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The Dymola Bond Graph Library

In this class, we shall deal with some issues relating
to the construction of the Dymola Bond Graph
Library.

« The design principles are explained, and some
further features of the Dymola modeling
framework are shown.

« We shall introduce the concept of model wrapping
as Implemented in the bond graph library.

 An example of an electronic circuit simulation
completes the presentation.
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Across and Through Variables

» Dymola offers two types of variables, the across variables
and the through variables.

* In a Dymola node, across variables are set equal across all
connections to the node, whereas through variables add up to

ZEero.

« Consequently, If we equate across variables with efforts,
and through variables with flows, Dymola nodes correspond
exactly to the O-junctions of our bond graphs.
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Gyro-bonds

* In my modeling book, | exploited this similarity by
Implementing the bonds as twisted wires (as null-

modems).

» By requesting furthermore that:

& 0- and 1-junctions must always toggle. No two junctions of the
same gender may be connected by a bond.

& All elements must always be attached to 0-junctions, never to 1-

junctions.

both the O-junctions and the 1-junctions can be
Implemented as Dymola nodes.
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Gyro-bonds I
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Graphical Bond Graph Modeling |

 For graphical bond-graph modeling, these additional
rules may, however, be too constraining.

 For example, thermal systems often exhibit O-
junctions with many bonds attached. It must be
possible to split these O-junctions into a series of
separate O-junctions connected by bonds, so that the
number of bonds attached at any one junction can be
kept sufficiently small.
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Graphical Bond Graph Modeling Il

« For this reason, the graphical bond graph modeling of
Dymola defines both efforts and flows as across variables.

BondCon - BundLlhInliéi
E Filz  Edit  Simulation Elot  gnimation Commands  Window Help

=10l x|
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Beal =

_I conniector BondCon "Bi-directional bondgraphic

connector”

Packages I:I "Bondgraphic effort wariahle";
: Beal f "Bondgraphic flow wariahle";
IT;lljmterfal:ES | ] Peal d "Directional wariable":
BondCon =
eBondCan LI ernnd BondCon;
e ooo
E Eleld|m]l
Line: 1 Mu:u:leling

" Sirnulation

« Consequently, the junctions will have to be programmed
explicitly. They can no longer be implemented as Dymola

nodes.

October 18, 2012

© Prof. Dr. Francgois E. Cellier

Start Presentation

<>



ETH

Cidgendssische Technische Hochsthule Tdrich
Swiss Federal institute of Technology Zurich

IMathematical PMobeling of Phy3ical ©ydtems

The Bond Graph Connectors |
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EI conhector BEgndCon "Bi-directional bondgraphic connector" B [ Intertaces
Packages } Peal = nndgraph:!.c effort vs.trla.'ble ; T
: Peal f "Bondgraphic flow wariable"; . J
I%‘ljlnterfa':es | Beal 4 "Directional wariabkle": 7| AR
| — | = F PassiveOnePort
ondLon = - abodPazsivel. ..
eBondCaon LI end BondCon; .. ActiveOnePort
FEE. EE: I * I ’ | ‘ | *I I_pl _--- ~Modéctivedn.. _
B E(e[P[n]
Line: 1 Modeling | 7 Simulation V. | B vadelng | 2 Simulation | /

Equation window

Icon window

« The directional variable, d, is a third across variable made
available as part of the bond-graph connector, which is

depicted as a grey dot.
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The A-Causal Bon

“Model”

« The model of a bond can now be construgted by dragging

two of the bond-graph connectors

window. They are named BondConl gnhd BondConZ2.

