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Abstract—  With  the increasingly high level of
electromagnetical system integration, the modelingf both the
system dynamic behavior and the detailed physics bemes
necessary. VHDL-AMS, which is a powerful modelingdnguage
for hybrid DAE system, allows to describe a largeange of multi-
physical systems. It allows to use a single moddiirapproach and
a single simulation tool to simulate the behavior foa complete
system. The paper presents a methodology for a cpoter-aided
generation of macro and micro electromagnetical dewes for
system simulation using VHDL-AMS.

Index Terms— computer-aided modeling, electromagnetical
devices, system level, VHDL-AMS.

[. INTRODUCTION

For the design of dynamic electromagnetic systsmgral
tools are developed, characterized by differenfbédiies of
modeling for different requirements. However, arpamant
effort is needed by system designers to integrameagnetic
device into other systems or to reuse it. Therefdreis
important to improve the

approach, dedicated to component level simulatiwh @sing
numerical PDE solvers, is based on the loose cogipdif
complex or binary models (i.e. black box) [1]. Fbe system
level simulation, a preferred solution is to pravidn explicit
magnetic model (i.e. white box) which can be stiprgupled
with other “white box” models (mechanical,
economic...). The classical way to reach such a nmgléd to
make a regression model based on fine simulatisultse[2].
However, this approach does not suit for the systiesign
since it matches only for few parameters and femall range
of variation.

The paper proposes an automatic “white box” modeli
using VHDL-AMS language [3], from dedicated macnoda
micro-magnetic tools developed in our laboratorgiuRTool

interoperability of magoet
simulation tools to make easier model exchange.irét f

thermal,

II. MODELING OFELECTRO-MAGNETICDEVICE

The reluctance network approach is based on thirgpl
up of a magnetic circuit into sub-elements (reloces,
sources...) [4]. The method, based on magnetic fipes,
allows a simplified description of any magnetic idev So, the
field distribution can be described by algebraioatpns. The
paper proposes some VHDL-AMS code generators from a
dedicated tool (RelucTool) and applied on a dynaigic
shaped actuator (Fig.2), using different mannersampute
magnetic forces.

Fig.2. Dynamic E-shaped actuator and its reluctareteork model

A. VHDL-AMS structural reluctant models

From a reluctance description of a magnetic circuit
ReluctTool generates a dedicate application foukition and
pre-sizing. It allows to compute all the magneticxés from
the element characteristics (geometry, materiaircss...).

We have proposed an extension of RelucTool to éxtper
network model, including components and energetic
connections, into VHDL-AMS.

For that, firstty a VHDL-AMS library of magnetic
components such as linear reluctances, air-gapnetiagcoil,
has been developed. Then, the reluctance descrigtio
translated into VHDL-AMS models. That means thectred
network is translated, including all its components
(reluctances, sources) as individual ENTITies wftair own

[4] (reluctance networks models), and MacMMems [SARCHITECTURE, and defining the connections between
(Magnetic MEMS based on integral formulation).
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Fig.1. Process & Model interchange using VHDL-AMS
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them.

The automatic VHDL-AMS generator generates the
corresponding topology in VHDL-AMS by analyzing
reluctance description provided by the user onRbkicTool
GUI. This topology consists of instances of compdsdrom
VHDL-AMS magnetic library. This strategy is pos&tihanks
to the ability to instantiate VHDL-AMS system conmmts
from generic one. This mechanism is applied to ssh&ped
actuator (Fig.3).

The magnetic force equation can be described wsingl
works. However, VHDL-AMS supports only time
differentiation. A first solution can be found fapecific
actuators using predefined energy derivation on gap



elements but it is not generic. For that, usersshavadd by
themselves the equations of forces into their VHEMS
models. A second solution, discussed in the nepticse is to
generate the global analytical model of the netwassociated
with an automated symbolic derivation which offettse

ferromagnetic materials conductors of the fielde Tinctional
gathering of Magnetic MEMS requires integral conapioins
(Biot-Savart law, Colombian equivalent approachgnedic-
moment method) to obtain fields and forces. It alsguires
complex interactions between elements (target/ssurspace

computation of energy of the whole system and midgnepositions and orientation of elements). This kifidhteraction

forces.

ENTITY Actuator is

; terminal pel, pe2 : electrical)

N

end entity;

ARCHITECTURE structural of Actuator is
BEGIN
central_leg: Entity non_linear_reluc
generic map (...)
port map (...);
COIL_central : Entity COIL
generic map (...)
port map (...);
central_airgap : Entity LinearAirgap
generic map (...)
port map (...);
moving_part_left: Entity Non_linear_reluctance
generic map (...)
port map (...);
moving_part_right: Entity Non_linear_reluctance|
generic map (...)
J
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port map (...);

end architecture structure;

Fig 3: VHDL-AMS code of the structural model of Bape actuator

B. VHDL-AMSglobal behavioral models

RelucTool is able to generate the analytical mosligh
forces computation. From the designer GUI desaniptf the
reluctance network, Reluctool converts its elemeimt®
explicit equations and analyses the circuit topplagestablish

is not easy to be handled using the compositioVleDL-
AMS components. So, we propose to use MacMMems [5],
which is a dedicated tool for such system modellihgises
elementary models (magnets and conductors) andrajese
parameterized semi-analytical models.

The paper proposes an extension of the tool torgane
VHDL-AMS models. Integrals formulations, which anmt
supported by the language, have to be used [5]fdlhpaper
will detail the method and its application to ardagnetic
levitation system (fig. 5).
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Fig.5. Geometrical parameters of magnets and diagtagball.

IV. CONCLUSIONS

The paper proposes an automatic model generation
methodology to create VHDL-AMS models from two
dedicated tools for magnetic systems: RelucTodl¢tance
networks) and MacMMems (magnetic MEMS). In this kyor

an implicit equations system. Then, all the symbolidifferent solutions to export models to VHDL-AMS ear

derivatives of fluxes are made to complete the rhodth
forces.

So, we have proposed a new extension of RelucTgol
introducing a VHDL-AMS generator based on exportthg
global analytical model. Fig. 4 presents the gateer VHDL-
AMS model, for a global behavioral model with a gartation
of forces, applied to an E-shaped actuator.

ENTITY Actuator is

generic (............ .. )
port (....ooiiiinnn. .; terminal pel, pe2: electrical ;
Quantity Force :out real )
end entity ;

ARCHITECTURE Behav of Actuator is

list of intermediate variables
list of functions
list of derivative_functions

BEGIN
-- Equation system

List of explicit equations

List of implicit equations
List of Derivatives of explicit equations
List of Derivatives of implicitequations

-- Force Equation:
Fmag == d_coenergy_posvar

end architecture Behav ;

Fig 4: VHDL-AMS code of the behavioral model of Bape actuator

[ll. MODELING OFELECTROMAGNETICMEMS

The interaction between elementary models in theromi
domain differs from the macro world due to the lazk

presented. An automatic generator from RelucTowgkHzeen
developed and applied to a dynamic E-shaped actuAto
Bnhethodology of exporting behavioural of magnetic ME
from MacMMems is described and presented on a djagte
levitation. The whole methodology, based on MDA (b
Driven Architecture), will be presented in the fpéper.

In future work, those automatic generators shoudd b
performed and extended to deal with more compledetting
systems.
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