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Abstract-In recent years, more and more of those who design 
and analyze magnets and other devices are using commercial 
codes rather than developing their own. This paper considers the 
commercial codes and the features available with them. Other 
recent trends with 3-D field computation include parallel compu- 
tation and visualization methods such as virtual reality systems. 

1. INTRODUCTION 

A trend readily seen over the past several years is the wide- 
spread use of commercial codes for electromagnetic field com- 
putation in three dimensions (3-D). This is not surprising, for 
the successful commercial codes typically represent 100 or 
more person-years of development effort, something that no 
one person or research group is apt to match. Especially valu- 
able are the efficient and robust solvers, the wide range of 
options for the visualizing of results, and the customer service 
that the commercial distributors provide. 

With this trend in mind, it seemed appropriate to describe 
the codes available from the major distributors, and the fea- 
tures of those codes. In addition, I describe two other recent 
trends in 3-D field computation: the use of parallel computing, 
and the visualization of geometry, meshing, and results 
through virtual reality systems. 

A. Previous Studies 
At COMPUMAG-Genoa in 1983, Lari [l] attempted to 

describe all eddy-cunrent codes that had been reported in the 
IEEE Transactions on Magnetics. To do so was barely possi- 
ble then, and it became impossible shortly afterwards. 

Since then, Molinari [2] has discussed the considerations in 
choosing a commercial code, and AIotto [3] has presented 
updated versions of this in short courses at the University of 
Wisconsin, Milwaukee. They based their reports largely on 
promotional material from the code distributors and on their 
own experience with some of the codes. Their categories 
formed the basis for the list of questions on which this paper is 
based. 

At the Magnet Technology Conference of 1993 (MT-13), 
Emson [4] described what is available today in magnetic field 
computation. His paper complements this one, and the reader 
should refer to it for a fuller description of topics that are just 
touched on below. 

B. What’s Here 
Rather than repeat any of these approaches, I contacted the 

distributors of commercial codes, as identified by my own 
experience and on lists given to me by researchers in North 
America, Europe, and Japan. Thideen of these responded with 

Manuscript received 12 June 1995. 
*Work supported by U. S. Department of Energy, Office of Basic 

Energy Sciences, under Contract No. W-3 I-109-ENG-38. 

descriptions of their codes and, in many cases, with illustra- 
tions of their application. I do not claim to have used many of 
these codes, or even to have spoken to people who have used 
them. The information here is based on the answers that the 
code distributors gave in answer to my questions, clarified in 
some cases by statements in their promotional material. The 
distributors and codes are identified in Table I. 

TABLE I 

Distributer Abbr. Code(s) Office 

ANSOFT 

ANSYS. Inc. 

Bath University Bath 

CEDRAT 

GEC Alsthorn GEC 

Infolytica 

IntegratedEngi- IES 
neering Software 

JapanResearch JRI 
Institute 

MacNeal-Schwen- MSC 
dler Corp. 

MAGSOFT Cop. 

Mitsubishi Heavy MHI 
Industries, Ltd. 

Nippon Steel Corp 

Veztor Fields Ltd/ VF 
Inc. 

MAXWELL 

ANSYS 

MEGA 

FLUX3D 
FLUXHYPER 

SLIM 

MagNeOD 

AMPERES 
COULOMB 
FARADAY 

JMAG 

EMAS 
MicrowaveLab 

FLUX3D 

EDDY3D-MI 
EDDYCUFF 

FLEDY 

OPERA 
TOSCA 
ELEKTRA 
SOPRANO 
SCALA 

Pittsburgh PA. 
USA 

Houston PA, USA 

Bath. UK 

Meylan, 
Grenoble. France 

Stafford, UK 

Montreal PQ 
Canada 

W1nnipeg. MB 
Canada 

Osaka, Japan 

Milwaukee WI. 
USA 

Troy NY. USA 

Yokohama. Japan 

Chiba, Japan 

Oxford. UK 
Aurora IL USA 

Of the companies represented here, some originally pro- 
vided structural codes; some began with magnetostatics codes; 
some began with high-frequency electromagnetics. Some of 
the companies are active in the European, North American, 
and Japanese markets; some have been active in one market 
but are now expanding into others. 

C. What’s Not Here 
Some of the companies I approached did not reply, even 

after a follow-up letter. Some other companies were active in 
distributing codes in the past, and may be in the future, but are 



not now. Some structural codes and some code packages for 
niche markets provide a limited electromagnetics capability, 
but are not included here. If I have overlooked some major 
player among the commercial code distributors, I apologize. 

There are some who have made major contributions to 3- 
D code development who are not commercial distributors. 
The groups at Okayama University and at Graz Technologi- 
cal University have made valuable comparisons among dif- 
ferent formulations and methods, for example. Likewise 
Electricite de France and the universities in the vicinity of 
Naples have contributed much of what we know about the 
use of edge elements. 