mto the diagram

Bond - BondLlh.Bg I
4 Fil= Edit Simulation Blot  Animation  Comi

mands  Window  Help

[ ¢ > mSHAEE 0 -
_ x|

EFl Edit  Simulation PIt .t'-\lmat c

lzEdQ&8 W/ =

s % ¢ 9= & [
FPackages
model Fond "The a-causal bond model of the bond graph lib T
=l ]| BondLib )
€W User's Guide Pac u':___? s I:P
[T Interfaces | -
nterfaces EroreeteT
5 [P Bonds N =0 o~
_J Eﬂa nds | BondConZ.e = BondConl.e;
FeeBond d = L\ [Name = +1 © | = Bond BomdConl.d = -1;
2% fBond f,_e eBond EBondConZ.d = +1;
lﬁ]J netio 5 5 [~ |
|4.|¢|,;| zlel2m(]y [

| Mndehng | rsimulatinn I J
-

|Line: 1‘ IS Madeling | T Simulation I -
2

Icon window

Equation window

Place the text “%name” in the icon window to get the name of the
model displayed upon invocation.
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The Bond Graph Connectors I

- Dymola variables are usually a-causal. However, they can be made causal
by declaring them explicitly in a causal form.

« Two additional bond-graph

connectors have been defined. The e-

connector treats the effort as an input, and the flow as an output.

eBondCon - BondLib.Inte aces

B Fil= Edit Simulakion Plet &nimation Commands  WWindow Help

_ o) x| = b ot =10 x]
48 Fil= Edit Simulation Plob Animation . Commmand: -8 x|

] ==
I=EQE N mey ARL &N, =Z- :
—_——
|B-¢»mBABEE0: ] EES—
ﬂ connector eBondCon "Uni-directional bondgraphic connector" E‘-ﬁgﬁndl'libﬁ "
Packages I‘I input HEeal = "Bondgraphic effort wariahle"; éﬁ‘:;act:
BondCon output RBeal £ "Bondgraphic flow wariable"; i BondCan J
coutput Real d "Direction wariable"; e
=
{ L fBondCon LI end eBondCon; o - PassivelnePon
— -+ aModPagsived...
R Eleld|x| L
LI 1| I _}I |- ActiveOrePot w|
g E|le | > | L3 [

Lime: 1

Modeling

4 Simulation I/
o

| Mndaling | Y Simulation I
ﬂ

« The f-connector treats the flow as input and the effort as output.
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The Causal Bond “Blocks”

=l eBond - BundLlh.ﬁ’:" s__ i =10] x|
48 File  Edit  Simulation Blat Animation: Commands - SWtindos Help _|E’|5|
EHQE (WY OO ARL D~ | Z~

|- ¢ @ SAHE 0 ]

x|
Packages I;I

21 BondLib
B User's Guide
[ ]Interfaces

= ﬁ Bonds
=+ Bond
|1‘I—'E eBond

. o—% [Bond
3| ﬁJunctiDns
| [T Passive ;I

e Eleld x|

(|

(|

Modeling

® Sirnulation

Using these connectors, causal bond
blocks can be defined.

The f-connector Is used at the side
of the causality stroke.

The e-connector Is used at the other
side.

The causal connectors are only used
In the context of the bond blocks.
Everywhere else, the normal bond-
graph connectors are to be used.
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The Junctions |

« The junctions can now be programmed. Let us look
at a O-junction with three bond attachments.

J0p3 - BondLih.Junctioné‘E@i"" [

=1l |

4 File Edit Simulation Blot Animation . Commands  wWindow Help = =

B EHQAE R/ OOT ARL D[y Z-~

10p3 - BondLib.Junctions.J0p3 - [

=10f x|
=18l

E Eile  Edit  Simulation Flot &rimation Commands indow - Help

[ ¢ 3 =8AE &[0 -
x|

S T—— lsdQ&E& Rl mev ANL- & -[HM, =
Er - ¢ s = sABET

_I "Model of ThreePort O-junction"

E
[ [ Interfaces
& [JBonds F'an:kage& :I extends Irferfaces. ThresPortZero;
E—]ﬁJunctions =N
0 -Jop2 0 - J0p?
I Pl -
hd

g..odnpat 0 Jop3 é;?;? = e[l:2]: ] Inherltance]
SR | e sum(f) = 0;
= E| el [m[™ \

