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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 permanent labels on glass bottles.
All thc 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 converter which composed with armature supply,
ficld coil supply, tacho generator feed back and speed adjustment facilitics.
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 simultancously.
But DC motors have some inherent drawbacks, most of these duc to its mechanical
commutator. They arc namely,

e Need of frequent maintenance

e Occurrence of sparking of brushes

e Need of replacing brushes frequently

e Gradual wearing commutator surface requiring reshaping after sometimes

e Noise due to sliding parts

¢ Generation of EMI

e [xistence of somewhat lower speed limits

e Difficulties of operating at standstill condition

But subjccted 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 [§].

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

arisen due to

Introduction 1



Winding burning
Wearing of brushes and commutator problems
Speed [luctuations

More maintenance time

If the motor is undergone rewinding, it is normally 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 opcration 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.

[t 1s 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 thesc ensure reliability improvement of the machine. Figure 1.1

shows the proposed system.

| M/C SPEED INDICATION }

|
|

ﬁ JOG SPEED CHANGE ’

PROX SEN FJ
[ SPEED ADJ POT W SENSOR] M/C DRIVEN SHAFT

T AC INDUCTION - 5
MOTOR BELT COUPLING
- TACHO ,,,7,L A J,,,f
GEN
FEED BACK .
AC - !
INVERTER -
o ]
i
3Ph POWER SUPPLY INVERTER O/P

Figure 1.1- Proposcd 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

e To improve reliability

¢ Eliminate brush replacements

e Solution for speed fluctuations caused by ware of brushes and minor damage
of commutator segments.

e Eliminate substantially high rewinding time

e Reduce down time and hence reduce [inancial loss by cxpediting failure
restore.

e Timely delivery of products

1.3 Existing system

| M/C SPEED INDICATION II

l JOG SPEED ADJ POT F

’ SPEED ADJ. POT } PROX SENSOR|  m/C DRIVEN SHAFT

DC MOTOR BELT COUPLING
- TACHO [
- GEN %
FEED BACK
<
AC/DC [*
CONVERTER
I el
A
3Ph POWER SUPPLY CONVERTOR O/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-OGH40-6SU7-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 57A

Current 46-46.5 A 46.5 A

Power 0.375-19 kW 19 kW

Tacho-gencrator is fitted

1.3.2 Speed Controlling

Running speed can be adjusted by mecans of a potentiometer provided. It also
facilitates with another potentiometer connccted with the same terminals in order (o
operate the machinc in JOG mode. Jogging operation is important to operate the
machine as desired when machine (or product) adjustment is required and also at
maintcnance. 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

Introduction “ : 4



1.3.3 Connection diagram of the DC Converter

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

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

10-16A
5-10A 32.A

o o> % .
RAR 2z Z o TACHO

DC CONVERTOR 13 .

SIEMENS
C88138-A1012-A2-01-12 8 SWITCH ON
o T o Q o o o 15 CONVERTOR
- S @ - =
SPEED

POTENTIOMETER

SHUNT

ARMATURE
| —

FIELD COIL

Figure 1.3 — Connections in DC Converter

SIEMENS
DC CONVERTOR

Ll [l [o] [e] 51 [e] [e]

! SW. ON
CONVERTOR

—

JOG SPEED

Figure 1.4 - Converter Inputs
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1.3.4 Speed Indicator

Speed indicator at the machine shows the machine running speed by means of a
separately connected proximity sensor which picks signals from rotating mectal

sections of the machine. It gives an indication on number of bottles moving in a

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

RUN SPEED
INDICATOR FOR RPM variable
1k
GND ip +12V 220V 110V 0
6 5 4 3 2 1
l [y p1]
1 2 I PE| 3|4 |5 |67 8|9 10]|11]12
| I_J |
, | & & & |
| |
L1 N PE Proximity From control
220VAC sensor panel

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 squirrel cage induction motor is preferred 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 squirre] cage or wound-rotor motors.
These motors arc self-starting and use no capacitors, start winding, centrifugal switch

or other starting device.

They provide medium to high degrees of starting torque. The power capabilitics and
cfficiency in these motors range from medium to high compared to their single phase
counterparts. 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 1s of the squirrel cage type. The power ratings are from one-third o scveral
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.

Selection of an AC motor 7



2.4 Voltage

The motor nameplate voltage [2] is determined 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 transformer voltage rating. The

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

system between the transformer and the motor lcads.

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

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

practices.

Effects to low voltage induction motors due to unbalanced voltage supply is discussed

in IEC60034-26 [12]

Motor Name plate voltage

Polyphase Motors

Below 125 HP

[25HP and Up

200 -
220 -

380 380 i
415 415

440 440

550 550

3000

3000

Single phase motors

110

200

220

Table 2.1 — Motor voltages and Power

Selection of an AC motor



2.5 Frequency

Frequency [2] can be defined as the number of complete alterations per-second of an
alternating current. The predominant frequency in the United state is 60Hz and 50Hz
systems are common in other countries. Other systems, such as 40 and 25 hertz are

1solated and relatively few in number.

2.6 Voltage and Frequency variation

All motors arc designed to operate successfully with limited voltage and frequency
variations [2]. However, voltage variation with rated frequency must be limited to
*+10% and frequency variations with rated voltage must be limited to £5%. The
combination variation of voltage and frequency must be limited to the arithmetic sum

of 10%.

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

A. An increase or decrcase in voltage may result in incrcased 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 decrcase in
powecr 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 decrcase in voltage will result in a decreasc 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 increasc slip by

about 21%.

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

Selection of an AC motor 9



A. Frequency grealter than rated frequency normally improves power factor
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 wound.
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 ficld in the stator is called
synchronous speed. To determine the synchronous speed of an induction motor, the

following equation is used.

120 x Fre
Synchronous speed (rpm) = . chucnoy 2.1
no of poles

Actual full-load speed (the speed at which an induction motor will operate at
nameplate rated load) will be less than synchronous specd. The difference between
synchronous-speed and full-load spced is called slip. Percent slip is defined as

follows.

Percent Slip at Full load = (Synehronous speed - Rotor speed) | (2.2)

Synchronous speed

Selection of an AC motor 10
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Figure 2.1 — Torque-Spced 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 cffort or force acting through a radius. Power is, how
fast the shaft is turned. Turning the shaft rapidly requires more power than turning 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 (requency applied. It is
sometimes known as *“‘starting torque” and is usually cxpresscd 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

Selection of an AC motor 11



do not have a definitc 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

1s usually expressed as a percentage of full-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 Figurc 2.1

2.7.7 Motor Current

BREAKDOWN TORQUE

In addition to the relationship between L‘O/%’LER%ES{O” "
speed and torque, the relationship of . T ]
) Z | LOCKED HOTOR ™~ H

motor current [2] to these two valuesis & | ToRauE \ N
3> i

. . . . . @] H

an important application consideration. & |
. § PULL UP TOROUE :

The speed-torque curve with the 2 i
- .l

current curve added demonstrates a g FULL | OAD TORAUE :

typical relationship in Figure 2.2.
FULL LOAD SPELD

FULL LOAD -~ )
CURRENT

There arc two important points on this

currcnt curve arc discussed below.

%o SYNCHRONOUS SPEED

Figure 2.2 — Specd-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 current 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 stcady-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 clectrical 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 cquipment. These standards can be found in the NEMA Standard
Publication No. MG1. Some large AC motors may not fall under NEMA standards.
They are built to meet the requirements of a specific application. They are referred 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 of an AC motor 13



Design A [5] has normal o8

starting  torque  (typically ‘\\
150-170% of rated) and \

relatively  high  starting . ' \<(:._\
R N”\_«.-‘ ~ ‘_Iw.,,w-”"“’
current. The  breakdown T

- n%‘ ‘
5 NN
: ‘ 2 NN
torque is the highest of all 5 e ) \\ i
3 ‘ Y
the NEMA types. It can 2 \,& \
™ 3 4
. . = 1 |
handle heavy loads for a E - Full-load torque \ \
short duration. The slip is & " \,i
<= 5%. A typical application \ 1
is the powering of injection oY \%
1
molding machines. !%
o «.

¢ EY a Bl e 130
Percent full-Load Speed
Figure 2.3 — Torque-Spced 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 1s good enough to start many loads encountered in the industrial application.
The slip is <=5%. The motor cfficiency 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, stirring machincs,
agitators, reciprocating pumps, compressors etc. These motors are intended for

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

15 <=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 sharp changes in

the motor speed, such as in machinery with energy storage flywheels, punch presses,

Selection of an AC motor 14



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 i1s similar to Design B, but has a high cfficiency. high

starting currents and lower Full-load running currents.

