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a  b  s  t  r  a  c  t

Concerning  the  primary  aim  of attending  to  the requirements  used  in the  monitoring  of  induction  motor
efficiency,  along  with  prioritizing  a  low  intrusion  level,  the  Literature  presents  various  methods  that  need
only the  voltages,  currents  and  some  rotor  speed  cases.  In a general  sense,  these  methods  estimate  the
torque  on  the  machine  shaft,  along  with  calculate  the output  power  and  efficiency,  through  the  use  of a
variety  of different  techniques.  In  this  context,  the  present  study  proposes  a real time  wireless  monitoring
method  over  the  operation  conditions  and efficiency  of  the  three-phase  induction  motors.  The  method
proposed  herein  estimates  through  the  values  measured  on  the  three-phase  voltages  and  currents  and
the  equivalent  circuit  of  the  machine,  the  torque  and  speed  of the shaft.  Based  on  these  estimates,  both
output  power  and  efficiency  can  be calculated.  The  equivalent  circuit  of the  machine  is estimated  through
an  iterative  algorithm  that  uses  only the  data  from the  machine  plate and the  resistance  of  the stator,  as
will  be  shown  in  this  study.

©  2017  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Induction electric motors have a wide industrial application, and
it is not of any surprise to say that these consume a large portion of
all the power generated in Brazil. Industry alone consumes 43.7%
of all nationally produced electric energy, being that the opera-
tional driving force uses 68% of this energy. Thus, it is reported
that approximately 30% of the total electric energy of the country
is consumed by electric motors.

In this context, over past years, there was noted the presence
of a large number of induction motors that were oversized for
their given purpose, current findings show that in fact many of
such motors are reconditioned. The use of reconditioned motors
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is responsible for the annual waste of around 7 million megawatts
hour (MWh), the volume of energy is equivalent to the produc-
tion of a hydroelectric plant the size of that in Porto Primavera (of
1540 MW power) [1], this is considering an average capacity factor
of 55% for hydroelectric plants.

In addition, a large number of the motors in use across the Brazil-
ian industrial complexes were fabricated before December 2009.
In this way, this large amount of equipment that is still in opera-
tion, does not in fact attend to the minimum levels of efficiency as
defined by the current Brazilian regulations.

Therefore, in search of a rational and efficient use of electric
energy, this study presents the main methods found in the Liter-
ature, while proposing a method for the real-time monitoring of
operational conditions and the efficiency of three-phase induction
motors operating in steady state. Through the tracking of current
trends, a system was also developed with wireless communication,
which from a central computer is able to monitor in real-time, the
operational conditions and the efficiency of one or more motors
from an industrial plant. In this setting, the study herein presents
the theoretical development of the proposed method, computer
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Table  1
Comparison of the efficiency evaluation methods [3].

Motor efficiency estimation methods Tests and measurements/estimations required Performance

No load Full load Un-power Variable
volt/freq

Speed Torque Nameplate
info

Stator
resis-
tance

Intrusion
level

Anticipated
error

Standard nameplate method No No No No No No Yes No Low 10% [6]
V & B method I Yes No Yes No Mea  No No Mea  High N/A
V  & B method II No No Yes No Mea  No Yes Mea  Med 2.5% [7]
Standard slip method No No Yes No Mea  No Yes Mea  Low 7% [6]
Upper bound slip method Yes No Yes No Mea  No Yes Mea  Med 8% [7]
Standard current method Yes No No No No No Yes No Med 6% [6]
IEEE Std-112 method F1 Yes No Yes Yes Mea  No Yes Mea  High 5% [6]
ORMEL96 method No No Opt No Mea  No Yes Opt Low 4% [8]
Rockwell eff. wizard method Opt No No No Mea  No Yes Mea  Med 1% [9]
Locked rotor method Yes No No Yes Mea  No Yes No High N/A
Standstill fre. resp. method Yes No Yes Yes Mea  No No Mea  High N/A
IEEE  Std-112 method E1 Yes Yes Yes Yes Mea  No Yes Mea  High 3% [6]
OHME method No No No No Mea  No Yes Mea  Med 2–3% [8]
Air-gap torque method Yes No No No Mea  Est Yes Mea  High 0.5% [8]
Shaft torque method No No No No Mea  Mea  No No High <0.5% [6]

Opt – optional; Mea  – measure; Est – estimate; Med  – medium; N/A – not applicable.

simulation results and the experimental implementation of the
method where its performance is analyzed.

