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THE LUENBERGER-PENG OBSERVER ANALYSIS FOR
SENSORLESS VECTOR CONTROL SYSTEMS OF
INDUCTION MOTORS

OLIMPIU STOICUTA!

Abstract: The article presents the analysis by numerical simulation in Matlab-
Simulink of the rotor's flux Luenberger observer assembly coupled with a Peng speed observer.
The proposed estimator is use in sensorless vector systems of induction motors.
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1. INTRODUCTION

The dynamic performances of sensorless vector control systems depends on
the accuracy of the online estimates made by the observers used.

The best-known observers used in sensorless vector control systems are
extended Luenberger observer [10], [11], [12], extended Kalman filter [6], [8], MRAS
observer [19], [22], extened Gopinath observer [14], [15], [21], MRAS speed observer
coupled with rotor flux Gopinath reduced-order observer [7], [30], and Peng speed
observer [17], [18] coupled with rotor flux Gopinath reduced-order observer [27].

The above-mentioned estimators are sensitive to changes in the electrical
parameters of the induction motor and have stability problems in the area of very low
operating speeds [3], [16], [22], [28].

Research in the last three decades in the field of sensorless vector control
systems of the induction motor has focused on reducing the problems mentioned
above, [20], [25], [26], [29]. In this regard, the article proposes a method for
simultaneously estimating the speed, modulus and position of the rotor's flux phasor
using a Luenberger rotor flux observer coupled with the Peng speed observer.

The proposed estimator is study in Matlab — Simulink. The article presents in
detail the implementation in an S-Function block of the Luenberger observer, adapted
according to the estimated speed with the Peng observer.
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2. MATHEMATICAL MODEL OF THE INDUCTION MOTOR

The equations defining the mathematical model of the induction motor are [1],
[9]. [16], [24], [32].
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In the mathematical model above, the following notations are used:

e i, -stator current phasor; y - rotor flux phasor; u, - stator voltage phasor; o, -

induction motor rotor speed; M, - load torque; M, - electromagnetic torque; M, -

friction torque;
o electrical parameters: R, R, - stator and rotor resistance; L, L, - stator and rotor

inductance; L, - mutual inductance; T,, T, - stator and rotor time constant;
e mechanical parameters: J - rotor inertia; F - friction coefficient; z, - number of
pole pairs.

3. THE LUENBERGER-PENG OBSERVER

The equations that define the rotor flux Luenberger observer are [10],[11],[12]:
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The coefficients of the Luenberger amplification matrix are:

Iau _|a12
la, -la,,
la,, la,
The elements of Luenberger matrix are [10], [11]:
|a11 = (1_ k)'(au + ass)
la, =2, -(1-k) )

la,, =—y-la,,
|a212(331+7'ail)'(1_k2)_7'|a11

where y=1/4a,, and k is the proportionality factor between the eigenvalues of the
estimator and the eigenvalues of the induction machine (k >0).
From relations (3) and (4) is observed that the matrices A and L adaptation

according to the rotor speed, which is estimated with the Peng observer. The block
diagram of the Peng observer is in Fig. 1.
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Fig. 1. The Peng speed observer

The following relations define the Peng speed observer [17], [18].
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e The reference model
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In relation (7), i, represent of the magnetization current phasor
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In the above relationships e, and €, is real and estimated induced back

counter electromotive forces (e.m.f) phasors.
The block diagram of the Peng-Luenberger observer is in Fig. 2.
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Fig. 2. The Peng-Luenberger observer
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The adjustable model of Peng observer and Luenberger observer are adapted
according to the estimated speed of the induction motor.

4. THE MATLAB-SIMULINK SIMULATION PROGRAM OF THE
LUENBERGER-PENG OBSERVER

The Luenberger-Peng observer is study in Matlab — Simulink. The Matlab-
Simulink simulation program of the Luenberger-Peng observer is in Fig.3.

LUEMBERGER

| *

Fig. 3. The Matlab-Simulink simulation program of the Luenberger-Peng observer

The internal structure of the Peng observer is in Fig.4.

Adjustable

Fig. 4. The internal structure of the Peng observer
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On the other hand, the reference model and the adjustable model from the Peng
obsererver's component are in Fig.5

edm_e

eqm_e

Fig. 5. The reference model (a) and the adjustable model (b) from the Peng observer.

The Luenberger observer is implemented in Matlab-Simulink based on an S-Function
block [23], [24], [33]. The internal structure of the Luenberger block is shown in Fig.6.

Fig. 6. Luenberger observer internal structure

The S-Function block which implements the Luenberger estimator is denoted
“L1” in Fig.6.
The following figure shows the M-File code associated with this block.



