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Why Variable Frequency Drive? 

1. Energy crisis 

Current scenario is that everywhere the energy has got a limited source at continuous 

increasing cost. Energy can only be earned by saving it. So option of installation of 

VFD is one of the best options to save energy. 

2. Profit increasing by eliminating waste (gaspillage). 

As now a days and henceforth price control is not in hand of manufacturer, the only 

option to increase the profit margin is, eliminate the waste to the best possible. 

3. Technology is available (faisabilité) 

As all needs are technology driven we can say that it is now available and you can 

make it your need for betterment of yours only. 



3

Basic Electric Motors drive

The synchronous or asynchronous speed being defined as:
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60AC electric motors

Direct-current motors 

Allow for changes of speed by changing the voltage applied to the armature.  kEA

Various Motors characteristics
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Reasons for using adjustable speed drives

Process control and energy savings are the two primary reasons for using an adjustable speed 
drive. 

The following are process control benefits that might be provided by an adjustable speed drive:

 Energy savings
 Acceleration control
 Lower system maintenance
 Reduced voltage starting
 Adjust the rate of production
 Allow accurate positioning
 Control torque or tension

The following are process control disadvantages that might be provided by an adjustable speed 
drive:

 initial cost
 Motor heating at low speeds
 Output harmonics
 induced power line harmonics  
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Topology of VFD
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PWM is the most straightforward method used to vary drives' motor voltage (or current) and 
frequency.

Pulse-Width Modulation-PWM(MLI) 
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Harmonic DistortionWorking Principle of VFD

Harmonic distortion happened when the AC current to the load distorted from ideal sinusoidal 
waveform.
Harmonic current is generated by the input rectifier in the AC drive. Harmonic content can 
result in excessive stress on components connected to the same supply line. 
This can increase the winding and core losses as this current will not contribute towards 
output torque.
When using active end configuration, PWM is used to create a sinusoidal back EMF. 
This will remove the need of harmonic filter and reduces the generator sizing requirement.
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VARIABLE FREQUENCY DRIVE 

PRINCIPLE OF OPERATION 

 When it is desired to operate an induction motor at variable speed, it is 

necessary to consider the effect of voltage of frequency on flux and torque. 

 The magnitude of the field is controlled not by the strength of the current but by 

the voltage induces in the field winding by the supply. This induced voltage can 

be expressed as: 

fkE  

At rated frequency any further increase in voltage leads to increase in current and 

subsequently increase in losses. 

fk

E


From the above 

This shows that since k is a constant a linear relationship must be maintained 

between E and frequency, if flux is to remain constant at different speed.

 This linear relationship is known as constant V/f.

 This is the optimum production of torque.

 This is the principle of operation of variable frequency drive (VFD). 

The efficiency of induction motor is good at rated load. 

At lower load, motor performance degrades. 
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OPERATING CONDITIONS 

There are two operating condition in VFD… 

1. Above BASE speed. 

2. Below BASE speed 
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1. OPEN LOOP INSTALLATION 

VFD to be installed in series of application motor. The feed back for variable frequency 

will be by manual intervention as per requirement. Such installation of VFD is operator 

dependent, thus result in inconsistence benefits of VFD. 

2. CLOSE LOOP INSTALLATION 

VFD to be installed in series of application motor. The feed back for variable frequency 

will be taken through proper set of instrumentation. Such installation of VFD is not 

operator dependent, thus results in consistence benefits of VFD. 

Installation: 



In words, using an adjustable speed drive saves 
energy by?

Reducing the speed of a variable torque pump or fan significantly reduces 
the energy usage of the driving motor.  

The “why” can be summarized by a set of rules called the affinity rules.  

1. Flow produced by the system is proportional to the motor speed.

2. Pressure produced by the system is proportional to the motor speed 
squared.

3. Horsepower required by the system is proportional to the motor 
speed cubed.



13

Some applications of electric drives: 

Water systems are designed for the “worst case” situations. Most of the time they have excess 
capacity.
Controlling flow below its maximum
– Saves energy
– Improves system operation

In the picture above, the Blue line shows the pump curve and the red line the system curve

Centrifugal Pumps (variable torque)
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Some applications of electric drives: 

Centrifugal Funs (variable torque)

A centrifugal fan is a mechanical device for moving air. These fans increase the speed of air 
stream with the rotating impellers. Centrifugal fans accelerate air radially, changing the direction 
(typically by 90o) of the airflow. 

Controlling air flow below its maximum
– Saves energy
– Improves system operation
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Some applications of electric drives:(conveyers, mixers, elevators, compressors)  

Compressors (constant torque)
An air compressor is a device that converts power (usually from an electric motor) into kinetic 
energy by compressing and pressurizing air. 

Controlling pressure below its maximum
– Saves energy
– Improves system operation

• CT used on Reciprocating Compressors
• Torque stays relatively constant from 5Hz to 50Hz.
• AC motors have low torque at slow speeds



Obtain Even More Energy Savings by 
Using Drives on Variable Torque Loads

Potential Energy Savings

Air conditioning 20-25%
Compressors 20-25%
Central refrigeration 25-35%
Blowers and fans 30-35%
Feedwater pumps 30-50%
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Damper control

This damper can switch the electrical power to control additional dampers, minimizing the 
electrical load on the damper's control circuitry and power transformer.

Some applications of electric drives: 
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