
Chapter 4 

Selection of a Motor Drive 

As discussed in section 2.19 in Chapter 02, several methods are available to start and 

drive an AC induction motor. In this particular application, it requires to change the 

machine speed over the range of 200rpm to 740 rpm. Therefore, Variable frequency 

drive has to be selected as the drive mechanism. 

4.1 Need for the electrical drive for an induction motor 

Apart from the nonlinear characteristics of the induction motor, there are vanous 

issues attached to the driving of the motor. Let's look at them one by one [5]. 

Earlier motors tended to be over designed to drive a specific load over its entire range. 

This resulted in a highly inefficient driving system, as a significant part of the input 

power was not doing any useful work. Most of the time, the generated motor torque 

\vas more than the required load torque. 

For the induction motor, the state motoring region is restricted from 80% of the rated 

speed to l 00% of the rated speed clue to the fixed supply frequency and the number of 

poles. 

When an induction motor starts, it will draw very high inmsh current due to the 

absence of the back EMF at start. This results in higher power loss in the transmission 

line and also in the rotor, which will eventually heat up and may fail due to insulation 

f~1ilure. The high inrush current may cause the voltage to clip in the supply line, whiCh 

may atlect the perfom1ance of other utility equipment connected on the same supply 

line. 

When the motor is operated at a minimum load (i.e., open shaft), the cunent drawn by 

the motor is primarily the magnetizing cunent and is almost purely inductive. As a 
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result, the PF is very low, typically as low as 0.1. When the load is increased, the 

working current begins to rise. The magnetizing current remains almost constant over 

the entire operating range, from no load to full load. Hence, with the increase in the 

load. the PF will improve. 

When the motor operates at a PF less than unity, the current drawn by the motor is not 

sinusoidal in nature. This condition degrades the power quality of the supply line and 

may affect perfonnances of other utility equipment connected on the same line. 

When the supply line is delivering the power at a PF less than unity, the motor draws 

current rich in harmonics. This results in high rotor loss affecting the motor life. The 

torque generated by the motor will be pulsating in nature due to harmonics. At high 

speed, the pulsating torque results in the motor speed pulsation. This results in jerky 

motion and affects the bearing's life. 

The supply line may experience a surge or sag due to the operation of other equipment 

on the same line. If the motor is not protected from such conditions. it will be 

subjected to higher stress than designed for, which ultimately may lead to its 

premature failure. 

All of the previously mentioned problems, faced by both consumers and the industry, 

strongly advocated the need for an intelligent motor control. 

With the advancement of solid state device technology (BJT, MOSFET. IGBT, SCR, 

etc.) and IC fabrication technology, which gave rise to high-speed microcontrollers 

capable of executing real-time complex algorithm to give excellent dynamic 

performance of the AC induction motor, the electrical variable frequency drive 

became popular. 

------- ----------
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4.2 Variable Frequency Drive 

The VFD [5] is a system made up of active/passive power electronics devices (IGBT, 

MOSFET, etc.), a high speed central controlling unit (a microcontroller, like the PIC 

I X or the PIC 16) and optional sensing devices, depending upon the application 

requirement. 

The basic function of the VFD is to act as a variable frequency generator in order to 

\ ary speed of motor as per the user setting. The rectifier and the filter conve11 the AC 

mput to DC with negligible ripple. The inverter, under the control of the 

microcontroller, synthesizes the DC into three-phase variable voltage, variable 

frequency AC. Additional features can be provided, like the DC bus voltage sensing, 

OV and UV trip, over-cunent protection, accurate speed/position controL temperature 

control, easy control setting, display, PC connectivity for real-time monitoring, Power 

Factor Conection (PFC) and so on. With the rich features set of the microcontroller, it 

1s possible to integrate all the features necessary into get advantages, such as 

reliability, accurate control, space, cost saving and so on. 

