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Abstract: Owing to meet the advancement in electrical and electronics field modernization is common in all aspects, thus
providing latest technologies on capacitors in order to take over the high voltage machineries and transmissions. These capacitors
provide good effects on handling high voltage equipments and gadgets. In this paper it shoes the modern capacitor technology

that holds high strength dielectrics and can withstand up to great extent in case of high voltages.
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1. INTRODUCTION

The first capacitor was used in Telephone circuits consists
of interleaved sheets of paper and metal foils as dielectric
material and paraffin wax was used as impregnant. They
can be used only in low voltage circuits. At high voltages,
failure occurs due to ionization in the voids formed in wax
during cooling. The impregnant paraffin wax was replaced
by petroleum jelly. In this case also, troubles occur due to
the formation of voids. Hence, petroleum jelly was replaced
by Mineral oil. The layers of paper and metal foil were
assembled in a small case before impregnation and the case
was sealed leaving a filling hole. Chlorinated oil (Penta
chloro diphenyl) having pour point of -10 °C and Mineral
oil having pour point of -45 °C can also be used as
impregnant. A capacitor made with the above grade of
chlorinated oil is self compensating with respect to
temperature. If the capacitor was de-energized at sub-zero
temperature, congealing (becoming semisolid)
accompanied by void formation could occur and the
capacitor damages.

Recent grades of chlorinated oil

Type Pour point
Tetrachloro diphenyl -9°C
Trichloro diphenyl -18°C

At this stage stabilizers were used to improve the life
properties, but now-a-days they are restricted to capacitors
used on DC applications. In recent days, tests have shown
that Wood pulp paper (universally known as Kraft paper)
impregnated in chlorinated oil were electrically better.
Operating stress in mineral oil and Chlorinated diphenyl
was 13.5 V/um (rms) [130KV/cm]. Nowadays stress up to
20 V/pm (rms) [20KV/cm] is being used.
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2. REQUIREMENTS AND
PROPERTIES OF THE DIELECTRICS
USED IN CAPACITORS

Complete design of a capacitor depends on the dielectric
medium used. Any dielectric medium should satisfy
electrically, mechanically and chemically. The dielectric
should have a best combination of the following properties:
Electrical strength tan 6, €, Cost, Permissible temperature
rise the dielectric should have high permittivity, because
they permit to get the necessary capacitance with smaller
electrode area. In general energy is stored in the dielectric.
The energy is given by,
W =% * CV?
The quality of materials necessary for the manufacture of a
condenser depends on & but still more on the working
intensity. The working intensity in turn depends on the
electric strength of the dielectric, losses in it, etc. The
working intensity should be chosen in such a way that it
does not exceed the working strength of the dielectric and
doesn’t cause heating above the permissible temperature.
Thus the cost, weight and dimension of any power
capacitor depend upon the number and properties of the
dielectric.

2.1 Common Dielectric Materials Used
2.1.1 Mica
It was mainly used in high frequency applications. They
are rarely used due to their high cost.
2.1.2 Ceramic
This was also ruled out on economic aspects.
2.1.3 Thermoplastic Film
In this case filling the interlayer spaces with oil was
difficult.
2.1.4 Paper
It was widely used in the high voltage capacitors.
Impregnation of paper increases its dielectric strength and
improves its dielectric permittivity. This is due to the fact
that the innumerable pores of the paper forming 25 to 30%
of the paper volume is replaced by other high quality
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insulating material having higher dielectric permittivity.
Solid impregnating masses are not used, because during
hardening they shrink and pores are not filled with
impregnating mass, i.e. air cavity are left as such. Due to
this € of the dielectric material reduces (by 10 t015%) and
partial discharges may occur resulting in reduced life of the
capacitor.

2.2 Life expectancy of the capacitor

The life of the capacitor will depend upon the over voltage,
elevated temperature and the ageing process. For “hot spot”
temperature range = 20°C ton 75°C Life expectancy is
halved for every 5°C rise in hot spot temperature.

3 GENERAL FEATURES OF

CERAMIC CAPACITORS

1. Minimal size, light weight.

2. Use high insulation plastic films and synthetic
insulation oil.

3. Easyto install.

4. Little dielectric loss.

5. Keeps temperature stable, prolongs capacitor life.

6. Stable static capacitance.

7.  Excellent manufacturing technique and strict
quality control means.

8.  There exists stable capacitance with little
variation due to temperature and high insulation.

9. With plastic film makes its capacitance stable and
durable.

10. Adopts non-polluted insulation oil which should
be unharmful to human beings, animals and
environment.

11. Built in discharge resistor exists, thus safety is
assured.

4 ATYPICAL POWER CAPACITOR
DESIGN

4.1 Method of Rating Power Capacitor
Units

When capacitors were used to improve power factor, the
terms of primary corner is the magnetizing current of
power load such as induction motors. The product of the
magnetizing current and line voltage determines the
reactive component of the load and this is usually
expressed in lagging volt-ampere. Since the resulting power
factor is determined by the extend that the lagging volt-
amperes are supplied by capacitors. It is convenient to rate
the capacitor in volt-amperes and since the capacitor volt-
amperes are reactive, the expression VAR is used. To avoid
large numbers the factor of 1000 is used giving the basis of
rating, KVAR. A capacitor rated at 1IKVAR will draw
1000V A of reactive current.

KVAR = (E>*2 1 £ C * 10°) / 1000
Where,
E- rms voltage in kV
C- Capacitance in pF
f- Frequency, cycles
The current that a capacitor will draw from the circuit is
directly proportional to voltage, capacitance and frequency.
I=2nfC=10"%4
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The capacitive reactance of a capacitor is inversely
proportional to frequency.

. 1+ 1078

T 2mfC

Continuous Working Voltage: Average voltage over in any
24 hours period.

Frequency: When standard capacitors were used on
frequency below 60 cycles, the KVAR would be reduced
directly with frequency.

Waveform: In the design of capacitors, if the waveforms
were not perfect sine wave, operating kVAR was higher
due to the effect of harmonics.

Ambient Temperature: All power capacitor units were
designed for an ambient temperature of 400C, but some
capacitors such as those rated for 230V and outdoor open-
mounted units may be operated ambient temperature of
500C.

Terminal to case rating: The terminal to case working
voltage was not intended to exceed the terminal to terminal
voltage.

4.2 Design of Power Capacitor

Consider 15 kVAR, 2400V capacitor unit treated with
pentachlorodiphenyl and with a nominal voltage stress of
13.8 V' fum,

p s
¥

VAR = — =TV%aC
' VAR VAR
T WV 2mfvE
15 = 10°
2 = 50 = 24007
= 8.20uF

Adding 7.5% allowance for manufacturing variations
this becomes 3.%uF . Higher voltage capacitors are usually
made up of series connected groups with the rating of
eachgroup not exceeding 1200V.Since the capacitor will
consists of two groups in series, each group must have a
capacitance 17.82uF.

If the capacitance is made up of 12 sections each 17.32uF
group will consists of 6 sect}i(_)ns_ in parallel and each section
must have a capacitance of TE = 2.97uF,
The area A can be determined from the formula
A=C=T=K
Where,
A--- Total active area of the dielectric in m2

C--- Capacitance, in uF.

K--- Empirical factor, which includes average

assembly pressure, dielectric constant

fluid film and paper density.
(K=0.025).

Each section consists of seven layers of 12.3um
paper.

[y

s

2,5 = 87.5um

-

90



International Journal of Science and Engineering Applications (IJSEA)
Volume 1 Issue 2, 2012, ISSN - 2319-7560 (online)

Winding Sections: In winding a capacitor section two
dielectric and two foils are wound up on the mandrel with
one dielectric between the foils and one on the outside of
the one foil, so that a foil will always be adjacent in either
direction to a dielectric. Therefore the wound length of the
section is one-half the total length of dielectrics.

The active width of the dielectric is the area common to

both foils. Assume foil width=22.5 cm, Total active
area=6.497m2 o
The length of the winding L = ———— = 14.44m

To setup for the winding the above section, 14 rolls of
paper and two rolls of foil are arranged on the mandrels.
One set of seven sheets of paper is first started, then one
foil, then a second set of seven sheets of paper and then a
second foil. When all the paper and foils are started, the
ending must precede unit 14.44m for each foil.

The paper used in winding a capacitor section is wider than
foil to provide adequate margins for the prevention of
flashover from foil to foil. During the winding operation
the winding machine is stopped to permit insertion of
tinned copper strips for making contacts with the foils and
providing a means of external electrical connection.

4.3 Winding Configurations

There are two types of windings:

1. Flat winding.

2. Cylindrical winding
The capacitor windings are manufactured by windings on a
cylindrical mandrel. The windings are initially wrapped on
the cylindrical mandrel. They are then removed and pressed
flat or retained as such to have a cylindrical shape. The
voltage of a single turn capacitor was limited due to the
small thickness of the dielectric.

4.4 Design of Different Types of

Capacitors

4.4.1 Power Capacitors

They are constructed preferentially with flat windings
pressed into cubic packets and tightly enclosed in sheet
metal housing. In this way good heat transfer is guaranteed.
Also the temperature dependent expansion of the
impregnating medium is taken up by the membrane effect
of the housing walls. Power capacitors are required for
medium voltages. Due to this the leads for the connecting
terminals as well as insulation of the windings against the
housings are managed well.

4.4.2 Coupling Capacitors

These capacitors as well as the capacitor parts of the
capacitive voltage transformers are required for voltages
from 110kV upwards and for low power ratings. They are
therefore mainly built in an insulated housing type
construction. Windings include flat or cylindrical type with
internal series connection.

4.4.3 Impulse Capacitors

These windings must have low inductance in the
arrangement of windings and at the terminals. For
capacitors in impulse voltage generation, their range is
greater than 200kV. They also have an insulated housing.
Impulse capacitors for low inductance capacitive energy
storage must be built with coaxial or strip conductor
terminal and current return via housing.
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In this type there is short duration over shooting of the
inception voltage. The impulse condenser are used as stores
of energy in laboratory impulse voltage and current
generators.