The following Table 2.2 compares NEMA polyphase designs for several performance

criteria.

NEMA

Design

Starting

current

Locked
Rotor

Torque

. Breakdown

Torque

% Slip

Application

High to
Medium

Normal

Normal

- Max
5%

Broad aﬁplications

including fans, blowers, |

pumps, machine tools

- Low

Normal

Normal

Max
5%

Normal starting lorng
for fans, blowers, rotary
pumps, unloaded
COmMpressors, some

conveyors, metal cutting

machine  tools, misc.

machincry. Constant load

speed

Low

High

Normmal

Max
i 5%

High inertia starts such
large centrifugal blowers,
fly wheels and crusher

drums. loaded starts

such as piston pumps, .

compressors and |

conveyors. Constant load

speed.
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D Low 'Very High - - Very high inertia and
loaded starts. Choice of |
slip to match load.

5-8% 1) Punch presses, shcars
and forming machine
tools.

8-13% | 2) Cranes, hoists,
clevators and oil well |
pumping jacks.

Table 2.2 — Comparison in NEMA Design
2.8.2 1EC

IEC [5] is the European-based organization that publishes and promotes worldwide,
the mechanical and electrical standards for motors, among other things. In simple
terms, It can be said that the IEC is the international counterpart of the NEMA. The
IEC standards are associated with motors used in many countrics. These standards can
be found in IEC 34-1-16. The motors which meet or excecd these standards arc

rcferred to as IEC motors.

2.9 Duty Cycle

Continuous steady-running loads over long periods are demonstrated by fans and
blowers. On the other hand, clectric motors installed in machines with flywheels may
have widc variations in running loads. Often, electric motors usc flywhecls to supply
the encrgy to do the work, and the electric motor does nothing but restorc lost energy
to the flywheel. Therefore, choosing the proper clectric 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 sclected on the basis of continuous load. But electric motors located in

devices like automatically controlled compressors and pumps start a number of times
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per hour. And electric motors in some machine tools start and stop many times per

minute.

Duty cycle [6] is a fixed repetitive load pattern over a given period of time which is
expressed as the ratio of on-time to cycle period. When operating cycle is such that
electric motors operate at 1dle 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)
1s much higher than for steady-state operation, so frequent starting could overheat the

electric motor.

For most electric motors (except squirrcl-cage electric motors during acccleration and
plugging) current is almost directly proportional to developed torque. At constant
speed, torquc 1s proportional to horsepower. For accclerating loads and overloads on
electric motors that have considerable droop, an cquivalent horsepower is used as the
load factor. The next step in sizing the electric motor is to examine the electric motor's
performance curves to sce if the electric motor has enough starting torque to overcome
machine static friction, to accelcrate the load to full running speed, and to handlc
maximum overload. Table 2.3 shows the motor duty cycle types [5] as per IEC
standards

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

No | Ref. Duty cycle type Description

1 S1 Continuous duty Operation at constant load of sufficient
duration to reach the  thcrmal

equilibrium

2 S2 Short time duty Operation at constant load during a
given time, less than required to reach
the thermal cquilibrium, followed by a
rest enabling the machine to reach a

temperature similar to that of the coolant

(2 Kelvin tolerance)

3 S3 Intermittent periodic ' A sequence of identical duty cycles,
duty } each including a period of opcration at
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constant load and a rest (wifhoul
connection to the mains). For this type
of duty, the starting current docs not

significantly affect thc temperature rise.

4 S4 Intermittent periodic | A scquence of identical duty cycles,
duty with starting each consisting of a significant period of
starting, a period under constant load

and a rest period.

;5 S5 Intermittent periodic | A sequence of identical duty cycles,

| duty with electric | each consisting of a period of starting. a

{ breaking period of operation at constant load,

% followed by rapid clectric breaking and

\ a rest period.

6 S6 Continuous operation | A sequence of identical duty cyclcs:
periodic duty each consisting of a period of operation

at constant load and a period of
operation at no-load. There is no rest
period.

7 S7 Continuous operation | A sequencc of identical duty cycles,
periodic  duty with | each consisting of a period of starting, a
electric breaking period of operation at constant load,

followed by an clcctric breaking. There
1S no rest period.

J8 S8 Continuous operation | A sequence of identical duty cycles,
periodic duty with | each consisting of a period ol operation
related load and | at constant load

speced changes.

Corresponding to a predetermined speed
of rotation, followed by one or morc
. periods of operation at another constant
| load corresponding to the different
speeds of rotation (e.g. duty). Therc is

no rest period. The period of duty is (oo

short to reach the thermal equilibrium.
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9 S9 Duty  with  non- | Duty in which, gel{erally, the load and
periodic  load and | the speed vary non-periodically within
speed variations the permissible range. This duty

mcludes frequent overloads that may

] exceed the full loads.

Table 2.3 - Motor duty cycle types as per [EC 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 incrtia [2] of the
driven machine, the type of load (constant or variable torque) and the mcthod of
stopping the motor.

The inertia of the rotating parts of the driven equipment affects the acccleration 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] 1s detined as the permissible amount of overload a motor will handle
within 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 current and breakdown torque are
unchanged. NEMA has defined service factor values for standard polyphasc dripproof,

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

Synchronous Speed, rpm
Hp i
3600 | 1800 | 1200 900 [720 600 |514
1 1.25% | 1.15% | 1.15% L.15* | 1.0 1.0 1.0
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1.5-125 [ 1.15% [ 1.15% [ 1.15% 1.15* [ 1.15% [ 1.15% | 1.15%
150 1.15% | 1.15% | 1.15% 1.15* T 115% [ 1.15% [ 1.0
200 1.15% T 1.15% | 1.15% 1.15% [ 1.15% 1.0 1.0
Over 200 | 1.0 1.0 1.0 1.0 1.0 1.0 1.0

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 acceleratc 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 how
these components are measured and expressed is important for proper motor

application.

For a given application, the maximum sustaincd ambient temperature, measured in
degrees Celsius, should be determined. Most motors are designed to operate in a
maximum ambient temperature of 40°C at 1000m 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 ambicnt temperature and

altitude.
Ambicnt Temperature | | Altitude above Altitude
i
temperaturc factor i sea level factor
30C Los 1000 m 1.00
35'C 1.03 1500 m 0.98
|
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40°C 1,00 2000 m - 0.94
45°C 0.97 2500 m 0.91
50°C 0.93 3000 m 0.87
55'C 0.88 | C3500m 0.82
60°C 0.82 | 4000 m 0.77
Table 2.5 a - Temperature factor Table 2.5 b - Altitude factor
Then,
Effective Power = Rated Power x Temp. Factor 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 current and hystercsis), and stator
I'R losses contribute to temperature rise; at full-load, additional losses which cause

heating are rotor I°R losses and stray load losses.

Since current increases with an increase in motor load and under locked-rotor,
temperaturc rise will be significantly higher under these conditions. Therefore,
applications requiring f{requent starting and/or frequent overloads may require special

motors to compensate for the increase in total temperature.

2.13 Motor Cooling

Since the total temperature of a motor is greatcer than the surrounding environment,
~cat generated during motor operation will be transferred to the ambient air. The rate
ot heat transfer affects the maximum load and/or the duty cycle of a specific motor
design. [EC for method of cooling is IEC60034-6 [12].

Factors affecting this rate of heat transfer are:
1. Motor enclosure
Different enclosures result in different airflow patterns which alter the amount

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

2. Frame surface arca.
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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 affccts the rate of heat transfer.
Fans are provided on most totally-enclosed and some open motors to increasc

the velocity of air over the external 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 temperaturc increases
with altitude. Standard motors are suitable for operation up to 1000 m; motors

with service factor may be used at altitude up to 3000 fect 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 mcasured
temperature rise is permitted when temperatures are measured by detectors embedded
in the winding. Figure 2.4 — Figure 2.6 illustrate the temperaturc rise limits established

for various insulation classes per NEMA MGl, part 12.

ENCLOSURE:DRIPPROOF OR TEFC,SERVICE FACTOR: 1.0
INSULATION CLASS

B F H
180

160
140
120 -
100 -
80
60
40
20

@ RISE BY RESISTANCE

O AMBIENT

DEGREES

Figure 2.4 — Dripproof or TEFC enclosure, SF 1.0
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Figure 2.5 — TENV enclosure, SF 1.0

ENCLOSUREDRIPPROFF OR TEFC,SERVICE FACTOR: 1.15
INSULATION CLASS

180
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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 wherc cost of motor operation is many

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

[EC60034-30 [12].
Efficiency is defined as,

. Watt
Efficicncy = —auts Output (2.4)
Watts Input
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o Input - Loss
Efficiency = (nphulﬁci) (2.5)
nput

The only way to improve efficiency is to reduce losses.

