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Abstract This paper investigates a comparison between the sensorless vector control method based on MRAS
(Model Reference Adaptive System) using SVPWM (Space Vector Modulation) and the control method of the
PMSM (Permanent Magnet Synchronous Motor) Based on anti-saturation current controller. MRAS algorithm is
based on comparison between the estimators. The error between the estimated quantities obtained by the two models
is used to evaluate the rotor speed that started in order to create an optimum vector control method. This method is
compared with vector control based on anti-saturation current control block. That created in order to reduce the
ripple in vector control current. These two control method were simulated in MATLAB and after comparing the
current THD(Total Harmonic Distortion) of the two methods, it was observed the vector control based on anti-
saturation block with shaft encoder has bigger volume, less current ripple and more cost than sensorless method.
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1. Introduction

Permanent magnet synchronous machines (PMSM)
with regard to their many features, are widely used in a lot
of industries, it is the main competitor of the induction
motor in industrial equipment. The main reason for using
this motor is usage of a permanent magnet excitation
instead of stimulation winding that has made high
efficiency motors.

On the other hand usage of the permanent magnets in
this motor reduces the rotor weight and size in the same
power output range of other motors. So the motors will
have a higher power density also the excitation system
copper losses have been removed and efficiency has
increased. Heat is generated in the stator and it’s easier to
pass it, also construction defect or damaged from
mechanical failure happens very rarely in permanent
magnets and this issue increases the reliability of this
motor rather than the others. The main problem in
permanent magnet motors is high cost of permanent
magnets that are used in these motors.According to rates
that listed for PMSMs and more application for these
motors the circuit of these motors must be designed with
optimum efficiency and cost, and also the main control
parameters in these motors such as speed, current and

torque should be controlled well and with stability. Using
an appropriate method for controlling the motors can
create a complete collection. Several methods such as
vector control and direct control had been suggested for
controlling these motors that each had advantages and
disadvantages. Here is a comparison between two methods
of vector control and sensorless vector control that each of
these methods has its own advantages and disadvantages
and the goal does not undermine any of the methods
[1,2,3,4,5,6].

2. Sensorless Vector Control

In recent years extensive studies about the speed and
position estimation is performed. In this method a new
sensorless controller based on MRAS (Model Reference
Adaptive System) is presented that this method uses a
state observer with the current error feedback and the
magnetic flux model that the two models for estimating
the back-EMF can be observed. Speed and torque control
of permanent magnet synchronous motor is usually
attained by application of speed or position sensor.
However, speed and position sensors require the
additional mounting space, reduce the reliability in harsh
environments and increase the cost of motor.
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This paper proposed an optimized sensorless vector
control method based on MRAS using space vector
modulation. The MRAS algorithm is based on the
comparison between the outputs of two estimators. The
error between the estimated quantities obtained by the two
models is used to drive a suitable adaption mechanism
which generates the estimated rotor speed. The changes in
the control method leads to removing speed and position
sensor which instead we can use other methods such as
state equation, kalman-filter, luenberger filter, sliding
mode control, out standing the impact, artificial
intelligence, direct control of flux and torque. And also, in
order to do a proper switching we can use the space vector
control that not alone gives an optimal voltage vector
based on passive and active voltage vectors and an
optimal switching, it also is resulted in reduction in the
steady-state flux and torque ripple in the control system
compared to conventional methods. Block diagram of the
control method shown in Figure 1.
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Figure 1. Block diagram of the sensorless vector control mehod based on
MRAS estimator and space vector modulation (SVPWM)

2.1. Mathematical Modeling of the Motor
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Where back-EMF of the phase wmdlng mduced from the
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Where ®, = ddgr and K is the back-EMF constant .
t
From (1)-(3), a- and B-axis voltage equations in the
stationary reference frame fixed to the stator may be
expressed as:
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Where K, = \EKE

From (1)-(3), d- and g-axis voltage equations in the
reference frame with the rotating speed of w, may be
expressed as

. d .
Vs = Rsigs + Ls — = — oy Lyigs (10)

digs
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The electromagnetic torque in the rotor reference frame
may be expressed as

T = PKeigs (12)
Where P is the number of poles

And at the end, the mechanical equation of a PMSM
may be expressed as

T= +T (13)

Where J is the inertia coefficient and D is the friction
coefficient, wy, is the mechanical speed of the rotor and T
is the load torque.

