Tools for Designing Double Squirrel Cage Rooters
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ABSTRACT: We in this work published the research on three-phase asynchronous motors which have inbuilt double squirrel
cage rooter. Initially, we have developed tools that can help to design and analyse the electrical machines. This is possible
by fixing the operation characteristics with ease. We have also presented equations relating to the operating characteristics
for which we have used the tools. Experimentation with samples is organized with different loads and the outcome is
presented with the help of tables and graphical displays.
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1. Introduction

The software package Ansoft - Maxwell 14 is specialized software designed for design and simulation analysis of electrical
machines.[1]-[5] The concept of the program is so designed to enable continuous communication between the user and the
computer at all stages of design, and it also enables the input of own creations and scientific knowledge by the user-designer.
The program itself basically consists of three modules, interconnected:

The first module can design any electrical machine, calculate the parameters of the equivalent scheme that represents it, and
determine all the performance characteristics in different modes of operation. In the database of this module, a large number of

empirical equations from classical theory and part of the modern theory of electric machines are entered.

Designing and receiving a large number of results for the machine parameters, as well as the performance characteristics of
different modes of operation in this module is very simple and fast.

As research subjects from which a portion is presented in the labor below, is selected three-phase asynchronous motor with
double squirrel cage and with the following nominal data:

P, =3.5kW,U, =240V, f =50 Hz
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2p=4,cosp=0.85, 7=284%, and A winding connection.
2. Mathematical Model and Equivalent Replacement Scheme

The subject of the research is three phase asynchronous motor with double squirrel cage. As compared to the construction of
the stator coil, the coil is identical to the standard three-phase asynchronous motors. The difference in this type of motor is in
the rotor circuit, which are set two interconnected cages made of material with different conductance. 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.

The theory of asynchronous motors with double cage can be traced to the theory of three-phase three-winding transformers.
That means double cages asynchronous motors can be considered as three separate electrical circuits that are magnetically
coupled. The circuit indicated by I, represents the stator and circuit I, and III, representing the upper and lower cage rotor

respectively. Each of these circuits respond appropriately active resistance R;, Ry, R;; and inductance, respectively corre-

sponding total inductive winding resistance X;, X, X ;.

In asynchronous motors with double cage rotor, when the load changes, and changes in engine speed and thus the frequency
of the current in the rotor-conductors, which causes a change of inductance and resistance in the rotor circuit. This phenom-
enon can be expressed mathematically in a way that the active component of the resistance of the rotor circuit is divided by
1-s
sliding s, or simply if the rotor circuit of the upper and bottom cage add extra value to the active resistance R—— In that case
s

we can write the following expressions:
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Voltage equations for this type of motor received form given by:
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Based on the previous expressions can be compiled equivalent electric scheme of asynchronous motor with double cage and is
given on Figure 1.

3. Working Characteristics of Double Cage Three Phase Asynchronous Motors

The performance characteristics of the two-cages asynchronous motor are dependent on the output power P,, the stator current
[1, the power factor cos @, the efficiency coefficient 77, the slip s, the moment M, the speed of rotation of the rotor 7, and the

currents in the upper / and lower rotor cages / , and function of the consumed electric power P,. The performance characteris-
tics of the asynchronous two-phase motor can be obtained in several ways: Numeric with a computer program, which basically
has an algorithm in which the equations connected with the aforementioned dependencies are added, Experimental obtaining
of the working characteristics by direct method by reading the sizes and by an indirect method using a circular diagram. The
software used for reconstruction of the calculation of the two-phase asynchronous motor provides the possibility of obtaining
the operating characteristics in the numerical way mentioned above. Namely, the Ansoft- Maxwell 14 Rmxprt module calculates
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Figure 1. Asynchronous motor with double cage - equivalent electric scheme

and displays the performance characteristics of different motor operation modes, using a model programmed based on the

equivalent dual cage-like asynchronous motor pattern.

Equations with which the working characteristics are obtained:

The current ;’ that flows into the rotor circuit of the motor reduced to a stator is given by the expression:

’ "

I =1, -C ©)
The power factor of this current is given by:
o R e n n
(RI o= j X, +X, + Xm)
cosp,=~——32: §ing, = = @
(%) Ze s %) Ze
For the active and reactive current in the rotor circuit, the following expressions are valid:
Iy, =1;cos¢,
n 5
Iy, =1,sing, ©
The impedance in the branch of the magnetization is:
Z —\/(R R,V +(x, +X,) ©
0~ 1 + m + ol + m )

The current of an ideal Idling, active and reactive component is calculated by:
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s Ao =1 cosgy; Iy, =1 sing,

™

Where the power factor is given by:

R, +R . X +X
cos @, = 1 m : sin g, = ol m
ZO

a ®)

The current that the motor takes from the network, i.e., the current flowing through the three-phase distributed stator winding
is the vector sum of the currents from the ideal idling and the current flowing into the rotor circuit of the motor:

