
 

 

 

POLİTEKNİK DERGİSİ  
 
JOURNAL of POLYTECHNIC 
 
 
 
 
 
 
 

ISSN: 1302-0900 (PRINT), ISSN: 2147-9429  (ONLINE) 

URL: http://dergipark.gov.tr/politeknik 

 

 
Scalar speed control of induction motors with 

difference frequency 

Fark frekans ile indüksiyon motorun skaler hız 

denetimi 

Yazar (Author): Özcan OTKUN 

 

ORCID: 0000-0002-5025-1516 

 

Bu makaleye şu şekilde atıfta bulunabilirsiniz (To cite to this article): Otkun Ö., “Scalar speed control 

of ınduction motors with difference frequency”, Journal of Polytechnic, 23(2): 267-276, (2020). 

  
 
Erişim linki (To link to this article): http://dergipark.gov.tr/politeknik/archive 

DOI: 10.2339/politeknik.474043 

 

http://dergipark.gov.tr/politeknik
http://dergipark.gov.tr/politeknik/archive


Politeknik Dergisi, 2020; 23(2) : 267-276  Journal of Polytechnic, 2020; 23 (2): 267-276 

     

267 

   Scalar Speed Control of Induction Motors with 

Difference Frequency 
Araştırma Makalesi / Research Article 

Özcan OTKUN* 

Department of Electrical and Electronics, 3Nokta Academy Company, 61100, Ortahisar, Trabzon, Turkey 

(Geliş/Received : 23.10.2018 ; Kabul/Accepted : 02.04.2019) 

 ABSTRACT 

Speed monitoring of electric motors has attracted the attention of many researchers from past to present. Induction Motor (IM), 

which is one of the electric motor types, falls behind the nominal speed in different loads. This study was conducted to increase 

the speed control performance of IM. In the study, speed control of IMs was realized by Difference Frequency (DF). The Scalar 

Control (SC) method was used in IM speed control. In order to increase the performance of SC, the frequency information received 

from IM was compared with the reference frequency. The resulting DF was applied to the system input again. For the performance 

analysis of the study; SC, PI + SC and DF + SC methods were compared. The results obtained from the study simulated in Matlab 

software show that the proposed method can be used in speed control.  

Keywords: Speed control, scalar speed control, IM, frequency, V/f. 

Fark Frekans ile İndüksiyon Motorun Skaler Hız 

Denetimi 

ÖZ 

Elektrik motorlarının hız denetimi geçmişten günümüze pek çok araştırmacının ilgisini çekmiştir. Elektrik motor çeşitlerinden biri 

olan Indüksiyon Motor (IM) ya da Asenkron Motor (ASM) farklı yüklerde nominal hızın gerisinde kalmaktadır. Bu çalışmada 

IM’nin hız denetim başarımını arttırmak amacıyla yapılmıştır. Yapılan çalışmada IM’lerin hız denetimi Fark Frekans (FF) ile 

gerçekleştirilmiştir. IM hız denetiminde Skaler Denetim (SD) yöntemi kullanılmıştır. SD’nin başarımını arttırmak için IM’den 

alınan frekans bilgisi referans frekans ile karşılaştırılmıştır. Elde edilen FF tekrar sistem girişine uygulanmıştır. Çalışmanın 

performans analizi için; SD, PI + SD ve FF + SD yöntemleri karşılaştırılmıştır. Analiz sonuçları tablo ve grafikler ile sunulmuştur. 

Matlab yazılımında benzetimi gerçekleştirilen çalışmadan elde edilen sonuçlar önerilen yöntemin hız denetiminde 

kullanılabileceğini göstermektedir. 

Anahtar Kelimeler: Hız denetimi, skaler hız denetimi, IM, Frekans, V/f. 

1. INTRODUCTION 

Induction Motors (IM) are preferred in industrial areas 

due to advantages such as simple structure, low cost, low 

maintenance requirements and high efficiency [1] - [5]. 

This situation reveals the need for use of IMs at different 

speeds. However, the nonlinear dynamic model, the time 

varying parameters and external load torque of these 

motors makes the speed control quite complicated [6] - 

[9]. In this context, it is expected from the control system 

that to have proper behavior of location and speed at 

transient and steady state, to respond well to the variable 

speed, not to be affected by changes in the disruptive 

input parameter such as an external force (load torque) 

[1], [10], [11]. 

Speed control of IMs is carried out in two distinct ways: 

scalar and vector [12], [13]. Considering the industrial 

application; Scalar Control (SC) method is being used 

because of simple structure, easy application and low 

cost [14]. SC method is performed by maintaining 

Voltage / frequency (V / f) rate constant. The goal here is 

to keep constant the motor torque desired to be operated 

at different speeds. However, when IMs operated at low 

speed, torque production is reduced due to the reduction 

of internal voltage drop and dynamic performance of the 

motor decreases due to disruptive influences such as 

external load conditions [15] - [18]. Therefore, SC 

method is used in conjunction with additional control 

methods such as Proportional-Integral-Derivative (PID) 

[19] - [21]. However, parameter sensitivity of the PID 

controls is fairly weak. If the system controller 

coefficients are set well, system can be controlled in a 

good way. However, any changes in system parameters 

affect the performance of the controller negatively. In 

this case, the PID control coefficients will need to 

readjust [19], [22].  

