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Abstract—The efficient operation of induction machines and 

methods to estimate their working efficiency have received 

increased attention in recent years due to the growing awareness 

of the demand side energy management programs. Various 

techniques have been proposed for efficiency estimation with 

different requirements. Numerous works have also been 

published in the literature about estimating the efficiency of a 

machine in-situ, under the loaded condition without disturbing 

its operation. However, very little has been done on estimation of 

the efficiency of the machines after the refurbishment process in 

the workshops, which in fact can affect numerous machines in 

the industry. In this paper, a method is proposed for this purpose 

which requires only the no-load test. The proposed method is 

validated by experimental results with seven different induction 

machines. 

 
Index Terms— Induction motor, efficiency estimation, no-load 

test 

I. INTRODUCTION 

T is well known that electrical machines and more 

specifically induction motors utilize a significant portion of 

the generated energy in industrialized and developing 

countries [1]. Their efficient operation can provide significant 

energy savings with benefits for both consumers and energy 

suppliers. 

Various techniques have been proposed for efficiency 

estimation. The accepted routine test methods are introduced 

in the IEEE standard 112 [2]. Numerous other works have also 

been published in the literature with the aim of estimating the 

efficiency of the machines in-situ, under the loaded condition 

without disturbing their operation. However, very little has 

been done to find a simple and yet reliable approach to 

estimate the efficiency of machines after the refurbishment 

process in the workshops. 

It is well known that a significant number of machines in 

the industry are repaired at least once in their life time period. 

Studies in literature showed that repaired and rewound motors 
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undertake some changes in their efficiencies. Around 1% 

reduction is reported in [3], while in [4] it is claimed that in 

average 2% efficiency loss will occur after each rewind. In 

[5], it is shown that in case of a less controlled rewind, 

efficiency reduction of 0.6% in average and up to maximum of 

1% is expected. However, in case of an accurate rewind, 

efficiency reduction of 0.1% in average and maximum 0.7% is 

observed. In [6], it is claimed that in average, 0.35% increase 

in efficiency was obtained after precise repair and rewind of 

the machines. In [6], it is mentioned that the reason behind the 

obtained results is that the motors employed in these tests 

were already in use and taken from the field, while those 

studied in the other literature were new machines. 

Being able to estimate the full load efficiency of a machine 

after its repair helps the machine repair facilities to assess the 

quality of their work. Besides it can help industrial facilities to 

make better decisions over replacement or repair of their 

existing machines in future. 

Most of electrical machine refurbishment centers cannot 

afford to test their machines with the well accepted efficiency 

test of the IEEE standard 112 method B which requires the 

dynamometer testing. In fact, these facilities can only start up 

the machines with their auto-transformers and run them at the 

rated no-load condition. Thus, typically they do not provide 

any information about the efficiency of the machine following 

its repair. 

Numerous methods are proposed in the literature for 

efficiency estimation of induction machines. In [7], the slip 

and current based methods are proposed for in service testing. 

As discussed in [8] these methods are not accurate and they 

are highly dependent on the nameplate data and the stated 

rated efficiency which is not valid after repair. Loss 

segregation based methods such as IEEE standard 112 method 

E/E1 [2] or its simplified version proposed by Ontario Hydro 

[9] are not also appropriate for workshop testing, since they 

require the full load test which is not practicable in workshops. 

The more accurate methods such as the air-gap torque method 

[10], [11] or even available optimization based methods [12]-

[17] cannot be the solution due to the same requirements. 

In [18] a method is proposed for efficiency determination from 

start up transient data. This method needs the machine to start 

with nominal voltage and it also needs one loaded point, the 

requirements that are not feasible for refurbishment centers.   

Synthetic loading is another approach proposed in [19] and 

[20] that does not required loading of the machine. Instead it 

requires the machine to be supplied either though a power 

electronic converter or an auxiliary generator and a 

transformer. Thus it is not easy to apply this method in the 
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ordinary motor repair centers. 

The equivalent circuit based methods such as IEEE standard 

112 method F/F1 [2] or the simplified equivalent circuit 

method (such as the Oak Ridge National Laboratory method 

which is known as ORMEL96 [21]) are another techniques for 

the efficiency estimation problem. In [22] an equivalent circuit 

based method is proposed which requires a no-load and a 

loaded operating point to estimate the parameters of the 

machine. Like the previous methods, the necessity of loading 

the machine makes it not a realistic solution for this 

application.  

