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REVIEW OF THE SCALAR CONTROL STRATEGY OF AN INDUCTION 
MOTOR: CONSTANT V/f METHOD FOR SPEED CONTROL 

MARIJA STERJOVA AND VASILIJA SARAC 

Abstract. This paper presents the design, simulation, and analysis of the speed control of 
an induction motor powered by a voltage inverter with a pulse-wide modulation method. 
The derived model addresses issues related to the regulation of motor speed at various 
supply frequencies. The control strategy of the voltage inverter is based on the scalar 
control with a constant V/f ratio, which is important for automated control, controlled 
start-up, acceleration and stop, and constant flux operation of the motor.  The Powersim 
software is used for the purposes of deriving the simulation model in this paper. The 
analysis of the output results compares the different speeds of operation, below and above 
the nominal speed of the motor. They are also compared with the theoretical calculations 
required for the simulation model. 
 

1.Introduction 
Globally, electric motors are widely used in all fields of application and are essential to 
our present lifestyle. The technology of variable speed drives is highly valued and 
necessary for many aspects of production. This technology has a wide range of 
implementation in industrial applications and is crucial for any movement in periods - 
when and where everything is required. In addition, the indicated technology is extremely 
significant when dealing with the induction motor in response to the sophistication of 
factory automation that provides improved productivity. Furthermore, it overcomes the 
only drawback of the induction motor, the inability to operate at variable speeds. This 
technology includes voltage inverters and various modulation techniques that enable 
motor speed control. An asynchronous motor with a squirrel cage rotor is the preferred 
option due to its simple design, less maintenance, and simple operation. There are two 
basic control strategies used to control the speed of squirrel-cage induction motors: scalar 
and vector control strategies. Scalar control strategy is a relatively simple control method. 
The purpose of the technique is to control the magnitude of the chosen control quantities. 
Vector control strategy is a more complex control technique, the evolution of which was 
inevitable, too, since scalar control cannot be applied for controlling systems with 
dynamic behavior [1]. The vector control strategy works with vector quantities that have 
both the magnitude and the direction, respectively, named as space phasors. It is 
additionally known as field-oriented control.  
Common control methods are classified as: changing the number of stator poles, varying 
supply frequency, variable rotor resistance, variable stator voltage, slip compensation, 
method of constant V/f ratio, vector control, etc. Scalar control schemes may be adequate 
in variable speed applications where speed disturbance is load tolerant. In this paper, the 
Powersim software simulates a three-phase squirrel cage induction motor model with a 
given output power of 0.55 kW, which uses the V/f control method. This control principle 
requires that the frequency and voltage applied to the stator of the motor have a constant 
ratio for the rated and below the rated speed. 
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Above the rated speed, the motor enters a so-called flux weakening region, since the 
frequency is increased while the voltage is limited with the voltage of the DC bus link of 
the invertor. This means that the rise in frequency and voltage is no longer proportional, 
so consequently the motor flux is weakened as well as the available torque of the motor. 
The simulation characteristics are analyzed under different conditions because of different 
speeds, at, above, and below the nominal speed. 
 

2. Theoretical background of the Variable Frequency Drive and the 
Constant V/f Control Method  

In this section of the paper, the theory of the variable frequency drive (VFD) and the 
constant V/f control method will be reviewed. 

2.1 Variable Frequency Drive  
A variable Frequency Drive is a type of device that reliably and cost-effectively causes 
an AC motor to run at different speeds. A VFD is also termed as an AC drive, an inverter, 
an adjustable frequency drive, or an adjustable speed drive.  
In Figure 1, a schematic diagram of the VFD is represented with the main components of 
the drive. The components, as well as the principle of operation, are explained below. 
Clearly, we can see from the schematic that the VFD includes: 
-Input power – AC voltage comes into most drives. It enters the rectifier circuit. 
-Rectifier Circuit – Bridge rectifier, which is a group of six diodes that convert AC to 
DC. In this form the DC voltage is still not smooth and has some ripple. 
-DC Bus – A DC Bus system is in place usually with a capacitor and helps smooth out 
the ripple [10,12,13]. 
-Inverter Circuit – The DC current follows along with a group of switches of transistors 
that open and close to allow for positive or negative voltage output. This presents a PWM 
voltage pulse in a square shape. Since it is done multiple times with varying the degrees, 
the square-shaped pulse will increase and decrease in width. The AC motor interprets this 
as an AC sinusoidal current waveform and moves as if it were such. By increasing or 
decreasing the pulse width through the drive, the AC motor responds. 
-IM – Induction motor. 

