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Abstract. In this paper, a sensorless control scheme using back-EMF observer for permanent magnet synchronous motor
drive (PMSM) is presented. Based on a general relationship between back-EMF and rotor position, observed rotor position is
calculated and corrected with position estimation error. To obtain the velocity information from the observed rotor position,
the velocity observer method and state of the art direct difference method are implemented and compared with each other.
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1. Introduction

Accurate speed information is crucial for a sensorless speed control of permanent magnet
synchronous motor drives (PMSM). Many approaches have already been successfully studied that
have advantages and disadvantages in their uses [1][2][3][4][5][6]. In this paper, two approaches are
compared and analyzed that obtain the speed information from the observed rotor position.

i

@y q u Ug
=O—[ o pO—— Po F——fda  fa
»

+ to *| Inverter

o o o T A

lq dq e af

L O | Speed L9« Position 3-
Observer * abc ‘—

- observer | M« to .
| Predictive position e Yp afd 5

estimation error

. &

Fig. 1. Sensorless control scheme of PMSM.
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Fig. 1 shows a sensorless speed control scheme for a PMSM using two observers. An implemented
compensation algorithm of position estimation improves the speed control performance. An effective
low complexity approach is requested to allow for a robust sensorless speed control.

2. Position estimation using back-EMF observer

The observer model of a PM synchronous motor in state space form using a fixed a-p coordinate
system can be represented by

R o -1 I
LS LS LS
R 1 1 1000
x=f 0 -— 0 —-——|x+/ 0 —l.uy= X,
* L L |~ L |2 {o 10 o}— (1)
0o 0 0 0 0 0
0 0 0 | o o]

where Z:[ia' i, Uy, upﬂ]T,g:[ua, uﬂ]T ,X:[ia,iﬂ]T and i,,izu,,,u,, are transformed current,
back-EMF and u,,u, are transformed voltages. The parameters R, and L are stator resistance and

inductance. The state vector xcan be determined with help of Luenberger Observer [1], that has a
observer gain L. The rotor position can be defined with respectto u,, und u,,[3] as

0= arctan(—upa /upﬁ) (2)
or
. u
0 =arccos| —— (3)
Up,” + U7

To minimize the effect of intrinsic rotor position estimation error in back-EMF based rotor position
observers for PMSMs, a self compensation approach was implemented [1]. The predictive estimation

position error is given by
e, =arctan(- o, L /r).

(4)

It depends on the angular speed @, of the rotor. Stator inductance L, and parameter r =1, /I, can be
calculated from elements of observer gain matrix

)
Cuo o
=7lo 1, 0 I,

of the Luenberger observer. The calculated position is obtained by
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0=0-¢,. (6)
3. Speed estimation

Using speed observer approach [2], first the electromagnetic torque T is calculated using the stator
currents

T:p'[l//Fiq_(Ld_Lq)idJ' (7
The rotor acceleration is @, =T /J (Fig. 3). This acceleration is integrated twice to produce the
theoretical angular speed @, and the theoretical rotor positiong,. The error e, = 8 -6, is transferred
to a PID controller to complete the observer loop. In order to correct the theoretical angular speed a,
the output of the PID controller is added to acceleration w, to keep the rotor inertia J out of the

observer loop, preventing the change of J from causing any changes of all other parameters in the
loop.
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Fig. 2. Speed observer with compensation. Fig. 3. Difference method.
The difference approach is illustrated in Fig. 4. The angular speed can be expressed by
o, =do/dt. (8)

Since measurements are contaminated by stochastic noise, a low pass filter is employed.

4. Results
4.1. Estimated results

The Specifications of the permanent magnet synchronous machine are summarized in Table 1. The
simulation results of the position observer with and without compensation are plotted in Fig. 4.

Table 1
Specifications of the permanent magnet synchronous machine
Parameters and constraints Value
Rated speed ny 6000 [rpm]
Standstill torque Ty 7.1 [Nm]
Maximum permitted motor current |y 55.8 [A]
Stator resistance Rs 0.62 [Q]

Stator inductance (quadrature axis) Lq 0.005 [H]
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Stator inductance (direct axis) Lq

Number of pole pairs p

0.005 [H]
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Fig. 4. Position observer.
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In the beginning, the observed position with and without compensation are similar to the measured
rotor position. The observer error of the standard position observer augments as rotor speed ascends.
The diagrams evidently demonstrate that due to the compensation the observed position maintains
almost identical to the measured rotor position. Thereby, this scheme can guarantee the accuracy of
position estimation, and furthermore provides an adequate speed estimation in succeeding research.

4.2. Control results

The speed control results on the test bench from two approaches of online speed estimation are
shown in Fig. 5. Overshoot occurs in the observed speed with the compensation. By comparison,
although having a tiny time delay around 8 ms to the measured speed, the control result of the
difference method with less intricacy is much more stable when compared to the former.


http://dict.leo.org/ende?lp=ende&p=Ci4HO3kMAA&search=comparison&trestr=0x8001�

L. An and K. Hameyer / A comparative study of sensorless speed control 5

Lo . eelnd il el
v — e gyl adaleslebelele
I

Rotor speed [rad/s]

Speed observer
= = = Difference approach
Measured speed -

i i i

0.05 0.1 0.15 0.2 0.25 0.3 0.35
Time [s]

i i

Fig. 5. Speed control results.

3. Conclusions

This paper presents a sensorless control approach based on a state observer to control the speed of
permanent magnet synchronous motor. The work performance of the EMF observer with
compensation is superior to standard position observer on the test bench. It is shown that, the
difference approach in comparison to speed observer is more suitable for a robust sensorless speed
control.

References

(1]

2]
[3]
[4]

[5]

(6]

M. Tursini, R. Petrella, A. Scafati, Speed and position estimation for PM synchronous motor with back-EMF
Observer, Industry Applications Conference, 2005, Fourtieth IAS Annual Meeting, Conference Record of
the 2005.

G. Ellis, Observers in control systems, Elsevier Science (USA), 2002.

K. Paponpen, M. Konghirun, An Improved Sliding Mode Observer for Speed Sensorless Vector Control Drive
of PMSM, Power Electronics and Motion Control Conference, 2006. IPEMC 2006.

Holtz, J., Developments in Sensorless AC Drive Technology, Power Electronics and Drives Systems, 2005.
PEDS 2005.

G. Terorde, K. Hameyer, G. Deconinck, and R. Belmans, Design and implementation of an extended Kalman
filter for sensorless control of a permanent magnet synchronous motor without phase voltage measurement, in
3rd Chinese International Conference on Electrical Machines (CICEM” 99) Vol.2, pp. 683-686, Aug. 1999.

G. Terorde, J. Van den Keybus, K. Hameyer, and R. Belmans, Control of permanent magnet AC motor drives
without a shaft sensor, in 4th International Conference on Design to Manufacture in Modern Industry-DMMI’

99, pp. 608-616, Sept. 1999.


http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4777932�

	2. Position estimation using back-EMF observer