2.16 Motor losses

Typically, motor losses [2] are categorized, first, as those which occur while the motor
1s cnergized but operating at no-load; and second, those additional losscs due to the

output load. Specific losses are:

1. No-load losses
a. Windage and friction
b. Stator iron losses

c. Stator I°R losses

o

. Load losses
a. Stator I'R losses (due to increase in current under load)
b. Rotor I'R
c. Stray load losses
The no-load losses and the conductor losses under load can be mcasured separately:
nowever, the stray load loss requires accuratc input-output test equipment for
determination. The stray-load loss consists of losses due to harmonic currents and flux
in the motor.
Factors affecting stray load losses include:
Stator and rotor slot gcometry
Number of slots
Alr gap length
Rotor slot insulation

Manufacturing process
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2.17 Power Factor

In a scnse, motors are electromagnets and power factor [2] is a measurc of the amount
of magnctizing current required.

Power factor i1s an important consideration when selecting a motor for a particular
application since low power factor may result in power factor penalty charges from
the utility supplicr.

Equation for Power factor in a three-phase system,

~ Waitts Input

PF = 2.6
i\/ngx[i (2.6)

This equation 1s a numerical method of expressing the phase difference between
voltage and current in a motor circuit. The current in an induction motor lags the
applied voltage, and only the component that is in-phasc with the voltage varics with

moltor power.
2.18 Load Connections

Two methods of mechanical connection [2] of the motor to the driven load are

commonly used.

1. Direct connection
Direct conncetion 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 fan 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 where

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 starting methods cncountered when starting 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 current which is approximately equal in
magnitude to the locked rotor current. Locked rotor current is normally 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 current

by onc of the following means.

2.19.2 Star-Delta starting

Through the use of a star-delta starter [7], the motor terminals are connected in the star
configuration during starting and reconnected to the delta configuration when running,
The benefits of this starting method are a significantly lower starting current, (0 a
value about 1/3 of the DOL starting current, and a corresponding starting torque also
reduced to about 1/3 of its DOL value. It should be noted that a second current surge
occurs on changeover to the delta connection. The level of this surge will depend on

the speed the motor has rcached 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 current. By limiting the rate of the current
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increasc 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 manipulatc power from a constant
three 50/60Hz supply converting it to variable voltage and variable frequency power.
This cnables the speed of the motor to be matched to its load in a flexible and cnergy
elficicnt manner. The only way of producing starting torque equal to full load torque
with full load current is by using variable speed drive. The functionally flexible 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 flow

rates.

2.20 Motor enclosures

The type of enclosures [2] required is dependent upon the surrounding atmospherc 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-
cnclosed. An open machine is one having ventilating openings which permit passage
of external air over and around the winding of the motor. A totally-enclosed machine
is 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].
e Open
1. Dripproof. Dripproof motors are dcsigned to be internally
ventilated by ambient air, having ventilation openings constructed
so that successful operation is not affectcd when drops of liquid or
solid particles strike the enclosure at any angle from 0 to 15 degrecs
downward from vertical. Dripproof motors are typically used in
relatively clean, indoor applications.

Also Weather protected, open machines are of another typc.
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e Totally-Enclosed

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

of air

between the inside and outside of the enclosurc, 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.

TEAQO (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.

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 normally 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 are also

available with terminal left hand side or top. They arc fitted with conduit entrics.

2.23 Mounting Configurations

Various mounting configurations are available, complying with [EC60034-7 [12].

e Floor mount

e Ceiling mount
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e  Wall mount, shaft horizontal

e  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. 1EC
stands {or vibration is [EC 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 IEC60034-9. 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 1.0mm: wires or strips of
thickness greater than 1.0mm, solids objects exceeding 1.0mm

5 Dust protected: Ingress of dust is not totally prevented but it does not entcr
in sufficient quantity to interfere with satisfactory opcration of the
cquipment.

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

powertul jets shall not enter the enclosure in harmf{ul quantitics.

Note: first three numerals are not cxplained, 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 of Manufacturer

ORD.No. | IN4560981324

TYPE HIGH EFFICIENCY FRAME 286T o
SERVICE

H.P. 42 110 3PH
FACTOR

AMPS | 42 VOLTS 415 Y

RP.M. 1790 HERTZ 4 POLE

DUTY CONT DATE 01/15/2003 7

CLASS NEMA NEMA

F B 95
INSUL DESIGN NOM.EFF.
‘Address of Manufacture .

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

Armature voltage at maximum speed, V,: 126 V DC
Armature current at maximum speed, [, : 33A DC

Armature resistance, R, : 0.54Q

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

machine cyele. Method of data logged is shown in Figure 3.1

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

flux, Armature parameters are measured.
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Figure 3.1 — Connection of data logger
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Figure 3.3 -- Enlarge view of one machine cycle.

3.1.2 Measurement of Torque

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

A spring balance 1s 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 = 11kg
Force applied just to continue the rotational movement =8 kg

Note : Full load of the machine will be calculated by means of V,, [,R, (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. IEC motor having

equivalent performances 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. Thercfore, lct’s select the
motor speed as1000rpm. 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 1000rpm
Number of poles =120t/ nen

120x 50/ 1000
6

Select 6 pole motor

3.7 Motor power

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 cenlarge view over one
machine cycle.

This power is measured as the power delivered to the armature 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 varies as
Ppin = 1522.6 W
Pyo = 17533 W
Phax = 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 mecasured data,
Force applied just to move the machine = 11kg

Force applied in Newton, (1kg=9.81N) F = 11x9.81 = [07.9N

Length of the handle, ] =0.15m
Therefore, torque = FxI
= 107.9x0.15
= 16.18 Nm

Force applied just to continue the rotational movement

=8 kg
Force applied in Newton =8x9.81 =78.5N
Therefore, Torque =78.5x 0.15
=11.77 Nm

3.9 Motor Torque

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 torquc™ and speed change is achieved through

Armature voltage control.

From above measurcd data,
Armature voltage at maximum speed, V, = 126V DC
Armature current at maximum speed, I, = 33A DC

Armalure resistance, R, = 0.54 O

At maximum machinc running speed, i.e.740 rpm,

From cquations A.3 and A.4 in appendix-A
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Pcon\': tw=FE 1|

asoa

V.=RI +L

to=(V,-LR, )x |,
T x740x211/ 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

cqual 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, 5.5kW motor having full

load torque of 54.4 Nm can be selected.

3.10 Motor inertia

Motor incrtia 1s also a very important factor. Since the machine is a hcavy 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 1s 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 0274 m
Smce the motor is running within standard ambicent conditions of 40°C at 1000m

below sca 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 s and power varies from
1.1kw 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 externally 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 sclected 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 (see section 2.17) of the selected motor as per the manufacture data sheet. Refer
Anncx B for data sheet.

At 100% of full load : 0.81

At 75% of full load : 0.76

At 50% of tull load : 0.64

3.17 Motor enclosure

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

Refer scection 2.20.

3.18 Enclosure material

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

Shect 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
terminated 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 suitablc 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

IP55 protection for both motor and terminal box is IP55. Refer section 2.28.

3.24 L.oad 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 deccided to use the samc 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

AC INDUCTION

BELT COUPLING

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, 1000rpm (6 pole), 5.5kW, 1P55, 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.

125 84.4
Efficiency % 100 85.6
at % full load 75 85.9

50 84.3

125 0.84
Power Factor, cos ¢ :

100 0.81
at % full load

75 0.76

50 0.64

Full load, 1y (A) 11.0
Current

Locked rotor, I;/In 6.9

Full load, Ty (Nm) 54.4
Torque Locked rotor, T, /Ty 24

Break down, Ty, Ty 3.0
Moment of Inertia kgm® 0.045
Weight of foot mount motor | kg 90

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 various

issues attached to the driving of the motor. Let’s look at them onc by one [3].

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

was more than the required load torque.

For the induction motor, the state motoring region is restricted from 80% of the rated
speed to 100% of the rated speed due to the fixed supply frequency and the number of

poles.

When an induction motor starts, it will draw very high inrush current due to the
absence of the back EMF at start. This results in higher power loss in the transmission
linc and also in the rotor, which will eventually heat up and may fail due to insulation
failure. The high inrush current may causc the voltage to dip in the supply line, which
may affect the performance of other utility equipment connected on the same supply

line.

