2-D MODEL OF DC MACHINE MAGNETIC FIELD
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ABSTRACT

The paper focuses on dependences of individual winding on magnetic saturation with 2-D
magnetic field solution of 4-pol DC machine. Finite element method was used to solve it in
ANSYS. Available element type and B-H curve specification of materials, generate me-
shes, end conditions definition, analysis type and solution settings are necessary to achieve
the correct solution.

1. INTRODUCTION

Magnetic saturation may strongly influence the properties of electrical machines, therefore
it is important for some advanced drive control methods to have the information on how
much and where the machine is saturated in order to function properly.

Finite element method belongs to the widespread methods. The professional programs for
calculation of electromagnetic field problems are very expensive for their universality. The
most of these programs are built on finite element method, in which memory demand fac-
tor increases with nodes. This factor is even more increasing for calculations in 3D. At cal-
culation there may come problems with a numerical stability, convergences or with gene-
ration of computational nets. Accuracy depends on density nets.

2. FEA ANALYSIS

A finite element analysis (FEA) of the motor was carried out with a 2D FE computer
package following the procedure (A) — (C):

A. Pre-processing — Consisting of: (I) Conception of the geometric model of the motor
according to the initial design configuration. (II) Mesh generation — triangular or
quadrilateral elements should be automatically generated or adjusted by user (Figu-
re 1); (III) Assignment of physical properties — different materials were selected
and assigned to the different regions defined in step (I); (IV) Specification of exci-
tation sources — here, values of current sources are assigned to the coils (slots);
(V) assignment of boundary conditions.

B. Solution step — After generating the FE mesh and assigning the physical properties
to the model a nonlinear system of equations is assembler and solved.



C. Post-processing — The results of simulations are visualized and analyzed through a
set of graphics, curves, for instance the flux density along the air-gap, and equipo-
tential lines, color shades and vectors. In addition, relevant global quantities can be
computed, such as inductances, energy, and forces.

Figure 1: Finite element mesh of DC motor.

2.1. CONCEPTION OF THE GEOMETRIC MODEL

Geometry was made by other graphic program for his complexity. During an import from
ACIS file to ANSYS could make to the wrong import of some geometry parts. This step is
easier than is making of geometry in ANSYS program.

Motor parameters - Stator sheet: 4 windings of main poles and compensating windings in
these poles, 4 windings of commutation poles, 16 vents for cooling of stator, inner diame-
ter 208.3 mm and outer measurement (316 x 316) mm. Rotor sheet: 36 winding W-slot, 8
vents for cooling of rotor, inner diameter 25.5 mm and outer diameter 204.7 mm. Air gap
between main pole and armature has wideness 1.8 mm.

2.2. ASSIGNMENT OF PHYSICAL PROPERTIES

The application of suitable B-H curve for non-linear magnetic material of DC machine has
a considerable influence to results. The B-H curve must be defined for the whole extent of
solution.

Magnetic materials can be defined by user from chart or can be chosen from materials lib-
rary in ANSYS program. Magnetic material “EmagSa 1010 is used for the stator and
“EmagSilicon” for the armature laminations. These materials (Figure 2) are from ANSYS
materials library.
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Figure 2: Rotor and stator B-H curve.

2.3. RESULTS

Figure 3:

Magnetic flux density:

armature and main poles excited
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Figure 4: 2-D flux lines and absolute value magnetic flux density in air-gap:
armature and main poles excited
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Figure 5: Magnetic flux density: commutation poles excited only
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Figure 6: 2-D flux lines and absolute value magnetic flux density in air-gap:
commutation poles excited only



Figure 7: Magnetic flux density of DC machine
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Figure 8: 2-D flux lines and absolute value magnetic flux density
in air-gap of DC machine

3. CONCLUSION

This 2-D magnetic model of DC machine contains the results of the magnetic flux density
and 2-D flux lines. Separated simulations present model with power supply of the armature
with winding of main poles and only commutation poles winding and last one all winding
used in DC machine.
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