Operating Field Strength (usually E=(80-
100)V /). With long life span--- (30-40)kV / umm.With
limited life span--- up to 100 &V /mm.The sudden
discharge of a HV capacitor constitutes high mechanical
stressing of the windings and their connections, In the
above figure the electrostatic force can be calculated using
the energy equation,

o =-F

- &, £, B

For E=75V fum, £,=4.2---- F' = 10% N /m* =1bar
For a sudden discharge this pressure, withstood earlier in
the winding vanishes very abruptly. For an oscillating
discharge, pressure oscillations at twice the discharge
frequency occur, and the consequence is a strong
mechanical alternating stress on the thin metal and
insulating foils.
The electromagnetic forces make it essential that the
construction of the winding connections should be of high
mechanical quality and strength. To keep the magnetic
fields by the discharge current ‘i’ at a minimum, the
impulse capacitors must have direct axial current leads at
each winding of the metal foils if possible.
Impulse capacitors are subject to operational oscillatory
voltages as shown below.
Uo--- charging voltage
k----oscillatory factor
For the stresses so produced the oscillatory factor k is of
great significance .In Impulse capacitors for plasma
physics measurements, it is usual to aim life time of about
N=10000 discharges for k=0.8.
The following graph gives an idea of the relation between
operating field strength and the discharge number ‘N’
expected up to breakdown.
The above graph was based on the oil impregnated paper
windings for k=0.8.for k=5 one may expect 4 times the
number of discharges to breakdown. Also a decrease in
operating field strength by 10% also permits anticipation of
4 times longer life time. By using castor oil further increase
in life time is got.
4.4.4 Dc Capacitors
These capacitors are usually charged with a unidirectional
voltage and the stored energy is suddenly released through
a switch or gap to provide a high current pulse. They have
short life (10° discharges) and hence possible to operate at
high stress (even above inception level).
Advantage of high stress----The size and hence the cost is
reduced.
Disadvantage of high stress---- High stress may cause
failure of too many windings, resulting in economic loss.
Material Used: Aluminium loaded paper.
Advantages of Aluminium loaded paper:
It absorbs the ionic impurities in the impregnant and makes
them inert to the electrical stress and high temperature. It
absorbs the decomposition products generated due to
electrochemical and thermal degradation.
Impregnant: Cleaned castor oil
Castor oil has the same dielectric strength as mineral oil.
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e =45—-4.7

The dielectric constant of the impregnated paper is
increased to 5.5 — 6.0. As a result the volume and weight of
the capacitor is reduced.

Operating field Strength: With long life span: (25 — 40)
kV/mm.With limited life span: up to 100 kV/mm
Smoothing capacitors (mineral impregnated paper): (80 —
100)V/um

When askarel impregnated paper windings are subjected to
direct voltage testing the following data was got.

No. of 2 3 4
layers
= 100 170 230

Pulse Repetition Rate: Discharge repetition rate of the
capacitors of five to six discharges per minute can usually
be achieved with only a moderate increase in temperature.
Increasing the repetition rate would lead to higher internal
temperature. The loss factor also increases with
temperature and thermal instability could be reached.
Protection: The capacitors usually discharge into low
impedances and hence no fuses re fitted internally but in
small banks the fuses are used externally. Discharge
resistances are not fitted because of the excessive charging
current required.

4.4.5 Ac Capacitors

Material Used: Paper which is mostly impregnated with
synthetic polarized liquids of the type of pentachloro
diphenyl with permittivity nearly 5 i.e., about 2 times
larger than the mineral oil used. By additional special
cleaning techniques it is possible to get synthetic polarized
liquids with tan&=(0.003-0.006).The weight gets reduced
by (35-40)% of the mineral oil impregnated capacitors.
Operating Field Strength: At 50 cycles, prolonged action
of the voltage and absence of over voltages--- (12-14) k
Vmsd/mm. With the possibility of occurrence of internal
over voltages--- (8-9) kV ys/mm.

With the possibility of occurrence of internal and external
over voltages--- (7-8) KV md/mm.

At a frequency of 0.1-10 kC prolonged application of
voltage and natural cooling--- (3-6) kV,ns/mm and with
water cooling--- (8-10) kV,ns/mm.

Power Capacitors, (1) askarel impregnated paper--- E= (15-
20)V fum

(i) askarel impregnated paper/foils--- E=(35-40) V" / um
Measuring and Coupling capacitors, mineral oil
impregnated paper--- E = (10-15)V /um

Paper Thickness: (10-25)um

Windings: Flat, cylindrical. Both series and parallel
connection exist. The type of connections varies based on
the operating voltage. The following table illustrates the
combination for a pack of 12 windings.

Series Parallel Operating
windings Voltage
1 12 800
2 6 1600
3 4 2400
4 3 3200
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6 2 4800
12 1 9600
Fuse Protection: Internal and External fuses. External

fuses only
Effect of Internal fuses in:,
(i)Mineral  Qil Impregnated Capacitors— Faulty
windings are isolated locally and they permit
the continued operation of capacitor banks with little
inference to operational needs.
(if)Chlorinated  Impregnants—Internal ~ fusing  causes
carbonization and decomposition into undesirable products
and reduces the life of the unit.
Due to the disadvantages of internal fuses. External fuses
are mostly preferred.

5. KEY COMPONENTS FOR A
COMPLETE DESIGN

There are four key components:
1. Insulation to Case
2. Discharge resistance
3. Bushing
4. Wicking Effect

5.1 Insulation to Case
Layers of paper are wrapped around the capacitor.
Thickness of the layer depend on impulse withstand level.

5.2 Discharge resistance

It was required for the safe handling of power frequency
capacitors after de-energization. Power loss is less in the
discharge resistance when compared to the dielectric loss in
capacitor. Increase in temperature is also not high due to
this resistance.

5.3 Bushings

They should operate satisfactorily both in dry and wet
conditions.

5.4 Wicking Effect

It means to the uniform distribution of the impregnant (oil)
in the dielectric. This distribution mainly depends on the
material used (i.e., its absorption capability). In order to
achieve excelled wicking effect a fibrous surface capacitor
tissue paper sandwiched between aluminum foil and
polypropylene film. This layer configuration helps in
complete drying and void free impregnation. Thus the
capacitor is electrically robust and has long life.

6. COMPARISON OF DIFFERENT
CAPACITORS

6.1 Comparison between Paper

Impregnation with Mineral Oil and
Chlorinated Diphenyls
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Mineral Oil
Impregnation

Chlorinated Diphenyl
(askarel)

(i) Used in measuring
and coupling capacitors.

(i) Used in power
capacitors

(i)

£, = 4.2 tand = 0.2%

The power density in this
case is more than the
mineral oil impregnation.

(iii) With persisting
overstepping of the
inception voltage wax
formation and ultimate
breakdown at the edges
should be expected.

(iii) With askarel on
account of the danger of
HCI acid formation at
the metal edges, special
attention should be paid
to ensure that the
inception voltage is not
exceeded even for short
duration.

6.2 Compare Single Layer MPP
(Metalized Polypropylene) and Two

Layer (Film, Paper + Foil) Capacitors

Single layer (MPP)

paper + foil

Two layer — film +

(i) quantity of

(i) Quantity of

dielectric material
used is only 12% to
22% compared to
two layer film +
paper + foil design.

dielectric material
used is more than 4.5
to 8 times compared
to single layer MPP
design

(ii) Output of
capacitor will go on
reducing with time.

(i) Output of
Capacitor will
remain steady over a
period of time

(iii) The power factor
will go on reducing
hence increasing the
maximum demand.

(iii) the power factor
and maximum
demand will remain
steady at the
corrected value.

(iv) Frequent
replacement is
necessary to maintain
the power factor.

(iv) Working life is
long.
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(v) Initial cost is (v) Initial cost is high
much low, but short but with very long
working life and very | dependable working
costly. life ultimately proves
very economical.

6. CONCLUSION

Thus, the use of intensive techniques for using advanced
capacitors for high voltage transmissions and machineries
were illustrated above and their special techniques were
also shown above. The capacitors are shown are mostly
used for high efficient energy transmissions and latest
requirements to meet energy needs and high voltage
withstanding capacities and the bushing technology shown
are of highly efficient and proves of proper efficient
transmissions. Using appropriate technology is the
smartness on latest trends HV capacitors provide enough
needs to make over the faults were others does.
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Abstract: Partial discharges were in general a consequence of local electrical stress concentrations in the insulation or on the
surface of the insulation. A wide group of discharge phenomena such as internal discharges occurring in voids or cavities within
solid or liquid dielectrics, surface discharges appearing at the boundary of different insulation materials, corona discharges
occurring in gaseous dielectrics in the presence of inhomogeneous fields and continuous impact of discharges in solid dielectrics
forming discharge channels were included as partial discharges. It has been observed that the use of nano composites in the
matrix of polymeric materials can greatly improve the thermal, mechanical and electrical properties of polymeric nano
composites. A nano composite (TiO,+SiO,) has been tested as nano filler. The micro particles of TiO, and SiO, are converted
into nano particles with the help of ball mill. Scanning electron microscope (SEM) has been used to augment the particle size of
nano composite. These nano composites were mixed with standard (Elmo Luft 1A-FD) enamel with help of ultrasonic vibrator.
The partial discharge characteristics of enamel, micro composite (3:1, 1:3, 1:1 of SiO, and TiO,) filled enamel and nano
composite (3:1, 1:3, 1:1 of SiO, and TiO,) filled enamel were detailed and analyzed. The partial discharge measurement was
carried out in uniform field electrode configurations. The mixing of nano composites of SiO, and TiO, taken in the proportion of
1:3 with enamel has a significant improvement in the values of partial discharge inception and extinction voltage by 25% and
35% respectively when compared to the partial discharge inception and extinction voltage of the enamel. Similarly, the enamel
filled with micro composites of SiO, and TiO, taken in the proportion of 1:3 has an increase of 19% and 35% in the values of
partial discharge inception and extinction voltage respectively when compared to the partial discharge inception and extinction
voltage of the enamel.

Keywords: Partial discharge inception voltage, Partial discharge extinction voltage, Ball Mill, SiOF, TiOF, Scanning electron
microscopy

1. INTRODUCTION

In the last few years, a great deal of attention has 2.
been given to the applications of nano dielectrics in the

SYNTHESISATION AND

field of electrical insulating materials. It has been reported
that the use of nano composites in the matrix of polymeric
materials can greatly improve the thermal, mechanical and
electrical properties of polymeric nano composites [1].

In the last few years, a great deal of attention has
been given to the application of nano dielectrics in the field
of electrical materials [2]. Nano dielectrics were a class of
materials containing at least one phase at the nanometer
scale. It has been reported that the use of nano fillers
improves the corona resistance of polyimide films [4]. In
addition, the use of nano composites of Silicon Di-Oxide
(SiOy) and Titanium oxide (TiOp) in low density
polyethylene has shown a smaller decrease in the resistivity
of the polymeric matrix compared to micro fillers.

A driving force of the nano revolution was a
continuous progress in the nano dielectrics towards
increasing the level of stability, the reduction in the size
and weight of the insulating materials [3]. In this paper, the
partial discharge characteristics of enamel, micro
composite (3:1, 1:3, 1:1 of SiO, and TiO,) filled enamel
and nano composite (3:1, 1:3, 1:1 of SiO; and TiO,) filled
enamel were analyzed and detailed.

Www.ijsea.com

CHARACTERIZATION OF
NANO PARTICLES
2.1 Ball mill method

There were several methods for creating nano particles,
including both attrition and pyrolysis. In attrition, macro or
micro scale particles were ground in a ball mill, a planetary
ball mill, or other size reducing mechanism.

Ball mill was an efficient tool for converting micro
powder into nano powder [1]. There are two ways of
grinding: dry process and the wet process. The Silicon
dioxide and titanium oxide nano filler was synthesized by
this method. The pulverization planetary ball mill was
universally applicable for quick dry or wet grinding of
inorganic and organic samples. The sample material was
crushed and disintegrated in a grinding bowl by grinding
balls. The grinding balls and the micro powder in the
grinding bowl were acted upon by the centrifugal forces
due to the rotation of the grinding bowl about its own axis
and due to the rotating supporting disc.