The classical form of IEEE standard 112 method F/F1 

requires a low voltage, low frequency locked rotor test to 

estimate the rotor parameters. The requirement of the low 

frequency power supply and locking the rotor makes this 

method infeasible for workshop applications.  

The ORMEL96 [21] is a nameplate based equivalent circuit 

method in which the locked rotor test is avoided by assuming 

a locked rotor current for the machine considering the NEMA 

code letters "D, E, ...L" from the nameplate. In detail, the 

parameters of a machine are found based on an iterative 

approach with the goal of obtaining the same rated efficiency 

and locked rotor current using the rated slip, total input 

resistance and inductance, the assumed magnitude of the 

locked rotor impedance and the ratio of X1/X2 [21]. Use of 

empirical data from the nameplate such as locked rotor 

current, assumed rated slip and the rated efficiency, in the 

parameter estimation process degrades the accuracy of this 

method. Moreover, the rated efficiency which in fact should 

be the final outcome of the method is also used in the 

algorithm to find the parameters of the machine. This means 

the rated efficiency of the machine is assumed to be equal to 

the nameplate value. In addition to the inaccuracy of the 

nameplate data, it is not likely to have exactly the nameplate 

values after the repair process. 

Another candidate routine that can be used along with the 

standard no-load test method to find the parameters of the 

machine is the third impedance testing method proposed in 

IEEE standard 112 [2]. This routine does not require the low 

frequency locked rotor test to estimate the motor parameters. 

Instead as stated in the standard it requires low voltage no-

load or light load test data. In this method the voltage of the 

machine is reduced until full load slip is achieved. Then the 

parameters of the rotor are calculated based on the iterative 

approach discussed in the next section. 

This method seems very promising for workshop testing 

application. However, some practical concerns were raised 

after testing this method. 

1) Based on the test results, it was seen that the full load 

slip is not achievable by reducing the voltage in the no-

load condition and a light load should be coupled to the 

machine. This is a barrier for workshop application due 

to coupling issues. Therefore, it was decided to test the 

method with the available data from the no-load low 

voltage operating point which has a smaller slip. 

2) In this method, it is assumed that the leakage 

inductance of the rotor calculated based on the data of 

the machine working on no-load or light load low 

voltage region is also valid for the rated load condition. 

This assumption can be true if a noticeable amount of 

current flows in the machine. However in the case of 

the no-load low voltage condition, the current is very 

small. So as is shown in the next sections this 

assumption leads to an unacceptable error. 

3) This test requires the accurate slip of the machine to be 

measured. However, this might not be a simple task in 

the workshop for the machines of different sizes. 

 

In this paper, a simple method is proposed for full load 

efficiency estimation from uncoupled no-load testing. This 

method is the modified version of the method F1 of the IEEE 

standard 112, which is designed to work with the uncoupled 

no-load testing condition.  

The only available data for this method is as follows: 

1) Two line voltage and current signals at no-load 

condition. 

2) Value of the stator resistance at the ambient 

temperature. 

3) Nameplate data of the machine. 

 

The paper is organized as follows: the principles of the 

equivalent circuit method of IEEE standard 112 and more 

specifically details of the third impedance testing routine are 

reviewed in section II. In section III, this testing routine is 

used to find the parameters and the efficiency of two different 

induction machines. As is shown, the achieved results are not 

satisfactory due to the existence of a problem in the method 

which leads to an error in the estimated parameters. In section 

IV, a simple test is added to the proposed method in order to 

modify the problem in estimating parameters. In section V, the 

modified method is used to calculate the parameters and the 

efficiency of the two small induction machines and the results 

are compared with the real measured efficiencies. Section VI 

presents the results of the tests performed in LTEE laboratory 

of Hydro-Quebec on five bigger induction machines in order 

to verify the generality of the proposed method. The 

conclusions are presented in Section VII. 

II. FUNDAMENTALS OF THE EQUIVALENT CIRCUIT BASED 

EFFICIENCY ESTIMATION METHOD 

In this section, the fundamentals of the equivalent circuit 

based efficiency estimation method (method F1) of the IEEE 

standard 112 are reviewed and the details of the third 

impedance testing routine are discussed. 

As suggested in IEEE standard 112, the efficiency of a 

machine can be found based on the following steps: 

1) Measure the stator resistance at the ambient 

temperature. 

