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This paper presents a novel direct torque control (DTC) of a sensorless 

interior permanent magnet synchronous motor (IPMSM). The speed and 

position of the IPMSM are estimated online based on active flux concept. 

The active flux estimation needs the quadrature axis self inductance value.  

The conventional two axes machine model is modified in order to include 

the influence of the saturation and cross saturation effect on the variation 

of self and cross coupling inductances in the direct and the quadrature 

axes. The self and cross coupling inductances values are stored in lookup 

table in the motor model. In addition, the iron loss is taken into the motor 

modeling. To overcome the large ripple content associated with the DTC, a 

torque/flux sliding mode controller (SMC) has been employed. The 

command voltage is estimated from the torque and flux errors based on the 

two switching functions. The space vector modulation (SVM) is combined 

with the SMC to ensure minimum torque and flux ripples and to provide 

high resolution voltage control. To overcome the stator resistance 

variation, a fuzzy logic estimator is designed to detect the resistance 

variation online. The proposed scheme has the advantages of simple 

implementation, and does not require an external signal injection. In 

addition, it combines the merits of the DTC, SMC, and SVM beside the 

sensorless control. Simulation works are carried out to demonstrate the 

ability of the proposed scheme at different operating conditions. The 

theoretical results are compared to published results to confirm the high 

performance of the proposed scheme at standstill, low and high speeds 

including load disturbance and parameters variation. 

KEYWORDS: Active flux concept – Speed sensorless control – Direct 

torque control – Sliding mode control – Space vector modulation.   

 

1. INTRODUCTION 

Controlled electric motor drives without speed sensor have emerged as a mature 

technology in the past decade [1]. The advantages of sensorless control are reduced 

hardware complexity, lower cost, reduced size of the drive machine, elimination of the 

sensor cable, better noise immunity, increased reliability, and less maintenance 

requirements. A motor without speed sensor is preferred for operation in hostile 

environments. The advancement in the field of the digital signal processing encourages 

the speed estimation or detection approach. Many of the speed estimators depend on 

the motor mathematical model, where, the back emf or the permanent magnet flux is 

estimated. These methods can be used with the surface mounted PMSM [2]. However, 
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the anisotropy of the IPMSM increases the model complexity. Where, the stator 

inductance is a function in the rotor position.  

Different algorithms were studied for sensorless control of the IPMSM [3-21]. 

The popular algorithm utilizes the extended emf estimation in a rotating reference 

frame [3-5]. This type gives a good performance at medium and high speed operation. 

However, this type fails at low speed and at standstill operation because the back emf 

is proportional to the motor speed. A start-up algorithm is required, when the motor is 

at a standstill or at a low speed. In addition, the measured voltage and current has to be 

transformed into a new rotating frame. 

Another algorithm utilizes the stator inductance variation based on the relative 

position of the rotor [6-8]. This algorithm gives a good performance at low speed and 

at standstill operation. However, the generation of the high frequency signal increases 

the drive complicity and the motor losses. In addition, a negative torque can be 

generated and degrades the scheme performance. In [6], a high frequency voltage 

signal/pulse is injected in the stator winding. The position of the rotor is extracted from 

the measured current signal response. In [7], the inductance matrix including the rotor 

position information is determined from the current harmonics produced by the 

switching operations of an inverter driving the IPMSM. Speed information can be 

obtained from the position information. In [8], the extended emf estimation and the 

signal injection algorithms are used together for position sensorless control. In this 

case, the rotor position is estimated by a signal injection algorithm at standstill. After 

the starting period, the extended emf estimation algorithm is applied. 

