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ABSTRACT

Many industrial applications require
rotating electric drives. These drives are
normally capable of speed control and often
require an equipment to attain a versatile and
smooth speed control and to make the motor to
operate on a desired specific speed torque
characteristic. The variable speed application of
a drive is becoming more and more significant
where a wide range of speed is required. Also, it
must necessarily have a precise speed control of
speed for application to a particular job i.e. for
crushing mill in sugar industry.
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I. INTRODUCTION

This  paper  describes the actual
implementation of eddy current drive for crushing
mill machine in sugar cane industry at M.S.S.K
(Madhukar Sahakari Sakhar Karkhana) Nhavi marg,
Faizpur District: Jalgaon in 1975. Conventionally,
eddy current drive is used for varying the speed of
cane carriers in sugar plant. Eddy current drive is an
electromechanical device, which operates on eddy
current principle. In eddy current drive, speed is
varied by varying the field of eddy current coupling.
The speed is externally controlled and the operating
efficiency of eddy current drive is around 80%. A 3
@, 440 V, 50 Hz, 1440 rpm, 45 kW/60 h.p, and
flange mounted squirrel cage induction motor
mechanically coupled with eddy current coupling is
used in operation for varying the speed of cane
carriers.

A growing power quality concern is
harmonic distortion that is caused by the non
linearity of customers loads. This concern has drawn
much attention from many utilities, manufactures of
equipment and users [1]. Harmonic distorts the
waveform shape of voltage and current and
increases the current level which results in many
disturbances.

IEEE STD 519-1992 is “The IEEE
Recommended Practice and Requirements for
Harmonic Control in Electrical Power Systems”.
Tables 1(a) and 1(b) define the recommended limits
for total harmonic distortion (THD) and individual
harmonic distortion for voltage and current at the

point-of-common-coupling  (PCC)  with  the
utility[1],[2].

MAXIMUM VOLTAGE DISTORTION IN %

< 6969161 |> 161
Maximum For
Individual Harmonic | >° | 1° 1.0
Total Harmonic
Distortion (%) 5.0 25 15

Table 1(a) — IEEE Std 519-1992 Voltage Distortion
Limits

MAXIMUM CURRENT DISTORTION IN
PERCENT OF I,

Individual Harmonic  Order (Odd
Harmonics)
Isc <11 | 11 | 17 23<h | 35< | %
ny h <h >35 h TD
=17 | 223 D

<20 |40 |20 |15 0.6 03 |50

20- 70 |35 |25 1.0 0.5 |80
50

50- 10. |45 |40 15 0.7 | 12.0
100 | O

100- | 12. |55 | 5.0 2.0 1.0 | 15.0
1000 | O

> 15. | 70 | 6.0 2.5 1.4 | 20.0
1000 | O

Where Isc= Maximum short circuit current
and IL=maximum load current

Table 1(b) — IEEE 519 Current Distortion Limits for
General Distribution Systems (120 V through
69,000 V)

1. EDDY CURRENT DRIVE UNDER
STUDY

Electromagnetic drives, or eddy-current
couplings, have more in common with mechanical
adjustable speed drives than they do with other
electrical drives. These drives use a speed
adjustment mechanism located between a constant-
speed motor and the load rather than an adjustable
voltage or frequency power supply controlling the
speed of dc or ac motors. Another aspect in common
with mechanical drives is that they are inherently
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single-motor units. The drive unit consists of a
constant-speed ac induction motor and a magnetic
clutch or eddy-current coupling. The variable-speed
output shaft is rotated for the constant-speed ac
motor through the action of the eddy-current

coupling.
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Figure (1) Eddy Current Drive: (i) Schematic
representation of eddy current drive (ii) Photograph
of implemented eddy current drive in M.S.S.K
Sugar Industry

TABLE: SPECIFFICATION OF THREE PHASE
INDUCTION MOTOR

) INDUCTION
SPECIFICATION’S MOTOR (1S325)
FLANGE
CONSTRUCTION  TYPE | MOUNTED
(1S2223) INDUCTION
MOTOR
M/S BHARAT
MANUFACTURER BIJLEE LIMITED,
MUMBAI
OUTPUT INKW / H.P. 45760
SQUIRREL CAGE
ROTOR TYPE TVPE
POWER FACTOR 0.88 (LAG)
E\’\}ngi'Tr) ACNOLTAGE | 440+ 10%
FULL LOAD CURRENT | 76,5

www.ijera.com
(AMP))
RATED TORQUE IN N-M | 29.80
EFFICIENCY (%) 93.2
FREQUENCY (HZ) 50
FULL LOAD SPEED
(RP.M) 1470
NO. OF POLES 4
NO. OF PHASES 3
INSULATION CLASS F
TEMPERATURE RISE CLASS B LIMIT
MOTOR WEIGHT INKG. | 362
ROTOR INERTIA IN KG-
. 1.60
RATIO OF STARTING
CURRENT TO RATED | 600%
CURRENT
RATIO OF STARTING
TORQUE TO RATED | 250%
TORQUE
RATIO OF PULL OUT
TORQUE TO RATED | 250%
TORQUE
DEGREE OF\ &5
PROTECTION (1S4691)
AMBIENT »
TEMPERATURE (°C)

TEFC
COOLING SYSTEM | (TOTALLY
(1S6362) ENCLOSED FAN
COOLED)

