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Abstract: In this article, we present the model of the universal cage asynchronous motor; like all other
asynchronous motors by its constitution having two stators. The disturbed power supply, where the absence of
the voltage of a phase of the electrical network does not offer the possibility of operating the cage motor by its
three-phase stator. This is why the integration of a single-phase stator is the answer to this problem.

The objective of this article is to describe the behavior of the electromechanical parameters of the universal
cage asynchronous motor by the two types of tests namely the no-load test and the load test on the two stators
which are the three-phase stator and single phase stator.

A motor in which the two stators cannot operate simultaneously, the three-phase stator having priority and in
the event of disturbance known as the absence of the voltage of one phase of the electrical supply network, the
single-phase stator intervenes as a backup to ensure the continue motor operation without modifying these
electromechanical parameters in terms of speed and power.

The mathematical equations based on the electromechanical quantities of the motor facilitate the evaluation of
the performance of the universal cage asynchronous motor. These test models confirm that the rotational speed
and the mechanical power of the motor are close in the two stators.
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1. INTRODUCTION

We present the technology of the design of the universal cage asynchronous motor combining two
stators (three-phase and single-phase) which have only one squirrel-cage rotor for the rotational movement of
the machine.

Cage asynchronous motors present the major areas of research towards which we wanted to orient
ourselves in the design; then, this chapter will deal with the equations of the operating characteristics of the
universal asynchronous motor, the equations on obtaining the stator windings of the asynchronous motor, the
equations of the mechanical and electrical characteristics of the three-phase and single-phase stator, finally the
different diagrams of the windings of the stator operating in single phase and that of the stator operating in three
phase.

Il. MODEL OF A MACU
11.2.1 Constitution
The universal asynchronous motor, like all other asynchronous motors due to its constitution and manufacturing
materials, consists of two stator parts (two stators) in which we find the magnetic circuit, the winding or
winding and a carcass. A squirrel-cage rotor with drive shaft or motor shaft.
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Figure 11.1: Schematic diagram of MACU
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11.2.2 Electrical equations

The choice of a representation model is made according to the type of command to be carried out.
Thus, for a motor supplied with voltage, the components of the control vector of the state equation will be
voltages. The electrical equations of the squirrel-cage asynchronous motor are those of the flux and voltage of
the rotor and stator phases.

VSa RS 0 0 iSa d ¢Sa

Vsp| =10 Rg O ]fisy|+ a ¢5bl (1.1)

Vsc 0 0 RS iSC ¢Sc
0 R, 0 0 ir1 d ¢ra
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0 0 0 R, ir3 ¢rc

[()bsabc 1= [Lss] [Msr] [isabc ](1-3)

[¢rabc I= [er] [Mrs] [irabc ](1-4)

Ls and Lr respectively represent the stator and rotor inductance matrices, while M gand M correspond
respectively to the stator-rotor and rotor-stator mutual inductance matrices, their expressions are given by:
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The matrix which establishes the relation between fluxes and currents in equation (1.3), contains mutual
inductances M gand Mrs. time-dependent, via the angle 6 (rotor position). By replacing the equation (1.3) in the
voltage equation (1.2), we obtain the equation which expresses the motor voltages as a function of the currents.

d
VUsabe = [Rs] [isabc ] + E ([Lss] [isabc ] + [Mrs] [irabc ])
(1.6)

d
N ([Mrs] [isabc ] + [er ] [irabc ])

Vrabe = [Rr][lrabc] + dt

11.2.3 Stator joule loss equations
We have the stator joule losses in a three-phase machine is obtained by the expression:
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Py =3R.I*> (1.7)
For a stable state, this loss is obtained by the following expression:
Pt =3R.I,* (1.8)
On the other hand, for an unstable regime, this loss will be obtained by the following expression:
Psist =3R.Iie”  (1.9)

11.2.4 Variation of the resistance of the stator windings
We have the stator joule losses in a three-phase machine, for an unstable regime, this loss will be obtained by
the following expression:

U
R, =— (1.10)
Iy

I11. TEST ON THE THREE PHASE STATOR
111.1 No-load test
I111.1.1 Stable current

1 T T T B
0.9 i - 1.9
08 --- ; - 1.8
0.7 — - 1.7
0.6 - - - 1.6
05 - . - - 15

0.4 - - - 1.4

0.3 - - - 1.3

|st: Courant statorique (A)

0.2 e - - - - o

01 - - - - 1.1

o 1
30 50 70 90 110
U: Tension d- ion par I'a eur (V)

Figure 111.1: MACU stator current measurement

The stable stator current of the three-phase stator, increases under the interval of OA up to 1A for a no-load test.

