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Abstract Generally, design of an electrical circuit beginghw

its schematic model (logical view). This stage ef d
This paper presents a new method to model electrign consists of the electrical and logical conioest
ic circuits, considering not only the electricapest between the components, and can be modeled and
of the circuit but also its geometrical and multSimulated by the different software such as CA-
physical aspects via DYMOLA [1]. The new modelPENCE [2], ZUKEN [3], and the electrical library of
ing method based on the representation of the ele{MOLA.
tronic components and their environments, with ti8mulation of the electrical schematics will result
multi-domain models. This means combining th&e electrical properties of the components and con
geometrical, electrical and multi-physicscal prepemections, which are needed for the multi-physical
ties in one single mechatronical model. This kifid simulations. Although the electrical simulations at
representation will allow us to simulate the electr this level can be performed without taking into con
ic environments regarding their multi-domain asideration the geometrical aspects of the circod a
pects and relations. This new method will allows its environment, but once the multi-physical simula
to perform the pre-dimensioning and pre-placemeidns have been carried out, the circuit has toebe
of the components, through a simple modelingodeled and re-simulated due to changes originating
process in DYMOLA environment. We expect th&fom the electrical-multi-physical interactions.

result to be a more rapid pre-dimensioning procedince the logical aspect of the circuit has beei val

for the electrical circuits. dated, components have to be placed on the surface
Keywords: Electrical circuit; multi-physics, multi  on which they will operate. This step will be fol-
domain modeling; DYMOLA; mechatronics. lowed by a routing procedure.

Existing electrical software is only capable of -per
) forming the component placement and routing of the
1 Introduction PCBs (Printed Circuit Boards) on the 2D surfaces
[4]. There is also some new software [5] [6] and al
The design of automotive electrical circuits is gorithms [4][7] which offer this possibility on tf8D
complicated procedure, which includes vast parts gifrfaces, although existing software does not offer
science, from the pure electrical Eng., to the mullny solutions for some other electrical designssuc
physical simulations such as thermal simulationsgs high current electronics and power electrofiars,

This will result in the need for different and mgst which the 3D MCAD(Mechanical CAD) systems are
unrelated modeling and simulation programs, in Qised as a design system.

der to design and optimize the conception of elefrg yresent design cycle is presented in fig.1.€0nc
trical components. The result would be a complejg, gjectronic card has been designed, the multi-
mechatornic problem which includes electrical a ysical simulations, which are mostly the FE simu-
mechanical problems. It is obvious that unrelafivi ations, will be performed to validate the operiapil

of the differen_t simulations, will resul_t in the-in of the circuit, from the multi-physical point ofes.
crease of the time and cost of the design and mlesig

process.
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Figure 1: the actual electronic design cycle [8]

The two most important multi-physical simulationgeometrical and multi-physical properties such as
for electronics are the thermal and EMC (Electtbermal properties is simplified, so that the sianul
Magnetic Compatibility) simulations. The circuitshation will be performed rapidly and it will serve as

to be simulated within its environments, from thpre-dimensioning process so that it will reduce the
thermal [9] and EMC [10] point of view, so that itmeed for the FE simulation and replacement cycle.
functionality will be validated. As can be observed

from the figure above, the position of the compo-

nents may be changed once the thermal simulati¢hs M athematical multi-domain para-

for instance have be_en pe_rformed, and the board metersreations

must be rerouted. It is obvious that this cycle and

specially, the FE simulations are time consuming an perform the new modeling procedure we will

