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Abstract: In order to precaution and control the transient voltage stability of the receiving-end system, it is very necessary to 

quickly and accurately calculate the model parameters for induction motor synthesis load. There are several methods to obtain 

the model parameters of induction motor, in which, estimating the model parameters of induction motor using for power system 

stability analysis according to the nameplate data is a significant promising approach with potential application. In this paper, a 

new optimized mathematical model for identification of induction motor single-cage and double-cage parameters are proposed, 

it’s overcome the deficiency of artificially adding approximate constraints in parameter identification of induction motor models 

from induction motor manufacturer data. Minimization of the induction motor efficiency deviation is taken as the goal and 

important induction motor performance indicators, such as the stator current, the input reactive power, the maximum 

electromagnetic torque and the starting parameters, are equal to their manufacturer values are regarded as constraints, the 

sequential quadratic programming (SQP) is used to solve the nonlinear problem. The proposed new mathematical model and 

algorithm were verifed on a sample of 6 induction motors of different capacity, manufacturers, and rated voltage. The induction 

motor performance characteristics supplied by the manufacturer and used to identification parameters of induction motor are then 

calculated, using the equivalent circuit estimated parameters themselves. In all the studied cases, the calculated induction motors 

performance indexes are found to be in excellent agreement with the manufacturer data. Comparison with other methods shows 

that the induction motor model parameters obtained by this method can reflect the working characteristics of induction motor 

single-cage and double-cage model more accurately. 
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1. Introduction 

With the implementation and deepening of the "west-east 

power transmission" strategy, China has gradually formed a 

number of large receiving terminal systems such as Beijing, 

Shanghai and Guangzhou. A large proportion of power from 

the sending system is delivered to the receiving system, and 

the high proportion of constant power characteristic loads 

such as air conditioning, make the problem of voltage stability 

become more and more prominent [1, 2]. 

In essentially, the voltage stability is a dynamic problem, 

and many dynamic factors play an important role for voltage 

stability in the power system. Among them, load 

characteristics have a significant effect on voltage stability [3], 

and accuracy of load model and parameters have become the 

key factors for voltage stability analysis of power system [4]. 

Induction motors occupies a large proportion in the load of 

power system. The synthesis load adopts the parallel model of 

induction motor and static load in many software packages of 

power system calculation and analysis. Experimental 

measurement is the most accurate way to get the model 

parameters of induction motor, but it is limited in application 

because a large number of categories and quantity of induction 

motor loads in the power system [5]. It’s a great potential 

method to estimates induction motor model parameters for 

power system analysis and calculation through the induction 
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motor manufacturer data (such as rated power, rated current, 

maximum electromagnetic torque, etc.) [8]-[13]. 

ATP/EMTP and PSCAD/EMTDC of power system 

electromagnetic transient analysis software calculate 

induction motor double-cage model parameter with the 

method in [9]. However, this method does not use the 

maximum electromagnetic torque multiple of the induction 

motor, which is an important parameter to express the 

overload performance index of the induction motor. In [8], it 

considers maximum electro- magnetic torque multiple, and 

uses the iterative method to solve the single-cage model 

parameters of induction motor, it is approximately assumed 

that the stator reactance Xs=Xr. In [10]-[12], it is also assumed 

that Xs=Xr, and establishes an optimized identification model 

with the minimum deviation between the important 

performance index and manufacturer value of the induction 

motor as the objective function, but the performance 

indicators calculated according to the identification 

parameters are not satisfactory. In paper [13], the maximum 

electromagnetic torque, starting torque and starting current 

have been taken into consideration, and calculates the 

double-cage model parameters of the induction motor by 

solving nonlinear equations with Newton Raphson method. It 

is considered that the stator resistance Rs and reactance Xs are 

proportional to the cage parameters Rr1 and Xr1 of the rotor, 

however, the induction motor parameters obtained are not 

ideal. Above all, it can be seen that the accurate calculation of 

induction motor model parameters based on manufacturer 

data has not been solved well yet. 

This paper establishes a new optimization model for 

induction motor model identification parameters based on the 

analysis of induction motor manufacturer data. The new 

model was solved by sequential quadratic programming 

algorithm, and the parameters of single-cage and double-cage 

models were obtained. Taking the identification parameters of 

multiple induction motors as an example, the validity of the 

proposed model and algorithm is verified. 