2.2 Characterization of SiO, and TiO,
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Nanoparticle characterization was necessary to
establish understanding and control of nanoparticle
synthesis and applications. Characterization was done by
using a variety of different techniques such as transverse
and scanning electron microscopy (TEM and SEM), atomic
force microscopy (AFM), dynamic light scattering (DLS),
x-ray photoelectron spectroscopy (XPS), X-ray diffraction
(XRD), Fourier transform infrared spectroscopy (FTIR),
ultraviolet-visible spectroscopy and nuclear magnetic
resonance (NMR). Hitachi SU1510 was a compact, high
performance scanning electron microscope. It was used for
analyzing the particle size of SiO, and TiO, micro and nano
particles. High resolution imaging was provided by this
electron microscope.

2.3 Curing

The process of converting liquid state enamel into solid
state sample is called as curing. The curing method used for
enamel was radical initiator curing. In this process DDM
(Diamino Diphenyl Methane) was used as curing agent [1].
80% of enamel and 20% of epoxy resin was taken. DDM
was taken in proportion to epoxy resin. For 1g of resin 0.27
g of DDM was added. DDM was melted for 10 minutes for
60-80° C. The enamel, resin and melted DDM were mixed
in a beaker. The mixture was poured in the die which is
coated by a Teflon sheet. Then the die was heated at 120° C
for 2 hours and 130° C for 3 hours in an oven. The die was
cooled and the solid sample was taken away from the oven.

3 EXPERIMENTAL RESULTS

3.1 SEM Image Results

The SiO, and TiO, particles were subjected to scanning
electron microscopy to analyze the particle size and
structure of the nano particles. The figures 1 to 4 show the
SEM analysis of micro range of SiO, and TiO, before ball
mill synthesization method.
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Figure 1 SEM analysis of SiO, at 50 Fn

Figure 2 SEM analysis of SiO,at 30 Fn
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Figure 3 SEM analysis of TiO, at 50 Fn

Figure 4 SEM analysis of TiO, at 30 Pn

The figures 5 to 8 show the SEM analysis of SiO, and TiO,
after ball mill synthesization method.

The micro size particle are converted into nano size with
the help of Ball Mill .The SEM results show that the
particles were in the form of nano metric range varies. The
sizes of the particles were in the range from 40 to 100 nm
size.

Figure 5 SEM analysis of SiO,at5 Fn
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Figure 6 SEM analysis of SiO,at 4 Pn

Figure 7 SEM analysis of TiO, at 5 Bn

Figure 8 SEM analysis of TiO, at 4 Bn
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3.2 Partial Discharge Measurement

3.2.1Partial discharge

Partial discharges are in general a consequence of
local electrical stress concentrations in the insulation or on
the surface of the insulation. Generally such discharges
appear as pulses of duration of much less than 1s. The
partial discharge includes a wide group of discharge
phenomena such as internal discharges occurring in voids
or cavities within solid or liquid dielectrics, surface
discharges appearing at the boundary of different insulation
materials, corona discharges occurring in gaseous
dielectrics in the presence of inhomogeneous fields and
continuous impact of discharges in solid dielectrics forming
discharge channels(treeing).

Every discharge event causes a deterioration of
the material by the energy impact of high energy electrons
or accelerated ions, causing chemical transformations of
many types. The number of discharge events during a
closed interval of time is strongly dependent on the kind of
voltage applied and will be largest for AC voltages. The
actual deterioration is dependent upon the material used. It
is still the aim of many investigations to relate partial
discharges to the life time of specified materials. The
detection and measurement of discharges is based on the
exchange of energy taking place during the discharge.
These exchanges are manifested as electrical pulse currents,
dielectric losses, EMR, sound, increased gas pressure and
chemical reactions.

3.22 Experimental set up for partial

discharge measurement

Partial discharge (PD) current pulses are very
sharp pulses having a width of the order of nanoseconds.
The IEC 60270 PD detectors are approximated the
measured PD pulses as an impulse (less than 500 kHz
bandwidth).

Auto Transformer:

Auto transformer takes an input of 220 V, 50Hz,
single phase and gives an output varies from 0 to 220V,
50Hz, single phase.

H.V Transformer:

The rating of high voltage transformer is
220/100kV, 50Hz, single phase. By varying the input from
0 to 220V the output varies from 0 to1000kV in proportion.
Core made of iron type.

Coupling capacitor:

The coupling capacitor shall be mounted
insulated or other measures shall be taken to ensure that
ground foil can be connected to the insulated terminal of
the measuring impedance AKV-D.  Discharge free
coupling capacitor is used in this setup. The coupling
capacitor should preferably be high. C.=1000pF.
Measuring Impedance:

AKV-D is the measuring impedance, an inductor
in parallel with a capacitor. The measuring impedance unit
(Zy) is located physically close to the high voltage coupling
circuit and serves two main purposes:
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It attenuates the test voltage present on the high voltage
coupling circuit to the safe value for the measurement of
the partial discharge signals. It matches the amplifier to the
high voltage coupling circuit in insuring a flat frequency
response across the full measurement band width. The
measuring impedance unit (Z,,) should be configured in
such a way as to permit test voltage level monitoring and to
observe the phase relationship between the test voltage and
the partial discharge pulses; this technique helps to identify
the nature of the discharges.

Digital Storage Oscilloscope:

Agilent oscilloscope 54621A is used for the
display of the waveforms. The DSO is connected to the
DTM at the backend. The oscilloscope displays the phase
position of the partial discharge pulses with respect to the
AC test voltage. The phase position of the partial discharge
pulses with respect to the AC test voltage allows
conclusions about the location of the partial discharges in
the test object.

The arrangement of electrodes and experimental
set up used for partial discharge measurements is shown in
the figures 8, 9 and 10.

Figure 8 Circuit arrangements for Partial Discharge
Measurement
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Figure 9 Electrode configuration for PD measurements

Figure 10 Experimental set up for partial discharge
measurement for the sample

Plane-plane electrode configuration:

Sample thickness : 3 mm

Diameter of upper electrode : 25mm

Diameter of lower electrode : 75mm

The entire arrangement in an insulating liquid with an

appropriate dielectric constant (Ex: Insulating oil).

Allowed pC level:

The allowable pC levels for different conditions are
shown in the table 1.
Table 1 Allowable pC level for different conditions

Type of condition Allowable level

Shielded Less than 2 pC

Unshielded 7 pC

3.2.3 Experimental Procedure
Before starting the experiment on the test
specimen PD meter should be calibrated. The calibrator
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comprises a pulse generator in series with small capacitor
of known value. The generator and the capacitor may be
placed in the small box or may be connected together via a
properly terminated coaxial cable of sufficient length to
permit a calibration from the control room. The pulse
generator should either have a known calibrated output
level or its output level should be monitored. A suitable
output level adjustment in the form of a calibrated
potentiometer or a calibrated step attenuator should be
provided.

The following three methods specify the test
procedure for PD measurements, the first verifies the that
test object is free from significant partial discharges up to a
specified test voltages; second is used to determine the
discharge inception and extinction voltages; and the third is
used for measurement of discharge level at a voltage or
voltages in range between the inception voltage and the
maximum dielectric voltage.

A voltage, well below the specified discharge
free voltage, is applied to the test object, gradually
increased to the specified voltage, and maintained for the
specified time; there after it is decreased and switched off.
The object is consider to have the passed the test if the
discharges do not exceeded a specified level.

A voltage well below the inception value is
applied to the test object and gradually increased until
discharge exceeds a specified level. The test voltage at this
discharge limit is recorded. The voltage is then increased
by 10% and there after reduced to a value at which the
discharge ceases or become less than a specified level. The
voltage corresponding to this limit is recorded. For some
insulation systems, the extinction and inception values may
be influenced by the length of the time that the test voltage
is maintained above the inception level.

324 Calibration

The PDG pulse generator is connected in parallel
with the test object and normally operated on position
“50pC”. The effective PD of the PDG simulates a known
partial discharge intensity of the object. With the measuring
range selector ‘E’ of the DTM set on the respective
position, the display is also set to 50pC with the
potentiometer ‘G’ “CORR”. For a defined test arrangement
and with identical test objects, the correction factor has to
be determined only once and holds good for all the
measurements in the setup.

3.2.5 Partial discharge mception and extinction
voltage
The partial discharge inception voltage and
partial discharge extinction voltage for Plane-Plane
electrode configurations were summarized in the following
tables 2.

Table 2 The partial discharge inception voltage and
partial discharge extinction voltage for Plane-Plane
electrode configurations

% of Inception Extinction
Sample | Voltage KV | pC Voltage KV pC
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Pure

Enamel 4.34 52 3.1 1.2
1:3 micro 5.15 42 4.2 1.1
3:1 micro 5.02 40 4 1
1:1 micro 4,91 44 3.8 1.3

1:3 nano 5.42 39 4.2 1.2

3:1 nano 5.32 50 4.1 1.1

1:1 nano 5.12 49 3.9 11
3.26 The measured pulse response

of PD inception voltage

The measured pulse responses for PD inception voltage of
various samples were shown in figures 9 to 15.

Figure 9 Measured pulse response for PD inception
voltage of pure enamel

Figure 10 Measured pulse response for PD inception
voltage of micro Composites (SiO,+ TiO,-1:3)
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Figure 11 Measured pulse response for PD inception

voltage of micro Composites (SiO,+ TiO, -3:1)

Figure 11 Measured pulse response for PD inception
voltage of micro Composites (SiO,+ TiO; -1:1)

Figure 12 Measured pulse response for PD inception
voltage of nano Composites (SiO,+ TiO,-1:3)
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Figure 13 Measured pulse response for PD inception
voltage of nano Composites (SiO,+ TiO, -3:1)

Figure 14 Measured pulse response for PD inception
voltage of nano Composites (SiO,+ TiO; -1:1)

4  CONCLUSION

The addition of nano composites of SiO, and TiO,
taken in the proportion of 1:3 as filler with enamel has a
significant improvement in the values of partial discharge
inception and extinction voltage by 25% and 35%
respectively when compared to the partial discharge
inception and extinction voltage of the enamel. Similarly,
the enamel filled with micro composites of SiO, and TiO,
taken in the proportion of 1:3 has an increase of 19% and
35% in the values of partial discharge inception and
extinction voltage respectively when compared to the
partial discharge inception and extinction voltage of the
enamel.
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Abstract:

It has been observatatthe addition of nano fillers to the enantain greatly improve the dielectqzopertes of the
enamel Carbon nanotubes hateen tested as nano fill&Ehemical vapour deposition method was used to synthesize carbon
nanotubes.Scanning electron microscephas been used to augment thertigle size of carbon nanotubeBhese carbon
nanotubesvere mixed withstandard (Elmo Luft 1AD) enamel with help of ultrasonic vibratdrhe basic dielectric properties
such as dielectric loss tangent (tandielectricconstant(), quality factor, phasangle, dielectric conductivity andielectric
power los of the enamel filled with carbon nanotubes were analyzed and compared with the properties of the standard enamel.
These different dielectric properties were founmith the help of the Dielectric Spectroscopy. Dielectric constant, dielectric
losses, dielectric conductivity and heat generated under AC fields were analyttesl ffequency range of 50 Hz to 5 MHx#.

