
Chapter 2 

Selection of an AC Motor 

2.1 Methodology of selecting an AC motor 

Selection methodology of an AC motor for a particular application is described in this 

chapter. A three phase AC squin·el cage induction motor is prefcned for the 

application. 

2.2 Three Phase AC Induction Motors 

Three-phase AC induction motors [5] are widely used in industrial and commercial 

applications. They are classified either as squinel cage or wound-rotor motors. 

These motors arc self-starting and usc no capacitors, start winding, centrifugal switch 

or other stm1ing device. 

They provide medium to high degrees of starting torque. The power capabilities and 

efficiency in these motors range from medium to high compared to their single phase 

counterpm1s. Induction motors are simple and rugged design, low-cost, low 

maintenance and direct connection to an AC power source are the main advantages of' 

AC induction motors. 

2.3 Cage Motors 

Almost 90% of the three-phase AC induction motors arc of this type [5]. Here. the 

rotor is of the squincl cage type. The power ratings arc from one-third to several 

hundred horsepower in the three-phase motors. Motors of this type, rated one 

horsepower or larger, cost less and can start heavier loads than their single-phase 

counterparts. 

---- ------· 
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2.4 Voltage 

The motor nameplate voltage [2] is detem1incd by the available power supply which 

must be known in order to properly select a motor for a given application. The 

nameplate voltage will normally be less than the nominal distribution voltage. 

The distribution voltage is the same as the supply transfonner voltage rating. The 

utilization voltage is set at a slightly lower level to allow for a voltage drop in the 

system between the transfonner and the motor leads. 

The following table 2.1 for 50Hz standard shows the motor nameplate voltages which 

provide the best match to distribution system voltage and meet cunent motor design 

practices. 

