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Abstract 

   This paper introduced maximum torque per ampere of position sensorless control of Three-phase 

synchronous  reluctance  motor drive system. The proposed system is based on indirect rotor field 

oriented control . The rotor position is estimated using the active flux observer method . The  drive 

system is investigated at different operating conditions. The proposed system  is robust and suitable for  

high performance three-phase synchronous  reluctance  motor drives. Simulation is carried out by using 

the Matlab/Simulink package. The results validate the proposed approaches.  

 الملخص العربي

ٍعخَذا . ٌعخَذ ىزا اىنظاً عيى نظشٌت  اىخٌجٍو اىغٍش ٍباشش ىيَجاه   ثلاثى الاًجو ٍحشك الاعاقونظاً حسٍٍش ٍحشك   ٌقذً ىزا اىبحث

ًٌقذً اىبحث اىخحيٍو اىشٌاضً ًاىَحاماة ىيطشٌقت اىَقخشحت ىنظاً اىخحنٌ ري اىَساس   ًححقٍق اقصى عزً / أٍبٍش اىزاًٌو عيى اسخشعاس 

الاًحو ًرىل ىبحث خصائص أدائيا ٍقخشنت بيزه اىطشٌقت، ًٌقذً اىبحث عشضا ىينخائج عنذ  ثلاثٍت اىَخزاٍنوالاعاقو اىَغيق ىَحشماث 

الاعاقو ٍحشماث ٌعطى خصائص اداء عاىٍو ىخسٍٍش مَا انو   اىَقخشح اثبخج اىنخائج قٌة نظاً اىخحنٌ ًقذ  حالاث اىخشغٍو اىَخخيفت.

  الاًجو. ثلاثٍت اىَخزاٍنو

Keywords: Synchronous reluctance motor, position sensorless control, field oriented control 

 

Nomenclature   

V  : Stator voltage 
Rs :  stator phase resistance (ohm) 

d,q : direct and quadrature stator axis   

Ld, Lq : direct and quadrature axis inductances (H) 

Tl  :  load torque (N.m) 

J   :  inertia of motor (Kg.m
2
) 

B  :  friction coefficient (N.m.s/rad) 

α  : component along the stationary α –axis 

β  : component along the stationary β –axis 

λ  : Flux linkage 

 
1. Introduction 

The synchronous reluctance motor has many 

advantages such as simple and rugged structure with 

low manufacturing cost, absence of rotor winding, 

cold rotor due to reduced iron losses, reasonable 

efficiency and ability to operate in high speed 

application with high temperature environment, In 

addition, there is no slip frequency between the stator 

and rotor for the SynRM as it is with the synchronous 

reluctance motor. svgg. To improve the reliability and  

dynamic performance of the SynRM drive system, 

sensorless  rotor position  estimating techniques have 

been proposed  to eliminate the rotor position sensor . 

Where many research have been done to improve the 

performance of the sensorless based drive. 

   The main advantage of free predictive current 

control for synchronous reluctance motor (SynRM) 

drives are that it does not require specific SynRM 

models and it requires neither motor parameters nor 

back-EMF estimations. However, this approach has 

two disadvantages: 1) two current measurements are 

required in each sampling period, which may lead to 

detection of undesirable current spikes caused by 

instantaneous switching inside the inverter, and 2) an 

unresolved problem of stagnant current-variation 

updates, which undermines prediction performance. 

