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Abstract—In this study, the Maximum Torque/Ampere
(MTPA) condition is used to operate the Synchronous
Reluctance Motor (SynRM) drive. By reducing the
machine's overall size, this control method increases the
machine's efficiency per KW rating. For electric vehicles
(EVs) powered by SynRM, this control approach works
better. Reducing the current sensor required from two to
one or none at all can lower the drive's overall cost and
increase its acceptability for EV applications.
Accordingly, the model-based current estimate
technique for SynRM drives for EV applications is
suggested in this work, completely doing away with the
drive's requirement for current sensors. The suggested
current estimation scheme's utility is confirmed in
MATLAB/SIMULINK platform.

Index Terms— dqO-frame, Electric Vehicle, MTPA
Control, SynRM.

I. INTRODUCTION

Electric motors use the majority of electrical energy
generated globally. Electric motors come in a wide
variety of design kinds. They usually go by different
names [1] depending on their rotor structure and
specific performance characteristics, such as squirrel
cage induction motors, brushless DC motors,
synchronous motors, switched reluctance motors,
synchronous reluctance motors, permanent magnet
synchronous motors, and induction motors. Rotor
architectures based on the principles of reluctance
torque have been theorized since the 1970s [1].

In the literature, motors that function on the basis of
the reluctance torque concept are referred to as
switched resistance motors (SRM) or synchronous
resistance motors (SynRM). These two motor types
differ in their architectures, characteristics, and rotor
structure and control system. Despite the fact that
SRMs are simple to manage, many applications do not
prefer them due to their high torque ripples [1]-[5].
The SynRM idea was first proposed around the turn of
the 20th century, but it has only recently begun to
receive  significant  attention.  Only  recent

advancements in rotor high-anisotropy design have
allowed the SynRM to attain a higher efficiency
despite benefits such its low cost, simple, and durable
construction, cold rotor, a large field-weakening
range, and the absence of pricey rare-earth metals [6]-

[8].

Both the stator current and the rotor's absolute location
and speed must be measured for feedback control.
Several SynRM control techniques have been
proposed in the literature [9]-[11]. One can achieve
high dynamic performancethrough the application of
vector control strategies such as stator-flux-oriented or
rotor-oriented control systems [12]-[15]. Non-linear
magnetic saturation events exist on both the direct (d-
axis) and quadrature (g-axis) axes of SynRM [16] [17].
Control strategies have been developed to minimize
the impact of stator windings on joule losses while
optimizing torque output [18]. By using the control
strategies, torque generation rises and stator winding
losses decrease.

SynRM was commonly managed using the constant
current angle control approach [19]. Maximum Torque
Per Ampere (MTPA), Maximum Power Factor
Control (MPFC), and Maximum Torque Per Flux
(MTPF) are three possible methods for implementing
this control scheme [20]. The MTPA control method
was used in this investigation to achieve the motor's
maximum torque. The motor's absolute rotor position
needs to be determined in order to apply the SynRM
control techniques.

Physical current sensors are used to measure the stator
currents used in the inner current control loop (also
known as the slave loop) and incremental encoders,
absolute encoders, or resolvers are commonly used in
industrial applications to measure the position of the
rotor and, consequently, the rotor speed for the outer
speed loop (also known as the Master loop) [21]. larger
prices, a larger chance of malfunction, intricate wires,
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and problems with electromagnetic interference that
affect measurements are some of these sensors'
disadvantages. By estimating the stator currents online
using rotor speed and control voltage data, the use of
current sensors is completely avoided in this work [1].

1. MATHEMATICAL MODELLING OF
SYNCHRONOUSRELUCTANCE MOTOR

SynRM is multiphase machines which involve the
application of reluctance torque. The stator-flux is
controlled from the motor drive (stator side control).
In SynRM, the rotor has no windings or electrically
isolated from the stator. Rotor position is essential to
operate the SynRM, that data can be either known
from the estimation algorithm or position sensor.

The modeling of SynRM is similar to the 3 phase AC
machines by using park-transformation. This method
converts a balanced three-phase system to a two-
dimensional machine. The complete stationary
machine is transformed into the rotating reference
frame with reference to rotor magnetic axis.

The magnetic axis of the three stator windings is
shown in Fig.1 Three-dimensional coordinates A, B,
C are transformed into two coordinate system called
fixed reference frame (o-P axis/phase) and other two
co-ordinate system called rotor reference frame (d-q
axis). In a-p reference frame, the machine model even
depends on rotor speed/position. But in the d-q axis,
the model is simpler and very easy to develop a control
system.

b-phase g ohace

v

c- phase

Fig. 1: Coordinate reference-frames for SynRM

The machine model in three phase reference frame is

val [R 0 0][ia] g [®a
vo[=[0 R 0ffip|+ | ¢))
vl lo o Rl @

where Va, Vp, V. represents the machine voltages, ia,
ib, Ic represent each phase currents, R and ¢ denotes
the per phase resistance and magnetic flux.

Voltage equations in rotor reference frame (dg-axes)
can be expressed as

digs _ Vas _ i4sRs + weLgigs @
dt Ly Ly Ly
di v, igsRs oLyl
as _ “gqs _ ‘qsT's _ Weldlds
dt " L L L ®

The space vector of stator current and the space vector
of stator flux linkage interact to produce the
electromagnetic torque. Since there is no rotor current,
stator current alone is used to establish stator flux
connections. The equation for electromagnetic torque
is as follows:

3
Te = EP(LdS - qu)idsiqs (4’)
The motor's mechanical equation is provided by:

d
]a(t),.: Te_TL_Ba)r (5)
where ] represent moment of inertia and B represents
co-efficient of viscous friction.