 

Figure 1. Representation of PWM VFD schematic diagram 

The main task of the Variable Frequency Drive [2]: 
1. VFD (AC drives) are used for step-less speed control of squirrel cage induction motor 
mostly used in process plants due to its ruggedness and maintenance-free long life. 
2. VFD controls the speed of a motor by fluctuating yield voltage through a complex 
microchip-controlled hardware device.  
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The Variable Frequency Drive is a completely practical straightforward drive that allows 
acceleration of the motor up to the required speed. However, motor speed is limited due 
to the construction of the motor itself. Most often, the upper limit of the speed is limited 
to 1.5 times of the rated speed as the motor temperature increases at higher speeds and 
gives rise to potentially hazardous situations due to the high temperature and mechanical 
limitations imposed by the motor frame and bearings.  
 

2.2 Constant V/f control method  
Induction motors are three-phase machines where, the synchronous speed, also known as 
the speed of the revolution of the magnetic field in the stator winding of the motor 
𝑛𝑛"	(rpm), is represented by the expression: 
                                                                    𝑛𝑛"	 =

+,-∗/
0

	                                              (1) 
where, p is the number of poles, and f (Hz) is the frequency of the applied voltage 
waveforms. From this we can say that the synchronous speed as well as the rotor speed 
can be controlled by varying the frequency. If we vary the supply frequency, the 
synchronous speed can be varied, and if the synchronous speed is varied, it can directly 
affect the motor speed.  
The expression of ratio V/f = const is represented as follows: 
                       𝐸𝐸 = 𝑉𝑉 = 4.44	𝑓𝑓ф7𝑘𝑘9𝑁𝑁						 → 								𝑉𝑉/𝑓𝑓 = 4.44	ф7𝑘𝑘9𝑁𝑁 = 𝑐𝑐𝑐𝑐𝑛𝑛𝑐𝑐𝑐𝑐	                   (2) 
where, V (V) is the voltage; ф7	(Wb) is the magnetizing flux; kn is the winding constant, 
and N is the number of turns. The relation between the output power P (kW) and the 
torque T (Nm) is given by: 
                          P=T·ω                (3) 
where, the angular velocity, ω (rad/s) is defined by: 
               ω=2πf                                                          (4) 

 
Figure 2. Stator voltage versus frequency at the V/f control method [5] 

If the speed changes, it is observed that the maximum torque of the motor becomes 
constant when the constant V/f ratio is maintained [5]. The flux produced is in proportion 
to the ratio of the voltage applied and the supply frequency. Also, the motor developed 
torque is in direct proportion to the stator produced magnetic field [3]. Over the entire 
speed range, the magnetic flux and torque values can be kept constant with the same ratio 
of voltage and frequency variation [6, 10]. Figure 2 shows a graphic of the open loop V/f 
control method of an induction motor. A more detailed overview of the open loop V/f 
control method can be found in [3, 4]. As we can see, there are three frequency regions 
[5,6,7]: 

REVIEW OF THE SCALAR CONTROL STRATEGY OF AN INDUCTION 
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• 0 − 𝑓𝑓E, the voltage drop across the stator resistance that cannot be neglected and 
must be compensated for by increasing the stator voltage. The torque in this 
frequency range is significantly higher (especially at zero speed). 

• 𝑓𝑓E − 𝑓𝑓FG"H, it follows the constant V/f relationship. The slope in fact represents 
the air gap flux quantity. 

• > 𝑓𝑓FG"H, the stator voltages would be limited at the rated value to avoid insulation 
breakdown at the stator windings and the air gap flux would be reduced and cause 
the decreasing developed torque correspondingly. 

From the above we can conclude that when frequency rises, the stator voltage is also 
increased, but above the base frequency the value of the stator voltage must be kept 
constant. In terms of output power and torque, it follows that up to the base speed the 
value of the torque is constant due to the constant ratio of V/f; after the base frequency 
the torque is reduced. In the second frequency region characterized by constant torque, 
the rise of frequency gives rise to the output power of the motor. While in the third 
frequency region for the values of the frequency above the base frequency, the output 
torque of the motor decreases, and due to the frequency rise and the decrease of the output 
torque, the value of the power P=T·ω is maintained constant. This V/f control method is 
used for the model presented in this paper.  

3. Simulation model 
In Figure 3 the simulation diagram of the open loop V/f control of three-phase IM is 
shown. More precisely, this diagram contains the VFD – system as a model, as previously 
stated.   
There are four main sub-units of the system: 

1. Three-phase bridge rectifier with diodes, 
2. DC voltage link with an inductor and a capacitor. 
3. Voltage Source Invertor (VSI) that serves for power supply and contains an 

Insulated-Gate Bipolar Transistor (IGBT) with six switches IGBT1 - IGBT6 
and  

4. Pulse Width Modulation (PWM) technique that manages IGBT and operates 
with a series of pulses "ON-OFF" and changes the working cycle.   

