
Magnetic design service



Magnetic design service
Danfysik offers electromagnetic design assistance. This service 
covers electromagnets as well as insertion devices (electromag-
netic devices and permanent magnet based devices) for particle 
accelerator applications. Using software packages such as 
Vector Fields OPERA Suite and Mathematica/RADIA we can fulfil 
most field design needs.

Vector Fields OPERA Package

Magneto-statics
The Vector Fields OPERA package, including the 2D and 3D 
magneto-static solvers, is used extensively at Danfysik as it is 
compatible with our CAD environment, allowing easy exchange 
of models in various formats. Calculations in 2 or 3 dimensions 
can be performed, depending on the exact nature of the magnet 
problem. Particle tracking can be offered as well.

2D field design

Dipole design
All types of dipole design can be made, including spectrometers, 
bend magnets, steerers, also as electromagnets as well as fer-
rite core magnets. 2D calculations are normally concentrated on 
the center design, ensuring adequate pole and yoke dimensions. 
The calculations are performed using the relevant non-linear 
magnetization curves. Also rose-shim optimization can be done 
in-house, using self-optimization algorithm.

Figure 1: On top, reduced model of dipole in 2D. On bottom, field 
induction in the iron, shown up to 1.8 T

Multipole design
In 2D the pole profile is designed to reduce the overall harmonic field 
errors to a minimum. Using an in-house optimization routine, based 
on simulated annealing, we find the optimal pole profile. Certain field 
harmonics can be minimized, meeting the customer’s requirements.

Figure 2: On top, reduced model of quadrupole in 2D. On bottom, 
field induction in the iron, shown up to 1.8 T

Solenoids
Solenoids can be designed in by invoking axial symmetry and so di-
mension the length of the yoke and the amperewindings in the coil.

Combined-function magnets
For the Australian Synchrotron, Danfysik has recently designed 
two classes of combined function magnets, which contain dipole, 
quadrupole and sextupole field components. This sort of problem 
will be solved by using our self-optimization procedure.

Pulsed magnets
Pulsed and fast ramped magnets like kicker magnets are designed 
with active and/or passive eddy current driven conductors. Strip 
line type of kicker magnets used in electron synchrotrons for the 
beam injection process can also be designed. Also thin septum 
magnets have been designed for a number of synchrotrons. 

Both types of magnets can be designed for in-vacuum as well as 
for out-of-vacuum solutions.

Magnetic shielding
Shunting and eddy current shielding techniques are used to make 
flux free regions around magnets, typical application covers DC 
and pulsed septum magnets. Designs for such magnetic shielding 
are offered.

Electrostatics
Electrostatic devices cover analyzers, deflectors and lenses. De-
flectors with voltages up to ±300kV have been designed including 
electrodes, insulator standoffs, and high voltage feed through 
as well as rose shims for optimization of field homogeneity. Such 
design for electrostatic elements is offered.



3D field design
For 3D Design the 3D TOSCA magneto-static solver is used. A sig-
nificant advantage of this solver software package is that it allows 
for importing of 3D CAD files from the CAD system, ensuring that 
the model in the calculations accurately mirrors the magnet which 
will be built. The models can be imported in .SAT or .IGES formats.

Dipole design
For dipoles which are calculated in 3D, work is done mainly at the 
end sections of the magnets, in order to optimize the shim angle 
according to a specific requirement. Also, a large expertise has 
been gained in shimming the end of the pole, in order to improve
integral field homogeneity.

Quadrupole design
Quadrupole design in 3D consists of optimization of the end 
chamfer, to minimize the B6 and B10 harmonic field errors. The 
depth of the chamfer and the angle on the chamfer can be deter-
mined to minimize the harmonic field errors mentioned.

Electrostatics
Deflector design covers E-strength minimization in 3D that can not 
be made in 2D. 

Particle tracking
For solenoid design particle tracking is used as a means of evalu-
ating the quality of the magnet. By tracking a beam of a given 
radius through the magnet, and measuring the spot size at the 
focal point, we can gauge the focusing quality of the magnet, 
and, if needed, make corrections to the magnet yoke.  
Figure 3 shows the tracking of a low energy proton beam through 
the solenoid, while Figure 4 shows the beam size and beam 
divergence at the solenoid entrance, and at the solenoid focal 
point. Based on the data in Figure 4 we were able to optimize the 
solenoid casing such that the spot-focusing was optimal.

Fig. 3: Particle tracking through solenoid

Figure 4: Beam profile and beam divergence at focal point for a 30 
mm radius beam. Both horizontal and vertical divergences are shown
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In-house applications

Simulated annealing
A C++ program has been written which is designed to optimize 
the magnetic performance as calculated in 2D. Essentially, the 
magnet is described in parameterized form. Using a COM/activeX 
interface, successive calculations can be performed, and the
parameter vector can be changed on-thego, thus sampling the 
available parameter space. The implementation principle is
shown in Figure 5. 

Functionality has been implemented such that the problem can be 
optimized versus excitation, and in various regions, i.e. different 
line homogeneities. Also, each excitation solution can be weighed 
relative to the other solutions. For multipoles it is furthermore 
possible to minimize the harmonic field errors of user-defined 
components. The software is fully parameterized, such that the 
only input file needed is a general comma file, which describes the 
system, an input file and a file containing the relevant Quality-
functions (written in a way which can be interpreted by VF OPERA).

The optimization algorithm which has been implemented is called 
“simulated annealing”. The advantage of this method, compared
to other multi-variable optimization methods, is that it is capable  
of finding a global minimum, whereas most other methods can 

only lead to the local optima. This is, in practice, achieved by 
heating the system to a “temperature”. The system is then cooled 
down slowly, thereby allowing the system to equilibrate at each 
temperature, thus finding the lowest overall “energy” state. A 
prerequisite for this, of course, is that a sufficient part of the pa-
rameter space is sampled, during the course of the optimization.

RADIA Package under Mathematica
For insertion device design, we use RADIA, which has been devel-
oped by the ESRF in Grenoble, France. We are using RADIA in the
mathematic environment. Using the core functionality in RADIA, 
we have built a library of functions, which allows easy genera-
tion of parameterized devices, such as undulators, wigglers and 
Apple-II type devices. 

SRW Package under Igor
In conjunction with the magneto-static computations of the 
insertion devices performance, we can also compute the synchro-
tron radiation spectra of the device. By inputting the parameters
of the electron beam we can calculate the brilliance and wave-
length of the radiation.

C++ Interface Opera

Figure 5: Schematic illustrating Danfysik optimizer software


