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Recently, the induction motor comprises the majority of all motors utilized in
machinery, and the operating efficiencies of these machines greatly impact the overall
energy consumption in industry. Current motors are produced with higher efficiency
ratings than standard motors, but the decision to replace an existing motor focuses on
the actual cost savings that depend on several key points such as operating efficiency,
percentage of time at given loads. Owing to the importance of induction motors, this
work investigates vector control of a high efficiency induction motor (HEM). Most
papers related to control concentrate on flux oriented for solving the problem of
voltage and power limitations of two-level inverters. A simulation model is
implemented to compare the performance of the first and the second motor. The
comparison includes speed performance, torque and current. Through which finally
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we can declare that, they found results are satisfactory.

1. INTRODUCTION

Presently the induction motor is the most used electric
motor in the industry. Its major benefit lies in the absence of
electrical contacts, which has led to a simple construction. Its
power ranging from a few watts to some megawatts is directly
coupled to a constant voltage and frequency. These machines
cover the essential transforming electrical energy into
mechanical energy. It is usually estimated that induction

motors account for 70% of the installed capacity and 40 to 50%

of the total energy consumed [1, 2].

As the energy cost and pressure environmental protection
have step by step better, electric machine manufacturers and
consumers are attracted in reducing energy consumption. This
has led initiate a major work worldwide to improve induction
machines performances principally due to the place they
occupy [3, 4].

Indeed, in the last decades, a new generation motors are
presented on the world market, are known as High Efficiency
Motors (Hi-E-M) or as Efficient Energy Motors (E-E-Ms).
These new motors types are more expensive than the
conventional ones in 20-40% range, from larger to lower
power range respectively. The use of this new generation
electric motors and their annual operation lead in particular to
heavy investments, in addition to that faster amortization in
some cases less than two years.

Recognition to these developments, induction motors are
very exploited thankfulness to their fundamental advantages
of having a high reliability which is due to the power
segmentation over several phases. Among the other
advantages which characterize these machines, one can quote:
harmonics electromagnetic torque minimization, losses
minimization. However its dynamic structure is very complex
(strongly coupled multi-variable nonlinear system) makes its
control complicated and requires complex control algorithms.
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In addition, some of its state variables are inaccessible to direct
measurements (rotor flux) [1, 2].

The objective of this work is to study and apply modern
techniques in conventional and High-Efficiency machine
vector control for dynamic performance improvement. For this
reason, a simulation and analyses results about the 2.2 kW
inductions motor and the same High-Efficiency electric motor.
But the motors parameters were determined using particle
swarm optimization (PSO) algorithm from one side and
geometrical method on the other hand.

2. EFFICIENCY STANDARDS

Nowadays, efficiency values have become very important
even dominant for applications in industry. The efficiency
values given by the manufactures are measured or calculated
according to different standard:

(1) IEEE 112- method B (USA standard): Are the most
important standards. They require three testes, named
“Standard test procedure for polyphase induction motors and
generators”;

(2) IEC 34-2 (European standard): It is named “Method
for determining losses and efficiency of rotating electrical
machinery from tests”;

(3) JEC (Japanese standard): It requires the same tests as
other standards;

(4) The Algerian marketed motor uses the standard the
Deutschland institute of normalization (DIN) [5-7].

In return, there are many applicable methods for efficiency
evaluation, which are reported by Chekroun et al. [8]. The
basic ones are: Nameplate Method, Current Method, Statistical
Method, Equivalent circuit Method, Segregated loss Method,
Air gap Method, Shaft torque Method.


https://crossmark.crossref.org/dialog/?doi=10.18280/mmc_a.922-405&domain=pdf

3. PARAMETRIC IDENTIFICATION

In order to control the machine, it is indispensable to
determine the equivalent circuit parameters. In fact, for the
classical machine a design program is needed, so for the high-
efficiency machine another program based on the optimization
method is required.

3.1 Design methods

In order to design electrical machines, there are numerous
methods it is a principally large field whose approach uses a
lot of assumptions. During our research we found ourselves in
front at several methods specific to every designer: - Marcel
Jufer and Jean _Claude method; - Sabonnadiére method; - G.
Kouskoff and Liwschitz; - Liwschitz method.

In general the method does not change since we always
notice the same path that allows stator sizing followed a rotor
calculation, terminate with electrical equivalent -circuit
Parameters [2].

