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FIRST S'JEPS TOWARDS A FULL INTEGRATED CAD SYSTEl\l FOR 
ELECTRICAL MACHINES 

C. Pertusa, S. Astier, Y. Lefevre and 1\1. Lajoie-1\lazenc
Laboratoire d'Electrotechnique et d'Electronique Industrielle (LEEI) 
URA CNRS no 847, 2 rue Camichel 31071 Toulouse cedex, France 

Abstract 

An approach for electrical machines design by using a software which links the sizing procedure 
to the magnetic field computation is presented in this paper. After reviewing the principles of an 
electrical machine general design, the process of the development and the use of a special Iink 
between the dimensions data and the magnetic field computation is described. The whole solution 
procedure is conducted automatically. Any change on the machine dimensions can be made and the 
sequence of the CAD tasks can pe prepared and run automatically without any user intervention. The 
whole procedure is applied to a comparative study of differept structures of permanent magnets 
synchronous motors. 

Introduction 

In the general design of electrical machines, thre€ fondamental stages are required: the analysis 
of the specifications, the sizing procedure and, before the fabrication of prototypes, the use of a 
magnetic field computation software to analyse the behaviour of the projected machine. In section 
one, we introduce the fondamental principles of these stages. When one or several machines must be 
optimised, a large amount of field calculations may be required, and thus, the practical application of 
magnetic field computation software for iterative design is limited by the amount of user interaction 
required. This is why an automatic link between the dimensions data and the solving of the magnetic 
field equations is really necessary to assist the user during the design procedure. Section two presents 
the principles of the magnetic field computation and the method used to make this automatic link. As 
an example of its use, in section three a comparative study of four structures of permanent magnet 
motors is presented. 

General design procedure of elcctrical machines 

The electrical machine design is initiated by the analysis of the specifications which permits to 
formulate the characteristics that must be matched. These characteristics may be: the electrical 
characteristics such as the power, the voltage or current, the thermal characteristics, the 
electromechanical characteristics such as the torque versus the speed. A set of constraints such as 
minimal cost of fabrication, limited size, noise or vibration level, under which the motor must 



operate, may also be formulated. The analysis of the spccifications is based on the expert knowledge 
of the designers and helps to choose different structures of motors and their electronic power suppl y. 

After the choice of this set of structures, the designer proceeds to a first computation of their 
dimensions. This computation begins, for each structure, with the definition of reference variables 
such as the rated torque or the rated speed and a set of preliminary parameters. Reference variables 
and preliminary parameters can be linked by simple analytical expressions[ I ]. Further relations 
between dimensions and electromagnetic variables can be obtained by building magnetic equivalent 
circuits based on the Ampere's theorem and the principle of the conservation of flux. Supply 
waveshapes can be taken into account. 

Once the chosen structures are sized, their electromagnetical characteristics must be calculated 
in order to know if the performances required by the application are reached. These characteristics 
can be calculated with a very good accuracy by magnetic field computation software based on finite 
element method[2] which can take into account the saturation of magnetic materials, eddy currents 
and the movement of the rotor. Yet, their uses in a design procedure are limited by the numerous 
wearisome tasks needed in an iterative and comparative design. An automatic link between the sizing 
procedure and the software is necessary to overcome this problem. 

Computation of the electromagnetical characteristics of an electrical machine by means of a 

finite element method 

In most of software based on finite element method, the calculation of the electromagnetical 
characteristics of magnetic device needs the following tasks: preprocessing (definition of the 
magnetic field problem to be solved (1)), meshing (2), solving the magnetic field problem (3), 
postprocessing to exploit the results (4). Generally an automatic meshing is available. For a given 
type of electrical machine, the tasks 3 and 4 can be run automatically by means of system commands 
which redirect the entry of each task to an appropriate file response. One file response for each 
calculation and for each structure is needed. 