costl'y speciqlly becausg 'ghis COUCGP“O” cycle Wilbeq to have the mathematical relations of thediff
continued till the optimized circuit would beye i physical properties, electrical propestie
achieved. and the geometrical properties with each other so
A solution for this problem would be a rapid prethat we could build the new multi domain models in
positioning and pre-sizing procedure, which wouldyMOLA. This is more essential in the sections that
result in a semi-optimized electronic card. We bghe different properties have the interactions with
lieve that this will reduce the need of FE simula8i. each other, such as the heating resistances suthe
This simulation process has to combine some muttices which the multi-physical properties are eslat
domain properties in one single model. DYMOLAg the geometrical and electrical properties. [AAd
proposes a good graphical environment whi¢h2] propose a method to extract such relations wit
enables us to perform this multi-domain modeling. the help of the topological diagrams. The capapbilit
As has been said above, DYMOLA proposes tleé this has been shown by [13] which explained the
ability to simulate electrical circuits and theree aneed of the topological structure to model the com-
existing libraries to do so. It also proposes th@rnplex systems. Fig.2 shows the algebraic diagram
models which enables thermal simulations, althouwtitich by that we can associate the different proper
a linked electro-thermal simulation which takesinties of our model. On the first step the analysié w
account geometrical properties of the componestart from nodes on the Primal object. The nodes
and their placements, does not exist. To do so fiesent the properties of the nodes which in ose ca
designer has to calculate the geometrical effents are the coordination of the nodes (P), electrical p
the thermal properties and with them perform ttiential of the nodes (V) and the temperature oheac
thermal simulations. Our proposition is to introduciode (T). We will call the matrix which contains
a new modeling method so that it includes eledtricthese properties matrix [N]. The incidence matrix
geometrical and thermal properties in a single rhod€], which builds up of the relations between diffe
so that they are related. The representation of & nodes will capable us to have the relationhef



same properties between two nodes(Branches) sirclour calculations and their relations togethesr F
as the vector between two nodes, the potentiardiffthe reason that the entire variable has to be <¢alcu
ences between nodes and the temperature differdated in the same time with the different interacs
es., this will be presented in matrix [B]. The dudhat they have with each other the relation between
object R for us will be the current and the heat flowhe variables which will be obtained by this diagra

in the branches. To arrive to thg Re would need is quit complicated.

the admittance matrix gwhich represents the rela-

tion between different properties. 0, I, 0, I,
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Figure 2: algebraic diagram of the relations betwdiéferent Figure 3: multi-physical parameters relations

properties of the model To reduce the complicity of the equations [12] offe

As it can be seen, once we have the topological dlaPOoSsibility of separating the diagram in more-sim
gram of the model, from any property as the dep&¥€ diagrams, solve these simpler diagrams and then
ture data we will be capable of calculating theeothc@lculate their interactions’ with each other.

properties of the model. These relations will hadp

to perform our modeling and analysis. Although thi [

method will respond to our need of knowing the rel: B C'r IN
tion between the components in the model but

would be hard to perform if the model is compli T Y' l I
cated. [14] had showed that by partitioning the m ,

trices into smaller model and matrices we will b C

able to simplify the model. This is done by asstacia U

to each part of the model a topological diagram ai 8

incidence matrix [C] and by connecting the smalle

parts together construct the bigger incidence matri ;

The possibility of partitioning the incidence matri QB

into smaller parts of the model will permit us s

ly extract the equations of the models which do n [ y l I
c

exist in the standard DYMOLA library. As an exam

ple the relations of the multi-physical propertidsa

resistor are already exist in DYMOLA, and we jus —
need to connect the existing multi domain mode VB TB
together by a new built connector which can suppc. .

all the parameters of these models, but as thendier
relations on a surface with their interactions with
geometry does not exist, the relations between the

different parameters of this new model has to be ephis method will reduce the complexity of the equa-
tracted by this method. tions and has the advantage that as the uppeosecti
To calculate the thermal properties we have indudglectrical diagram) which represent the electrical
the thermal resistance concept [15]. This will @@&uequations already exist in DYMOLA, it will give us
the variables which are all included in the thermgde relation of these existing models with the newe
resistance R and facilitate the calculations. Algeparameters needed in the models.