~--·-·· -· --- --

Motor Name plate voltage 

Polyphase Motors 

Below 125 HP 125HP and Up 
-

200 -

220 -

f------- ---

380 380 

415 415 

1440 440 

550 550 

3000 3000 
I 
I --·- ----------

I Single phase motors ~_j 

1110 I 

~~~ I: -= 
Table 2.1 -Motor voltages and Power 

Eflects to low voltage induction motors clue to unbalanced voltage supply is discussed 

in IEC60034-26 [ 12] 

Selection o/an A C motor 8 



2.5 Frequency 

Frequency [2] can be defined as the number of complete alterations per-second of an 

altemating cuncnt. The predominant frequency in the United state is 60Hz and 50Hz 

systems arc common in other countries. Other systems, such as 40 and 25 hertz arc 

isolated and relatively few in number. 

2.6 Voltage and Frequency variation 

All motors arc designed to operate successfully with limited voltage and fi·cqucncy 

variations [2]. However, voltage variation with rated ti·cquency must be limited to 

± 10% and fi·equcncy variations with rated voltage must be limited to ±5'1(). The 

combination variation of voltage and frequency must be limited to the arithmetic sum 

of 1 O(Yo. 

The following conditions are likely to occur with variations in voltage. 

A. An increase or decrease in voltage may result in increased heating at 

rated horsepower load. Under extended operation this may accelerate 

insulation deterioration and shorten motor insulation life. 

B. An increase in voltage will usually result in a noticeable decrease in 

power factor. Conversely, a decrease in voltage will result in an increase 

in power factor. 

C. Locked rotor and breakdown torque will be proportional to the square of 

the voltage. Therefore, a decrease in voltage will result in a decrease in 

available torque. 

D. An increase of 10% in voltage will result in a reduction of slip of 

approximately 17%. A voltage reduction of 10% would mcreasc slip by 

about 21 (Yo. 

The following conditions arc likely to occur with variations in frequency. 

·-----· 
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A. Frequency greater than rated frequency nonnally improves power i~1ctor 

but decrease locked-rotor and maximum torque. This condition also 

increases speed and therefore friction and windage losses. 

B. Conversely, a decrease in frequency will usually lower power factor and 

speed while increasing locked-rotor maximum torque and locked-rotor 

current. 

2. 7 Motor output rating 

2.7.1 Speed 

The speed [2] at which an induction motor operates is dependent upon the input power 

frequency and the number of electrical magnetic poles for which the motor is \Vound. 

The higher the frequency, the faster the motor runs. The more poles the motor has. the 

slower it runs. The speed of the rotating magnetic field in the stator is called 

synchronous speed. To detennine the synchronous speed of an induction motor, the 

following equation is used. 

Synchronous speed (rpm)= 120 x Frequency 
no of poles 

(2.1) 

Actual full-load speed (the speed at which an induction motor will operate at 

nameplate rated load) will be less than synchronous speed. The difference between 

synchronous-speed and full-load speed is called slip. Percent slip is defined as 

follows. 

Percent Slip at Full load = (Synchronous speed- Rotor speed) 
S 1 

- xlOO (2"') 
ync 1ronous speed ·-
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Figure 2.1 -Torque-Speed characteristic of an Induction motor 

2.7.2 Torque and Power 

Torque and Power [2] are two key characteristics that determine size of motor for an 

application. 

The torque is merely a turning effort or force acting through a radius. Power is. how 

fast the shaft is tumed. Tuming the shaft rapidly requires more power than tuming it 

slowly. Thus, power is a measure of the rate at which work is done. 

2.7.3 Locked Rotor torque 

Locked Rotor torque [2] is the torque which the motor will develop at rest (for all 

angular position of the rotor) with rated voltage at rated frequency applied. It is 

sometimes known as ''starting torque" and is usually expressed as a percentage of full 

load torque. See Figure 2.1 

2. 7.4 Pull-up torque 

Pull-up torque [2] is the minimum torque developed during the period of acceleration 

from locked rotor to the speed at which breakdown torque occurs. For motors which 
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do not have a definite breakdown torque (such as NEMA design D) pull-up torque is 

the minimum torque developed up to rated full-load speed. It is usually expressed as a 

percentage of full-load torque. See Figure 2.1 

2.7.5 Breakdown torque 