3.2 Particle Swarm Optimization Technique (PSO)

First a view of social cognition, each individual in PSO can
benefit from both its own experience and group findings. In its
theoretical base, some factors are included [2, 3]:

(1)  Evaluation of stimulation;

(2) Influence to its actions hereafter by its own
experience;

(3) Influence to its behavior by experience of other
particles.

The principle of PSO algorithm is as follows [4]:

Let X and V designate the particle’s position and its
matching velocity in explore space respectively. So, the i
particle is represented as:

XL-=(xil,xiz,....xw),i=1,2,...m (1)

In the D-dimensional space, the most excellent previous

position of the i particle is recorded and represented as:
Pyesti = (Di1s Pizs -+ Pip), 1 = 1,2,...m 2

The best one among all the particles in the population is

represented as:

Pypest = (pgl,pgz,....pg[,),i =1,2,...m

A3)
On the other hand, the velocity of particle is represented as:

Vi = Vin, Vi~ Vip) 4)

Each particle of the population as modified its position and
velocity according to the following formulas:

vigt = w.ovfy + C.rand. (pig — xy) 5)
+C,. Rand. (Pyq — x{3)
xXigt = xjg +vig (6)
where, d=1, 2, ..., D is the number of members in a particle
and /=1, 2, ..., m is the number of particles in a swarm. the

number of current generation is t and w is inertia weight factor.
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For Cl, C2 learning factor, v}, velocity of particle, v}, €
[—vmax .,y ,xL; current position of particle.

If the machine is already achieved, then apply the
optimization phase for the efficiency improvement and it by
the exploitation of a general design program that has been
developed for this reason [9, 10]. The result of this
investigation is listed in Table 1. Further the machine
performances can be deduced and also confirmed [2].

Table 1. Induction motor parameters [2]

Parameters SE. Motor HE. Motor
Rated power (W) 2200 2200
Rated voltage (Volt) 220 220
Number of phases 3 3
Number of poles 2 2
Moment of inertia (kg.m?) 0.011 0.011
Stator resistance Rs (Q) 3,16500 2.8030
Rotor resistance Rr (Q) 2,67717 2.74631
Mutual inductance M (H) 0,21146 0.20533
Rotor inductance Lr (H) 0.22433 0.21619
Stator inductance Ls (H) 0.22312 0.21393
friction coefficients kf 0.00011 0.00100

4. INDUCTION MACHINE MODEL

A good closed-loop control must be based on a
mathematical model of the process to be controlled or enslaved.
In our application, we use a model of the asynchronous
machine that describes the dynamic behaviour of the various
parameters involved in the control system.

The machine considered in this paper, is a three-phase
squirrel-cage (short circuit rotor) asynchronous machine. So,
her electrical equations are writing in the following form:

In the stator

_ . d@gs
Ugs = Rslas + dt
__ : deps
Ups = Rslbs + dt (7)
d@cs

Ues = Rgics +
In the rotor

. d
Ugr = 0 =R, i + LPar

dt
_ __ : depr
Upr = 0 = Ryipy + “ar 3
_ _ . d@cr
Uer =0 = Rylep +—

To replace these differential equations at coefficients which
depend on time by simple differential equations with constant
coefficients, we apply the Park transformation theory that is
the important approach of modelling of induction machine and
it’s the most used [10].

In our case, we focus on the modelling of induction machine
in a reference frame linked to the rotating field. The equations
of the machine are then as follows:

Stator voltages
. : do
Ugs = Rsigs — es(pqs + dfs
T & ©
Ugs = Rslqs - es(pds + Tdt

Rotor voltages



dpar

Var = 0 = Ryigr — Or@gr + e 10)
Vgr = 0 = Rylgy — 6,04y + 22
Stator flux
Pas = Lsigs + Mig,
fon = Loits L misy (b
Rotor flux
Par = Lyigy + Migs
lon = Llior 4 iy (12
with,
Msr=Mrs=M
Mrs=Msr=M
Electromagnetic Torque
Co =3P 1 @arlas — Farias) (13)

4.1 Modeling the induction motor for its control

Since the induction motor has the advantage of being robust,
inexpensive and simple construction. However, this simplicity
comes great physical complexity related to electromagnetic
interaction between the stator and the rotor. Moreover, to
develop control approaches ensuring the hoped performance,
we need a model that reflects the operation of the machine so
that transient steady [11, 12].