2. Induction Motor Model and 

Manufacturer Data 

Generally, the single-cage model is adopted for winding 

and single-cage induction motors shown in Figure 1(a), while 

the double-cage model is adopted for deep-groove and 

double-cage induction motors shown in Figure 1(b). In order 

to simulate the starting characteris- tics accurately, it is 

advisable to replace the single-cage model with the 

double-cage model [8]. 

In Figure 1, Us is terminal voltage, s is slip, Rs and Xs are 

stator resistance and reactance in the double-cage model, Xm is 

excitation reactance in the double-cage model, Rr and Xr are 

rotor resistance and reactance of single-cage model. Rr1 and 

Xr1 are inner cage resistance and reactance in the double-cage 

model, and Rr2 and Xr2 are outer cage resistance and reactance 

in the double-cage model. Generally, Rr1<Rr2, Xr1>Xr2. When 

it’s starting, the outer cage plays a major role so that the 

frequency of rotor current is high, the inner current is small, 

the power factor is lower, and also producing small 

electromagnetic torque. When it’s working normally, the rotor 

current frequency decreases, and the inner cage current is 

large, inner cage plays a major role. Therefore, the 

double-cage model can simulate the starting characteristics of 

induction motor more accurately [15]. 

The manufacturer data of Induction motor includes: rated 

mechanical power Pn(kW), rated voltage Un(kV), rated current 

In(A), rated speed nn(r/min), rated efficiency ηn(%), rated 

power factor cosθn, the maximum torque of multiple Km 

(Km=Tem/Tn, Tem for maximum or critical electromagnetic 

torque, Tn is rated torque), starting torque multiple Kst

（Kst=Tst/Tn, Tst is starting torque), starting current multiple 

KIst (KIst=Ist/In, Ist is starting current). If voltage Un, speed nn 

and model parameters are given, the other manufacturer 

indexes can be obtained by induction motor equivalent circuit. 

 

(a) single-cage model 

 

(b) double-cage model 

Figure 1. Steady state equivalent circuits for induction motor single-cage 

and double-cage model. 

3. Identification of Induction Motor 

Single-Cage Model Parameters 

As show in Figure 1(a), the core loss is ignored in the 

equivalent circuit of the single-cage model of induction motor. 

Totally, there are five parameters remained to be identified in 

the single-cage model, including: Rs, Xs, Xm, Rr and Xr. In the 

manufacturer data, Kst and KIst can be used to reflect the 

starting characteristics of induction motor, but not suitable for 

the parameter identification of the single-cage model. The 

input active power of the induction motor is partly consumed 

by the stator resistance Rs, and most of the remaining electric 

power is transmitted to the rotor through air-gap magnetic 

field, which is called the electromagnetic power Pen. One part 

of Pen is consumed on the rotor resistance, the rest mechanical 



 Automation, Control and Intelligent Systems 2018; 6(3): 28-37 30 

 

output power Pn if noise is ignored. Hence, Rs can be first 

calculated according to paper [8]. 

Un and nn are the basic parameters in induction motor 

manufacturer data. The input power P1 and Q1 depend on 

stator current and power factor, while Km is an important 

performance indicator to characterize induction motor 

overload capacity [15]. Therefore, parameter identifica- tion 

in this paper is based on these two situations, the first one is 

that the stator current, the input reactive power and the 

maximum electromagnetic torque are equal to the 

corresponding manufacturer data as equality constraints, the 

second is the relative deviation of the calculation efficiency 

and the manufacturer data is minimization as the objective 

function. Taking into account the positive number of the 

induction motor parameters, a mathematical model for 

identifying the parameters of X=[Xs, Xm, Xr, Rr] of the single 

cage model is established, give the expressions (1) and (2). 
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In the formula (2), ηn, In, Q1 and Tem are easy to obtained 

according to the manufacturer data. η(sn), Is(sn), Q1(sn)and 

Te(sm) can be calculated according to the equivalent circuit 

parameters identified. The method as follows: 

1. The rated slip sn, rated torque Tn and maximum 

electromagnetic torque Tem of induction motor are calculated 

as shown in formula (3). 
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In formula (3), n1(r/min) is induction motors synchronous 

speed, sΩ  (rad/s) is induction motors synchronous 

mechanical angular velocity. 