2) Perform the no-load test and measure the core losses as 

well as the friction and windage losses. 

3) Perform the impedance test and identify the rotor 

resistance and leakage reactance. 

4) Determine the equivalent circuit parameters from the 

information of the previous steps. 
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5) Correct the value of the stator and the rotor resistances 

for the specified (rated) temperature. 

6) Estimate the value of stray load loss. 

7) Solve the equivalent circuit iteratively and find the 

proper value of the slip for the desired output. 

8) Estimate the efficiency. 

 

The first two steps are the well known routine DC 

measurement and the no-load tests. Thus they are not 

discussed here. The third step which is the impedance test is 

the most important part of this method. The third impedance 

testing routine of the IEEE standard 112 is chosen, since it 

does not require a low frequency locked rotor test and thus it 

can be simply applied in the workshop applications. 

In this method the voltage of the machine is reduced until 

the full load slip is achieved. Then the parameters of the rotor 

are calculated based on an iterative approach. 

The details of this method and some of the important 

equations are explained. Besides, some typo errors have been 

found in the equations of the standard. Thus, the corrected 

versions are presented here. 

In this method, the total per phase reactance of the machine 

is calculated from the no-load saturation test and the curve of 

the total per phase reactance vs. no-load voltage is drawn as 

shown in Fig. 1 for the case of a typical machine. 

 

 
In this Figure: 

V1,Rated: is the rated voltage of the machine 

 V1,Min: is the minimum voltage which gives the largest 

possible slip 

XIn,Rated: is the input reactance at the rated voltage 

XIn,Min: is the input reactance at the minimum voltage 

XIn,Max: is the maximum input reactance 

 

To better understand the concept of the method, it is 

informative to see that why the no-load input reactances vs. 

no-load voltage curve is almost circular. The input reactance 

of the machine is calculated based on Fig. 2 as shown (1). In 

(1), RC is neglected for sake of simplicity. 
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Where 

R1: is the stator resistance. 

X1: is the stator leakage reactance. 

R2: is the rotor resistance. 

X2: is the rotor leakage reactance. 

XM: is mutual reactance of the machine  

RC: is representative of the core losses  

s: is the slip of the induction motor 

PSLL: is the stray load loss 

PFW: is the friction and windage loss 

PIn: is the electrical input power 

POut: is the mechanical output power on the shaft 

 

Three different regions can be assumed on this curve: 

1) High voltage region: in this region the slip of the machine 

is very close to zero and therefore K will be very close to 

1 as shown in (2). 
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Consequently, XIn will be as follows: 

M1In XXX   (3) 

Since in this region the machine is saturated, XM and 

consequently XIn decrease with increase of the voltage. 

2) Medium voltage region: In this region slip is still close to 

zero and thus (3) is still valid. However the machine is not 

saturated and the value of XM is same as the value in the 

low voltage region. 

3) Low voltage region: In this section of the curve, the slip 

of the machine starts increasing by reduction of the 

voltage to compensate friction and windage losses and 

therefore K is not equal to 1 anymore. Based on (4), it is 

possible to show that K is smaller than 1 and its value 

decreases with increase of the slip. 

    1KXXXXX 2M2
2

2M   (4) 

So based on (1) and (4), it can be concluded that XIn will 

decrease with a reduction of the voltage as shown in Fig 1. 

 
Fig. 2.  Equivalent circuit of an induction machine. 

 

 
Fig. 1.  Total no-load input reactance per phase vs. no-load per phase voltage 

[2]  
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According to what was explained, it can be concluded that 

the value of the mutual reactance at point 1 and 2 are almost 

equal, since the machine is not yet saturated. So the data of 

these two points can be used to find the parameters of the 

machine in the low voltage region. 

The following iterative approach which is proposed in IEEE 

standard 112 can be used to find the parameters of the 

machine. The initial value for the sum of the stator and rotor 

leakage reactances (X=X1+X2) is assumed to be equal to 

XIn,Min.  

The stator leakage reactance can be found based on (5). 
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The ratio of X1/X2 is assumed based on the design class of 

the machine and the recommendation of IEEE standard 112 as 

shown in Table I. 

