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Performance Analysis of Refined Induction Motor Models
Considering Iron Loss

Wan Jun Yin1, 2 and Tao Wen1, *

Abstract—In the applications such as induction motor efficiency optimization and electric vehicle
speed control, the influence of the iron loss cannot be ignored. In order to improve the running
efficiency of induction motor, the ordinary differential equations (ODE) and difference equations (DE)
of induction motors considering iron loss have been established. The results show that the proposed
refined ordinary differential equations and difference equations of induction motors considering iron loss
and its simulation models are believable, and simulated and experiment results have demonstrated that
the models perform well.

1. INTRODUCTION

Among various types of AC motors, induction motors, especially squirrel cage motors, are most
commonly used in industry due to their economy, reliability, and durability. However, the research on
the establishment and control of motor model is often considered ideal, without considering the iron loss.
In practice, iron loss resistance is a function of frequency, and the equivalent magnetization reactance
is also a variable value and a function of main magnetic flux [1, 2]. In order to control it accurately,
it is necessary to study the simulation of motor control considering the actual situation. Although the
development of variable frequency speed regulation technology has greatly reduced the losses of induction
motors, the problem of low light load operation efficiency still exists. Today, energy problem is becoming
more and more serious. It is of great significance to study the energy saving problem of variable frequency
speed regulating induction motor under light load and improve its operation efficiency for saving energy
and controlling environmental pollution. The mathematical models of ordinary differential equation
and difference equation of induction motor considering the effect of equivalent resistance of iron loss are
established.

Because the states and parameters are separated clearly in the ODE representation of the induction
motor mathematical model, establishing a parameter variable simulation model is very easy [3–7], and
the parameter can be changed during the simulation in arbitrary form.

2. ODE AND DE OF INDUCTION MOTORS CONSIDERING IRON LOSS

2.1. ODE of Induction Motors Considering Iron Loss

The equivalent Circuit of Induction Motor Considering Iron Loss under dq Axis of Synchronous Rotating
Coordinate System is shown in Fig. 1.
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Figure 1. Equivalent circuit of induction motor considering iron loss [1].

Based on Fig. 1 according to the Kirchhoff’s law, the voltage equations and current equations of
the iron loss equivalent branch are as follows.⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

Lm
didm

dt
− ωeLmiqm = idFeRFe

Lm
diqm

dt
+ ωeLmidm = iqFeRFe

ids + idr = idm + idFe

iqs + iqr = iqm + iqFe

(1)

the stator side and rotor side voltage equations are given as follows.⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
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dt
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(2)

where ids and iqs are the d-axis and q-axis stator currents; RFe is the equivalent iron loss resistance; ωe

is the power angle frequency; ωr is the rotor electrical angular frequency; idm and iqm are the d-axis and
q-axis magnetizing currents, A; uds and uqs are the d-axis and q-axis stator voltages; ψdr and ψqr are
the d-axis and q-axis rotor flux linkages; Lσs is the stator leakage inductance; Lσr is the rotor leakage
inductances; Lm is the mutual inductance; Rs is the stator resistance; Rr is the rotor resistance.

ODE of the induction motor considering the iron loss is as follows.⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
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Te =
PLm

Lσr
(iqmψdr − idmψqr) (4)

dωr

dt
=
P

J
(Te − TL) (5)

where Ls is the stator inductance, Lr the rotor inductances, TL the load torque, P the number of pole
pairs, and J the inertia moment.

2.2. DE of Induction Motors Considering Iron Loss

Similarly, the difference equations can be obtained from ordinary differential equations⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
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(6)
where T is the sampling period. The torque equation and motion equation are as follows

Te(k) =
PLm

Lσr
(iqm(k)ψdr(k) − idm(k)ψqr(k)) (7)

ωr(k + 1) = (Te(k) − TL(k))
PT

J
+ ωr(k) (8)

3. BUILDING SIMULATION MODEL IN MATLAB

Matlab is very popular simulation softwares in the power electronics fields [4–11]. In order to verify the
correctness of the induction motor model considering iron loss, a simulation model as shown in Fig. 2
is established.

Figure 2. Simulation model of induction motor considering iron loss.
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The simulation key C code is as follows:
A11=-(Rs+RFe)/LIs;
A13=(Lr*RFe)/(LIs*LIr);
A15=-RFe/(LIs*LIr);
A33=-(Lr*RFe)/(Lm*LIr);
A35=RFe/(Lm*LIr);
A53=(Lm*Rr)/LIr;
A55=-((Lm*Rr)/(Lr*LIr)+(Rr/Lr));
x1=ids+(A11*ids+We*iqs+A13*idm+A15*Psidr+Ud/LIs)*delt;
x2=iqs+(A11*iqs-We*ids+A13*iqm+A15*Psiqr+Uq/LIs)*delt;
x3=idm+((RFe/Lm)*ids+A33*idm+We*iqm+A35*Psidr)*delt;
x4=iqm+((RFe/Lm)*iqs+A33*iqm-We*idm+A35*Psiqr)*delt;
x5=Psidr+(A53*idm+A55*Psidr+(We-Wr)*Psiqr)*delt;
x6=Psiqr+(A53*iqm+A55*Psiqr+(-(We-Wr))*Psidr)*delt;
ids=x1,iqs=x2,idm=x3,iqm=x4,Psidr=x5,Psiqr=x6;
Te=((pm*Lm)/LIR)*(iqm*psidr-idm*psiqr);
Wr=Wr+(((Te-TL)*pm)/J)*delt
n=30*Wr/(pm*3.1415926);

4. MODEL VALIDATION

In order to verify the correctness of the proposed user-defined simulation models established, the models
are compared with the library model provided by Matlab, and a induction motor is employed in the
experiments. The parameters are given in Table 1.

Table 1. Induction motor parameters comparison.

Parameter Value
Rated power PN 1.5 kW
Rated voltage UN 380 V
Rated current IN 2.75 A

Rated frequency fN 50 Hz
Rated speed nN 2800 r/min

Rated Load torque TN 15.48 Nm
Stator resistance Rs 4.26 Ω
Rotor resistance Rr 4.08 Ω
Stator inductance Ls 0.356 H
Rotor inductance Lr 0.381 H

Mutual inductance Lm 0.338 H
nertia moment J 0.018

Pole pairs p 1
Referred iron loss resistance RFe 1585

Figure 3 gives the comparison results between the actual operation data and the proposed model
simulation curves. The actual induction motor is driven by an inverter employing the variable voltage
variable frequency (VVVF) operation mode. The frequency command rises from 0Hz to 50 Hz within
2 s, and the induction motor runs at no load. It can be seen that the proposed models can give nearly
fair numerical analog for the actual induction motor. The correctness and validity of the model are
further verified.
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(a) (b)
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Figure 3. Comparison between numerical solution of proposed simulation model and actual operation
data of induction motor. (a) Speed wave forms. (b) Current wave forms comparison when induction
motor starts. (c) Current wave forms comparison at steady state.

5. CONCLUSION

In this paper, the ordinary differential equation and difference equation models of induction motor
considering iron loss are established and compared with MATLAB motor simulation model. The
simulation results verify the accuracy of the model.

In future work, we will explore a simpler and more accurate induction motor model for the purpose
of improving the operation efficiency of the motor.
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