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Abstract— This project reviewed the method of industrial 

boiler operating system using AC drive or variable frequency 

drive   or  variable frequency drive over star-delta starter or 

DOL  starter and proposed  a better and cost effective 

approach to realizing the same boiler operating using  star-

delta starter many using drawbacks like this starting torque 

increase, over ampere high accelerates and many more. So 

AC   drive was used to reduce the maintenance of FD and ID 

fan and slowly accelerates it. This system is also advantages 

of like this peak torque controlling under ampere speed 

controlling and it can use V/F mode or vector control mode 

system. Energy conservation is the aim of any industry. 

Boiler feed pumps consume a large fraction of auxiliary 

power used internally within power a power plant in 

pressurizing and forcing feed water through economizer to 

boiler. The changing rotation speed is the most effective and 

economical way of improving the pump efficiency. 

Adjustments made to rotation speed causes only a slight 

decrease in pump efficiency compared to operation with fixed 

revolution. This type of control allows reduction electricity 

consumption in wide range of loads. The VFD installation 

cost and financial burden is balanced against earning 

resulting from associated energy saving.    
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I. INTRODUCTION 

Automation has become the heart of industry. Industry is 

reaching new heights only because of advancement of 

automation technology. Plant automation is the necessary for 

the manufacturing industry to survive in the today’s globally 

competitive market. This project is about controlling the 

speed of induction motor, which is most economical motor, 

using variable frequency drive (VFD). The VFD has been 

chosen specifically because they provide the advantage of 

energy saving, low motor starting current , reduction of 

thermal mechanical stress on the motor and belts during the 

start, simple installation, high power factor and lower KVA. 

Our project is based on how to automation control of an 

Industrial boiler with temperature controlling and motor 

speed control system using AC drive It regulates the speed of 

a three phase induction motor by controlling the frequency 

and voltage of the power supplied to the motor. An ac drive 

is a device that is used to control the speed of an electric 

motor. The speed is controlled by changing the frequency of 

the electrical supply to the motor. So it is called a variable 

frequency drive variable frequency voltage/variable 

frequency (VVVF) drive, variable speed drive micro drive 

AC drive or inverter drive. 

 
Fig. 1: Block Diagram 



Control of Industrial Boiler with Temperature Controller and Motor Speed Control using AC Drive 

 (IJSRD/Vol. 7/Issue 02/2019/210) 

 

 All rights reserved by www.ijsrd.com 761 

II. MODEL  

 
Fig. 2: Model 

From the ac motor working principle, we know that the 

synchronous speed of motor (rpm) is dependent upon 

frequency. Therefore by varying the frequency of the power 

supply through AC drive we can control the synchronous 

motor speed: 

Speed (rpm) = 120F/P 

F= Electrical Frequency of the power supply in Hz.  

P= Number of electrical poles in the motor stator.  

Thus we can conveniently adjust the speed of an AC motor 

by changing the frequency applied to the motor. There is also 

another way to make the ac motor work on different speed by 

changing the no. of poles, but this change would be a physical 

change of the motor. As the VFD provides the frequency and 

voltage of output necessary to change the speed of a motor, 

this is done through Pulse Width Modulation VFDs. Pulse 

width modulation (PWM) variable frequency drive produces 

pulses of varying widths which are combined to build the 

required waveform. 

As the frequency can easily variable as compared 

with the poles of the motor there for ac drives are frequently 

used.  

A. Constant V/f Ratio Operation 

All AC drives maintain the output voltage - to - frequency 

(V/f) ratio constant at all speeds for the reason that follows. 

The phase voltage V, frequency f and the magnetic flux ϕ of 

motor are related by the equation: 

V/f = 4.444×N ϕm 

Where, 

N = number of turns per phase. 

ϕm = magnetic flux 

If the same voltage is applied at the reduced 

frequency, the magnetic flux would increase and saturate the 

magnetic core, significantly distorting the motor 

performance. The magnetic saturation can be avoided by 

keeping the ϕm constant. Moreover, the ac motor torque is 

the product of stator flux and rotor current. For maintaining 

the rated torque at all speeds the constant flux must be 

maintained at its rated value, which is basically done by 

keeping the voltage - to - frequency (V/f) ratio constant. That 

requires the lowering the ac motor voltage in the same 

proportion as the frequency to avoid magnetic saturation due 

to high flux or lower than the rated torque due to low flux. 

An AC drive is a device that is used to control the 

speed of electrical motor. The speed is control by changing 

the frequency of the electrical supply to the motor so it is 

called variable frequency drive.  

VFD is a power electronics based device which 

converts a basic fixed frequency, fixed voltage sine wave 

power (line power) to a variable frequency, variable output 

voltage used to control speed of induction motor. 

