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I) 

1            An Electric Drive can be defined as, a system which is used to control the movement of an electrical machine.  

 

2)           The electric drive has very large range of torque, speed and power. 

 

              Their working is independent of the environmental condition. 
 
             The electric drives are free from pollution 
 
3)           pole changing 
 
             Stater voltage control 

             Frequency control 

4)          full voltage starting  

             less voltage starting 

5)         less pollution 

            Less maintenance 

II)  

1) Electrical drives are integral part of industrial and automation processes, particularly where precise control of speed of the motor is the prime 

requirement. In addition, all modern electric trains or locomotive systems have been powered by electrical drives. Robotics is another major 

area where adjustable speed drives offer precise speed and position control. 

A drive operates and controls the speed, torque and direction of moving objects. Drives are generally employed for speed or motion control 

applications such as machine tools, transportation, robots, fans, etc. The drives used for controlling electric motors are known as electrical 

drives. 

The advancement of power electronic devices, microprocessors and digital electronics led to the development of modern electric drives which 

are more compact, efficient, cheaper and have higher performance than bulky, inflexible and expensive conventional electric drive system that 

employs multi-machine system for producing the variable speed. 

 

2)AUTO TRANSFORMER STARTER 

Used in heavy motors  

The motor strata low voltage to reduce starting current switch at start position 

 Then The motor voltage gradually increase and supply full voltage to stator 

Then switch change to run possition 
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3)  

VSI CSI 

VSI is fed from a DC voltage source having small or negligible 
impedance. 

CSI is fed with adjustable current from a DC voltage source of 
high impedance. 

Input voltage is maintained constant The input current is constant but adjustable. 

Output voltage does not dependent on the load The amplitude of output current is independent of the load. 

The waveform of the load current as well as its magnitude depends 
upon the nature of load impedance. 

The magnitude of output voltage and its waveform depends upon 
the nature of the load impedance. 

VSI requires feedback diodes The CSI does not require any feedback diodes. 

The commutation circuit is complicated Commutation circuit is simple as it contains only capacitors. 

Power BJT, Power MOSFET, IGBT, GTO with self commutation can 
be used in the circuit. 

They cannot be used as these devices have to withstand reverse 
voltage. 

 

4) The dc traction drives employing resistance control are: 

 1500 V dc traction on Bombay-Igatpuri-Pune section for main line and Bombay suburban 

 750 V dc traction in underground trains at Calcutta. 

 550 V dc traction in Calcutta tramways. 

Each motor coach of 1500 and 750 V dc tractions have four dc series motors with voltage ratings of 750 and 375 V, respectively; two motor are 
permanently connected in series. Similar connection is used in locomotives for 1500 V main line dc traction. The 550 V dc traction of Calcutta tramways 
use two dc series motors each rated 550 V. 

 

5) Generally, three characteristic curves are considered important for DC motors which are, 

 (i) Torque vs. armature current, (ii) Speed vs. armature current and (iii) Speed vs. torque. 

Characteristics Of DC Series Motors 

 

Torque Vs. Armature Current (Ta-Ia) 

 This characteristic is also known as electrical characteristic.  

 We know that torque is directly proportional to the product of armature current and field flux 

 Flux  is directly proportional to Ia. Hence, before magnetic saturation Ta α Ia2.  

 Therefore, the Ta-Ia curve is parabola for smaller values of Ia. 

Speed Vs. Torque (N-Ta) 

 This characteristic is also called as mechanical characteristic.  

 It can be found that when speed is high, torque is low and vice versa. 

Speed Vs. Armature Current (N-Ia) 
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 For small currents speed is inversely proportional to .  

 As we know, flux is directly proportional to Ia, speed is inversely proportional to Ia. 

6) Let us consider a permanent magnet DC drive as shown in the figure below. The drive has chopper control and DC drive facility. The Lf and Cf are the 

filters which are used to filter the harmonics which is generated by the chopper. MS is the manual switch and RS is the reversal switch. The inductance L 
keep the ripple in motor current low. 

 
Motoring Operation 

For motoring operation, the manual switch is kept close. The transistor switch operates at a constant frequency to obtaining variable DC voltage for 
starting and speed control. When the transistor is on the current flows through the source to Lf, MS, L, R, armature S and T. When the transistor is 
closed the current flows through S, D1, MS, L and R. 

