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Abstract- An effective technique for estimating parameters, 
losses, shaft power and efficiency of three-phase induction 
motors in field conditions, is proposed in this paper. It is 
focused on the determination of the operating efficiency of 
motors under unbalanced voltages or deviated voltage and 
frequency without caring out special tests, removing the motors, 
or measuring the output power or torque. Only few sets of data: 
voltage, current, power and speed or slip, measured in the 
motor in-situ, are utilized. With these data, genetic algorithms 
techniques, applying the method of symmetrical components of 
voltage and considering parameters variations (especially in the 
rotor) related to the effect of negative sequence voltage system, 
are developed. Once the parameters are known, it is possible to 
obtain the estimated efficiency. The experimental results 
indicate that this technique has a high accuracy. 

I. INTRODUCTION 

In field conditions, the motor output power is difficult or 
impossible to measure. There are many methods related to 
field efficiency evaluation in the literature [1]-[4].The shaft 
torque method offers the most accurate field efficiency 
evaluation method. However, it is not suitable for field 
evaluation because it involves the removal of motor and 
coupling it to a dynamometer or using special measurement 
devices. 

Determination of actual motor efficiency and shaft power is 
important to justify the use of one motor in place another or to 
identify load and motor-load efficiencies. It is also essential in 
field conditions that the parameters and motor efficiency could 
be estimated with minimum invasive actions in the 
installation. 

The objective of this paper is to propose a generalized 
technique that can be used to estimate in-situ induction motor 
parameters, losses, shaft power and efficiency in conditions of 
unbalanced voltages or deviated voltage and frequency, 
considering that the electric system time harmonics have not 
a substantial effect on motor, which is considered that occurs 
when individual harmonic distortion is lower than I % [5]. 
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II. ESTIMATION OF INDUCTION MOTOR PARAMETERS 

The determination of operating efficiency is based on the 
equivalent circuit method shown in Fig. I. In field conditions 
(fundamentally in weak systems, in case of incomplete 
transposed lines and in systems with other power quality 
problems), the unbalance and voltage and frequency 
deviations are present. In fact, some researchers do not 
consider this real situation in their models under lab or field 
conditions and the results are some quite different to the 
reality. 

Since unbalanced voltages are present, the classic 
Fortescue's symmetrical components are used, with the 
positive and negative sequence circuits. In Fig. I, i identify the 
sequence: I for positive and 2 for negative sequence circuit. 

Some models in the past neglected the stray load loss, 
introducing a significant error in the efficiency estimation. The 
proposed model also includes the stray load loss parameter, 
&...t, in the rotor of the positive and negative sequence circuit, 
calculated according to the assumed values for stray load 
losses in IEEE-I 12 Standard, as was adopted by other authors 
[2]. 

There are eight unknowns parameters in this circuit, 
namely: stator leakage reactance Xl> rotor resistance R21 and 
R22; rotor leakage reactance X21 and X22; stray load losses 
resistance R...!; magnetizing reactance Xm and core and 
mechanical losses resistance R.n. 

R1 jX1 jX2J 

Rm 
RLi 

jXm 

Fig. I. Induction motor equivalent circuit 
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The known quantities from measurement in-situ are: stator 
resistance Rh active, reactive and apparent input powers, 
voltage, current and slip. For measuring input quantities and 
slip, power analyzers and optical tachometers are used. To 
determine the exact phase angle between voltage and current for 
any load condition, a special procedure was developed [5]. 

In this problem, the number of unknowns is greater than 
the number of equations obtained from the equivalent circuit. 
This is a typical case in which the use of Genetic Algorithm 
(GA) is an efficient and useful tool. 

III. APPLICATION OF THE GENETIC ALGORITHM 

The genetic algorithm is an optimization method based in 
species natural evolution that has been used by other researchers 
in this field [4][6]. In this technique, the number of initial 
individuals constitutes the initial population that fit in some way 
the solution. The criterion to select the best individuals for 
reproduction is that these individuals represent an upgrading 
of the objective function. Proceeding in this way, the next 
generation is usually closer to the real solution of the problem. 
The objective function used in the present study is the average 
error of the input current, power and core, friction and windage 
losses, i.e.: 

f.. = (Dine (1) - fa)x 100 I fa 

f2 = (Dine (2) -lb)x 100 I lb 

h = (Dine (3) - Ie)x 100 I Ie 

J.. = (Pc-Pinput)xl00/Pinput 

(1) 

(2) 

(3) 

(4) 

Is = (Pcte-Po)xl00/Po (5) 

fline (1), Iline (2) and Iline (3) are the three line current 
calculated for each individual (A); fa ,lb, Ie are the same 
measured currents for the load state of the motor (A); Pc is the 
calculated input power (W); Pinput is the measured input 
power (W); Pcte is the calculated core, friction and windage 
losses of the model (W); Po is the core, friction and windage 
losses estimated for the motor. 

The fitness function to minimize is: 
5 

error = L If; I (6) 
;=1 

The genetic operators used in this procedure are: 
• Selection: Stochastic Uniform 
• Reproduction: elitism = 2 
• Crossover factor = 0.8 
• Mutation: uniform, rate = 0.01 
• Crossover: heuristic, rate = 1.5 
• Stop criteria: Fitness = IxIO-15 or StallGenLimit = 50 

generations. 
Penalization is applied when negative impedances are 

found by de GA convergence process. Equation (5) is an 

2 

additional restriction that leads to a better clustering in 
efficiency calculation. 