Line: 1 [ﬁMndeling Sirnulation
- /4

e[2] =e[1];
e[3] =e[2];

1 €W User's Guide

B Elel¥]x]

BondLib, Junctions. J0p3

| ) Madeling | 2 Simulation | -
;.

f[1] + f[2] + f[3] =0; ——
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The Junctions |1

e r?:_a

TR AR

E File Edit Simulation Plot  Animation Cnmmands Window  Help

=10] x|

=18l x|

=10l x|
=181 %]

eePortZero

2]l inwvoking three bondgraphic connectors"

2r

"Bondgraphic effort wector":
"Bondgraphic flow wector";

BondConl. d*BondConl . £;

ez

BondConz . d*BondConz . £;

2r

d*BEondCon3. £;

lzdQae (W "oy AR.L- & -[{h,|Z-
- dmSAEE T ]
_J m L IO “Model of Thresbort N—dunction”
F"an::kages :I Iextends Interfaces. ThresFortZero;
= =
: 0 - Jop2 il equation (= ThreePortZero - BondLib.Interfaces.Thres
0 J0n3 e[Z:3] = e[l:2]; B Fle Edit Simulation Elob &mimation Commands Window  Help
e || i = 0; EHAES R/ mev ANM-L-&-HMN, | =~
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-tl partial modsl T
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3 . Packages TwoPorte IJ. Beal e[3]
Beal £[3]
TwoPortZero =
The ThreePortZero partial model TeForne SEeien
P MadTwoPart 2[1] = BondConl.
drags the three bond connectors B | i
into the diagram window, and packs . TheePortOne FLZ1 - Bondoon
FourPortZern - £[3] = BDndCDnS:

the individual bond variables into

HRIEIN 9

two vectors.

BondLib.Interfaces. ThreePortZero

end ThreesePortZero;

Line:
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The Element Models

 Let us now look at the bond-graphic element

models. The
an example.

pond graph capautor may serve as

I=IC - BondLib.Passive.C - [Modeli

N [=1 |
_|&8] x|

B Bl= Edit Simulation Blet  &nimation Cu:ummands window - Help

[5IC - BondLib.Passive.C .[I(."

4 Fil=  Edit  Simulation Blob Animation Commands  SWindow Help
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.. GF —
Al
| L. .rF |- |
B BlelP]n]
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lzHQAS (R / mey A NL- &-[Hh,| =

|-« »maABE0 ]

_I model C©

[
parameter Beal C=1 "Eonhdgraphic Capacitance";

SE =]

"The bondgraphic linear capacitor =lement"
extends Interfaces. PassivelnePort;

Packages

= PassiveOnePort - BondLib.Inker “es.F

B File Edit Simulation Plot - Animation Commmands  Window  Help

I [l 4|
13 x|

JJE-HQ% R mey A NZL- &[N, =

. +-IE|_'IW

part,l-al model PassiwvelnePort
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BondCon Peal f "Bondgraphic flow":
— (]
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i
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I e = FondConl.e-
| F"assiveDneF'ort| f = BondConl.d*BondConl. £
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2| | P | " <

| ]

BondLib.Intetf aces.PassivenePort
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Model Wrapping

 Although it Is possible to model physical systems
manually down to the bond graph level, this may
not always be convenient.

« The bond graph Interface Is the lowermost
graphical interface that is still fully object-oriented.

 The Interface Is important as it keeps the distance
between the lowermost graphical layer and the
equation layer as small as possible.

« Higher level graphical layers can be built easily on
top of the bond graph layer for enhanced
convenience.
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The Bond Graph Electrical Library

« |t IS possible to wrap any other object-oriented
graphical modeling paradigm around the bond
graph methodology.

 This was done with the analog electrical library that
forms part of the standard library of Modelica.

* A new analog electrical library was created as part
of the bond graph library.