 

 Other parameters of the machine can be found based on (6) 

to (15). The equations (5) to (15) should be repeated until 

stable values of X1 and X2 are achieved. 
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21 XXX   (15) 

Then rotor resistance can be found using (16) [2] and the 

slip value at point 1. 
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In [2] it is assumed that, the stable value of X1 found from 

the previous equations can also be used for the rated voltage 

condition. Thus (17) can be employed to find the mutual 

inductance of the machine at the rated voltage condition.  

1Rated,InRated,M XXX   (17) 

In IEEE standard 112, it is not stated that what technique 

shall be used to measure the speed, however it is emphasized 

that the slip of the machine shall be measured accurately. 

To make the method simple and applicable in workshop 

environment and to avoid the coupling issues, a machine 

current signature analysis based speed estimation technique is 

proposed for speed measurements in this paper. 

Based on [23], the eccentricity of the rotor (due to the oval 

shape of the rotor) creates speed dependent current harmonics. 

The largest (in magnitude) speed dependent current harmonic 

has a frequency that can be found from (18). 

sF.
P

s1
1F 







 
   (18) 

“Fs” is the supply frequency, “s” is the slip and “P” is the 

pole pair number. The speed dependent current harmonics are 

extremely small in comparison to the fundamental component 

of the current. Since the frequencies of these components are 

close to the fundamental frequency, they will be masked by 

the main component of the current and that makes the 

detection process complicated. To avoid this problem, the 

fundamental component of the current should be extracted 

from its signal. After extraction of the main component, the 

spectral analysis of the residual (remaining) signal can be used 

to detect the speed dependent current harmonics [24]. 

After estimating the machine parameters at the ambient 

temperature, the calculated values of the stator and the rotor 

resistances should be corrected for the specified (rated) 

temperature. The standard temperature rise test requires rated 

loading of the machine, thus it cannot be easily carried out in 

the refurbishments centers. If the data of rated temperature rise 

is available, it should be used for the correction purposes. If 

not, the only possible solution is to assume a value based on 

the insulation class of the machine and recommendations of 

the IEEE standard 112 as shown in Table II. 

 

 
The following equation can be used to correct the value of 

the each resistance [2].  

TABLE II 

SPECIFIED TEMPERATURE BASED ON THE INSULATION CLASS OF THE 

MACHINE [2] 

Insulation Class 

TRated  

Temperature in ˚C  

(including 25˚C reference ambient) 

A 75 

B 95 

F 115 

H 130 

 

TABLE I 

RATIO OF X1/X2 BASED ON THE DESIGN CLASS OF THE MACHINE [2] 

Design Class X1/X2 

A, D, Wound Rotor 1.00 

B 0.67 

C 0.43 
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Rratedamb
rated

KT

KTR
R




  (19) 

In which  

Ramb: is the value of resistance at the ambient temperature. 

Rrated; is the value of the resistance at rated temperature. 

Tamb: is the ambient temperature. 

Trated: is the rated temperature known based on available data 

or Table II. 

KR: is 234.5 for stator resistance and 225 for rotor resistance. 

 

The indirect measurement of the stray load loss requires the 

dynamometer test and the direct measurement involves the 

reverse rotational test. Both of these requirements are not 

simply achievable in a workshop environment. Therefore, 

same as method F1, an empirical value is assumed for the 

stray load loss. In this work this value is assumed based on the 

IEC 60034-2-1 [25] standard as shown in (20) for the 

machines with the output power bigger than 1 kW and smaller 

than 10 MW. The value from the IEC standard has been 

chosen over the one from IEEE standard 112 due to its better 

accuracy.  

 ]Plog005.0025.0[PP Out10InSLL   (20) 

After estimation of all parameters, the slip of the machine at 

each loading condition is found iteratively. This means the slip 

of the machine at any load and voltage condition is found by 

changing the slip and solving the equivalent circuit until the 

desired output power is obtained.   

The proper value of the slip is used in the calculation of the 

input power, input current and the power factor. The 

efficiency can be calculated based on these slips. 

The above mentioned equivalent circuit based efficiency 

estimation algorithm is coded in the Matlab/Simulink software 

package and it is used to find the efficiency of a 3hp and 7.5 

hp induction machine. The results are discussed in the next 

section. 

III. EXPERIMENTAL RESULTS OF THE IEEE METHOD 

In this section the above mentioned testing routine is used 

to estimate the efficiency of a 3hp and a 7.5 hp induction 

machines in the laboratory. The nameplate data of these 

machines are shown in Tables III and IV respectively. 