2.2. Sensorless Control Based on MRAS

In this method, can be observed a new sensorless
control based on MRAS. In general the MRAS algorithm
is based on comparison between the output of two
estimators, the error between the estimated quantities
obtained by the two models is used to drive a suitable
adaption mechanism which generates the estimated rotor
speed. The MRAS algorithm is well-known in the
sensorless control of an induction motor and has been
proved to be effective and physically clear. This method is
using the state observer model with the current error
feedback and the magnet flux model as two models for the
back-EMF estimation [7,8,9].

2.3. State Observer Configuration

From (9) and (10), the state equations of the full order
observer in the stationary reference frame may be
expressed as:

. AN N
X = AX+BVg +L(ig —is) (14)

A

A
is=CX 15)

Where » means the estimated value, L is the observer
gain.
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In this method the estimated currents may be replaced
by the measured currents, and the order of the observed

states may be reduced and in here the reduced order
observer which may be expressed as follows:

AN AN

o = F o+ Dig + GV, (16)
A AN
Z = o+ Lig amn

Also we have a series of definition by the following:
N N
Z=|eys €ps
-
N AN
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Figure 2 shows the block diagram of the reduced order
state observer for the back-EMF estimation.
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Figure 2. Block diagram of the reduced order state observer

2.4. MRAS Configuration

This method proposes a novel sensorless control

algorithm based on the MRAS for the speed sensorless
control of a PMSM. The proposed MRAS is using the
state observer model of (17) and (18) and the magnet flux

model of (9) and (10) as two models for the back-EMF
estimation. The rotor speed is generated from the
adaptation mechanism using the error between the
estimated quantities obtained by the two models as
follows:
A A -~ A -~
or =K, (eps €as—€as €ps)
P (18)

A= A~
+ Kij(eﬁs €as—€qs €ps)dt

1
t=———t —t
T

Where K p and Ki are the gain constants, €5 and € are

the estimated values of back-EMFs in the state observer
model, and €, and € are the estimated values of back-

EMPFs in the magnet flux model.

Figure 3 shows the block diagram of the proposed
MRAS. The proposed MRAS algorithm has a robust
performance through combining the state observer model
and the magnet flux model.
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Figure 3. Block diagram of the proposed MRAS

2.5. Space Vector Modulation (SVPWM)

In this method a voltage vector with an appropriate time
dividing between the voltage vectors and its neighbors
(from V; to Vg voltage vectors and two zero vectors (Vo,
V5)) is made. Actually in this method, average of the three
Vis, Vi, Vg (or V7) vectors in a desires period are applied
to the motor.

In this method, we need the voltage reference V * with
fixed frequency fs,

2f(tV; +tpVisg) = Vs (1) (19)
1
t=———t; -t (20)
21, 1-0
t = ivs*(t)&sin(m—a) (21)
21 T
t =Lvs*(t)£sina (22)
2fg b4

To minimize the number of commutation for reference
voltage space vector V* that is located in the first part of
switching is done as follows

v(t /2)...vi(t)...vo (tp)...v7 (t 1 2)...
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switching order for all the odd sub cycle is like the above
order and also switching order for even cycles is.

V7 (t12)..vp (tg)...vy(tg)...vp (. /2)

The other switchings are obtained in the same way with
imaging of the voltageon the six base voltages. Therefore
on this basis we can obtain an appropriate lookup table
with high precision for this method to determine the
proper voltage vector from the three created voltage vector
in each area [3].

3. Vector Control Based on Anti-
saturation Current Control

In this method an advance dc indirect vector control
based on lookup table and considering required constraints
to prevent the current controller from saturation is
presented To improve the problems of the permanent
magnet To improve the problems of the permanent magnet
synchronous motor (PMSM) vector control methods, a
novel method based on the use of anti-saturation block is
made which has been combined with vector control
method. Saturation and temperature error will cause a
difference between input and output. Generating the
reference voltages from resulting currents will cause the
lack of suitable coupling between the d and q axis. That
for better differentiation between the two d and g axis’s
variables decoupling is used [2].

Figure 4 is block diagram of the proposed method. also
to avoid saturation of the current limiter we can use the
stator current limiter and voltage inverter that at high
speeds prevents saturation of these controllers and it can
damp the error between the input and output, which the
benefits of this method is lack flux and torque estimator
and removing the hysteresis controller.