 

Figure 3. Simulation diagram of V/f speed control of induction motor 
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The output of the VSI inverter, based on 6 IGBT switches, is controlled using PWM 
(Figure 3), which allows to control the speed. This is due to the points at which the 
triangular carrier signal intersects with the sinusoidal modulation signal. The variation of 
the frequency and amplitude of the modulation signal provides the different operating 
speeds of the motor [11, 13]. Table 1 provides rated data and parameters used for V/f 
speed control of three-phase induction motor fed by voltage inverter. 

Table 1. Rated data and parameters used for V/f speed control of induction motor 

Rated data and parameters Value 

Output power P2 (kW) 0.55 

Rated Voltage (V) 400 

Rated Current (A) 1.6 

Rated Speed (rpm) 1,390 

Rated Torque (Nm) 3.8 

Number of Poles 4 

Operating Temperature (°C) 75 

Starting current (A) 4 

Power factor or displacement factor DF (/) 0.74 
Efficiency h (%) 0.67 

 

4. Results and discussion 
The design and construction of the model of this motor are intended for operation with a 
rated speed of 1,390 rpm and a rated load of 3.8 Nm. The results will be presented for 
three operating modes: at base speed, above and below the base speed. In the first two 
cases, the motor will be loaded with a rated load with the load of 3.8 Nm, while in the 
third case the motor will be in the field weakening and the load torque will be reduced as 
the motor cannot be accelerated anymore with the rated torque. The motor torque, current 
and speed will be presented as transient characteristics during motor acceleration and 
when it reaches steady-state operation at different speeds. The obtained results from 
transient characteristics of current, speed and torque will be compared with the data from 
the calculation and the motor data presented in Table 1. 

4.1 Simulation results obtained at rated frequency 
In the initial analysis, the frequency of the sinusoidal modulating signal is set to a rated 
frequency of 50 Hz and the motor is loaded with a 3.8 Nm constant load. Figure 4 presents 
the transient characteristics of speed, torque, and current as a function of a rated supply 
frequency of 50 Hz. In accordance with the data in Table 1 and the charts in Figure 4, it 
can be assumed that the starting torque of the motor is sufficiently large to allow the 
acceleration of the motor to the rated speed. From the graph in Figure 4 (a), we can see 
that after acceleration with a constant load of 3.8 Nm and moment of inertia of 0.001 
kgm2, the motor reaches a speed of 1,330 rpm. This value corresponds to the analytical 

REVIEW OF THE SCALAR CONTROL STRATEGY OF AN INDUCTION 
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value obtained from the calculations and analyses (Table 1). The result (b) also shows 
that the output torque reaches 3.8 Nm after motor acceleration. And this result is expected 
as well, if we consider that the motor is loaded with 3.8 Nm. When operating in steady 
state, the RMS value of the current is 1.4 A, corresponding to the current with a rated 
value of 1.6 A. 

  
(a) Speed     (b) Torque 

 (c)Current 
                 Figure 4. Transient characteristics of speed, torque and current at 50 Hz 
 
Additionally, the motor is operating with a power converter. This means that the power 
factor of the motor is not just the phase displacement between voltage and current as it is 
usually calculated from the formula: 
     PFD=P/S                      (5) 
Where P is the motor active power in W, and S is the apparent power in VA. 
Due to the presence of the higher order harmonics which are fed into the motor power 
supply by the power converter, the true power factor can be calculated as: 
 
              PFT=PFD × DF          (6) 
Where DF is the distortion power factor, and it can be found from: 

                    (7) 

Where, THD is the total current harmonic distortion. Further details can be found in [14]. 
Therefore, two more measurements were done on the input power supply of the motor: 
the apparent power and the power factor. They are presented in Fig. 5 (a) and (b) 
respectively. 