In addition to classical methods of control, many 

methods have been suggested [23] - [25]. These; Kalman 

filter [26], field orientation [27], [28], position [29], 

adaptive [30], finite elements [31], finite differences [32], 

logic [33], state feedback [34], stator voltage [35], 

observer-based [36], matrix theory [37], shift mode [38], 
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digital signal processor [39], sensor-sensor-less [40], 

robust [41] control, etc. 

When the studies in recent years are examined, it is 

understood that intelligent audit methods Artificial 

Neural Network (ANN), Fuzzy Logic (FL), Genetic 

Algorithm (GA) etc. and these methods are used together 

with classical methods. In addition to the above-

mentioned methods, we observed that control methods 

such as ANN, FL, GA are used [42] - [45]. Referring to 

the literature, it is observed that intelligent control 

systems which can be used instead of the PID have been 

developed [46], [47]. These methods show the desired 

performance in the nonlinear case in system [48]. Also, 

the control performance system is less affected from 

parameter variations [49] - [51].The aim of this study is 

not to reveal the positive and negative aspects of the 

known methods, but to reveal a different solution 

method. 

The purpose of this study is to improve the performance 

of the SC method utilized in speed control of IMs without 

the need for additional controller. The motor that controls 

to be carried are required to reach the reference speed at 

idle and load. Therefore, Difference Frequency (DF) + 

SC method is recommended in control of IMs. 

 

2. MATERIAL AND METHOD 

2.1. Mathematical Expressions of IMs 

In terms of ease of simulation biaxial mathematical 

expressions of IMs are used. These statements are [4], 

[52], [53]; 

The stator voltage equations of dq axis: 
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Rotor voltage equations of dq axis: 
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Here; 0v
rd rq

v    for squirrel cage IMs [1]. 

Stator and rotor flux given in these equations (Matrix 

expression): 
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Flux equations in the air gap:  
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The equation of torque generated by the motor: 

3
( )
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(5) 

The equation of electrical torque generated by the motor: 

2 2d
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(6) 

2.2. Mathematical Expressions of SC 

SC simulation was performed with the angle and 

amplitude ratio obtained by calculating from the 

reference frequency entered into the system. Reference 

voltage equations are given below for three phases [12]. 
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2.3. Mathematical Expressions of DFs 

DF's simple mathematical model; 

_
2

ew
DF ref f


 

 
(8) 

2.4. Methods for Control of IMs 

2.4.1. SC method 

IM simulation model of SC method is shown in Figure 1. 

Here, SC simulation will be carried out with the angle 

and amplitude ratio obtained by calculating from the 

reference frequency entered into the system. Current, 

torque and speed graphics will be obtained by running the 

motor at idle and load [54]. 

 

 

Figure 1. Simulation of SC Method 
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2.4.2. PI+SC method 

IM simulation model of PI+SC method is shown in 

Figure 2. Here, PI sets the control input, reduces errors, 

and will work to achieve the desired reference frequency 

value. Current, torque and speed graphics will be 

obtained by running the motor at idle and load. 

2.4.3. DF+SC method 

IM simulation model of DF+SC method (The proposed 

method) is shown in Figure 3. Here, DF will be 

performed by adding the difference between the 

frequency obtained from motor speed and reference 

frequency to SC input. Current, torque and speed 

graphics will be obtained by running the motor at idle and 

load [55]. 

 

 

Figure 2. Simulation of PI+SC Method 

 

 

Figure 3. Simulation of DF+SC Method 

 

3.  RESULTS 

Four simulation tests graphs and tables are given below. 

The simulation tests conducted are shown in the table and 

then on the graph. The first simulation test input 

information is given in Table 1 and simulation test results 

are shown in Figure 4. 

The motor current, torque and speed graphs is given 

Figure 4 (a), respectively. Consequences are 5 Hz and 0 

Nm in Figure 4 (a), 5 Hz and 0.25 Nm in Figure 4 (b), 5 

Hz and 0.5 Nm in Figure 4 (c). It is seen that the motor 

current is equal to each other in three simulation tests. 

Also, it is understood that the motor torque graph is at the 

desired value. However, when speed graphs examined it 

is understood that the SC method could not be successful 

by the motor load torque increases. But DF+SC gave the 

same results with PI+SC method and it is observed that 

this method is successful at speed control. 

 

Table 1. The first simulation tests input information 

Tests ref_f (Hz) ref_Te (Nm) 

1 5 0 

2 5 0.25 

3 5 0.5 
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(a) 

 

 

(b) 

 

 

(c) 

Figure 3. The first simulation test results 

 

The second simulation test input information is given in 

Table 2 and simulation test results are shown in Figure 5. 