In [1] the author intends to eliminate these two 

drawbacks. In [2], a hybrid motion sensorless control 

of an axially laminated anisotropic reluctance 

synchronous machine (RSM). The zero- and low-

speed sensorless method is a saliency-based high-

frequency signal injection technique that uses the 

motor itself as a resolver. The second method is based 

on a state observer incorporating the active-flux” 

concept used to deliver RSM rotor position and speed 

information for medium and high-speed range. In [3], 

The estimation of speed and rotor angle is based on 

extended programmable cascaded low-pass filters 

(LPFs), which effectively reduce the effects of direct-

current (dc) offsets at low speeds. The effect of the 

number of LPF stages on output dc offset, estimation 

accuracy, and dynamic performance are investigated, 

and their equations are developed. In [4], A digital 

strategy to suppress magnetic- and cross-saturation 

effects in a sensorless predictive direct-torque-

controlled synchronous reluctance machine is 

introduced. However, magnetic- and cross-saturation 

effects lead to large errors on the estimated angular 

position, particularly when the magnetization level 

and torque load change. The saturation effects can be 
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readily alleviated by using a digitally implemented 

quadratur phase-locked loop observer, together with 

linear regression. In [5] a high-frequency injection 

method used to estimate  rotor position taking into 

account the influence of the rotor speed during the 

estimation interval to reduce the rotor position 

estimation error. In [6], The active-flux (AF) and 

arbitrary injection position estimation techniques are 

combined for the first time in this hybrid controller. A 

hysteresis region is implemented with phase-locked 

loop synchronization for dynamic and stable change 

over between estimators. In [7] The control system is 

based on the active flux concept and a hybrid rotor 

position estimation algorithm is used, being this 

algorithm based on the injection of high frequency 

signals at low speeds and on the position of the active 

flux vector for medium and high-speeds. A smooth 

transition algorithm between the two rotor position 

estimation methods is provided. To improve the 

efficiency of the overall drive system, a loss 

minimization algorithm is introduced. In this paper 

the rotor position estimation using active flux 

observer together with field oriented control is 

presented and analyzed, from the control's point of 

view, engaging the maximum 

torque per ampere (MTPA) strategy on a simulated 

machine model. The actual simulation model is 

designed in Matlab /Simulink, containing the machine 

and its control unit.The present analysis does not take 

into account the iron losses and the saturation.     

 

2. Vector Control  of  3-Phase Synchronous Motor 

   The theory of indirect field oriented control is 

applied for the Three-phase synchronous reluctance 

motor. The application of the vector control scheme to 

such arrangement is simple, and can provide fast-

decoupled control of torque and flux. Figure 1 shows 

the overall block diagram of the drive system. When a 

set value for the speed is fed into the speed loop, the 

signal will be regulated using the PI controller as 

adaptive mechanism, results in the q-axis current 

Iq
*
which is equal to Id* according to maximum torque 

per ampere strategy [12-20]. Both The two current 

command components are then transformed with the 

help of rotor position angle (θr) to Three current 

commands ia, ib and ic in the stationary reference 

frame. These current commands are then compared to 

the actual motor currents by hysteresis current 

controller to generate the logic pulses for the inverter 

switches.  In Fig.1, the motor speed r  is compared 

to a command speed, ω
*
,  

and the error signal is processed by the PI controller, 

to generate the torque-component current command 

Iq
* 
as follow:  

**
re

K [1 S]ps cs
T ( ω )r

τ Scs

 
                    (1) 
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sq

sd sq
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                     (2) 

 And, for ideal condition, of maximum per ampere 

torque, keeping dq- current components equal, i.e.  

( * *
sqm sdmI I ) , this happened at angle 45

0
 as shown 

in figure (1):  

45
 

q-axis 

d-axis 

smI MTPA  

  

sdI  sdmI  

sqI  

sqmI  
sI Actual condition  

 
Figure (1)  phasor diagram of MTPA operation 

 

Due to the iron losses of the motor the current is 

shifted by(  ) from the maximum torque position. 

   The transformations from rotating reference frame 

(dq-axis) to stationary frame (α-β axis) used for the 

present work are expressed as follows; 
* * *

q r d r

* * *

q r d r

i i cos i sin
qd /

i i sin i cos





     
   

      

                        (3) 

Where  r represents the rotor angle. 