111.1.2 Unstable current
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Figure 111.2: Phase current unbalance

The simulation curves give the different points of the currents. The black curve describes the unstable
current in the absence of phase 1 which increases under the interval of 0 A up to 6 A. The blue curve describes
the unstable current in the absence of phase 2 which increases under the interval of 0 A up to 7 A. The yellow
curve describes the unstable current in the absence of phase 3 which increases under the interval from 0 A up to
6 A. all these currents depend on the variation of the autotransformer voltage. This simulation is part of the no-
load test.
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111.1.3 Determination of Joule losses of three phases
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Figure 111.3: Determination of Joule losses of three phases
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The simulation curves give the different points of the stator losses of the asynchronous motor.The purple curve
describes the behavior of the stator loss in unstable current which increases under the interval of 0 W up to
844.8 W. On the other hand the green curve describes the behavior of the stator loss in stable current which

under the interval from 0 W up to 330 W. This simulation is part of the no-load test.

111.1.4 Determination of resistance on unbalanced currents
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Figure 111.3: Determination of resistance on unbalanced current 3
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The simulation curves give the different points of the currents.The black curve describes the unstable current in
the absence of phase 1 which increases under the interval of 0 A up to 4.4 A. The blue curve describes the
unstable current in the absence of phase 2 which increases under the interval of 0 A up to 4.3 A. The yellow
curve describes the unstable current in the absence of phase 3 which increases under the interval from 0 A up to
4.5 A. all these currents are a function of the variation of the supply voltage reduced from 0 V to 110 V. This

simulation is part of the load test.

111.2 Load testing
111.2.1 Stable current under load
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Figure I11.4: Stable current under load
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The stator current of the three-phase stator increases under the range of 0 A up to 5.2 A, for a load test.
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111.2.2 Load current unbalance
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Figure I111.5: Current unbalance on load of three phases.

The simulation curves give the different points of the currents. The purple curve describes the unstable
current which increases under the interval of 0 A up to 4.5 A in the absence of phase T. The green curve
describes the unstable current which increases under the interval of 0 A up to 4 .3 A in the absence of the S
phase. The red curve describes the unstable current which increases under the interval of 0 A up to 4.4 A in the
absence of the R phase. The blue curve describes the stable current which increases under the range from 0 A up
to 5.2 A. all of these currents are a function of the reduced supply voltage variation from 0 V to 110 V. This
simulation is part of the load test.

111.2.3 Torque as a function of voltage
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Figure 111.6: Simulation of motor torque

The shape of the curve is almost rising, this curve describes the evolution of the motor torque as a function of
the tension under the interval of 0 Nm up to 12100 Nm. This simulation is taken into account in the load test.

111.2.4 Torque as a function of absorbed current
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Figure I11.7: Simulation of the different engine torques

The simulation curves give the different points of the motor torques.The blue curve describes the shape of the
motor torque in the unstable current which increases under the interval of 0 Nm up to 10134 Nm. up to 12100
Nm.
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IV. TEST ON THE SINGLE-PHASE STATOR

1V.1 No-load test
1V.1.1 Current measurement
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Figure 1V.1: No-load phase current of the MACU

The simulation curve gives the different points of the no-load current of the single-phase stator.The current
increases under the range of 0 A up to 1.5 A. This simulation is within the framework of the no-load test.
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Figure 1V.2: Joule loss determination

The simulation curve gives the different stator joule loss points of the single-phase stator.This increases under
the interval from 0 W up to 375 W. This simulation is within the framework of the no-load test.

1VV.1.3 Variation of single-phase stator winding resistance
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Figure IV.3: single-phase stator winding resistance

The simulation curve gives the different resistance points of the single-phase stator windings of the single -
phase stator.This increases under the interval of 0Q up to 73Q. This simulation is part of the no-load test.
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1V.2 Load testingCurrent measurement
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Figure 1V.4: Measurement of the stator current on load of the MACU

The simulation curves give the different points of the current under load.The current increases under the range
of 0 A up to 6.2 A. All these currents are a function of the variation of the voltage of the reduced power supply
from 0 V to 110 V and within the framework of the load test .

V. CONCLUSION

In this article, we carried out the tests with load and load of the asynchronous motor within the
laboratory of the tests of electric machines of the ISTA-Kinshasa, these tests made it possible to describe the
behavior of the asynchronous motor with simple universal cage of the point view electromechanical parameter
such as the unstable and stable no-load current as a function of the autotransformer voltage including the various
stator losses of the asynchronous motor as a function of the voltage and the currents.This article to present
calculation models allowing to describe the behavior of the universal cage asynchronous motor from the point of
view of the following electromechanical parameter, the motor torque as a function of the voltage including the
motor torque as a function of the stable and unstable current .
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