- "\ 2 "\ 2
I, = ([0a+12a ) +(10r+[2r )

The actual value of the current flowing through the rotor circuit of the machine is:

©

'

I,=1, k (10)

For the currents in the upper and lower cage of the rotor, the expressions are:

P —— 1, :—2_
72 Zd d
Zg[l+_] [1+ J (1D
Z, V4

The power factor of the motor is given by:

Iy | 5 = 7
cospy=——; I, =1, +1y,
1

(12)

For the energy balance, that is, the power that the motor takes from the network and the losses that occur in it, the following
expressions apply:

Pl =’711Un[la; PO =m1(R1 +Rm )102
})L'lll :nllRlllz; R‘uZ :n11R2(’12

(13)
Zpr = PO + P('ul + Pc'u2 + ann

"2

The useful power of the motor axle is obtained when the total power losses in the motor are deducted from the input power:

P,=P-) P, (14)

The coefficient of efficiency, the speed at which the rotor turns and the electromagnetic torque are calculated with the following
expressions:

(15)
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4. Obtained Results from the Simulation

The performance display in Ansoft Maxwell 14's Rmxprt can be tabular and graphical. Simulations were made to obtain the
performance characteristics at different loads, i.e. 20 different operating modes were analyzed with the step of changing the
sliding As = 0.2%, and the results of the simulations are given in Table 1.

s | RIWI| AWl [ z[a]l{cose [ # | Amin*|| M[Nm]| Z[A] [ 7,[A] | 2.[A]
0001 | 3163 | 328 | 212 | 027 |00789| 1898 | 0836 | 395 | 185 | 673
0003 | 6813 | 2952 | 226 | 042 [04332| 1885 | 233 | 1365 [ 332 | D017
0005 | 9439 | 33525 | 245 | 033 [ 03835 | 1892 | 4173 | 2433 [9477 | 3339
0,007 | 12030 | 8046 | 260 | 062 | 0668 | 1389 | 5799 | 3392 [ 1281 | 46.72
0009 | 13607 | TOSTT | 296 | 068 [OJI0 [ 1386 | 7395 | 4342 [ 1639 | 3981
0011 | 17141 | 12016 | 325 | 073 | 0753 | 1383 | 8938 | 5281 | 1995 [ 1277

0.013 | 19635 | 1526.1 | 3.55 | 0.77 | 0.777 1480 1048 | 62.19 | 23.48 | 85.56
0015 22088 | 17541 | 387 | 0.79 | 0.794 1477 1198 | 7127 | 2698 | 93.25
001724497 | 19755 | 419 | 081 | 0.806 1474 1344 | 80.31 | 30.44 | 110.76
0019 26854 | 21902 | 451 085 | 0815 1371 14860 | 89.25 | 3586 | 125.09
0021 | 2017.1 | 2398.1 | 484 | 084 | 0822 1468 1625 | 98.81 | 37.25 | 13523
0.023 | 3143.1 | 25988 | 5.16 | 0.845 | 0.826 1465 17.58 |106.64 | 40.59 | 147.27
0.025 | 3363.7 | 27926 | 549 | 0851 | 0.83 1462 18.88 | 115.13] 4391 | 159.03
0.027 | 3578.8 | 29793 | 5.81 | 0.856 | 0.832 1439 20.15 2346 | 47.17 | 176.63

182.84

0.020 | 57884 | 51588 | 6.12 | 0.859 | 0.833 1436 2136 | 151.62| 5041
0051 59922 | 55515 | 644 | 0.801 | 0.854 1435 2234 | 159.00 | 3538 [ 193.0)
0.033 | 41903 | 3496.7 | 6.7 0.862 [0.8345| 1450 23.67 |[14752] 56.78 |204.26

L

0.035]| 43824 | 36351 | 7.06 |0.8626 | 0.835 1447 2477 [ 15523 59.88 | 215.06
0.037] 45688 | 3806.1 | 7.36 | 0.863 | 0.833 JER) 2582 [162.76 | 62.91 |223.65

Table 1. Results of the calculations for obtaining the performance characteristics

The results of the calculated currents in the stator and the rotor rings are significant because they can serve as input data for the
load in the three-dimensional electromagnetic analysis with finite element method.

For good visibility, the performance characteristics are calculated and displayed graphically on one diagram in the relative units
in Figure 2:
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Figure 2. Operating characteristics of an asynchronous motor with a double cage
5. Conclusion

Designing with the (Rmxprt) Ansoft Maxwell 14 module is simple and at the same time gives excellent results when calculating
the parameters of the equivalent electrical scheme and obtaining the operating characteristics for different operating modes. By
comparing the calculated parameters with the help of analytical methods and numerical calculated parameters of the asynchro-
nous motor with a double cage with the software used, the reliability of this kind of design is confirmed. Comparing the working
characteristics obtained with the software and those of the experimental testing and in this respect, it confirms the accuracy and
the possibilities.
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