Speed observers have been employed also in many literatures. Sliding mode 

observer is used to estimate the motor speed or position based on the estimated flux [9-

12]. However, the chattering phenomenon, and the need for high frequency signal 

injection are the drawbacks of this method. Also, extended Kalman filter [13-15] is 

employed to estimate the speed of the IPMSM using measured voltage and current 

signals. However, large computational burden is considered the main disadvantage of 

this technique. In [16], a linear model of the IPMSM based on the stationary reference 

frame is constructed. The speed/position observer is designed based on γ- positive real 

problem. However, large speed error appears at rated value. In addition, the sensorless 

control at low speed under load torque disturbance can not be realized successfully. In 

[17], a new observer is constructed based on multi-rate time system which estimates 

the applied voltage to the motor. In addition, a full order observer is used to estimate 

the stator flux and therefore the rotor position. However, this algorithm can not be 

applied at zero speed. In [18], an observer based on the motor model is used to estimate 

the rotor flux and the motor speed of the induction motor. This method is sensitive to 

the parameters variation.  

In some literatures the induction motor speed was estimated from the stator 

flux speed and either the load torque angle as in [19] or the slip speed as in [20]. 

However, the speed error was significant especially at low speed under load 

disturbance. Also, the motor parameters must be known accurately. Active flux 

concept [21] was proposed also for speed estimation. This method has the advantages 

of obtaining wide range of speed control without any signal injection. In addition, it 

uses a simple algorithm. The variation of Lq due to magnetic saturation was 

considered. 
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In this paper, the active flux concept is employed to estimate the motor speed 

online [21]. The active flux is aligned with the direct axis in the synchronous reference 

frame. The estimation of the rotor speed based on the active flux needs the quadrature 

axis self inductance value. The conventional two axes machine model is modified in 

order to include the influence of the saturation and cross saturation effect on the self 

and cross coupling inductances in the direct and the quadrature axes. The self and cross 

coupling inductances values are stored in lookup table in the motor model.  The 

proposed scheme does not require additional complicated algorithms or signal injection 

schemes especially at very low speed operation. The sensorless estimation algorithm is 

combined with torque /flux SMC as in Ref. [27] to obtain high performance at wide 

range of speed operation without motor speed or position measurements. In addition, a 

fuzzy logic stator resistance estimator is designed to ensure high performance at all 

speeds. The stator resistance variation is detected based on variation of the stator 

current vector amplitude. Computer simulations are carried out to evaluate the 

performance of the proposed scheme. To demonstrate the validity of the proposed 

scheme, the motor speed, estimated speed and rotor position are compared with those 

measured previously [11]. The results show that the simulation results of the proposed 

technique are closer to the measured results of the technique proposed in [11]. 

 

2. DYNAMIC IMPSM MODEL TAKING SATURATION AND  
IRON LOSS INTO ACCOUNT 

 

The equivalent circuit of the IPMSM based on a synchronous d-q reference frame is 

shown in figure 1. From the equivalent circuit, the dynamic motor model in the 

synchronous rotating frame taking saturation and iron loss into account was given as 

[22-24]:  

qeqmdqdmdddsd piLpiLiRV                                                  (1)  

dedmqdqmqqqsq piLpiLiRV                                                    (2)  

where sR is the stator resistance, qd VV ,  are the voltage components in the 

synchronous reference frame, qd ii , are the line current components in the 

synchronous reference frame, qmdm ii ,  are the magnetizing current components and 

e is the electrical rotor speed.   

The stator flux linkage components ( qd  , ) can be written as: 
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where, 
ddL and 

qqL  are the direct and quadrature axes self inductances and can be 

defined as follows:  
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dqL  and 
dqL  are the direct and quadrature axes cross coupling inductances and can 

be defined as follows:  
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The magnetizing current components ( dmi and qmi ) are calculated from the 

difference between the line current components and the iron loss current components 

( dii and qii ) and can be expressed as:  

diddm iii                                                                                                  (5)  

qiqqm iii                                                                                                     (6)  

where, in steady state, the d-q iron loss currents components can be written as 

follows:  

i

qe

di
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                                                                                                       (7)  
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                                                                                                          (8) 

where Ri is the core loss resistance. The motor electromagnetic torque can be written in 

terms of the magnetizing current and flux linkage components as follows: 

)(5.1 dmqqmde iiPT                                                                                 (9)  

The mechanical equation of IPMSM can be written as follows:  

J

DTT
p rLe

r

 
                                                                                      (10) 

where D is the damping coefficient.  