  
(a) Apparent power    (b) Power factor 

Figure 5. Transient characteristics of apparent power and true power factor at 50 Hz 
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From the presented results in Fig. 5, it is obvious that the power factor is lower than the 
power factor presented in Table 1. In the simulation circuit 0.67 versus 0.74 is measured, 
presented in Table 1 from the data of the producer. The exact measurement of the power 
factor depends on the accurate calculation of the motor parameters, especially 
inductances, stator rotor, and magnetizing inductance. Here it should be noted that the 
entered parameters in the simulation model are calculated based on the data from the 
experiments, i.e., approximately. The exact calculation of motor parameters is subject to 
further research and analysis in different software programs. Furthermore, the measured 
power factor in the simulation circuit is the displacement factor PFD. As the current 
distortion is not so pronounced, the THD is assumed to be negligible.   
Another issue is motor efficiency. It will be lower than the value presented in Table 1 (67 
%). The reason is the presence of higher order harmonics that will cause additional copper 
losses. We will assume only the third and fifth harmonics are present in the current wave 
form. This will cause additional copper losses of 12 W. Therefore, motor efficiency (h) 
will decrease from 66%. The measured apparent power from Fig. 5 (a) is approximately 
1,050 W. According to the data in Table 1, the apparent power of the real motor is 1,107 
W for the same motor loading 3.8 Nm. Therefore, the simulation model can be considered 
sufficiently accurate. The motor input power when it is supplied by a converter is 703 W 
(P1) and it is calculated from: 
      P2=P1×h                       (8) 
The motor output power is now 463 W. This means that the motor torque is calculated 
from: 
              T=9.55×(P2/n)          (9) 
Where n is the motor speed in rpm, i.e., 1,330 rpm. The rated motor torque in case when 
the motor is supplied from the inverter at 50 Hz will be 3.3 Nm according to measured 
and calculated data. In our model, the motor is loaded with 3.8 Nm for the inertia of 0.001 
kgm2. Loading the motor with a bigger torque than 3.8 Nm is not possible. The calculated 
value of 3.3 Nm corresponds well with the obtained result of the torque from the 
simulation. The difference in the results (3.3 Nm and 3.8 Nm) comes from the motor 
parameters and accurate calculation of motor efficiency. Motor parameters are entered 
into the model, based on the calculations from the motor experimental measurements. 
The exact calculation of the motor parameters is part of another analysis, and it is done 
with another software program. 
The inverter DC link voltage and current are presented in Fig. 6 (a) and (b). 

  
(a) Voltage      (b) Current 

Figure 6. DC link voltage and current 
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The DC link current can be calculated from following formula: 
 

           (10) 

VDC is the link voltage, IDC is the link current. ACpoweroutput is the load of the inverter in W, 
and h is the inverter efficiency. So, for our analysis ACpoweroutput is 703 W; inverter 
efficiency is assumed to be 0.95. Exact calculations of inverter efficiency are out of the 
scope of this paper. Therefore, the DClinkpower is 668 W. From Fig. 6 (a), the DC link 
voltage is 530 V. The calculated DC link current is 1.3 A. The presented DC link current 
in Fig. 6 (b) has the RMS value of 1.4 A when the motor reaches steady-state operation.   

 
4.2 Simulation results obtained when the motor is operating below 

the rated speed 
In case of motor operation below the rated speed, the frequency of the sinusoidal 
modulating signal is reduced to 25 Hz and the motor is running at low speed at a rated 
load of 3.8 Nm. Simulated transient characteristics of speed, torque, and current are 
obtained, and are presented in Figure 8. From the graph shown in Figure 8 (a), we notice 
that after acceleration of the motor, loaded with 3.8 Nm, it achieves a speed below the 
rated, approx. 700 rpm. According to equation (1), which determines the synchronous 
motor speed with a supply frequency of 25 Hz, it is expected that the speed value will be 
less than 750 rpm after the motor accelerates. The result (b) shows the output torque 
reaching 3.8 Nm after motor acceleration. The motor is not operating in a flux weakening 
region, so it can accelerate with a rated load of 3.8 Nm following the rule V/f=const.  As 
for the current, it varies with the variation in speed and torque. When the motor is running 
below the rated speed, the current also decreases. The ratio of the current reduction due 
to the variation in speed and load is presented in Fig. 7. According to Fig. 7, the reduction 
of 58 % of the current is expected when the motor is operating at 0.5 times the rated speed 
and with the rated load. As a last one for this case, result (c) shows that the motor current 
is reduced to 0.95 A (RMS value), which corresponds to the expected value of 0.928 A 
i.e., a 58 % reduction of the rated current of 1.6 A, obtained for the operation with 50 Hz 
and rated load.   

