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Abstract— This Paper represents the analysis of induction 

motor speed control using VFD (Variable Frequency Drive) 

system operated by PLC-SCADA system. The main aim of 

the paper is to dealt with the concept of speed control of a 

three-phase induction motor with energy saving. To do so, a 

VFD (Variable Frequency Drive) is used for controlling the 

speed of a three-phase induction motor with variable load 

attached to the motor. It certainly leads to the best 

performance and high efficiency of the induction motor. 

Programmable Logic Controller (PLC) and Supervisory 

Control And Data Acquisition (SCADA) are two new 

systems to control a Variable Frequency Drive (VFD) 

whose output is given to a three-phase induction motor and 

driving a conveyor belt. The conveyor belt has three sensors 

are inputs which senses a passing object and carries out the 

necessary instructions programmed in ladder logic 

programming of the PLC through the computer (PC). The 

SCADA software installed in the PC in turn enables the 

human operator to control the entire operation away from 

the plant and just by using the virtual inputs designated on 

his computer screen. 
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I. INTRODUCTION 

A new trend to adjust the speed of a three phase induction 

motor is by using variable frequency drives. Generally, an 

induction motor can run only at its rated speed when it is 

connected directly to the main supply. However, many 

applications need variable speed operations. In most of the 

applications the input power is directly proportional to the 

cube of motor speed. In certain applications like induction 

motor-based centrifugal pump, a speed reduction of 20% 

results in an energy saving of approximately 50%. In 

today’s modern era, driving and controlling the induction 

motor efficiently are the two important constraints. With the 

new innovations developed in the semiconductor fabrication 

technology, the size and the price of semiconductors have 

drastically gone down, which means that the end user can 

replace an energy inefficient mechanical motor drive and 

control system using a Variable Frequency Drive (VFD). 

The VFD not only controls the motor speed, but can 

improve the motor’s dynamic and steady state 

characteristics as well. In addition, the VFD can reduce the 

system’s average energy consumption. The notable thing 

about this paper is its high degree of flexibility and its 

remote control. A prototype of commercial conveyor belt 

system, controlled using programmable logic controller 

(PLC) is proposed and the whole process is monitored using 

supervisory control and data acquisition (SCADA). This 

system provides the VFD controlling for induction motor 

speed control and energy saving. Its remote control and 

monitoring makes the system easily accessible and simple 

for motor speed control. 

II. RELATED WORK 

Research to study variable frequency drive and its energy 

savings Paper tells about Simulation and circuit analysis of 

result then How to change of motor speed and Waveform 

analysis of speed torque, voltage, and current. From the 

paper “monitoring and control of a variable frequency drive 

using PLC and SCADA” I learn the function of PLC 

(PROGRAMMABLE LOGIC CONTROLLER) and 

SCADA (SUPERVISORY CONTROL AND DATA 

ACQUISITION SYSTEMS). 

Control platforms: - Most drives use one or more of the 

following control platforms: 

– PWM V/Hz scalar control  

– PWM field-oriented control (FOC) or vector control  

– Direct torque control (DTC) 

 
Fig. 1:  Motor speed control using PWM method 

These motor drives are designed to be used in 

conjunction with a 3-phase induction motor. Because these 

motors typically only have an on/off state of operation, a 

VFD is needed if multiple operation speeds are desired. 

Also, apart from selectable speeds, the efficiency of the 

overall system is increased due to the fact that the motor 

only sees the necessary amount of input power to achieve 

desirable output power. Also, the motor can be slowly 

brought up to speed, eliminating huge start-up current 

spikes. 

III. COMPONENT DESCRIPTION OF THE PROPOSED SYSTEM 

A. Variable Frequency Drive (VFD): - 

A Variable Frequency Drive is used for applications 

wherein speed control is of an essential importance due to 

load changes wherein the speed needs to be increased or 

decreased accordingly. Traditional methods in existence 

have addressed this issue, each with their own drawbacks 

such as high motor starting current, lower power factor, 

energy losses, etc. To address these problems, VFD provides 

a flexible approach as compared to traditional methods of 

speed control especially for certain applications which do 

not require a constant speed at all times. 
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Fig. 2:  Variable Frequency Drive of Hitachi 

To name an example, a pump delivering cooling 

liquid supply may require peak load operation only for a 

requisite period of time and may require only much less 

amount during the remainder of the day. VFD will allow the 

speed of the pump to run at a lower rate in such case thereby 

enabling energy saving benefits. 

B. Programmable Logic Controller (PLC): - 

With the advent of technology and availability of motion 

control of electric drives, the application of Programmable 

Logic Controllers with power electronics in electrical 

machines has been introduced in the manufacturing 

automation systems. The use of PLC in automation 

processes increases reliability and flexibility and also 

reduces production costs. To obtain accurate industrial 

electric drive systems, it is necessary to use PLC interfaced 

with power converters, personal computers and other 

electric equipment. A PLC based control system was set up 

comprising of an Allen-Bradley PLC, an Allen-Bradley 

Power Flex 4M Variable Frequency Drive, a three-phase 

induction motor and workstation ) has been delivered, 

configured and integrated together for the monitoring and 

control of a motor driving a conveyor load. Various control 

schemes have been used to operate the induction motor in 

speed and position control modes of operation using PLC 

programming developed on the workstation. 