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

the motor is primarily the magnetizing current and is almost purely inductive. As a
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result, the PF 1s very low, typically as low as 0.1. When thc load is incrcased, the
working current begins to rise. The magnetizing current remains almost constant over
the entirc operating range, from no load to full load. Hence, with the increasc 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 performances 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
specd, 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 opcration 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

prcmature 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,
cte.) and IC fabrication technology, which gave rise to high-speed microcontrollers
capable of exccuting 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 elcctronics devices (1GBT,
MOSFET, etc.), a high speed central controlling unit (a microcontroller, like the PIC
I8 or the PIC 16) and optional sensing devices, depending upon the application

requirement.

The basic function of the VFD is (o act as a variable frequency generator in order to
vary speced of motor as per the user setting. The rectificr and the filter convert the AC
mput to DC with negligible ripple. The inverter, under the control of the
microcontroller, synthesizes the DC into three-phase variable voltage, variablc
frequency AC. Additional features can be provided, like the DC bus voltage scnsing,
OV and UV trip, over-current protection, accurate specd/position control, temperaturc
control, easy control setting, display, PC connectivity for real-time monitoring, Power
Factor Correction (PFC) and so on. With the rich features set of the microcontroller, it
1s possible to intcgrate all the features necessary into get advantages, such as

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

While a block diagram of an Inverter is shown in Figure 4.1, a typical modern-age
mtelligent VFD for the three-phase induction motor with single phase supply is shown

in Figure 4.2

*
2UPpPY E g4 & . o _{7.\ ‘ T —*N 9 _f 45
T T 1
1
I - - + N |
Rectfer DG Link fverter
Inverter Block Diagram

Figure 4.1 -- An Inverter block diagram
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Figure 4.2 — A typical modern-age intelligent VFD

The based speed of the motor is proportional to supply frequency and is inverscly

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, thc motor speed

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

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

higher flux. 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

rangc.
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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
speed. Beyond the basc 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/T 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 low 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. Thereforc,
(o start the motor, sufficient power must be supplied to overcome these losscs 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 grcat 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
EMI 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 disturbancc (sag or surge) on

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

With thc use of various kinds of available feedback sensors, the VFD becomes an
mntelligent operator in true 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 true four quadrant operation of the motor is possible (i.e. forward
motoring and breaking, reverse motoring and breaking). This means that it climinates
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 brcaking the motor. Tf the input side of thc 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 raisc 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 considcration

e 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.

e Check the required spced range. Operation above normal supply frequency
(50Hz) is usually only possible at reduced power. Operation at low frequency
and high torque can causc thc motor to overheat due to lack of cooling.

e Check overload performance. The inverter will limit current to 150 or 200% of
full current very quickly-a standard, fixed spced motor will tolerate these
overloads.

e Quick stopping is needed? If so, consider braking facilities provided with the
drive.

e [s it needed to operate with cables longer than 50m, or screened or armored
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 inverter 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 208-140V+/- 10% 1.e. 187-264V
High voltage units 380-500V+/- 10% 1.e. 342-550V
Very Low voltage units 525-575V+/- 10% 1.e. 472-633V

Inverters will operate over a supply frequency of 47-63 Hz

4.3.1.2 Supply Disturbance

The mverters 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 cncrgy: 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 storms.

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

4.3.1.3 Ungrounded supplies

Certain industrial installations operate with supplics that are isolated from the
protective earth (IT supply). This permits equipment to continue to run following an
earth fault. However this inverter is designed to operate on grounded supplies and arc
fitted with interference suppression capacitors between the supply and ground. Hence

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

The inverter converts the AC supply to DC using an uncontrolled diode rectifier
bridge. The DC link voltage is closc to the peak AC supply voltage, so the diodes only
conduct for a short time at the peak of the AC waveform. The current waveform
therefore as a relatively high RMS value as a high current flows from the supply for a
short time.

This means that the current waveform is consists of a series of low frequency
harmonics, and this may in turn cause voltage harmonic distortion, depending on the
supply impedance.

Sometimes these harmonics need to be assessed in order to ensure that certain levels
are not exceeded. Excessive harmonic levels can cause high losses in transformers,
and may interfere with other equipment. In 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 determined mainly by the applicd frequency. The motor slows
down a little as the load increases and the slip increascs. If the load is too great the
motor will exceed the maximum torque and stall or ‘pull out’. Most motors and
inverters will operate at 150% load for a short time, for instance, 60 scconds.

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
requircments 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

[ 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 inverter is designed for operation in an industrial environment. However there arc
certain limitations which must be considered. Some important points arc as follows.

e The air flow through the inverter should not be blocked by wiring ctc.

e Temperature of air does not exceed 50°C.

e [P rating of the inverter to suit with the environmental condition.

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

excessive shock and vibration.
s 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 [10] are frequency inverters for speed and torque control
of three phase AC motors. The various models available cover the performance range
from 120W to 200kW.

The inverters are 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 permits quict motor
operation. Comprehensive protective functions provide cxcellent 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 Performance rating of the drive.

Figure 5.1 — SIEMENS MICRMASTER 440
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5.1.1 Block diagram
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Figure 5.2 — Block diagram of the drive
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5.1.2 Performance rating
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Table 5.1 - Performance rating of the drive.
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5.2 Why this drive is preferred?

When application requirement are considered, basically it requires,

e Two analog inputs: one is for Speed potentiometer, other one is
for feed back of the Tacho generator.

e Availability of JOG function: it is to setting up the machine
with low speeds.

e Availability in small power range (4kW) with above two
facilities.

e Internal relay with normally open (NO) and normally close
(NC) contacts.

e V/fcontrol function.

e Enhanced motor protection.

Some functions and techniques which are 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 rangc of “basic™ applications,
such as Pump, fans, Belt drives, and similar processes.

The goal of V/f control [10] is to keep flux Q constant in the motor. In this case, this is
proportional to the magnetizing current [, and the ratio between voltage V and

frequency

Q~ I~ 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~QxI
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In order to keep flux Q constant, when frequency f changes, the voltage V must be
changed in proportion so that a constant magnetizing current I, flows. 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

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

control.
UMP &
A
——————— u.P
vz 7 ated motor
M, ® L operating point
; n il /
Ve
i 7/
i M. ®
rd
7/
rd
=
i<—\/oltage control range —»H«Field control range s
f fran
Figure 5.3 - Characteristics of an induction motor when fcd
from a drive inverter
5.2.2 JOG function

The JOG function [10] is used as follows.
e To check the functionality of the motor and drive inverter after commissioning
has been completed (the traversing motion, checking the direction of rotation,
etc.)

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

e Traversing drive, e.g. after a program has been interrupted

The drive is traversed using this function by entering fixed frequencies P1058, P1059
[11]. 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. P1055 and P1056 are used for JOG right and JOG

left simultaneously.
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Il both JOG keys are simultaneously pressed, then the instantancous frequency 1s 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 P1060 [11].
This frequency is only exited after the key has been cancclled and the drive breaks

down to 0 Hz in the time entered in P1061 [11].
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DIN JOG right .
e [P1085 | o A'
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[ 5op ‘ @]
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o .
o] '
COM link |
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©1061
O DU
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Figure 5.4 — JOG counter-clock wisc and JOG clockwise

JOG

p1082
(f

)

p1058

G

— 1060 —#i  —p1061 —

Figure 5.5 — JOG ramp up and ramp down

pl058 : JOG frequency right : Frequency in Hz when the motor is rotating
clockwise in the jog mode. Figure 5.4
pl059 : JOG frequency left : Frequency in Hz when the motor 1s rolating

counter-clockwise in the jog mode. Figure 5.4
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pl060 : 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
pl061 : Ramp-down time in s 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 10V/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 inputs and are converted into digital signals/values using
the ADC converter.

The setting as to whether the analog input is a voltage input (10V) or a current input
(20mA) must be selected using the 2 switches DIP1(1,2) on the I/O board as well as
also using parameter P0O756.

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

Voltage input Current input
KLT 10V Skt 1ov
——é KL2 oV é)KLQ ov
! KL3 ADC+ 0 .20mA : KL3 ADC+

| i
ILKL10 ADC+ A 1

KL10 ADC+ A
KL11 ADC KL11 ADC
I D D

e ):LKLA ADC- A 5 t> é . KL4 ADC A 5 :>
> —>

Figure 5.6 — two ADC channels, connection example for ADC
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5.2.4 Digital inputs (DIN)

Number :
Features:

- Cycle time

6+2

2ms

- switch-on threshold 10.6 V

- switch-out threshold 10.6 V

- accuracy

- electrical features

1% referred to 10V/20mA

electrically isolated, , short-circuit proof

External 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 frecly

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
I ON/OFFI '
2 ON+reverse/OFF 1
3 OFF2-coast to standstill -
4 OFF3-quick ramp-down
9 Fault acknowledge
10 JOG right
11 JOG left
12 Reverse
13 MOP up (increase frequency)
14 MOP down (decrease frequency) B
- 15 Fixed set point (direct sclection +‘O)N)m7"
17 Fixed set point (binary-coded selection + ON)
| 25 Enabie DC breaking
29 External trip
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33

Disable additional tfrequency sct point

99

Enable BICO parameterization

Table 5.2 - Possible scttings of the individual inputs.