The first task which is generally run interactively by the user must be analysed carefully before 
developing an automatic procedure of the definition of magnetic problem. First the user defines the 
geometry of the device by means of a graphie interface. In this step the user enters the coordinates of 
some key points and from these points builds the lines that give shape to the studied magnetic 
structure. After defining the geometry, the materials chosen from a material library are introduced 
and linked with the appropriate part of the mode!. In a 2D fini te element code each part consists of a 
closed area delimited by lines defined themselves by key points. In the case of electrical machines, 
the parts can be made of: non magnetic materials (air gap, slots), magnetic materials (teeth) or 
magnetized materials (permanent magnets). Tuen the user enters the sources of magnetic fields by 
describing the winding of the machine. In the fourth step the boundary conditions are specified and 
the user must fix the cutting out of some Iines in order to define the meshing of some parts of the 
structure. Depending on the calculation to be run, specific meshing is necessary to improve the 
accuracy of the results. At the end of this task ail the data entered by the user are stored in a file that 
we can call a premesh file. In the finite element code EFCAD[3], which is available and developed 
in our laboratory, the data in this premesh file can be parametered by the key points on which ail the 
data are connected. The structure of these data can be seen on Figure 1. 

From this kind of structure, we can see that it is easy to change the dimensions of a machine 
already having a premesh file. For that the user bas only to change the coordinates of the key points. 
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Figure 1. Structure of data in the premesh file. 

Automatic Jink between the sizing of structures and the computation of their 
electromechanical characteristics 

The link has been created with the purpose of being able to study easily and quickly any 
machine from the sizing procedure to the computation of the electromagnetical characteristics[4]. 
This link is based on establishing a library of referential structures which contains the premesh files 
of the whole set of structures available in the sizing module. Once the sizing of the studied machine 
is achieved, the dimensions data are treated and from the premesh file of the appropriate referential 
structure, the premesh file of the new machine is created. From the dimensions data of this machine, 
a computation module enables to obtain the new coordinates of the key points of the premesh file. 
The other table conceming the lines, areas, materials, winding, sources and boundary conditions 
remain unchanged. 

With this link in the whole procedure design, each structure is characterised by an equivalent 
magnetic circuit scheme from which the machine dimensions can be calculated, a reference premesh 
file and a pro gram for the computation of the coordinates of the key points. These two last tasks are 
integrated in a main program which builds the premesh file and the response files needed to run 
automatically the problem definition and the calculation of the electromagnetical characteristics. 

Comparative study 

Integrated in a module of dimensions parametric variation, this automatic definition allows us 
easily to carry out a comparative study on four different structures of permanent magnet motors: 
structure with and without polar pieces, with interior and exterior rotor. The aim consists in the 
comparison of the variation of their Joad torque versus the variations of the magnet width and depth. 
From the dimensions data of the machine, the width XI and the depth X2 vary about ±5 per cent. With 
the resulting three Ievels of variation, 36 problem definitions and magnetic field computations are 
needed to obtain these results for the whole study (Figure 2, Figure 3 and Table 1). 



ml : exterior rotor m2 : interior rotor 

m3 : polar pieces and interior rotor 
Figure 2. Schema of the studied motors. 
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Figure 3. Simulations results. 
Table I. The parametric variation. 

simulation n° 1 n°2 n°3 n°4 n°5 n°6 n°7 n°8 n°9 
XI xll xl2 xl3 xll xl2 xl3 xi I xl2 x13 
X2 x21 x21 x21 x22 x22 x22 x23 x23 x23 



By the use of the automatic definition and the parametric variation module the user must only 
give the dimensions data and the width and depth magnet levels of variation of each machine 
structure. The 36 magnetic field computations are automatically conducted. 

Conclusion 

A method for an electrical machine general design from the sizing procedure to the magnetic 
field computation has been described in this paper. This method, based on an automatic procedure 
which links the sizing module and the magnetic field computation, is pcrfectly adapted to any study 
which requires a large number of magnetic field computations. So, its use can be extended to carry 
out an optimisation procedure. 
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