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Abstract 

 

DC commutator motor is the oldest motor but still the best performance motor. It has 

control simplicity and control accuracy although commutator motor has some 

inherent drawbacks due to its mechanical commutator. Normally, the older the 

motor, the higher the effects of some drawbacks. 

 

This dissertation is based on "Replacing an old DC drive system with a new AC 

drive system" in order to eliminate prevailing practical problems arisen due to aging 

of the drive system. The DC drive system being less reliable, that results high down 

time of the relevant machine effecting loss in production. . 

 

Briefing on new AC drive system, other than the existing control functions, some 

functional improvements are also adopted assuring far better running performance of 

the machine than present. Minimum maintenance, quick failure restore, minimizing 

down time and hence improved reliability are the key motivations of the project. 

 

It is considered the maximum running speed of the machine for capacity selection of 

the motor and the AC drive. The required modifications in power and control wiring 

are introduced keeping operational part of the machine in such a way that, machine 

operator does not feel any difference while in operation. Same switches, selectors, 

pushbuttons are utilized as in the existing system. 

 

Economic consideration of the proposed system against the existing system is 

discussed followed by the design. Improved power factor, reduced total harmonic 

distortion, improved efficiency and enhanced reliability of the machine contributes 

positive impact on the proposed system. 

 

It is important to say that, this is much oriented at reliability improvement of the 

particular machine than the other sayings. 
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Chapter 1 

Introduction 

1.1 Overview of the dissertation 

This project is focused on a machine which prints pcnnancnt labels on glass bottles. 

All the movements of the machine are activated through mechanical systems by 

means of one rotating machine which is a separately excited DC motor coupled 

through a belt drive. 

DC motor is driven by a AC/DC conve1ier which composed with anmtturc supply, 

field coil supply, tacho generator feed back and speed adjustment facilities. 

DC commutator motor is the oldest and still one of the best performing motor. Control 

simplicity and control accuracy are the assets of DC motors. No other motor can 

match these two aspects simultaneously. 

But DC motors have some inherent drawbacks, most of these due to its mechanical 

commutator. They arc namely, 

• Need of fi·equcnt maintenance 

• Occurrence of sparking of brushes 

• Need of rep lacing brushes frcq uentl y 

• Gradual wearing commutator surface requiring reshaping after sometimes 

• Noise clue to sliding parts 

• Generation ofEMI 

• Existence of somewhat lower speed limits 

• Difficulties of operating at standstill condition 

But subjected to above limitations, user can all the time expect better performances. 

These arc application dependant and there arc so many applications that can accept 

these limitations [8]. 

In this application, motor being an old DC motor, it is now experienced less reliability 

arisen due to 

lntroducrion 



Winding burning 

Wearing of brushes and commutator problems 

Speed fluctuations 

More maintenance time 

If the motor is undergone rewinding, it is nonnally required minimum of three days, 

resulting unavailability of machine with considerable amount of production loss. 

This situation is turned out to provide a solution to improve reliability of operation by 

replacing the existing DC drive system with a new AC drive system. 

AC drive system comprises of a cage induction motor, variable frequency drive and 

feed back control. 

It is simple, low cost and involves less maintenance. Parts arc available at door step 

and easy replacement at a failure. In case of a winding failure in-house rewinding is 

also possible. All these ensure reliability improvement of the machine. Figure 1.1 

shows the proposed system. 

AC 
INVERTER 

3Ph POWER SUPPLY 

Introduction 

[ MIC SPEED INDICA~-;;-~--~~--~~- · -~ 

I 

f'F'OX SENSOFl 
MIC DRIVeN SHIIF·r 

FEED B1\CK 

INVERTER 0/P 

Figure 1. 1- Proposed system 
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1.2 Objective of the project 

Replace an existing old DC drive system with an AC drive system. 

Principle motivations 

• To improve reliability 

• Eliminate bmsh replacements 

• Solution for speed fluctuations caused by ware of bmshcs and minor damage 

of commutator segments. 

• Eliminate substantially high rewinding time 

• Reduce down time and hence reduce financial loss by expediting failure 

restore. 

• Timely delivery of products 

1.3 Existing system 

AC/DC 
CONVERTER 

3Ph POWER SUPPLY 

lntrodticlion 

MIC SPEED INDICATION f--------- -- ---~- -J 
JOG SPEED ADJ POT 

PROX SFNSOR 

FEED BACK 

CONVERTOR 0/P 

Figure 1.2- Existing system 
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1.3.1 Specification 

Motor and DC drive specifications (Name plate data) as follows. 

Motor GG5132-0GH40-6SU7-Z DC Drive 
Make :SEIMENS Make : SEIMENS, D460/57 

Voltage 42-460V 460 v Power input 380VAC 47A, 50/60Hz 
Speed 50-2550rpm 2550rpm Power output 460VDC 57 A 
Current 46-46.5 A 46.5 A 
Power 0.375-19 kW 19 kW 

Tacho-gcnerator is fitted 

1.3.2 Speed Controlling 

Running speed can be adjusted by means of a potentiometer provided. It also 

f~1cilitates with another potentiometer connected with the same tenninals in order to 

operate the machine in JOG mode. Jogging operation is important to operate the 

machine as desired when machine (or product) adjustment is required and also at 

maintenance. Operation is continuous duty. 

As measured, machine running parameters as follows 

Running MIN 200 rpm 

MAX 740 rpm 

Jogging MIN 200 rpm 

MAX 740 rpm 

---------- -------·----- ------
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1.3.3 Connection diagram of the DC Converter 

Connection diagram of the DC converter is shown in Figure 1.3 [9]. Figure 1.4 [91 

shows all inputs to the Converter. This is a Thyristor controlkd unit. 

6-10A 

C) > s 
N N N 

SPEED 
POTENTIOMETER 

10-16A 

32 A 

2 ? ~ 

DC CONVERTOR 
SIEMENS 
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~ ~ 

-FIELD COIL 

~ ~ 
o,o 

TACHO 

13 

8 SWifCH ON 
(l " CONVEf~fOR 

I SHUNl 

.. 
Af<rv1ATURE 

Figure 1.3 -Connections in DC Conveticr 
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1.3.4 Speed Indicator 

Speed indicator at the machine shows the machine running speed by means or a 

separately connected proximity sensor which picks signals from rotating metal 

sections of the machine. It gives an indication on number or bottles movmg m a 

minute. Figure 1.5 [9] below shows the connections. 

INDICATOR FOR RPM 

GND ip +12V 220V 110V 

1 

v 
L1 

6 5 4 3 2 

I 
-

I /l I 

2 PE 3 4 5 6 7 8 

,-~c _j_t, 
II+-~ 11···1 
I I I I 
______ .J ____ ___, 

N PE Proximity From control 
panel 220VAC sensor 

9 

0 

1 

10 11 

Figure 1.5- Speed Indicator 
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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 ·-

Si'lcction o/an A C lllotor 10 
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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 

Sclecrion of an A C motor 1 1 



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. 

>­z 
w 
cr 
cr 
:J 
u 
0 
.;: 
0 
...J 
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-' 
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LOCKHJ ROTOH 

CUR'1ENT 
/ 

\. SLIP 

.l 

\ : 
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Plill Ul' TCJHUIJF 

FULl I 0.\:J TlJROLJfc 

I 

FLJLl.LOIID Sf'FflJ / 

FULL LOAD/ 
(;lJHflENT 

[)o SYNCHGONOlJS ~PEF:O 

Figure 2.2- Speed-Torque, Current curve 
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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 

Selection o/an A C motor 13 



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 

Sell'ction olan AC motor 

ations 

wers, 

Is 

orque 

rotaty 

oaded 

some 

utting 

l11!SC. 

t load 

_____ _J 

such 

wers, 

usher 

starts 

umps, 

and 

t load 
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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 

------

Sclectwn o(an A C motor 16 



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 

Selection ofan A C /I/o lor 17 



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 ~-
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Synchronous Speed, rpm 

3600 

1.25* 

I 1800 1200 
I 

1.15* 1.15* 

(' 1 :) • r" 

""'!J~tJ 

·--~---

900 

1.15* 11. 
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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 
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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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Figure 2.4- Dripproof or TEFC enclosure, SF 1.0 

··-------

Si'lr>ction of an A C motor 22 



180 
160 
140 
120 

~ 100 
LLJ 
c: 80 
(!l 

60 LLJ 
1:1 

40 
20 
0 

180 
160 

ENCLOSURE:TENV,SERVICE FACTOR: 1.0 INSULATION CLASS 

B F H 

-- - - rn RISE BY RESISTANCE 

·111111111111111 111111111111111-· 111111111111111 AMBIENT 

Figure 2.5 - TENV enclosure, SF 1.0 

ENCLOSURE:DRIPPROFF OR TEFC,SERVICE FACTOR: 1.15 

INSULATION CLASS 

B F 

140 I - iii RISE BY RESISTANCE 
120 

t3 100 .. - -~-~- - oAMBIENT LLJ 
c: 

" 
80 

LLJ 
Cl 

60 
40 
20 

0 

Figure 2.6- Dripproof or TEFC enclosure, SF 1.15 

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 
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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. 

---···----·· ---- ---

Selection of' an A Cmotor 27 



• 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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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 

Variation in Power at maximum speed(633rpm-740rpm) 
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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. 

----------
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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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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 

111 Figure 4.2 

+ 

~-,.. 
r I I 

Supplv 
c c -+ -{ -L. ' •. 

-<---- - 1--

~ll ~:1 
I---

-L. --+ r. 

I 1 

F<~ctfer :x:; Link In 'er1er 

\n-;erter Block ::Ji-1':Jf311l 

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. 