The stator flux linkage amplitude can be expressed as:  
5.022

)( qds                                                                                           (11) 

In the equivalent circuit of figure 1, the iron loss per phase is modeled as  

)(
22

diqiii iiRP                                                                                          (12) 

The value of the core loss resistance can be modeled as a function of the 

operating frequency and the no-load core loss resistance (Rio). The core loss resistance 

Ri is divided into two parallel resistances for hysteresis losses and eddy current losses, 

respectively. The hysteresis losses resistance (Rih ) is proportional to the frequency and 

the eddy current resistance (Rie ) does not depend on the frequency. Their expressions 

can be written as follows [23-24]:  
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The iron loss resistance at different values of motor speeds is drawn in figure 2 [24]. 
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Figure 1:  d and q axes equivalent circuits for an IPMSM taking iron loss into account. 
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Figure 2:  Variation of iron loss resistance with an operating frequency. 

 

Saturation and cross-magnetization modeling of an anisotropic synchronous 

machine (e.g. IPMSM) requires data regarding direct and quadrature axes magnetizing 

curves. While the magnetizing curve for the direct axis is generally known, the 

magnetizing curve for the quadrature axis is usually not available. If both direct and 
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quadrature axes magnetizing curves are known, then the two saturation factor approach 

to saturation representation may be utilized [22]. However, in most practical cases 

quadrature axis magnetizing curve is not available, or it is assumed that direct and 

quadrature magnetizing curves depend, for a given machine, solely on the resultant 

magnetizing current. The saturation of machine is in this case usually represented by 

means of a single saturation factor approach. Consequently, the conventional two-axis 

machine model is modified in order to include the influence of saturation and cross-

coupling effects on the variation of self- and cross-coupling inductances in the direct 

and in the quadrature axis, which depend on both the direct and the quadrature axis 

currents. The modified two-axis machine model parameters are evaluated by 

experiments performed on the IPMSM using a controlled voltage-source inverter [22]. 

The nonlinear characteristic .),( constii dmqmq   is presented in figure 3 for one 

magnetization cycle. For the obtained nonlinear characteristic, the average value of 

current is calculated for each value of the flux linkage. In this way, the complete curve 

presented in figure 4 is generated. Figure 5 shows the values of the self and cross 

coupling inductances for different values of d- and q-axis currents.  

 

3.  SPEED ESTIMATION OF THE IPMSM BASED ON ACTIVE 
FLUX CONCEPT 

The concept of active flux for the IPMSM taking iron loss and saturation effect is 

defined as follows: 

dmqqddfa iLL )(                                                                      (16)  

The pervious equation indicates that the active flux vector is aligned with the 

d-axis of the rotor frame as shown in figure 6.  

Using equations (16), one can obtain: 

dmqqda iL                                                                                 (17)  

The q- axis stator flux component can be expressed as:  

qmqqq iL 0                                                                                      (18) 

Combining equations (17) and (18), the active flux can be described in the 

space phasor form as:  

sqsa iL                                                                                          (19) 

where a , s , and si  are the active flux , stator flux and stator current space 

vectors respectively. 
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Figure 3: The nonlinear characteristic  .),( constii dmqmq   
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Figure 4: Characteristic .),( constii dmqmq   qmi   is averaged for each q . 
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Figure 5: variation of the self and cross coupling inductance with d- and q- currents.  
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Figure 6:  Space position of the stator and active flux vectors. 

 

Substituting the stator flux in equation (19) by the integration of the back emf, 

the active flux vector becomes: 

sqqsssa iLdtiRV   )(                                                              (20)  

Equation (20) indicates that the active flux vector can be estimated using the 

stator voltage and current space vectors. The active flux can be expressed in the polar 

form as:  

aaa  ˆ                                                                                               (21) 

where a  , and â  are the amplitude and angle of the active flux space vector. 

The rotor position angle is estimated in terms of active flux components as:  

)(tanˆ 1

a

a

a








                                                                                             (22) 

where a and  a are the stationary components of the active flux in the stator 

frame. 

The motor speed can be estimated in discrete form from the time differentiation of 

equation (22) as:  

dt

d a
e


ˆ

ˆ 
])()[(.