5.2.5 Digital outputs (DOUT)

Number:

Features:

- Cycle time

3

Ims

Binary 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 intcrnal signal (TTL level) is

amplified using a relay. Figure 5.7

Relay:

Maximum opening/closing time:  5/10 ms

Voltage / current:

30VDC/5A; 250VAC / 2A

Invert DCUTs
0.7
P0748 (0) CC/BO: State DOUTs |
10747 )
31 Fet. of DOUT 1 _ 10747 0 :
PO731C .0 I
o ' !
3 o— -1
COM,
! - l—o Kl 20
NC )
Invert DOUTs e \ Kl 19
0.7 . :
PO748 (0) CO/BO State DOUTS N DM K118
0747 > !
il Fet. of DOUT 2 07471 ) )
P0732 C ! .0 I
2 - coml
,——o K122
] g
Invert DOUTs D KI.21
0.7 A f
P0748 (0) CO/BC State DOUTs )

31 Fet. of DOUT 3

P0733.C

10747 |
10747 2 I

Figure 5.7 — Relay outputs
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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 [10]. Therc are numerous possibilitics of effectively protecting the
motor but at the same time ensuring high motor utilization. The basic philosophy of
this mnovatc 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 thermal 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.
e  Warning and response [10]

e Fault shutdown [10]

Using this concept, a high utilization of the power module components can be
achieved without the drive inverter being immediately shutdown.
Monitoring functions are,

Imax controller for V/f

Vdcimax controller.

General protection of the power components.
e Overcurrent/short circuit(F0001)
e DC link overvoltage(F0002)
e DC link undervoltage(FO003)

e Line phase failure detection (F0020)
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The monitoring thresholds are permanently saved in the drive inverter and cannot be
changed by the user. On the other hand, the threshold levels for the “Waring 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 [10] is to detect critical states. Parameterizable responscs are 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 paramcters
only involves interventions below the shutdown threshold which cannot be changed
by users.

Monitoring functions are

I’t monitoring(r0036): The I*t monitoring is used (o protect components
which have a long thermal time constant in comparison to the semiconductors.
An overload reference to 17t is present if the drive inverter utilization 10036
indicates a value greater than 100% (utilization as a % referred to rated

operation)

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

temperature r0037[0] of the power semiconductor (IGBT)

Chip temperature: Significant temperature differences can occur between the
barrier junction of the IGBT and the heatsink. These differences are taken into

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

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

nitially, a warning is output. The warning threshold P0294 (I't 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 [10] of an inverter. Switch gears used

are explained below.

Emergency stop
— Control connections

Supply Isolator Circuit breaker Contactor Inverter Motor
or fuse

Figure 5.8 — A typical installation of an inverter.

5.3.1 Supply

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 form 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 threc times of full load

current, 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 start function.
This will cause unnecessary wear on the contactor and there will always be a slight
delay while the inverter initializes. Use the control terminals or push buttons to do
this. It is not permitted to use the Run/Stop control of the inverter as an emcrgency
stop function. It 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. Instruction for low voltage (star) conncction 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 thrce 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. Uscr
will not feel any difference in operation, because same operational switches perform

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 — —— ——— 10

RUN ADJ. POT s |
i
JOG ADJ. POT —
i !
TACHO FEED BACK =~ — " 1 ‘
| | |
|
o LA B T
IN 7 s DC OUT-ARMATURE
AC 3P, IN ~——m - |
! - ——» DC QUT-FIELD
‘ e ouT |
. |
|~
el - - -
m

——  » 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 — — —

AC3P.IN — -~ { -» AC3P.OUT

— » SPEED DISPLAY

Figure 6.2 - Inputs/Outputs of the proposed AC inverter

AC IN: Commercial supply, 3 @, 400V, 50Hz

AC OUT : 3 @, variable frequency variable voltage out

RUN ADJ. POT : Potentiometer for adjusting ranning speed

JOG ADJ. POT : Potentiometer for adjusting jogging speed

TACHO 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 Armature control
DC OUT-FIELD : Converter DC output to field coil

DC OUT-ARMATURE : Converter DC output to Armature

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

6.1 Potentiometer
10V Potentiometer is a variable resistor. While sliding contact point
‘ moves, it gives a variable voltage output. It is here in the range

L of 0-10V DC which controls the driver output. Figure 6.3

Figure 6.3 - Potentiometer
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6.2 DC Tacho Generator

DC Tacho generator [3] is a unit which gives accuratc 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 armature connections contactor 5K 1, Fuse 1F1, in field
coil connections current overload 1Q4, contactor 5K4, overload 1Q5 can be removed
since they are no more use. Overload 1Q6 for cooling fan can also be removed. Then
N/O 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 1Q3 will be the AC input power of the AC drive which will be

used in the proposed system.

102 1Q1
40 il o
[
B 1 1 —
L1211 | | ! 106 = -
x e LT
103 = T T
6-10A || !
= 3
; 1 - ‘
5 5 v
i 2K | {TacHo L
- e 3 ;
52l 13
1 8 ¢ — SWITCH ON
PR o i.— CONVERTOR
51 oTe 15 COOLING
o FAN
|
SPEED ‘ : ®
POTENTIOMETER - | UsHunT

FIELD COIL ARMATURE

Figure 6.4 — Drawing of the existing converter
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L1 z ‘ R

2= I
3 ias o
|
1Q2 1Q1 ‘
40A =i oo 40AT !
— |
L11L2.113.1
103 =
610A L o]
s
I
YYY
TO AC DRIVE
POWER IN

Figure 6.5 — Modificd drawing
Existing diagram in Figure 6.6 [9] and modified diagram in Figure 6.7 show removal

of 1Q4, 1Q5 and 1Q6 from control diagrams. Notc that, cxisting diagram is undergone

modification only inside dotted cage and shown in Figure 6.7

3Q7

BA } ‘
220V i
)
51 |
. B : L 1F1,
o s K Limit £ Limit ‘* 3K8 = 3ke 3K5
swo 7 swo© |
SN ! ) i |
A1 | ; s i
i I : o | ! -
to ; 103" 3K7
- | -
Lz ' A
1 0 :
i ; 3 07 -
} ‘ RO 14 3K11
| ; LW | —
! 0
i i x
| w - L ‘
A
| s
I |
| | 1 3817 ‘ | ‘
i | ! ; 106+ ?
! \ B | 3Kke
| i | o
! ! , [ESS— [ | . |
3K51_ 3H1! 3K6 | 3H2, 3K7L aH:ﬂ 3K11. 3H7 3K8 3H4;  3K9.L 3HS 3K10. 3H6
. P < 7N N P " < S o
| | | | |
N ! L] | ! !
POWER POWER INFEED LOAD OVERLCAD EMERGENCY MOTOR READY TO
ON FAULT CONEYOR OVERLOAD CLUTCH STOP CVERLOAD START

Figure 6.6 — Existing Control diagram
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| 3kg ~  3Ks:

1Q3 =° 3K7

(=1 | |
! |
1 3K11
i |
3K8
1
i
3K9 |
|
ak10| a6
S I
- Sl h ‘,,v
A N S I
MOTOR READY TO
OVERLOAD 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.

sw - POSITION ON M/C
RUN |
' oG
|
et — — —
sw!  sw o sw; swl sw| sw SW. ‘
| RUN, RUN |RUN  [Joguoclios  soc ! JoG JOG' JOG |, JOG|
L e vy s \ PN H
skoT = 1 o ron G0 20 F-so ke - soe b 482
1 ; T T T T \ : : i
‘ | ‘ \ ‘
| | | | |
H [ — i }7 L J—
4K11 - [
| [ ‘
i
|
|
- | - — i
1 |
" I
/ ! —
4K12 | 4K11 {
P \
4K7 ak11 | K12
- - N TN
. 7
= . N 4H§
| WA
i |
U I | _ [ S
PRFSELECTED START RUN START JOG PRESFLECTED
RUN 10G

Figure 6.8 — RUN and JOG start
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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 encrgizes ; Figure 6.8

Contacts of 4K 11 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; Figurc 6.9b

