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Abstract-Bond graph was introduced to establish different
domain system models by using numerable basic elements.
Modelica is an object-oriented modeling language for multi-
domain system unified modeling, which can compile
simulation model for different modeling method, thus
developing bond graph model by Modelica language is well
suited for multi-domain unified modeling. In the present
paper, Bond Graph library BondLib was introduced and
improved. We use Deaerator system as an application example
to show results on Dymola platform. The digital simulation
results obtained from the bond graph model are validated with
the operating characteristics.

Keywords-bond graph, Modelica, modeling, simulation

I.  INTRODUCTION

Bond graph modeling is a method of modeling
dynamic systems which was introduced by Paynter(1961).
The idea was furthermore developed by Karnopp and
Rosenberg(1968,1975,1983) as well as Thoma(1975), Van
Dixhoorn(1982) as a powerful tool in modeling systems,
especially in cases where subsystems of different physical
character(mechanical, electrical, thermic,
hydraulic)interact[1]. Bond graph modeling is based on the
law of conversation of energy. Tow basic energy variables
(effort variable, flow variable) were introduced to represent
the physical variables for different energy domain. On the
basis of different relationship between variables, several
basic elements were defined such as resistor, capacitor,
inductor, transformer, etc, intending to establish multi-
domain system model by using numerable basic elements.
Many scholars exploit different kinds of bond graph
simulation software, but most of them use a special
language, so the model can’t be reused without the support
of software environment.

Modleica is a new modeling language for describing
the dynamic behavior of physical systems. The aim of the
Modelica effort is to unify the concepts and to design a new
uniform language for model representation. The main
objective is to make it easy to exchange models and model
libraries, So it is facilitate multi-domain unified modeling.
It is inspired on the principle of object-oriented and non-
acausal modeling, thus bond graph like ports can be used as
interface elements, and the equations need not be specified
in a specific computational form[2], but the Modelica
standard library has not contained the bond graph library.
Cellier first presented a bond graph library BondLib in
2003[3], which contains the basic elements definition for
the domains for thermic, electronic, hydraulic and so on,
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but not contains such as the multi-bond graph elements.
This paper extends BondLib and establishes the Deaerator
system model as an application exmple.

II.

In Modelica, models and submodels are declared as
classes, which include there type of members: varaible,

BOND GRAPH CONNECTOR CLASS

function and member class. Modelica classes include the

component and function definition.

In Modelica, the basic structuring element is a class.
There are seven restricted classes with specific names, such
as package, model, record, type, function, block and
connector. A connector must contain all quantities needed
to describe the interaction. When developing models and
model libraries for a new application domain, it is good to
start by defining a set of connector classes. For bond graph
we just need define effort variable and flow variable in
bond connector class. In bond graph library BondLib the
bond-graphic connector is programmed as follows:

Real is a basic type. There is a prefix flow in Modelica,
which is similar to the flow variable in the bond graph, but
in Modelica the variable defined by the prefix should
comply the Kirchhoff’s law. This implies two equations as
follows:

ple=ple )
pl.f+p2.f=0

In bond graph, bond is idea connect, this means that the
varibles should be equal to each other connector of the bond.
This implies two equations as follows:

ple=ple
pLf = p2.f @

So the prefix of flow in Modelica cann’t be used to
describe the bond guaph. In addition, Modelica is a non-
acausal modeling language, but the bond graph is a acausal
modeling method, thus there is another directional variable
d referenced in the connector, which indicates whether the
direction of positive flow is into the connector(d=+1) of out
of the connector(d=-1)[4].

III. DOUBLE CHANNEL PSEUDO BOND GRAPHS DESCRIBE

BY MODELICA

Cellier basis on the connector class definition
established basic bond graph elements, but the library
BondLib is not perfect and has not contained some special
bond graph elements define such as double channel pseudo
bond graph.

=15 a special bond for thermodynamic bond graph
modeling, and were first introduced by Thoma. On the double
channel pseudo bond graph we use pressure  and
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temperature, or specific enthalpy as efforts and mass and
enthalpy flows as flows. The bond couples the transferring
of hydraulic and thermal energy, whose power variables
are defined as the hydraulic power variable ( p, 1)
and thermal power variable (i, H ) . Where p represents
the pressure, 71 means the mass flow in or out the control
volume in unit time, / is the specific enthapy which means
the value of enthalpy in unit mass fluid, H is the enthalpy
quantity flowing in or out the control volume in unit time,
and have the relation as flow[5]:

H =mh 3)

Befor establish the bond, we should define the
connector class, as show in Figure.2.

We use physical quantities instead Real as the vaiables
type define. Because the parameters and variables are more
than real numbers. They are physical quantities too. The
Modelica standard library provides type declarations for
many physical quantities. By this way, it is easy to reduce
the chance of error by unit check mechanism.