2. The stator impedance and the magnetizing reactance of 

the single cage model of induction motor is subjected to 

Thevenin equivalent. The equivalent impedance is: 
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3. According to Thevenin equivalent circuit, the critical slip 

ratio sm can be computed by 
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4. The equivalent impedance Zm(s) seen from the side of 

induction motor stator is computed by 
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In the formula, Zr(s) = Rr/s+jXr, is the rotor impedan- ce of 

induction motor. 

5. The stator current Is(s) and rotor current Ir(s) are given by 
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6. The electromagnetic torque Te(s) is computed by 
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According to the single cage model of induction motor, the 

input active power P1(s), input reactive power Q1(s) and 

output mechanical power Pn(s) are calculated by 

( ) ( )

( ) ( )

( ) ( ) ( )

1 ss

ss1

n e s

*

3Re

*

3Im

1

i

i

s al sUP I

s sQ U I

s s sP T

  
   =        


     =       

 = ⋅ − ⋅Ω




       (9) 

The rated slip sn calculated in equation (3) is substituted into 

equations (7) and (9) to obtain the stator current Is(sn), the 

input reactive power Q1(sn), and the output mechanical power 

Pn(sn). The critical slip sm calculated in equation (5) is 

substituted into equation (8) to obtain the maximum 

electromagnetic torque Te(sm). The induction motor 

calculation efficiency is η(sn) = Pn(sn)/P1(sn). 

4. Identification of Induction Motor 

Double-Cage Model Parameters 

In Figure 1(b), there are seven parameters to be identified in 

the double-cage model of induction motor. There are 5 

independent equations can be listed and written if take the 

method of solving equations, and two approximate equations 

need to be added manually (e.g. [13] and [14]), using 
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mathematical optimization algorithm will be more 

advantageous. 

According to the analysis of the previous section, the stator 

current Is(sn), reactive power Q1(sn) and maximum 

electromagnetic torque Te(sm) calculated by the model are 

equal to the corresponding manufacturer data is still used as 

equality constraints. In order to simulate the starting 

characteristics accurately, this paper adds two equality 

constraints: calculates the starting torque, starting current 

equals to the manufacturer data. Similarly, the minimized 

relative deviation between the computational efficiency of the 

model and the manufacturer data is still regarded as the 

objective function. Considering the outer cage resistance is 

greater than the inner cage resistance while the inner cage 

reactance is greater than the outer cage reactance [15], and the 

parameters to be identified must be a positive number, formed 

the mathematical model of identification parameter X=[Xs, Xm, 

Rr1, Xr1, Rr2, Xr2] for double cage model, give the expressions 

such as (10) and (11). 

2

n ( )
min  ( )

n

n

s
F X

ηη
η

 −
=   
 

             (10) 

1 n s

2 1 1

3 em e

4 st st

5 st st

r2 r1

r1 r2

( ) ( ) 0

( ) ( ) 0

( ) ( ) 0

( ) (1) 0
s.t. 

( ) (1) 0

0

n

n

m

H X I I s

H X Q Q s

H X T T s

H X T T

H X I I

R R

X X

X

= − =
 = − =
 = − =


= − =
 = − =
 >


>
 >

          (11) 

Where, it’s easy to obtain ηn, In, Q1, Tem, Tst, Ist according to 

the manufacturer data. And η(sn), Is(sn), Q1(sn), Te(sm), Tst(1) 

and Ist(1) can be calculated according to equivalent circuits. 

The method as follows: 

1. The formula (3) is used to calculate the rated slip sn, rated 

torque Tn and maximum electromagnetic torque Tem of 

induction motor. 

2. Equivalent rotor impedance Zr(s) of inner and outer -cage 

impedance Zr1(s) and Zr2(s) in the double-cage model of 

induction motor is: 
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The expression of Zr1(s) and Zr2(s) is: 
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3. Then, the stator impedance and the excitation reactance 

of induction motor double-cage model are subjected to 

Thevenin equivalent. The equivalent impedance formula is 

still equation (4), and the critical slip of the double-cage model 

is still equation (5). From the side of equivalent circuit stator 

of the double-cage model can be seen, the equivalent 

impedance Zm(s) is still equation (6), and the calculation 

formula of stator current Is(s) and rotor current Ir(s) is still in 

equation (7). 