While a block diagram of an Inverter is shown in Figure 4.1, a typical modem-age 

mtelligcnt VFD for the three-phase induction motor with single phase supply is shown 
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Figure 4.1 ·An Inverter block diagram 
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Figure 4.2 - A typical modem-age intelligent VFD 
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The based speed of the motor is proportional to supply frequency and is inversely 

proportional to the number of stator poles. The number of poles cannot be changed 

once the motor Is constructed. So, by changing the supply frequency, the motor speed 

can be changed. But when the supply frequency is reduced, the equivalent impedance 

of electric circuit reduces. This results in higher current drawn by the motor and a 

higher f1ux. If the supply voltage is not reduced, the magnetic field may reach the 

saturation level. Therefore, both the supply voltage and the frequency arc changed in a 

constant ratio. Since the torque produced by the motor is proportional to the magnetic 

field in the air gap, the torque remains more or less constant throughout the operating 

range. 
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Figure 4.3- V/f curve 

As seen in the Figure 4.3, the voltage and the frequency are varied at a constant ratio 

up to the base speed. The flux and the torque remain almost constant up to the base 

::;peed. Beyond the base speed, the supply voltage can not be increased. Increasing the 

frequency beyond the base speed results in the field weakening and the torque 

reduces. Above the base speed, the torque governing factors become more nonlinear 

as the friction and windage losses increase significantly. Based on the motor type, the 

field weakening can go up to twice the base speed. This control is the most popular in 

industries and is popularly known as the constant V/f control. 

By selecting the proper V/f ratio for a motor, the starting current can be kept well 

under control. This avoids any sag in the supply line, as well as heating of the motor. 

The VFD also provides over-current protection. This feature very useful while 

controlling the motor with higher inertia. 

Since almost constant rated torque is available over the entire operating range, the 

speed range of the motor becomes wider. User can set the speed as per load 

requirement, thereby achieving higher energy efficiency (especially with the load 

where power is proportional to the entire range is smooth, except at very lmv speed. 

This restriction comes mainly due to the inherent losses in the motor, like frictionaL 

windage, iron, etc. These losses are almost constant over the entire speed. Therefore, 

to start the motor, sufficient power must be supplied to overcome these losses and the 

minimum torque has to be developed to overcome the load inertia. 

·-------------- --·--·--
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A PFC circuit at the input side of the VFD helps a great deal to maintain an 

approximate unity PF. By executing a complex algorithm in real-time using 

microcontroller, the user can easily limit flow of harmonics from line to motor and 

hence, near unity PF power can be drawn from the line. By incorporating the proper 

EM! filter, the noise flow from the VFD to the line can entirely be stopped. As the 

VFD is in between the supply line and the motor, any disturbance (sag or surge) on 

the supply line does not get transmitted to the motor side. 

With the usc of various kinds of available feedback sensors, the VFD becomes an 

mtelligent operator in tmc sense. Due to feedback, the VFD will shift motor torque

speed curve, as per the load and the input condition. This helps to achieve better 

energy efficiency. 

With the VFD, the hue four quadrant operation of the motor is possible (i.e. forward 

motoring and breaking, reverse motoring and breaking). This means that it eliminates 

the need for mechanical breaks and efficiently reuses the Kinetic Energy (KE) of the 

motor. However, for safety reasons, in many applications like hoists and cranes, the 

mechanical breaks are kept as a standby in case of electrical break failure. 

Care must be taken while breaking the motor. If the input side of the VFD is 

uncontrolled, then regenerative breaking is not possible (i.e. the KE from the motor 

can not be returned back to the supply). If the filter DC link capacitor is not 

sufficiently large enough, then the KE, while breaking, will raise the DC bus voltage 

level. This will increase the stress level on the power devices as well as the DC link 

capacitor. This may lead to permanent damage to the device/capacitor. It is always 

advisable to use the dissipative mean (resistor) to limit the energy returning to the DC 

link by dissipating a substantial portion in the resistor. 

Compared to the mechanical breaking, the electrical breaking is frictionless. There is 

no wear and tear in the electrical breaking. As a result, the repetitive breaking is done 

more efficiently with the electrical breaking. 
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4.3 Selecting a Drive 

Often drive selection [ 4] is straight forward, as a motor is already installed and the 

speed range requirement is not excessive. However, when a drive system is selected 

from first principles, careful consideration may avoid problems in installation and 

operation, and may also save significant cost. 

Overall consideration 

• Check the current rating of the inverter and the motor. Power rating is only a 

rough guide. 

• Check that the correct operating voltage is selected. 230V single phase or 

400V three phase. 

• Check the required speed range. Operation above nonnal supply frequency 

(50Hz) is usually only possible at reduced power. Operation at low frequency 

and high torque can cause the motor to overheat due to lack of cooling. 