50 Hz theenamel filled with 1 wt% of carbon namnties has lower dissipation factrd dielectric losses. At 5 MHthe enamel
filled with 3 wt% of carbon nanotubes Hasver dissipation factor and dielectric losses.
Key words =+ carbon nanotubes, dielectric constant, dielectric losses, dielectric cettguciuality factor, dielectric loss

tangent, dielectric power loss.

1. INTRODUCTION

In the last few years, a great deal of attention has
been given to the applications of nano dielectrics in the
field of electrical insulating materials. It has beenorégd
that the use of nano composites in the matrix of polymeric
materials can greatly improve the thermal, mechanical and
electrical propertiesf polymeric nano composites][4
In the last few years, a great deal of attention has been
given to the appliation of nano dielectrics in théefd of
electrical materials Nano dielectrics were a class of
materials containing at least one phase at the nanometer
scale.The basic understanding of electrical breakdown of
materials and electrical surface flashoveepomena must
be investigated before they can be commercially available
[1]. The findings of such studies are essential for the
development of nanedielectric materials.

A driving force of the nano revolution was a
continuous progress in the nano didiest towards
increasing the level of stability, the reduction in the size
and weight of the isulating materials [5 The different
dielectric properties such as dielectric loss tangent )tan
dielectric constant], quality factor, phase angle, dielectri
conductivity and dielectric power loss were important for
an insulating materigB].

2. EXPERIMENTAL

2.1 Sample Preparation

The nanocomposites were prepared by radical initiator
curing method. 80% of enamel and 20% of epoxy resin
were taken. Diamin®iphenyl Methane (DDM) was used
as curing agent. For 1g of resin, 0.27g of DDM was taken.
The DDM was melted at 60°80°C for 10 minutes. The
enamel, resin and melted DDM were mixed in a beaker.
The mixture was poured into the die coated by a Teflon
sheet. The die was heated at 120° C for 3 hours. Then, the
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die was taken away from the oven andvéts cooled for 1
hour.

2.2 Synthesis of carbon nantubes

The synthesis of carbon nanbes consists of three stages:
Preparation of Catalysts for carbonnotubes, Chemical
vapour deposition (CVD) process and Purification of
Carbon Nanotubes.

Catalysts with different Mo: Fe: AD; molar
ratios were prepared by adding calculated amount of
Ammonium hexa molybdate tetra hydrate and ferrous
sulphate heptahydmainto a suspension of alumina powder
in methanol[2]. The different concentrations of catalysts
prepared were illustrated in thebilal.

Table 1 Different catalyst concentrations

. Weig
Molar erﬁlragtn?uf ht of | weigh | Volum
S. | ratio of m ferrou | t of e of
N | Mo:Fe:Al hexamolyb S alumi | metha
o | ;0 d sulpha| na nol
ae
rams te grams | (ml)
9 grams
A | 0.16:1:16 | 2.0995 2'806 9.09 25
B | 0.32:1:16 | 4.199 2'806 9.09 | 25
c | 032:2:16 | 4.199 ‘11'612 9.09 |25
D | 0.48:2:16 | 6.2985 }1'612 9.09 | 50
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CVD process wadone inan experimental set ugpnsisting

of a horizontal reaction furnace, Quartz tube, PID
controller, Flow meters, Control valves, Gas sources and
Thermocaiple.

The quartz tube was placed inside the horizontal
reaction furnace. A proportional integdifferential (PID)
controller was provided in the furnace to control the
temperature, time and heating rate of the reaction.

Three cylinders of pure Nitrogen f{\ Acetylene
(C,H,) and Argon (Ar) were connected to the quartz tube
through control valverad flow meter. The rate of carbon
and nitrogen entering the reaction tube was shown by the
flow meter. Control valves were used to control the flow

rate of gases passing through the furnace. Rubber hoses

were used to connect the cylinders with flow meted a
valves.

After synthesis, the raw products were treated with a
solution of KOH (1M) at 88C in order to remove the
alumina support and molybdenum. The resulting material
was washed several times with distilled water and then
treated with a solution of €L (1M) in order to remove the
remaining iron particles. It was then washed with distilled
water.

Then the particle size of the powder was analyzed by using
the SEM characterization techniques. From the results, the
particle size was found to be tens ohameter.

2.3 Calculation of relative permittivity,
dielectric conductivity and dielectric

losses

Dielectric spectroscopy was used to find the loss
factor, quality factor and phase angle of the dielectric
material. From these factors, dielectric constdrglectric
conductivity, dielectric loss and heat generated under AC
fields were found.

Dielectric spectroscopyLCR HITESTER 3532
50] was also known as Electrochemical Impedance
Spectroscopy The dielectric properties of a medium were
measuredas a function of frequencyt was based on the
interaction of an external field with the electriipole
momentof the sample, often expressedgsrmittivity.

The set up of dielectric sptroscopy was shown
in figure1.

www.ijsea.com

Figure 1Dielectric spectroscopy [LCR
HITESTER 353250]

The real and maginary part of relative
permittivity of the enamel wa calculated from the
following equations which weraused to calculate the
dielectric losg5].

Loss factor 1)
Real part of relative
permittivity )
Imaginary part of relative permittivity

3
Dielectric conductivity = * =~ (4)
Dielectric losses P = 2* f * C * V2 * tan
w (5)

The heat generated under AC fielg W E? * f *
*tan /1.8 x 16> w/cn?® (6)
Where
f was the frequency in Hz,
was the loss angle of the dielectric material and
E was the applied electric field.
C, was the equivalent parallel capacitance [F]
Rpwas the equivalent parallel Resistarjicg
D was the dissipation factor (measured value)
t» was the average thickness [m]
AwaV WKH JXDUGHG HOHFWURGHYV VXUIDFH
DwaV WKH JXDUGHG HOHFWURGHYV GLDPHWF
Qwas the permittivity of free space =8.854 x£QF/m]
V was the applied voltage [V]
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tan was the dielectric loss tangent 10kHz | 0.508 0.129 0.388 0.229
100 0.197 0.072 0.137 0.0608
3. RESULTS kHz

1 MHz 0.121 0.063 0.0877 | 0.0922
5MHz | 0.0627 0.093 0.0663 | 0.1282

3.1 SEM analysis of Carbon nanotubes At 50 Hz, the enamel filled with 1 wt% of carbon
nanotubes hdswer dissipation factor. At 5 MHz, the
enamel filled with 3 wt% of carbon nanotubes has lower

Figure 2 shows the SEM analyzed image results. These Co
dissipation factor.

results show that particles were in the form of nano metric
range. The sizes of the particles warghe range from 50

to 120 nm size. Table 3 Quality factor

Frequenc| Ename| Enamel Enamel Enamel
y | filled filled filled
with 1 with 3 with 5
wt% of wit% of wt% of
carbon carbon carbon
nanotube| nanotube| nanotube

S S S

50 Hz 0.13 1.26 1.02 0.92
100 Hz 0.18 1.68 1.69 151
1 kHz 0.65 3.65 3.11 2
10 kHz 1.97 7.72 2.58 4.35
100 kHz 5.06 13.97 7.3 16.43
1 MHz 8.26 15.8 11.39 10.84
5 MHz 15.95 10.65 15.07 7.8

The enamel filled vth 1 wt% of carbon nanotubes has
higher quality factoat 50 Hz At 5 MHz, the enamel filled
with 3 wt% of carbon nanotubes has higher quality factor.

Figure 2SEM analysis of Carbon nanotubes Table 4 Dielectric constant

3.2 Various dielectric properties of the Frequenc En;’ﬂme Eff;large' Eff;?";e' 'ir;lafge'
: y ille ille ille

carbon nanotubes filled enamel for the with 1 with 3 with 5

frequency range (50 Hz to 5 MHz) at 90 Wi% of | wi%of | wt% of

C carbon carbon carbon

The different dielectric properties like dissimati nanotube | nanotube| nanotube

factor, quality factor and phase angle were found with the S S S

help of the Dielectric Spectroscopy. Dielectric constant, S0Hz | 22035 57.37 104.49 | 103.37

dielectric Io_sses, dielectric conduct_ivity and heat_ generated 100 Hz | 161.47 51.85 97 .14 95.41

under AC fields were analyzddr various frequencies. The

loss factor andhe quality factor were dependent upon the 1 kHz 76.054 | 35.66 72.16 58.3

frequency.The values of various dielectric properties of the 10 kHz 4451 28.66 38.29 2836
carbon nanotubes filled enamel for the frequency range (50 ) ) ' '
Hz to 5 MHz) at 90C were listed in the tables 2 to 8. 100 kHz | 33.43 2581 30.03 29.23

1 MHz 28.96 245 26.95 28.23
5 MHz 26.39 20.01 23.33 26.16

Table 2 Dissipation factor

Frequen| Enamel | Enamel Enamel | Enamel
cy filled with filled filled . . .
1 Wi% of with 3 with 5 The value of dielectric constant was high for the enamel at
carbon Wt% of Wt% of 50 Hz. The lowest value of dielectric constant was
nanotubes| carbon carbon observed for the enamel filled with 1 wt% of carbon
nanotube| nanotub nanotubes at 5 MHz.
S es
50 Hz 7.865 0.793 0.978 1.083
100 Hz 5.496 0.594 0.59 0.663
1 kHz 1.537 0.274 0.321 0.499
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50 Hz -7.25 -51.55 -45.62 -42.71
100Hz | -10.31 -59.29 -59.44 -56.46
Table 5Dielectric losses (W) 1 kHz -33.04 -74.66 -72.18 -63.45
10 kHz -63.06 -82.62 -68.78 -77.05
Frequenc| Ename| Enamel Enamel Enamel 100 kHz | -78.82 -85.91 -82.2 -86.52
y I filled filled filled 1 MHz -83.1 -86.38 -84.98 -84.73
with 1 with 3 with 5 5MHz | -86.41 | -95.36 -93.8 -82.69
wit% of wt% of wit% of
carbon | carbon | carbon Table 8Heat generated (W/cn)
nanotube| nanotube| nanotube
S S S Frequenc| Enamel| Enamel | Enamel | Enamel
50 Hz 6.17 0.162 0.364 0.4 y filled filled filled
100Hz | 633 | 0.22 0.41 0.45 with1 ) with3 | with 5
wit% of wt% of wit% of
1 kHz 8.35 0.697 1.653 2.1 carbon carbon carbon
10 Kz 1611 5632 106 79 nangtube nangtube nangtube
100 kHz 47.01 13.22 27.53 12.2 50 Hz 32.04 0.465 1.56 1.74
100 Hz 32.34 0.632 1.77 2.04
1 MHz 250.76 109.79 176.24 172.26 1 kb2 4261 ) 713 8.9
5 MHz 590.63 | 664.35 551.68 1197.58 10 kHz 82 7.64 46.24 25.77
100 kHz | 240.3 36.9 127.76 53.38
The enamel filled with 1 wt% of carbon nanotubes has 1 MHz 1237'5 304.01 739.21 773.15
lowest value of dielectric losses at 50 Hz. At 5 MHz, the
enamel filled wih 3 wt% of carbon nanotubes Hagher 5 MHz 3027'7 182405 2448.81 | 5185.01
value of dielectric losses.