4. The formula of inner cage rotor current ( )r1

i

sI and outer 

cage rotor current ( )r2

i

sI  is: 
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5. The formula of electromagnetic torque Te(s) is: 
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the rated slip sn calculated in equation (3) substituted into 

equations (7) and (9), then get the corresponding sn of stator 

current Is(sn), input reactive power Q1(sn), and output 

mechanical power Pn(sn). Substitute the critical slip sm and s=1 

into equation (15), and the maximum electromagnetic torque 

Te(sm) and starting torque Tst(1) are obtained. The starting 

current Ist(1) is obtained by substituting s=1 into the first form 

of equations (7). 

5. The Basic Principle of Sequential 

Quadratic Programming Algorithm 

The Sequential Quadratic Programming (SQP) algorithm is 

widely used in solving nonlinear optimization problems due to 

its strong nonlinear processing ability and good numerical 

stability [16], [17]. The basic principle is to determine a 

downward direction by solving a Sequential Quadratic 

Programming sub-problem in iteration, get the step size by 

reducing the cost function, and repeat these steps until the 

original problem is obtained. 

In reference [18], the general mathematical model of SQP 

algorithm for solving nonlinear constrained optimization 

problems is described by: 
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In the Formula (16), 
nx R∈  is the decision variable, f(x) is 

objective function, hi(x) and gi(x) are equality and inequality 

constraint functions respectively. Construct a Lagrange 
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function: 

( , , ) ( ) ( ) ( )i i i i
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In the formula (17), µ and λ  are the Lagrange multiplier 

vectors for equality constraints and inequality constraints. The 

constraint function is linearized after fixed points (xk, µk, λk) 

are given, and the quadratic polynomial approximation of 

Lagrange function is carried out to obtain the following 

quadratic programming sub-problems[18], such as formula 

(18). 
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In formula (18), Wk=W(xk,µk,λk)=▽Lxx=(xk,µk,λk), ▽f(xk) 

is a gradient of f(xk) at xk.▽hi(xk) and ▽gi(xk) is a gradient of 

hi(xk) and gi(xk) at xk. 

The optimal solution d
*
 of formula (18) can be used as the 

direction of search for the variable x of the original problem in 

the k iteration process. 

The real Hessian matrix Wk of the second derivative of 

Lagrange function is: 
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Because of the computation of Wk is very cumbersome, 

Mathematician proposed a sequential quadratic program- 

ming method using symmetric positive definite matrix Bk 

instead of Wk, and the obtainment of Bk can be referred in [18]. 

In order to ensure global convergence of the solution results, 

SQP algorithm also uses a cost function to determine the step 

size αk
 
of searching along the search direction of dk [18]. After 

obtaining the search step size, the SQP algorithm obtains the 

next iteration point xk+1 through the formula (20). 

*
1k k k kx x dα+ = +                 (20) 

Lagrange multiplier updates as in equation (21). SQP 

algorithm is used to solve constraint optimization problem as 

shown in Figure 2. 
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When identifying the single cage model parameters X=[Xs, 

Xm, Rr, Xr] of induction motor, the initial value of variable X as 

in equation (22) [13]. 
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When identifying the double cage model para- meters 

X=[Xs, Xm, Rr1, Xr1, Rr2, Xr2] of induction motor, the initial 

value of Rr1, Xm, Xs, and Xr are the same as in single-cage model 

(Rr, Xm, Xs and Xr), the initial value of Rr2, Xr1, Xr2 are 

computed by equation (23) [13]. 
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After the induction motor load model parameters are 

identified, the nominal value of the parameter is calculated as 

the standard value with the rated voltage Un and the rated 

mechanical power Pn as the reference values. According to 

equation (24), the induction motor inertia time constant Tj
 
is 

obtained [15]. 
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Figure 2. SQP Algorithm Flow Chart. 
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6. Model and Algorithm Validation 

Table 1 are shows the manufacturer data of 6 induction 

motors. By using the proposed identification model and 

algorithm, the parameters of each induction motor's 

single-cage model and double-cage model are calculated as 

shown in Table 2 and Table 3. 

