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ABSTRACT

The paper presents a steady state Fictitious Quantity (Y) Model Reference Adaptive System (MRAS) to estimate the speed for a vector controlled Permanent
Magnet Synchronous Motor (PMSM) drive. The affordability, consistency, compatibility, and environmental considerations are all advantages of the speed
sensorless drive. In this paper the rotor reference frame, MRAS models are put up by using the voltages of reference and the currents that are actual. This
method requires minimal computing time and uses simple equations that do not include integration or differentiation terms. As a result, any changes in
machine parameters will have no effect on the drive's performance. In comparison with MRAS based speed estimation technique, the presented Y-MRAS
based speed estimator performs satisfactorily for PMSM drive at varied speeds and load conditions. The proposed speed estimation technique is validated
using MATLAB/SIMULINK computer simulation.
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Abbrevation

PMSM — Permanent Magnet Synchronous Machine
MRAS - Model Reference Adapyive System
Y-MRAS - Fictitious Quantity Model Reference Adaptive System

1. INTRODUCTION

The PMSM is more commonly used in applications like as electric vehicles and industrial automation. Because of its efficacy, light in weight, very apt in
volume, and having a very high-power density, the PMSM is becoming more sought after. Because of its strong dynamic reaction, the vector-controlled
drive is more prominent in industrial applications [2]. In order to have a speed-control in a loop and coordinate transformation, the drives need the rotor
speed information. As a result, a speed sensor or speed estimator are necessary. Most often, the rotor shafts are mounted by the speed sensors, that
increases inertia and diminishes the system's noise withstand ability. The system will be mechanically robust and inexpensive if the speed estimator is
used in the drive. For a sensorless speed PMSM drive, numerous speed estimation algorithms are presented [3]-[4]. Few of those speed estimation
techniques are Back-EMF based method [5]-[6], Observer-based method [10]-[11], Artificial intelligence-based methods [12]-[14], Signal Injection based
approach [7]-[9] and Model-based approach [15]-[19].

Back EMF-based estimation techniques estimate rotor speed using back EMF (e); this technique works well at greater and average speeds. At lower or
zero speed operation, however, becomes negligible and cannot be traced. When this technique is combined with Sl technique sensitivity to machine
parameters, makes estimating speed extremely difficult. The Sl-based technique roughly calculates speed based on machine saliency and it is the one and
only technique that executes well at zero speed. Nonetheless, an external hardware is needed for large frequency Signal injection and for drawing out the
position. When both e- and Sl-based methods are combined the combination exceeds all other techniques, with the benefits of higher and lower-speed
operation, respectively; But this scheme is exorbitant.
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The methods or the techniques based on Observers (like the Kalman filter, extended Luenburger observer, and sliding mode observer) are more
susceptible to machine parameters and have a higher level of complexity. The main benefit of these observers’ approach is that the parameters are treated
as the state variables that can be estimated along with speed of the shaft. Although, the Kalman filter necessitates beginning conditions, whereas the e- and
Sl-based methods necessitate filters, reducing their benefits.

The MRAS calculates functional candidates in adjustable and reference models and these models have been expressed differently but, the quantities are
equal. The reference model is unaffected by the unknown quantity (in this case, speed), whereas the adjustable model is affected. Errors are generated by
the difference between these two variables, and this difference between these two models been sent to the adaption mechanism. Here adjustable model is
tuned using the PI output (i.e., speed); this process is repeated until the error is zero. Stability, simplicity, and reduced computational complexity are all
advantages of these MRAS-based approaches. They don't require any additional hardware, don't have integrator or differentiator terms, and are least
reliant on motor settings. Alternative techniques, like artificial intelligence (fuzzy logic, ANN and other techniques), are newer methods. But they take a
lot of memory for the system to be trained and it is complicated to construct.

The proposed technique overcomes the problems of the other speed estimation techniques like Q-MRAS in the situation of zero crossing. In this paper the
Y-MRAS speed estimate technique is compared to MRAS speed estimation techniques under various speed and load scenarios. The speed estimation
technique appears to function effectively under a variety of machine parameters, speeds, and loads.

The second portion discusses machine modelling. The MRAS speed estimation technique and a proposed speed estimation technique are discussed in
Secession I1l. This approach is implemented by using MATLAB/SIMULINK, and simulation results are shown to demonstrate the performance of
estimated algorithm in the fourth secession and conclusion in secession V.

2. MODELLING OF PMSM

The equation states the PMSM stator voltages that are allocated to the rotor reference frame on the d and g axis [3].

v R, + pL —w;L, i
(ds): s + Ly sl (_ds)+( 0 )(1)

Vgs wsLyg Rs + qu Igs [/
Where 'A,¢" denotes the flux linkage between the stator and rotor mutually, which is caused by the permanent magnet (PM back EMF constant), and 'Lq' is
‘q’ axis stator inductance and 'Ld" is the 'd'-axis stator inductance,‘p’ denotes the term (‘d/dt ) which is a derivative. 'Rs' is the resistance of the stator, and
[s=P[l,where these[Jsand (1, are the rotor speeds in mechanical speed and electrical speed that are in rad/sec, and the 'P' denotes the number of poles in

pairs.
The equation (2) states the developedelectromagnetic torque:

3 . ..
To = (3) PligsAar + (La = Lq)iasios} @)
Equation (3) states the electromechanical (T.) governed by PMSM drive's:
dw,
Te_Tszd_t+Bwr (3)

Here, PMSM is non-salienthaving back-EMF which is a sinusoidal waveform. Where ‘B’ is friction coefficient and ‘J’ is inertia of the motor, ‘T.” and
‘T’ denotes electric torque and load torque, respectively.