DC CONVERTOR AC INVERTER
15 ) |_5—| S
l z 3
5K3T ] ¢
]
X
)
Figure 6.9 a — DC converter ON Figurc 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
Armature and Field supply before switching ON the drive. OFF delay TIMER is there
to ensure to cut off Ammature and Field supply after switching OFF thc 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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K11 4K12  6K2T  5K1  5K4 BK2T K1 4Ki2

i
3k8 | 3K8 | 5K2 |
sw sK2T SWop s
STOP STOP
i
3K10 3K5 1K10 3KS | i
;
3K9 3K9 3K9 |
i
| | |
5K2T 5K4 5K3T 5K1 5K2 . 5K5, L. 5K3 ..
\V’/ \,T,/ i
S O S,
MOTOR DRIVE FIELD COIL SW. ON ARMATURE MOTOR DRIVE  JOG ON SW. ON
START CONVERTER coiL START CONVERTER
{OFF DELAY}) (ON DELAY1
Figurc 6.10 — START/STOP control Figure 6.11 - START/STOP modified
diagram 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 4K 11 energizes, RUN SPEED potentiometer connccts with the
drive through contacts points of 4K11. Voltage analog input is fed to the AC drive
using one A/D channel. This input can be set either as 0-10V or 4-20mA through dip
switches provided in the drive. Since potentiometer gives an output in voltage, 0-10V
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

1 5]
|
4K11/4K11 4K11 4K12|4K12] 4K12
| .
AR
|
| |
| |
| 1
I 1ok | oK
RO ! JOG SPEED
RUN SPEED

Figure 6.12 — RUN/JOG Speed control

AC INVERTER
[][> 3 2
= 3
gl WD
T + % 9(

\ ;
4K11[4K11] 4K1 1

; |
T

RUN SPEED

Figure 6.13 — RUN Speed control
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6.3.4 JOG Function

Put selector to “JOG™ ; Figure 6.8

Kecp press “SW JOG” ; Figure 6.8

Contactor 4K 12 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 cxisting 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 DINI1, DIN2,DIN3 arc

paramecterized for three different frequencies.

DC CONVERTOR

1 5]

\ ‘ | AC INVERTER

| Binlnln

4K1114K11; 4K11) 4K12{4K12,4K12
. . . L

pd

a

b

3 |
|

{
!
{

i J '
| w

|1OK | 10K %

R b JOG SPEED

RUN SPEED

Figure 6.14 a RUN/JOG Speed control Figure 6.14 b JOG Speed

DIN2

o
\Dﬁ

+24V
Nej
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6.3.5 FEEDBACK Opceration

Selected DC Tacho generator gives voltage output varying from 0-10VDC. Theretfore,
the second A/D channel of the drive 1s used to feed the voltage feedback. Dip switch
should be put to position 1 to configure channel as 0-10V input. (Selection as the input
1s either 4-20mA or 0-10V). While Figure 6.15 a shows the¢ TACHO connection in the

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

AC INVERTER
DC CONVERTOR

+ - + -
TACHO TACHO
Figure 6.15 a — TACHO connection Figure 6.15 b — TACHO connection
DC converter AC inverter

6.3.6 SPEED Display

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.

RUN SPEED

INDICATOR FOR RPM (—VEW
1kt2

GND p +12v 220V 110V 0 } DlSPLAY
<) 5 4 3 2 1
10K D

& RUN

| L | i SPEED AC
| : * INVERTER
i 2 PE| 3 a 5 7 9 10 ] 11| 12

l O

i I
!
v l E%%fj~,%JJ{J PROXIMITY
\ Pt SENSOR

i1 N PE Proximity From control
SIOVAC sensor panei

Figure 6.16 — Speed display in existing and proposed systems
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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 b and 6.18b below.

s2. _. . DCCONVERTER o | 2 AC INVERTER
o
com || NG | 23
51
Figure 6.17 a — Relay contact Figure 6.17 b — Relay contact
DC converter AC inverter

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

respectively.
QY 307 |5
SRy RO A2 LS
220V 220V
o —
51 !
; 25
5 o2 vt 23
i i
A |
[
i \
|
I
I
|
|
\
|
\
|
‘
‘ ‘ ‘
3K5__ 3H1 3K5 1 3H1
% S
N _— N
POWER POWER POWER POWER
ON FAULT ON FAULT
Figure 6.18 a — Power ON, Figure 6.18 b — Power ON,
DC Converter AC Inverter
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Chapter 7

Economic Consideration

This section analyses, how the proposed combination contributes against cxisting

system 1n economics terms.

Analysis 1s undergone in following areas

o Loss incurred due to Down Time
¢ Loss incurred due to poor Power Factor (PF)

o [oss incurred due to harmonics

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.

2
3
4,
5
6
7

Current (I); ( Figure 7.2)

Line Voltage (V); ( Figure 7.3)

Active Power (W); ( Figure 7.4)

Apparent Power (VA); ( Figure 7.5)

Reactive power (Var); ( Figure 7.6)

Power Factor (PF); ( Figure 7.7)

Total Harmonic Distortion (THD); ( Figure 7.8)
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L. i L -
L T | -
| ! |
voltage \ oL
connection CcT \
L~ connection ‘
| L .
%ﬂ—a;re field
g supply supply ‘
hata ‘ DC Drive

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 printing 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: 10A (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.

5

Ambient temp. around the Motor 32°C

Altitude: 2.74 m

Production Parameters

Average running hours 22 hours per day

Machine output: 40 bottles per minute

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

(Varies roughly from Rs. 1.10 to Rs. 2.80)

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

mvolvement for the production.

Labor parameters

1.

2
3.
4

Labor cost —Permanent employee:  Rs. 48 per person per hour

Number of permanent employees: 11

Labor cost —Casual employee: Rs. 56 per person per hour

Number of Casual employees: 9

Re-winding parameters

1.

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

2. Minimum number of days 3 days

( taken as machine down time)

Investment for the proposed system

1.

2
3.
4

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

3, 5.5kW VSD with filter Rs. 125,000
Tacho generator Rs. 77,500
Other accessories Rs. 10,000
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5. Data logging

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 1-3)

Charge for Active Power

Charge for Maximum demand

Fixed Charge

Rs. 15,000

Rs. 282,500

0.95 (Table 5.1)
96-97% (Table 5.1)

40% approximate figure

Rs. 9.10 per kWh
Rs. 650 per kVA

Rs. 3000

7.2 Loss incurred due to Down Time

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

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:
Machine output:

Therefore, no of bottles per hour

Rs. 1.10 per bottle
40 bottles per minute

40x60
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2400 bottles

Therefore loss incurred due to not printing bottles in one hour

=Rs. 1.10 x 2400
=Rs. 2,640.00

7.2.2 Calculation of labor loss

From above data

1. Labor cost —Permanent employee  Rs. 48 per person per hour

2. Number of permanent employees 11
3. Labor cost —Casual employee Rs. 56 per person per hour
4. Number of Casual employees 9

Total labor loss, being idle them
=Rs.48x11+Rs.56x9
=Rs. 1,032

Therefore total loss from labor being idling and not bottle being printed
=Rs.1,032+Rs.2,640
=Rs. 3,432 per hour

Hence, loss for Three days =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 =Rs. 247,104 + Rs. 85,000
= Rs. 332, 104
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THD in Phase L1

time {s})

Figure 7.8 — THD in Phase L1
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7.3 Loss incurred due to poor Power factor (PF)

7.3.1 Reduction in KVA 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 normal running speed: 0.85kW

O S - 7P=i85wk7VV - C, B
N
- \A‘ (i)‘ N &
~ - — ' kVar,
I kVA2
I Tl
\ , | B
KVA; Kvar,
=
l1 A

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 cxisting =Cos® =0.14

PFpmposcd = Costa =0.95
Triangle, OAC,

kVA,Cosg =0.85
kVA, = 0.85/Cos¢,
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Triangle, OBC,

kVA,Cos¢, = 0.85
kVA, =0.85/Cos¢,

Reduction in KVA
kVA, —kVA, =0.85/Cosg, —0.85/Cosp,

kVA —kVA, =0.85/0.14-0.85/0.95

kVA, — kVA, = 5.12kVA

From data,

Charge for 1IkVA = 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 = ], = kVA, I(:/3xV)

~ P/Cos¢,

- \/ng

Since V =400V
Cosd, =0.14

P =(0.85 kW

~ 0.85x10"/0.14
33400

I, =876A

(7.1)

Economic Consideration
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Current = I, = kVA, I(\3xV) (7.2)

_ P/ Cosg,
\/E,\'V
Since V =400V
COS(I)Q =0.95
P, =(0.85 kW

~0.85x107/0.95
V3400

L =129A

Reduction in current, I;-I» =8.76-1.29
=747 A

7.4 Loss incurred due to Harmonics

7.4.1 Reduction in current by reducing THD

Iy E’ . System
| THD

\
¥

Figure 7.10 - a load with Harmonics

1, = 1 ,N1+THD’ (7.3)

Where, [, - design current
I,- fundamental current

THD- Total Harmonic Distortion
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From Data,
[, =10A (Figure 7.2)
THD = 84% (Figure 7.7)

If 1, is the I, for the present condition

1, = 1031+ 0.84°
1, =13.06.4

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

I{ [, is the ;> for this condition

I,, =1041+0.40°
1,,=10.774

Reduction in current
= Tp1-lpz
= 13.06-10.77
=229 A

Therefore, reduction in Line current = 2.29 A
Hence, total saving in current through improving power factor and reducing THD

=T747A+229 A
=976 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 Shrs = Rs 2,640.00 x 5 per month
Therefore loss recovered = 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 =21 1/2 months (app.)