:;:4 
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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. 

Selection of' a ivfotor Drive 48 



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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Chapter 5 

Selected Motor Drive 

5.1 SIEMENS MICROMASTER 440 

The MICROMASRET 440s [ 1 0] are frequency inverters for speed and torque control 

of three phase AC motors. The various models available cover the perfonnance range 

from 120W to 200kW. 

The inverters arc microprocessor-controlled and state-of-the art Insulated Gate Bipolar 

Transistors (IGBT) technology. This makes them reliable and versatile. A special 

pulse- width modulation method with selectable Pulse frequency pennits quiet motor 

operation. Comprehensive protective functions provide excellent inverter and motor 

protection. 

The MICROMASTER 440 with its default factory settings, it is suitable for a many 

variable motor applications. Using functionally MICROMASTER 440 can be used 

both 'stand-alone' applications as well as being integrated into 'Automation Systems'. 

Figure 5.1 shows outside appearance of the drive and Figure 5.2 shows the block 

diagram. Table 5.1 describes the Perfonnance rating of the drive. 

Figure 5.1 - SIEMENS MICRMASTER 440 

----~-~ ---- ~~--~----
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5.1.1 Block diagram 
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5.1.2 Performance rating 
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5.2 Why this drive is preferred? 

When application requirement are considered, basically it requires, 

• Two analog inputs: one is for Speed potentiometer, other one is 

for feed back of the Tacho generator. 

• Availability of JOG function: it is to setting up the machine 

with low speeds. 

• Availability in small power range (4kW) with above two 

facilities. 

• Internal relay with nonnally open (NO) and nonnally close 

(NC) contacts. 

• V /f control function. 

• Enhanced motor protection. 

Some functions and techniques which arc used in the application will be discussed 

below. 

5.2.1 V/f Control 

The V/f characteristic represents the simple technique. In this case the stator voltage 

of the induction motor or synchronous motor is controlled proportionally to the stator 

frequency. This technique has proven itself for a wide range of "basic" applications, 

such as Pump, fans, Belt drives, and similar processes. 

The goal of V /f control [ 1 0] is to keep flux Q constant in the motor. In this case, this is 

proportional to the magnetizing current Iu and the ratio between voltage V and 

frequency f 

Q~ Iu ~ V/f 

The torque M, developed by induction motor, is proportional to the product (precisely 

the vector product Q x I) of flux and current 

M~Qx I 

------~-----------------------------------·----~-~------ -----
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In order to keep 11ux Q constant, when frequency f changes, the voltage V must be 

changed in proportion so that a constant magnetizing cun·ent Iu Oows. The V/f 

characteristics control is derived from these basic principles. Operating ratings and 

characteristics of an induction motor when fed from a drive inverter is shown in 

Figure 5.3. Change of V/f can be achieved through an automatic feed back or manual 

control. 

U.M,P,<Jl 

A-------UP 

I / ~ated motor 
M <Jl < ' operatmg point 

.,, 1 / 

/ 
/ -.............. : 

U.P/ ~M Q> 
/ i . 

/ : 
/ . 

/ 

!-voltage control range -i..F1eld control range .j 
' ' ' 

I f., fn, 
------ _j 

Figure 5.3 - Characteristics of an induction motor when fed 

from a drive inverter 

5.2.2 JOG function 

The JOG function [ 1 OJ is used as follows. 

• To check the functionality of the motor and drive inverter after commissioning 

has been completed (the traversing motion, checking the direction of rotation, 

etc.) 

• Positioning a drive/ a driven load into a specific position 

• Traversing drive, e.g. after a program has been intenupted 

The drive is traversed using this function by entering fixed frequencies Pl058, Pl059 

lll]. The JOG mode can be selected either using the operator panel, digital inputs or 

also via the serial interfaces. An ON/OFF command is not used to move the drive, but 

when the "JOG keys" are pressed. PlOSS and P1056 are used for JOG right and JOG 

left simultaneously. 

----
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If both JOG keys are simultaneously pressed, then the instantaneous frequency is kept 

(constant velocity phase) and alarm A0923 is output. When a key pressed, the drive 

inverter accelerates the motor to the fixed frequency in the time entered in P 1060 [ 11]. 

This frequency is only exited after the key has been cancelled and the drive breaks 

down to 0 Hz in the time entered in P 1061 [ 11]. 

[_ ~~~-__] 
~ 

I CB 
COM lznk 1 

JOG rzght 

fP1ii55l "0"--
~ 

A0923 
I : 
: : 

A0923 

JOG left 
"1"-------+--

I 
! 
i 

--+----

~ . 101 

f i i I I I I 
---------r-·-- -----r- ------··tt --r· -··r·---------·-r··-
---------~--------------i------------+-:-··'t· ------------+-·· . 

""'" ...... Jl:!.-
1

,,--t iiil.Ul , 
-P1 082 ..... ...1 8 ........... + w + ... "' .......... -"'i .... ;..; .......... i ............ .> ...... + .. ; .. . o· tat o o ··, · · .. 

ct ct ct n: 

Figure 5.4- JOG counter-clock wise and JOG clockwise 

JOGt i 
• 

p1 082 ............... J .... ~ .. -~ ... I
f i 

~f1m~~8 ................ !/·/! !\\ 

0 I I I 

:- p1060 -i i--P1061------.! 

Figure 5.5 -JOG ramp up and ramp down 

p1058: JOG frequency right: Frequency in Hz when the motor is rotating 

clockwise in the jog mode. Figure 5.4 

p 1059 : JOG frequency left : Frequency in Hz when the motor is rotating 

counter-clockwise in the jog mode. Figure 5.4 

------------ .... -----------
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p 1060 : Ramp-up time: Ramp up time in s from 0 to the maximum frequency 

(p1082). Jog ramp-up is limited by p1058 or p1059. Figure 5.4 & 5.5 

p1061 : Ramp-down time ins from the maximum frequency (p1082) to 0. 

Figure 5.5 

5.2.3 Analog Inputs (ADC) 

Number: 2 

Features: 

-Cycle time 4 ms 

- resolution 10 bits 

-accuracy 1% referred to 1 OV /20mA 

-electrical features incorrect polarity protection, short -circuit proof 

Analog set points, actual values and control signals are read-into the drive inverter 

using the appropriate analog mputs and are converted into digital signals/values using 

the ADC converter. 

The setting as to whether the analog input is a voltage input ( 1 OV) or a current input 

(20mA) must be selected using the 2 switches DIP1(1,2) on the l/0 board as well as 

also using parameter P0756. 

Following Figure 5.6 shows the connection example for ADC voltage/current input. 

Voltage 1nput 

~---OKL1 10V 

> 4 7 k~l 

KL2 0 V 
I 
. KU ADC• 

A 
. KL4 ADC-

KL 10 ~DC+ I A 
KL11 ADC 
----

Current input 

QKL1 10 V 

6KL2 
I 

ov 

A . KL3 ADC+ 0 .. 2~ 

Figure 5.6- two ADC channels, connection example for ADC 

------------------ ----------
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5.2.4 Digital inputs (DIN) 

Number : 6+2 

Features: 

- Cycle time 2ms 

-switch-on threshold 10.6 V 

-switch-out threshold 10.6 V 

-accuracy 1% referred to 1 OV /20mA 

- electrical features electrically isolated, , short-circuit proof 

Extemal control signals are required for a drive converter to be able to operate 

autonomously. These signals can be entered via a serial interface as well as also via 

digital inputs. MICROMASTER has 6 digital inputs which can be expanded to a total 

of 8 by using the 2 analog inputs. The inputs, as far as their assignment, can be freely 

programmed to create a function. 

Possible settings of the individual inputs are listed in the following Table 5.2 

Parameter value Significance 

0 Digital input disabled 
~-- ---~~-------- ---~-

1 ON/OFF! I 
I 

L- 2 ON+reverse/OFF1 
----- ~------

3 OFF2-coast to standstill 

4 OFF3-quick ramp-down 

9 Fault acknowledge 
f---- ---~--~-- ----~---

10 JOG right 

11 JOG left 

I 12 Reverse 

13 MOP up (increase frequency) 

I 14 MOP down (decrease frequency) 
~- -~---~-------- ~ 

I 

15 Fixed set point (direct selection + ON) 

I 17 Fixed set point (binary-coded selection + ON) I ! 

I I 25 Enable DC breaking I 
I I 

I 29 I External trip 

---------
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33 Disable additional frequency set pomt ·~ 

99 Enable BICO parameterization 

Table 5.2 - Possible settings of the individual inputs. 

5.2.5 Digital outputs (DOUT) 

Number: 3 

Features: 

-Cycle time lms 

Bmary states in the drive can be output via the digital outputs. As result of the fast 

cycle time, it is possible to control external devices and to display the state in real 

time. In order that higher power can also be output, the internal signal (TTL level) is 

amplified using a relay. Figure 5.7 

Relay: Maximum opening/closing time: 5/10 ms 

Voltage I current: 30VDC I SA; 250V AC I 2A 

,1 Fct of OOUT 2 

~0732 c 

Selected motor drive 

Invert DOUTs 
0 7 

P0748 (OJ 

Invert DOUTs 
0 

P0748 (0) 

Invert DOUTs 
0 7 

P0748 (0) 

CC/80 State DOJTs 

CO/BO State DOUTs 

', 

$· 
Figure 5.7- Relay outputs 

I 

I 
c:mt· KI20 

l NO ~ Kl19 \ ,-----y 

r NC ~ KI1S 
I 

corrl 
~KI22 

NO I 
. \ ,----<) Kl 21 

I 

I 

I 
~OI~b Kl :2~ .r ~~KI24 

r "'' , 
~KI23 

I 
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5.2.6 Thermal motor protection and overload response 

The MICROMASTER 440 has a completely new integrated concept for thermal 

motor protection [ 1 0]. There are numerous possibilities of effectively protecting the 

motor but at the same time ensuring high motor utilization. The basic philosophy of 

this innovate concept is to detect critical thermal states, output warnings and initiate 

the appropriate responses. By responding to critical states it is possible to operate the 

drive thennal power limit and to avoid, under all circumstances, an immediate 

shutdown (where the drive inverter is tripped) Thermal motor model and PTC 

temperature sensors are discussed under this. 