It regulates the speed of a three phase induction 

motor by controlling the frequency and voltage of the power 

supply to the motor. 

Ns=120f/P 

Here no of pole is constant and Ns mean speed of 

motor can be varied by continually change in frequency. 

III. BOILER 

A boiler is a closed vessel in which fluid (generally water) is 

heated. The fluid does not necessarily boil. In North America, 

the term "furnace" is normally used if the purpose is not to 

boil the fluid, The heated or vaporized fluid exits the boiler 

for use in various processes or heating applications including 

water heating, central heating, boiler-based power generation, 

cooking, and sanitation. 

In a fossil fuel power plant using a steam cycle for 

power generation, the primary heat source will be combustion 

of coal, oil, or natural gas. In some cases byproduct fuel such 

as the carbon-monoxide, where economically available, can 

also be used. In a nuclear power plant, boilers called steam 

generators are heated by the heat produced by nuclear fission. 

Where a large volume of hot gas is available from some 

process, a heat recovery steam generator or recovery boiler 

can use the heat to produce steam, with little or no extra fuel 

consumed; such a configuration is common in a combined 

cycle power plant where a gas turbine and a steam boiler are 

used. 

 
Fig. 3: Boiler 

A. AC Drive 

A variable frequency drive is type of motor controller drives 

electrical motor by varying frequency and voltage supplied to 

electric motor. 

Other names for VFD are variable speed drive, 

adjustable speed drive, adjustable frequency drive, AC drive. 
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B. AC Drives Basic Principle 

AC drives are used to steeples speed control of squirrel cage 

induction motors, mostly used in process plants due to its 

ruggedness and maintenance free long life.  

AC drive control speed of ac motor by varying 

output voltage and frequency through sophisticated 

microprocessor controlled electronics device.  

AC drive consists of Rectifier and inverter units; 

Rectifier converts AC in DC voltage and inverter converts 

DC voltage back in AC voltage.  

C. AC Drive Working 

For understanding the basic principles behind AC drive 

operation requires, understanding three basic section of AC 

drive: the Rectifier unit, DC Bus and the Inverter unit. 

 
Fig. 4: AC drive power structure 

The supply voltage is firstly pass through a rectifier 

unit .where in gets converted into AC to DC supply; the three 

phase supply is fed with three phase full wave diode, where 

it gets converts into DC supply. The DC bus comprises with 

a filter section where the harmonics generated during the AC 

to DC conversion are filtered out. The last section consists of 

an inverter section, which comprises with six IGBT. Where 

the filtered DC supply is being converted to quasi sinusoidal 

wave of AC supply which is supply to the ac motor connected 

to it. 

 
Fig. 5: AC drive 

 
Fig. 6: AC drive Operation 

D. Star-Delta Starter 

Now-a-days most of activities are dependent on machines. 

From houses to industries everywhere machines are used. In 

industries, large size machines are used. These machines are 

used with starters which help the machines to start. 

E. Need of starters 

Motor below 1 HP are directly connected without starter 

because their armature resistance is very high and they have 

ability to afford the high current due to high resistance. So the 

armature winding is safe from the high starting current. 

But a large size of motors has a very low armature resistance. 

If this type of motors are connected directly to the supply then 

the large current about 6 to 8 times of the full load current is 

absorbed by the armature winding. This large current will 

destroy the armature winding due to low resistance because 

motor is not running at this time.  

Starter is used to start the motors. Starters reduce the high 

starting current and armature takes low starting current and 

motor will be start. 

1) Types of Starters 

Starters which are used in DC motors are shown below. 

1) Two point starter: This starter is used for DC series 

motor. 

2) Three point starter: This starter is used for DC shunt 

motor. 

3) Four point starter:  This starter is also used for DC shunt 

motor 

 Starters which are used in AC 3 phase induction motors 

are shown below. 

1) DOL starter: For motors with power of 1 Hp to 5 Hp, 

DOL starter is used. 

2) Auto transformer starter: For motors with power of 5 Hp 

to 15 Hp, Auto transformer starter is used. 

3) Star-delta starter: For motors with power of 5 Hp to 15 

Hp, Auto transformer starter is used. 

4) Rotor resistance starter 
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IV. CIRCUIT DIAGRAM 

 
Fig. 7: Circuit diagram of star-delta starter 

A. Why star-delta starter is used? 

Star Delta starting is when the motor is connected (normally 

externally from the motor) in STAR during the starting 

sequence. When the motor has accelerated to close to the 

normal running speed, the motor is connected in DELTA. 

Pictures 1 and 2 show the two connections for a series 

connected three phase motor. 

 
Fig. 8:  Delta Connection 

 
Fig. 9: Star Connection 

The change of the external connection of the motor 

from Star to Delta is normally achieved by what is commonly 

referred to a soft starter or a Star Delta starter. This starter is 

simply a number of contactors (switches) that connect the 

different leads together to form the required connection, i.e. 