 

 

 
 

The results of each step are shown below: 

 

Step 1: DC measurement test to find the stator resistance. 

 3 hp machine: 0.67 Ω/phase 

 7.5 hp machine: 0.71 Ω/phase 

 

Step 2: No-load test to find the core loss, friction and 

windage losses. 

The input power minus the stator copper losses vs. voltage 

square curve is shown for the tested 3 hp and 7.5 hp induction 

machines in Fig. 3 and 4 respectively. The core losses at rated 

voltage condition and the friction and windage losses are 

shown in the following figures. 

 

 
Step 3: The impedance test has been performed for the 

tested two machines. The curves of the total no-load per 

phase input reactance vs. no-load per phase voltages are 

obtained and shown in Fig. 5 and Fig. 6 respectively. 

 
Fig. 4.  No-load powers vs. no-load voltage squared curve for the 7.5hp 

machine 

 

 
Fig. 3.  No-load powers vs. no-load voltage squared curve for the 3hp 

machine 

 

TABLE IV 

NAMEPLATE DATA OF 7.5 HP INDUCTION MACHINE 

f 60Hz Design class C 

VLL 230/460 Insulation class F 

I 17.7/8.85 Nominal speed 1755 

Connection ∆ Poles 4 

 

TABLE III 

NAMEPLATE DATA OF 3 HP INDUCTION MACHINE 

f 60Hz Design class B 

VLL 208 Insulation class B 

I 10.3 Nominal speed 1740 

Connection Y Poles 4 
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As it can be seen from Fig. 5 and 6, the curves of these two 

machines are different in the high voltage region. This is due 

to the fact that the first one is a standard machine with 

noticeable saturation rate in the high voltage region while the 

second one is an energy efficient machine with very low 

saturation rate in the high voltage region.  

The slip of the machine at the minimum voltage are 

extracted from the current signal as shown in Figs. 7 and 8 for 

the 3 hp and 7.5 hp machines respectively.  

 

 

 
 

Considering (18), the number of pole pairs (equal to 2), the 

supply frequency (60 Hz) and the possible slip range from 0 to 

0.055 (1700 rpm), it is anticipated to have the speed dependent 

current harmonic somewhere between 30Hz and 31.67 Hz. As 

shown in Fig. 7 and Fig. 8, the frequency of this harmonic is 

found to be equal to 30.25 Hz in case of 3hp machine and 

30.21 Hz in case of 7.5 hp machine. Using (18), the frequency 

of 30.25 Hz is found equivalent to 1785.8 rpm and 30.21 Hz to 

1787.5 rpm. The estimation is based on 60 seconds of data 

acquisition with 5 kHz sampling rate. 

Step 4: The discussed iterative method of IEEE standard 

112 has been coded in the Matlab/simulink software package 

and it is used with the obtained data from the previous steps to 

find the parameters of the machines. The estimated parameters 

are shown in Table V. 

 
 

Step 5: The value of the stator and rotor resistances are 

corrected to the specified temperature. The specified 

temperature of each machine has been assumed based on the 

insulation class of the machine and Table II. The results are 

shown in Table VI. 

 

 
Step 6: The stray load losses were assumed based on (20). 

 

Step 7: Based on the estimated parameters, the equivalent 

circuit has been solved iteratively to find the slip in which the 

machine gives the rated output power. Surprisingly, no slip 

TABLE VI 

CORRECTED RESISTANCES OF THE 3 HP AND 7.5 HP MACHINES 

Parameters 3 hp 7.5 hp 

R1 0.85 Ω 0.96 Ω 

R2 0.41 Ω 0.52 Ω 

 

TABLE V 

ESTIMATED PARAMETERS OF THE 3 HP AND 7.5 HP MACHINES 

Parameters 3 hp 7.5 hp 

R1 0.67 Ω 0.71 Ω 

X1 2.37 Ω 8.77 Ω 

X2 3.54 Ω 20.41 Ω 

R2 0.32 Ω 0.38 Ω 

XM 17.94 Ω 60.56 Ω 

RC 198.7 Ω 1214Ω 

 

 
 

Fig. 8.  Speed dependant current harmonic of 7.5hp machine at low voltage 

(23 V) 

 
 

Fig. 7.  Speed dependant current harmonic of 3hp machine at low voltage  

(24 V) 

 

 
Fig. 6.  No-load input reactance vs. voltage curve for the 7.5 hp machine 

 

 
Fig. 5.  No-load input reactance vs. voltage curve for the 3 hp machine 
 



> TEC-00321-2012.R1< 
 

 

7 

was found with these parameters. This means the value of the 

estimated parameters are not correct.  