Breakdown torque [2] is the maximum torque the motor will develop with rated 

voltage applied at rated frequency without an abrupt drop in speed. Breakdown torque 

is usually expressed as a percentage offull-load torque [2]. See Figure 2.1 

2.7.6 Full-Load torque 

Full load torque [2] is the torque necessary to produce rated horsepower at full-speed. 

See Figure 2.1 

2.7.7 Motor Current 

In addition to the relationship between 

speed and torque, the relationship of 

motor current [2] to these two values is 

an important application consideration. 

The speed-torque curve with the 

current curve added demonstrates a 

typical relationship in Figure 2.2. 

There arc two important points on this 

CUJTcnt curve arc discussed below. 
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2.7.8 Full-Load current 

The full load current [2] of an induction motor is the steady state cuJTcnt taken from 

the power line when the motor is operating at full-load torque with rated voltage and 

rated frequency applied. 

2.7.9 Locked-Rotor current 

Locked-Rotor current [2] is the steady-state current of a motor with the rotor locked 

and with rated voltage applied at rated frequency. 

2.8 Motor Standards 

Worldwide, various standards exist which specify various operating and 

constructional parameters of a motor. The two most widely used parameters are the 

National Electrical Manufactures Association (NEMA) and International 

Electromechanical Commission (IEC) 

2.8.1 NEMA 

NEMA [5] sets standards for a wide range of electrical products, including motors. 

NEMA is primarily associated with motors used in North America. The standards 

developed represent the general industry practices and are supported by manufactures 

of electrical equipment. These standards can be found in the NEMA Standard 

Publication No. MG I. Some large AC motors may not fall under NEMA standards. 

They are built to meet the requirements of a specific application. They arc rcfcncd to 

as above NEMA motors. 

The NEMA standards mainly specify four design types for AC induction motors

Design A, B, C and D. Their typical load speed curves arc shown in Figure 2.3 
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Design A [5] has normal 

starting torque (typically 

150-170% of rated) and 

relatively high starting 

current. The breakdown 

torque is the highest of all 

the NEMA types. It can 

handle heavy loads for a 

short duration. The slip 1s 

<= 5%. A typical application 

is the powering of injection 

molding machines. 
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Figure 2.3 -Torque-Speed curves. NEMA design 

A,B,C,D 

Design B [ 5] is the most common type of AC induction motor sold. It has a normal 

starting torque, similar to Design A, but offer low starting current. The locked rotor 

torque is good enough to start many loads encountered in the industrial application. 

The slip is <=5%. The motor efficiency and full-load PF arc comparatively high. 

contributing to the popularity of the design. The typical applications include pumps, 

fans and machine tools. 

Design C [5] has high stating torque (greater than two previous designs, say 200%). 

useful for driving heavy breakaway loads like conveyors, crushers, stilTing machines, 

agitators, reciprocating pumps, compressors etc. These motors arc intended for 

operation ncar full speed without great overloads. The starting current is low. The slip 

is <=5%. 

Design D [5] has high starting torque (higher than all the NEMA motor types). The 

starting current and full-load speed are low. The high slip values (5-13%) make this 

motor suitable for applications with changing loads and subsequent shmv changes in 

the motor speed, such as in machinery with energy storage flywheels, punch presses, 
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shears, elevators, extractors, winches, hoists, oil-well pumping .... etc. The speed 

regulation is poor, making the design suitable only for punch presses, cranes, elevators 

and oil well pumps. This motor type is usually considered a "special order" item. 

Recently, NEMA has added one more design, i.e. Design E, in its standard for the 

induction motor. Design E is similar to Design B, but has a high efficiency, high 

starting currents and lower Full-load running currents. 

The following Table 2.2 compares NEMA polyphase designs for several perfom1ance 

criteria. 

1 NEMA 
·---- ----- ----

Starting · Locked ; Breakdown %slip Application 

Design cunent Rotor Torque 

Torque 
I 
I 

----·----------1 
A High to Normal Normal , Max Broad apl 

Medium Is% including fans, 
