
Chapter 3 

Motor selection for the application 

3.1 Measurements 

Machine speed range: Minimum 200rpm; Maximum 740 rpm 

Available supply : 3 phase, 400V 

Ambient temperature: 32°C 

Altitude 2.74 m 

Annature voltage at maximum speed, Ya: 126 V DC 

Armature current at maximum speed, Ia : 33A DC 

Am1ature resistance, Ra: 0.54n 

3.1.1 Load profile 

Figure 3.2 shows the load profile of the existing drive over a 14 machine cycles 

approximately 25 seconds each. And Figure 3.3 shows an enlarge view of one 

;nachinc cycle. Method of data logged is shown in Figure 3.1 

\Jote: Since Annature control is used for speed controlling of the motor at constant 

flux, Annature parameters are measured. 
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Figure 3.1 - Cmmection of data logger 
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Figure 3.3 Enlarge view of one machine cycle. 

3.1.2 Measurement of Torque 

Figure 3.4 shows the methodology used to measure the friction torque of the machine. 

!\ spring balance is used with a handle fitted to the machine main shaft and force is 

applied at the hook of the balance always perpendicular to the handle. 
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Figure 3.4- Torque measurement 

Force applied just to move the machine 

Force applied just to continue the rotational movement 

' 

= llkg 

= 8 kg 

Note : Full load of the machine will be calculated by means of Ya, Ia,Ra (sec.3.1) 

3.2 Motor Standard 

A motor with IEC standard is preferred. Machine requires a fairly high starting torque 

at the beginning. Therefore, a motor having high starting torque with low starting 

current and lows slip at full load is suitable for the application. lEC motor having 

equivalent pcrfonnances as NEMA design class C is selected. Refer section 2.8 

3.3 Motor type 

Squirrel cage induction motor is selected. 

It is simple and rugged design, low cost and low maintenance 

3.4 Voltage and Frequency 

Three phase, 415V, 50Hz 
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3.5 Speed 

As per above measurement, maximum speed is 740rpm. Therefore, let's select the 

motor speed as 1 OOOrpm. So far, selection can be termed as below. 

Select 3P, 415V,50Hz,1000rpm cage induction motor 

3.6 Number of Poles 

Since, motor speed has been taken as 1 OOOrpm 

Number of poles 

Select 6 pole motor 

3. 7 Motor power 

= 120 f / nsyn 

= 120x 50 I 1000 

= 6 

Figure 3.2 shows the load profile of the existing DC drive. It is the power variation at 

maximum running speed; i.e. 740 rpm. Figure 3.3 shows the enlarge view over one 

machine cycle. 

This power is measured as the power delivered to the annature of the existing DC 

motor. Supplied field current is not considered here and it is maintained constant by 

the drive. 

It is seen from the graph, at maximum running speed, power vanes as 

Pmin 1522.6 W 

Pa,g 1753.3 W 

Pmax 2427.6 W 

Therefore instantaneous peak power delivered to the motor is 2.4 kW 

Closest available capacity should be greater than 2.4 kW 

Further, it has to be considered the "Full load torque" requirement of the motor. 
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3.8 Friction Torque of the machine 

Following shows a only a rough guide or indication about the friction torque of the 

machine. 

From above measured data, 

F orcc applied just to move the machine = 11 kg 

Force applied in Newton, (1kg=9.81N) F = 1lx9.81 = 107.9N 

Length of the handle, 

Therefore, torque 

= 0.15 m 

Fxl 

107.9x0.15 

16.18 Nm 

Force applied just to continue the rotational movement 

Force applied in Newton 

Therefore, Torque 

3.9 Motor Torque 

= 8 kg 

= 8 X 9.81 = 78.5N 

= 78.5x 0.15 

= 11.77 Nm 

Following describes calculation of motor torque at maximum machine speed from 

motor parameters. Equivalent circuit of a separately excited DC motor is considered 

for calculation. Refer Appendix-A 

Load in the application is "Constant torque" and speed change is achieved through 

Armature voltage control. 

From above measured data, 

Annature voltage at maximum speed, Ya = 126V DC 

Armature current at maximum speed, fa = 33A DC 

Am1ature resistance, Ra = 0.54 f2 

At maximum machine rlllming speed, i.e.740 rpm, 

From equations A.3 and A.4 in appendix-A 

------· -----
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Peon,= UV = E f a a 

V =R I +E 
(/ (/ (/ (/ 

no= (Va-IaRa )x lu 

T x740x2n/ 60= (126 -33x0.54) x33 

T = 46 Nm 

This gives an idea about the torque delivered by the existing DC motor at maximum 

running speed. This can be considered as the required "Full load torque" of the 

proposed motor. Therefore, let's select a motor having the "Full load torque" which is 

equal or greater than 46 Nm. So far, selection can be termed as below. 