To better understand the problem, the equivalent circuit of 

the machine has been solved using the rated speed from the 

nameplate. The output powers and the input currents were 

found as follows: 

 

 3 hp machine: I1=10.86 A, POut=2.56 hp 

 7.5 hp machine: I1=7.82 A, POut=2.65 hp 

 

By comparing the results with the nameplate values, it was 

concluded that the input impedance of the machines were 

estimated much larger than their real values. 

More investigation into the parameters and the source of the 

error makes it clear that the problem is the value of the stator 

and rotor leakage reactances. Consequently, the inaccurate 

value of the stator leakage reactance in (17) leads to an 

erroneous value of the mutual reactance at rated voltage 

condition. 

In fact, the problem is in the assumption of the IEEE 

standard 112 which considers that the stator and rotor leakage 

reactances found from the proposed impedance test method in 

the low voltage region can also be used for the rated condition.  

As is shown in Fig. 9 and 10 for the tested 3hp and 7.5hp 

induction machines respectively, the value of current in the 

low voltage region is very small. 

 

 
 

 
 

Due to the very small value of the current and consequently 

the non saturated teeth of the machine, the reluctance of the 

leakage flux path in the machine is much smaller than at the 

rated condition. Consequently, the reactance is much larger 

than the rated condition where the current is higher. That is 

why the value obtained for leakage reactances at the low 

voltage region is not valid for the rated voltage condition and 

another method should be used to estimate these parameters at 

the rated condition. It should be mentioned that the value of 

the rotor resistance obtained in this method is still valid for the 

rated condition, since the rotor resistance is not dependent on 

the current. 

IV. PROPOSED MODIFICATION TO THE IEEE METHOD 

In this section a simple test is proposed in order to find the 

values of the leakage reactances that can later be used to find 

the mutual reactance of the machine at the rated voltage level 

and finally the efficiency at any loading condition.  

This test is called the "virtual locked rotor test" by the 

authors of the paper. As is known, in the first few cycles and 

before the machine starts to rotate, the situation is very similar 

to the locked rotor test. Consequently it should be possible to 

use the data of these cycles to find the leakage reactances. 

However, two main points should be considered. 

1- In case of the rated voltage start up, the machine 

accelerates very fast and there is a significant electrical 

transient in the current. Therefore it is almost impossible to 

extract the locked rotor parameters. However in case of a low 

voltage start up, the electrical transient is smaller, the current 

is adequate and in addition, it takes a significant number of 

cycles before the machine starts up. Even after start up, the 

machine accelerates very slowly, so there is sufficient number 

of electrical cycles to extract the locked rotor parameters. 

2- Since in this condition the frequency of the rotor current 

is 60Hz, the rotor resistance calculated here cannot be used in 

the efficiency estimation process. However, the leakage 

reactance of the rotor is less dependent on the frequency than 

the level of the current as discussed before and thus it is good 

enough for the efficiency estimation process. Moreover, the 

value of the rotor resistance is more critical for efficiency 

estimation process in comparison to the rotor leakage 

reactance, since R2/s is always much bigger than X2 in normal 

operation range of the motor. 

The data of the voltage, current and input power is required 

to find the leakage reactance of the machine from the virtual 

locked rotor test. In this case two line voltage and current 

signals are used to obtain the required data. Knowing these 

values, the sum of stator and rotor leakage reactances can be 

found based on (21). 

2

vlvl

vl

vl

vl
21

IV3

P
1

I

V
XX 










  (21) 

In which  

Vvl: Phase voltage at low voltage virtual locked rotor test 

Ivl: Input current at low voltage virtual locked rotor test 

Pvl: Input power at low voltage virtual locked rotor test 

 

After this step, (5) can be used to separate rotor and stator 

leakage reactances and (17) can be employed to find the value 

of the mutual reactance at the rated voltage condition. 

The proposed test has been performed with the 3hp and 7.5 

hp induction machines and the results are shown in Fig.11 and 

 
Fig. 10.  No-load current vs. no-load voltage curve of the 7.5 hp machine 

 
Fig. 9.  No-load current vs. no-load voltage curve of the 3 hp machine 
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Fig. 12. As it can be seen the rms value of the current and 

voltage signals are almost constant during the 60 cycles after 

the low voltage start up. The sum of leakage reactances has 

been calculated using (21) and it is shown in Fig. 13 and 14. 