The motor current, torque and speed graphs is given 

Figure 5 (a), respectively. Consequences are 10 Hz and 0 

Nm in Figure 5 (a), 10 Hz and 0.25 Nm in Figure 5 (b), 

10 Hz and 0.5 Nm in Figure 5 (c). It is seen that the motor 

current is equal to each other in these three simulation 

tests. Also, it is understood that the motor torque graph is 

at the desired value. However, when speed graphs 

examined it is understood that the SC method could not 

be successful by the motor load torque increases. But 

DF+SC gave about the same results with PI+SC method 

and it is observed that this method is successful at speed 

control. 

 

 

Table 2. The second simulation tests input information 

Tests ref_f (Hz) ref_Te (Nm) 

1 10 0 

2 10 0.25 

3 10 0.5 
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(a) 

 

 

(b) 

 

 

(c) 

Figure 4. The second simulation test results 

 

The third simulation test input information is given in 

Table 3 and simulation test results are shown in Figure 6. 

The motor current, torque and speed graphs is given 

Figure 6 (a), respectively. Consequences are 15 Hz and 0 

Nm in Figure 6 (a), 15 Hz and 0.25 Nm in Figure 6 (b), 

15 Hz and 0.5 Nm in Figure 6 (c). It is seen that the motor 

current is equal in these three simulation tests. Also, it is 

understood that the motor torque graph is at the desired 

value at SC and DF+SC methods but it is not at the 

desired value at PI+SC method. When speed graphs 

examined it is understood that SC and PI+SC methods 

could not be successful by the motor load torque 

increases. For this simulation test, it is observed that 

DF+SC method is successful at speed control. 

 

Table 3. The third simulation tests input information 

Tests ref_f (Hz) ref_Te (Nm) 

1 15 0 

2 15 0.25 

3 15 0.5 
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(a) 

 

 

(b) 

 

 

(c) 

Figure 5. The third simulation test results 

  

The fourth simulation test input information is given in 

Table 4 and simulation test results are shown in Figure 7. 

The motor current, torque and speed graphs is given 

Figure 7 (a), respectively. Consequences are 50 Hz and 0 

Nm in Figure 7 (a), 50 Hz and 0.25 Nm in Figure 7 (b), 

50 Hz and 0.5 Nm in Figure 7 (c). It is seen that the motor 

current is equal in these three simulation tests. When 

examining torque graphs in three methods, it is seen that 

the desired result is obtained by SC and DF+SC methods. 

When speed graphs examined it is understood that SC 

and DF+SC methods are successful by the motor running 

at idle and load but PI+SC control is not successful. 

 

Table 4. The fourth simulation tests input information 

Tests ref_f (Hz) ref_Te (Nm) 

1 50 0 

2 50 0.25 

3 50 0.5 



SCALAR SPEED CONTROL OF INDUCTION MOTORS WITH DIFFERENCE FREQUENCY  … Politeknik Dergisi, 2020; 23 (2) : 267-276 

 

273 

 

(a) 

 

 

(b) 

 

 

(c) 

Figure 6. The fourth simulation test results 

 

Figure 8 is presented for a better understanding of the 

performance of the proposed method. A frequency of 25 

Hz was applied to the IM. The results obtained from 

different load moments are shown on the same graph and 

the traceability of the results has been increased. 

 In Figure 8 (a) shows the torque graph, (b) the velocity 

graph. Figure 8 (b) shows that the motor operates at a 

constant speed. It is understood that the motor has 0%, 

0.25% and 0.51% speed error respectively when 

operating at 0, 0.25 and 0.5 Nm load torque. 

 

4. CONCLUSION 

In this study, IM’ Scalar Speed Control with Difference 

Frequency were performed. The results obtained from 

this study can be listed as follows. 

 

 SC: It shows desired performance in all speed 

during idling. When working in load, at low 

speeds it does not show the desired 

performance. The desired control results are 

obtained when working at high speed in idle and 

load [17]. 

 PI+SC: Coefficients determined for PI 

controller shows desired performance in 

specific speed ranges. Nevertheless, while the 

range of speed and torque changes it does not 

demonstrate the required performance [19], 

[22]. 

 DF+SC: This proposed method indicates the 

desired control performance in each case tested.  
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 The obtained results indicate that the proposed 

method will contribute speed control operations 

done in industrial areas. 

When considering developments in this area, much more 

work can be made. 

 

(a) 

 

 

(b) 

Figure 8. Performance analysis of motor at constant speed and different load moments 

 

SYMBOLS AND ABBREVIATIONS 

isd, isq  : dq currents 

Ψsd, Ψsq  : dq fluxes 

Ls  : Statore inductance 

Lr  : Rotor inductance 

Lm  : Mutual inductance 

rs  : Stator resistance 

TL  : Load torque 
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we  : Electric angular speed 

wr  : Rotor angular speed 

J  : Inertia constant 

B  : Friction constant 

p  : Number of poles 
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