5.2. 7 Power module protection 

5.2. 7.1 General overload monitoring 

Just the same as for motor protection, MICROMASTER provides extensive protection 

for the power components. This protection concept is also sub-divided into 2 levels. 

• Warning and response [ 1 OJ 

• Fault shutdown [ 1 OJ 

Using this concept, a high utilization of the power module components can be 

achieved without the drive inverter being immediately shutdown. 

Monitoring functions are, 

Ima~ controller for V/f 

Vdc max controller. 

General protection of the power components. 

• Overcurrcnt/short circuit(FOOO 1) 

• DC link overvoltage(F0002) 

• DC link undervoltage(F0003) 

• Line phase failure detection (F0020) 
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The monitoring thresholds are permanently saved in the drive inve11er and cannot be 

changed by the user. On the other hand, the threshold levels for the "Waming and 

response" column can be modified by the user to optimize the system. These values 

have default settings so that the "Fault and shutdown" threshold do not respond. 

5.2.7.2 Thermal Monitoring functions and overload responses 

Similar to motor protection, the main function of the thermal power module 

monitoring [ 1 OJ is to detect critical states. Paramcterizable responses arc provided to 

the user which allows the drive system to be still operated at the power limit thus 

avoiding immediate shutdown. However, the possibilities of assigning parameters 

only involves interventions below the shutdown threshold which cannot be changed 

by users. 

Monitoring functions are 

12t monitoring(r0036): The l~t monitoring is used to protect components 

which have a long thern1al time constant in comparison to the semiconductors. 

An overload reference to I2t is present if the drive inverter utilization r0036 

indicates a value greater than 100% (utilization as a % referred to rated 

operation) 

Heat sink temperature (r0037[ 1 ]): The monitoring of the heats ink 

temperature r003 7[0] of the power semiconductor (IG BT) 

Chip temperature: Significant temperature differences can occur between the 

barrier junction of the IGBT and the heatsink. These ditlerences arc taken into 

account by the chip temperature r0037[1] and monitored. 

When an overload occurs regarding one of these three monitoring functions, 

initially, a warning is output. The warning threshold P0294 (12t monitoring) 
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and P0292 (heatsink temperature and chip temperature monitoring) can be 

parameterized relative to the shutdown values. 

5.3 A typical Installation 

Figure 5. 8 demonstrates a typical installation [ 1 OJ of an inverter. Switch gears used 

are explained below. 

Supply Isolator 

5.3.1 Supply 

C1rcu1t breaker 
or fuse 

Emergency stop 

Contactor 

Control connect1ons 

Inverter 

Figure 5.8- A typical installation of an inverter. 

M 

Motor 

The supply may be either single phase or three phase, depending on the inverter type. 

The recommended wire sizes should be used. 

5.3.2 Isolator 

An isolator is usually required for safety reasons. 

5.3.3 Circuit breaker or Fuses 

The protection rating is based on the input current as stated in the manual. The input 

current is higher than the output current because the fom1 factor of the current is high. 

Do not use fast acting circuit breakers or semiconductor fuses. Motor circuit breakers 

arc usually recommended for use with inverters. 

·-----·----
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Inrush currents on the latest inverters are typically only two or three times of full load 

CU!Tent, so nuisance tripping is less of a problem. 

5.3.4 Contactor 

A contactor, with an emergency stop function connected may be required both for 

auxiliary control and safety isolation. Do not use the contactor as a stop stmi function. 

This will cause unnecessary wear on the contactor and there will always be a slight 

delay while the inverter initializes. Use the control tenninals or push buttons to do 

this. It is not pennitted to use the Run/Stop control of the inverter as an emergency 

stop function. lt is not recommend fitting a contactor between the output of the 

mverter and the motor. 

5.3.5 Motor 

Many motors, particularly at low powers, are designed for low voltage (230V) or high 

voltage ( 400V) operation. The voltage is usually selected by fitting links at the motor 

terminals. Instmction for low voltage (star) connection or high voltage (delta) 

connection are usually shown on the inside of the terminal cover. Clearly an inverter 

with a low voltage single or three phase input will produce a low voltage three phase 

output, and the motor should be connected accordingly. 
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Chapter 6 

Power and Control wiring 

In this chapter, it is going to discuss in detail how the control switch gear of existing 

system is modified to adapt with the new system using the existing switchgears. User 

will not feel any difference in operation, because same operational switches perfonn 

the same function as it is now. Parameterization of the AC drive will not discuss here. 

Figure 6.1 shows the inputs and outputs of the existing DC converter and Figure 6.2 

shows the same in the proposed AC drive system. 

General description on connected parts and supply will be given below. 

FIELD SUPPLY 

ARMATURE SUPPLY-

RUN ADJ. POT 

JOG ADJ. POT 

TACHO FEED BACK 

AC 3P, IN -- -~1 
I 

_ ,_ 

IN 

I 

I i 

·-'-- f__J __ 

-. DC OUT-ARMATURE 

--~ DC OUT-FIELD 
OUT 

' ~ SPEED DISPLAY 

Figure 6. 1 - Inputs/Outputs of the existing DC converter 
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RUN ADJ. POT - - - -

JOG PRESET SELECTOR - - - - -

TACHO FEED BACK - - -

I 
- ,_, _, - -

IN 
AC 3P. IN - __ ,.I 

OUT 

c/_~ 

/ 
~/~ 

_,. AC 3P. OUT 

,. SPEED DISPLAY 

Figure 6.2 - Inputs/Outputs of the proposed AC inverter 

AC IN: Commercial supply, 3 <P, 400V, 50Hz 

AC OUT : 3 <P, variable frequency variable voltage out 

RUN ADJ. POT : Potentiometer for adjusting running speed 

JOG ADJ. POT : Potentiometer for adjusting jogging speed 

T ACHO FEEDBACK : Speed feed back to the drive 

JOG PRESET SELECTOR: Selector to get desired preset jogging speed 

FIELD SUPPLY: AC supply to DC converter for field control 

ARMATURE SUPPLY : AC supply to DC converter for Annature control 

DC OUT-FIELD: Converter DC output to field coil 

DC OUT-ARMATURE : Converter DC output to Am1ature 

SPEED DISPLAY: Display for running rpm (shows no of products out per min.) 

6.1 Potentiometer 
1 o v Potentiometer is a variable resistor. While sliding contact point 

moves, it gives a variable voltage output. It is here in the range 

ofO-lOV DC which controls the driver output. Figure 6.3 

--~ 

S IG OV 

Figure 6.3 - Potentiometer 
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6.2 DC Tacho Generator 

DC Tacho generator [3] is a unit which gives accurate DC voltage output proportional 

to speed of its mover. It is widely used in applications for feedback and display 

purposes. See appendix C for data sheet of DC Tacho generator. 

Following sections will describe the modification that the existing control circuits are 

undergone. 

According to Figure 6.4 [9], in am1ature connections contactor 5K1, Fuse 1Fl, in field 

coil connections current overload 1 Q4, contactor 5K4, overload 1 QS can be removed 

since they are no more use. Overload 1 Q6 for cooling fan can also be removed. Then 

N/0 and N/C contact points used in various places in drawings have to be ignored and 

modified accordingly. Figure 6.5 shows after modification done on Figure 6.4. 

Output of overload 1 Q3 will be the AC input power of the AC drive which will be 

used in the proposed system. 

L1 
L2 
L3 

108 

102 
40A 

101 
4QA.-, 

----------r- ------: -=---; +-r-=-----1 
I I I 

I 

i 
104•L] 

L 1 1 L2.1 L3.1 

' ' ! 