 

 

 

 

 
The new parameters are calculated based on the results of 

the proposed virtual locked rotor test and are shown in Table 

VII. As it can be seen, the parameters are significantly 

different from the ones found by the third impedance testing 

method of the IEEE standard 112 (shown in Table V). 

 

 
In the next section the corrected parameters are used to 

estimate the efficiency of the tested machines. 

V. EXPERIMENTAL VALIDATION OF THE MODIFIED EFFICIENCY 

ESTIMATION METHOD 

In this section the proposed efficiency estimation method is 

used to estimate the efficiency of 3 hp and 7.5 hp squirrel cage 

induction machines with the nameplate data as shown in the 

Table III and Table IV. 

An experimental setup with the schematic as shown in Fig. 

15 was used to measure the real efficiency of the tested 

machines. 

In this set up a dynamometer was used to impose different 

torque levels on the shaft of the tested induction motor. A 

torque/speed sensor has been used to measure the accurate 

speed and torque values at each loading point. The measured 

values of efficiencies are calculated based on these 

measurements and they are used as a reference in comparison 

to estimated efficiencies with the proposed method. Fig. 16 

shows the overall view of the designed experimental setup in 

the laboratory. 

 
 

 
 

 
 

Fig. 16.  The test setup of induction machine  

 

 
 

Fig. 15.  Schematic of the test setup used for this experiment. 

 

TABLE VII 

CORRECTED PARAMETERS OF THE 3 HP AND 7.5 HP MACHINES 

Parameters 3 hp 7.5 hp 

X1 0.94 Ω 1.23 Ω 

X2 1.41 Ω 2.87 Ω 

XM 19.36 Ω 68.10 Ω 

RC 231.2 Ω 1534 Ω 

 

 
Fig. 14.  The calculated sum of leakage reactances based on data from low 

voltage virtual locked rotor test of the 7.5 hp machine 

 
Fig. 13.  The calculated sum of leakage reactances based on data from the 

low voltage virtual locked rotor test of the 3 hp machine 

 
Fig. 12.  The average rms voltage, average rms current and input power at 
low voltage virtual locked rotor test for the 7.5 hp machine 

 
Fig. 11.  The average rms voltage, average rms current and input power at 

low voltage virtual locked rotor test for the 3 hp machine 
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The measured efficiency values are compared with the 

estimated values from the no-load uncoupled testing and the 

results are shown in Tables VIII and IX for the 3hp and 7.5 hp 

machines respectively. In the case of the 3hp motor, the 

machine was at the rated thermal steady state condition. In 

case of the 7.5 hp motor the rated thermal condition was not 

achieved because the dynamometer was not capable of 

absorbing 7.5 hp continuous power. To validate the proposed 

method, the machine was run at 0.75% of the rated load until 

the thermal steady state condition was obtained. Then the 

temperature of the machine at this operating point was used in 

the algorithm. 

 
 

 

VI. TESTING GENERALITY OF THE PROPOSED METHOD WITH 

FIVE DIFFERENT BIGGER INDUCTION MACHINES 

In order to verify the generality of the proposed method, 

five different bigger induction machines were tested in the 

LTEE laboratory of Hydro-Quebec which has a high quality 

test bench  for  motor efficiency measurement according to  

the IEEE  Std  112 method B  . In this facility, accuracies of 

0.2% and a repeatability of 0.1% are attainable. The estimated 

efficiencies based on the proposed method are compared with 

the measured values based on the IEEE  Std  112 method B 

and the results are shown in Table X to Table XIV for 15, 25, 

50, 100 and 150 hp machines respectively.   

 

 

 

 
 

 

 

VII. CONCLUSIONS 

In this paper, a simple method is proposed for full load 

efficiency estimation of induction machines from the 

uncoupled no-load testing that can be used in refurbishment 

facilities where the standard dynamometer testing is not 

affordable. The proposed method is a modified version of the 

equivalent circuit based method of the IEEE standard 112 

which requires only the uncoupled no-load testing. 

As verified by the experimental results, the proposed 

method is capable of estimating the efficiency of the machine 

within acceptable range of error. 
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