I I 

I pumps, machine 

h3 Low Nonnal Nonnal Max Nonnal starting 

5% for fans, blowers, 

pumps, ur 
I 

compressors, 

I 

conveyors, metal 

machine tools, 

machinery. Consta 

speed 

:c Low High Nonnal Max High inertia start 

5% large centrifugal b 

f1y wheels and 

drums. Loaded 

' 

I ~-Hl I speed 
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wers, 
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rotaty 
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I Low 
I 

! I Very High 

I 

-
---~- ------- ----

Very high inertia and 

loaded starts. Choice of 
1 slip to match load. 

-~~------

5-8% 1) Punch presses. shears 

and forming machine 

tools. 

18-13% 2) Cranes, hoists. 

elevators and oil well 
I 

i 

I ___ _ I ~ump~ng j~ck~-_ 

Table 2.2- Comparison in NEMA Design 

2.8.2 IEC 

IEC [5] is the European-based organization that publishes and promotes worldwide, 

the mechanical and electrical standards for motors, among other things. In simple 

tenns, It can be said that the IEC is the intcmational counterpart of the NEMA. The 

IEC standards are associated with motors used in many countries. These standards can 

be found in IEC 34-1-16. The motors which meet or exceed these standards arc 

rcfened to as IEC motors. 

2.9 Duty Cycle 

Continuous steady-running loads over long periods arc demonstrated by fans and 

blowers. On the other hand, electric motors installed in machines with flywheels may 

have wide variations in running loads. Often, electric motors usc flywheels to supply 

the energy to do the work, and the electric motor docs nothing but restore lost energy 

to the flywheel. Therefore, choosing the proper electric motor also depends on 

whether the load is steady, varies, follows a repetitive cycle of variation, or has 

pulsating torque or shocks. 

For example, electric motors that run continuously in fans and blowers for hours or 

days may be selected on the basis of continuous load. But electric motors located in 

devices like automatically controlled compressors and pumps start a number of times 

------
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per hour. And electric motors in some machine tools stmi and stop many times per 

minute. 

Duty cycle [6] is a fixed repetitive load pattern over a given period of time \Vhich is 

expressed as the ratio of on-time to cycle period. When operating cycle is such that 

electric motors operate at idle or a reduced load for more than 25% of the time, duty 

cycle becomes a factor in sizing electric motors. Also, energy required to start electric 

motors (that is, accelerating the inertia of the electric motor as well as the driven load) 

is much higher than for steady-state operation, so frequent starting could overheat the 

electric motor. 

For most electric motors (except squinel-cage electric motors during acceleration and 

plugging) cunent is almost directly proportional to developed torque. At constant 

speed, torque is proportional to horsepower. For accelerating loads and overloads on 

electric motors that have considerable droop, an equivalent horsepower is used as the 

load factor. The next step in sizing the electric motor is to examine the electric motor's 

perfonnance curves to see if the electric motor has enough starting torque to overcome 

machine static friction, to accelerate the load to full running speed, and to handle 

maxtmum overload. Table 2.3 shows the motor duty cycle types [5] as per IEC 

standards 

and discussed in IEC60034-1 ,4 [ 12]. 

1 

No I Ref. -~ Duty cycle type Description 
--------, 

-·-·~-

: 1 I s 1 Continuous duty Operation at constant load of su 
I 

ilicient 
I 

duration to reach the 1 hermal I 

equilibrium 

I 2 S2 Short time duty Operation at constant load dl nng a 

given time, less than required t o reach 

I 

the them1al equilibrium, folloW! 

rest enabling the machine to 

d by a 

each a 

temperature similar to that of the coolant 

(2 Kelvin tolerance) 

• 3 S3 Intennittent periodic : A sequence of identical duty cycles, 

duty i eachincluding a period of oper tion at 
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I 

4 I S4 

f 
5 I S5 

I 
I 

I 

6 ~S6 

·----- .:l 
constant load and a rest (without 

I connection to the mains). For this type 

I of duty, the starting current docs not I 

I significantly a!Tcctthc tcmpcmtmcnSC. 

Intennittent periodic 1 A sequence of identical duty cycle~ 
duty with starting 

I Intenni ttent periodic 

duty with electnc 

breaking 

I 
I 

each consisting of a significant period of 

starting, a period under constant load 

and a rest period. 1 