)(.)()(.)(
22

11

kakas

kakakaka

T 









 
                                   (23)  

where the active flux components are calculated at the samples k  and 1k   , and  

sT   is the sampling interval.  

The block diagram of the speed estimator is shown in figure 7. In this figure, 

the rotor position, speed, stator flux linkage and electromagnetic torque are estimated 

from the measured voltage and current signals. The implementation of the estimator is 

very simple and does not require any additional computational or external injection. 
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Figure 7:  Block diagram of torque, stator flux, rotor speed and position estimator. 

 

4. STATOR RESISTANCE ESTIMATION ALGORITHM BASED 
ON FUZZY LOGIC ESTIMATOR 

 

The stator resistance changes due to the change in temperature or frequency during the 

operation of the machine. At high speeds, the stator resistance voltage drop is small 

compared to the stator voltage. At low speeds, this drop becomes the dominant. 

Therefore, any change in stator resistance gives wrong estimation of the stator flux and 

consequently the electromagnetic torque and the stator flux position. An error in stator 

flux position is more important as it can cause the controller to select a wrong 

switching state which can result in failure of the controller. Moreover, in the case of 

sensorless speed control, the mismatched stator resistance introduces an error in the 

position and speed estimation. Among other variables of the machine, the stator current 

vector is highly affected by the resistance changes [25-26]. 

Let the change in the stator resistance be sR , which causes a si  change in 

the stator current. The nominal stator resistance is used to estimate stator flux and 

electromagnetic torque as: 

dtiiRV sssss   )((̂                                                              (24) 

)()ˆ(5.1ˆ
ssse iiPT                                                                         (25) 

where "  " denotes the cross product operator.  

Considering the change in the stator resistance to be in the machine model, the 

actual stator flux and electromagnetic torque can be written as follows: 

dtiiRRV ssssss   ))(((                                                              (26) 

)()(5.1 ssse iiPT                                                                                  (27) 

The errors in the stator flux and torque due to the change in the stator 

resistance are given by: 

dtiiR ssssss   )(̂                                                  (28) 

)()ˆ(5.1ˆ
sssseee iiPTTT  

 sssss iidtiiRP   ())(5.1                                                        (29) 
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The pervious equation gives the change in electromagnetic torque as a function 

of changes in stator current and stator resistance. It also shows that the torque, current, 

and stator resistance errors are all related. In this section, the difference between the 

actual current vector and the estimated current vector will be used to compensate the 

change in the stator resistance. The estimated current vector can be derived from the 

estimated torque and active flux based on the motor current model. The d-axis current 

component can be estimated from the active flux magnitude as follows: 

qd

fa

dm
LL

i




ˆ                                                                                            (30) 

Combining equations (30) and (9), the q-axis current is estimated from:  

)ˆ)((5.1

ˆ
ˆ

dmqdf

e

qm
iLLP

T
i





                                                                   (31) 

Using equations (30) and (31) the magnitude of the stator current (neglect the 

iron loss current components) is estimated as:   

5.022
)ˆˆ(ˆ

qmdms iii                                                                                     (32) 

The error between the estimated and actual current vectors can be expressed as 

follows: 

)()(ˆ)( kikike ss                                                                                       (33) 

The change in current error will become: 

)1()()(  kekeke                                                                                (34) 

The current error and the change in current error are used as inputs to a fuzzy 

logic estimator in order to predict the change in the stator resistance
sR . Each of the 

input and output variables  to the fuzzy logic block are divided into seven fuzzy 

segments, namely, NL, NM, NS, ZE, PS, PM, and PL. The range of control (or 

universe of discourse) for stator current error is chosen between 0.1A and - 0.1A, and 

its change is chosen between 0.05 and -0.05 amp. Also, the change in stator resistance 

is chosen between 0.05 and -0.05 ohm.  Triangular functions are used for membership 

distribution. Figure 8 shows the membership distribution for the current error, change 

in current error and change in stator resistance. Fuzzy rules are selected to give the 

variation in the stator resistance. Each control rule can be described using the input 

variables )(ke , )(ke  and the output variable sR .  

