FEATURE

By Lois Lee, Chief Officer, Vector Fields

Speeding the Design of Electrical Machines

Analytic  computer
programs are a start-
ing point for many
engineers designing
rotating electrical
machines. Such soft-
ware solves electro-
magnetic  equations
for specific geome-
tries, and is typically inexpensive and quick
to run. However, anaytic solutions can
compromise accuracy, and more important-
ly, are closed systems that cannot be modi-
fied except by the originators.

The alternative is a CAE tool employing,
for example, Finite Element Analysis
(FEA). These programs typically offer flex-
ible graphical user interfaces, allowing users
to simulate any design concept with preci-
sion and accuracy. Wider analysis options
are also on offer. For example, FEA pro-
grams can accurately compute eddy currents
and naturally evaluate motional effects.
However, the time required for analysis
using FEA software, with its three step
approach of pre-processing, solving and
post-processing is unfavorable. While solu-
tion times have steadily decreased over the
years owing to technological advances in
computers, significant effort is still required
by the user at the pre-processing stage. That
is, building the geometry and setting the
right conditions for solution.

If FEA techniques can be made more
accessible, then much greater virtual proto-
typing integrity is possible, and this is the
focus of development effort that has created
atemplate-style front-end to a generic elec-
tromagnetic modeling tool.

The new approach, the Electrical
Machines Environment, is an add-on 'tool-
box' available with the established Opera
commercial electromagnetic FEA package
(2D and 3D). Within the environment, an
FEA model for a generator or motor can be
created in minutes using templates with ‘fill
in the blanks' style dialog screens. The soft-
ware then builds the resulting machine
model, performs the necessary solutions and
provides simulation results at selected oper-
ating conditions. Variation of the given
design parameters allows different scenarios
to be tested, and through an iterative process

the user could arrive at an optimal machine
design. Alternatively, the parametric model
can be used to drive an optimization tool
within the software, setting specific objec-
tive functions.

Templates have been designed for most
common electrical machine types (Table 1).
One important feature of the environment is
that the templates employ generic scripting
and parameterization techniques and the
underlying code can easily be modified by
users. This provides the freedom to create
customized geometries, including special
proprietary features such as profiled stator
teeth in switched reluctance machines
(SRMs) or flux weakening features in per-
manent magnet (PM) machines.

Table 1. Machine Types Supported

Induction

Synchronous

Switched reluctance

Permanent magnet DC (rotor armature)
Brushless PM (many variants)

Example Design

Figure 1 shows an example definition
phase for an induction motor. Lengths,
angles and point positions are parameterized
providing geometric flexibility. The pro-
gram builds the machine geometry based on
these parameters (Figure 2). If satisfied with
the design, users can then proceed to analy-
sis. Analysis data, specific to each type of
machine is subsequently entered, as well as
solution details, including mesh density and
the reguired resolution of the results. The
program proceeds to solve the model and
process the results. An example of results,
showing an induction motor's torque versus
speed curve is presented in Figure 3.

Manipulating Design Constraints

The structure of the template-based
design environment is open. The user is
able to examine the logical organization of
the models and analysis settings and change
or add specific features, ranging from the
addition of minor geometrical features,
winding arrangements, to complete stator or
rotor structures or alternative analysis and
post-processing requests

Machine design is subject to constraints
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Figure 1. Dialog window requesting infor mation for
thestator (top) and therotor of theinduction motor.

Figure 2. 3D model of an induction motor.

that are activated during the model defini-
tion. These are geometrical constraints and
are derived from the technical drawing. A
set of algebraic expressions has been
assigned for each design parameter so that
the respective design constraint is imple-
mented. When the input value of a geo-
metric parameter is out of the range speci-
fied, the software responds with an error
message and prompts the user to ater the
input value. The use of variables and
expressions in the design constraints
allows changes to the geometric dimen-
sions to be made quickly.

www.MagneticsMagazine.com
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Figure 3. Graph of torque versusrotor dip of theinduction motor (typical sm-
ulation results).

Design Optimization

Once the user has produced a design they can optimize it auto-
matically using the general purpose Opera tool. The process takes
the original geometry, adjusts it automatically, solves the model
using finite elements, checks the results for improvements and care-
fully selects a new geometry with a high likelihood of further
improvements to the design.

During asimple interactive set-up procedure (Figure 4) the user is
able to select important input parameters from the design environ-
ment. These will be adjusted as the optimizer creates new geome-
triesin its search for a global minimum. A post-processing analysis
with resulting parameters can be created to allow the optimizer to
define the quality of the generated model.

Input parameters can be assigned upper and lower limits, to pre-
vent the construction of unfeasible models and to define the size and
shape of the input parameter space. However, due to the automatic
geometry checking within the environment the optimizer will not
construct geometrically bad models. These models are not simply
ignored however; the optimizer realizes the implications upon this
region of the input parameter space.

Constraints can be imposed on the optimization by creating func-
tions of the input and output variables. Analysed model geometries
can then be seen to satisfy the constraints in graphical form as a
function of the interaction number. Again, the optimizer does not
simply discard models which do not satisfy the constraints.

The optimizer begins by submitting a range of designs across the
input parameter
space to the
Opera batch
processor, to gain
a diffuse knowl- |eee
edge of the rela
tionship with the
objective space.
The searching
algorithm  then

e

[R oprmntzation Proviem

Fodes © Aok
Pletnkd Fon asdPlapl s
Laisbae a1l
Opsnrntin (e il Logn

Condunr Cowrmonmen 1 L
- RAIT

- BALT

(T
e
Lt s
"

¥ BaFiac
- WRbe

i [ e e e
<
E
iRl

minima occur. However, exploratory models are also built in sparse
regions of input space to reduce the likelihood of missing other
small but potentially deep minima. A balance istherefore maintained
between the two to prevent effort seeking tiny improvements on
potentially false minima.

The optimizer's search agorithm analyses the stochastic proper-
ties of the input space and utilizes a Kriging-assisted surrogate
method to predict the shape of its solution surface and thus deter-
mine the position of the next model with the highest likelihood of
improvement. Where multiple objective functions are specified,
solutions are ranked according to their location between Pareto sur-
faces in the objective space.

Design Efficiency

This new approach to design can deliver significant advantagesin
today's market environment. The accuracy of FEA simulations,
combined with easy to interpret results, gives designers the meansto
rapidly make informed decisions - whether the need is simply to
make the most cost-effective solution for a given application, or to
come up with something new. Currently, there's enormous pressure
to improve energy efficiency for instance. FEA alows searching
'what-if?" investigations to be performed rapidly, identifying the
design characteristics of the right machine with great accuracy.

Lois A. Lee manages Vector Fields USA subsidiary in Aurora, I1l. She joined
Vector Fields in 1992, working initially as an assistant to the management team.
She became Chief Officer in 2006. She can be reached at info@vectorfields.com or
(630) 851-1734.
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Figure 4. Optimizer dialog window displaying the con-
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