 
Figure 7. Variation of drive input current with torque and speed [15] 

h
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(a) Speed      (b) Torque  

 (c) Current 
Figure 8. Transient characteristics of speed, torque and current at 25 Hz 

The measured load of the output of the inverter, in this case, is 730 VA; the power factor 
is 0.48; and the input power of the motor is 350 W. This can be expected as the motor is 
operating in the linear region of P-characteristic below the base speed (Fig. 2). The 
efficiency is 0.66 of the motor (as it is for the supply 50 Hz with the inverter) so the motor 
output mechanical power P2 is 231 W. According to formula (9) for the speed of 700 rpm, 
the motor torque is 3.2 Nm. The motor is loaded with 3.8 Nm in the model for 25 Hz and 
moment of inertia of 0.001 kgm2 (Fig. 8 (b)). Again, the difference in motor torque (3.2 
Nm and 3.8 Nm) is a result of the accuracy in calculation of the motor parameters which 
must be input in the motor model. The measured apparent power and power factor are 
presented in Fig. 9 (a) and 9 (b) respectively.  

  
(a) Apparent power                                                 (b) Power factor 

Figure 9. Transient characteristics of apparent power and power factor at 25 Hz 
 

4.3 Simulation results obtained when the motor is operating above 
the rated speed 

In the analysis of the third case, the frequency of the sinusoidal modulating signal is 
increased above the nominal frequency by 75 Hz. When the motor is operating above the 
rated speed, the torque decreases, and the motor enters the field-weakening region 
following the control rule V/f=const, i.e., frequency is increased while the supply voltage 
of the motor remains unchanged due to the converter limitations. This applies when the 
motor is running with a constant flux. Figure 10 represents simulation graphs of speed, 
torque, and current. 
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(a) Speed                                                                       (b) Torque 

 

 (c) Current 
Figure 10. Transient characteristics of speed, torque and current at 75 Hz 

 
According to equation (1) the expected value of the motor synchronous speed is 2,250 
rpm at a frequency of 75 Hz. The resulting motor speed value in Figure 10 (a) is 
approximately 2,000 rpm and it corresponds to the expected value of the loaded motor. A 
decrease in torque from the rated value of 3.8 Nm to a value of 2.4 Nm is observed in the 
result (b), at a 1.5 times higher frequency. One example of what the ranges of reduction 
of motor torque are can be found in [15]. They are presented in Fig. 11. According to Fig. 
11, at the 1.5 times the rated frequency, a torque reduction of 64 % is expected, or for a 
rated torque of 3.8 Nm the torque reduction is 2.4 Nm. The obtained result in Fig. 10 (b) 
presents the torque reduction 2.4 Nm. The acceleration time of the motor increases, when 
the motor is running in the flux weakening region. The motor current after the acceleration 
time is finished, is reduced up to the rated current, as the motor operates with constant 
power and constant voltage, in the flux weakening region. 

 
Figure 11. Torque reduction for constant flux operation [16] 

The apparent power and true power factor are measured for this case as well. They are 
presented in Fig. 12 (a) and (b) respectively.  
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(a) Apparent power     (b)Power factor 

Figure 12. Characteristics of apparent power and true power factor at 75 Hz 

The motor operates at constant power region. The loading of the inverter is the same as it 
is at a 50 Hz power supply, i.e., 1,000 VA with the power factor of 0.65. The motor losses 
of the motor are increased due to the increased frequency, which means increased iron 
losses i.e., eddy current losses. The iron core losses increased from 28.17 W to 40.7 W. 
The motor efficiency is 0.66. The output mechanical power P2 is 429 W and the motor 
torque for a speed of 2,000 rpm is 2 Nm. The motor is accelerated with a torque of 2.4 
Nm (Fig. 10 (b)). This is the largest torque with which the motor can be accelerated. The 
further increase of torque results in unsuccessful starting of the motor. 

5. Conclusion 
In this paper, a scalar control strategy has been reviewed. This strategy is based on the 
linearization of the non-linear IM equations at operating points in the stable state. Scalar 
control is the most popular form of control of AC drives, because of its low cost and ease 
of use, especially in open loop mode. It is obtained by controlling the stator voltage and 
frequency, therefore maintaining the air-gap flux of the motor constant. The addition of a 
VFD to a three-phase induction motor makes it possible to control the speed of the motor, 
depending on the load of the motor, which saves energy. VFD is the most efficient system 
to control the speed of the IM by varying the supply frequency and keeping the V/f ratio 
constant. This results in a control scheme with a wide speed range of operation that also 
improves the starting performance of the motor and provides good steady-state operation 
of the motor as well. With the development of the simulation model in Powersim, as 
presented in section 4, results are obtained under different conditions: at, below, and 
above the rated speed of the motor. In the analysis of these results, values are also 
compared to the values of the theoretical model and analytical calculations. This 
presented simulation model is a useful tool for simulation and examination of induction 
motor drive systems operating at various speeds, especially when there is no adequate 
laboratory equipment available. 
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