Select 3P, 415V,50Hz,1000rpm, Power> 2.4 kW, full load torque >46Nm, 

cage induction motor 

Hence, from CMG Motor selection catalogue, S.SkW motor having full 

load torque of 54.4 Nm can be selected. 

3.10 Motor inertia 

Motor inertia is also a very imp011ant factor. Since the machine is a heavy mechanical, 

there is absorption of inertia. Machine comes to rest as soon as STOP button is 

pressed. At the starting also, machine comes to steady state condition within couple of 

seconds. Therefore it is assumed to have a small inertia and not disused here. 

3.11 Temperature and Altitude 

From above measurements, Section 3.1 

Ambient temperature : 32°C 

Altitude : 2.74m 

Since the motor is running within standard ambient conditions of 40"C at lOOOm 

below sea level, no de-rating is required. 

----------

\c/o tor selection for the application 36 



3.12 Duty cycle 

Refer the Figure 3.1. Machine duty cycle is too small as 0.78 sand power varies from 

1.1 kw to 2.4 kW and no rest time. 

Therefore this operation can be considered as continuous duty application. Refer 

section 2.9. 

Select a continuous duty motor 

3.13 Motor cooling 

Enclosed fan cooled over an extemally ribbed frame, with free movement of internal 

air by rotation of rotor blades is suitable for the application. Refer section 2.13. 

3.14 Insulation temperature 

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

temperature rise. Class F insulation is preferred for the application. Refer Figure 2.4 in 

section 2.14. 

3.15 Efficiency 

Efficiency (sec section 2.15) of the selected motor as per the manufacture data sheet. 

Refer Annex B for data sheet. 

At 100% of full load: 85.6 

At 75% of full load: 85.9 

At 50% of full load : 84.3 
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3.16 Power Factor 

PF (sec section 2.17) of the selected motor as per the manufacture data sheet. Refer 

Annex B for data sheet. 

At 100% of full load: 0.81 

At 75% of full load: 0.76 

At 50% of full load : 0.64 

3.17 Motor enclosure 

Totally closed enclosure with fan cooled type (TEFC) is suitable for the application. 

Refer section 2.20. 

3.18 Enclosure material 

Cast -Iron : Frame, End-shields, Terminal box 

Sheet steel : Fan cowl . (Refer section 2.21) 

3.19 Terminal box 

Terminal box, located on Top is preferred. Cable routing of the existing motor is 

tenninated to top side and, therefore it will be easy for connections. Conduit entries 

are provided tapped. Refer section 2.22. 

3.20 Mounting configuration 

Since there is a machine bed to install the motor, Foot mount is suitable for the 

application. Refer section 2.23. 
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3.21 Bearings/lubrication/vibration/balancing/noise limits 

Not specially considered. Selected as standard. Refer sections 2.24-2.26 

3.22 Shaft and key 

Standard shaft extension with standard key. Refer section 2.27 

3.23 Degree of protection 

1P55 protection for both motor and tenninal box is IP55. Refer section 2.28. 

3.24 Load connection 

Existing system has belt driven system. From efficiency point of view, it is better to 

go for a geared coupling. But considering the extra difficulties encountered in 

modification with the existing set up, it is decided to use the same belt coupling 

system. Refer section 2.18. 

While Figure 3.5 shows the present load connection, Figure 3.6 shows the load 

connection of the proposed system. 

M/C DRIVEN SHAFT 

Figure 3.5 Existing system Figure 3.6- Proposed system 
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3.25 Performance data of the selected motor 

Source : CMG Motors, Australia 

Three phase, 415V, 50Hz, IOOOrpm (6 pole), S.SkW, IPSS, continues duty, F 

class insulation, fan cooled, foot mounted, extended shaft cage induction 

motor. 

Table 3.1 describes the other performances. Also refer Annex B. 

Efficiency % 

at % full load 

Power Factor, cos~ 

Current 

125 

100 

75 

50 

125 f-·-·---·-100 

75 

50 

Full load, IN (A) 

Locked rotor, IL/IN 

84.4 

85.6 

85.9 

. 84 ~ ___j 
0.8~ 

I 0.81 

0.76 

0.64 

11.0 

6.9 
' f--------. -- -- - ·--·--- --- --· -

Full load, TN (Nm) 54.4 

Torque Locked rotor, T1/T N 2.4 

Break down, Til TN 3.o:J 
Moment of Inertia kgm- 0.045 

Weight of foot mount motor kg 90 
~- - --· --·· -·---- __ L_____ ·-

Table 3.1 - Performance data 
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