* In this new library, the bottom layer graphical
models were wrapped around a yet lower level
bond graph layer.
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The Wrapped Resistor Model

oo x| The Spice-style resistor model has a thermal
n port carrying the heat generated by the resistor.
P:k%eélectncal - BondLib.Electrical.Ana g =1 o3
El [J4nalog name @ File Edit Simulation Elot &nimation  Commands  indow  Help =& x|
& [T Interfaces =3 & [ k"“]/\/ OO ARZ-S~-F, [ =Z~-|fa-¢ »m/EAEHE00x <
& (] Basic =l
B (] 1deal Packages [=]
i [ Semicandu.. i (O] Sencors
i [ Sersors 70 ?:’:BS
&l [ Sources J & ? ﬁpmterfaces —_ @
&l [ Seice 51 [ RampingS ources
(= T
ol ™ ﬁﬁm
_-F%.___| + | » | .S | :zim P = n
e
Icon window e
The wrapper models convert g
the connectors between the E%LTT?S
- o | i [:||‘j] xxxxxx _|
three domains: electrical, | = Ereisix
| B Modeling [~ simutation | A

thermal, and bond graph. Diagram window
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The Wrapped Resistor Model 11

R - BondLib.Electrical.Analog.Spice.R - [Mo 1 i — 1591 =1
B Fil= Edit Simulation Blot  Apimation Commands  Window  Help — &)=

IsHQAS (W / mev AWML & Hiu[E-]% +«>=SHE=

_I model R "

analoy electrical library"™

e —

F'ac:kages IAI ext aernd Int,erfaces_Sp:LceTwoPort,
rar amet i i i e R=1
B[] Sensors "Resistance at reference e o 5
|j50urc:es rarameter Real TRL(uamnit="1.K"]} "Limnmear temperatiare cosfficient":
. parametaer Real TRE{(unic="1,EHz") "Juadratic temperature cosfficient"
EljSDICE parameter HReal Area=]1 "Relatiwwe are ccocupied by resistor';
=
B [ Interfaces =
= |j RampingSources =
= ==
|‘?ﬂ | ecaat ion
..-T-C if cardinalityiheatcPort) == 1 then
=1
! el= Spice TwoPort - BondLib.Electrical.Analog.Sp ace ] [E5S
= -—lr—-D =4 3 . 7 ) 7 i ; -
L = end | B Fle Edit Simulation Blot Animation Commands  Window  Help ===
i - | }L[

E E|l el m|l-<]edAG W]/ mey ARL-2-H", | Z- k-« BABE[0: -

_I partial model SpiceTwolort "TwoPort interface for Zpice-style models"

Packages I;I extends BondlLib_ Electrical bnalog. Interfaces. OnePort;
Eomcnoro o ol x| parameter Modelica.3Iunits. Temperature Trnom=300.15 "Beference temperaturese";
— Spice TwoPort - Bonalil ¥ - I -
@ File Edit Simulation Plot Animation Commands Window Help -8 x| I'—“ ﬁsplce =
ledA& RIyrOoF ARZE- -y [ = _ ﬁlnterfaces end SpiceTwolort;
B~ » =S HEE 0= e _
= -.SF‘ln
Packages I;I 8
-l sSpiceTwoPort
= [ Spic= H
£ interfaces |j RampingSources
[ 5Fin _I
E]HampingSources ] ] oo * I ’ I " | P I Iﬂ
LR J
rer BondLib.Electrical. Analog. Spice. Interfaces. SpiceTwoPort Line: 1 Modeling W Simulation I
LorgaD)
e | n;
B E|le||n] =
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The Wrapped Resistor Model 111

SpiceTwoPort - BondLib.Electrical.Analog.5p

B File Edit Simulation Blot Animation: Commands Window  Help

=101 x|
=181 %]

JJDEIQé['PIJJN-OVAIJ"'*HI_I
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r c1 1 qo o clo ] Casng oo T
IE o
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Hamb oo o

e =7 1 2 mOd2ls"

EI |j5|:|ice

EI [ Interfaces
- - 5Pin
e

H ﬁ RampingSources

hd
<-I+IKI

peg=zy—

[=hal

1]

d SpiceTwaoPort;