According to the model parameters in Table 2 and Table 3, 

the performance indexes of induction motor are calculated. 

The comparison between the calculated performance index 

and the manufacturer data is shown in Table 4 and Table 5. It 

can be seen that the single cage model can reflect the working 

characteristics of induction motor accurately except the 

starting performance. The calculated performance indexes of 

the double cage model are consistent with the manufacturer 

data. 

Table 1. Manufacturer data of induction motors. 

No. Pn/kW Un/kV In/A n(r/min) ηηηηn/%    cosθθθθn Km Kst KIst J/kg.m2 P 

M1 1400 10.0 95.0 1492 95.9 0.890 2.38 0.85 6.43 510.0 2 

M2 1250 10.0 85.0 1492 95.9 0.890 2.29 0.86 6.04 455.5 2 

M3 850 6.0 96.8 1488 95.2 0.894 2.47 1.49 6.00 214.0 2 

M4 680 6.0 78.0 1488 94.7 0.890 2.40 1.30 5.68 173.0 2 

M5 200 0.38 347.0 2975 94.8 0.925 2.50 2.20 7.20 8.00 1 

M6 110 0.38 191.0 2977 95.8 0.900 3.10 2.40 8.30 3.190 1 

Table 2. Calculated parameters of induction motor single-cage model. 

Pn/kW Rs/pu Xs/pu Rr/pu Xr/pu Xm/pu H/s 

1400 0.0294 0.1411 0.0043 0.0253 2.6353 8.8878 

1250 0.0309 0.1315 0.0043 0.0413 2.6992 8.8906 

850 0.0357 0.1179 0.0065 0.0341 2.5421 6.1096 

680 0.0372 0.1222 0.0064 0.0332 2.4717 6.1738 

200 0.0346 0.0755 0.0071 0.0792 3.6072 3.8802 

110 0.0159 0.0659 0.0069 0.0721 2.7431 2.8168 

Table 3. Calculated parameters of induction motor double-cage model. 

Pn/kw Rs/pu Xs/pu Rr1/pu Xr1/pu Rr2/pu Xr2/pu Xm/pu 

1400 0.0763 0.0403 0.0046 0.0638 0.2833 0.0574 2.9589 

1250 0.0271 0.1122 0.0052 0.0926 0.0278 0.0216 2.7980 

850 0.0305 0.0863 0.0073 0.0870 0.0814 0.0319 2.6725 

680 0.0339 0.0875 0.0071 0.0841 0.0997 0.0396 2.5674 

200 0.0358 0.0679 0.0081 0.1111 0.0589 0.0239 3.5856 

110 0.0272 0.0196 0.0074 0.1206 0.1345 0.1191 2.6061 

Table 4. Comparison of the calculated and manufacturer performance indexes for induction motor single-cage model. 

Indexes 
1400kW 1250 1250 kW 850 kW 

Manufacturer Calculated Manufacturer Calculated Manufacturer Calculated 

P1(kW) 1464.45 1463.55 1310.29 1312.45 899.34 899.47 

Q1(kVar) 750.26 749.95 671.285 672.13 450.75 450.77 

In(A) 95.0 94.95 85.0 85.13 96.8 96.81 

Pn(kW) 1400 1399.30 1250 1252.03 850 850.1 

cosθn 0.89 0.89 0.89 0.8901 0.894 0.894 

ŋn(%) 0.959 0.9561 0.959 0.9540 0.952 0.9451 

Km 2.38 2.3809 2.29 2.2902 2.47 2.4699 

Kst 0.85 0.15 0.86 0.1344 1.49 0.2538 

KIst 6.43 5.02 6.04 4.8318 6.00 5.372 

Table 4. Continued. 

Indexes 
680 kW 200 kW 110 kW 

Manufacturer Calculated Manufacturer Calculated Manufacturer Calculated 

P1(kW) 721.43 724.3 210.65 210.82 113.14 112.99 

Q1(kVar) 369.602 370.62 86.53 86.56 54.8 54.75 

In(A) 78.0 78.29 346.0 346.26 191.0 190.76 

Pn(kW) 680 682.58 200 200.16 110 109.86 

cosθn 0.89 0.8902 0.925 0.925 0.9 0.8999 

ŋn(%) 0.947 0.9424 0.948 0.9494 0.958 0.9723 

Km 2.40 2.3995 2.50 2.5009 3.1 3.1016 

Kst 1.30 0.2386 2.20 0.2683 2.4 0.3413 

KIst 5.68 5.2122 7.20 5.5405 8.3 6.3403 
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Table 5. Comparison of the calculated and manufacturer performance indexes for induction motor double-cage model. 