Star or Delta.  

These starters are normally set to a specific starting 

sequence, mostly using a time setting to switch between Star 

and Delta. There can be extensive protection on these starters, 

monitoring the starting time, current, Voltage, motor speed 

etc.  

The cost of the soft starter will depend on the 

number of starts required per hour, run-up time, Voltage, 

power rating, and protection devices required. 

Suppose the load with delta connection is given 3 

phase supply. Phase voltage and line voltage are equal for this 

load in delta connection. The starting winding current of load 

is Isc. So line current is √3Isc. 

Now this load is connected in star connection. So 

every phase will get VL/√3 voltage. That’s why winding 

current becomes ISC/√3. 

So =Line current during star connection 

        Line current during delta connection 

=ISC / √3 

    ISC × √3 

=1/3 

So by using this starter the starting winding current 

of motor occurs 1 / √3 and starting supply current occurs 1 / 

3. 

V. WORKING OF PROJECT 

From the ac motor working principle, we know that the 

synchronous speed of motor (rpm) is dependent upon 

frequency. Therefore by varying the frequency of the power 

supply through AC drive we can control the synchronous 

motor speed: 

Speed (rpm) = 120F/P 

F= Electrical Frequency of the power supply in Hz.  

P= Number of electrical poles in the motor stator.  

Thus we can conveniently adjust the speed of an AC 

motor by changing the frequency applied to the motor. There 

is also another way to make the ac motor work on different 

speed by changing the no. of poles, but this change would be 

a physical change of the motor. As the VFD provides the 

frequency and voltage of output necessary to change the 

speed of a motor, this is done through Pulse Width 

Modulation VFDs. Pulse width modulation (PWM) variable 

frequency drive produces pulses of varying widths which are 

combined to build the required waveform. 

As the frequency can easily variable as compared 

with the poles of the motor there for ac drives are frequently 

used.  

A. Constant v/f Ratio Operation 

All AC drives maintain the output voltage - to - frequency 

(V/f) ratio constant at all speeds for the reason that follows. 

The phase voltage V, frequency f and the magnetic flux ϕ of 

motor are related by the equation: 

V/f = 4.444×N ϕm 

Where, 

N = number of turns per phase. 

ϕm = magnetic flux 

If the same voltage is applied at the reduced 

frequency, the magnetic flux would increase and saturate the 

magnetic core, significantly distorting the motor 

performance. The magnetic saturation can be avoided by 
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keeping the ϕm constant. Moreover, the ac motor torque is 

the product of stator flux and rotor current. For maintaining 

the rated torque at all speeds the constant flux must be 

maintained at its rated value, which is basically done by 

keeping the voltage - to - frequency (V/f) ratio constant. That 

requires the lowering the ac motor voltage in the same 

proportion as the frequency to avoid magnetic saturation due 

to high flux or lower than the rated torque due to low flux. 

An AC drive is a device that is used to control the 

speed of electrical motor. The speed is control by changing 

the frequency of the electrical supply to the motor so it is 

called variable frequency drive.  

VFD is a power electronics based device which 

converts a basic fixed frequency, fixed voltage sine wave 

power (line power) to a variable frequency, variable output 

voltage used to control speed of induction motor. 

It regulates the speed of a three phase induction 

motor by controlling the frequency and voltage of the power 

supply to the motor. 

Ns=120f/P 

Here no of pole is constant and Ns mean speed of 

motor can be varied by continually change in frequency 
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B. Advantages: 

1) We can control starting current of induction motor. 

2) We can control acceleration of induction motor. 

3) We can get adjustable operating speed in induction motor 

by ac drive. 

4) The reduced higher torque of induction motor by star-

delta starter. 

5) In this we can get easy maintenance. 

6) Simple installation we can achieve. 

7) STAR-DELTA starters are widely used due to their 

relatively low price. 

8) There are no limits to the numbers of times they can be 

operated. 

9) The components required very little space. 

10) The starting current is reduced to approximately one-

third. 

C. Disadvantages:  

1) In this project more complex construction. 

2) So required complex control system. 

3) In boiler large diameter cylinders limit pressure. 

4) The starter can only be applied to motors where the six 

leads or terminals can be accessed. 

5) The supply voltage must be the same as the rated motor 

voltage for delta connection. 

6) Because the starting current is reduced to approximately 

one-third of the rated current, the starting torque is also 

reduced to one-third. 

7) If the motor does not reach at least 90% of its rated speed 

at the time of switching from star to delta the current peak 

will be as high as in a DOL starter, thus causing harmful 

effects to the contacts of the contactors and the 

connection system brings no advantage to the electrical 

system.  
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