Table 6 Dielectric conductivity (S)

The enamel filled with 5 wt% of carbon nanotubeas
generating the highestmount of heated at 5 MHz when

.
uretr sdi

ptes:

Frequen| Enamel Enamel Enamel Enamel | comparedto "
cy filled with | filled with | filled with 5
1 wt% of 3 wt% of wit% of 4. CONCLUSION
carbon carbon carbon ] .
nanotubes | nanotubes| nanotube | SEM analysis showed that the prepamztbon particles
4.832 x 1.567 X 10 9.261 X 3 Were appearng 1 tng form ofafjo metric [SiZe. N
50 Hz 10° 12 104 2.28x 10° | various dielectric properties were analyzed by dielegtric
24.95x 10 2811 x spectroscopy instrumertat 96°Cfor thefre uercy Tange of
100 Hz 9 4.35 x 10% 105 5.80x 10° | 50 +5 MHz. [These resplts show that the additions of [few
weight percentagesof garbonnanptutvesitd-improve-the
1kHz | 852 10 1.822x10 | 3.63x10 | 4 1, 1090 | gigectricbehhviour of the enamel.
10 khz | 129 10| 133G X10 | BIX | g 56x 107 5. ACKNOWLEDGEMENT
100 3'688)( 10 1'94% x 10 1‘226)( 10 1.17x 10°% | The authorexpresss hissincere gratitude tthe Almighty
kHz God-and-eur-LordJesys—ChAllvisien-e-High—eltage
1 MHz 1'964X 10 8'6613( 10 5'864X 10 9.81 x 10" | Engineering,| Anna Uriversity, Chennai, India and |the
Department | —of —nanotechnology,—Mepc—Schlenk
5 MHz 4'604X 10 6.2 x 101 57'931 X 11032 x 10 Engineering | College, |Sivakasi, | India for| the sample
10 prnpnrnfinn nd fncfing of cnmpln<
6. REFERENCES
Table 7Phase angle 1. 'LHWHU .LQG DQG +HUPDQQ .DPHU 3+
LQVXODWLRQ WHFKQRORJ\’
Frequenc| Ename Enamel Enamel Enamel 2. Jipeng Cheng, et al 3&@DUERQ QDQRWXE
y I fl!led fl!led fl!led synthesis and parametristudy using CaC{
with 1 with 3 with 5 QDQRFU\WWDOV DV FDWDO\VW VXSS
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Abstract: This paper will discuss how static Var compensator successfully been applied to control transmission system. The voltage
level of the system changes when there is a change in load and the drop in load voltage lead to demand for the reaSte¢igower

Var Compensator is basically a shunt connected Static Var Generator whose output is controlled by adjust the valu@focapacit
inductive current. One of the reasons for installing the Static Var Compensator to improve the voltage profile andthresatem
lodability. When system voltage is low it generates the reactive power. When the system voltage is high it absorbsemovescti

FACTS are technologies that increase flexibility of transmission system, control of power flow and incaesseission capacity of

the system. In this paper FACT controller such as Static Var Compensator are used to maintain the voltage within latibnSimul

will be provided by using MATLAB.

Keywords: Voltage Control, FACT, Static Var Compensator, Perfaroea VAR planning, MATLAB/SIMULINK

1. INTRODUCTION

In presently power system are large, complex and
interconnected system, which consist of thousand of buses
and hundreds of generator. In presently electric power system
create a need of flexibility, rekdlity, accuracy and fast
dynamic response. Flexible alternating current transmission
system is new device that are capable of increase transmission
capacity, increase lodability, stability of the transmission
system. Static Var Compensator is thyristosdzh controller
that provides rapid voltage control. The situation has occurred
increase transient, oscillatory and voltage instability, which
are now these problem can be rectified by using Static Var
Compensator. Voltage instability is the cause of veltag
collapse. The only way to save the system of voltage collapse
through control reactive power. Various FACTS device are
connected in the transmission line to inject and absorb the
reactive power. When it will absorb the reactive power TCR
are connected ithe transmission line. When it will inject the
reactive power TSC are connected in the transmission line.

The Thyristor switched capacitor (TSC}

It consists of a capacitor, a bidirectional thyristor valve, and a
relatively small surge current limiting aetor. This reactor is
needed primarily to limit the surge current in the thyristor
valve under abnormal operating. When a capacitor is switched
into a sinusoidal voltage source, a large current surge flows
through the capacitor if the initial voltage assahe capacitor

is different than the supply voltage at the instant of switching.
The current through the capacitor will be finite (corresponding
to the steady state value) if the initial capacitor voltage is
equal to the supply voltage at the instant safitching.
However the rate of change of current will be very high,
beyond the rating of the thyristor devices (acting as switches).
To limit the it is necessary to insert a reactor in series with the
capacitor.
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The Thyristor controlled reactor (TCR)-

It consists of a bidirectional thyristor valve, and a current
limiting reactor is connected in series. This reactor is needed
to limit the surge current. Under high voltage conditions, the
SVC will be at its inductive limit and the TCR current may
exceed itgated value. To protect the thyristor valves used in
TCR, it is necessary to limit the current through it by phase
control. Toavoid interaction with voltage regulator function, a
time delay is introduced (of the order of 100 ms). The over
current limiter takes into account the shderm overload
capability of the TCR.Series Capacitors have been used in
long distance EHV transmission lines for increasing power
transfer. The use of series capacitors is generally the most
economic solution for enhancing pewflow. However, the
problem of SSR has deterred system planners from going in a
big way for series compensation. While the use of shunt

FDSDFLWRUV GRHVQTW KDYH WKH SURE(

drawbacks of their effectiveness being dependent largely on
their location. Even when a shunt capacitor is located at the
midpoint of a long line, it requires much larger rating to
achieve the same level of increase in power transfer as a series
capacitor.

2. STATIC VAR COMPENSATOR

The Static Var Compensator (SVC), affigeneration FACTS
controller is taken up for study. It is a variable impedance
device where the current through a reactor is controlled using
back to back connected thyristor valves. The application of
thyristor valve technology to SVC is an of shoot bEt
developments in HVDC technology. The major difference is
that thyristor valves used in SVC are rated for lower voltages
as the SVC is connected to an EHV line through a step down
transformer or connected to the tertiary winding of a power
transformer. Tie application of SVC was initially for load
compensation of fast changing loads such as steel mills and
arc furnaces. Here the objective is to provide dynamic power
factor improvement and also balance the currents on the
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Figure 1

Compensators commertti the late seventies. Here the
objectives are:

1. Increase power transfer in long lines
2. Improve stability with fast acting voltage regulation

3. Damp low frequency oscillations due to swing (rotor)
modes

4. Damp sub synchronous frequency oscilasi due to
torsional modes

5. Control dynamic over voltages

3. SVC CONTROLLER

SVC Controller incorporating voltage regulator. This shows
that both voltage (VSV C) and current (ISV C) signals are
obtained from potential and current transformers and then
rectified. The AC filter is basically a notch filter to eliminate
the signal component of frequency corresponding to the
parallel resonance in the system viewed from the SVC bus.
The line capacitance (in parallel with SVC capacitance) can
result in parallel resnance with the line inductance. The SVC
voltage regulator has a tendency to destabilize this resonant
mode of oscillation and the notch filter is aimed at
overcoming this problem. As a matter of fact, any parallel
resonance mode (of frequency below secbadmonic) can
have adverse interaction with SVC voltage regulator. If series
capacitors are used along with SVC, then they can cause
parallel resonance with a neighboring shunt reactor. If the
second (parallel resonance) mode has a lower frequency (say
bdow 20 Hz), a high pass filter in addition to the Notch filter
has been suggested.

Figure2
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4. SVCV-1 CHARACTERISTIC

The SVC can be operated in two different modes: In voltage
regulation mode and in var control mode (the SVC
Susceptance is kept cdast) when the SVC is operated in
voltage regulation mode, it implements the followingl V
Characteristic. As long as the S\éGsceptance B stays within
the maximum and minimum susceptance values imposed by
the total reactive power of capacitor banks (Bgmand
reactor banks (Blmax), the voltage is regulated at the
reference voltage Vref. However, a voltage droop is normally
used (usually between 1% and 4% at maximum reactive
power output), and the -V characteristic has the slope
indicated

Figure3

The voltage at which SVC neither absorbs nor generates
reactive power is the reference voltage (Vref).In practice this
voltage can be adjusted within the typical range of £10%. The
slope of the characteristics reflects a Change in voltage with
compensatoruarent and, therefore can be considered as slope
reactance, resulting the SVC Response to the voltage
variation. Then terminal voltage is given by

VSV C = Vref + XsISV C

ISV C=i{BSV CVSVC
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5. SVC OPERATING WITHIN

CONTROL RANGE

The control range of a SVC efined as, Imin < ISVC <
Imax and Vmin< V< Vmax. In this range, the SVC is
represented as RPhode at an auxiliary bus with P =0and V =
Vref. Reactance XSL equivalent to the slope of thé V
characteristics is added between the auxiliary node and node
of coupling to the system as shown in Fig. 3. The node at the
point of common coupling is a PQ node with P =0 and Q = 0.

Figure 4

A static var compensator (SVC) is used to regulate voltage on
a 33 kV, 3x50 MVA system. When system tagje is low the
SVC generates reactive power (SVC capacitive). When
system voltage is high it absorbs reactive power (SVC
inductive). The SVC is rated+50 Mvar capacitive and 25
Mvar inductive. The Static Var Compensator block is a
Phasor model representintpe SVC static and dynamic
characteristics at the system fundamental frequency. The SVC
is set in voltage regulation mode with a reference voltage Vref
= 1.0 pu. The voltage droop is 0.03 p.u, 50MVA, so that the
voltage varies from 0.97 p.u to 1.015 p.lnem the SVC
current goes from fully capacitive to fully inductive. By
simulating the SVC M characteristic curve is obtained. Then,
the actual SVC positiveequence voltage (V1) and
susceptance (B1) can be measured with system parameters

Ki =200

Xn = 00667 pu/50 MVA
Xs = 0.03 pu/50 MVA
T=0.0345s

The voltage/current characteristic of the compensator at the 33
kV bus is shown in Fig. 8. The slope of the control range is
nominally 3%. This means that a voltage change-386
produces the rated capacitiveactive power of 50 MVar. For

a linear voltageurrent characteristic, a voltage changes of
+3% produces an inductive reactive power of 50 MVar

6. CONCLUSION

The proposed technique is applied to a simple power system.
It is observedhat power increasdn the network and control
the Bus voltage. Bus voltages of the network also improve.
Stability analysis of the system after experiencing fault as
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well as consequent fault clearance by time domain analysis

has also been performed and satisfactory resulistaamed

Figure 5
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Abstract: the networks which arePeerTo-Peer(P2P)havebecomevery trendy in the last few years. Currently they are the most
common approacho exchange data amonglarge soceties of usersin the file sharing situation. The @peble way of
managingstorageand retrieval of multidimensionaldatais achievedoy proposedstructure which ensiresvigorousquerydevelopment
This structure is basedon P2P nework, where hugecollectionof datato be stored This datais divided into subpats and built up
an index on set of each compressedataandthis datais to be distributed acrosp2p neworks. This compressed data supports
efficient data extration of information A duplication method providessuitablecoverageof index and metadata byconsideing

network conditions andvorkload of the queries

Keywords multidimensional data, indexingpmpressionp2p netvork, synopsis

1. INTRODUCTION

Currently they are the most generalapproachfor
exchangingdata amonglarge societiesof usersin the file
sharing ervironment In order to méke contributors really
independent, they stould be forced no restriction on storageand
computational reources to be shared, as well as on the
consgtency of their network connection [1]. Thesenecessties
make corventional distributed frameworks unsuitable and
sugged the implementation of a solution based on an
unstructured P2P néwork, where peers are néher reponsible of
coordinaion tasks Theaim isinvening a P2P-basedframewark
sypporting the  analysis of multidimensional  past
data. In particular the efforts are dewoted to combine the
facilities of P2P networks and data compressiorprovide a
support for the assessm® of rangequeries, pasibly trading off
effectiveness with accuracy of answers [2]. The structure
should erable members ofan associationto cooperateby shaimg
their reourcesto host dda and perform aggegate querieson
them, while presewing their independence The managenent of
compressed daa on unstructured P2P Networks is aninteresting
issue, butposes everal researcithallenges,which aredisaussed
in the foll owing.