Regenerative Braking Operation 

For regenerative braking operation, the manual switch is kept open.The motor armature is reversed by the help of reversal switch which makes the B 
positive with respect to A. When the transistor is on the current flows through T, D2 and L. When the transistor is closed the current flow through D1, 
Lf and battery, D2 and L and hence charge the battery. 

7) The textile industry requires special types of drives for 

(i) weaving, and 

(ii) spinning. 

 (i) Weaving: 

The motors used in weaving mills must have good cooling capacity to keep their temperatures within limits in the presence of large power losses. The 
rating of the motors and the cooling facility must be properly selected, because these motors are used in conditions where high moisture content is 
present along with lot cage induction motors with high rotor resistance, totally enclosed, fan cooled and having high temperature insulation are used to 
drive looms. For light fabrics like cotton, silk, nylon etc. small motors of less than 1 hp may be sufficient. For heavy fabrics such as wool, the rating of 
these motors may be 2-3 hps. These motors are normally run at 750-1000 rpm. 

 (ii) Spinning: 

The spinning mills use one of the following three types of drives: 

(i) A 4-pole or 6-poIe squirrel cage induction motor, 

(ii) A pole amplitude 4/6 or 6/8 poles induction motor, 

(iii) Two separate motors to be runs at 1500/1000 or 1000/750 rpm. But whatever may be the types of motor used, the motor must be started with 
controlled torque. 

III) 

a) Block Diagram of Electric Drive 
 

 
power source 

The power source in the above block diagram offers the necessary energy for the system 
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Power Modulator 

This modulator can be used to control the o/p power of the supply. 

The power modulator limits the motor current as well as the source. 

The power modulator can change the energy based on the motor requirement. 
Power modulator changes the direct current into alternating current 

eg ; 

 controlled rectifiers 

inverters 

choppers etc 

Load 

The mechanical load can be decided by the environment of the industrial process 

we can choose the other electric components namely electric motor, controller 

Control Unit 

The contro This unit produces the rules for the safety of the motor as well as power modulator. l unit is mainly used to control the power modulator 

Sensing Unit 

The sensing unit in the block diagram is used to sense the particular drive factor such as speed, motor current.  

This unit is mainly used for the operation of closed loop otherwise protection. 
Motor 

The electric motor intended for the specific application can be chosen by believing various features  

 
b) FACTORS INFLUENCING THE CHOICE OF ELECTRICAL DRIVES 

 Nature of electric supply 
 Nature of the drive 
 Maintenance requirement 
 Space ad weight restrictions 

 Environment and location 

 Nature of load 
 Electrical characteristics of motor 
 Size, rating and duty cycle of motors 

IV) 

a) 

 In a constant speed application, a motor often runs at an approximate speed with little or no concern about acceleration and deceleration 
ramps.  

 This type of application is usually run using across-the-line on/off control.  
 The control circuits often consist of a branch circuit fusing with a contactor, an overload motor starter, and a manual motor controller or soft 

starter. 
 Both ac and dc motors are suitable for constant speed applications.  
 DC motors provide full torque at zero speed and have a large installed base. 
 AC motors are also a good choice because they have a high power factor and require little maintenance. 

b) Comparison between electric drive and mechanical drive 

 

Electric drive Mechanical drive 

Electric drive is dependent of electric 
supply, electric traction system is tried up to electrified 
routes only. 

It is self-contained unit and therefore can be 
suitable for any track. 
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In case of failure of supply the whole system will come 
to rest as it is dependent of electric supply. 

The system is self contained there is no such 
condition. 

electric drive is more clean as there are burning of any 
fuel and no fumes etc. 

mechanical drive requires burning of therefore it 
may contains ash or fumes etc. 

Electric drive is flexible as it can be brought anywhere 
and can be control from any location. 

due to mechanical components this drive is not 
flexible. 

It occupies less space as compared to other forms of 
drives and is , therefore very compact source of drive. 

due to mechanical components this drive 
required more space. 

Motor operating characteristics can easily be modified 
as per the requirement of the drive. 

It is very difficult to modify the characteristics of 
the mechanical drive. 

Maintenance cost is less due to less no. of mechanical 
parts. 

Maintenance cost is more due to more no. of 
mechanical parts. 

Electric braking much superior and economical. 
mechanical breaking system has few 
disadvantages like were & tear of parts etc. 

