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Asynchronous motors are very robust constructive machines, and 

consequently are widely used in various industrial applications. In this sense, 

conveyor belts used for transportation and packaging of metal cans represent a 

typical load of these motors. Within this conveyor belt, the stop and start sequence 

of the induction motor plays an essential role in the electric drive system design. The 

paper proposed a critical comparative study of the start and stop cycle for a low-

voltage 3-kW asynchronous motor by two different energizing procedures. Thus, the 

comparison is performed considering the motor classic star-delta starting method 

and the utilization of a controlled variable frequency drive (VDF). The results 

highlight the major advantages of using adjustable-speed drives in all terms of the 

connecting and disconnecting process.  
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1. Introduction 

Induction motors are essential devices in any modern electrical installation 

[1-3]. In various forms and constructive solutions, these motors are easy to 

produce, to maintain and additionally their manufacturing costs are significantly 

reduced. Considering aspects of sustainability and energy efficiency, these 

equipments represent the ideal solution in a multitude of situations [4,5]. They can 
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be found in many applications fields from the textile industry [6] to the oil and gas 

extraction industry [7]. 

A particularly important aspect of these motors is their ability to 

numerously start and stop. Thus, for a conveyor belt, used in the food industry, the 

presence of an asynchronous motor with a very high number of start-stops 

represents an essential link in the operation of these enterprises [8, 9]. The pallet 

transport and handling line is structured in two main areas (pallet loading area, 

pallet packing and unloading area) and a secondary area (rest area). In the loading 

area there are two palletizers by means of which the boxes are placed on the 

pallets, in the rest of the area there is the trolley, which transports the pallets.  In 

the packing and unloading area there are the tying machine, the wrapping 

machine, and the conveyors with which the pallets are transported to the pick-up 

point [10]. 

A variable frequency drive (VFD) is an electrical device used to control 

the rotational speed of an AC electric motor by adjusting the frequency of the 

electrical power supplied to the motor [11]. A variable frequency drive works by 

converting input alternating current power to direct current using a diode bridge 

rectifier, which then passes through a filter and smoothing block to be converted 

back to alternating current power by via an inverter that controls the voltage and 

frequency sent to the motor via high-speed transistors [12, 13]. 

This paper aimed to carry out a comparative study between the start-stop 

features of these motors in the conveyor belt with the classic solution of the star-

delta connection, respectively with the help of a variable frequency drive (VFD). 

2. General characteristics of the devices 

The load of the investigated system is driven by a 3-kW wound rotor 

induction motor. It is energy efficient and provides sufficient characteristics to 

drive the conveyor belt. In Table 1 are presented the main characteristic of this 

motor. These data are also implemented in the simulation part of the paper 

(illustrated in the 3rd section of the paper).  
Table 1  

Main characteristics of the studied asynchronous motor 

Motor data Value 

Rated power: Pn 3 kW 

Rated current In 8 A 

Pole pair number: p 2 

Rated frequency: fn  50 Hz 

Rated voltage: Un 380 V 

Rated speed: nn  1450 [rpm] 

Rated power factor 0.88 
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Analysis of system operation with repeated starts and stops requires the 

use of a VFD. In the case of here presented application, the adjustable-speed drive 

is a Fuji model, with the identification code FRN0011C2S-4E, from the Mini C2 

range [14]. Its main functional features are shown in Table 2. These are correlated 

with the induction motor data. 
Table 2  

Main characteristics of the studied asynchronous motor 

VFD Model FRN0011C2S-4E 

Rated power of the 

controlled motor [kW] 
3.7 / 4.0 

VFD output values Rated power [kW] 3.7 / 4 

 
Rated voltage [V]  380 - 480 

Rated current [A] 10.5 

VFD input values Rated power [kW] 2.5 

 
Rated voltage [V]  380 - 480 

Rated current [A] 7.3 

3. Direct connection of the motor 

Star-delta (or wye-delta) starting of asynchronous motors is a classic 

energizing method, studied comprehensively examined [15-17], and implemented 

in innumerous functional systems. In this section, starting from the diagram in 

Fig. 1, implemented in Matlab Simulink [18], the simulation of the star-delta 

starts of the analyzed induction motor was completely investigated. 

On the left side one can find the power supply area, where after 5 ms the 

motor is connected to star configuration. This lasts up to one second, then in the 

interval of 1.11 - 1.5 seconds, the transition to the delta connection is performed. 

At the bottom of the schematic, one can notice the scopes where the line and 

phase voltages will be visualized (Line and phase voltage display) Supplementary, 

the variation of the torque (Torque Evolution) and the motor speed of rotation 

(RPM Evolution) are also illustrated. In addition, by means of a Bus Selector type 

block, the visualization of the stator current waveforms (Evolution of stator 

currents) was enabled. 
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Fig. 1. Simulation scheme of the star-delta connection of the asynchronous motor. 

 

After the simulation, the variations of the analyzed quantities can be 

observed. Accordingly, Fig. 2 presents the line voltage (the phase voltages have a 

similar evolution). 

 
Fig. 2. Line voltage variation. 
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Fig. 3. Variation of stator currents. 