 
Fig. 3:  Proposed system 

C. Supervisory Control And Data Acquisition Systems 

(SCADA) : - 

SCADA is a system which exercises supervisory control of 

a particular device from a remote location and the human 

operator is able to monitor and control the device from his 

computer screen without being physically present near the 

device. A PLC based control system was set up comprising 

of an Allen-Bradley PLC, an Allen-Bradley Power Flex 4M 

Variable Frequency Drive, a three-phase induction motor 

and workstation (personal computer) has been delivered, 

configured and integrated together for the monitoring and 

control of a motor driving a conveyor load. Various control 

schemes have been used to operate the induction motor in 

speed and position control modes of operation using PLC 

programming developed on the workstation. Figure 4 shows 

the real time control set up which was configured and tested 

for the experiment. 

 
Fig. 4: The real time control set up 

IV. PROPOSED MECHANISM 
 
The motor speed can be controlled by varying supply 

frequency. Voltage induced in stator is directly proportional 

to product of supply frequency and air-gap flux. If stator 

drop is neglected, terminal voltage can be considered 

proportional to product of frequency and flux. V α f.Φ 

Effect of supply frequency changes without terminal voltage 

change: 
Reduction of supply frequency without change in 

terminal voltage will cause an increase in the air gap flux 

thereby saturating the motor. This will cause the increase in 

magnetizing current, core loss and stator copper loss and 

cause distortion in line current and voltage and produce 

high-pitch noise. 
Increase of supply frequency without change in 

terminal voltage will cause decrease in flux therefore 

leading to reduction of torque capability of the motor. 
Figure 5 shows the Torque-Speed characteristics of 

an induction motor supplied directly from the main supply 

 
Fig. 5: Torque speed characteristics of induction motor 
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A. Overview of the Proposed Mechanism: - 

A Variable Frequency Drive is a device used in a drive 

system consisting of the following three main sub-systems:-

AC motor, main drive controller assembly, and drive 

operator interface. The AC electric motor used in a VFD 

system is a three-phase induction motor which is generally 

the most economical motor choice. The VFD controller is a 

solid state power electronics conversion system consisting 

of three distinct sub-systems: a rectifier bridge converter, a 

direct current link, and an inverter. In a VSI drive, the DC 

link consists of a capacitor which smoothens out the 

converter's DC output ripple and provides a stiff input to the 

inverter. This filtered DC voltage is converted to quasi-

sinusoidal AC voltage output using the inverter's active 

switching elements. VSI drives provide higher power factor 

and lower harmonic distortion than phase-controlled Current 

Source Inverter. VFD control has been chosen specifically 

because they provide the advantages of energy savings, low 

motor starting current, reduction of thermal and mechanical 

stresses on motors and belts during starts, simple 

installation, high power factor and lower KVA. A PLC-

SCADA based control system has been set up comprising of 

an Allen-Bradley PLC, an Allen-Bradley Power Flex 4M 

Variable Frequency Drive, a three-phase induction motor 

and the workstation has been developed, configured and 

integrated together for the monitoring and control of the 

motor driving a conveyor belt load. Various control schemes 

have been used to operate the induction motor in Speed and 

Position control modes of operation using PLC 

programming and through animated SCADA screens 

developed on the workstation. Variable Frequency Drives 

are generally required because many applications are not run 

at the same speed all of the time due to surrounding 

circumstances. The revolutions per minute of the driven 

shaft need to be increased or decreased depending on load 

changes, application requirement or other circumstances. 

The PLC has been connected to control and monitor a VFD 

which is the acts as a go-between the three-phase induction 

motor and the PLC. A conveyor load is connected to the 

induction motor and three proximity sensor inputs are 

connected uniformly across the conveyor. The forward 

direction of the motor is controlled by the first sensor, the 

second sensor directs the motor to pause for a given period 

of time and the reverse direction of the motor is controlled 

by the third sensor. The sensor inputs are fed to the PLC 

which processes the inputs according to the ladder logic 

programming and initiates corresponding output to the VFD. 

 
Fig. 6: System layout diagram 

The VFD in turn once again processes the PLC 

input to it and accordingly controls the speed and position of 

the three-phase induction motor. Ladder logic programming 

is carried out in RS-Logix in the personal computer. 

SCADA elements are written into the ladder logic program 

itself by assigning a tag or point which represents a single 

input or output value monitored or controlled by the system. 

With the help of SCADA system, labour costs are reduced 

by minimizing site visits for inspection, data collection and 

making rectifications. User defined controls such as start, 

stop are developed on the software window in order to 

control the system remotely. Figure 6 shows the system 

layout diagram. Figure 7 shows the SCADA screen shot of 

animation of the plant which was previously controlled by 

the ladder logic program. This type of motor control is 

helpful when the operator has to control the motor from a 

remote location directly through the screen of the 

workstation. 

 
Fig. 7: SCADA screen shot of animation of real-time control 

setup 

V. CONCLUSION 

This paper describes the details of VFD, PLC, SCADA and 

their working with their figures. There are different methods 

which are used for Induction motor speed control also 

reviewed in this paper. From this paper we conclude that 

Using SCADA based drive operating system we can easily 

control the speed of 3-phase induction motor. The torque 

speed characteristics also show the torque-speed control 

using proposed mechanism. This proposed method is very 

efficient and accurate for automation based 3-phase 

induction motor speed control using VFD drive. 
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