1 0

i1 3
abc

i2 2

1 3

2 2





 
 
 

      
  

  
  

                                (4) 

And the inverse from three phase to αβ axis is: 

a

b

c

i1 0 1

iabc 1 3
1

i2 2

  
       
     

                             (5) 

   The above three phase reference currents are 

compared with the actual three phase motor currents  
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Fig. (2) Block diagram of the proposed position sensorless control system 

 

switching logic of the three phase inverter.  The 

modulated phase voltages of Three-phase inverter are 

introduced as a function of switching logic NA, NB 

and NC  of power switches by the following relations: 

2 1 1

1 2 1
3

1 1 2

a

dc
b

c

V NA
V

V NB

V NC

      
     

  
     
           

                       (6) 

The per-phase switching state having a range of N = 0 

or 1.  

 

3. Mathematical Model of Synchronous Reluctance Motor 
The dynamic model of the motor in rotating reference frame 

can be represented as follow:  

 
q

q s q r d

d
V R i p

dt


       (7)  (7) 

 d
d s d r d

d
V R i p

dt


                             (8) 

The stator q and d-axis flux linkage is given by: 

q q q

d d d

L i

L i








                                                         (9)  

The electromagnetic torque is given by:

 
( )

2
e q d d q

p
T i i                                       (10)  

1
 ( )e l

d
T T B

dt J


                                   (11)  

 

4. ACTIVE FLUX BASED POSITION AND 

SPEED ESTIMATING METHOD  

   From the SynRM stator voltage vector equation, 

s

s s s

d
V R i

dt


 

                                           (12) 

We can obtain, the stator flux vector as follow :  

( )s s s sV R i dt  
                                      (13) 

 

And the active stator flux component are obtained as 

follow:

 

( )s qV R i dt L i                                (14) 

( )  s q βV R i dt L i                              (15) 

Where, λα, λβ, are the α and  β-axis components of the 

stator flux .

 

The Estimated rotor position angle ˆ
r is, 

( )  
ˆ arctan

( )  

s q β

r

s q

V R i dt L i

V R i dt L i

 

  


 


 



          (16)    

And the estimated rotor speed is 
ˆ
r

r

d

dt


   

From the above two equations, the only problem of 

the position and speed estimation algorithm may 

comes from the integration. This method is simple in 

calculation and has a fast response. 
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 Fig. (3) Position and speed estimation based AFO. 
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5. SIMULATION RESULTS 

The proposed control system shown in Figure 2 is 

designed for a simulation investigation with aid of 

figure 3. Simulation is carried out using the general 

purpose simulation package Matlab/Simulink [21], 

Simulation results are presented to show the 

effectiveness of the proposed scheme at different 

operating conditions. These results are classified into 

two categories; the first represents startup and steady-

state while the second represents the dynamic 

performance 

 

5.1. Starting and Steady-State Performance 

The simulation result for start-up and steady-state 

performance is illustrated by Figs. 4 to 6. Figure 4.a 

shows the variation of motor speed from startup to the 

steady state speed (300 rad/sec), which is reached 

after about 100 m sec. dq axis current components are 

shown in figure 4b, as seen the two component are 

overlapped The developed torque and motor current 

corresponding to same period are shown in Figs. 4.c 

and 4.d respectively. These current signals are of sine 

wave profiles on which controller transients are 

shown figure 4e shows the rotor angle, estimated from 

the observer and measured, as seen, the two signals 

are correlated.  

 
5.2. Dynamic Performance  

  For studying the dynamic performances of the 

proposed system, simulation has been carried out. In 

this respect, the dynamic response of the proposed 

algorithm is examined by step changes for both speed 

reference and load torque. 

 

5.2.1. Speed Step Change 

To study the dynamic response of the control 

system due to a step change in the speed command, 

the motor is subjected to a step increase and decrease 

in the speed command to evaluate its performance. 

Figure.5a shows the variation of motor speed, which 

at t=0.5 second the motor speed command is changed 

from 200 rad/sec to 350 rad/sec. and return back again 

after one second.  It can be seen that the motor speed 

is accelerated and decelerated smoothly to follow its 

reference value with nearly zero steady state error. 