Indexes 
1400kW 1250 kW 850 kW 

Manufacturer Calculated Manufacturer Calculated Manufacturer Calculated 

P1(kW) 1464.45 1464.19 1310.29 1309.64 899.34 897.75 

Q1(kVar) 750.25 750.27 671.285 671.27 450.75 450.16 

In(A) 95.00 94.99 85.00 84.97 96.8 96.64 

Pn(kW) 1400 1405.77 1250 1255.99 850 854.66 

cosθn 0.890 0.890 0.890 0.8899 0.894 0.8939 

ŋn(%) 0.959 0.9601 0.959 0.9590 0.952 0.9520 

Km 2.38 2.3799 2.29 2.2889 2.47 2.4693 

Kst 0.85 0.8484 0.86 0.8619 1.49 1.4903 

KIst 6.43 6.4299 6.04 6.0408 6.00 5.9993 

Table 5. Continued. 

Indexes 
680 kW 200 kW 110 kW 

Manufacturer Calculated Manufacturer Calculated Manufacturer Calculated 

P1(kW) 721.438 720.95 210.65 210.62 113.14 113.258 

Q1(kVar) 369.60 369.38 86.53 86.525 54.80 54.66 

In(A) 78.00 77.95 346.00 345.95 191.00 191.07 

Pn(kW) 680 682.72 200 199.67 110 108.48 

cosθn 0.890 0.890 0.925 0.925 0.900 0.9006 

ŋn(%) 0.947 0.9470 0.948 0.9480 0.958 0.9578 

Km 2.40 2.4000 2.50 2.4992 3.10 3.1001 

Kst 1.30 1.3009 2.20 2.1998 2.40 2.4024 

KIst 5.68 5.6801 7.20 7.1994 8.30 8.3024 

Table 6. Comparison of single-cage model parameters of induction motor. 

IM Capacity Calculation Method Rs/pu Xs/pu Rr/pu Xr/pu Xm/pu 

1400kW 

Method 1 0.0294 0.1411 0.0043 0.0253 2.6353 

Method 2 0.0294 0.0844 0.0045 0.0844 2.6920 

Method 3 0.0069 0.1273 0.0046 0.0636 2.9610 

1250kW 

Method 1 0.0309 0.1315 0.0043 0.0413 2.6992 

Method 2 0.0309 0.0874 0.0045 0.0874 2.7432 

Method 3 0.0069 0.1324 0.0046 0.0662 3.0419 

 

The methods proposed in this paper, paper [8] and [13] are 

method 1, method 2 and method 3 respectively, Taking 

1400kW and 1250kW induction motors as an example. The 

comparison of single cage model parameters calculated by the 

three methods is shown in Table 6, and the comparison of 

performance indexes is shown in Table 7. 

The induction motor torque-slip characteristic calculated 

from the parameters identified by three methods is shown in 

Figure 3 and Figure 4 respectively. 

Table 7. Comparison of the calculated and manufacturer performance indexes for motor single-cage model. 

IM Capacity Indexes Manufa-cturer Method 1 Calculate Method 2 Calculate Method 3 Calculate 

1400kW 

P1(kW) 1464.45 1463.55 1459.69 1410.85 

Q1(kVar) 750.26 749.95 748.66 746.15 

In(A) 95.0 94.95 94.71 92.15 

Pn(kW) 1400 1399.3 1395.74 1390.88 

cosθn 0.89 0.89 0.8898 0.884 

ŋn(%) 0.959 0.9561 0.9562 0.9858 

Km 2.38 2.3809 2.3799 2.3797 

1250 kW 

P1(kW) 1310.29 1312.45 1297.26 1253.97 

Q1(kVar) 671.285 672.13 666.15 664.84 

In(A) 85.0 85.13 84.19 81.99 

Pn(kW) 1250 1252.03 1238.09 1236.26 

cosθn 0.89 0.8901 0.8896 0.8835 

ŋn(%) 0.959 0.9540 0.9544 0.9859 

Km 2.29 2.2902 2.2911 2.289 
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Figure 3. Comparison torque-slip curves for 1400kW induction motor 

single-cage model. 