I11. PROPOSED CURRENT ESTIMATION
TECHNIQUE

Usually, in the closed loop vector control, we require
two current sensors and a one-speed sensor for a
balanced load. This method of current estimation of
SynRM drive uses one current sensor with a one-speed
sensor. So, the reduction of one current sensor will
reduce the overall cost as well as our control drive
becomes robust. The mathematical expression of the
current estimation are as follows-.

Vgs = Rsiqs + welLgsias + qulzlls (6)
From above Eqn (6) we can find i, as

. [ Vags Rsiqs WeLgsias
qu_fL__L—_L—dt 7

qs

. Vqs Rsiqs wel'dsids
= | (B2l gy 8
lqsest f(qu qu qu ( )
Since,
. 3 .
lsa = 2 lg (9)
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Igest = lsaSINO + iggese COSO (10 The complete block diagram of the proposed system is
presented in Fig. 2.
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Fig 2: The complete block diagram o the current sensorless vector control SynRM drive
IV SIMULATION RESULTS the different speed commands. Correspondingly output
speed, torque, and currents (d-axis and g-axis) are
This section presents the simulation results for the  easured.

current sensorless vector controlled SynRM drive, ) )
which is modelled using MATLAB/SIMULINK, for A Motoring Operation
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Fig. 3. Simulation results of current sensorless vector
controlled SynRM drive: (a) Ramp change of speed in
first quadrant (b) step change of torque (c) d- axis
current (d) g-axis current (e) estimated d-axis current
() estimated g-axis current

In this case, speed is given in the form of ramp signal
(Fig. 3). The speed is changed from 0 to 100 rad/sec in
20 sec. From 20 sec to 50 sec the speed is maintained
constant at 100 rad/sec. At 50 sec, the speed is changed
from 100 rad/sec to 200 rad/sec in the form of ramp
command. From 70 sec, the speed is maintained
constant at 200 rad/sec till 100 sec. The reference and
actual speed are presented in Fig. 3(a).
Correspondingly the load torque is changed from 0 to
2 N-m at 35 sec in the form of step command. Further,
the load torque is changed at 85 sec from 2 N-m to 4
N-m. The load torque and motor torque are presented
in Fig. 3 (b). The reference and actual d-axis and g-
axis currents are presented in Fig. 3(c) and Fig. 3 (d).
Both the currents follow the reference current nicely.
The estimated d-axis and g-axis currents follow the
actual d-axis and g-axis currents without much error.
This can be observed from Fig. 3 (e) and Fig. 3 (f).

B. Four Quadrant Operation

In this case, speed is given in the form of ramp signal
(Fig. 4). The speed is changed from 0 to +200 rad/sec
in 10 sec. From 10 sec to 30 sec the speed is
maintained constant at +200 rad/sec. At 30 sec, the
speed is changed from +200 rad/sec to -200 rad/sec in
the form of ramp command. From 50 sec, the speed is
maintained constant at -200 rad/sec till 70 sec. Further,
the speed is changed from — 200 rad/sec to + 200
rad/sec in 20 sec and is then maintained constant at
+200 rad/sec. The reference and actual speed are
presented in Fig. 4 (a). Correspondingly the load
torque is changed from 0 to +3 N-m at 20 sec in the
form of step command. Further, the load torque is
changed at 50 sec from +3 N-m to -3 N-m and then
back to + 3 N-m at 90 sec. The load torque and motor
torque are presented in Fig. 4 (b). The reference and
actual d-axis and g-axis currents are presented in Fig.
4 (c) and Fig. 4 (d). Both the currents follow the
reference current nicely. The estimated d-axis and -
axis currents follow the actual d-axis and g-axis
currents without much error. This can be observed
from Fig. 4 (e) and Fig. 4 ().
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Fig. 4. Simulation results of current sensorless vector
controlled SynRM drive: (a) Ramp change of speed in
four quadrant (b) step change of torque (c) d- axis
current (d) g-axis current (e) estimated d-axis current
() estimated g-axis current

Table | — Parameters of the SynRM

Rated Voltage 415V
Speed 3000 rpm
Power 4.0 kw

Rated current 9.8A

Rated Torque 12.7 N-m

Ld 72.92 mH

Lq 9.54 mH

R 1.034 ohm
No. of poles 2

J 0.00276 Kg-m2

V CONCLUSIONS

A vector-controlled SynRM drive based on a
decreased current sensor is presented in this work. The
current creation procedure for the d-g axis that is being
given is completely independent of the switching
states of the inverter. This was created using data from
a single-phase current sensor and the rotating
reference frame's d-axes reference current (ids*). The
predicted two-phase currents can be used to rebuild
three-phase currents. The drive's dependability on the
existing sensors is decreased by the suggested
technique. In order to make the vector-controlled
SynRM drive fault-tolerant against current sensor
failure, the suggested method lowers one of the current
sensors in the drive and can be utilized to monitor the
current sensor. Additionally, it works with all types of
SynRM. Concurrent Reluctance The suggested
approach is used to create a motor drive, which is then
simulated using the MATLAB/SIMULINK platform.
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