Curtis Rebizant of Integrated Engineering Software [SI 
observed that the five key considerations of customers in 
selecting a commercial code are code ability, ease of use, 
analysis speed, accuracy of analysis, and price. Some of 
these, such as ease of use, are somewhat subjective. Others, 
e.g., analysis speed, require running the same problem with 
different codes; the comparison may also depend on the par- 
ticular problem. There is no discussion here of thecosts of 
the different codes. Since the various distributors have dif- 
ferent policies about sales, leasing, single-user and multi- 
user licenses, academic discounts, etc., and the prices and 
fees are subject to rapid change, anything described here 
would soon be out of date. Nonetheless, it is hoped that the 
comparison here is of value to someone choosing a code or 
wondering how other codes compare with the ones currently 
being used. 

n. CHARACTERISTICS OF THE 3-D CODES 

A. Hardware 
Most of the codes operate on the popular workstations 

(e.g., SUN, HP, IBM, SGI) and on personal computers, using 
the appropriate operating systems. 

B. Formulation, Variables, and Field Sources 
All the codes use a finite-element method @?EM) except 

those of Integrated Engineering Software, which use the 
Boundary Element Method (BEM), and ANSOFT, whose 
code allows both FEM and BEM. In most of the codes scalar 
potentials are used for magnetostatic computations and vec- 
tor potentials for eddy-current and high-frequency computa- 
tions, although several codes use scalar potentials in non- 
conducting regions for eddy-current computations. All 
codes accept specified currents as sources for the magnetic 
fields: many can be driven by voltages and/or boundary con- 
ditions. Some can be driven by external circuits. 

C. Frequency Ranges 
All the distributors provide computing capabilities for 

magnetostatics and eddy currents. Most of them also pro- 
vide for high-frequency computations, including displace- 
ment currents. Of these, about half allow eigenvalue 
solutions for high frequencies. Figure 1 shows an example 

of a high-frequency computation. Some of the distributors 
provide all of these capabilities within one code, sometimes 
with optional solvers, while others (IES, Vector Fields, and to 
a lesser extent CEDRAT and MSC) provide a suite of several 
codes, allowing the user to acquire only those capabilities that 
are needed. For example, only someone needing to com- 
pute space charge from particle beams would want the VF 
code SCALA. 

Fig. 1. Electric Field distribution for a dielectric load stub waveguide, 
excited by a coaxial lead at one end. The formulation was a 3A-V high- 

frequency finite-element solver. (courtesy of GEC Alsthom) 

D. Material Modeling 
All of the distributors provide for magnetostatic computa- 

tions for nonlinear and permanent-magnet materials; many 
allow transient eddy-current solutions with nonlinear materi- 
als as well. Most permit computations with anisotropic mate- 
rials. Some allow the solutions to include the effects of 
hysteresis; others say they will provide that capability soon. 
Results from a nonlinear magnetostatic computation appear 
in Fig. 2; Fig. 3-5 include permanent magnet materials. 

E. Advanced Features 
The distributors were asked about advanced features in 

their codes: moving conductors, particle tracking, open 
boundaries, absorbing boundaries, and electromagnetic com- 
patibility (EMC). All the codes had some of these features; 
MAXWELL from ANSOFT and EMAS from MSC have 
them all. Gerard Meunier of Laboratoire d'Electrotechnique 
de Grenoble (LEG) [6] sees optimization as a future trend for 
field computation codes. ANSYS, MAXWELL, and some 
other codes offer integrated design optimization. 



Fig. 3. Distribution of magnetic flux density in a permanent magnet motor. 
This is one of the benchmark problems of the Institute of Electrical 

Engineering of Japan. (courtesy of Mitsubishi Heavy Industries. Ltd.) 

E Coupled Problems 

electromagnetics and effects such as thermal, structural, or 
circuit considerations. The distributors reported that ANSYS, 
MEGA from Bath University, MagNet3D from Infolytica. and 
EMAS could treat all three of these couplings. Other codes . 
could accommodate two. one, or none of these couplings. 
Dale Ostergaard of ANSYS [7] predicted a bright future for 

Many problems of interest relate to the coupling between . 

Fig. 4. A magnetic bearing used in the satellite HELIOS. (courtesy of 
CEDRAT and AEROSPATIALE) 

Fig. 5. Permanent magnet clutch. Using the boundaxy clement method 
requires nodomain meshing to generate the 8-field color contours. 

(courtesy of lntegntcd Engineering Software) 

coupled-field analysis as part of an integrated "systems simu- 
lation." Figure 6 is an example of a moving conductor; Fig. 7 
shows a particle trajectory (in this case including space 
charge: and Fig. 8 shows coupling of eddy currents and tem- 
pera t u re. 