3. TECHNIQUES TO ESTIMATE SPEED

A. Speed Estimation Technique by MRAS

The main advantage of usingMRAS estimation technique is that it has an easy algorithm that is straightforward to build or construct in a digital control
system, as well as a faster adaption speed. The PMSM sensorless control has been suggested and implemented using this method. Basically, MRAS has
two modelsi.e, the reference model, and the other one is the adjustable model. The deviation signal from these two modelsoutput is sent to the adaptation
mechanism here it is a PI controller, and the adaptation mechanism's output is the estimated speed. For PMSM speed estimation, a stator current based
MRAS is used. Here the reference model is PMSM itself, while the stator current model's g-axis and d-axis equations are employed as the adjustable
model shown in Fig.1.
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Fig.1: Basic block diagram ofMRAS speed estimation technique

B. The Y-MRAS-Based Speed-Estimation Technique

Y is expressed as the expressions for the reference and adjustable MRAS models[1].
yl = vz;s iqs - Ut;s ids (4)
Substituting (1) in (4):

di  diy
o Lo T

Y, = Ry(i% — i4,) + (Lqi ) + Wgigsias(La + L)
+wsigs Adqr (5)

In a steady-state situation, Y1 and Y2 are:

Yy = Ro(i% — i3;) + wsigsias (Ly + Lg) + wsigsdes  (6)

The vector control condition ids=0, where Y3 becomes

Yy = Ryil + wygigsdyy )

Y2 and Y3 are dependent on all machine parameters in Equation. 4-7, and noise is enhanced due to the existence of these machine parameters. As a result,
the adjustable and reference models are Y4 and Y1, respectively, as shown in Figure 2. Y1 is shaft-speed independent, whereas Y4 is shaft-speed

dependent.
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Fig.2: The Y-MRASbased speedestimation technique

The designed PI controller is used to pass the error developed in Eq. 9. The adjustable quantity is tuned using the output (i.e., the estimated rotor
speed)from equation 8; this process repeatstill the inaccuracy is zero. The rotor position from the speed is given in equation 10. Figure 2. shows the speed
estimation technique of Y-MRAS. Figure 3. shows the block diagram of PMSM with Y-MRAS speed estimation technique.

wf =k, xe, +k; fot gydt + w;(0) (8)
&y = (Vpsigs — Visias) — (RsiZs + wyPigsAar)  (9)

Pms = fwsdt =Ppmy = Pf w,dt (10)
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Fig.3 Block diagram of speed sensorless PMSM drive with modified Y-MRAS based speed estimation technique

4. SIMULATION RESULTS

In this section the simulation results of sensorlessspeed control of PMSM using Y-model reference adaptive system is shown and these results are
compared with a model reference adaptive system using MATLAB/Simulink.

speed in rpm vs time
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Fig.4(b) ids actual and reference currents.

Here the Y-MRASbased speedestimation technique for a sensorless speed control of PMSM drive shown in (Figure-3) was tested using
MATLAB/SIMULINK software at different speed and load condition, and the results are presented accordingly.To, evaluate the balanced three-phase
stator currents, the drive used two currents. With the estimated speed, the speed loop was closed, and the position was taken outfrom the speed in a closed
loop and was used in the Clarke and Park frame transformation. Table.1 shows the parameters of the machine that were gathered. The recommended

n nne
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approach has a good track record. The currents of the machine are in the d- and g-axes rotor reference frames. Which indicates that the vector control is
working properly and displays the torque component current.

The machine is started under no load with a reference speed of 400rpm is in Figure 4; The reference, shaft, and estimated speed are shown in 4(a). In the
rotor reference frame, figure 4(b & c) displays the reference and real stator currents. The current ids=0 denotes the vector control drive, while igs denotes
the current of the torque component. Figure 4 (d) show the reference voltages, in d and g-axis and 4 (e) shows the position for PMSM using the MRAS

speed estimate technique.
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Fig. 4(c) igs actual and reference currents.
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Fig. 4(d) d and g axis reference voltages.

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Fig. 4(e)
The machine is started under no load with a reference speed of 400rpm is in Figure 5; The reference, shaft, and estimated speed are shown in 5(a). In the
rotor reference frame, figure 5(b & c) displays the reference and real stator currents. The current ids=0 denotes the vector control drive, while igs denotes
the current of the torque component. Figure 5(d) shows the reference voltages, in d and g-axis and 5(e) shows the position for PMSM using the Y-MRAS

speed estimate technique.
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In Fig. 6, the machine is working at 1Nm load having the reference speed of 600rpm; speed characteristics are shown in Fig. 6(a) where the refence, shaft

and estimated speed are shown using MRAS and Fig.6(b) shows the refence, shaft and estimated speed using Y-MRAS speed estimation technique.
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In Fig. 7, when the machine is working at 1Nm load having the reference speed of 600rpm:; it is observed that the ripple content is more using MRAS
speed estimation technique shown in Fig. 7(a) compared to Y-MRAS speed estimation technique shown in 7(b).
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Fig. 7(a)
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Fig. 7(b)

TABLE I. MACHINE PARAMETERS

Stator phase winding 2.875Q
resistance (Rs)
Pole pair (P) 4
direct-axis inductance (Ld) 8.5mH
quadrature — axis 8.5mH

inductance (Lq)”

Mutual flux linkage between 0.175
rotor and stator due to
permanent magnet (Aaf)

Machine inertia (J) 4.8uKgm?

5. CONCLUSION

The paper presented here is a sensorless speed vector control PMSM drive speed estimate technique that is independent of machine parameters. This
technique does not require an integrator or a differentiator, which simplifies the system's complexity. The Y-MRAS speed estimation technique has less
ripple during steady state than the MRAS speed estimation technique. The results reveal that the improved Y-MRAS speed estimator performs
satisfactorily.
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