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; LEAKAGE CALCULATION OF A SQUIRRE
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Abstract

lation of the end winding lea ction motor uxmu a three-

=4

dimensional finite element method is discussed. Thc uld winding mduuancc is thought to consist of
aleakage, describing the flux linked with the end winding only, and a mutual part, describing, the flux
linked with both end wmum;> and end ring. Both feakage and mutual inductance are found to vary for

Introduction

To analyse induction motors using the finite element method, a two-dimensional approach is
most often used| 1]. The motor end effects (end winding impedance and end ring impedince) are
incorporated in the analysis as lumped parameters linked with the finite element model by a set of
circuit equations. To incorporate the end winding and end ring inductance at the appropriate location
in the coupled tinite element-circuit model, these inductances have to be splitinto a leakage
component and a mutual component. The mutual inductance is part of the magnetising inductance
but can be neglected in practice since the coupling is in air. Determining both leakage components
using an analytical or empirical approach is not possible. Furthermore, the analytical approximations
assume the end winding leakage to be constant for all operating conditions|2]. It is shown that this
assumption is incorrect. The leakage inductance is found to decreuse when the load increases due to
the increase of the mutual inductance between end winding and end ring.

3D finite element model

The finite element analysis is performed using a commercial CAD package[3]. The 31 mesh is
generated by extrusion. An axial cross-section of the end winding region of the motor is used as the
base plane (Figure 1). This baseplane has to contain all outlines required in the final model. The
consecutive planes are generated by rotating the base plane around the centre line of the shaft. 84
planes are required to generate the 3D model.

By relabelling the different regions in the consecutive planes, the 31> model is built. Arother set
of meshes represents the current excited coils and is joined with the material mesh, i.e. the 321> model
generated trom the base plane, during the problem definition. Due to symmetry, only one cuarter of
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Table I. Calculated inductance components at different slip values.

Inductance Slip [9%]
{mH] 0.34 1.42 100
R;,*_R‘__.‘__,____________.‘. — .
L 0.49 0.49 0.49
I,r' 0.46 0.46 0.46
L, 0.65¢-3 0.65e-3 0.65¢-3
M 0.13 0,19 0.21 -
43 LAY
L, 0.33 0.30 0.25
i, 0.47e-3 0.42¢-3 0.35e-3
L. 0.36 0.30 0.28
—_— —_—
Re
The above table shows the calculated inductances at three different slip values. A linear time- Designin
harmonic solution is used, Therefore, the self inductance of end winding L and end ring L, remain in the case of
constant. 1 electromagnet
From Table 1., a decrease of the lcakage and an increase of the mutual inductance is noticed, At ? propertics of s
no load, the full self inductance of the motor is considered as leakage resuliing in a leakage . Due to hi
inductance of this motor with a variation from 0.49mH at no load to 0.28mH at locked rofor. power losses

computation,
. . the circuit metj
Conclusions

The end winding inductance of a squirrel-cage induction motor is calculated using a 3D finite
element method. A signifi

ant variation of the leakage components of hoth end winding an end ring
inductance is found at different load situations

The powe
general formulk;
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