Fig. 8. Temperature distribution in a moving metal slab resulting from 
induction heating. Results of a coupled magnetic (frequency domain) and 

thermal (transient) analysis. (courtesy of the Japan Research Institute) 

Fig. 6. Part of a coil launcher, showing eddy-cumnt losses. The accelerated 
motion is treated with the code MEGA. (courtesy of Bath University) 

Fig. 7. Particle trajectories. under the influence of space charge, as 
computed with SCALA. (courtesy of Vector Fields) 

G. Meshing, Elements, and Error Analysis 
In meshing, some codes used tetrahedral elements, some 

hexahedral or brick elements, and some allowed both. Some 
promoted the predictability of fixed meshing. some the con- 
venience of automatic meshing, and again some provided the 
flexibility that comes from having a choice between the two. 

In computation it is often useful to use second-order (qua- 
dratic) and higher-order elements. More than half of the 
codes permitted second-order elements. and five of them 
(ANSYS, MEGA, FLUX-3D, EMAS. and TOSCA) allow 
mixed elements, at least in some computations. Edge ele- 

ments have shown promise in recent years, and six of the 
codes either use edge elements exclusively or allow them as 
an option. About half the codes provide checking for errors 

error estimation during computation. 
during mesh generation. Most of them provide some form of - 

H. Postprocessing 
Likewise, most of the codes provide a wide variety of 

ways to visualize the results in postprocessing: graphs, con- 
tour plots over a 2-D slice of the geometry, and arrow plots. 
Chris Riley of Vector Fields 181 believes that this ability to 
visualize models and results is one of the major reasons for 
the success of the commercial codes. On the other hand, the 
MHI and Nippon Steel codes do not include postprocessing 
capabilities, but can be used with other graphics packages 

III. OTHER TRENDS IN 3-D FIELD COMPUTATION 

A. Parallel Computation 
There has been considerable debate over the value of par- 

allel computing for electromagnetics. A major problem until 
recently was that the extensive programming required for one 
parallel system could not be readily transferred to another-a 
problem that was made worse because the systems rapidly 
became obsolete. Now we are beginning to see solvers, lin- 
ear algebra libraries, and message-passing systems that are 
adapted for parallel computation and readily transferred from 
one type of parallel machine to another. 

There is a difference of opinion over the suitability of 
E M  for parallelization. M. L. Barton of Intel [9] has stated, 
'The good news is that the finite element method is a parallel 
decomposition method .... Thus we have a naturally parallel 
method which has been waiting since its inception for the 
parallel hardware to be made available." He used a block 
incomplete Choleski conjugate gradient preconditioner, with 
one block per processor in his computations. Later [IO], he 
looked at a larger problem. The improvement in solution 
time that parallelization can make increases as the number of 
elements increases. 



Others have held that integral methods lend themselves to 
parallel computation more readily than finite-element meth- 
ods, and that with parallel computing, integral methods could 
be competitive. Bryant et al. [ll] implemented the 2-D 
boundary element code BIM2D on a system of transputers. 
More recently, Kettunen et al. [ 123 have explored paralleliza- 
tion of the 3-D volume integral code CORAL. 

B. Field Wsualization with the CAVE Virtu1 Reality System 
I have stressed the importance of 3-D visualization in suc- 

cessfully using 3-D electromagnetics codes. A virtual-reality 
environment, such as the CAVE (CAVE Automatic Virtual 
Environment) [13] appears to be of value for th is  purpose. 
The CAVE is a surround-screen projection-based virtual real- 
ity system. Computer-generated images are rear-projected 
onto two walls and the floor of a 3 m x 3 m x 3 m cube. 
Alternating images are displayed for the left and right eyes in 
synchronization with stereo shutter glasses. The viewer-cen- 
tered perspective is calculated constantly from tracker data. A 
wand, the 3-D equivalent of a workstation mouse, provides 
interactive capability. 

Fig. 9. One half-period of the elliptical multipole wiggler. One pair 
of poles and coils for the electromagnet are shown on the left and 
right. One pair of permanent magnets are on the top and bottom. 
One pair of half poles for the hybrid magnets is at the front and 

another pair at the back. Because the fields from the hybrid magnets 
and electromagnets are a quarter period apart. periodic boundary 

conditions must be used in this problem. 

With the CAVE, the elliptical multipole wiggler (EMW), an 
insertion device being designed for the Advanced Photon 
Source (APS) now being commissioned at Argonne National 
Laboratory (ANL). was made visible along with its fields and 
beam orbits [ 141. The geometry of the EMW (seen in Fig. 9) 
was reconstructed from an OPERA data set with the code 
CORAL, and the field computations were carried out with 
TOSCA. 
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