[ T o ey ey

ference temperature";

B fl= Edit simulation Blob  Animation Commands  Window Help

- O] x|
_ 1= %

EEdQS W]  mev ARL - H", [ =Z[f-¢« +==HB = -

=

BondLib.Electrical. Analog, Spice. Interfaces. Spicd

Fackages

[

EI ﬁ Elzctrical

|j.-‘l'-.nalog

=1 0nePort - BondLib.Electi

@ File Ed Simulation Plob Animation Commands Window Help

|ZHQAE (R OO AL B[y Z-

[Fa- ¢y mSEE [0z~
=

Packages

[<1

El ] Electrical

Eﬁ]»’-\nalng
E| [[] Intertaces
{7 EIBG J .
- [ZHBGEEI
| ZHBGZRl
! L hBG2Heat
i be T shModDnePort |

|« 2% |

;|Q|_| [Irnterfaces equation
IS ¥ o= p.v - nowvs
4= EIZBG J T
- =FBGZEI end Onelort;
- [=pBG2Rot
- [=pBGZHeat
-la a0nePort |
JE Y T T P . Y

Os

| B madeling | @ Sirnulation I /4

hd|
| €| > = |

partial model OnePort

_Current i

"OnePort partial model of analog electrical library"
Modelica. 8Tunits_ Woltage w "

Voltage drop between the two pins";
Modelica. 8Tunits

"Current flowing from pin p to pin n";

Line: 1| Ml:udeling I “W® Simulation I
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The Wrapped Resistor Model 1V

=R - BondLib.Electrical.Analog.Spic i =10l x| =1R1 in BondLib . ilil
Eile Edit Simulation; Blot Animation Commands Window Help =&
zEA& (R}yOOCARL-&- T Z-[h-¢smEABE[w - 7~ General | Add modfirs
B Component —lzon
Packag:as I;I Mame IFH
[ []) Sensors RS
ﬁSwrces Comment I RSS
LéjﬁSpice Model Bl
& (Jintertaes ? —- 1 —& Path  BondlibSpice RS
[+ [[J RampingSources Cormment Spice-style resistar madel
ol Parameters
oL Triom Tnom » K Feference temperature
FogA R R » Ohm Resistance at reference temperature
2 p. TR1 TR1 » 1K Linear temperature coefficient
Ol TR2 Wr 12 Quadratic temperature coefficient
-efliny Area Area v Felative area occupied by resistor
"*FQP'
""S:QDV
ﬁm: Tsng o ok | o | Cancel
""FJn el=T... -
1 N Parameter window
[ [ Types — -
[+ ﬁ Utilities
[]ﬁExamples LI E
B Eleld|n] I
| Modeling | 2 Simulation I

|

Diagram window
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The Wrapped Resistor Model V

I RS - BondLib.Spice.RS - ~lol = 'am, SpiceTwoPort - BondLib.Spice.Interfaces.SpiceTwoPort - [Modelica Text]
& File Edit Simulation Elot Animation Commands WWindow  Help =15l x|

B2EQE R IVOOTARZL- B[R
|Ra- ¢ » mSHAEE0x -]
=]

H File Edit Simulation Plot Animation Commands Window Help

ZHQE N /meyARL- [ Z %-¢)=ssHEZ -

partial model SpiceTwoPort

Packages "Special twoPort element used by Spice models™

Packages I;I [ extends BondLib.Interfaces.TwoPort;
[T Semiconductors parameter Modelica.3Iunits.Temperature Tnom=300.15 "Reference temperature”;
ﬁSources name ﬁSensors Modelica.SIunits.Temperature DTemp
Eﬁ]Spice |jSources "Difference between circuit temperature and reference temperature”;

ﬁlnterfaces B spi -F.Ea'_ DTempSq (unit="K2") "Sguare of DTemp":

B s -

b E [T Interfaces equation

Lo[E5 SplCe |_ SpiceTwoPort | DTemp = e2 - Tnom:

