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Abstract—In these paper is presented a methodology for numerical
determination and complex analysis of the electromagnetic
characteristics of the Solid Salient Poles Synchronous Motor, with
rated data: 2.5 kW, 240 V and 1500 r.p.m.. A mathematical mode!
and original algorithm for the nonlinear and iterative calculations by
using Finite Element Method in 3D domain will be given. The
program package FEM-3D will be used to perform automatically
mesh generation of the finite elements in the 3D domain, calculation
of the magnetic field distribution, as well as electromagnetic
characteristics and Static torque in SSPSM.

Index Terms— Electromagnetic characteristics, Electromechanical characteristics, Finite
Element Method, Program package FEM-3D, Solid Salient Poles Synchronous Motor (SSPSM),
Static torque.

I. INTRODUCTION

COMPLEX calculations and an analysis of the SSPSM will be performed by the
program package FEM-3D.The modeling and the simulation of the magnetic flux
distribution will be carried out for different armature currents and rated excitation
current, changing the rotor position in reference to the selected initial position. The
distribution of the magnetic flux linkage will be presented in the paper. The analysis
of the motor is carried out by its characteristics, which are going to be determined
from the values for the magnetic-vector potential A and its components in each node
of the three-dimensional domain of the motor.

II. ELECTROMAGNETIC CHARACTERISTICS

First, the air-gap flux density is calculated by using the results of the FEM-3D
magnetic field calculation, applying them in Maxwell equation B = rot A, and solving
it numerically by PC-based program. The air-gap flux density distribution in
dependence of the rotor position at different winding currents are presented in Fig. 1.
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Fig. 1. Air-gap flux density distribution.

Having the distribution of the magnetic vector- potential in the whole investigate
domain from the three-dimensional magnetic field calculation of the SSPSM, the main
flux in the air-gap is determined as well as leakage fluxes stator
and rotor windings, i.e.: the leakage flux in the active parts of ihe winding and in the
winding overhangs too. The possibility to calculate the components of the leakage
fluxes separately, moreover the opportunity to determine the leakage flux in the
overhangs of windings, is a particular 'advantage', offered by the finite element
method in the three-dimensional domain.

The main magnetic flux <J>5 is going to be determined starting from the
equation:

O§ = I ro tAdS= l A d r = JBdS = JJ (B • n)dS (1)
I C S S

and then the result is:
3A

dzdx (2)

In the differentials replaced with differences, and integrals with sums, for determing
Sg the relation is as follows:

. Z AA z • = w • L | A
i = l '

Z N X
- A

z , (3)

where: w- number of coils encircled by the contour C
The air-gap flux linkage T55 for different constant rotor angular positions at various
current loads is presented in Fig. 2

Fig. 2. Air-gap tlux linkage characteristics
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The inductances are calculated from the magnetic field energy W, stored in a closed 3D
domain of the motor volume V. The electromagnetic energy W is expressed by the
current density J and with the previous calculated values of the magnetic vector-
potential A. in the whole 3D domain in the motor V, by the equation (4), and is
presented in Fig.3.

w =
(VAi|

(4)

(A]

Fig.3. Energy stored in closed 3D domain

With equation (4) the previous derived equations for magnetic flux and stored
electromagnetic energy are combined, and the results is:

(

u
; I f = const. (5)

The last equation is to be comprehended as general. The results of computation and
dependence of the air-gap inductance versus angular position of the rotor, for different
values for the armature current and constant rated value in the excitation winding are
given in table and are presentation in Fig. 4. a).

The same characteristics versus stator current for different values of the rotor
angular positions, at rated excitation current is presented in Fig. 4. b).
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Fig.4. a), b). Characteristics of the air-gap inductance

III. ELECTROMAGNETIC TORQUE

The knowledge of electromagnetic torque characteristics is very important
matter for analysis and performance of electrical motors. In this paper the energy
concept for numerical calculation of electromagnetic torque is applied and for solid
salient poles synchronous motor will be calculated by the change of the magnetic
system coenergy at virtual angular displacement of rotor, for constant value of
excitation current If in the rotor windings, and different constant stator currents Ia in the
stator windings. The constant excitation current and different constant stator currents
comprehends a constant value of magnetic vector potential A.

At the beginning, with the values of the air-gap flux, the magnetic coenergy is
calculated by:

w(0,lJ=W6(©,Ia)dIa |0 = const. (6)

The static electromagnetic torque is effected by the variation of magnetic field
energy in the air-gap, at virtual displacement of the rotor and is Ccilculated, as follows:

6W(©,I3)

<30
Ia = cons. , If = cons. (7)

At first, from expression (6) the coenergy W (0, I a ) is determined, performing the
numerical integration for a tabulate given function Tg (0 , Ia ) in equidistant points
referring to current, for discretely given angular position of the rotor 0 in relation to
the referential axis of the stator.

The torque characteristics T(o, I a ) of the Solid Salient Poles Synchronous
Motor versus rotor angular position at constant different armature currents as well as
versus stator current for different values of the rotor angular positions, at rated
excitation current are presented in Tig.5. a) and b).
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b)
Fig. 5. a), b) Static torque characteristics of the SSPSM

IV. CONCLUSION

The methodology for modeling of the three dimensional magnetic field by using the
finite element method presented in this paper was the basis for determination the
magnetic field determination in the (SSPSM). The results of the field computations,
after they are used for calculations of electromagnetic and electromechanical
characteristics, as air-gap flux linkage, magnetic flux density distribution along the air-
gap, inductances, parameters, static and dynamic torque.
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