, A sequence of identical duty cycles. I 

each consisting of a penod of starting, a I 
I 

period of operation at constant load, 1 

followed by rapid electric breaking and I 
I 

a rest period. I 

+----------+-A--se-,c-lu-c-,n-c-·e. of identical-- duty cyclcs,-1 

each consisting of a period of operation I 

at constant load and a period ce:f: 

I Continuous operation 

' periodic duty 

operation at no-load. There is no rest 

period. 
--+---+-----------~---------

7 S7 Continuous operation A sequence of identical duty cycles, I 

8 S8 

periodic duty with each consisting of a period of starting, a I 

electric breaking period of operation at constant load .. 

followed by an electric breaking. There I 

is no rest period. 

Continuous operation 1 A sequence of identical duty cycles, 

periodic duty with I each consisting of a period of operation 

related load 

speed changes. 

and I at constant load 

Corresponding to a predetem1incd speed 

of rotation, followed by one or more 

periods of operation at another constant 

' load COITesponding to the ditTcrcnt 

speeds of rotation (e.g. duty). There is 

no rest period. The period of duty is too 

short to reach the thcnnal equilibrium. 

I 

I 

L. ---- _l_ __ _ --· 
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Duty with non- 1 Duty in which, generally, the load and 

periodic load and 1 the speed vary non-periodically within 

speed variations the pennissible range. This duty 

includes frequent overloads that may 

exceed the full loads. 

Table 2.3 -Motor duty cycle types as per TEC standards 

2.10 Starting load inertia 

In any type of duty cycle operations, it is necessary to determine not only the power 

requirements but the number of times the motor will be started, the inertia [2] of the 

driven machine, the type of load (constant or variable torque) and the method of 

stopping the motor. 

The inertia of the rotating parts of the driven equipment affects the acceleration time 

and motor heating during acceleration. The heating of the motor rotor and stator 

during frequent starting, stopping, and /or reversals can become a design limitation. 

2.11 Service Factor 

Service factor [2] is defined as the permissible amount of overload a motor will handle 

'-' ithin defined temperature limits. When voltage and frequency arc maintained at 

name plate rated values, the motor may be overloaded up to the horsepower obtained 

by multiplying the rated horsepower by the service factor shown on the nameplate. 

However locked-rotor torque, locked-rotor cmTent and breakdown torque are 

unchanged. NEMA has defined service factor values for standard polyphase dripprooC 

60Hz motors are as shown in the following table. Table 2.4 

! 

I Hp 

I ~-

Sc!ccrion of 1111 A C nwror 

--~~--- ~~~-

Synchronous Speed, rpm 

3600 

1.25* 

I 1800 1200 
I 

1.15* 1.15* 

(' 1 :) • r" 

""'!J~tJ 

·--~---

900 

1.15* 11. 
In:- ro:- _ ~4 

~ ~--~--j 
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11.5-125 11.15* 11.15* 11.15* .. T.T5*. ]1.15* TT.Ts *~~ (.15 *-
150 1.15* 11.15* 11.15* 1.15* ~ 1.15* 1.15* l1.o 

j 
' 

200 '00 I :-15' ' 1.15' I 1.15' 1115' 
-

1.15* 1.0 1.0 

~r200 1.0-----rl.O---t1.0~ 11.-0-
--1- _j__ ·-

1.0 11.0 I 1.o 
I 

Table 2.4- Service Factors 

* These service factors apply only to NEMA design A,B and C motors. 

2.12 Temperature and Altitude 

A major consideration in both motor design and application is heat. Excessive heat 

will accelerate motor insulation deterioration and cause premature insulation failure. 

Excessive heat may also cause a breakdown of bearing grease, thus damaging the 

bearing system of a motor. 

The total temperature a motor must withstand is the result of two factors; external or 

ambient temperature, and internal or motor temperature rise. An understanding of hmv 

these components are measured and expressed is important for proper motor 

application. 

For a given application, the maximum sustained ambient temperature, measured in 

degrees Celsius, should be detennined. Most motors arc designed to operate in a 

maximum ambient temperature of 40°C at 1 OOOm above sea level. If the ambient 

temperature or altitude differ the standard, motor may need to be modified to 

compensate for the increase in total temperature. As a sequence of differed ambient 

temperature and altitude from the standard, effective motor power must be found 

accordingly. Following tables show degrading factors for ambient temperature and 

altitude. 

1 Ambient Temperature 

I temperature factor 

1· 3o
0
c I 106 

~3511C 1.03 
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I Altitudc-~hove I Alt;;;;,k-1 