 

Figure 4. Comparison torque-slip curves for 1250kW induction motor 

single-cage model. 

The parameters of double cage model calculated by method 

1 and 3 are shown in Table 8, and the comparison of 

performance indexes is shown in Table 9. The induction motor 

electromagnetic torque-slip curve and current-slip 

characteristic curve are calculated according to the parameters 

of the double-cage model identified by method 1 and method 3 

is shown in Figure 5 to Figure 8. It can be seen that the 

performance indexes obtained in this paper is closer to the 

manufacturer data. 

Table 8. Comparison of induction motor double-cage model parameters. 

IM Parameters 
1400kW 1250kW 

Method 1 Method 3 Method 1 Method 3 

Rs/pu 0.0763 0.0079 0.0271 0.0076 

Xs/pu 0.0403 0.0911 0.1122 0.0970 

Rr1/pu 0.0046 0.0053 0.0052 0.0051 

Xr1/pu 0.0638 0.1543 0.0926 0.1528 

Rr2/pu 0.2833 0.0365 0.0278 0.0439 

Xr2/pu 0.0574 0.0456 0.0216 0.0485 

Xm/pu 2.9589 2.7383 2.7980 2.8201 

 

Table 9. Comparison of the calculated and manufacturer performance 

indexes for motor double-cage model. 

IM 

Capacity 
Indexes Manufacturer 

Method 1 

Calculate 

Method 3 

Calculate 

1400kW 

P1(kW) 1464.45 1464.19 1411.63 

Q1(kVar) 750.26 750.27 816.45 

In(A) 95.0 94.99 94.15 

Pn(kW) 1400.0 1405.27 1389.22 

cosθn 0.89 0.89 0.8656 

ŋn(%) 0.959 0.9601 0.9845 

Km 2.38 2.3799 2.1834 

Kst 0.85 0.8484 1.1726 

KIst 6.43 6.4299 6.4201 

1250kW 

P1(kW) 1310.29 1309.64 1265.55 

Q1(kVar) 671.285 671.27 736.3948 

In(A) 85.0 84.97 84.5359 

Pn(kW) 1250 1255.99 1245.88 

cosθn 0.89 0.8899 0.8643 

ŋn(%) 0.959 0.9590 0.9845 

Km 2.29 2.2889 2.0782 

Kst 0.86 0.8619 1.1726 

KIst 6.04 6.0408 5.9901 

 

Figure 5. Comparison torque-slip curves for 1400kW induction motor 

double-cage model. 

 

Figure 6. Comparison current-slip curves for 1400kW induction motor 

double-cage model. 
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Figure 7. Comparison torque-slip curves for 1250kW induction motor 

double-cage model. 

 

Figure 8. Comparison current-slip curves for 1250kW induction motor 

double-cage model. 

7. Conclusion 

In the parameters identification of induction motor model, it 

is often considered that the stator parameters are proportional 

to the rotor parameters, which will cause some errors. 

In this paper, a new optimization model for parameters 

identification of induction motor model based on the 

manufacturer data is proposed, the model is aimed at 

calculating the minimum efficiency deviation, using the 

induction motor stator current, the input reactive power, the 

maximum electromagnetic torque and the starting parameters 

are equal to the manufacturer value as constraint conditions, 

adopting Sequential Quadratic Programming (SQP) algorithm 

to solve nonlinear model. 

The proposed mathematical model and algorithm were 

tested on a sample of 6 induction motors of different capacity, 

manufacturers, and rated voltage. The induction motor 

performance characteristics supplied by the manufacturer and 

used to identification parameters of induction motor are then 

calculated, using the equivalent circuit estimated parameters 

themselves. In all the studied cases, the calculated induction 

motors performance indexes are found to be in excellent 

agreement with the manufacturer data. Comparison with other 

methods shows that the induction motor model parameters 

obtained by this method can reflect the working characteristics 

of induction motors more accurately. 
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