Consider the acausal of bond graph, there is need to
create two kinds of connector class: e-connector, f-
connector to establish acausal bond. As show in Figure.3.

Use the two connector, two types of acausal bonds can
be created as show in Figure.4.

Iv.

The schematic figure of Deaerator system is illustrated
in Figure.5. In normal operation, the condensate water from
the condenser spray by nozzles, and mix of waste gas which
flow into the deaerator through the large and small valve.
Using waste heat from waste steam heat condensate water,
so as to reach saturation temperature to remove oxygen
dissolved in water. The condensate water being heated,
steam condensing in the heating process flow into the tank,
and then pumped into the supply main by the water pump.
Waste gas flow is controlled by adjust the opening of large
and small valve. Waster level is controlled by adjust the
opening of back-water valve and makeup-water valve.

For larger system models it can increase the efficiency
and overview to orgnaize and represent them in a hierarchy.
Bond graph uses word bond graph for the different
components and builds a hierarchy, in which the nodes
represent physical components. They can also represented
by words or text enclosed by ellipses or circles. These
words describe the basic hehavior or purpose of a
submodel.The word bond graph of Deaerator system is
given by the Figure.6.

We use a multi-port bond element represent the mass
accumulation and inter energy accumulation in Deaerator.
Figure.7 shows the corresponding bond graph with a multi-
port C element represent by Modelica.

The valves are represented by multiport R, modulated
by boolean variables b. We use pseudo bond graph
represent the heat exchange between system and
envirnment. Chose the temperature as the effort variable,
heat flow as flow variable, use two resistor element
represent heat resistor, use a capcitor represent the metal
heat capacity.

BOND GRAPHS OF DEAERATOR SYSTEM

Consider a system or control volume of volume V
containing a pure substance with mass m at trmperature 7'
and pressure p representing specific internal energy u,
enthalpy /, and enrtropy s. Neglecting kinetic and potential
enrgy, the internal energy obeys[6]:

U=H -H -0-pV 4

Where H and H are the entering and leaving
enthalpies, Q is exhaust heat flow . Replacing U by H-PV
we use the derivative of enthalpy as follows:

H=Vp+H,-H -0 (5)

So equation 5 introduces an additional power,which is
proportional to the derivative of pressure. Using the
relationships developed in this paper the bond graph of
overall system representation is shown in Figure.S8.

V.

The total bond graph model shown in Figure.8 is testified
using the Dymola platform. When the deaerator large valve
increase five percent, the variety of pressure, temperature and
water level in the deaerator are shown in Figure.9. When the feed
water valve increase five percent, the variety of pressure,
temperature and water level in the deaerator are shown in
Figure.10. From curves we can see that the model can effectively
supply dynamic characteristic of process when the work condition
is changed.

SIMULATION RESULT

VL

Process engineering requires energies from several
domains, just what bond graphs can well handle. Modelica
is an uniform language for model representation, so it is
facilitate to represent the bond graph and enhance the model
reuse. In this paper, a double channel pseudo bond graphic
model of Deaerator system was presented. The digital
simulation results obtained from the bond graph model are
validated with the operating characteristics. The modeling
techniques presented in this paper can be used to multi-
domain system modeling.

SUMMARIES

REFERENCES
An
Introduction to Bond Graph Modelling of Dynamic Systems[J].

IEEE, 1999, PP:661-664.
Jan F.Broenink. Object-oriented modeling with bond graphs and

Dragan Antic, Biljana Vidojkovic, Miljana Mladenovic.

Modelica[C]. International Conference on Bond Graph Modeling
and Simulation, 1999, PP:17-20.

Cellier, F.E. McBride, R.T. Object-Oriented Modeling of Complex
Physical Systems Using the Dymola Bond-Graph Library[C]. Proc.
ICBGM’03, 6th SCS Intl. Conf. on Bond Graph Modeling and
Simulation, Orlando, Florida,2003, PP:157-162

Cellier, F.E. Angela Nebot. The Modelica Bond Graph Library[C].
Proceedings of the 4th International Modelica Conference, 2005,
PP:57-65.

XIONG Guang-leng, CHEN Xiao-bo, GUO Bin. Co-Simulation
Technology for Complex Product Design[J]. System Modeling

Published by Atlantis Press, Paris, France.
© the authors

0368



The 2nd International Conference on Computer Application and System Modeling (2012)

&Simulation, 2002.1, PP:75-84.

modelisation of steam condensenrs[J]. IEEE, 1997, PP: 2490-2494.
[6] B. Ould Bouamama, J. U. Thoma, J. P. Cassar.