1=---.J 
~-' 

10-16A ~~:;:--~ 1 

103 
6-10A 

~3 
+-.--l 

i521,, ~ 

. ' 

J--.-
::::l> ~ 
NN N 

5K1= 

1F1 ~-' ~ 

,, A -.- rt 
::::J>~ 
~~~ 

5K4 
~ 1 I 

! i 
, I 
' I ----+L 
::::l> 
(")N 

1A1 CONVERTOR SIEMENS 
•_>J .....- uo u 0 
51 m...--<D ("") C"1 ":::- .....-

-+- \ - --- -- ! l " -- : 
(j. 

5 -1 • 
13·•-----

..) TACHO 

106 
0 6-1 A 

8 -· · - SWITCH ON 
-CONVERTOR 15 

SPEED 
POTENTIOMETER 

105:-
;., lsHUNT 

FIELD COIL ARMATURE 

Figure 6.4 -Drawing of the existing converter 
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L1 
L2 
L3 

108 

102 101 
40A _, . 40Aj--· 

L 1.1 L2.1 L3.1 

103 
6-10A 

:.::J-

;, 

! 

' . ' 
TOAC DRIVE 

POWER IN 

Figure 6.5 -Modified drawing 

Existing diagram in Figure 6.6 [9] and modified diagram in Figure 6. 7 show removal 

of 1 Q4, 1 Q5 and 1 Q6 from control diagrams. Note that, existing diagram is undergone 

modification only inside dotted cage and shown in Figure 6. 7 

307 
-6A~r 

220V 

S1 

1 F1 
5K3T Lim1t L1m1t\ 3K8 3K9 3K5 53 52 

sw sw 

1A1 

u 103 3K7 

" j-_~ 

z 

104 I 
0 

~ ]-7 
> 3K11 
~ 
~ '-
~ 

105 
3K8 .,_ 

,-, :; 
3S1 

106 
' 3K9 

I 

3K6[ 3H2! 3H31 3K1 J.-, 3H7 
I 

3K5 I 3H1' 3K~l. 3H41 ~Kq- 3H5 3K10 
·;;: ;~ 9 .. ,/ X 

t 

N 
----1--- -·---~---------

POWE::R POWER IN FEED LOAD OVE'RLOAD EMERGr':I'\CY MOTOR ~EPDY TO 

0' FAUI_T CONEYOR OVERLOAD CLUTCH STOP OVERLOAD STARf 

Figure 6.6 - Existing Control diagram 
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3K9 3K5 

103 3K7 

(~ 

3K11 

3K8 

3K9 

3K9,_ 3H51 
g 

3K1 0~- 3H6,_', 

I 

MOTOR 
OVERLOAD 

'?y' 

I - _ _l___ 

READY TO 
START 

Figure 6. 7 -Modified part of the above diagram 

6.3 START/STOP (ON/OFF) function 

Refer the Figure 6.8 [9] for RUN and JOG start. It has no any change. 

L 1.1 22DV 

I 
sw 

POSITION ON M/C 

RUN; 

JOG 

--4 

SW I 

! RUN
1 

sw 1 sw I sw I sw 
JOG ! JOG JOG JOG 

5k2T 
1---

[_I_ [-
4K11 

4K7 

PRt-SEL[Cl ED 
RUN 

I I 

l 

4K12 

4K11 

i 

START RUN 

PcJ\n:r and Control \!'iring 

4K11 

4K12 

'- '-
T 

[ __ 

START JOG 

Figure 6.8- RUN and JOG start 

sw' 
JOG I 

4S2 

4H8 

PRESF=LECH-lJ 
J0(3 
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6.3.1 START(RUN) Function 

Put selector to "SW RUN" ; Figure 6.8 

Press "SW RUN"; Figure 6.8 

Contactor 4K11 energizes; Figure 6.8 

Contacts of 4Kll close and RUN SPEED POT is connected; Figure 6.12 

Contactor 5K2 energizes; Figure 6.11 

Contactor 5K3 energizes; Figure 6. 11 

Contacts of 5K3 close and drive STRART running; Figure 6.9b 

6.3.2 STOP Function 

Press ''SW STOP" ; Figure 6.11 

Contactor 5K2 de-energizes; Figure 6.11 

Contactor 5K3 de-energizes; Figure 6.11 

Contacts of 5K3 open and drive STOP; Figure 6.9b 

DC CONVERTOR ACINVERTER 

> .... 
N 
+ 

Figure 6.9 a- DC converter ON Figure 6.9 b - AC inverter ON 

Note that OFF delay and ON delay timers used in the original circuit is not important 

for the proposed system. ON delay timer is there to ensure the availability of 

Annature and Field supply before switching ON the drive. OFF delay TIMER is there 

to ensure to cut off Annature and Field supply after switching OFF the drive. 

Therefore timer functions are removed and 5K2 and 5K3 are used in place of 5K2T 

and 5K3T. New contactor 5K5 is added for JOG operation. 
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L 1 1 

4K11 4K12 5K2T 5K1 5K4 5K2T 

SW 
STOP 

3K10 

3K9 

5K2T 

3K8 

3K5 

MOTOR DRIVE 
START 

:OFF DELAYl 

5K2T 

5K4 5K3T 

FlEW COIL SW ON 
CONVERTER 
iON DELAY I 

Figure 6.10- START/STOP control 

diagram 

5K1 

ARMATUR=. 
COIL 

L 1.1 

4K11 ! 4K12 

SW , 3K8 

STOP L 

5K2 

3K10 3K5 

3K9 3K9 
1 

5K2 5K5~I 5K3 

__ I 

MOTOR DRIVE JOG ON SW ON 

START CONVERTER 

Figure 6.11 -START/STOP modified 

control diagram 

Here, same switches are used and hence no any difference in operation from the user 

point of view. 

6.3.3 RUN SPEED function 

Once the contactor 4K11 energizes, RUN SPEED potentiometer connects with the 

drive through contacts points of 4K11. Voltage analog input is fed to the AC drive 

using one AID channel. This input can be set either as 0-1 OV or 4-20mA through dip 

switches provided in the drive. Since potentiometer gives an output in voltage, 0-1 OV 

is set by putting dip to position 1. Operator can adjust the machine speed as desired. 

Following figures 6.12 [9] and 6.13 show the connections in the existing system and 

the proposed system respectively. 

--------
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DC CONVERTOR 

! i 

4K11 i4K11 4K111 4K1214K1214K12 

i+Lt_' ----,-1: ~ 
I I 
I I 
I I 

I 10K : l _______ ' 

! 

10~ 
JOG SPEED 

RUN SPEED 

Figure 6.12- RUN/JOG Speed control 

ACINVERTER 

I 
I : i 

4'K11 I4K1114K111 

I i I 

n~rT I I 

11QK : 
l ______ _ 

RUN SPEED 

Figure 6.13- RUN Speed control 
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6.3.4 JOG Function 

Put selector to "JOG"; Figure 6.8 

Keep press ''SW JOG" ; Figure 6.8 

Contactor 4Kl2 energizes; Figure 6.8 

Contacts of 4K12 close and contacts 5K5 energizes; Figure 6.11 

Contacts of 5K5 close and DIN2 or DIN3 or DIN4 activates - drive starts running in 

.JOG mode.; Figure 6.14b 

In the existing system a potentiometer is used to adjust the speed at JOG operation, 

Figure 6.14a. In the AC drive JOG operation is not provided with a potentiometer 

control but provided with digital inputs. Therefore one modification is added here to 

get the desired preset speeds by selecting through a three position selector. 

6.3.4.1 JOG SPEED function 

Figure 6.14a [9] shows RUN/JOG speed control in the existing system and Figure 

6.14b shows same operation in the proposed system. Selecting the selector to one of 

the three positions preset speed can be obtained. Inputs DIN 1, DIN2,DIN3 arc 

parameterized for three different frequencies. 

DC CONVERTOR 

191 f1il 161 

I I ACINVERTER 

4K11 !4K11 4K111 4K12;4K12, 4K1J 

r - - -!- - +- ' 1 I' I 
I I ! I 

!LtJ! ,L 
10K 1 

L- -- ---- JOG SPEED 
RUN SPEED 

Figure 6.14 a RUN/JOG Speed control Figure 6.14 b JOG Speed 
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6.3.5 FEEDBACK Operation 

Selected DC Tacho generator gives voltage output varying from 0-1 OVDC. Therefore, 

the second AID channel of the drive is used to feed the voltage feedback. Dip switch 

should be put to position 1 to configure channel as 0-1 OV input. (Selection as the input 

ts either 4-20mA or 0-1 OV). While Figure 6.15 a shows the T ACHO connection in the 

existing system, Figure 6.15 b shows the same in AC inverter. 

DC CONVERTOR 

TACHO 

Figure 6.15 a-T ACHO connection 

DC converter 

6.3.6 SPEED Display 

ACINVERTER 

TACHO 

Figure 6.15 b- T ACHO connection 

AC invc11cr 

In the existing system machine speed, i.e. number of bottles moving in a minute, is 

shown on a seven segment display, captured from a proximity sensor connected to the 

machine, pointing rotating metal sections. It is independent from the drive system and 

therefore same can be kept as it is. See Figure 6.16 below. 

v 

INDICATOR FOR RPM 

I

I -~ I ,J_, :-:1~-h 
:_~: ... ~ 

I"E Proxlrn•ty Frorn control 

77UVAC sensor panel 

RUN SPEED 

vanable 

10K D 
RUN AC 

SPEED INVERTER 

Figure 6.16 - Speed display in existing and proposed systems 
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0 
PROXIMITY 

SENSOR 
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6.4 POWER ON Function 

As per the Figure 6.17a and 6.18a, "POWER ON" and "POWER FAULT" indications 

are provided to activate showing the condition of the drive. That is a internal relay 

operation of the DC converter. Similar operation is obtained with the AC drive by 

means of its inbuilt relay output. See Figure 6.17 band 6.18b below. 

NO 

NC 

COM 

53 

52 DC CONVERTER 

51 

Figure 6.17 a - Relay contact 

DC converter 

COM I 25 -~ 

NO 24 ACINVERTER 

NC I 23 

Figure 6.17 b - Relay contact 

AC inverter 

Figure 6.18a and 6.18b show the Power ON circuit of existing and proposed systems 

respectively. 

_:3Q7 3Q7 
6A 6A 

220V 220V 

51 
>--~ 

25 

53 52 
24 23 

~, 

1A1 

3K5 3H1 3K5 i 3H1 

N N 
i 
L-......-.-

POWER POWER 
ON FAULT 

Figure 6.18 a- Power ON, 

DC Converter 
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POWER POWER 
ON FAULT 

Figure 6.18 b- Power ON, 

AC Inverter 
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Chapter 7 

Economic Consideration 

This section analyses, how the proposed combination contributes against existing 

system in economics terms. 

Analysis is undergone in following areas 

• Loss incurred due to Down Time 

• Loss incuned due to poor Power Factor (PF) 

• Loss incuned due to hannonics 

7.1 Measurements 

From the existing system, data are logged by means of a data logger. 

Figure 7.1 shows the connection of data analyzer to log the required data. 

From Figure 7.2 to 7.8 show the graphical representation of logged data. 

Parameters considered for data logging. 

1. Cunent (I); (Figure 7.2) 

2. Line Voltage (V); (Figure 7.3) 

3. Active Power (W); (Figure 7.4) 

4. Apparent Power (VA); ( Figure 7.5) 

5. Reactive power (Var); (Figure 7.6) 

6. Power Factor (PF); (Figure 7.7) 

7. Total Harmonic Distortion (THD); (Figure 7.8) 
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L1 
L2 

l3 
voltage 

connection CT 

~~~. -:··:·:::connection 

~ Armature 
_ supply 

Data , 

Log~~ I 

DC Drive 

i 
-~l 

field 
supply 

Figure 7.1 -Connection of data logger 

Note: Since Armature control is used for speed controlling of the motor at constant 

flux, Armature parameters are measured. 