1.1 Compression

A compresson tedhnique must bedeveloped which
is abe to crede distributed data supporting the efficient
asessmenof aggegates, possiblgffected bybearable error
rates [3]. However, in this case, ahliough the rate of disk
storageis @ntinuoudy and quickly decreasng, it may still be
hardto find peersfor which hosting replicas hasa minor cost,
while independenceis a regirement in the presensetting.
Using corvertional compresson techriques, synopsis
providesrea®nable eror ratesmay have a ron-negligible

www.ijsea.com

size. Although compressng the data certanly makes
replication less resarce casuming, replicating the entire
synopsis eah time would reguire stoege and network
resaurces that could be saed if only some spedfic portion of
the gnopss could be replicaed [4]. The replication is
mandatory in the P2Psetting; both to contrastthe volatility
of peers andto prevent peers from beng overdoaded are
recalled. These dawbacks would be ovecome if the
compres®d synopsiswere subdivided into tiny sub synopsis
which are independentlyreplicated ard distiibuted on the
network when needed. Peers would, therefore, be aked to
host replicas of small chunks of data. This way, the
independencerequirement would not reault in a limit on the
overall size ofthe synopsis

1.2Indexing

The best way to address this issueis to desgn an
indexng methodthat supportshe efficient locaion of the sub
synopsisinvolved in the query vauation. In the literature,
there are sewveral works popodng distibuted indexing
methods where indexes are variants of R-Treeswhich are
partitioned and distribued among the nodesof the netvork.
According to these approaches, nodes ofthe ndaworks are
dlocatel groups of nodes of the R-tree, and maintain
referencego hostswhich are assignedthernodes ofthe R-
tree. The connectionbetveen hostsand R- treenodes is fixed
and the maintenanceof the index is centralized. These
solutions, asthey are, were @veloped for relatively static
situatons, ard they are not suitabléor the dynamic situation
addressedby the proposed methodwherein order to
guarartee peer autonomy, peers cannot be caontrolled to
host acertain portion of the index or to be always conected
to the network; and Peers arenatable, sahe structure must
be @pale of promptly reading to peer dismnnections,
preventinghanging referencesin the index[5].
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1.3Replication

A replication schene capalbe of maintaining apprqriate levds of
coveragewith respective tdhe devdlopmentof use interess ard
nework surroundingsmust be deigned to ensure accessibility and
robustness.
The main cortributions of this work and its organization
may be simmed up asfollows[6].

¥ a canpression technique for building an indexed
aggregate strucure over a multidimensional data population,
levelto bedistributed,andaccessedaaoss aP2P
netvork;

¥ a storage model which employs additional data
structuresto supportproficient and robust queryansweing
over compress@l data in an unstuctured P2P network ;
and

¥ a dynamic replicaton idea capdle of maintaining
appropriate levels of coverage with respective tothe
evolution of the query workload ard the network conditions
with proposedwork.

2. COMPRESSON AND INDEXING DATA

This secton consistsof three stsectios that are
partitioning, compresson, and ndexing.

2.1 Partiti oning

The plan of the partitioning step is to divide the daa area
into non overdapping Hocks. Theseblocks will be compressed
separatdy, yielding distinct sub synopsis For each of them, a
portion of the amount of storage space B chogn to represent the
whole syngsis will be investal. The distribution of B among
blocks will takeinto accountthe following regirements. B must
be fairly distributed among blocks and each block must be
assigned a3 W D p@tion of B. The task of different amounts of
storagespaceto the blocks for representig their sub synopsis
should deperd on the differencesin homogendéty among the
blocks.

Intuitively enough, the more hanmogeneous the datainside
ablock, the smaller the anount of information needad to
effectively achieve its summarization.The sub synopsisover the
blocks is the daa that will be hostedby peers andexchanged
across e P2P nework as shown in the Figure Ihe building
of sub Synopsiswith 3O D WsizElwould enforce a significant
constraint on theraount of stoege space whe¢h shold be made
available byeachpeer [7]. On the convers, defining small-size
sub synopsisresults in limiting the storage and camputational
resources requied at each peerfor storing and querying data, as
well as raducing both the download and upload traffic needed for
supporting data exchange.
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Figure 1: Partitioning a 2D datapopulation
2.2Compresson

Clugering-based Histogram dewvelops a density-based
clustering algorithm to castruct a set of blocks cowring the
nonempty portions of the data field [8]. For eah block its
boundaries as well as@ne aggregate value simmarizing its data
are stoed. In the current implementation, each bucket is
connectedwith the resut of evaluating the sum aggregate
operabr. This way, the summay data suffice to estimate range
sumaqueries.

2.3Indexing

At this point, an index is built on top of the sib
synopsisreallting from te mmpresson ste. This index will be
developedfor locating the datainvolved in the queries acros

the network [9]. The aggregate R-tree indexing the sub synopsis
will be denoted as| as shown in the Figure 2.

Figure2: Partitioning the RTree
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3. PROPOSEDMETHOD

Figure 3:Proposed Method Flow Chart

Theam is devising a P2P-basd structure supporting
the analysis of multidimensional historical data. $ecifically,
our efforts will be devoted to combining the facilities of P2P
networks anddata @mpression to pvide a support for the
assessne of range queries, perhaps trading off efficiency
with accuracy of answers. The structure should erable
members ofan society to cooperate by shaing their reources
to host dda and perform aggegate querieson them, while
preseving their independence

A framework with this uniquenesscan be uséul in
different @plicaion ervironmens. For examgde, considerthe
caseof a worldwide virtual organizaion with usersinteresed in
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geographical data,aswell asthe caseof a realinstitution on an
enterprise nework. In both cases, even users who are not
continuoudly interestedin performing data analysis can makea
part of their resourcesavailable for supporting aalysis tasks
nealed by others, if their own capability of performing local
tasks is preerved [10]. This is analogous to the idea onwhich
several popular applications for public resource omputing are
basel in orderto make participants really independent, they
shaild be imposed no costraint on storage and computational
reourcesto be darad, as well as on the reliaility of their
network connection. Theserequirements make
corvenional distributed structures unsuitable and suggest he
implementationof a sdution based onan unstuctured P2P
nework, where peersare néher reponsible of coordination
tasks, nor imposedto host gecific pieceof data

Nowadays, they are the most widespread approach
for exchanging daa among large communities of users in
the file sharing context gecifically, no P2P-basedsolution has
imposed itself as an effectve ewlution of traditional
distributed dateébases[11]. This is quite sumprising, as the
huge amount of re®urces provided by P2P networks caild
efficiently support data management. Our aim is developinga
P2P-based structure sypporting the analysis of multidimensional
historical data. The multidimensional datais storedin peersothat
it can be daredin the network, for hat built the synopsis The
synopsisis kuilt in threesteps

1. Partiton 2. Compressing and3.Indexing.

The aim of the partitioning step is to divide the
data damain into non overlapping blocks [12]. These blocks
will be mmpressedseparately, yietling distinct subsynopsis

An index is built on top of the sub synopsis
reallting from the compresson step Index and these sub
synopsisaredistributed acres the retwork .Queries carbe created
againstthe data. The queres can be any exgordive queries.
One ofthe first works dealing with the difficulty of supporting
rarge queries in a peer-to-peer netvork is where data are
ordered aacording to Hilbert curves,and then, distributed among
the pears. The compresson and indexing processes melt in a
synopsis organized into sub synopsis and a fragmented
aggregateR-Tree over them. T he distribution of the syngsis
and the index areperfomed.

3.1Sysem Primitives and Data Stuctures

The eistence oftwo systenprimitivesnamed search and
send.Primitive search (N) 2 which isused by te structure every
time it is required to find ses of peerson the network? returns a
setof N fIP addressexof randomlychosen peers In order to
choose a peer anitrarily, it suffices to locate a peer by
starting a random walk of length rather thanlog; N (whereN is
the number of peers in the nework andf is the average fan-out)
from thepeer which invoked seach. In fact, a random walkof this
length makes the prbability of reading any peer corverge to a
statonary distribution, which is uniform if the network graph is
well connecied. In our prototype, the length of the randomwalk
to 1 §js set This allows us torardomly selectpeersfrom anetwork
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of up to 4 "peers evenin the pessistic casethat the network
reactes a ondition with averagefan-out equal to 4. Primitive
send(P; o) transmits sblock o from the peer p which
invoked the primitives to the peer whose IP addresses aetfh
In our prototype, this primitive properly awids ovwerloading p
when P is large. This is achieved through decetralized
dissemination. Insteadof sendingjPj copies ofo, p sendso to a
subset ofthe peers in P whch, in tumn, keepa copy of o and
forward it to different sibsetsof the ramaining peers in P, and so
on. Weassume that each s- block is uniquely identified throughout
the sysem, andwe derote their identifiers asid (1°), id (inf)), and
id(h) [13]. Moreover, when needd to avoid confusion, we denote

the sblocks relaed to apopulation D as D.I*", D.inf;, and D.h;.
Finally, we assunethat each s-block carries along metadata
about the population it belongs to. These metadata are
denoted as Dmand comprise the name of the population, the
schema of the daa (dimensondity, names, and ranges of
dimensions), as wellassomekeywordswhich will be expoited
to support seach operdions across the network. The proposed
distribution scheme makes use of a set of data structures
namedaslocationtables Eachlocationtable will be assciated
with a mpy of anindex portion and maintain corresponénces
betweens-blocks and sets of pees. Specifcally, the locaion
table associated with I°** will consist of a row for each leaf
portion, plus a row for I*®itself. Eachrow, in tum, will contain
addressesof peers wiere copies of these index portions are
hosted. This way, a peer hosting™” will be ale to contact the
peershosting copiesof the leafportionsby simply accessing its
associatedocation table. The row for I°** is employed to connect
the setof peersthat initially host copies of I** in a clique,i.e.,
each peer hosting aopy of I° knows the other peerswhich are
assgned I°® as well. This way, the survivability of populations
canbe tightly controlled througha mechanism thatreplaces a peer
of the clique assoon asit exits the syseém. Further details will be
providedin the following.