THE LUENBERGER-PENG OBSERVER ANALYSIS FOR SENSORLESS VECTOR
CONTROL SYSTEMS OF INDUCTION MOTORS

function|[sys, x0]=Luenberger (t,x,u, flag, zp,Rs,Rr,Ls, Lr, Lm)
k=1.2;

Ts=Ls/Rs;

Tr=Lr/Rr;

sa=1-(Lm"~2)/ (Ls*Lr) ;
all=-1/(Ts*sa)-(l-sa)/ (Tr*sa);
al3=Lm/ (Ls*Lr*Tr*sa) ;

ald=ILm/ (Ls*Lr*sa) ;

a3l=Lm/Tr;

a33=-1/Tr;

bll=1/(Ls*sa);

ga=1/al4;

if abs(flag)==
lall=(1-k)*(all+a33);
lal2=zp*u(5)* (1-k);

la22=-ga*lal2;
la2l=(a3l+ga*all)*(1-k~2)-ga*lall;
La=[lall -lalZz;

lal2 1lall;

lazl -l1laz22;

laz2 1laZ2l];

RAa=[all O al3 ald*zp*u(5);

0 all -ald*zp*u(5) al3;

a3l 0 a33 —-zp*u(5);

0 a3 zp*u(s) a33];
Ba=[bll 0;

0 bll;

0 0;

0 017
Xa=[x(1);x(2);x(3);x(4)]1;
Ua=[u(3);u(4)1;

Ma=[u(l)-x(1);

u(2)-x(2)1;
sys=Ra*Xat+Ba*Ua+La*Ma;
elseif flag==

SYS=X;
elseif flag==

sys=[4 0 4 5 0 0];

x0=[0;0;0.001;0];
else

sys=[];
end

Fig. 7. The M-File code of the “L1” block.

The estimated speed of the adaptation mechanism of the Peng observer is
filtered through a low pass filter (see Fig. 4).
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5. THE SIMULATION RESULTS

The Luenberger-Peng observer is tested by simulation in Matlab-Simulink
within the sensorless vector control system, shown in Fig. 8.

[ T

M
)

Fig. 8. The block diagram of the sensorless vector control system.

The main blocks within the vector control systems are defined by the
following equations [16], [21], [25], [26], [27]:
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o the field weakening block (SF)

Yo jp < ZE M
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where: U __ =U, \E Uy is the rated voltage; fy is rated frequency; nn [rpm] is the

rated speed of the induction motor.
The five automatic controllers of the sensorless vector control system are
Proportional Integral-type (PI) [13].

G(S)ZK"'(“T_ls] ' n=1234,5 (14)

The Matlab-Simulink simulation program of the sensorless vector control
system is in Fig.9.
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Fig. 9. The Matlab-Simulink simulation program of the sensorless vector control system
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The transistors within the static frequency converter with intermediary
continuous voltage circuit are considered of ideal commutation. Within simulation, the
CSF disregards the mathematical models of the semiconducting devices.

Within the PWM modulator, the carrier is of isosceles triangle type having a
frequency of 5 [kHz]. The modulation technique is based on a modified suboscillation
method. This way, over the stator's reference voltages is injected the 3rd degree
harmonic of the phase voltage, having amplitude of 1/6 of the fundamental reference

voltage [5].

The sensorless vector control system are simulated in Matlab-Simulink using
an induction motor of 4 [kKW]. The electrical and mechanical parameters of the
induction motor are given in the Table 1.

Table 1. Induction Motor Parameters

Name Value Name Value
Rs | Stator resistance 1.405[Q] Pn Rated power 4 [kW]
Ry Rotor resistance 1.395[Q] nn Rated speed 1430[rpm]
Ls | Stator inductance 0.178039 [H] Zp Number of pole pairs 2
L | Rotor inductance 0.178039 [H] fn Rated frequency 50 [HZz]
Ln | Mutual inductance 0.1722 [H] Un Rated voltage 400 [V]Y
J | Motor rotor inertia 0.0131[kg-m?] Mn Rated torque 27 [N-m]
F | Friction coefficient | 0.002985 [N-m-s/rad] | M Friction torque 3.4 [N-m]

The internal structure of the control block with with direct orientation after
rotor field (DFOC), is presented in Fig.10.
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Fig. 10. The Matlab-Simulink program of the DFOC block

Luenberger-Peng
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Because the first frequency which appears in the stator voltages spectrum is the
triangular waveform frequency, both the currents and the stator voltages will be filtered
with two pole Butterworth filters, which have de cutoff frequency set 500 [Hz].

The cutoff frequency of the filters is correlated with the frequency of the
triangular signal within the inverter, in order to have an optimal aliasing.

The Dormand — Prince (ode45) method is used in the simulation, with a
relative and absolute error of £ =10"°.

The rest of the constants used within the simulation are presented in Table 2.