2. Existing methods for estimating the efficiency of
three-phase induction motors

Over recent decades there have been various methods put for-
ward for estimating the efficiency of induction motors. Where in
fact, some of these methods do not need machine shaft data, such
as torque and speed, which guarantees a low level of intrusion.

The intrusion level is determined by the type of data required for
each method, the cost associated with the equipment installation
and data collection process, along with the operation planning of
the motor [3].

In this way, a number or measurements are used in the efficiency
calculation methods, those being rotor speed, current, voltage,
input power, stator resistance, torque on the machine shaft and
machine plate data. The main efficiency estimation methods clas-
sified in accordance with its physical characteristics, precision, level
of intrusion and calculation methodology were presented in Refs.
[3–5].

Traditionally, the performance evaluation of induction motors
includes procedures effectuated on laboratory benches, which
reach very precise results. In general, the more intrusive the
method, the more accurate the efficiency estimate. However, the
cost becomes higher in terms of equipment installation and the data
collection process, which can make the evaluation of motors in situ
an unfeasible prospect. Table 1 presents a comparison between the
efficiency evaluation methods.

Among the evaluated methods, only the methods ORMEL96,
OHME and AGT present the necessary technical characteristics for
performing real-time monitoring of the efficiency and the opera-
tional conditions of induction motors.

The methods ORMEL96 and OHME, have a low level of intrusion
and good precision, ±4% and ±2–3% respectively, however, the two
methods require that the rotor speed is measured [5].

The AGT method proposed in Ref. [10] has excellent precision,
±0.5%, as it considers the losses due to unbalanced voltage and
currents, which is a good representation of the industrial complex.
However, it requires besides the measurement of the speed, no load
tests on the machine to determine core loss and mechanical losses
due to bearing friction and windage [5].

Other studies that also propose methods that estimate the effi-
ciency in induction motors are presented in Refs. [11–19]. The

method proposed in this article, differs from the highlighted studies
in respect to the very techniques adopted for obtaining the param-
eters of the equivalent circuit of the motor and the monitoring
algorithm in real time for operation and efficiency, in accordance
with the detailed descriptions given in this article.

3. Proposed method

The proposed method presents low levels of intrusion, besides
allowing for the real-time monitoring of the operation and
efficiency of three-phase induction motors. The operational param-
eters monitored by the method are three-phase voltage and
current, input power and power factor, measured at the machine
terminals. The parameters for speed and torque are estimated using
the equivalent circuit of the motor. Thus, the efficiency of the
machine is calculated by using an output power estimation.

The proposed method is based on an equivalent circuit of the
induction motor. The equivalent circuit parameters are obtained
in an intrusive mode by using the data supplied by the manufac-
turer, along with the stator resistance value. Once the parameters
for the equivalent circuit are known, the operational conditions of
the machine can be estimated using the measured voltages and
currents.

The method developed herein is presented in two  steps. The
first presents the algorithm that allows for the determination, in
an intrusive form of the machine parameters for the equivalent
circuit, and a second step describes the monitoring algorithm in
real-time for operation and efficiency.

3.1. Development of the iterative method for obtaining the
parameters of the equivalent circuit

In order to obtain the equivalent circuit parameters without per-
forming tests on the machine, one can use the iterative method. This
method uses only the data from the machine plate and the resis-
tance of the stator to estimate the parameters for the equivalent
circuit. The calculation of the electrical parameters for the three-
phase induction motor has as its starting point, the relationship
presented in Eq. (1) [2].

Xs
Xr

= k (1)

where:
k is the constant that depends on the class (or category) of the

machine under analysis;



https://isiarticles.com/article/144083