Figure 1. Speed control block by the indirect method

4.2 Simulation result and analysis

To illustrate the high efficiency induction motor
performance, in this section MATLAB/ Simulink results are
presented. We will compare the operating and characteristics
of the 2.2 kW induction motor and analogous high efficiency
(HE) via vector control in dynamic and static regimes.

Since the objective of this work is to compare the control
strategies, it is necessary to make a comparison of transitory
and steady state regime. Operating conditions (reference speed
157 rad/sec, 100 rad/sec and 140 rad/sec. Load torque 15 Nm,
simulation time 5 sec). As a final point, current and torque
ripples will be evaluated and compared for different speed
values and the constant torque.

Figure 2 shows the induction motor (IM) speed setting by
the indirect vector control.
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Figure 2. Speed responses

Figure (2. a, b, ¢) illustrate the difference between the high
efficiency (HE) induction motor and standard efficiency (SE)
induction motor. The results show that by a high efficiency
(HE) induction motor gives satisfactory results:

- The speed of rotation follows the reference speed without
exceeding.

- The control ensures good regulation with disturbance
rejection of 3.61 rad/s.

- A response time of 0.45 ms to reach the balanced state.

Figure 3 and Fig. 4, proves the induction motor torque and
current setting by the indirect vector control.
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Figure 3. Torque responses

Figure (3. a, b, ¢) and Figure (4. a, b, c) shows the difference
between the high efficiency (HE) induction motor and
standard efficiency (SE) induction motor. These findings seem
to indicate a misalignment of performance by a high efficiency
(HE) and standard efficiency (SE).

Figure 4 illustrate as the induction motor and at the same
time the consumption of line currents is greater and the latter
is negative because it increases the problem of engine
operation and the protection devices cost.
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Figure 4. Current responses
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In Figure (4.a), it is also possible to observe a diminution of
the current when starting the motor with star, connection
mainly due to the (HE) induction motor impedance higher,
gives better quality of energy, a better estimation of physical
quantities.

Figure (4. b, c) show again slightly better performances
when standard efficiency (SE) induction motor is used. These
results prove that high efficiency (HE) methods are not clearly
superior to standard efficiency (SE) induction motor from the
system performance perspective.

To prove the robustness of the developed control, we will
proceed to the variation reference abruptly. Through the
results of the following figures, there is a persistence of the
claim, but the high-efficiency machine performance remains
better.
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Figure 5. Robustness test

To check the starting capacity and the overload, the load
torque is changed suddenly for t = 2s and at time t = 3s. The
following figure shows this dynamic performance.

In Figure (6. b, ¢), a zoom of Figure (6. a) was presented. It
can be make out that the high efficiency machine has a better
capacity either in a transient state or in a steady state, so it
confirms what is acknowledged in literature.
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In the following figure, there is an increase in the call
current following the increase load torque. So, despite the
change of the reference speed the current remains sinusoidal
but with some phase shift. This phase shift is mainly due to the
difference between the parameters for the two machines.
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Figure 7. Current response with the reference change

5. CONCLUSION

An indirect control scheme was proposed in this paper for
an induction motor speed control to reduce the sensitivity to
parameter variations disturbances; in the control scheme.

This paper provides study, simulation and analyses on the
performance of standard efficiency (SE) and high efficiency
(HE) induction motor. It can be observed that high efficiency
(HE) induction motor shows a quick dynamic response to the
speed of small speed set point changes as well as to load
variations but has quite amount of torque ripples and current
ripples. Since standard efficiency (SE) is complex and
involves higher cost in implementation. High efficiency (HE)
induction motor can be suggested in applications that require
high dynamic response and small speed but with tolerable
torque and current variations.
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NOMENCLATURE

Parameters
Vas>Ups, Ucs
lasslpsslcs

Meaning
the three stator voltages
the three stator currents

Ugs, Uds q-axis, d-axis stator voltage

Uqr, Uds q-axis, d-axis rotor voltage

igs, ids g-axis, d-axis stator current

igr | idr q-axis, d-axis rotor current

Pgs » Pas g-axis, d-axis stator flux linkage

Par Par q-axis, d-axis rotor flux linkage

6 Electrical angular synchronous frequency
o, Electrical angular rotor frequency

Ce Electromagnetic torque
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