In a locationtableassociatedwith a copy ofa leaf portion
inf,, eachrow will contain the adiressesof the peershoging
copies of a sub synopsis pointed by inf; . The location tables
associatedwith index portions as table ) and table (inf) are
denoted At runtime, the local copies of these tades can be
modified by the peers that host them; hene, when needed to avoid
confusion, we will dencte thetables at a peer p as p.table(”?
and p.teble(nf).In addtion, dong with each sub synopss and
leaf portion, the addressof one of the peersthat mint to it is
stored. hese reersepointers allow formore efficient location of
the peersinvolved in the query evaluation Process.

3.2 DisseminatingData and Index

The distribution process is started by a peer p that is

peers which will hostslpalong with a location table, and to fill the
table as well as the reverse pointers of leaf portionseticulous

as explained before, the location table of eaebr that will host a
copy of kupis filled with the addresses of the other peers which will
host copies ofslp After all of the location tables have been filled,
the copies of-blocks almg with their associated location tables are
sent to the appropriate peers. It is worth noting that distributing the
copies of the #locks randomly across the network well suits the
search of data in our unstructured scenario, where search will be
performed by randomly navigating across the network. At the same
time, the information provided by the location tables allows, once
an shlocks related to a data population D is located, to quickly
locate all the other-blocks that are needed to answer queries o

D.

4. RESULTS AND DISCUSSION

Several experimentsare performedto review the
effectiveness ofcurrent approach. Specifically, the accuracy of
query estimates and the performance of oapy management
strategies in terms of generated network traffiata reach ability,
and query performancese studied

4.1 Dynamic Replication

The dynamic replicatiorideaaims at both providing the
appropriate coverage ofldocks and balancing the load at the
peers. To thisntend besides guaranteeing a minimaoverage for
each sblock, replication scheme provides adaptively to the
dynamic query workload by creating new replicas of dlosk
each time it is queried and by removing less queried data through
suitable aging policies. In ostructure location tdles encode links
among sblocks spread over the network. Thus, they are kept
updatedwith respective toevents causing data unavailability by
deleting the addresses of the peers that no longer host these data.
The presenapproach is independent of theywthe unavailability
of data is identified; in practice, this can be done through periodic
pinging. After the deletion of some entries in a location table, the
system detects whether the minimum coveragesimtained.

4.2 Query-Based Replication

The two replication strategies, called path based (PBS)
and reactive (RBthat aim at increasing the availability of most
queried data, also pursuing load balancing when facing knge
dynamic query workloads are described.

4.3 RangeQueries

The answer of a range queryis computedat therequesting
peerafter recering the answers ofall the (sub) queries sibmitted
to peers losting data blocks overlapping the query range.The

willing to publish a data population, and works as follows. First, C0Stof asubquerycan be measuredrom two startpoints, which

for each sub synopsis hj (respectively, leaf portior),ipfinvokes

search Cmin) to find Gnin peers which can host a copy of h

(respectively, infalong withtable {nfi)). Then, for each infind
sub synopsisjineferenced by imflocation tablgable {nfi) is filled
with the IP addresses of the peers which will hgstLikewise,

take into accoun network-andcomputationrelatedcosts.
a. Number of hops:

This is at leag 1 for a query on 1°**, 2 for a sub quey on a

each his augmented with a reverse pointer to one of the peerso4¢ portion, and 3 for a subquey on a stbsynopsis. These values

which will host inf. A similar procesds performed to find @n
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are lower bounds, due topeer \olatility, data rgplacement 2 which
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yield dangling references? and overloading2 which triggers the
unloadng mechanism.

b. Overall wait in queue:

As every (sub) query SQ is engeued at the pgr S {heteit
will be evaluated, it hasto wait for the requests preeding it. The
overall wait in queue of SQ is the sum of the enqueuing pasition
of SQ at p* and the overall wait in queue of the (sub)query
which generaed SQ (if any). For instance, if SQis a sub query on
a sub synqsis, its overall wait in queue is the sum of: 1) its
enqueuing positionat p*

2) the enqueuing position of the sub query SQ fwhich generated
SQ; and 3) the emgueuing position of the query Q which
gererateds T |

Thus, an upper bound on the overall time needed to complete
the evaluaton of a rangequery Q can be obtaied by considering
the following quantities:

Ny the maximum number of hops peformed to get the
ansver of a sub query of Q; and N the maximum overdl wait in
queuefor a subguery of Q.

The diagrams in Figure 4 depict Nh and Nq versis query
frequency for different values of Mt(p). Fig. 4 1 Bhows that as
query frequencyincreags Np  slightly increases This can be
explained as follows: in the caseof PBS, a more intensve
queryworkloadyields a more frequent daa replacenents,
which increases the likelihood of finding dagling references,
and thus, of peforming more hops to reachthe neededdata. In
the case of RS, increasing query frequency causes a larger
number of pees to be overloaded when they are called to
evaluate garies. Thus, the unloading  mechanism is
triggered, and reguests are forwadedto further
peers, thus increasingNp. Theincreasdan query frequency
alsonegdively impads on Nq (Fig. 4 $). This effect is less
evident with PBS, as caonparedto RS, the higher coverage
allows requeststo be distributed anmong a larger number of
peers.As expeced, for both Nb and Ng, the behavior of RS
depands on Mt (p), as RS satrates queues before making
replicatons: thus, waits in queue get longer as Mi(p)
increases,whereasthe maximum number of hops for ansvering a
sub guery decreses since the unloading mechanis, yielding the
forwarding of query requests to further peers, becmnes less
frequent as the capacity of qgeues increase. The reallts
mertioned above are summarized in the Figure 4. (in the case
Mt(p) = 4), where the cost of exgorative queries(in terms of pah
length per query) is takeninto account aswell, thus providing an
insight on the overal performance ofthe query answering process
in our framework. To summaize on the one hand with PBS sub
queries are more likely to be sened first, and the number of
hops for getting thH  dW&V \erswer of a sub queryis slightly
lower. On the other hand, with PBS, explorative qwries require
longer walks over the ndwork to find the needd dda, and the
network traffic dueto the replicaions needd to supportthese
performancesis much larger than that required by RS, thus
makingRS amuch peeferable choice.
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Figure 4: My andNg versus query frequency for
different values of Mt (p)

5. CONCLUSIONS & FUTURE WORK

As the importance of peer to peer network is increasing,
the data shared in network to be stored and retrieved very
efficiently. The proposed framework is to manage the
multidimensional data. The data is shared and retrieval in
unstructured Pp network. Thepeople, who are interested in
sharing their data, make their resources available for all peers in
network.So that they can access data by posing range queries .We
adopt mechanism for dasummarization, datandexing and data
distribution and replication by preserving autonomy of pedise
presentexperiment proves fast and accurate query answers and
ensuring the robustness. Future work: adopting tineseaodsto
other aggregate operators rather sum. And need to devise suitable
compressionindexing techniques and data distributing techniques
for better robustnegguaranteén the network.
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Abstract The most significant feature of images is to reduce Gaussian noise which is commonly found in images and make better
image quality. In recent years, technological development has significantly improved analyzing images. Spatial filteringttsothe m

of choice in situations when only additive random noise is present. In this paper, an attempt is made to evaluate #repafone

four linear and notinear filters used for removing noise from the image. The performance of the noise removal process is analyzed,
and the results are compared with the previously reported.

Keywords: spatial filters, Gaussian noise, lineadanon linear filter, degradation

1. INTRODUCTION :KHUH WKH ZYV DUH EDVN FRH.I.ILFLHQWV
the image gray levels corresponding to thasefficients.
Nonlinear spatial filters are s operated on neighborhoods,
and the mechanics of sliding a mask part of an image are the
same as was just outline@fhe filtering operation is based
conditionally on the values of the pixels in the neighborhood
under consideration. Smoothing filters [Blre used for
blurring and for noise reduction. Blurring is used in
preprocessing steps, such as removal of small details from an
image prior to object extraction, and bridging of small gaps in
lines or curves. Noise reduction can be accomplished by
blurring. There are two way of smoothing spatial filters.
Smoothing Linear Filterend OrdeiStatistics Filters. Linear
spatial filter is simply the average of the pixels contained in
the neighborhood of the filter mask sometimes called
SDYHUDJLQJ |LldeawsHéplacingztikeHvalue of every
pixel in an image by the average of the gray levels in the
neighborhood defined by the filter mask. Ordaatistics
filters are nonlinear spatial filters [4] whose response is based
on ordering (ranking) the pixels camed in the image area
encompassed by the filter, and then replacing the value of the
center pixel with the value determined by the ranking result.

Filters are widely accepted to remove impulsive and high
frequency noise for signal and image processling concept

of filtering has its roots in the use of the Fourier transform for
signal processing in éhsocalled frequency domain. Spatial
filtering term [1] is the filtering operations that are performed
directly on the pixels of an image.h& process consists
simply of moving the filter mask from point to point in an
image at each point (x, y) and thesponse of the filter at that
point is calculated using a predefined relationship. Linear and
nonlinear are two types of filters based on filtering process.
In Linear spatial filtering,le result is the sum of products of
the mask coefficients with theoresponding pixels directly
under the mask.

@)

The coefficient w(0,0) coincides with image value f(x,y),
indicating that the mask is centered at (x,y) when the
computation of sum of products takes place.

2. IMAGE NOISE MODEL
An image usually contains departures from the ideal signal
that would be produced by gemal model of the signal
production process. Such departures are referred to as noise.
Noise arises as a result of-orodeled processes available on
in the production and capture of the actual signal. It is not part
of the ideal signal and may be caused&bywide range of
@) sources, e.g. variations in the detector sensitivity,
environmental variations, the discrete nature of radiation,
The process of linear filtierg similar to a frequency domain transmission or quantization errors, etc. It is also possible to
FRQFHS WoRDI@H G 2 treat irrelevant scene details as if they are image noige (e
surface reflectance textures). The characteristics of noise
3) depend on its source, as does the operator which best reduces
its effects. Deliberately corrupting an image with noise allows
4) us to test the resistance of an image processing operator to
noise and assess the performance of various noise filters.
Noise can generally be grouped into two classes: (i)

For a mask of size m X n,avassume that m=2a+1 and
n=2b+1, where a and b are nonnegative integer. Then m and n
are odd. In general, linear filtering of an image f of size MxN
with a filter mask of size mxn is given by the expression:
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independent noise, and (ii) noise which is dependent on the
image datalmage independent noisan often be described
by an additive noise model, wte the traced imagiéx,y) is

the sum of the original imaggx,y)and the nois&(x,y) i.e.
f(x,y)=s(x,y)+n(x,y)n several cases, additive noise is equally
distributed over the frequency domain (i.e. white noise), while
an image contains generally lodvequency information.
Hence, the noise is dominant for high frequencies and its
effects can be reduced using some kind of-pass filter.
This can be done either with a frequency filter or with a
spatial filter [8][9]. (Often a spatial filter is prefetabas it is
computationally less expensive than a frequency filter.) In the
second case of data dependent noise (e.g. arising when
monochromatic radiation is scattered from a surface whose
roughness is of the order of a wavelength, causing wave
interfererce which results in image speckle), it is possible to
model noise with a multiplicative, or ndimear model. These
models are mathematically more complicated. Hence, the
noise can be assumed as data indepenDetector Noisd7]

is a kind of noise whit occurs in all traced images to a
certain extent is detector noise. This kind of noise is due to the
discrete nature of radiation, i.e. the fact that each imaging
system is recording an image by counting photons. Allowing
some assumptions (which are véid many applications) this
noise can be modeled with an independent, additive model,
where the noisa(x,y)has a zeranean.