• Check overload performance. The inverter will limit current to 150 or 200% of 

full current very quickly-a standard, fixed speed motor will tolerate these 

overloads. 

• Quick stopping is needed? If so, consider braking facilities provided with the 

drive. 

• Is it needed to operate with cables longer than 50m, or screened or annored 

cables longer than 25m? If so, it may be necessary to de-rate, or fit a chock to 

compensate for the cable capacitance. 

4.3.1 Supply side requirements 

In order to achieve reliable operation, the main power supply to the inve11er system 

must be suited to the inverter and the anticipated power supplied. The following points 

should be considered. 
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4.3.1.1 Supply Tolerance 

The inverters are designed to operate on a wide range of supply voltage as follows. 

Low voltage units 

High voltage units 

V cry Low voltage units 

208-140V+/- 10% i.e. 187-264V 

380-SOOV+/- 10% i.e. 342-550V 

525-575V+/- 10% i.e. 472-633V 

Inverters will operate over a supply frequency of 4 7-63 Hz 

4.3.1.2 Supply Disturbance 

The inverters are designed to absorb high level of supply disturbance-for instance, 

voltage spikes up to 4kV. However, the above equipment can cause power supply 

disturbances in excess of this. It will be necessary to suppress this interference

preferably at source-or at least by the installation of an input choke in the inverter 

supply. EMC filters do not suppress disturbances with this level of energy: over 

voltage protection products such as metal oxide varistors should be considered. 

Damage can also be caused by local supply faults and the effects of electrical stonns. 

In areas where these are expected, similar precautions are recommended. 

4.3.1.3 Ungrounded supplies 

Certain industrial installations operate with supplies that are isolated from the 

protective earth (IT supply). This permits equipment to continue to run following an 

earth fault. However this inverter is designed to operate on grounded supplies and arc 

fitted with interference suppression capacitors between the supply and ground. Hence 

operation on ungrounded supplies must be restricted. 
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4.3.1.4 Low frequency Harmonics 

The inverter converts the AC supply to DC using an uncontrolled diode rectifier 

bridge. The DC link voltage is close to the peak AC supply voltage, so the diodes only 

conduct for a short time at the peak of the AC waveform. The cunent waveform 

therefore as a relatively high RMS value as a high cuncnt flows from the supply for a 

short time. 

This means that the cunent waveform is consists of a series of low frequency 

hannonics, and this may in tum cause voltage ham1onic distortion, depending on the 

supply impedance. 

Sometimes these harmonics need to be assessed in order to ensure that cc11ain levels 

are not exceeded. Excessive hannonic levels can cause high losses in transfom1crs, 

and may interfere with other equipment. ln any cause, the rating and selection of 

cabling and protection equipment must take into account these high RMS levels. 

4.3.2 Motor limitations 

The motor speed is detem1ined mainly by the applied frequency. The motor slows 

down a little as the load increases and the slip increases. If the load is too great the 

motor will exceed the maximum torque and stall or 'pull out'. Most motors and 

inve11ers will operate at 150% load for a short time, for instance, 60 seconds. 

The motor is usually cooled by a built in fan that runs at motor speed. This is designed 

to cool the motor at full load and base speed. Cooling may be inadequate, if it runs at 

low speed and full torque. 

4.3.3 Load considerations 

The inverter and motor requirements are determined by the speed range and torque 

requirements of the load. The relationship between Speed and Torque is different for 

different loads. Many loads can be considered to be constant torque loads, such as 

conveyers, compressors, positive displacement pumps. 
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4.3.4 Acceleration and breaking requirements 

If the load has high inertia and there is a requirement for fast acceleration or breaking, 

the load due to the inertia must be considered. 

During acceleration, additional torque will be needed. The total torque needed will be 

the sum of the steady state torque and this additional torque. 

4.3.5 Environmental Considerations 

An invct1er is designed for operation in an industrial environment. However there arc 

certain limitations which must be considered. Some impm1ant points arc as follows. 

• The air flow through the inverter should not be blocked by wiring etc. 

• Temperature of air does not exceed 50°C. 

• IP rating of the inverter to suit with the environmental condition. 

• The inverters are designed for fixed installation and not designed to withstand 

excessive shock and vibration. 

• The inverter will be damaged by corrosive atmospheres. 

• Attention for Electromagnetic Compatibility (EMC). 
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