Torgque

=]

o Output Speed —RPM 1800 ©

Il. OUTPUT TORQUE OF EDDY
CURRENT DRIVE

The output torque is essentially equal to the
input torque since friction, windage, and inertial
torque are usually negligible. As shown in Fig.3-a,
with a fixed amount of excitation applied to the coil,
the output speed of the clutch will vary as the load is
increased or decreased at points 1 and 2 of the
torque speed curve. In Fig. 3-b by varying the level
of excitation to the coil, the amount of linkage effect
and, consequently, the amount of torque transmitted
from the ac motor to the output shaft can be varied.
(See points 1 and 2 of the torque-speed curve in
Figure 3.) Varying the output shaft torque enables
the adjustable speed drive to maintain a set speed
with a varying load [3]. Torque transmission is
accomplished magnetically without physical contact
of members. Consequently, there is no wear to
require adjustment and replacement of parts.

Full Excitation

Fu|| Excitalion

output Spesd —RPM 1800
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Figure (3) : (a) Torque-speed curve at fixed
excitation (b) Torque-speed curve at variable
excitation

IV. EFFECT OF HARMONCS ON EDDY
CURRENT DRIVE

Harmonic distortion is a form of electrical
pollution that can cause problems if the sum of the
harmonic currents increases above certain limits [5].
A harmonic current is one with a frequency at a
multiple of the fundamental frequency, for instance
a 250 Hz current on a 50 Hz network is the 5"
harmonic[6],[7]. The 250 Hz current represents
energy that cannot be used by devices on the
network. It will therefore convert to heat. According
the International Electro technical Commission
(IEC), the level of harmonics is described by the
total harmonic distortion (THD) and is expressed as
a percentage of the total voltage or current.
Harmonics may cause cables to overheat, damaging
their insulation. Motors may also overheat or
become noisy and torque oscillations in the rotor
can lead to mechanical resonance and vibration.
IEEE 519-1981 specified limits for voltage
distortion which is referred to as Total Harmonic
distortion (THD). This standard stated that the total
voltage distortion factor is related to the total notch
area. As ASD technology, IEEE 519-1992 maintains
the limits for notch area and THD and adds limits
for total current distortion. The new standard added
current distortion limits because harmonic voltage
distortion is a function of the total injected harmonic
current and the systems impedance at each of the
harmonic frequencies [4].

V. RESULTS OF HARMONIC ANALYSIS
The results obtained from actual
measurement in each mode are given below:
Figure 4 shows Table of Voltage produce at n™
order of harmonic and harmonic analysis bar graph
(Plot between voltage vs harmonic number). It
indicates that high voltage is produced at
fundamental harmonic number but if you see 3™ , 7"
and 11" harmonic order, low voltage is produced.
So the percentage of voltage harmonics is produced
at3“of 2.27 % , 5" of 71 % and 7" of 4.54 %.

TABLE: VOLTAGE PRODUCE AT N™ ORDER
OF HARMONIC

HARMONIC

SN. | SRDER NUMBER | VOLTAGE
1 FUNDAMENTAL | 880
2 3rP 20
3 5™ 625
4 7™ 40
5 o™ 350
6 1™ 100
7 T3 220
8 15™ 250
9 17™ 70
10 | 19™ 170
il YR 90
12 [ 237 200
13.. [ 25™ 30

Harmonic Measurement Bar Graphof Eddy CurrentDrive
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Figure 4: Harmonic analysis bar graph (Voltage v/s
harmonic order number)

Figure 5 shows actual harmonic measurement
readings of eddy current drive. It indicates how
much Total Harmonic Distortion voltage and Total
Harmonic Distortion current is produced. Also, it
gives load power factor is of 0.8372 (lag).
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Figure 5: Harmonic produced in eddy current drive

Figure 6 and 7 shows output waveform of voltage
and current harmonics. This output waveform is
distorted. The current harmonics depend on the
drive construction and load. Factors that increase
current harmonics include: No network choke and
higher motor load. Factors that decrease current
harmonics include: Greater DC or AC inductance,
higher number of pulses in the rectifier and active
rectifier. Factors that decrease voltage harmonics
caused by the harmonic currents: larger transformer,
lower transformer impedance and higher short
circuit capacity of supply
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Figure 6: Output waveform of eddy current drive
including voltage and current harmonics

Figure 7: Zooming of Output waveform of eddy
current drive including voltage and current
harmonics

VI. APPLICATIONS OF EDDY CURRENT
DRIVE

The major application of Eddy Current Drives is
mostly found in the following industries:

1. Sugar Industry for Crusher Machine

2. Asphalt/aggregation material handling

3. Conveyors

4. Paper mill

5. Fans, pumps, and blowers

6. Packaging

7. Cement factory

8. Metal forming/stamping process
9. Winders

10. Processing machines

VII. CONCLUSION

In this paper we have shown that the details
obtained from actual harmonic measurement on
eddy current drive, the line voltage and current
signal can indicate notch parameters. An eddy
current drive is given a power factor of 0.8372 (lag),
Total Harmonic Distortion of Voltage is 11.70 %
and Total Harmonic Distortion of Current is 1.60 %.
These technical parameters are carried out by using
power analyser Yokogawa make WT-230.

IEEE STD 519-1992 is “The IEEE
Recommended Practice and Requirements for
Harmonic Control in Electrical Power Systems”.
The recommended limits for total harmonic
distortion (THD) for voltage and current are 5 %
and 1 %.
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