Economic Consideration
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Chapter 8

Conclusion

Implementation of the proposed system replacing the existing DC drive system 1s
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 speced, but the
original motor capacity is 19kW. It is not clear why the original motor is
unnecessarily over-sized 1n 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 i1s 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 harmonic 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

oriented.
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APPENDIX-A: Separately excited DC motor

A.1 Equivalent circuit and Characteristic graph.

b =R,
. |
‘ ‘ = Ry

\ L S la
Va' Vi )]
| T L i

| ! ! T S~ Te T
_ Ea‘ lj,t

Fgure Al - lﬂlivarleir;t’circuit

Governing equations for the motor

T =kol, (A1)
E, =k¢ow (A.2)
Peom=t00 = E I, (A.3)
dl
I/(l = R([ [[l + L(I ‘ + E(/
dt
. - d
At steady state operating condition 7 =y4)
dat
Performance of the motor is given by its output characteristics. 1.c. T vs ©
Characteristic applies at steady state
[/u = Rulrl + Eu (A4)
V, =R I, +(k¢)o
T
V,=R|— +(K¢)a)
K¢
P K
:—@)—(0+;¢V (A.5)

R «

a o

Typical values of K and R, suggest that the gradicnt (K¢)* is very large implying
that the output characteristic 1s almost vertical.
This is why the separately excited DC motor is known as a constant speed motor.




i
Where,

T gradient
:‘ Peony : power converted from the motor
B ( (K ¢)2 \\ ‘\ E, :internal generated voltage
LR, V. :armature voltage
L. : armature current
R, :armaturc resistance
T . induced torque
®  :speed
. ., K :constant
( V. ] a) ¢ field flux
\ K¢

Figure A.2 - . T vs @ characteristic

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

To change the speed below base speed, V, should be adjusted keeping Vi at 100%.
To change the speed over base speed, V should be adjusted keeping V. at 100%.

Figure A.3

ty
@ — —
. Ay > > 22 S S
(=3 o =] =% (= =]
g £ledraiag [8CsE
NWD ~ L & @
B bq x— Y
“‘: ,///
‘ “‘ 3 5 /,,/"”,
“ ; x“ e .
\“ ‘t‘ ./
: 1“ P
i :
i
— —p
Armature control f Field control w

Based speed

Figure A.3 — Armature and field control
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APPENDIX — B: CMG Motors, Performance data

[Performarice data

SGA series, three phese 415/ 50Hz
IP55, F class insulation, B class temperature rise

.

t11\01(3|1(:y % Pov.'erjacton cos ¢ Curre{w_t'/' ) ,,T,olg,_A o Weight
at % full lc ad at % full load Full  Locked Full Locked Break  Moment of foot
load rotor . load rotor down of inerlia mount
Speed [N WA time? T T/, T, J=4GD?* motor
W Molor frame [fmin] 125 100 7% 50 125 100 75 50  [A] {sec] [Nm] [kgm?] [kg]
1000 r/min = 6 poles - CENELEC frame allocations
937 B0A  -19 915 643 67.5 676 034 077 070 060 048 108 34 55 39 18 45 0.002 18
)55 925 G4 66 o8 817 074 066 058 045 160 33 40 57 14 21 0002 19
)75 G0S 24 935 728 744 741 707 0 4 042 063 G50 193 46 30 77 24 26 003 24
190U 24 930 729 756 766 748 0.1 077 070 057 27 45 .25 M3 23 24 0.004 30
'5 100U 28 950 761 77.7 746 749 0 4 073 066 053 37 51 8 150 22 30 0007 35
Y2 12M 28 045 700 802 802 771 060 076 067 053 50 56 12 222 27 30 0014 45
y 1328 38 070 85 846 €15 820 082 077 070 057 64 67 12 205 2 ar 0029 70
! V32 MA 36 985 BLO 645 842 826  0F1 077 068 055 85 67 9 396 25 3. 0036 80
WIME I GRS BC4 856 159 843 084 081 076 064 110 69 9 544 24 30 0.045 90
£ MESR R 42 Q70 aed sy B7.0 0.9 076 070 059 155 6.0 20 74 22 26 0.088 130
L A g7 GO B90 897 040 079 074 005 236 58 16 108 22 2 0116 160
kS [REERR] A8 GRG i BOL e BT 4 0% 083 079 065 2844 6.0 20 146 2.0 27 0.207 105
6.5 LUOLA 55 OB & L B0 BU3 875 085 083 078 068 848 69 11201 180 24 133 0315 225
Y2 ZROLB 55 983 899 900 9.1 901 085 0.84 079 070 403 66 15 214 22 35 036 255
: 927926 y1.4 087 086 084 077 L5272 25 gt L2130 0.547 297
; 929 926 918 085 088 085 076 63 66 25 359 20 3.0 0834 413
45 2805 75 985 934 933 UU3 921 088 083 087 080 77 69 25 . 436 20 3.1 139 536
¥ D80tA 75 985 926 93.0 940 919 083 089 083 084 92 66 26 533 20 32 165 505
53158 80 990 943 942 947 920 0BG 088 086 079 126 74 - 724 21 29 411 990
0 947 942 949 089 Cgk 084 075 151 7.8 - 868 25 2.8 478 1080
e ‘952 946 034 089 0.88 085 077 183 75 - 1061 29 31 5.45 1150
o 947 930 922 088 085 082 072 227 76 - 1273 24 34 642 1210
b 950 948 935 0U0 089 087 081 262 83 - 1543 20 24 9.5 1590
952 954 950 041 090 091 6.90 085 322 65 - 1929 15 20 10.4 1750
35518 95 090 950 950 950 940 088 088 DO7 084 416 64 - 2412 19 24 12.4 1990
ternatve frame allocations (SGAA)?
57 2S0SM .79 985 U2, 929 929 918 088 088 085 078 63 66 25 359 20 30 A 413
985 oo 1 933 933 921 088 083 087 080 77 69 - 436 20 o4 a0 5%
) 935 9.3 930 930 919 088 089 88 C84 92 66 25 533 20 32 165 595
990 9y 942 920 083 088 .85 079 126 71 - 724 21 29 41 990
5950 G4 947 949 083 088 084 J75 151 78 867.7 25 28 478 1080
990 951 962 934 089 089 085 077 183 75 - 1061 29 31 545 150
85 990 907 947 939 922 088 088 (32 072 227 76 - 1273 24 31 6.12 1210

Resuits are guaranteed only when confirmed by test results.

FC

s temperature rise
appies to Ex & motors cnly and is explained in the hn~ardous
GAA series are supplicd as standard in South Africa

areas section.

CMG Motors | SGA 0809 (edition 7.1.0)
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APPE]

DIX — C: DC Hollow shaft Tacho-Generator

.eneral Brushes .

cie TOP <39 M B.C. ncllow shaft tech -ganerslors are moasure- The siong wnd guality of e siver-grophite brushes used, do guaranteo
vertlgrs for measuroment, cantrol and regulation lechnolegy. The long mamtenanco-lrus operaton, Brush life 18 howevar extremaly dapondent
ot these permanuntly excite 1 DG yencrators)s to convert the an ambient conditions and apoeed. For narma) operating conditions it iy

LoD ool wihuch ihey ara drven into & apeed-proportianal D.C. vaoitage. approx. 15.000 aparating hours.