Note: Calculations in the section are done considering the normal running speed of the 

machine. That is the speed of which majority of p1inting requirements are undergone. 

It has been observed that, speed of the machine is not stable and changing from 

minimum of 345rpm to maximum of 363rpm. 

7.1.1 Data 

Machine parameters 

1. Machine speed: 350 rpm (taken through a 

Tachometer) 

2. Power consumed at this speed: 0.85 kW (Figure 7.4) 

3. Power Factor: 0.14 (Figure 7. 7) 

4. Current: lOA (Figure 7.2) 

5. Voltage: 370V * (Figure 7.3) 

6. Total Harmonic Distortion (THD) 84% (Figure 7.8) 

* 400V is considered for calculations 
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General Parameters 

1. Ambient temp. around the Motor 

2. Altitude: 

Production Parameters 

1. Average running hours 

2. Machine output: 

32°C 

2.74 m 

22 hours per day 

40 bottles per minute 

3. Minimum estimated sales value* of a print: Rs. 1.10 per bottle 

(Varies roughly from Rs. 1.10 toRs. 2.80) 

4. Minimum hours of machine down time due to problems of the DC motor: 

5 hrs per month 

* This sales value of a print is estimated considering all fixed and variable cost 

involvement for the production. 

Labor parameters 

1. Labor cost ~Permanent employee: Rs. 48 per person per hour 

2. Number ofpennanent employees: 11 

3. Labor cost ~Casual employee: Rs. 56 per person per hour 

4. Number of Casual employees: 9 

Re-winding parameters 

1. Cost of re-winding the motor, if burnet 

2. Mimmum number of days 

(taken as machine down time) 

Investment for the proposed system 

Rs. 85,000 

3 days 

1. 3~, 5.5kW, 6 pole cage Induction motor: Rs. 55,000 

2. 3~, 5.5kW VSD with filter 

3. Tacho generator 

4. Other accessories 

t·conomic Consideration 

Rs. 125,000 

Rs. 77,500 

Rs. 10,000 
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5. Data logging Rs. 15,000 

6. Labor for installation and commissioning Rs. 0 (In-house) 

Total: 

Other data-AC Drive 

Expected Power factor 

Expected efficiency 

Expected THD in new drive 

Tariff (Industrial purpose I-3) 

Charge for Active Power 

Charge for Maximum demand 

Fixed Charge 

7.2 Loss incurred due to Down Time 

Rs. 282,500 

0.95 (Table 5.1) 

96-97% (Table 5.1) 

40% approximate figure 

Rs. 9.10 per kWh 

Rs. 650 per kV A 

Rs. 3000 

If motor has to be rewired, it results considerable down time in production. In recent 

past, motor has failed two times and only solution was to rewind and fix. 

As stated above, minimum number of days for a rewinding is three days and it has to 

be out sourced since in-house skill is not available. 

7 .2.1 Calculation of Sales loss 

From above data 

Minimum estimated sales value* of a print: Rs. 1.10 per bottle 

Machine output: 40 bottles per minute 

Therefore, no of bottles per hour 40x60 
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2400 bottles 

Therefore loss incurred due to not printing bottles in one hour 

7 .2.2 Calculation of labor loss 

From above data 

1. Labor cost -Permanent employee 

2. Number of permanent employees 

3. Labor cost -Casual employee 

4. Number of Casual employees 

Total labor loss, being idle them 

= Rs. 1. 1 0 x 2400 

= Rs. 2,640.00 

Rs. 48 per person per hour 

11 

Rs. 56 per person per hour 

9 

=Rs.48x1l+Rs.56x9 

=Rs. 1,032 

Therefore total loss from labor being idling and not bottle being printed 

=Rs.1,032+Rs.2,640 

Hence, loss for Three days 

=Rs. 3,432 per hour 

=Rs. 3,432 x 24x3 

=Rs. 247,104 

To get the total loss, motor rewinding cost should be added to the above figure. 

From above data 

Cost of re-winding the motor, if burnet Rs. 85,000 

Total loss 

Economic Consideration 

= Rs. 247,104 + Rs. 85,000 

= Rs. 332, 104 
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7.3 Loss incurred due to poor Power factor (PF) 

7 .3.1 Reduction in KV A due to improving PF 

From data 

Present power factor: 0. 14 

New, expected power factor: 0.95 

(Micromaster Performance rating; table 5.1 in Chapter 5) 

Power consumed at nom1al running speed: 0.85kW 

0 P=0.85 kW 
~----,~ 

~ ~ ~~ cf:>2 
cp~ 
~',,,~ 

------------

kVA2 

kVA1 

Figure 7.9- Power Triangle 

To supply same power of 0.85kW to the machine, 

From the Power Tangle [1] in Figure 7.9 

PF existing =CoscTJ 1 

Pfproposcd = Cos'l'c 

Triangle, OAC, 

kVA
1
Cos¢1 = 0.85 

kVA 1 = 0.85 I Cos¢1 

Economic Consideration 

= 0.14 

= 0.95 

c 

' kVar2 

... 
12 ' B 

I 

1 

kVar1 

"'--
11 A 
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Triangle, OBC, 

kVA 2Cos¢2 = 0.85 

kVA 2 = 0.85 I Cos¢2 

Reduction in KV A 

kVA
1 
~ kVA

2 
= 0.85 I Cos¢1 ~ 0.85 I Cos¢2 

kVA
1 
~kVA2 =0.8510.14~0.8510.95 

kVA 1 ~ kVA 2 = 5.12kVA 

From data, 

Charge for 1kVA = Rs. 650.00 

Therefore saving in Rupees = Rs.5.12x650.00 

= Rs. 3,328 per month. 

7 .3.2 Reduction in current by improving PF 

Current 

Since V 

CoscTJI 

PI 

= 11 = kVA1 I(J3xV) 

PI Cos¢
1 

J3xv 

=400V 

= 0.14 

= 0.85 kW 

0.85x10' /0.14 

J3x400 

II = 8.76 A 

(7.1) 
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Current 

Since V 

CoscD2 

pl 

= 12 = kVA 2 I( J3xV) 

PI Cos¢2 

13xv 

=400V 

= 0.95 

= 0.85 kW 

0.85 X 103 /0.95 

J3y400 

h = 1.29 A 

Reduction in current, I1-I2 = 8.76-1.29 

= 7.47 A 

7.4 Loss incurred due to Harmonics 

7 .4.1 Reduction in current by reducing THD 

11 lb System 
THO 

Figure 7.10 -- a load with Hannonics 

Ih =II .JJ + THD 2 

Where, Ih - design current 

I 1- fundamental current 

THO- Total Harmonic Distortion 

Economic Consideration 

(7.2) 

(7.3) 
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From Data, 

I 1 = 1 OA (Figure 7 .2) 

THO= 84% (Figure 7.7) 

If Ibis the Ib 1 for the present condition 

lhl = 10-Jl +0.84 2 

/"1 = 13.06A 

Expected THO in the new system is 40%. Fundamental current is assumed to be the 

same. 

Iflb is the Ib2 for this condition 

!, 2 = 10-J1 + 0.40 2 

1" 2 = 10.77A 

Reduction in current 

= Ibi-Ib2 

= 13.06-10.77 

= 2.29 A 

Therefore, reduction in Line current= 2.29 A 

Hence, total saving in current through improving power factor and reducing THO 

Econonuc Consideration 

= 7.47A + 2.29 A 

= 9.76 A 
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7.5 Pay back calculation 

Pay back is calculated only considering the loss due to machine down time as a result 

of DC motor failures. 

From section 2.7.1 

Loss due to not printing bottles in 5hrs 

Therefore loss recovered 

= Rs 2,640.00 x 5 per month 

= Rs. 13,200 

Therefore saving =Rs. 13,200 per month 

Total expected investment (section 7.1.1) =Rs. 282,500 

Therefore Simple Payback Period in months =Investment/Rupee saving per month 

= 282,500/13,200 

= 21.4 months 

SPP = 21112 months (app.) 
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Chapter 8 

Conclusion 

Implementation of the proposed system replacing the existing DC drive system is 

shown to be a practical solution to improve reliability of the system. This eliminates 

unexpected down times in the drive system and hence ensures a smooth operation in 

the whole system. 

Measured input power to the drive-motor system is 2.4kW at maximum speed, but the 

original motor capacity is 19kW. It is not clear why the original motor is 

unnecessarily over-sized in capacity. It is severely a fact that, earlier systems are 

mostly over designed. This resulted in an inefficient drive system, as a significant part 

of the input power was not doing any useful work. Most of the time, the available 

motor torque was much more than the required load torque. 