braic diagram in fig. 3 present the different valés

BT,

Figure 4: electrical and thermal algebraic diagramd their
interactions



21 Thermal characteristics of the electrical situation so that we can neglect the C. This viill-s
boards plify our plane thermal model to a model which has
been divided by the smaller cubes which each will b
In the electrical boards and circuits most of tkath represented by their thermal resistances. Fig. 7
passes through the board or surface of the circuit.
This produces a need to include the heat trans
from the surfaces in the simulation. In the DYMOL#
thermal library, there is no mean to calculateltbat
transfer on a 2D surface. We have introduced tv
plane models with the ability to calculate the he.
transfer between the connectors’ positions in ieat |
to the position of the connectors.
The first option to calculate the thermal propa@ rigyre 7: plane thermal model represented by tental resis-
the plane and between different points which wal b tance network concept

represented by the connectors, we will use the con-

cept of the radial heat conduction on a disc [15€s€ two thermal models can be used for modeling
fig.5. the plane model including its geometrical equations

T in DYMOLA.
1

T 3 Modeling procedure
i
Once the mathematical equations and relationseof th
models have been extracted the models and the mod-
eling procedure can be introduced. This new model-
ing method will need a new library which includes
the electrical components presented with the new
concept, and new components which will serve as
the environment of the electronic circuit or the-su
Figure 5: thermal resistance in a radial conduatiora plane  f5:es on which it will be installed. All of thesewa
Although this method is simple to calculate and, uggodels_ ought to include t_he_multl-doma_ln models,
b%ropertles and connectors inside them. Fig 8 sleows

it would be applicable only if the surface could new internal representation for a resistance compo-
supposed unlimited due to the dimensions of the 'gnt P P

and p. The other option is to use the equivalent eld€Nt
trical network [16] fig.6, which represent the gyt
with the system with the thermal resistances and ¢
pacitors which can be simulated as an electrical ne
work.
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Figure 8: Internal multi-domain representation ofedectrical
resistance

It can be observed that the new model not only
represents the electrical properties of the rewista
but also its geometrical and thermal propertiess Th

Figure 6: equivalent electrical network represéotadf a ther- new model has been introduced by utilization of the
mal system existing DYMOLA library models with connecting

N . , . them to a new connector. This new connector con-

To simplify the models in the first stage of modgli tains the combined properties needed in this model.

procedure we suppose the problem as a steady KIS connector is needed to ensure the multi-domain




modeling within a single model. Fig 9 shows thdsing the multi-domain electrical and geometrical

properties of the new connector used to connect newdels to model the electrical circuits which are

models build in DYMOLA. made by this method, we are be able to simulate the
electrical circuits in DYMOLA not only due to their

Type Name | Description electrical properties but also geometrical andritagr
Feal i3l the rommal vector properties in one single stage. The advantage would
Position POl cosiion (] bg that normally, the circuit has to be.modeled gnd
: simulated due to one of these properties (elettrica
Temp & ! tempeeture of the connection [K] geometrical and thermal) and the relations between
flow HeatflowRate | O_flow | heat flow pass by the connection %] | @3ch simulation has to be performed by the paper-
flowes Current i curment pass by the connection [A] work. For instance to perform the thermal simula-
Voltage W the votltage at the conrection [V] tions the electrical and geometrical variableshaf t

circuits has to be transferred by hand from onaisim
Figure 9: New connector characteristics lation to the other.
It is obvious that due to the need of taking inte a
count the newer properties in the system sucheas4 Conclusion

electromagnetic properties, other variables have to

be introduced in the connector. We offer a new method to model and simulate elec-

To perform the multi-physics simulations, we alsiical circuits, considering their geometrical andl-
need to integrate the environments of the circilits. ti-physical properties in one single model. Thisvne
do so, we propose new geometrical models, suchmgthod will result in a pre-optimized electrical-de
plane model which is presented in fig 10, so that tSign and components placement, which will reduce
other components can be installed on them, and tile§ need of costly Finite Element simulations.
themselves can be connected to another environnTeRe possibility of exchange the geometrical proper-
tal model. ties with CATIA [17] will serves as a strong pogdi
point for this new modeling method because the
- geometrical data and positioning of the components
can be used in modeling a detailed geometry of the
electrical circuits with CATIA. This and a procedur
i to perform an electrical routing on the 3D surfaces
N with the help of DYMOLA and CATIA would be
subject of the future work.

EGT resistance
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