Table 2. Simulation Parameters

Name Value Obs.
K Parameter of proportionality 370.5764
T, Time of integration 0.1276 The rotor flux controller
K, Parameter of proportionality 0.0442
T, Time of integration 0.001 The torque controller
Ks Parameter of proportionality 0.8733
T3 Time of integration 0.0298 The speed controller
Ka; Ks Parameter of proportionality 11.4865
T4;Ts Time of integration 0.0042 The current controllers
Ko Parameter of proportionality 462.6377 Adaptation mechanism of
Ki Parameter of integration 3624933 Peng observer
k Parameter of proportionality 1.2 The Luenberger observer

The simulated program from Fig.9, was compiled and ran on a humeric system
operating Windows 10- 64b. The hardware structure of the system is built around an
17-4720HQ processor (2.6GHz), with 8 GB of available RAM.

The Luenberger-Peng Observatory was analyzed in two cases:

e Case 1. When the vector control system operates in the area of low speeds (60
rpm) and medium speeds (1000 rpm). In this case, the electrical parameters of the
induction motor are unaltered.

e Case 2. When the vector control system operates in the area of low speeds (60
rpm) and medium speeds (1000 rpm). In this case, it is considered that the
induction motor is preheated. As such, in the initial moment, the rotor resistance is
considered with 5% higher than the rated value.

In simulation test when the vector control system operates at medium speeds
(1000 rpm), the induction motor is functioning under load, having at its ax a load
torque equal to that of the rated torque of the induction motor.

When the vector control system operates at low speeds (60 rpm), the induction
motor is functioning under load, having at its ax a load torque equal to 5 Nm.

For each analyzed case, the time variation of the imposed, estimated and
measured speed of the induction motor is highlighted, as well as the time variation of
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the imposed, estimated and real rotor flux phasor module. The obtained results are
presented in the following figures.
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Fig. 11. Simulation results — Case 1

From the Fig.11, it is observed that the modulus of the rotor flux phasor is
estimated very well, the stationary error being a very small one. In the transient period
the estimated rotor flux phasor module has an overshoot of 54%. In the case of the
rotor flux phasor modulus, the settling time is 0.03 [s].

On the other hand, from Fig.11 it is observed that the stationary error of the
estimated/measured speed of the induction motor is a small one. Notable differences
occur during the start of the induction motor. Disturbance (load torque) rejection time
is approximately 0.15[s].

The maximum deviation of the estimated/real speed from the imposed speed
when starting of the induction motor is 250 rpm (case 1.a), respectively 61 rpm (case
1.b). On the other hand, overshoot obtained at time 0.32 [s], is 4.5%. In the case of the
speed, the settling time is 0.1 [s].
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In order to obtain better transient dynamic performances two-degrees-of-
freedom PI speed controllers with can be used [2], [4], [31].
The simulation results for case 2, are presented in Fig. 12.
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Fig. 12. Simulation results — Case 2

From the Fig.12, it is observed that the modulus of the rotor flux phasor is
estimated very well, the stationary error being small one. On the other hand, in terms
of the estimated rotor flux phasor modulus, the value of the overshoot is the same
(54%). Notable differences in this regard occur in the case of the real rotor flux phasor
module, in this case the overshoot increases, being 60%. In the case of the real rotor
flux phasor modulus, the settling time is 0.15 [s] (case 2.a), respectively 0.35 [s] (case
2.b). In the case of the estimated rotor flux phasor modulus, the settling time remains
the same (0.03 [s]).

On the other hand, the stationary error of the estimated speed of the induction
motor is a small. Regarding the stationary error of the measured speed of the induction
motor, this is about 2 rpm. Disturbance (load torque) rejection time is approximately
0.9 [s] (case 2.a), respectively 0.22 [s] (case 2.b).
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The maximum deviation of the measured speed from the imposed speed when
starting of the induction motor is 145 rpm (case 2.a), respectively 55 rpm (case 2.b).

On the other hand, the maximum deviation of the estimated speed from the
imposed speed when starting of the induction motor is 340 rpm (case 2.a), respectively
227 rpm (case 2.b). The overshoot obtained at time 0.32 [s], is 4.1%. In the case of the
speed, the settling time is 0.1 [s].

In this case, in order to increase the dynamic performances, a Luenberger-Peng
observer can be made that adapts according to the rotor resistance.

6. CONCLUSIONS

Very good dynamic performances of the Luenberger-Peng observer make it a
very good solution in sensorless vector control systems, when you want to estimate in
tandem the speed, modulus and position of the rotor flux phasor of the induction
motor.

Compared to the speed observer proposed by C. Schauder, the Luenberger-
Peng observer has no problems with pure integration within the reference model.

Compared to the adaptation mechanism of the extended Luenberger observer
(ELO) proposed by H. Kubota and adaptation mechanism of the MRAS observer
proposed by C. Schauder, the Peng speed observer is more complex, requiring a
number of more mathematical operations.

Following the tests performed, we can say that the Luenberger-Peng observer
is less robust to the variation of the rotor resistance, compared to the ELO observer and
the MRAS observer. This disadvantage can be eliminated by means of a Luenberger-
Peng observer that adapts according to the stator resistance and the rotor resistance.

The simulation programs used to test the Luenberger-Peng observer are
presented in detail offering a useful support for experts within automations and
electrical engineering.
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