I I 

sea level factor I 
-------- -·- ---- ----

1000 111 I 1.00 I 

1500 m 1---(0)8-·--l 
___ j 

20 



I 
40uC 

-----

1.00 

I 45UC 0.97 

r-5ouc 0.93 I 
I 

I 55uc 
- .. --I 

0.88 I 

~ 60"C 0.82 ' 

·- --~ 

---------

-0~94 ----

1 

2000 Ill 

2500 Ill 0.91 

3000 111 0~~~ 
3500 Ill 0. 82 

4~00 m_j 
------------

0.77 
-------

Table 2.5 a- Temperature factor Table 2.5 b- Altitude f~1ctor 

Then. 

Effective Power= Rated Power x Temp. !<'actor x Alt. factor (2.3) 

The temperature rise is the result of heat generated by motor losses during operation. 

At no-load, friction in the bearing, core losses (eddy cunent and hysteresis), and stator 

I2R losses contribute to temperature rise; at full-load, additional losses which cause 

heating are rotor 12R losses and stray load losses. 

Since cuncnt increases with an increase in motor load and under locked-rotor, 

temperature rise will be significantly higher under these conditions. Therefore, 

applications requiring frequent starting and/or frequent overloads may require special 

motors to compensate for the increase in total temperature. 

2.13 Motor Cooling 

Sir.,·c the total temperature of a motor is greater than the surrounding environment, 

, ..:at generated during motor operation will be transfened to the ambient air. The rate 

'" heat transfer affects the maximum load and/or the duty cycle of a specific motor 

design. IEC for method of cooling is IEC60034-6 [ 12]. 

Factors affecting this rate of heat transfer are: 

1. Motor enclosure 

Different enclosures result in different airf1ow patterns which alter the amount 

of ambient air in contact with the motor. (see section 2.20 for motor enclosure) 

2. Frame surface area. 
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Increasing the area of a motor enclosure in contact with the ambient air will 

increase the rate of heat transfer. 

3. Airflow over motor 

The velocity of air moving over the enclosure affects the rate of heat transfer. 

Fans are provided on most totally-enclosed and some open motors to increase 

the velocity of air over the extemal parts. 

4. Ambient air density 

A reduction in the ambient air density will result in a reduction of the rate of 

heat transfer from the motor. Therefore, total operating temperature increases 

with altitude. Standard motors are suitable for operation up to I 000 m; motors 

with service factor may be used at altitude up to 3000 feet at 1.0 service factor. 

2.14 Insulation Class vs. Temperature 

NEMA has classified insulation systems [2] by their ability to provide suitable thermal 

endurance. The total temperature is the sum of ambient temperature plus the motor's 

temperature rise. The following charts illustrate the maximum total motor temperature 

allowed for each of the standard classes of insulation. An additional 10 °C measured 

temperature rise is permitted when temperatures are measured by detectors embedded 

in the winding. Figure 2.4- Figure 2.6 illustrate the temperah1re rise limits established 

for various insulation classes per NEMA MG 1, p311 12. 
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2.15 Efficiency 

Efficiency [2] is an important application consideration. That is especially true for 

application having high hours of operation where cost of motor operation is many 

times the initial purchase price of the motor. Energy efficiency classes arc described in 

IEC60034-30 [ 12]. 

Efficiency is defined as, 

Watts Output 
Efficiency= Watts Input 

Selection of an A C motor 
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Efficiency= (Input- Losses) 
Input 

The only way to improve efficiency is to reduce losses. 

2.16 Motor losses 

(2.5) 

Typically, motor losses [2] are categorized, first, as those which occur while the motor 

is energized but operating at no-load; and second, those additional losses due to the 

output load. Specific losses arc: 

1. No-load losses 

a. Windage and friction 

b. Stator iron losses 

c. Stator fR losses 

2. Load losses 

a. Stator I2R losses (due to increase in current under load) 

b. Rotor I2R 

c. Stray load losses 

The no-load losses and the conductor losses under load can be measured separately; 

nmvevcr, the stray load loss requires accurate input-output test equipment for 

determination. The stray-load loss consists of losses due to harmonic currents and t1ux 

in the motor. 

Factors affecting stray load losses include: 

Stator and rotor slot geometry 

Number of slots 

Air gap length 

Rotor slot insulation 

Manufacturing process 
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2.17 Power Factor 

