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Abstract – From three-phase induction machines, 
asynchronous double-cage rotor motors stand out as 
more specific, as in the construction and after the 
performance. Such a type of motor is selected as the 
objective of a study, and in this paper will be shown a 
part. Namely, the model will be given three-phase 
asynchronous motor with double cage rotor over which 
will be made electromagnetic analysis, software that 
performs calculations using the well-known powerful 
finite elements method in the 3D domain. Three 
dimensional magnetic fields and the distribution of the 
flux density at the middle line of the air gap of machine 
will be presented as a result of this analysis.    
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1. Introduction 

 
Characteristic of asynchrony machines that are 

commonly used in the motor mode is a requirement 
to meet that demands greater value to the initial 
torque value, and thereby lower initial current. This 
requirement is fulfilled by any of the possible ways a 
special form of rotors in cage asynchronous motors 
such as deep channels or double-cage rotor. Three-
phase induction motor with double cage is the most 
common application in regimes with frequent 
switching on and off, in which the initial torque value 
should be greater. In this paper will be presented a 
modern way of obtaining three-dimensional magnetic 
field, and some operating characteristics of three-
phase asynchronous motor with double cage rotor. 
Software which has been applied to obtain the 
distribution of the electromagnetic field in 3d motor 
domain uses the famous and powerful finite element 
method. The three-phase induction motor with 
double cage has the following rated 
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2. Defining the model geometry of the three 
phase induction double squirrel cage 
asynchronous motor in FEM 3D 

 
That applies in relation to the stator, the particular 

electric motor that is the subject of this analysis there 
is no difference than the standard three-phase 
asynchronous induction machines. Magnetic circuit 
of the stator is laminated and has 48 slots, they set a 
two-layered three-phase distributed coil with winding 
shortened step 11/12=y .             

Magnetic circuit of the rotor has 40 slots,  the rotor 
coil is composed of two cage windings they are 
derived: upper and bottom cage, and having a 
rectangular cross-section conductors, cages-windings 
are made of materials with different conductivity, 
which contributes to improve the performance of 
motors.  

The upper cage is known as start cage (used to run 
the electric motor when sliding is equal to 1), and is 
made of phosphor bronze alloy that has a lower 
conductivity compared to the bottom cage.  

The bottom cage is made of copper and has the 
role of the working cage when the speed of the rotor 
has a large enough value that scrolling is close to 
nominal. Currents redistribution from the top in the 
bottom cage is completely automatic and is 
dependent on the rotor speed and load.  

Complete geometry of three-phase induction motor 
with double cage in 3D domain is presented on 
Figure1.  

 
3. Modeling of the magnetic field 

 
For performing the analysis a three dimensional 

numerical calculation of the magnetic vector 
potential and flux density in a three dimensional 
domain of the three-phase induction motor with 
double cage is required. For that purpose the above 
mentioned computer program based on 3D Finite 
Element Method has been used [1]-[8]. The 
numerical calculation is based on the Poisons’ 
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equation for magnetic field distribution in three 
dimensional domain: 

( )( ) ( )zyxJrotABvrot ,,=⋅    (1) 
 

 
Figure 1. Motor geometry in 3D. 

 
This equation is valid when the magnetic vector 

potential A is calculated in a domain where current 
sources exist. In the case when no current sources 
exist in the domain the right hand side term of the 
equations (1) becomes zero, and thus the whole 
equations becomes Laplace’s equation of distribution 
of magnetic field in three dimensional domain [2], 
[3]. To realize a numerical solution of the equation 
(1) it is necessary to carry out a proper mathematical 
modeling of the machine.  

As a first step in the electromagnetic analysis is the 
generation of the mesh of the finite element model 
over a three-phase induction motor with double cage 
and is performed fully automatically. The 3D finite 
element mesh of three-phase induction motor with 
double cage is generated with 397994 elements and 
is presented on Figure 2. And Figure 3. To get more 
accurate computations in some regions the mesh 
density is increased, especially in the air gap on 
interface between two different materials. Greater 
mesh density increases the computation time. It is 
recommendable to find mesh which is dense enough 
and still computation time is reasonably small. 

On Figure 3 is presented the complete mesh of 
finite elements over the entire engine, while Figure. 4 
is a given part of the mesh of the rotor. 

 

 
Figure 2. Complete mesh of finite elements 

 

 
Figure 3. Mesh of finite elements – rotor 

 
In motor post processing part magnetic flux 

distribution can be plotted and this is presented on 
fig.5 for excitation winding are energized with rated 
currents. 

4.  Magnetic flux density 
 
The relation between the magnetic flux density 

and the magnetic vector potential is definite by 
expression: 

rotAB =      (2) 
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Figure 5. Magnetic field distribution in 3D motor domain 

As mentioned above the values of the magnetic 
vector potential and its components 

{ }zyx AAAA ,,=  in every node of the investigated 
domain are calculated [3],[7]. By using the procedure 
for numerical differentiation, the distribution of the 
magnetic flux density at the middle line of the air-
gap in three-phase induction motor with double cage 
is determinate,[8]. The characteristics of the 
magnetic flux density in dependence of the rotor 
position at different armature currents are presented 
in Figure 7. 
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 Figure 6. Characteristic of the magnetic flux density 

 
5. Conclusion 
 

     The methodology for modeling of the three 
dimensional magnetic field by using the finite 
element method presented in this paper, was the basic 
concept for determination the magnetic field 

distribution in the three-phase induction motor with 
double cage. From this analysis it can be concluded 
that the three dimensional calculation of the magnetic 
field can provide us with sufficient data to calculate 
the electromagnetic characteristics of the three-phase 
induction motor with double cage and, by using them, 
to analyses the performance of the motor. Also this 
data can be used to calculate and plot the 
electromechanical characteristics of the motor or to 
do an optimization analysis of the motor, searching 
for a more effective and improved motor. 
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