An improvement in the convergence of the algorithm 
compared with other procedures is obtained by inserting an 
approximate vector of input parameters, reducing 
considerably the computational time and establishing the 
search in the neighborhood of the real parameters of the 
motor considered. The individuals inserted in the initial 
population can be obtained using p.u. standard parameters, 
applying any classical approximate method, or a specific 
procedure designed for this application [5]. According to the 
flow chart of the proposed technique, shown in Fig. 2, the 
technique for estimating the equivalent circuit parameters 
proceeds as follows: 

a) Input data are obtained from the field measurements 
and nameplate data, motor input voltage, current, power, 
frequency, and speed The stator winding resistance Rl is 
measured and corrected to the specified temperature of the 
motor according to IEEE-I 12 Standard, Section 5.1.1. 

b) Voltage and current are decomposed in its sequence 
components and its real angular positions are determined. 

c) With positive sequence components of voltage, 
current and nameplate data, an approximate positive sequence 
impedances set for positive sequence circuit is obtained. 

d) Using impedances of stator and magnetization branch 
from positive sequence circuit, and with the negative 
components of voltage and current, the negative sequence 
impedance of the rotor is determined. 

The approximate sequence parameters, constitutes a 
vector repeatedly inserted in the initial population generated 

Using measured values: power, current, nameplate data, 
calculated core, friction and windage losses and the initial 
popUlation obtained, the AG program in MATLAB is run, 
looking for the sequence impedances of the circuit that better 
fit the measured values in the circuit model. 

With the obtained equivalent circuit the efficiency, power 
and other operational characteristics are determined 

IV. EXPERIMENTAL RESULTS 

The proposed technique described in the preceding 
section is applied to two different three-phase induction 
motors, as shown in Table 1. These motors were tested using 
standard performance evaluations in an experimental 
installation according to IEEE Std. 112 Method B. 

The results are shown in Table 2. 
To run the MATLAB program, a population of 500 

individuals was selected. The evolution process is done 
several times to achieve the final estimation of the efficiency. 
The results show the validity of the proposed method, as the 
error in efficiency determination is lower than 2 % in 98 % of 
experiments and 3 % in only one case for all load points 
evaluated. 
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Fig. 2. Flow chart of the proposed procedure. 
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Motor 
P(kW) 
V (V) 
I (A) 
cos(ii 

n 
rom 

connection 
isolation class 

Rl (28°C) n 

TABLE I 
MOTORS UNDER TEST 

1 
22 

460 
34.9 
0.88 
0.9 

1180 
L\ 
F 

0.3705 

2 
45 
440 
71 

0.88 
0.932 
1770 
L\ 
B 

0.1163 

V. COMPARISON WITH OTHER METHODS 

In Fig. 3, a comparison of the results obtained with the 
GA proposed method with the MOTORMASTER + software 
(MM+) are shown (current, slip and nameplate data methods). 
As can be seen, for all cases in Table 2, there is a better 
correspondence between experiment and the AG method than 
with the experiment and the MM+ (generally used in field 
conditions methods) [7], [8]. This is due to the fact that the 
MM+ methods are not accurate in an unbalanced or deviated 
voltages and frequency environment. 

VI. CONCLUSIONS 

A technique for estimating efficiency and other 
operational values of induction motor in-situ, under 
unbalanced voltages or deviated voltage and frequency has 
been described. 

This technique is based on the on-site measurement of 
the input voltages, currents, power and actual motor shaft 
speed, without conducting no-load and blocked-rotor tests. 
For measuring input quantities and slip, power analyzers and 
optical tachometers are used. 

Line 

Voltage 
Motor 

(V) 

Ivab Iv'bc VCII 

A 461 443 453 

1 B 464 449 458 

C 468 459 471 

D 443 454 440 

2 E 432 448 433 

F 437 456 436 

TABLE II 
COMPARATIVE RESULTS 

Output Total 

power losses 

(kW) (kW) 

Exp. AG Exp AG 

18.94 19.12 2.70 2.5~ 

14.61 14.8J! 2.33 2.H 

8.78 8.76 1.75 1.78 

21.0. 21.H 2.73 2.58 

28.8t 28.5t 2.63 2.93 

27.88 27.95 3.18 3.1C 

Efficiency 

(%) 

Exp. AG % 
error 

87.52 88.3'i 0.98 

86.2t 87.58 1.53 

83.3t 83.O'i -0.35 

88.51 89.12 0.69 

91.65 ~0.7C -1.04 

89.7'1 ~O.OC 0.26 
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Fig. 3. Comparative results. 
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Measured data are used for estimating 1he parameters of 
equivalent circuit including, for improving the accuracy, the 
stray load loss resistance in both sequence rotor circuits. 

Using the measured values and an initial population obtained by 
inserting an approximate vector of input parameters, the GA 
program in MATIAB is nm. 

With this program, 1he sequence impedances of the cirruit that 
bettec fit the measured values in 1he cirruit mode are calculated. The 
estimated efficiency is then determined by using those 
parameters. 

4 

The important advantage of this proposed technique over 
other methods is 1hat it is a low intrusive and more precise 
procedure. Therefore, it is possible to estimate the efficiency 
of motor while it is in service in a relative inexpensive way. 

The results indicate that the calculated efficiencies are 
better (error usually less than 2 %), compared to those 
achieved with MM+ (current, slip and nameplate data methods, 
generally used in field conditions). 

This method is recommended for conducting on-site 
energy audits of motors and its loads. It can be used also to 
~ect cost savings and paybick energy saving programs and to 
guide the decisions regarding 1he investment in higher energy 
efficiency systems. 
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