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Accurate calculation of field expansion coefficients 

in FEM magnetostatic simulations 
Mon-Mo-Po1.02-08 V. Marusov 

James Clerk Maxwell, 1873: Potential must 

be an analytic function; thus, methods of the 

theory of functions of a complex variable are 

very powerful tools for solving 2D problems 

of electro- and magnetostatics. 

An analytic function of the complex variable 

𝒛 = 𝑥 + 𝒊𝑦 is representable by its Taylor series: 
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The multipole field expansion, a particular 

form of the Taylor series: 
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Multipoles due to the current density j and the 

magnetization density 𝒎 = 𝑚𝑥 + 𝒊𝑚𝑦 in an area 
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Integrals for finite elements 

with certain shape functions 

can be calculated exactly 

With this approach, only the 

magnetization density is used 

from the FEM solution. 

Effectively, the Biot-Savart 

option is enabled for both 

conductors and the yoke. 

Case study: multipoles due to eddy currents in 

the vacuum chamber of SIS100 dipole magnet 

Target values: multipoles by the method of images, [T] @ Rref = 3 cm 

B1 B3 B5 B7 B9 B11 B13 

-1.955E-04 2.867E-05 -2.014E-06 8.054E-08 1.127E-08 -1.011E-09 -3.777E-11 

Number of elements (Calculated in ANSYS) ∕ (Target values)  

Total With current With μr >1 B1 B3 B5 B7 B9 B11 B13 

155728 248 57183 0.9998 0.9994 1.0090 0.9642 0.9438 1.0242 1.7713 

108759 207 39650 0.9998 0.9994 1.0090 0.9636 0.9482 1.0440 2.2929 

69592 168 25480 0.9998 0.9994 1.0090 0.9636 0.9491 1.0499 2.4147 

39186 127 14430 0.9998 0.9994 1.0090 0.9667 0.9340 0.9842 1.1779 

17568 87 6500 0.9998 0.9990 1.0090 0.9685 0.9225 1.0331 -0.9452 

Target values calculation: 

method of images 

+integration over contour 

Results for various 

mesh densities 

Results are stable over ×10 mesh 

density range 