__-L§ RS L DTenmpSg = DTemp*DTemp;

Ds [ Fi. ” :E: ][ ¢ ] ’ [ x ] end SpiceTwoPort:
 PHIst R=1

T PRt B (=] RS - BondLib.! Line: 12 Modeling | 3 Simulation

= E|l e B cle Edit sim
|2 a SN e W2 B I -|%- ¢ > = BHEE 0]

H mode1l ne ey e FE OO vy
Packages IAI extendsl Tnter face=s . SpiceTwoPort ;
paramet = = arice B=1
-ﬁpasswe "RBesistance at reference temperature";
@Semiconductols parameter Real TRL{(unit="1/K") = 0 Linear temperature cosefficient”;
parameter Real TRZ (unit="1/KzZ") = 0 "Quadratic temperature coefficient";
5 Ijsenso[s parameter Real Area=]1 "Belatiwe area occupied by resistor";
Ijsou[ces -Hodelica_SIunit,s_Resist,ance PBwal "Resistance waluse at circuit cemperatuarea"
El [ Spice =
F 5 eoquaation
B [ Interfaces if B > 0O then
BS | Iwval = B*(1 + TR1*DTemp + TREZE*DTenpSg) fArear
— el=se
—C5 Rwal = 0;
_-Ls end if;
el = Rval*fl;
— b3 - el*fl = =zwfz;
885 L= N
0 . 0 0 . 3 |

|Line: 1| Modeling I "W Simulation I z
]
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The Bipolar Junction Transistor Vi

modal D5 "Spice-style junction diode model for bipolar transistors"
extends Interfaces SpiceTwoPort;
constant Modelica. STunits. Entropy k=Modelica. Constants.k
"Boltzmann's constant";
constant Modelica. STunits.ElectricCharge g=1.60Z1892e-19 "Electron charge";
constant Real GapCl=7.0ZE-4 "First bandgap correction factor Silicon';
constant Real GapCEZ=1108.0 "Second bandgap correction factor Silicon;
parameter Modelica. 8Iunits. Current I&=le-16&
"Saturation current at reference temperature";
parameter Modelica. STunits.Voltage EG=1_16
"Energy gap for temperature effect on saturation current";
parameter PBeal N=1 "Current emission coefficient”;
parameter Beal HTI=3 "Saturation current temperature exponent';
parameter PBeal Area=l "Relative area oceoupied by diocde”;
parameter Integer Lewel=Z
"Transistor modeling lewvel (Ebers-Moll = 1; Gummel-Poon = Z)";
parameter Feal EMin=-100 "if x + EMin, the sxpix] function is linearized";
paramster Feal EMax=40 "if x » EMax, the expix] function is linearized";
Modelica. STunits. Woltage Vo "Thermal woltage';
Modelica. STunits. Current ISwval "Saturation current at dewvice temperature";

Modelica. 3Tunits. Energy EGFwal "Reotivation energy at dewvice temperature";

protected
parameter Peal ExMin = exp (EMin);
parameter Peal ExMax = exp (EMax);
Beal RTemp "Tewperature oquotisnt”;

Beal et;
]
]

euation
f* Compute thermal voltage as function of temperature */
Wt = k*e2/q;
et = el/(N*Wt);

protected
parametar Real ExMin = exp(EMin);
parameter Real ExMax = exp(EMax);
PBeal RTemp "Tewperaturs oquotient";

Real et;
=
=

aguation

§* Compute thermal wvoltage as funcktion of temperature */f

Ve = k*ez/q;
et = al/(H*Te);

f* Compute tempersture dependence of saturation current */

RTenp = eZ/Tnow;
EGval = EG - GapCl*ei*ef/le:f + Gapli);
Iival = IB*exp((BTewp - 1)*EGval/Vt + XTI*ln{RTemp));