V) 

a) Voltage-source inverter (VSI) drive  

 

 

  In a VSI drive, the DC output of the diode bridge converter stores energy in the capacitor bus to supply stiff voltage input to the inverter.  

 The vast majority of drives are VSI type with PWM voltage output  

It consist of a rectifier, filter circuit and an inverter 

 b)The speed of a synchronous motor is given by  
Where, f = supply frequency and p = number of poles. 

As you can see, the synchronous speed depends on the frequency of the supply and the number of poles of the rotor. Changing the number of poles is 
not easy, so we do not use that method. However, with the invention of solid-state devices, the frequency of the current fed to the synchronous motor 
can be varied. We can control the speed of the synchronous motor by changing the frequency of the supply to the motor. 
We can use a combination of rectifiers and inverters to control the speed of synchronous motors. They can be used in two ways: 

Inverter Fed Open Loop Synchronous Motor Drive 

 
 
In this method, the synchronous motor is supplied by variable frequency inverter in an open loop. By open loop, we mean that there is no feedback given 
to the supply. The inverter has no information about the current position of the rotor. This method is preferable when highly accurate speed control is not 
required. Supply from the mains is fed into the rectifier inverter set where desired frequency can be attained. Depending on the frequency, the 
synchronous speed of the motor can be varied. 
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VI) 

a) Variable Frequency Control From Current Source: 

Control of induction motor employing variable frequency voltage sources was considered in previous section. This section considers motor control by 
Variable Frequency Control From Current Source (VFCS). An equivalent circuit for motor fed from a current source is obtained when voltage source V is 
replaced by a current source Is in Fig. 6.1(a). Now 

Motor speed-torque curves for various values of Is and natural speed-torque curve, which corresponds to the operation at rated constant flux, are shown 
in Fig. 6.44(a). For a given Is, operation of motor above the natural characteristic takes place for a flux higher than rated and below it at lower than rated. 
Since rated flux operation is preferred due to reasons explained already, the natural characteristic is locus of preferred, operating points. From Eq. 
(6.83), one can obtain a relationship between Is and rotor frequency (sf) for rated Im (or rated flux). This relationship, which is independent of frequency, 
is shown in Fig. 6.44(b). Drive is operated such that relationship of Fig. 6.44(b) is maintained between stator current Is and rotor frequency (sf), when 
frequency is changed to control the speed. 

 

b) 

  

This triac-based 220V AC motor speed controller circuit is designed for controlling the speed of small household motors like drill machines. The speed of 

the motor can be controlled by changing the setting of P1. The setting of P1 determines the phase of the trigger pulse that fires the triac. The circuit 

incorporates a self-stabilizing technique that maintains the speed of the motor even when it is loaded. 

VII) 

a) UNCONTROLLED RCTIFIER CONTROL 

 

 

 variable voltage for dc motor can also be obtained by either using auto transformer or transformer with tapings 
 it also contain uncontrolled rectifier a reactor  is used to improve armature current 
 autotransformer used in low power ratings  
 in high power ratings transformer with tapings are used 

b) Dynamic Braking 
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 It is also known as Rheostatic braking.  
 In this type of braking, the DC motor is disconnected from the supply and a braking resistor Rb is immediately connected across the 

armature.  
 The motor will now work as a generator and produces the braking torque 
 During electric braking when the motor works as a generator,  
 Dynamic Braking is an inefficient method of braking as all the generated energy is dissipated as heat in resistances. 

VIII) 

a) 

 

 A chopper controlled drive with composite braking is shown in Fig. 10.18. dc supply feeds the drive through a LF-CF filter which keeps the harmonics in 

the source current within a tolerable range by filtering out the harmonics generated by the chopper. SS is semiconductor switch, and MS1 and MS2 are 

the mechanical switches. RS is the reversing switch, which allows reversal of motor connection with respect to terminals A and B. Inductor L is added 

when the motor armature inductance is not enough to keep the armature current ripple within permissible value and to provide good regenerative 

braking performance. 

Motoring operation: For motoring operation mechanical switches MS1 and MS2 are kept closed and the semiconductor switch SS is periodically 

operated. During the on period of the semiconductor switch current flows through the path consisting of source, LF, MS1, SS, L, motor armature and MS2, 

giving duty interval of the chopper. During the off period of the semiconductor switch, the armature current freewheels through the path consisting of 

closed switch MS2, D2 and L. 

b) Controlled Rectifier Fed DC Drives: 

 

 

 Controlled Rectifier Fed DC Drives are used to get variable dc voltage from an ac source of fixed voltage.  