In a sense, motors are electromagnets and power factor [2] is a measure of the amount 

n f magnetizing current required. 

Power factor is an impm1ant consideration when selecting a motor for a particular 

application since low power factor may result in power f~lctor penalty charges from 

the utility supplier. 

Equation for Power factor in a three-phase system, 

PF = Watts Input 

(F3 XV X I) (2.6) 

This equation IS a numerical method of expressing the phase difference between 

\'oltage and current in a motor circuit. The cmTent in an induction motor lags the 

applied voltage, and only the component that is in-phase with the voltage varies with 

motor power. 

2.18 Load Connections 

T \VO methods of mechanical connection [2] of the motor to the driven load are 

commonly used. 

1. Direct connection 

Direct connection should always be considered where the required load 

speed coincides with an available motor speed. The preferred practice is to 

use a flexible coupling which will allow a slight amount of misalignment 

and minimize transmission of thrust to the motor bearings. Axial thrust 

loads are commonly encountered when a pump impeller or t~m is mounted 

on the motor shaft. They also occur in direct connected helical gear drives 

and when the motor is mounted vertically or in an inclined position \Vhere 

any weight other than the rotor is supported by the motor shaft. 

2. Belt, chain and gear drives 
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When connecting a motor to its load with this type of drives, proper 

selection is necessary to limit within radial load capacities. 

2.19 Starting Methods 

The following motor stmiing methods encountered when stmiing a motor 

2.19.1 DOL starters 

When an electric motor is started by direct connection to the power supply (DOL) [7], 

it draws a high current, called the starting cunent which is approximately equal in 

magnitude to the locked rotor cunent. Locked rotor current is nonnally up to 8 times 

the rated current of the motor. In circumstances where the motor starts under no load 

or where high starting torque is required, it is preferable to reduce the starting cunent 

by one of the following means. 

2.19.2 Star-Delta starting 

Through the usc of a star-delta starter [7], the motor tem1inals are connected in the star 

configuration during statiing and reconnected to the delta configuration when running. 

The benefits of this starting method are a significantly lower starting cuncnt, to a 

value about 1/3 of the DOL stmiing cuncnt, and a concsponding starting torque also 

reduced to about 1/3 of its DOL value. It should be noted that a second cuncnt surge 

occurs on changeover to the delta connection. The level of this surge will depend on 

the speed the motor has reached at the moment of changeover. 

2.19.3 Electronic soft starters 

Through the usc of an electronic soft starter [7], which controls such parameters as 

current and voltage, the starting sequence can be totally controlled. The starter can be 

programmed to limit the amount of starting cuncnt. By limiting the rate of the current 
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increase the startup time is extended. This starting method is particularly suitable for 

centrifugal loads (fans and pumps) 

2.19.4 Variable Speed Drives 

A drive is primarily recognized for its ability to manipulate power from a constant 

three 50/60Hz supply converting it to variable voltage and variable frequency power. 

This enables the speed of the motor to be matched to its load in a t1cxible and energy 

efficient manner. The only way of producing starting torque equal to full load torque 

\vith full load current is by using variable speed drive. The functionally t1cxible VSD 

is also commonly used to reduce energy consumption on fans, pumps and 

compressors and offers a simple and repeatable method of changing speeds or t1ow 

rates. 

2.20 Motor enclosures 

The type of enclosures [2] required is dependent upon the surrounding atmosphere in 

which the motor is installed and the amount of mechanical protection and corrosion 

resistance required. The two general classes of motor enclosure are open and totally

enclosed. An open machine is one having ventilating openings which pennit passage 

of extemal air over and around the winding of the motor. A totally-enclosed machine 

i~ constructed to prevent the free exchange of air between the inside and outside of the 

motor, but not sufficiently enclosed to be termed air-tight. Derivatives of these two 