Temperaiure cueilnaern

techanical Desigr .
e g Temperature compensation

L conaectian by means of: trolied oscitlotions which are induced and amplified by couphngs vill thus.

v low protife, shiort machine : A4 constructlon {without own boarings), . .
I a mechanically robus: ce. .gn The temperature cocliiciant of the permancat mage 2te used is dependent
v on the material used and is approx. +/~ 0.3 % par 0 dagrees K of tempo-
v e sentherigid gonnoiion baiweer w armalure and drivo rature change. This valuo applies 16 a temparature range of approx. - 40°C
Lauhineg, designed specially 'or highly dynamic res :rsing. up to + 100°C and is reversibla.
¥ 13 coupling, no long inteimediate flanje, simple and ¢ sst-effective u lemperatury compunsation is required, ““)‘ﬂ Sh%\é,lu be spocitled on ordar‘»
fitilng 10 the drive machine. ing {extra cost). In tha temperature rangs 0 —~ 100°C the temperature coof+
fictent of the penrinent magnets can bo compensated up to a tolerance of
&4 wice seiection of drive sh, 't diomuetsrs +/~ 0,05 % per 1C degreos K.
< ftem 12 to 30 mm dia.
v Lonoivd o to oylindrical Lnatt axteasions to DIM 748 Part 3 with
Loallie s Keywiy. Harmonics
. ferpnce litling to oyl nar al, pian shatt extensions of 16, 20, 25 An essontial charislerinstic of a gocd tacho voltage is a tow percontasge
T Cid. of hermonic content in a large speaed range. In general, the RM3 value af
. R ) ) tha tatal harmaoiuc mix 16 measurod by a thacmionic voitmetar and reters to
“ soibilty cf passing the drive shott through tne tucno so st an N . "
. or A ) the D.C. voltage vatue. The harmonic voilags is approx. 0,5 % a! speeds
Aal shaft extension of up to 25 mim dia. s avadasio (e.g fora PO A . .
<5 % handle) betwean 100 and 3060 rpm. Machine harmonics result from the maechanical
&K handlu). ) )
und oleclrical design and tha alectrical uga, 83 well as the production lele-
o nghi degrea of protecticn - 1P 56 rancos of symmotry.
- owhen LN is carrind cul acsoreing to instructions, ’
w @, seniod tarminal box wih caplive covar tixing screws for 1Y 85 R . .
S ar Linearity and optimum load current
. s.mpie mainienarnce, oalily accussle hrush argy; commutator The :,mluhih}y ol a tucno-gencrator lor dlf!c(e!u contral functions is detormi-
cantact surface can be chocked, cluaned and refurtbished without 'f“d by the linsarity of the output V°““9" felative to the SDVUECL
< aimantling the anmature. The max. permissible load current is given for sach machine which sheuld
. ) not be pxcecded with rospect ta the iinearily errors. (0,5 % a. max. currpnt.)
- Y mounting a”f% removal of the macnire: the stator housing is However, for high precision requirements in the rango of +/- 0,15% speed
vdoen cvor the licod armature deviation, wo recammend to seiect the optimum load resistanze.
cetal Brush contact voltage
PR 00 i X LI, ¢
Silver-graphito brushes with very I w zontact voltage ai'c". ...y used for
voanwTiavol ages troms 10 (¢ 120 V at 1030 rpo, D.C. tacho-gonurators. .
caoande voitage centaat ko 1o a miaimum by the hugh numbor of The towl veltage drop al tha aliding contact is wtfocted by wpued, cusrent
Lontsiuiots. donsity undar the brushes, brush prassure and the conditon of the patina
X on the brush contact surtace.
yhorawere componsaticn wp to + 100°C (eptional/additional price}
Insulation
. MBS - 2 fnsulation cluss B, Additional prolaction against aggrassive ambient condi-
- e ; pas tiony cun be provided by special insulation {ertra cost).
ti i !
ats s ‘ E Construction
tLore, dia, | The machine in Ad canstruction does not have own baarings. A torsionally-
. Lature i tigid cannection results fram pushing tho tacho onto the drive shatt. Uncen-
iatu

S dlerpag steeve (1a 16/20) I ﬁ‘esavoéc)ud, Mounlt:m of the m'uchino1 by means of two cheese-haad screws,
cor keywly (Ja 12, 14, 16, 19, 24, 25) M 5% 50 lincluded in scope ol supply].

< clompiag duvice @ 25) Note: max, drive-in torque 200 Rem,

Cowreavred at 1000 rpm = Vo - 12 o, 10 to 120 V)
Degrees of protection
CIN/VDE U530 part 5 (for rotating eleclrical machings).
lge IP 85
cancard vollages are given in the technicel tatles: Fully enclosed, Preiection against harmlful dust deposits und against
water spray from atl diroctions.
4 1P 58

Protection againsl fivoding.

| Note: Mounting surface of tacho to be sculed.]

IP 44
Protaction against granular cbjects and water splashing (with plastic
terminal LOX or conpecting cable, no aluminium casting).

Spend/voltage curve
nirm) Paint, surface protection
- IP 55/(P 56
Finish paint light grey RAL 7030.
onnecetions, Polzrity 1P 44
Surface protection: galvanized and black caromed.

¢ 1ITOAT Brimature 18 connocted via comiutator/orushes to 4 2-pole ter-
¢t Loasd, Whaen the machine s running clockwise {view from the Tachcs exposoed o aggressive gases and fumus will be supplied, 1n addition
shag se), the Al terminal is positive and the A2 termlnal negative, 10 special insulation with an appropriate special coat of paint.
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Selection table

Technical Data

Excitation: Permanert

Rated voltage tolerance 4 §
Direction of rofation
Polarity/connections

teversible
dependont on direction
of rotation

No of pole~ 4
No. of slots 39
No of segments a9
Brushes per maching 4

quatity AG 35

dimensions 3 x 5 x 10
Harmomie voltage: TU RMSE) 0.5

(100 - 3000 i)
Lmearily crror bie 015 M

100 ~ 2000 ooy

PRI

(10 - 100 tp3my

Al a power consumphion

of approx. 0,04 Wi 1000 1pm

Preferred voltages

Reversing error phe 0027

Insulation Cl
s 0,05 72 per 10 degrees K,
cempensated magnet system
#4003 % por 10 degrens K
uncompensated magnel system
st power consumplion

of approx 004 W I1000 rmm
Temperature range

up to + 100 ¢

2 x Umax + 500V,

Repeat test max 800 v

2.2 kgem?

Temnperature coelfrciont

Winding test

oment of mertia
Weight

of complete me une approx 23 kg in 1P 55400 53
approx 1.2 kg in P 44 (TDRL 2 &

Type Rated Vollhge Ko Ay Crptimum Armature
at 1000 rpm Spced Peomiecsibite Load Resistance
ot abzer ¢
00 rpym
sy frpmj fnd) X9 [
TOP 439-1 10 4000 ) . 2.5 28
TOP #39.2 20 €000 20 10 a6
TDP 439-3 30 8000 1 23 227
TDP 439-4 40 6000 10 a0 361
TOP 438-5 50 5000 £ G2 545
TOP 439-6 60 400 7 j2lo} 210
Voltages with 80 V, 100 V and 120 V are passible with Type TDPL 430,
Combined Units
The combined units {with own bearings) o com- The rmmn;xtrfm: and brush irea of the D C tacho arp
prise ol the tache described on the preceding pages easly nccessible from the hack side
plus an incremental encoder or overspeed switch . i
mounted together on a single shalt (Encader + over- The mounting d‘mcynS‘_‘”‘S‘?”‘ identical to those of the
speed switch ¢+ tacho on request) These totally enciosed follawing single units :H UJFC‘OHS"UCY on: D.C. tacho TOP
machines ars supelicd n 85 construction with one free (}_.?/B overspeed switch FSE 102 and incremental encodes
shaft extension h wing hwo termminal bhoxes, FG 4.
FSE 102 + TDP 439 H FG 4 + TDP 438 H
-
: .
i i
? |
4M 80 M 51536 ~ B5 construction HM 80 M 51537-B5 construction o e
3.C. tacho and overspeed switch type FSE 102 D.C. lacho and incremental encoder type £G 4
“he overspeed switch type FSE 102 15 & speed- The incrementat encoder fype £G4 s 1 robust unit for
dependent electro-mechamcal switching device which y eatreme ambuent and opcrahional condifo of tuat
releases a contact at a pre-set swilching speed corl the
speodanto g praporhoenal lrequency and e aonerate forther
Separate data sheots of FG 4 and £SE 102 avalatile an chigiial sagnals
request Subject to medificaticn!

Johannes Hilbner - Fabrik elektrischer Maschinen GmbH - D-35394 Giessen -

GERMANY - Phone: ++48-641-79 69-0 - Fax: ++49-641-73645 - E-mail: info@huebner-giesser

Siemensstr. 7
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