DC-bus

Figure 4. Block diagram of the vector control based on anti-saturation
block

3.1. Necessary Limination to Prevent the
Saturation of the Current Controller

The first limit of the current is the maximum current
passing through the winding at steady state. The equation
corresponding this limit in two-axis dq coordinate system
is

iy =i +i (23)

i i
-4 -3 -2 -

Feo

Figure 5. current limination

The second limit is the inverter voltage which is a
function of the motor speed. To obtain the boundries of
this limit region we write the two-axis motor equations in
the steady state dq coordinate system and obtained an
equation as a function of iy and iy currents

,
()2 =Vg? +Ve (24)
VA

2V . .
(Td)z = wze(l-ds'ds + ¢ )2 + wze(l—qs'qs)z (25)

The following equations are achieved by simplification
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A? B?
V is the DC bus voltage above equation as a function of iy

and iq is an ellipse an example of this ellipse variations
versus speed variations is shown in Figure 6.
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Figure 6. The voltage limitation

It can be seen that the greater the speed the smaller the
size of the ellipse. For speeds near infinity, the ellipse
tends to a single point. Therefore at high speed the
inverter can't supply the motor voltage. Now, the motor
current vector that it is the work point should be located
inside the ellipse and circle common border that we talk
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about it. Till both limitations from limit of inverter voltage
and winding current became satisfied. The strategy to
limit the current vector and the novel idea to prevent
saturation is that if the current vector is located outside the
ellipse border, we’ll keep iy constant and decrease ij till
the current vector locates inside the ellipse. If by decrease
iq till the current vector locates inside the ellipse. If by
decreasing iq the current vector is located inside the ellipse
but outside the circle. Applying these instructions, we can
locate the current vector on a point other than the
saturation points.

Today with applied the appropriate vector control to the
motors, a wide range of speed and torque are achieved. In
this control method is addition to providing stable and
speed and excellent of accuray answer due to applied
feedback to motor is possible to independent control of the
flux and torque of the motor.In this method the control
parameters are iy and iq of the motor. With control the ig,
flux of the motor can be controlled and as a result speed of
the motor can be controlled and with control the iy which
is the component of the torque , output constant torque is
adjustable [10,11].

4. Simulation

Both control methods are compared in the following
nominal values. Both motor nominal values are expressed
in Table 1.

Table 1. Motor nominal values

Stator resistance Nominal speed 157.08
(R) 2810 (W) (Radls)
Number of pairs of 4 Inductance of 0.0085
poles the d axis (Lq) (H)
inertia 0.001 Inductance of 0.0149
0) (kg/m?) | the g axis (Lg) (H)
Magnetic flux CEV\l/tZ;:) Load torque (N.Zm)

Rotor speed n (rpm)

2000

1500} .
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Figure 7. Speed response in the speed command of 1500 rpm in the

sensorless vector control method
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Figure 8. Tourge response of the motor in the torque command of 2 N.m

in the sensorless vector control method

3phase currents are shown in Figure 9.
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Figure 9. Three phase output current in the torque command of 2 N.m

Figure 10 shows the speed response in the speed
command of 1500 in the vector control based on anti-
saturation current control
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Figure 10. Speed response in the speed command of 1500 rpm in the
vector control based on anti-saturation current control method
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Figure 11. Motor output torque for K,=5
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Figure 12. Motor 3phase output current for the vector control based on
anti-saturation current control
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Also motor output current and torque in the torque
command of 2 N.m in the vector control based on anti-
saturation current control is as shown in Figure 11 and
Figure 12.

For comparing the two vector control methods we
calculate THD (Total Hamonic Distortion) of the current
for the two methods in the speed command of 1500 rpm
and the torque command of 2N.m, then we compare the
two THD.

Figure 13 shows the single phase motor output current
and the THD in the sensorless vector control method.
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Figure 13. THD of the motor output current in the sensorless vector
control method (THD = 2/56%)

Figure 14 shows the single phase motor output current
and the THD in the vector control based on anti-saturation
current control method.
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Figure 14. THD of the current in the vector control based on anti-
saturation current control method (THD = 1.39%)

Vector control based on vector control based on anti-
saturation current control has less ripple rather than the
vector control method based on sensorless vector control.

5. Conclusions

In this paper a sensorless vector control method based
on MRAS (Model Reference Adaptive System) using
SVPWM (Space Vector Modulation) is compared with
PMSM vector control based on anti-saturation current
control method based on anti-saturation of the current
controller. MRAS algorithm is based on comparing the

two estimator output. The error between the estimated
quantities obtained by the two models is used to drive a
suitable adaptation mechanism which generates the
estimated rotor speed. The other method is a vector
control method with taking the anti-saturation current
block for prevention the the PI controller from saturation.
The goal does not undermine any of the methods, but the
comparison is for creating an improved vector control
methodor using a vector control method with less current
ripple and less volume in different working conditions.
From comparison of the THD for currents, we can
conclude that however the sensorless method has lower
cost and volume rather than the vector control based on
anti-saturation current control method with shaft encoder,
but it has more current ripple than the vector control based
on anti-saturation current control method.
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