basic enclosures are described below. Enclosures come under IEC60034-7 [ 12]. 

• Open 

1. Dripproof. Dripproof motors are designed to be intemally 

ventilated by ambient air, having ventilation openings constructed 

so that successful operation is not affected when drops of liquid or 

solid particles strike the enclosure at any angle from 0 to 15 degrees 

downward from vertical. Dripproof motors are typically used m 

relatively clean, indoor applications. 

Also Weather protected, open machines arc of another type. 

---···----·· ---- ---
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• Totally-Enclosed 

Totally-enclosed motors are designed so that there is no free exchange 

of air between the inside and outside of the enclosure, but not 

sufficiently enclosed to be airtight. Totally-enclosed motors are may be 

of three types of construction. 

1. TEFC (Totally-enclosed fan-cooled). This type includes an 

external fan mounted on the motor shaft. This fan is enclosed in 

a fan casing which both protects the fan and directs the output 

air over the motor frame for cooling. 

2. TEAO (Totally-enclosed air-over). This type is similar to 

TEFC designs except that the cooling air being forced over the 

motor frame is provided by a fan which is not an integral part of 

the motor. 

3. TENV (Totally-enclosed non-ventilated). This type of 

construction does not require forced air flow over the motor 

frame for cooling. 

2.21 Enclosure material 

Frame and end-shield materials that are nonnally used are listed below 

Aluminum-alloy, Cast-iron, sheet steel 

2.22 Terminal box 

Terminal box is there for connecting power cables. As standard the terminal box is 

mounted on the right hand side when viewed from drive end. Motors arc also 

available with tem1inalleft hand side or top. They arc fitted with conduit entries. 

2.23 Mounting Configurations 

Various mounting configurations are available, complying with IEC60034-7 [ 12]. 

• Floor mount 

• Ceiling mount 
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• Wall mount, shaft horizontal 

• Wall mount, shaft vertical 

2.24 Dynamic Balance/Vibration 

Motors should be dynamically balanced so as to fulfill vibration standards. Vibrations 

are tested as per NEMA standard MG1-12.08 and should be within the limits. IEC 

stands for vibration is IEC 60034-14 [12] 

2.25 Bearing/Lubrication 

All standard motors are equipped with "clean steel" corned deep groove ball bearings. 

Lubrication should be done as per instruction given by the manufacturer. 

2.26 Noise limits 

Noise limit of motors should comply with the lEC60034-9, 6 [12]. 

2.27 Shaft and key 

Shaft and keys of motors should comply with the IEC60034-1, 11.2 [ 12]. 

2.28 Degree of protection 

This is IP standards explanation and coming under IEC 60034-5 [12]. 

First characteristic numeral 

Degree of protection of persons against approach to live parts or contact with live or 

moving parts (other than smooth rotating shafts and the like) inside the enclosure, and 

degree of protection of equipment within the enclosure against the ingress of solid 

foreign bodies. 

. ------
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4 protected against solid object greater than l.Omm: \Vires or strips of 

thickness greater than l.Omm, solids objects exceeding l.Omm 

5 Dust protected: Ingress of dust is not totally prevented but it does not enter 

in sufficient quantity to interfere with satisfactory operation of the 

equipment. 

6 Dust tight: No ingress of dust. 

Second characteristic numeral 

4 Protected against splashing water. Water splashed against the enclosure 

from any direction shall have no harmful effect. 

5 Protected against water jets: Water projected by a nozzle against the 

enclosure from any direction shall have no hannful effect. 

6 Protected against heavy seas: Water from heavy seas or water projected in 

powerful jets shall not enter the enclosure in ham1ful quantities. 

Note: first three numerals are not explained, since they have no use here. 

2.29 Motor Name plate 

A typical name plate of an AC induction motor is shown in Figure 2. 7 

Name ofManufacturer 

ORD.l\o. IN45609X1324 

TYPE HIGH EFFICIENCY 

H P. 42 

AMPS -1-42 
RPM. I 1790 

I DUTY CONT 

I CLASS 
i IC 

I NEMA 
I u I 

FRA:V1E 2X6T 

SERVICE ! 

1.10 
FACTOR i 

·-
I 4I5 VOLTS 

I HERTZ 

DATE OI/15/2003 

NEMJ\ 
In.;;: 

·-- ---, 
~=J 

·--~----

.. 

1 

'1 OLE 

--1- -~ 
I 

I Il\SUL I • I D_ESIGJ\ I u I NOM. EfT - L_ I 

~ddress of Manufacture ... ______ j 
Figure 2. 7- Typical name plate of an Induction motor 
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