Bond Graph

S BondCon ~ BondLib. Interfaces. BondCon

~ [Node. ..
ile Edit Simulation Plot Animstion Commands Window Help
ZHQE W/ mevy ANL ¥ -Hn Z- IEHAE N /mey ANL B[O
iB-e» mQAESw

B il 20 Sionlation Plot huination Comanis Yindew Nty

-ty =
tor BondC A
connector BomdCon "Bi-directional bondgraphic comnector™ e e - W
Real e "Bondgraphic effort variable”; HNodelica.5Tunits. SpecificEnthalpy h:
Real £ "Bonmdgraphic £low variab HModelica. STunits. HassFlouRate m:
Real d "Directional variable"; HModelica, $Tunits.EnthalpyFlonRace Hz
H Real d;
o
end BondCon: =| L
end BondCon; ]
Line: 3| () odeling | pSimlation | Seacchiell it el s

7| B boteling | Yesimiation |

Figure 1. bond-graphic connector in BondLib Figure 2. bond-graphic connector in this paper

ile Bdit Simletion Plot Anination Comands Window Helj

-2

B rite mait Sindation 7ot hniretion Commends Window Help I

(2 HQa R/ meyANL 8

B¢ m
comector eBondCon o | connector £BondCon -
input Modelica. STunits. Presaure p; output Nodelica, 5Tunits. Pressure p;
input Hodelica, SIunite. SpecificEnthalpy h; output Modelica. $Tunite. SpeciZicEnthalpy h:
output Nodelica.STunits. NassFlouRate n; input Modelica. STunits. NassFlowRate B}
output Nodelica. STunits. EnthalpgFlovRate E;

input Hodelica,STunits,EnthalpyFlovRate H
output Real d; output Real d;

o =

o U = L
end eBondCon; end fBondCon;

v
Lt 1| @ Moidding | e simastion |

Line: 1| @lodeling | VPSimdation

Figure 3. e-connector and f-connector

Low: 10 @ teieline | ypsimadaion

mands Window Help (&) (]
SVANL S-[HN B-

£ ‘:
L] T

end eBond;

Line: I‘ang P Simulation |

Figure 4. two types of acausal bonds
testd — BondGraphLib. testd [Tconl

48 File Edit Simulation Flot Animstion Conmands Window Help D& Xl
~
Water Tank & |
alve
v
¢ | >
| EiMoteling | (pSimiation |

Figure 5. The schematic figure of Deaerator system

Published by Atlantis Press, Paris, France.
© the authors
0369



The 2nd International Conference on Computer Application and System Modeling (2012)

Inwall of
Deaerator

TMG N\

Oue

Working Working
medium medium
inflow outflow

metal of
Deaeratol

TEX N\

Environ

. -ment

Opx

Figure 6. the word bond graph of Deaerator system

~ BondGraphLib.CC -~ [Nodelica Text]

B rite rdit Similstion Plot knination Conmends Hindow Kelp L& ]

nodel cC
=
=2
Hodelica. STunits. Pressure (start-10132s);
Hoelica, STunits BathalpyFlovRate i |
Hodelica, $Tunits. SpecificEnthalyy bt
Hoelica, STunits MassFlovRate n;
Hodelica. $Tunits. Tenperature T:

Real C: % A v &

Real H{start=L00}; I (— 5 s X e

Real HE (start=42000000); v ] i -
equation . - B 5

P = bondCon.p; 2 : i | :’ |

H = bondCon.d*hondCon.H;

= bondCon.d*hondCon.n; Re e ] R [

h = bondCon.h: H

5 - e 1 { g B

€= cm; 1

H = dex(mH); YT

HH = C7(T - 273.18); . D 20 e e Sy

B = Nodelica.Media.Uater. UarerIF97_base. saturationPressure (T} :

HH=M"h;
=

=
end cC;

Lize

4| @imodeting | yosimlation

Figure 7. multi-port C bond element

—C1p

@ reitine | psimetion |

Figure 8. total bond gtaph of Deaerator system

—Clp
112
1164
g 1 T 100
142
T T 104 T T
0 b 40 60 i 20 40 50
cC1T cC1T
1025
104
~ — 1020
A 5
g g
2 1034 ERIEN
102 : : 1010 : :
0 20 40 B0 ] 20 40 B0
— Gl — Gl
670
] 0.666-|
E 60| z
£ = 52|
Bl T T T : : 0548 T ; — -
0 b 40 60 i 20 40 50

Figure 9. pressure, temperature and water level response of +5% large

Figure 10. pressure, temperature and water level response of +5%

valve opening feed water valve opening

Published by Atlantis Press, Paris, France.
© the authors
0370




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.162 841.890]
>> setpagedevice