The i
th
 rule ri can be expressed as:  

ri:  if e is Ai, e  is  Bi , then sR  is  Ni                                                          (35) 

where Ai, Bi, Ni are the fuzzy subsets. The total number of rules is 49 rule which are 

given in table 1. The interface method used in this paper is Mamdani’s procedure. The 
firing strength αi for ith rule is expressed as: 

))(),(min( eei                                                                            (36)  

where  )(e  and )( e  are the membership grade of the current error and the 

change in the current error, respectively. The membership function of the resultant 
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aggregation is obtained by the maximum method. The maximum method takes the 

maximum of their degree of support (DoS) values.   

In the defuzzification stage, a crisp value for the output variable (change in 

resistance
sR ) is obtained using the mean of maximum (MoM) operator [25].  The 

change in the stator resistance (
sR ) is added to the previously estimated resistance. 

The block diagram of the stator resistance estimator is shown in figure 9. 
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Figure 8: Input and output membership functions of the fuzzy logic estimator.  

 

The block diagram of the speed proposed sensorless torque/flux sliding mode 

controller of the IPMSM is shown in figure 10. In this figure, the stator flux vector and 

the motor torque are estimated from the measured voltage and current signals. The 

rotor speed and position angle are estimated based on the active flux. The SMC is 

designed to generate the stator reference voltage based on the torque and flux errors as 

in Ref. [27]. Space vector modulation is used to generate the inverter firing signals 

based on the reference value of the stator voltage in addition to the constant switching 

frequency. Two level three phase inverter is used to feed the IPMSM.  The iron loss 
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and saturation effect are taken in the motor modeling. No additional measurements or 

axis transformation are required.  

 

Table 1: Fuzzy rules for the fuzzy resistance estimator 
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Figure 9: Block diagram of the stator resistance fuzzy logic estimator. 

 

5. RESULTS AND DISCUSSIONS 

Simulation results are carried out to evaluate the performance of the proposed scheme. 

The self and cross coupling inductances variation are taken into the motor model, while 

the self inductance variation only is considered in the observer design. The simulations 

are carried out to evaluate the performance of the proposed scheme at standstill, low 

and high speed operation with load disturbance and stator resistance variation in the 

presence of core loss and saturation. The simulation results are compared with those 

measured in the literature [11] to evaluate the validity of the proposed scheme. In [11], 
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a high frequency signal injection technique and a sliding mode observer are companied 

together to estimate the rotor speed, position and stator resistance of the IPMSM. 

However, the scheme in [11] is more complex compared to the proposed scheme. The 

IPMSM parameters used in the proposed and pervious schemes are the same and given 

in appendix I. 
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Figure 10: Block diagram of the proposed sensorless torque/ flux SMC. 

 

 5.1 Drive operation at high speed and load disturbance  

The motor was initially running at 1000 rpm under no load condition, and full load 

torque was applied at t = 2.5 s. Figure 11a shows the dynamic speed response of the 

proposed scheme taking saturation and iron loss into account. It is shown that a dip 

occurred in the motor speed when the load torque increased. The figure shows that the 

dip in the rotor speed is very small during the transient interval and quickly decays to 

zero. In addition, the figure shows the quadrature axis self inductance variation at high 

load torque. Figure 11b shows the actual speed, estimated speed and position error of 

the scheme proposed in the literature [11]. By comparing the figures, it is noticed that 

the simulation and experimental results agree to some extent under the same operating 

conditions. In addition, taking the saturation effect and iron loss into account improves 

the theoretical results. 

 

5.2 Drive operation at very low reversible speed 

In this case, the reference speed is reversed from − 5 to 5 rpm with full load torque 
applied. Figure 12a shows the simulation results of the proposed scheme under these 

conditions. As shown in the figure, the estimated speed follows the actual speed very 

well during the reversal operation. The position estimation error is very small, which 

confirms the effectiveness of the proposed algorithm. Figure 12b shows the 

experimental results in the literature [11]. As shown in the figure, some oscillations 

appear in the actual and estimated speed waveforms. These oscillations may be as a 

result of the chattering phenomena of sliding mode observer. 
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     (b) 

Figure 11: Actual speed, estimated speed, speed error and position error at high speed. 