In case of a machine failure, it results losses in labor hours and production as 

explained in "Economic consideration" in Chapter 7. It is however difficult to show 

accurate quantitative figures, because labor can be utilized for some other work and 

printing jobs can be delayed if it is not a on time delivery order. 

Reduction in line current by improving power factor does not reduce the total power 

consumed by the drive system. Consumed active power by the same load should be 

the same under any power factor. Current, saved by reducing total hannonic distortion 

and apparent power i.e. kVA, saved by reducing kVA with improved power factor arc 

direct positive impact of the proposed system. 

Pay back period is somewhat high, since it is calculated only considering the machine 

down time occurred as a result of any failure in DC commutator motor. It should be 

noted that, this proposal is not saving oriented but reliability and customer satisfaction 

onented. 
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APPENDIX-A: Separately excited DC motor 

A.l Equivalent circuit and Characteristic graph. 

la 

I, 

I 
Va' v, 

R, 

< Lr 

i 
Ea' 

Ra 

La 

I 

L T w J1 

Figure A.l - Equivalent circuit 

Governing equations for the motor 

r=kdif v/ " 
E = kA-ru (/ 'f/ 

Pcon,=roJ = E I 
(/ {/ 

di 
V=RI+L-"+E 

(/ a a a cit (/ 

d 
. d". d At stca y state operatmg con 1hon - = 0 

dt 

Pcrfonnance of the motor is given by its output characteristics. i.e. 1" vs co 
Characteristic applies at steady state 

V = R I +E u a a a 

V = R I + (kA-)(J) ({ (/ (/ lf/ 

V = R [_!____) + (K A-)m 
" " K¢ r 

r =- (K¢)" m + K¢ V 
R R a 

(/ (/ 

(AI) 

(A.2) 

(i\.3) 

(i\.4) 

(A.5) 

Typical values of K~ and Ra suggest that the gradient (K~ )2 is very large implying 
that the output characteristic is almost vertical. 
This is why the separately excited DC motor is known as a constant speed motor. 
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• Where, 
r gradient 

__ ((K¢)21 
~ R" j 

Pcum : power converted from the motor 
Ea : internal generated voltage 
Ya : annature voltage 
Ia : annature cuiTent 
Ra : armature resistance 

1: : induced torque 
0) :speed 
K : constant 

~ ... 

I ~J \K¢ 

(0 ~ : field flux 

Figure A.2 - . 1 vs co characteristic 

When the motor is connected to a load the combination mns at a speed compatible to 
the characteristic of each. 

To change the speed below base speed, Ya should be adjusted keeping Vr at 100%. 
To change the speed over base speed, Vr should be adjusted keeping Ya at 100°1<). 
Figure A.3 

• > > > >> > > 
T I 

c12-cf:. ·, ?!2- 2f. 2f. :!?. :!?. oo 0 0 

'o 0 0 oo 0 0 
N L() r- ~~ 

(l) ro 

~/ _.-
--• 

' ----
-·~-·--. ~~ ~ ~~-~ 

__ .,.. 

Armature control t Field control 
{!) 

Based speed 

Figure A.3 ~ Annaturc and field control 
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APPENDIX- B: CMG Motors, Performance data 

r:)erforrr1ance data 
SGA series, three phcse 4·15' I 50Hz 
IP55, F class insulation, B class temperature rise 

L:ffiCil~ncy 0/o Pm .. vcr f<:Jctor, cos <p 

at 0/u fulllc 1d at % full load 

Speed 
\'// r,:otor frame [ r/m1n ] 125 1 CJO 7~i 50 125 100 7~ 50 

Current/ 

Full Locked 
load 
1, 
[A] 

rotor 

IJI, 

1000 r/min = 6 poles - CENELEC frame allocations 
'l 31 oil A -19 915 G4 3 61.5 G' 6 G:J 4 IJ 77 0.70 0.60 048 1 08 3.4 

J 55 925 b4., bt5 G u,J 0 ~~ 7 f] 7-1 0 G6 0 58 0.45 1.60 3.3 

J ;~, 00 s -2·1 935 72.13 H .1 7·1 1 70 7 u 1 0.12 o GJ c ~o 1 93 4 6 

. 1 

'5 

~ cj ' 

Gu L -24 930 

10J L -28 95J 

1:2 r.1 -28 945 

1:52 s -:30 970 

1 J2 ~\lr\ -Jb ~lb5 

L\H :Jtl:) 

1 ' •• ) r.: ·l:.C: D/U 

I? ~)1"1 

72.9 75.6 7l,G 74 8 

76 1 77 7 7/ 6 74.9 

71' (J ElO 2 bll 2 77 1 

s: 5 B-+ G (_l<~ 5 82 0 

13~ G b~.5 U•~ 2 82 G 

W) G 0>i ~l i).i -.~ 

'1 J,'\ ::, Hl ll 

')i)(! 1\j;J 

()I 077 070 057 2.7 4.5 

0 1 0.73 U 66 0.53 3.7 5.1 

0 bU 0 7G 0 67 0.53 5.0 5.6 

(J 82 0 77 0 70 0 51 6.4 6 7 

o r 1 o 77 o 68 o su 
() 84 [) d1 IJ 7li li li·l 

u I 'J 0 /b 0 70 () !.)0 

I) '{r) (1 ?~J () T 4 (i f)J; 

8 5 6.7 

11.0 6 9 

1S.5 6.0 

n.G s.u 
1:; ;;·I ,i tl d~1 U iLl (J 7~1 0 (l~' :~H 't b.O 

L/; -55 ~iJ~ G i b'i.G U'i :J WI o 0 85 O.iJJ 0.7iJ 0 68 34.8 6.9 

55 

40 

30 

25 

12 

12 

9 

9 

20 

Hi 

20 

20 

~~ J LEl -55 98J 

22S r.1 -GO ~135 

89 ~j 00 9 ~) 1 ~0 1 

9~ 3 92 7 SJ:~_() ~J1.4 

o as o.e-1 o 79 Jio 
0 87 0 86 0 84 0 77 

0.88 0.88 0.85 0 78 

40.3 6.6 1 !' 

52 1.2 25 
------- ----------------

17 

·15 

::cO lvl -65 955 92.6 92 9 g;• 9 91 8 63 6.6 25 

11C 

2S0 S -75 985 93:, 03.3 'J:i 3 92 1 0 88 O.ll8 0 87 0.80 T1 6.9 

ceo 1.1 -75 9o:i 92.6 93.0 rn o 91 9 o 88 o.s9 o es o.84 92 6.6 

315 s -80 SJQJ 

3"' 5 i.;t~, -CO S'JJ 

'";, "', :- I_A -50 SJ':)rJ 

~J.: 3 9·+ 2 ~n 7 ~2 o 
~q 0 9·+.7 9-t 2 84 9 

95.1 95.2 9·\6 03 4 

U iJB O.li8 0 85 0.79 

0 89 l dB 0 P4 0 75 
-----------

0.89 0.88 0 85 077 

126 7.1 

151 7.8 

183 7.5 

·2 'l .', UJ -31 SSO 8-l9 84.7 93.~ 92 2 0.88 0.86 0.82 0 72 227 7.6 

r.rA -c:o aoo 94 o 95.0 '!·1 n 93 5 o ~o o sq o 87 o 81 262 8.3 

~j5 r.;c -ss s~o ~s.2 ~s.1 ~5 u 04 1 o ~o o.~1 u.9o o.oo 322 6.5 

:Jo5 Li3 -9:5 990 95.0 95.0 %.0 94 0 0 88 0 88 I' 87 0.34 416 6.4 

Alicr;1atvc frame allocations (SGAA) 3l 
----------------·-·-- ---

:·.7 
·~5 

:;:; 

rs 

25USM -7J 905 

25osr,r -70 935 

2SOSi.1 -JO 985 

21)rJSi.l -80 800 

ss:\1 -85 ~so 

'IL J2.9 92 9 91 8 0 88 0 88 0.85 ll 78 

9. I 93.3 93.3 92.1 0.88 0.88 ') iJ 7 0 80 

8: 93 0 93.0 91 9 0.88 0.89 88 c 84 

9· 94 2 9~1 7 92 0 0 88 0.88 L 85 0.79 

9-1 f S-\.7 94 2 94 9 0.89 0 88 0.84 J 75 

63 6 6 

77 69 

92 6.6 

126 7.1 

151 7.8 

~1U Jl~'i\:L -S5 9'}J ~15.1 95.L ~J.4.l3 934 0[)9 08ll ('85 077 183 7.5 

-~::: ='~5u:_ -cs s~JiJ J q.: 7 [J:\ 9 92 2 0 88 0.86 I J2 0.72 <.27 7 G 

z_L::·l~.J is pro 11dod fur QIJrd<"tce unly 
e:::.GilS ~~~ c guorcmteecl only \vhcn confrrr11cd by test results 
F C:ass \(;mpt:rature rrse 
L · cltJ~:ic~ to Ex u nl<Jtors unly and 13 explarned rn the !1;' ·ardous areas sectron 
1~t~,; SCM se:r,os are sup~liicd Gs stond;-!, d rn South ;\frrcJ 

25 

25 

25 

25 

Torque 

Full Locked Break 
load 

TN 
[Nm] 