Figures 5.b and 5.c show the developed torque and 

motor current corresponding to this step changes 

respectively. These results ensure the effectiveness of 

the proposed controller and show good behavior of its 

dynamic response. 

 

5.2.2. Load Step Change 

The ability to withstand disturbances in IM control 

system is another important feature. A step change in 

the motor load is considered as a typical disturbance. 

A high performance control system has fast dynamic 

response in adjusting its control variables so that, the 

system outputs affected by the load impact will 

recover to the original status as soon as possible. The 

dropped aptitude of the system output such as rotor 

speed and its recovering time are the important 

performance specifications. Figure 6a shows the 

speed response when a load impact is applied for one 

second. The motor started at no load and the load of  

(5 N.m), is applied for one second. The corresponding 

developed torque is shown in Fig6b. Fig.6c show 

motor phase current, which increases with loading 

and decreases with load release. 
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(e) 

Fig.4 Startup and steady-stat performance, a-motor 

speed b- Id and Iq currents c- motor torque  d-three 

phase motor current  d- motor angle, estimated and 

measured  
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 Fig.5 Speed step up and down changes, a-motor 

speed b- Id and Iq currents c- motor torque  d-three 

phase motor current  d- motor angle, estimated and 

measured  

 

0.4 0.6 0.8 1 1.2 1.4 1.6
-100

0

100

200

300

400

500

600

Time[S]

M
o
to

r 
sp

e
e
d
 [

R
a
d
/s

e
c]

 
(a) 

0.4 0.6 0.8 1 1.2 1.4 1.6
-3

-2

-1

0

1

2

3

4

5

6

Time (Sec)

Id
, I

q
 (

A
)

Id

Iq

(b) 

0.4 0.6 0.8 1 1.2 1.4 1.6
-5

0

5

10

15

Time[S]

M
o
to

r 
to

rq
u
e
 [

N
m

]

 
(c) 



Z.M.S. Elbarbary “ MAXIMUM TORQUE / AMPERE OF POSITION SENSORLESS …” 

 

Engineering Research Journal, Menoufiya University, Vol. 40, No. 1, January 2017 
 

6 

0.4 0.6 0.8 1 1.2 1.4 1.6
-10

-8

-6

-4

-2

0

2

4

6

8

10

Time[S]

M
o
to

r 
cu

rr
e
n
ts

 [
A

]

 
(d) 

0.4 0.6 0.8 1 1.2 1.4 1.6

-5

0

5

Time[S]

e
s
ti

m
a
te

d
 a

n
g

le
 [

ra
d

]

0.4 0.6 0.8 1 1.2 1.4 1.6

-5

0

5

Time[S]

M
e
a
s
u

re
d

 a
n

g
le

 [
ra

d
]

 
(e) 

Fig.6 Load impact, a-motor speed b- Id and Iq 

currents c- motor torque  d-three phase motor current  

d- motor angle, estimated and measured  

 

6. Conclusion: 

   This paper presents a position seensorless   control 

of Three-phase synchronous reluctance  motor. 

accomplished with maximum torque per ampere 

control method.  As seen, the best control point is 

reached where the D and Q currents are equal. This 

condition is reached when the angle between them is 

45deg. The advantage of this method is that the losses 

are minimum because the most important losses in a 

machine are those in the windings. As seen in the 

results of the simulations, the two currents overlap at 

any moment of operation in the machine. The 

machine was tested at rated speed, and the torque was 

varied from 0 to the rated value of 5Nm. The behavior 

of the machine is satisfactory for the entire range of 

torque values. Future studies will include 

consideration of the losses and saturation effects in 

the machine model.  
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Appendix : Motor Parameter 

No. of poles                           4 

Stator resistance                    4 ohm 

Frequency                              50 Hz 

Motor speed                           1500 r.p.m. 

Inertia                                     0.0006 kg.m2 

DC- Link voltage (Vbus )        200 V; 

Ld                                           0.6mH; 

Lq                                           0.2mH; 

B                                             0.009; 
 

 