 Controlled Rectifier Fed DC Drives are also known as Static Ward-Leonard drives. 

 Figure shows commonly used Controlled Rectifier Fed DC Drives and quadrants in which they can operate on Va-Ia plane. 

 As thyristors are capable of conducting current only in one direction, all these rectifiers are capable of providing current only in one direction. 

 Rectifiers of Figs. (a) and (c) provide control of dc voltage in either direction and therefore, allow motor control in quadrants I and IV. They are 
known as Fully Controlled Rectifiers. 

 Rectifiers (b)and(d)are called half controlled rectifiers as they allow dc voltage control only in one direction and motor control in quadrant I 
only. 

IX) 
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a) In a paper industry, the drives are required for 

(i) Pulp making, and 

(ii) Paper making. 

  

In the pulp making process, the logs of wood are either ground in mechanical grinders or else they are chemically treated with alkalis and simultaneously 
beaten up to turn them into soft pulp. In the mechanical method of pulp making, the electrical power requirement is very high because the wood is hard. 
Since the mechanical grinders operate at a constant speed of about 200-300 rpm,the motors can be started on no load. Thus synchronous motors are 
used for these drives. These motors normally run at 1000-1500 rpm and gears are used to reduce the speed to 200-300 rpm. 

  

In the chemical method of pulp making, the logs of wood are continuously beaten by the beaters at the time of treatment with alkali. The power 
requirement of the beater motors is less than those of grinder motors but these motors require high starting torque. Therefore, slip ring induction motors 
with gears are used to drive these beaters at about 150-200 rpm. 

 

b) A simple scheme of Solar Powered Pump Drives using a permanent magnet dc motor is shown in Fig. 9.4. The solar panel directly feeds the motor. 
One can connect the solar cells to form a low-voltage-high-current or low-current-high-voltage unit. A low current-high-voltage arrangement is preferred 
because of lower proportion of losses in the motor and solar panel. However, a dc voltage more than 80 volts may present a serious electrocution 
hazard and should be avoided. Since the solar cells themselves regulate the maximum output current no starter is required for the dc motor. 

 

 

X) 

a) The Cement Mill Process has different Stages in Cement Production and they are 

The raw materials of Cement Mill Process are lime and silica. Alumina and ferric oxide are used as fluxing agents. 

Kiln Drives 

The rotary kiln drives depend upon the type of Cement Mill Process (wet or dry). These are, in general, tubular tilted from the horizontal position with a 
ring fitted around them. This ring gear engages with one or two pinions. A variable speed motor drives the pinion. 

The requirements of a kiln motor are the following: 

1. Power requirement is very high. 

2. Speed control ratio is 1:10. Very low creeping speeds of 1 rpm may be required. 

3. Starting torque should be in the range 200 to 250% of full load torque. 

4. The acceleration of the drive should be completed in about 15 s. 

Crusher Drives 

The requirements of a crusher drive are as follows: 

1. The starting torque is of the order of 160% of full load torque. 

2. The breakdown torque is of the order of 200-250% of full load torque 

 

Fan or Blower Drives 

The drive motors are located in outdoor or semioutdoor locations. Totally enclosed fan cooled motors are suitable, depending upon the location of the 
motor. The torque requirements are: Starting torque is 120% full load torque;breakdown torque 200-250% full load torture. 

Compressor Drives 

The drive motors for compressors have a rating in the range of 300-450 kW. 
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b)  

Electric motors are an integral part of mining and mineral processing and, more recently, several trends have been taking place above and below 

ground. Historically, the mining business used a lot of DC motors. Steadily those motors are being replaced with AC motors, especially in underground 

coal mining applications. Likewise drive systems are evolving from fixed to variable speed. Similar to AC motors taking over DC motors, the mining 

business is seeing a move from induction motors to synchronous motors on the surface. 

In addition to better control, AC motors are also easier to maintain than DC motors. Many of the OEMs for underground coal mining equipment are 

converting DC systems to AC systems with variable frequency drives (VFDs). DC motors require a lot of maintenance, especially with brushes, 

commutators, etc. A lot of those issues will disappear when an AC motor is placed in the same application. 