3.9 

5.7 

7.7 

rotor 

TJTN 

1.8 

1.4 

2.4 

11.3 2.3 

15.1 2.~ 

22.2 2.7 

29.:5 2.3 

39.6 2.5 

54.4 2 4 

74 2.2 
--------·----·----

108 2.2 

140 2.0 

180 2.4 

duwn 

T/fN 

4j 

2.1 

2.6 

2.4 

3.0 

3.0 

3.~ 

3 .• 

3.0 

26 

24 

2'1 

3.3 

214 2.2 3.5 

291 2.1 3.0 

359 2.0 3.0 

436 2.0 

533 2.0 

3.1 

3.2 

Weight 
Moment of foot 
of inertia mount 
J=Y.GD' motor 
[kg m' I [kg I 

0.002 18 

0.002 19 

0 C'l3. 24 

0.004 

0.007 

0.014 

0.029 

30 

35 

45 

70 

0.036 80 

0.045 90 

0.088 130 
-- ------ -----· 
0.116 160 

0 207 

0.315 

1S5 

225 

0.36 255 

o.:;47 297 
-----

O.B34 413 

1.:l9 

1.fi5 

536 

595 

724 2.1 2.9 4.'11 990 

868 2.5 2.8 4. ;'8 1080 
··--·--·----------

1061 2.9 3.1 5.45 1150 

1273 2.4 

1543 2.0 

1929 1.5 

2412 1.9 

359 2.0 

436 = 0 

533 2.0 

724 2 1 

867.7 2.~ 

1061 2.9 

1273 2.4 

3.1 

2.4 

2.0 

2.4 

3.0 

~ .. 1 

3.2 

2.9 

2 8 

3 1 

3 1 

6:2 

~.ti 

10.4 

12.4 

.... ;.,.., 
l.c>9 

1.65 

·111 

·178 
:)_qs 
13.12 

1210 

1590 

1750 

1990 

413 

536 

595 

990 

1030 

1150 

1210 

CMG Motors I SGA 0809 (edrtion 7.1.0) 
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APPENDIX- C: DC Hollow shaft Tacho-Generator· 

: L'; 1 t ~ r .J I 
.-;:vil) T~!r) .::39 H D.C. nell~ .... ~.hJft t;ocn· ·'J!lfl!!f:;!Qr~ ora n1tlJSurc-

, c ~··:vortfJrs !or rnr.il!Jururnent. control :1rHJ ~~~;ui.Jiron lucrl(JOICfJY· The 

·: c.,n ul :11;::,1..! Pl':'!llcJilt~nlly ex.c:tL· 1 0 C. uurJ(:tdlor:> IS to convert t/10 

t c ~ ,d v,tLCh nwy are cJrrvtJn 1ntv !I specd-proporti)nl.ll D.C. voltugo. 

.1ech3nic.JI D<~sig~ 
'-J lu...- profile, sl1ort machi:1e: .. '1.4 constructLJn (wili'wut ovm ba.c:mng~). 

r . .J. r.l~Cllanically robu~: cc c;n. 

,... .. ,., .• rf., ,:qrd co .. HHlu .... .~u•l b .. i,...·c~:: ::l'_'tll, arrnalurc JrlCJ driVtl 

r ,,ll.rc.noJ, di.!.';IQncd sp~Jclull·1 10r tli[JhlJ dynamic re• !r3.rl£~. 

·,) ~cur:;ling, no lono in:uur;L.jia!u fllln ~u. 5implo and ( 1!;h:dlcctrve 

t.::InJ :a lhu tJrivu machuHl. 

.. J ,,r:.;o !1Git.1cti0n of dr!oJu sh, t d1:Jm~t~r_, 

'1u~1 12 to :20 mm u.u. 

lit\lr,cJ to ·:ylt11llr1Clll .".aft o.tto'l!!ions !"J DI'J 748 ~'urt 3 w.th 

Brushes . 
file ~wng .. nlll{uutily o/ ,lle ~'lllvvrM~JrGPh•to bruuhus u::wcl, Uo yuurantco 
:onQ ~nrllnttlllUncu-lruu opcrulton. Grusl1 J1fo 1~ how~vor extrtJrnuty doponuer\l 

,Jn •. ullblenl cont.ll!tof\s nnd ~poed. For n')rmiJI optHutmg conditions !I iu 
Jp~ro~. 15.000 oporaunr hourn. 

Teinpe:r·arure \..oUt:: I 1 ~~ .. a;;JII. 

Temperature compensatio11 
Tho turnpor.::~~u· o coclflr:en: ol tho perrnunc.lt rnogr Jt~ usod i!j dopondcnt 
on tt1o rnatorlat used and is apprax. +1- 0,3% por iO degrees K of tcm,JO­
;.:J.turo ctl<H\\jt:L Tt1is valuo appllo::t to a te•npnraturo range of .approx.- 40°C 
up to..,. 100°C nnd is rovors1bltt. 

!I temperature -:ornpl.!n:;ation IS roquirod, lhi!.l Sl1oultj be spoL.iflt.d on orct~r 
ing (extra cost). In tha temperllturo rangFJ 0 -100°C tho tomporaturo co.Jt..:. 
JJcwnl of the pcr1r u1cnt uwgncts can be ccmp&nsatod up to a tolerance of 
+1- 0.05% per 1C degrees K. 

'"YWd/ Harmonics 
\J:~,:~ur.ce l1ttin~; to cyl ncr Jl. ~ia1n st>J~t •.:.<.ten~,or~: ol 

r:;r:l L ld 

20. 2'3 

J ;:~':.-:~ibii.t( cl pas:ilnsl tho Jnvo sh< tt through trw LC"10 ~o U1;:,.t <:~n 

,JIJ(~t'._),o,ol :;l.aft e.ttcn:-;iL•Jl of up to 2S 11:m dia. 1:; ;,vadJ::...to (t:: g !nr <.1 

. '\ hJ..'l:Jll:). 

'' Ji, d&~re.::~ of prGtoctic..l- !P :.JG 
- ... 1·.ur1 l,t\HIJ 1S c.Jrri,~o.J :;w: Jc.:urcin~ l•J 1 ' . ..,lructJOt).S 

"' ~ 'J<.!, :..t::l,C( turr.linJI box -. .... :11 c;J;Jl.·•t cc.)~'Jf lt,(Ji1~J '>Crew:> fer 1r' S5 
'~ · dr. 

:).nq;:o rn.:::in cnancu, O..l~.tli Jccuss:IJie brush J.r•JU, commutator 
L ,cl.>(:t 'IUff,Jco Ciln be chcc.f...ur!, Cil.!rJI·uJ an<1 rolurbi~hcd wlthCJUt 

... d~-"•llin:J lhu arrlH.l!UI'll. 

mour1tir1g and r~rno·,uJ oltriD rriJ::nl~e: '.ht.: JtJtor hOL)!:>Ing 1:1 
J Cn C,'(.t( \1\(J fiAfJ(j <:LIITH11J(l,l 

_ '~i·~.11 
... ::-:~1 voi a<Jcn !rorn 10 t<.. t::O V .:~t \Q.JrJ rpm. 

10iC V:J't.J);C CCI1!Urd !..1J ! l.1J <l r:)it'111llL.dll !Jj H~tl 111\Jil !IUinlhH oJ 

.1,.,\t.J/:.Il't:.;. 

,-,__J.:.Jt..l.'ro cv:o.;)::;ts<J1H·n up t0 ,.. 108°C (u;~ltOfli..l/;HJdt!ionol prH;:c) 

· ' Cod<.J Ex;un~le: l!)P J:J H 1G -r 
I 

l:l<.'.n"::l·: nl..!Jil<:;t r---- _____ J ! 

··c: ·1 _____________________ , __ j 

·-~ ,· ;.;nts::t:t:J: 39 ~-------·---·-·-

" ~~ ..::t L;:Hr~. d,;.~, 12 :o :r1:n --------------

;•;J\•.;rc 

.J:\ ccr, ~~~ti):l by r:1c~tr<s ot· 
,J c..Jl:.n-:) .:Q Si•)L'•.o (c.:a H'i/;";0) 

. _r key· ... ·Jy (,J u 12,1 !, ~G. 19, 24, 25) 
" .. .;I~!!IPI1\J cJL ViCLJ ~1 :25) 

'I _:,;v~rr.:J ,11 1UGU r~HII. - ! to-· 12 :i o. 10 to 1:20 \') 

. !::··.oe 
',.r·,uurd YIJII;Jgc:> c:r<J g,vcn in :t10 tecf':nJc~l tat!es· 

r-·r-rrT--.--l 
~-- -~--,-L..:l r-;--rn 

~-~~tt:l~~¥;~ 
~=~t7%?:Z'fj 
:-_ _,+S?'rr-'~tr; J+-H 
'.~~,/~~-~-7-~~-;:-~ :~ ?{_r , 1~--·- . , 1 

·-·J~CI==~·~·[_[_1] 
n (rpiTIJ 

-•IHie;ctions, Polzrity 

Specd'vCJitnue curvo 

~' 

v :Jc.:~ <>r:nJiure tS connucteo ~-ra ..;omr;l.J:Jtorlorush~~ to .l 2-polc ter­
...:1 LJ;.:d. '/•.'hen tho !r.;:;chlilC iS runn1ng clockwiso 1vrcw from tho 

''r.·.c s.l';c). tt".c A1 tcrrnu'l<JI i:; pasr!iJC und tflO A2 terminal ncgatrvc. 

