
© December 2024 | IJIRT | Volume 11 Issue 7 | ISSN: 2349-6002 

IJIRT 170618   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY   1524 

Reduced Current Sensor Based Vector Controlled 

Synchronous Reluctance Motor Drive 
 

 

Juhi Choudhary1, Dr. Chandra Bhushan Mahato2, and Dr. Taushif Ahmad3  

1. Department of Electrical Engineering, Aryabhatta Knowledge University, Patna 
2. Department of Electrical Engineering, Government Engineering College, Bhojpur 

3. Department of Electrical & Electronics Engineering, Nalanda College of Engineering, Chandi 

 

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— dq0-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 (q-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].  

II. MATHEMATICAL MODELLING OF 

SYNCHRONOUS RELUCTANCE 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 (α-β axis/phase) and other two 

co-ordinate system called rotor reference frame (d-q 

axis). In α-β 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. 

 
Fig. 1: Coordinate reference-frames for SynRM 

The machine model in three phase reference frame is 

 

[

va

vb

vc

] = [
R 0 0
0 R 0
0 0 R

] [
ia

ib

ic

] +
d

dt
[

φa

φb

φc

]                                             (1) 

where Va, Vb, Vc represents the machine voltages, ia, 

ib, ic represent each phase currents, R and φ denotes 

the per phase resistance and magnetic flux.  

Voltage equations in      rotor reference frame (dq-axes) 

can be expressed as 

 
𝑑𝑖𝑑𝑠

𝑑𝑡
=

𝑣𝑑𝑠

𝐿𝑑

−
𝑖𝑑𝑠𝑅𝑠

𝐿𝑑

+
𝜔𝑒𝐿𝑞𝑖𝑞𝑠

𝐿𝑑

                                               (2) 

 
𝑑𝑖𝑞𝑠

𝑑𝑡
=

𝑣𝑞𝑠

𝐿𝑞

−
𝑖𝑞𝑠𝑅𝑠

𝐿𝑞

−
𝜔𝑒𝐿𝑑𝑖𝑑𝑠

𝐿𝑞

                                               (3) 

 

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: 

 𝑇𝑒 =  
3

2
𝑃(𝐿𝑑𝑠 − 𝐿𝑞𝑠)𝑖𝑑𝑠𝑖𝑞𝑠                                                        (4) 

The motor's mechanical equation is provided by: 

 𝐽
𝑑

𝑑𝑡
𝜔𝑟 =  𝑇𝑒 − 𝑇𝐿 − 𝐵𝜔𝑟                                                            (5) 

 

where 𝐽 represent moment of inertia and B represents 

co-efficient of viscous friction. 

 

III. 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-.  

vqs = Ɍsiqs + 𝜔𝑒𝐿𝑑𝑠𝑖𝑑𝑠 + 𝐿𝑞𝑠𝑖𝑞𝑠̇                                                 (6) 

 

From above Eqn (6) we can find 𝑖𝑞𝑠 as 

 

𝑖𝑞𝑠 = ∫
vqs

𝐿𝑞𝑠

−
Ɍsiqs

𝐿𝑞𝑠

−
𝜔𝑒𝐿𝑑𝑠𝑖𝑑𝑠

𝐿𝑞𝑠

 𝑑𝑡                                           (7) 

 

This 𝑖𝑞𝑠 is taken as estimated 𝑖𝑞𝑠 that is, 𝑖𝑞𝑠𝑒𝑠𝑡 

 

 𝑖𝑞𝑠𝑒𝑠𝑡 = ∫ (
vqs

𝐿𝑞𝑠

−
Ɍsiqs

𝐿𝑞𝑠

−
𝜔𝑒𝐿𝑑𝑠𝑖𝑑𝑠

𝐿𝑞𝑠

)  𝑑𝑡                               (8) 

Since, 

  𝑖𝑠𝛼 =  √
3

2
 𝑖𝑎                                                                                   (9) 
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 𝑖𝛽𝑒𝑠𝑡 =  𝑖𝑠𝑑
∗ sin 𝜃 + 𝑖𝑞𝑠𝑒𝑠𝑡 cos 𝜃                                              (10) 

 

The complete block diagram of the proposed system is 

presented in Fig. 2.  

Eqn. (7.3)

Current

Estimator

 
Fig 2:  The complete block diagram of the current sensorless vector control SynRM drive 

 

IV SIMULATION RESULTS 

This section presents the simulation results for the 

current sensorless vector controlled SynRM drive, 

which is modelled using MATLAB/SIMULINK, for 

the different speed commands. Correspondingly output 

speed, torque, and currents (d-axis and q-axis) are 

measured. 

A.  Motoring Operation 

 
(a) 

 
(b) 
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(c) 

 
(d) 

 
(e) 

 
(f) 
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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) q-axis current (e) estimated d-axis current 

(f) estimated q-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 q-

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 q-axis currents follow the 

actual d-axis and q-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 q-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 q-

axis currents follow the actual d-axis and q-axis 

currents without much error. This can be observed 

from Fig. 4 (e) and Fig. 4 (f).  

 

 
(a) 

 
(b) 
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(c) 

 
(d) 

 
(e) 

 
(f) 
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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) q-axis current (e) estimated d-axis current 

(f) estimated q-axis current 

Table I – Parameters of the SynRM  

 

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-q 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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