From the evolution of the stator currents, one can remark that the value of 

the absorbed current at the energizing instant is about 4 times higher than the 

value of the rated motor current (Fig. 3). When the source is coupled for the delta 

connection power supply, the current reaches the value corresponding to the star 

connection, but the interval of the current high value is much smaller than in the 

previous case. The period of this transient regime also depends on the mode of 

switching between the two states. In the case of these simulations, an average time 

was chosen, very close to that encountered in real installations. 

The time chosen for the star-delta transition (one second) is also 

determined by the motor rated speed. In Fig. 4 the variation of the rotation speed 

over the range of star start, delta connection and then free stop is captured. The 

torque variation on the same scenario can be seen in Fig. 5. 

 
Fig. 4. Induction motor speed evolution. 
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Fig. 5. Induction motor torque evolution. 

4. Variable frequency drive connection of the motor 

Using the previously described devices, an experimental stand was set-up 

in which the starting and stopping processes of the wound rotor induction motor 

were also examined by means of the of a variable-frequency drive (VFD) usage.  

Fig. 6 shows the block diagram based on which the connections of the acquisition 

system were established, a system that acquires the analyzed waveforms at 64 kHz 

frequency (fDAQ = 64 kHz). It consists of three current and voltage measuring 

instruments at the converter and motor. The acquired values are the instantaneous 

one. 

 
Fig. 6. Block diagram for measuring parameters. 

 

Results obtained using the frequency inverter produced by FUJI Electric at 

a reference frequency of 50 Hz and acceleration time of 3s are presented in Fig. 7. 
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Fig. 7. Variation of the acquired quantities (current at the inverter input iR (A), line voltage at the 

inverter input (uRS (V), line currents at the inverter output iU (A), iW (A), line voltage and phase 

voltage at the inverter output uVW (V), uUN (V)). 

 

The acquisition of these quantities was influenced by transient 

disturbances and electrical noise. To reduce these perturbations is possible by 

using shielding methods. The most common one adopted in many practical cases 

is the usage of shielded cables by tying the cable braid to ground. In this 

application, the isolation of the equipment power supply in the system was done 

by using shielded cables and their connecting their braid to the grounding at one 

end only. Thus, the appearance of a ground loop was avoided. To observe as 

accurately as possible the variation of the quantities we applied a numerical 

filtering method, namely the moving average [19] (Fig. 8). 

 
Fig. 8. Evidence of the variation of the current absorbed by the inverter at start-up. 



266             G.-G. Lazăr, L. Petrescu, E. Cazacu, A. Chirilă, D. Deaconu, M.-C. Petrescu 

 

The evolution of the input current to the frequency inverter can be seen to 

be non-sinusoidal, which is influenced by the presence of the three-phase rectifier 

in the uncontrolled bridge (Fig. 9). It can be seen how at the start-up and 

shutdown instant, at a low frequency, the value of the absorbed current is higher 

compared to the rated one (Fig. 10). 

 
Fig. 9. Nonsinusoidal current absorbed by the inverter during operation at a frequency of 50 Hz. 

 

Fig. 10. Variation of the current absorbed by the inverter at shutdown. 

Analyzing the evolution of the current at the frequency inverter output, we 

can notice that at the starting instant it does not exhibit a sudden increase. This is 

mainly caused due to the acceleration ramp (Fig. 11). The evolution of the output 

current has also higher values when the frequency of the supply voltage is lower. 

That can be observed both when the motor switches on and off (Fig. 12). 
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Fig. 11. Variation of the current on the U and W phases at the inverter output at start-up. 

 
Fig. 12. Variation of the current on the U and W phases at the inverter output at the time of 

shutdown. 

The voltage at the VDF terminals has a perfectly sinusoidal shape during 

motor normal operation. Analyzing the evolution of both line and phase voltages 

at the inverter output, it is remarked that their values increase proportionally to its 

frequency (Fig. 13). This evolution shows that the inverter is controlled by the 

constant voltage to frequency ratio method (Fig. 14). 
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Fig. 13. Voltage variation at the inverter output at start-up. 

 

 
Fig. 14. Voltage variation at the output of the converter at the time of shutdown. 

5. Conclusions 

The increasingly widespread use of induction motors in the large variety of 

industrial applications leads to the continuous search for their best possible 

practical usage solutions both in terms of speed or torque control and high energy 

efficiency. The repeated start-up cycles faced by such a motor used on a conveyor 

belt application in the food industry were investigated and critically analyzed. The 

results obtained by simulation in Matlab, for these two actions (start-stop) were 

compared with the experimental data using a variable frequency drive. In the 
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simulation, there were used the parameters of the same engine as the one in 
the experimental part, thus highlighting the advantage brought by the VFD in 
the case of repeated starts and stops. 

As expected, using a VFD brings several benefits: 

• Easy starting capability, thus significantly reducing the starting (inrush) 

current of the motor, and consequently, reducing the electrical and mechanical 

stress on the motor, and improving its reliability. 

• Significant reduction of the machine's energy consumption with the help 

of adequate control. 

• Improving the power factor of the entire drive system, including the VFD 

and motors. 

• Monitoring and measuring the system performance from an electrical 

point of view. 

The used Fuji VFD has low cost, high availability in the market, and is 

also easy to use. The choice of using a VFD is necessary because the transport of 

the pallet must be carried out in optimal conditions in order not to have a sudden 

start or stop of the trolley and it is also required to stop at a fixed point. 
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