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The aim of research is devel- vestigation does not exceed 0.5 % in rotation frequency and
opment of a mathematical model 10 % in respect to the moment of resistance. The resulting
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where Ω’ – the geometric mean root, the value of which is chosen from the condition of providing the required speed of the
observer Ω' = (5...10) ⋅ω1n ; A1 – the form factor, according to
the accepted standard linear Bessel form, equal to 1.73.
To ensure the greatest accuracy of the observer, it is desirable to implement it on the basis of a TAM complete mathematical model, performed in a fixed coordinate system [9]. For
this equation, the observer (3) should be converted to the form:
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The transformed equations correspond to the block diagram presented in Fig. 1.

b
Fig. 2. Changing the coordinates of the TAM state and their
assessment: a – rotational speed; b – resistance moment

4. Discussion

From Fig. 2 it can be seen that the estimated coordinates
of the state of the compressor electric drive are rather close
to their real values, and the observer’s error does not exceed
0.5 % in rotation frequency and 10 % in respect to the resistance moment. The increased value of the error in estimating
the resistance moment of the investigated TAM compared to
the estimated rotation frequency is explained by the presence
ˆ besides
of a second “stabilizing” additive T2 ⋅ L1 h i ⋅ M − M
ˆ .
J ⋅ L2 M − M
The resulting structure of the Luenberger observer allows
to build AED control systems of the hermetic compressor
closed in an observer.
In order to improve the accuracy of the estimation of the
moment of resistance, it is possible to further improve the
proposed structure of the Luenberger observer on the basis of
observers of reduced order.

Fig. 1. Block diagram of the linearized Luenberger observer
Analysis of equations (7) and the scheme in Fig. 1 allows
ˆ is in
to conclude that the “stabilizing additive” J ⋅ L 2 M − M
fact an estimated value of the moment of TAM resistance M̂r .
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3. Results

Research of the obtained scheme of the Luenberger observer is carried out using the data of the modernized TAM taken
from [10]. Since the nominal frequency of the modernized
TAM is f1n=100 Hz, the value of the geometric mean root characterizing the response of the Luenberger observer is assumed
to be Ω’=6280 s-1. This value corresponds to the coefficients of
the Luenberger matrix: L1=15958 and L2=–8110.
As a result of simulation modeling of the Luenberger observer together with the TAM of the SRU hermetic compressor
with the nominal frequency reference signal and nominal
compressor load, the average value of which is 0.3 N.m, graphs
of the rotation speed Ω and the resistance moment Mr of the
TAM under investigation are obtained, as well as estimates Ω̂
and M̂r the output of the observer (Fig. 2).

)

(

)

Acknowledgments. Sources of financing

The work was performed at the Department of Electromechanics and Mechatronics of the Odesa National Academy of
Food Technologies and the Department of Technical Fleet Operation of the National University «Odesa Maritime Academy» in
the framework of joint research conducted by the departments.

References
1. Saidur, R., Mekhilef, S., Ali, M. B., Safari, A., Mohammed, H. A. (2012). Applications of variable speed drive (VSD)
in electrical motors energy savings. Renewable and Sustainable Energy Reviews, 16 (1), 543–550. doi: https://doi.org/
10.1016/j.rser.2011.08.020
2. Li, Y. (2015). Variable Frequency Drive Applications in HVAC Systems. New Applications of Electric Drives. doi: https://
doi.org/10.5772/61782
3. Khan, M. R., Iqbal, A. (2012). Model reference adaptive system with simple sensorless flux observer for induction motor
drive: MRAS with simple sensorless flux observer for induction motor drive. 2012 IEEE International Conference on
Power Electronics, Drives and Energy Systems (PEDES). doi: https://doi.org/10.1109/pedes.2012.6484442

41

TECHNOLOGY
TRANSFER: FUNDAMENTAL
AND INNOVATIVE
TECHNICAL
SOLUTIONS, 2018
TECHNOLOGY
TRANSFER:PRINCIPLES
INNOVATIVE
SOLUTIONS
IN MEDICINE
4. Messaoudi M., Sbita L., Ben Hamed M., Kraiem H. (2008). MRAS and Luenberger Observer Based Sensorless Indirect
Vector Control of Induction Motors. Asian Journal of Information Technology, 7, 232–239.
5. Kubota, H., Matsuse, K., Nakano, T. (1993). DSP-based speed adaptive flux observer of induction motor. IEEE Transactions on Industry Applications, 29 (2), 344–348. doi: https://doi.org/10.1109/28.216542
6. Corriou, J.-P. (2018). Process control: Theory and applications. New York: Springer, 860. doi: https://doi.org/10.1007/9783-319-61143-3
7. Halahuz, T. A., Abramovych, O. O., Komnatska, M. M. (2010). Porivniannia rezultativ syntezu robastnykh system upravlinnia z vykorystanniam sposterihacha Kalmana ta sposterihacha Liuenberhera. Systemy upravlinnia, navihatsii ta
zviazku, 2 (14), 75–82.
8. Chuang, N. (2016). Kalman filtering speed estimation of vector control for induction motor drive. 2016 IEEE International Conference on Power System Technology (POWERCON). doi: https://doi.org/10.1109/powercon.2016.7753864
9. Krause, P., Wasynczuk, O., Sudhoff, S., Pekarek, S. (Eds.) (2013). Analysis of electric machinery and drive systems. New
York: Wiley-IEEE, 680. doi: https://doi.org/10.1002/9781118524336
10. Bukaros, A. Yu., Onishchenko, O. A. (2010). Modernizaciya upravlyaemyh privodov germetichnyh kompressorov. Elektrotekhnichni ta kompiuterni systemy, 01 (77), 58–63.

42

