCnetwork 10asr.o myRLCnetwork llasr.c
goo —falign-functions -masei -mfpmath=sse —I"C:/OpenModelical 9. 1BetaZ//include/ome/fe™ -I. -DOPEMMODELICAR XML FROM FILE AT RUNTIME -2 -o
myRLCnetwork llmix. o myRLCnetwork llmix.c
gcc —falign-functions -mssel -mfpmath=sse —I"C: /OpenModelical 9. 1Beta//include/omc/c™ —-I. —DOPEMMODELICE ¥ML FRCOM FILE AT RUNTIME - -o
myRLCnetwork 1lZjac.o myRLCnetwork lZ2jac.c
goo —-falign-functions -msseiZ -mfpmath=sse —I"C:/CpenModelical 3. 1Beta//include/omc/c" -I. -DOPEMMODELICARZ XML FROM FILE AT RUNTIME -c -o
myRLCnetwork l3opt.o myRLCnetwork l3opt.c
goo —-falign-functions -msseiZ -mfpmath=sse —I"C:/CpenModelical 3. 1Beta//include/omc/c" -I. -DOPEMMODELICARZ XML FROM FILE AT RUNTIME -c -o

myRLCnetwork l4lnz_ o myRLCnetwork l4lnz._c

goe —I. -o myRELCnetwork.exe myRLCnetwork.c myRLCnetwork functions.o myRLCnetwork records.o myRLCnetwork Olexco.o myRLCnetwork 0Znls.o

myRLCnetwork 03lsy.oc myRLCnetwork Od4set.o myRLCnetwork 0OSevt.o myRLCnetwork 0€inz.o myRLCnetwork 07dly.o myRLCnetwork O8bnd.o myRLCnetwork 0O3alg.o
myRLCnetwork 10asr.o myRLCnetwork llmix. o myRLCnetwork lZjac.o myRLCnetwork l3opt.c myRLCnetwork l4lnz.o -

I"C:/CpenModelical 3. 1Betai//include/ome/c" -I. -DOPENMODELICE XML FROM FILE AT RUNTIME —falign-functions -msseZ -mfpmath=sse -
L"C: /OpenModelical . 9. 1BetaZ/ /lib/omc" -L"C:/OpenModelical_5.1Betai/, /lik"™ -W1l,--stack, OxZ2000000, -rpath, "C:/COpenModelical.3.1lBetai//lib/omc™ -W1, -
rpath, "C: /OpendModelical .3 .1Betai/ 1ibk" -lregex -lexpat -lgc -lpthread —-fopenmp —-loleaut3Z -lS5imulationBuntimeC -lgc -lexpat —lregex —-static-

libgee —-luuid -loleaut32 -lole32 -lwsZ2 32 -lsundials kinsol -lsundials nvecserial -lipopt -leoinmumps -lcooinmetis —-lpthread -1lm -lgfortranbegin -
lgfortran -lmingw3Z -lgcc eh —lmoldname -lmingwex -lmsvert —luser3Z -lkernel3Z -ladvapi3Z2 -lshell3Z -llapack-mingw -—-ltmglib-mingw -lblas-mingw -
1fZc -linteractive -lwsock3Z -1lis -lstdct+

m
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Simulation - myRLCnetwork

General | Output | Simulation Flags |

Simulation Interval

Start Time: ||:|

Stop Time: |1

Integration

Method: [u'ﬂne—euler

Tolerance: | 1e-6

Mumber of Processors:

Compiler Flags (Optional): |

sAuto = E Mote: Use 1 processor if you encounter problems during compilation.

[7] save simulation settings inside model l Simulate I [ Cancel




DOutput Compilation

C-/Usera/hv/Applata/Local /Temp/CpenModelica/O0MEdit/myRLCnetwork. exe -port=4350Z -logFormat=xml -w -—1lv=LOGE_STATS
LOE STRTS | info | ##% STATISTICS §###

LOG_STATS | info | timer

| [ (. 0.0150538s [ 46.9%] pre-initiasli=zation
| (I | | 4.1813%e-0053 [ 0.1%] initislization

| [ | | Z.0%07e-0053 [ 0.1%] steps

| (| (| 0.0157118=s [ 453.0%] creating ocutput—-file
| I 1 | | 0.000115558s [ 0.4%] event-handling

| 11 | | 0.00025%5738s [ 0.59%] overhead

| 11 | 1 0.000824114s [ 2.6%] simalation

| 11 (. 0.0320€37s [100.0%] total

LOE_STRATS | info | ewents

| 11 (. 0 state events

| 11 (. 0 time ewvents

LOE STRTS | info | solwver: DASSL

| (| | | 2431 steps taken

| I 1 | | 32Zgg calls of functionCDE

| I 1 |1 185 ewvaluations of jacobkian

| (| (| 732 error test failures

| I 1 |1 0 convergence test failures

LOE _STATS | info | ##§ EMD STATISTICS £f&




n& OMEdit - CpenMedelica Connecticn Editor LE
File Edit View Simulation FMI XML Tools Help

| ceppa sooBaaawene BN EC+s[@- s

Libraries Browser q X = Plot: 1 | \iariables Browser B X
Libraries Pan = FitinView Save  Print [[Tiogx [[Logy |Fi”d Varizbles
. Complex W tme W resistony [7] case sensitive [R.egular Expression v]
) Modelica [ Expand Al ] [ Collapse Al
g S:::::: z::::z:e : " " " " " ” ” ” " " " " " " ” " " " " " " Variables = Value Unit Description
E] OpenModelica B = @ myRLCnetwork
L [E] myRLCnetwork b sroundl
5 inductor

i [=I resistor

4 I [] LossPower 9.56318e-12 w Loss power leaving compaonent via HeatPort

e F IR Ohm Resistance at temperature T_ref

b  [C]R_actual 100 Ohm Actual resistance = R*(1 + alpha*(T_heatPort - T_ref))

0 FET 300.15 degC  Fixed device temperature if useHeatPort = false

7 F [C] T_heatPort 300.15 degC  Temperature of HeatPort

1 ] T_ref 30015 degC  Reference temperature

1 - [Jalpha 0.0 1/K Temperature coefficient of resistan., R*(1 + alpha*(T_heatPort - T_ref))

5 | - i -3.09244e-07 A Current flowing from pin p to pin n
n
: P
l i |: [ useHeatPort 0 =true, if HeatPort is enabled
J ” ” ” ” ” ” ” ” ” ” ” ” ” ” ” ” ” ” ” ” ” v -3.09244e-05 v Voltage drop between the two pins (= pv - nw)
-10 sinelnputVoltage
T T T T T T T T T T T T T T T T T T T T T T T T T T T T L time 1
0 0.1 0.2 0.3 0.4 0.5
time




model mySimpleEqgnSet "simple ecuation set”
Beal x(start=2, fixed=true):
Real y(=tart=3, fixed=true);
equation
der(x) = 2¥%x¥%y—-3%x;
der(y) = ¥y-T*x*y;
end mySimpleEqgnSet;
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