(a) The active flux with taking saturation effect and iron loss into account (simulation) 

(b) The high frequency injection and sliding mode observer (experimental). 

 

5.3 Drive performance at standstill  

Figure 13a and b shows the measured speed, estimated speed and position error 

waveforms of the proposed scheme and the pervious one [11] respectively, at zero 

speed operation with full load torque steps. The load was initially applied to the motor 

at t = 0.5 sec. and was subsequently removed at t = 2.75 sec. Figure 13a shows that the 

perturbation in the rotor speed is small, even during load dynamics. It is observed that 

the estimated speed tracks the actual speed very well and the position estimation error 

is very small during transients and steady state. Small dips occurred in the actual and 

estimated speeds of the proposed scheme during load disturbance. Hence, the proposed 



  A. M. El-Sawy, and E. G. Shehata         
 

548 

scheme is capable of persistent zero-speed operation with full load torque. In figure 

13b, the actual and estimated speed waveforms of the experimental results have some 

oscillations as a result of the chattering of the sliding mode observer.  
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Figure 12: Actual speed, estimated speed and position error at standstill operation. 

(a) The active flux -SMC taking saturation effect and iron loss into account 

(simulation). 

(b) The high frequency injection and sliding observer (measured). 
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(b) 

Figure 13: Actual speed, estimated speed and position error at standstill operation       

(a) The active flux (simulation)           

  (b) the high frequency injection (experimentally) 

 

5.4   Drive performance at stator resistance variation  

Figure 14a shows the response of the proposed drive due to a step change in stator 

resistance without stator resistance estimation. The motor was running under half full 

load condition at 500 rpm when the stator resistance was increased steeply by 40% at t 

= 1.15 sec.  The actual speed, estimated speed and speed estimation error waveforms of 

the proposed scheme are shown in the figure, respectively. The figure shows 

oscillations in the actual and estimated speed waveforms. If a stator resistance 

estimation algorithm is used, the speed oscillation will disappear as shown in figure 

14b.  The figure shows that the actual and estimated resistances are aligned. Figure 15c 

shows the scheme performance when the saturation and iron loss are taken into 

account. A small oscillation appears in the estimated speed and the estimated resistance 
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at the instant of stator resistance variation. However, these oscillations are damped 

quickly.  Figure 15d shows the estimated stator resistance and speed estimation errors 

of the scheme in literature [11]. The resistance adaptation law is able to precisely 

identify the stator resistance in less than 1 sec. By comparing figures 14c and 14d, it is 

shown that the proposed fuzzy estimator response is faster than that in the literature.  
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Figure 14: Stator resistance variation effect on the scheme performance: 

(a) Without stator resistance estimation and saturation effect and iron loss into account. 

(b) With stator resistance estimation and without saturation effect and iron loss into 

account. 

(c)  With stator resistance estimation and taking saturation and core loss into account. 

(d) The high frequency injection and sliding mode observer (experimental). 
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6. CONCLUSION  

In this paper, the speed sensorless control of the IPMSM based on direct torque control 

is studied. The rotor speed and position was estimated online based on active flux 

concept. The effect of the saturation and iron loss were taken into account to improve 

the theoretical results. To improve the classical DTC performance, a sliding mode 

controller combined with SVM was used to replace the classical hysteresis controllers 

and lookup table of DTC. In addition, a fuzzy logic estimator was proposed to estimate 

the stator resistance variation online. To evaluate the performance of the proposed 

scheme, simulation works were carried out and compared with published results. From 

the present analysis and simulation results, one can draw the following main 

conclusions: 

1-  The speed estimation algorithm based on active flux concept gives accurate 

estimation of the rotor speed and position at standstill, low and high speed 

operation. The estimated and actual motor speeds can trace well the reference 

value. The speed and position errors of the proposed scheme are low compared 

to the published results.  