§* Cowpute diode characteristic */
if Lewel==Z then
f* Gummel-Poon model *f
fl = IfBval*irea*{if et + EMin then ExMin*iet - EMin
if et > EMay then ExMax*iet - EMax
el=se
/* Ebers-Moll model */
fl = ISwal*{if et < EMin then ExMin*iet - EMin + 1)
if et = EMax then ExMax*i{et - EMax + 1)
end if;

f* Compute heat flow */
fz = 0;
end D9E;

+
+

1y - 1 else
1y - 1 else expiet) - 1);

1l else
1 else expiet) - 1);

October 18, 2012 © Prof. Dr. Francois E. Cellier

Start Presentation <:||:>




ETH IMathematical PMobeling of Phy3ical ©ydtems

Cidgendssische Technische Hochsthule Tdrich
Swiss Federal institute of Technology Zurich

Inverter Circuit

FixedTemper ..
7 . . .
_ > ! i !
- - 1 -
esie 2X ol N X ”
@ @2 Q3 |
. 1x
u |
vi_n 1x
0 . . L
T WO
1x 1x F
S | L gl 1x oG
N l .
—() g a Tl/_"
Wi C=199-12 o |
o
= . o 1x
o
— . @11 o2 —l
&l ‘D—r 1x
| L l
E]

£
Yee
= WEE
o
.D_
oL
(1]
[iE)

October 18, 2012 © PI’Of. Dr. Frangois E. CeIIier Start Presentation <:||:>




ETH IMathematical PMobeling of Phy3ical ©ydtems

Cidgendssische Technische Hochsthule Tdrich
Swiss Federal institute of Technology Zurich

Inverter Circuit 11

=10l x| Messages - Dymo R =l0x]

Suntax Ermor | Translation | [ialog Errar | Sirnulation |

Log—file of program ./ dymosim
fgenerated: Thu Oct 25 14:08:31 Z007)

STATISTICS

Initial number of equations

dymosim started

ngﬂlr:abler:ionfdcellmpnnenl&: 4205 "dsin.txzt" loading (dymosim input file)
Wariables: 33551 ... "Experiment_mat" creatinhg (simalation result file)
Constantz; 372 [372 scalars)
Parameters: 4672 (4672 scalars) Integration started at T = 0 using integration method DASSL
Unknowng: 28507 (30217 scalars) (DAE multi-step solwer (dasslsdasslrt of Petzold modified by Dynasim))

Differentiated vanables: 37 scalars

E quations: 21789 Integration terminated successin

Mortrivial - 11998 CPU-time for integration :
CPU-time for one GRID interwal: =
Nuamber of result points : BEEB
Tlr:aon:xl?;ltjsmfﬂdﬁeéEl soalars Hunber of GRID points - el
Freeparalﬁelers: BAF soalars MNamber of (successful) steps @ 27Z1 SlmUIation Tlme
Parameter depending: 4208 scalars Mumber of F-evaluations 147708
Inputs; 0 Hunber of H-evaluations - 3633

Dutputs: 3 scalars
Continuous time statg

Number of Jacobian-evaluations: 1138
Namber of (model) time ewvents @ 9

- 3V scalars

Time-varying variabldg: 1653 scalars £ Ty i . o @
Aliaz variables: 17708 F C I b f 0 er = tme ewents )
Agzumed default initial conditions: 39 INal numoer o eq u atl ons er of state event s o k8
LogD efaultlnitialConditions=tue; gives m er of step events Hs|
Nlumber qf mixed real/discrete spstems of equations: Minimum integration stepsize 1.88=-013
Sizes of finear spstems of equations: 19.5,13.7.5.5, 21.12.19,5,19.5} Mayimum integrarion stepsize 6 F9a-008
Sizes after manipulation of the lnear spsterns: 13,0, 3.2,0,0,5, 23,0, . . .
4.0} Maximam integration order L
Sizes of nonlinear systems of equations; § 1 Calling terminal section
Sizes after manipulation of the nanlinear systems: § ... "dsfinal txt" creating (final states)

Murnber of humerical Jacobians: 0

Finighed

M experiment StopTime=0.0001
Finighed
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