/.,n t.'.'Jsontlnt ch;H; :\cflnsttc of a aocd tache voltuoe is a !ow pcrcontu:.;e 
o! hurrr.OiltC content rn a turge spoed range. tn general, the RMS vnluo of 
~tHJ to!Dl IHHrnOrlrC m1x JG meusurod by n thorfllionic vollmoter a.1d relers to 
tho 0 C. volta\JO vulue. Tt1o harmonic voltag~ rs approx. 0,5 O,\) a~ speeds 
b~tNeor: 100 and JOOO r;:::m. Muchine h~rmonict rosu!t from the mucfltJnic.al 
und orcctncal design and the etect(ICOI us''· 83 well us tho production tolo­
rancos ul svmmotry_ 

Linearity and optimum load current 
The ;,ulli..!bill\y ol a tacno-goncrator lor dll!crent control !unct'.ons is doturmi­
neu by the tlnoanty of tr.o output voltage relative to the speed. 
nw 111Ux perll\r:Js!blu toad currunt ls given !01 each machine w~dch should 
not be oxcccUcd w1th ru::J._.cct to the anoan!y errors. (0,5% a max. current.) 
However, for high prcc:isJon rcqu1romonts In tho run~o ot +1- 0,15% :spood 
do>-Jation, wo recommend to select the optimum load reslstnn::o. 

Bn.:sh contact voltage 
SJIY•H·gruph!to bru5h£'~ ~ith very I• w :ontact "ol:o)go ui'..: · .. ~·····/ u..)ud for 
D.C. \.1(.;hO·gonurotor~. 
n,a towl v<..ltaou drop at tt1u nllr.lino cuntuct i::. ,,tfoctud by \lpuod, currvnt 
chll!!lrty undtH the brushos., bruah presuuru OJnd thu condlton of the p.aUna 
un lt1u llrueh cont4ct surface. 

Insulation 
lw;ulotion clu:;:s !J. Add1tionat proloction agai.1st agg1ossJYO t.ITlbicnt r.ondi· 
t1on~ cun bu provided Uy spucl<JI insulati0n (ortra cost), 

Construction 
fhu rnachino ln A4 conzs,truction dous not ha\o own bearings. ft tors!onatty­

connuction rc:;u!ts from pusn1ng tho tache onto the drivn shalt. Unccn-
osctllutions wh1ch aro inducod and ampliflod by couplings v·ill thu:: 

be J>'Ot<..!od. Mount'.ng of tt1e mochlno by mcon~ of two chccso-!HJUd screws. 
,1,.1 5 x SO (tncludod in scopo ol :wpply) . 
t-iote: nwx. drivu-in tor"'uo 200 Ncnl. 

Degrees of protectio11 
ClWVDE v530 purt 5 (lor rolJtlng oloclrical rnuchlnus) . 

IP 55 
Fully cnc:o~.;j, Prctecllon aooinst hurrnful dust deposils and against 
wuter spro.y from ull diroctlons. 

IP 56 
Protection &<J<llrl:Jl flooding. 

r;;;,·to: Mounting :;urlucu oi-ta-c-no_l_o-:-b-c-so-u..,-le-d'. J 

IP 44 
Pfotoction aguinst grJnu!ar obJects and JJutcr splashing (with ptns!Jc 
terrnin..1l uox or conn.;ct~no c3Uiu, no aluminium casting). 

P3int, surface protection 
JP S!i/IP SG 
Finish paint light grey RAL 7030. 

IP 44 
Surfnco protcc!ron: gatvan1Zed and black c.1romcd. 

Taches expoood to aggressive ga::;cs and lumus will be supplied, 1n add1tron 

:o specidl insulation w1th an appropnato !i pccia! cant ol pa1nt. 
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Selection table 

Technical Data 

Excitation: 

R<11ed vnl!age tolerance 

Dnect10n of rul:J!Jun 

Po In r 1ly /cor1 nee! 1ons 

No of pn:c ... 

No ol slols 

No ol segments 

Bnr~.hos pPr mn;:t1mc: 

Harrnon1C vo1!<1ge 

l.IIH.'i.Hily error 

Preferred voltages 

Typp 

Pcrm~ner, t 

... / 5' 

rever!;1ble 

d>qH'ndont on d:recl1on 
rd rottl\!0'1 

39 
:l9 

qu;Jiily /~(; 35 
d11nrn:;~ons 3 x :) x 10 
HJ (GMSJ · 0,5 ·,~ 

1100 - :lOOO qlml 

0.15" 
~iOO JOOOrprnJ 

1 "··· 

no - 100 11 w11 

at a IHW:er cow-.urnptJon 
Of ~~pplllX 0,04 \V1 1()()() tpm 

'1;J!r~d Volln~w 

at 1000 rpm 

;'.tl 

MJ). 

SJ;ced 

[rpn1] 

ncvvr;,,ng error 

lrsul;-1trn11 

Tc·nne·nlurt· coeff:c:Jr>nl 

\\',ndHHJ tesl 

~/om('!ll of 111Crl1;1 

Vo'e1~,jhl 

of comr;lvlf: 111, ll!l(' 

'-
1

il> 
i'W ~:1 I,. •,J!JII• 

Ctdrt•r!t 

;l! ~ ~'1)0 rpm 

'If\] 

0 2 c 

Cl"ss G 

0.0~)' p.:·r 10 cJcgrcc:::. K 
cr:rnpcns<t\ed rnc1qnet :,ystr.rn 

0 3 ": {)CI 10 lll'UP'f.:'~ Y. 

IJrlCOillpensa:~·c! rrJ;)grl01 <',y:,!o::m 
:!! :; i)~_~,_ .. r:r con:~unlp!Jnn 
ol .1pprox 0 0-1 W 1000 rpm 
Tt.•mperi!lure r<l!19C' 
up :o -1 100 C 

2 x Um;1x + 500 V. 
nl'~Jc~Jl te:;! rn.n Slr~J v 

:?,2 ~qcm 1 

;ql)if(JX 2 3 k9 lf1 If!:)::: ·li"-1 ~JI) 

ilP~:rox 1 2 kq 1n 1r 4·1 tTDrL .? kql 

n~ttllllum 

L(I;Hl 

Arl'l<!lUrP 

dl 70 c 

!f\!1 [1.'[ 

l 

----------· ---------··-·-----·-·. 

11<'<',1'""'' ~ 

---~---·------- -·---o-·-- -~--· ----

TOP 439-1 

TOP '39-2 

TOP 439-3 

TDP 439-4 

TOP 439·5 

TOP 439-6 

10 

)() 

JO 
•10 

~~o 

60 

c,rno \1.) 

DOOO ','() 

8000 11 

LDOO 1 n 
!1000 a 
~coo 

2. 

10 

:'1 

·1(\ 

G2 
s•c; 

.>e 

"" I 22l 

J61 

s ,,5 

RiO 
·---------~---------·~------·--·--···· 

Vo11ngcs w1th 80 V, 100 V ilnr11?0 V ttrf' pt1SS!bt(.• wtth Type- TO Pl. <139. 

Combined Units 
Th(• combined units (with own bearings) du cr)rn· 
pn~.t! ol HH: tacho clc.:-;ctdwct on llw precedu1q pn~}{'~· 
f>lus an incremental encoder or OVNSpeed swdch 
rnuun!ecJ loqcttwr on a t;P1~"lh~ ~;h;lll 1[nu1<i('l 1 ovcl­

~·.prrd s•1ntch + t:H":ho on rt•qtH•;:;t! TileS(' tnt.J:iy c·:,clrv~(·d 
;;J{ICI'llrWr. ar-, s~~~, 1 1lr(:d H' 65 construction with one free 
sh:'lft extension h tvmg 1\•:o lcrm1P;ll tJOxcs 

FSE 102 + TOP 439 H 

T~l:-----
I 

J L 
·~. 

~ 
1-iM 80 M 51536- 85 construction 
D. C. tache and overs peed swi1ch type FSE 102 
. h(' ovrr~pccr1 :;wi!Ol :ypt' rsE tO? IS a SIH:r:>d· 
ilependcnt elct lro·mPchnnru1! !;•.,.,dchmq dcv1u~ v'.'h1ch 

rc1cascs i1 contact Cl! ;:1 pre-Sf'! sw11chrng sr:ec-d 

~- r.·nw<IIC d0ta shc,_·~s pf Hj <i <HHI f S[ 102 av;~ll;i!··ll· ur1 
lt'(]IW~;t 

1 h1! (('111nl;_IL-diJf ,'\Jld !J•t~·;h ;:fl',l 1lf 01{ [J C l<P;ho ;!'•' 

t':l'::!y :lc:rr;::,·-.ill 1P lrnn1 \he l;:1c.~. ~,1r!p 

The mounting d1mcns1ons Jre ldcntic;JI to thD;.c of the 
following single uni!s in 0 ~i construct on: D. C. tJc:ho TOP 
0.7/3 over~pee-d switch FSE 102 and Jn,;rernent;~l r.-ncodt·t 
FG 4 

FG 4 + TOP 439 H 

HM 80 M 51537-85 construction ~-
D.C. t.Jcho ,)net incremental cnr;-e;der t; pe FG 4 
Tlw rnc~r:r•wn1;J! rr1cnr!C'r ty:!(· f(\ ·1 ,,, ,J rr•bw:! U'lr! !n· 
','(•f'y' PJ:1q•rT(· :11nh1r.'~'! ;1n(! O!'C't,dl(l'ltll C(l'>dd•r•nc;_ IJII':cd, 

!r~::.-Jt'·l•ly ;:n:! ;on::J lrlr· l1r'le 11~. h;nr_1:o·1 ;., t(l cnn·.-(·rt 1h<~ 

:;p!•r(! m•o;) proor.r!Hifldl lr• CJ\Jt'll\·1 ::nd ir· ·H·n(•r;r~f' l:1rUH • 

rlrq 1::11 :;•on:ll~ 

i 
--.,.I 

Sub;cct to mcdif1catrc:n! 

Johannes Hubner , Fabrik elektrischer Maschinen GmbH D-35394 Giessen , Siemcns~;tr. 7 
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