2- Speed reversal operation of the proposed scheme is studied. The motor speed 

and the estimated speed are aligned. The speed and position error are small. 

Also, the simulation results agree with the experimental results.   

3- For speed estimation based on active flux concept, the stator inductance 

variation due to saturation phenomena can cause unacceptable performance. 

On the other hand, taking inductance variation into account improves the 

calculated results.   

4- The fuzzy logic estimator can detect well the thermal variation of the stator 

resistance. The estimation error is very low during a ramp or step variation of 

the stator resistance. Compared to the published results, the proposed fuzzy 

estimator is faster and more accurate than the sliding mode observer.  
 

APPENDIX I 
Parameters and data of the IPMSM   

Rated power (W) 1000 Rated phase voltage  (V) 132  

Rs (Ω) 5 Magnet flux linkage λf (Wb) 0.533 

Lq (H) 0.1 Rated torque Te (N.m) 6 

Ld (H) 0.05 DC voltage (V) 300 

No. of pole pairs 2 Base speed  (rpm) 1500 
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دائمة بدون حساس سرعة  مغناطيسية ا تزامني ذو اأقطاب ا محرك ا م في  عزم ا تح ا
مغناطيسيمع اأخذ في اإعتبار تأثير  تشبع ا حديدية و ا مفاقيد ا ا  

دائمة   مغناطيسية ا تزامنى ذو اأقطاب ا محرك ا م مباشرفى عزم ا بحث يبحث تح  Direct torque) هذا ا

control دوار عضو ا م اأنزاقى. تحسب  سرعة و زاوية ا متح سرعة أعتمادا على نظام ا (   بدون حساس ا
في ذاتى فى اأحداثى لمحرك بناء على مفهوم ا حث ا ى قيمة ا فعال ا فيض ا فعال. يحتاج حساب ا ض ا

ذاتى فى  حث ا تشبع على ا محرك أخذ تأثير ظاهرة ا ك تم تعديل نموذج ا ذ لمحرك.   ثابت  لعضو ا عمودى  ا
مبا ذاتى فى اأحداثيين ا حث ا لمحرك. حيث تم تخزين قيم تغير ا عمودى  مباشر وا عمودى اأحداثيين ا شر و ا

نتائج  تحسين ا لمحرك فى اأعتبار  حديدى  قلب ا ما انه تم أخذ مقاومة ا نموذج.  تيار فى جدول داخل ا مع ا
م أنزاقى  عزم يتم أستخدام متح مباشر فى ا م ا تح تى تعيب نظام ا ية ا عا تموجات ا لتغلب على ا نظرية.   ا

لم مغناطيسى  فيض ا عزم و ا م فى ا م اأنزاقى. حيث لتح متح تصميم ا امل  تى ت حرك. و قد تم أستخدام دا
مغناطيسى و  فيض ا ثافة  ا فرق بين  فعلى و ا مطلوب و ا عزم ا فرق بين ا جهد من ا م بحساب ا متح يقوم ا

متح رة ا وصول تم أستخدام ف نظام أثناء زاوية ا ضمان ثبات ا امل. و  ت تى ا فعلى اعتمادا على دا م اأنزاقى ا
فراغى  متجه ا ما تم أضافة نظام ضبط ا لى.  لحصول على أقل تموجات (Space vector modulationا  )

ى  حاجة ا بساطة و عدم ا مقترح يتميز با نظام ا جهد.  ا لمحرك و زيادة نقاوة  ا مغناطيسى  فيض ا عزم و ا فى ا
مقترح م ا تح م على اداء ا لح مبيوتر عند ظروف تشغيل مختلفة.   نظام حقن خارجى. و اة با تم عمل محا

ية مع تغير معامات  عا بطيئة و ا سرعات ا بدء و ا مقترح عند ا لنظام ا متميز  نتائج اأداء ا حيث أوضحت ا
فاءة أداء  توضيح  نظرية مع نتائج عملية منشورة سابقا  نتائج ا ما تم مقارنة ا محرك.  حمل على ا محرك او ا ا

مقترح. نظام ا  ا

 

 

 