*DXVVLDQ GLVWULEXWLRQ GHVFULEHG

or variance. This means that each pixel in the noisy image is
the sum of the true pixel value and a random Gaussian
distributed noise value [6]. It is difficult to propose a general
mathematical model for the effect of the abrasion of the film
causing the scratches due to the high number of variables that
are involved m the process. However, it is possible to make
some physical and geometrical considerations regarding the
brightness, thickness, and vertical extent of the line. Line
scratches can be characterized as follows: (i) they present a
considerable higher or lowe luminance than their
neighborhoods; (ii) they tend to extend over most of the
vertical length of the image frame and are not curved; and (iii)
they are quite narrow, with widths no larger than 10 pixels for
video images. These features can be used inedaf model.

The degraded image model considered is

®)

wherel(x,y) is the pixel intensity of the uncorrupted signal,
b(x,y)is a detection variable which is set to 1 whenever pixels
are corrupted and O otherwisx,y)is the observeditensity

in the corrupted region. This model is applied in this work to
images degraded by impulses, strip lines, drop lines, band
missing, and blotches.

If b(x,y)=0then

6
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wherel(X,y) is the original pixel value (uncorrupted pixel). If
b(x,y)=0then

@)

where c(x,y) is the original pixel value (uncorrupted pixel).
Assume that each pixel &t,y) is corrupted by an impulse
with probability p independent of whether other pixels are
corrupted or not. For images corruptegt & negative or
positive impulse, the impulse corrupted piegk,y)takes on

the minimum pixel value smin with probability or s(x,y)

the maximum pixel value smax with probabilityp. The
image corrupted by blotches or scratches (impulsive) can be
nowmodeled as

with p s(x,y)with 1-p  (8)

This, in fact, is the model that describes impulse noise in the
literature. However, the existing impulse filtering algorithms
do not effectively remove clotches and scratches. In Section 3,
an adapve length median/mean filter algorithm is developed
that removes blotches, scratches effectively along with
impulse noise.

3. FILTERING METHODS
In this section, we provide the definitions of some linear and
nonlinear image filters. The expression giverdve can be

wsed () $efpGy (808 PIORESTOA VUNEiRL iR e ppatia

domain.
9)

where is the transformation function, g(s.t) is the pixel value
of the point p(x, y) of input image, and f(x,y) is the pixel
value of the correspaiing point of the processed image.

3.1 Arithmetic mean filter
S,y represent the set of coordinates in mask m X n, centered
at a point (x,y). This filter takes input as a corrupted image to

FDOFXODWH LWV DYHUDJH Y,DOMH LQ WK

filter calculate arithmetic mean of restored image f at point
(x,y) using the pixel in the area defined by S

(10)
This operation can be implemented using a spatial filter of m
X n in which all coefficients have value 1/mn. A mean filter
smaoths local variations in an image, and noise is reduced as a

result of blurring.

3.2 Geometric mean filter
The given expression can be used to restore an image

(11)

The product of the pixels in the mask provides restored pixel
by raising the power 1/mn. It provides more smoothing

117



International Journal of Science and Engineering Applications (IJSEA)
Volume 1 Issu@, 2012 ISSN- 23197560 (online)

compare than arithmetic mean filter, but loss image details in
less.

3.3 Harmonic mean filter
The expression for Harmonic mean filter is

(12)

It works well for gaussian noise.

3.4 Contraharmonic mean filter

The expression for contraharmonic mean filter is
13)

where Q is order of the filter. Q might have values of 0,1 and
.

3.5 Median filter (MF)

The besknown orderstatistic filter in digital image
processing is the mediartéir. It is a useful tool for reducing
saltandpepper noise in an image. The median filter [2] plays
a key role in image processing and vision. In median filter, the
pixel value of a point p is replaced by the median of pixel
value of 8neighborhood of aSSRLQW pSY
filter can be expressed as:

(14)

The median filter is popular because of its
demonstrated ability to reduce random impulsive noise
without blurring edges as much as a comparable linear
lowpass filter. Howeer, it often fails to perform well as linear
filters in providing sufficient smoothing of nonimpulsive
noise components such as additive Gaussian noise [3]. One of
the main disadvantages of the basic median filter is that it is
locatiorrinvariant in natureand thus also tends to alter the
pixels not disturbed by noise.

3.6 Max filter
Max filters are very useful for finding the brightest points in
an image.

(15)

Although the median filter is by far the ordsmtistic filter
most used inmage processing, it is by no means the only one.
In max filter [1] each output pixel value can be calculated by
selecting maximum gray level value of8 §p). This filter is

used for removing the pepper noise from the image. It is also
proposed for Gaussiaroise removal from the medical image.
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3.7 Min filter
Algorithm of min filter is implemented from the following
expression

(16)

Min filter [1] recognizes the darkest pixels gray value and
retains it by performing min operation. In mintdit each

output pixel value can be calculated by selecting minimum
gray level value of lg(p). It is used to remove the salt noise

from the image. Salt noise has very high values in images. It
is also proposed for Gaussian noise removal from the medical
image.

4, RESULTS AND DISCUSSION

An attempt is made to evaluate the performance of the four
linear and nosinear filters used for removing noise from the
image. Experimental setup, the images are processed using the
Tool Matlab. Comparisons of different filerare done by
calculating the Mean Square Error (MSE) & Peak Signal to
Noise Ratio (PSNR). The values are calculated by the
following expression.

17

Where MSE represents the mean square error of the

7KH RSHUDRWLRG. BlaMhkttd mean filteng the baby image is

given as input and after filtering the performance is
calculated. The MSE value 81.2570and the PSNR value is
66.4307for Gaussian noise. Usingiedian filter the same
image is tested for performance. The MSE & PSNR values
are392189& 64.4597respectively. The best filter must give
its performance high in PSNR value and low MSE value. The
results obtained out of the four algorithms for different noise
applications are shown in table 1.

Table 1: PSNR & MSE value

Method PSNR MSE
value value
Arithmetic
mean 66.4307 31.2570
Median 64.4597 39.2189
Max 41.5143 550.5072
Min 41.7461 536.0123
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better than many other existing techniques and it gives the
best results after successive iterations. The proposed method
is simple and easy to implement.
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Abstract: In this paper a modified parametric algebraic moded yweoposed to capture the hysteretic behaviour of the Magneto
rheological (MR) damper. The superiority of the proposed modified model was shown by comparing it with the algebraitismodel. |
observed that although two models are comparable at lower &ahpgts of 1V, 2V and 3V the modified algebraic model is
remarkably successful at higher voltage inputs of 5V and 7V at the highest excitation velocity of 200m/s over the alggélraic m
Apart from its accuracy, modified algebraic model is also moreeakle in terms of its low computational expenses compared to
differential modified Boue:HQYVY PRGHO ZKLFK LV KLJKO\ FRPSXWDWLRQDOO\ GHPDQGLQJ
modified algebraic model can be used to develop more effectiveotalgorithms for such devices.

Keywords: MR damperalgebraic modeBouc :HQ TV PRGHO

1. INTRODUCTION 2. MODELING THE HYSTERETIC
For semiactive control the technologies available are based BEHAVIOUR OF MR DAMPER

on devices with variable orifices (electrohydraulic dampers) The MR damper used in the vehicle model with seative
or on devices with fluids cape of varying their viscosity as suspension is an RDO05 MR damper (made by Lord
a function of electric or magnetic field (electtreological Corporation Ltd). It is a twin tube MR damper whose

and magnetoheological dampers).Recently, the sefive ~ gchematic, the actuassembly and the components are shown
suspension based on MR damper has attracted more attention i, gig 1

[1 #] because of its fast response chamastic to magnetic
fields, insensitivity to temperature fluctuations or impurities in
the fluid, obtainment of convenient power and wide control
bandwidth. However, the practical use of MR dampers for
control is significantly hindered by its inherently dtgretic
and highly nonlinear dynamics. The dislocation movement
and plastic slipping among molecular chains or crystal lattices
consume energy such that the restoring force of an MR
damper always delays the input displacement or velocity. This
phenomenorof energy dissipation is generally referred to as
hysteresis. Therefore, a dynamic hysteresis model is needed to
simulate the hysteresis phenomenon of MR dampers. To this
end, various models have been proposed in the literature such
as parametric viscoel@s-plastic model based on the
Bingham model [5], the BoutVen model [6], non
parametric models [7], and many mofiéusthe success of
MR dampers in seractive control is determined by the
accurate modelling of the MR damper.
In this paper the MR dampés modelled by the proposed
modified algebraic model. Apart from its accuracy, modified
algebraic model is also more preferable in terms of its low
computational expenses compared to differential modified
Bouc:HQYVY PRGHO ZKLFK LV KLJKO\ FRPSXWDWLRQDOO\
demanding. Such a formulation is new which enhances the
performance of the seractive control. The MR damper
parameters of the model used in the study correspond to an
RD-1005 MR damper (made by Lord Corporation Ltd). The
model parameters are determinedchsuthat the model
characteristics fit very closely the experimental hysteretic
behaviour of the MR damper using MATLAB curve fitting. It
is obtained by minimizing the mean square error between the
model and experimental results for the minimum (1V) and Figure2. Force vs. velocity of REL005 MR damper at 2 Hz
maxmum (7V) input voltages. sinusoidal excitation [8].
The algebraic model proposed by Guo and Hu[8] is adopted
and modified to give more accurate results. The model is
given by

Figure 1. Structure of an RELO05 damper [8].

As a controllable damper, it is subject to the maximal input
displacement of 52 mm, the maximal voltage of 12 V. -RD
1005 MR damper is tested by Guo and Hul&] $inusoidal
excitation with a stroke length of 15mm and a fixed frequency
of 2 Hz . The test has been performed for five cycles for
voltages of 1.0, 2.0, 3.0, 5.0 and 7V. The measured -force
velocity data for the RELO05 MR damper is shown in Figure
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@

represents the damping force of the MR damper,
the preload of the nitrogen accumulator, the coefficient of
viscous damping,

where

the vyielding force, the shape

coefficient, the hysteretic velocity, and the

excitation velocity and acceleration of the piston in the
damper, respectively. This mathemaltiogodel is developed
based on some physical phenomena. While the first term is to
represent the preload force of the pressurized nitrogen gas in
the accumulator, the second term is to describe the viscous
force of the damper and the third one is to refleetobserved
hysteretic behaviour, respectively. The mathematical
descriptions of the first two terms come from classical

mechanics, whereas of the third one is developed based on the

definition of a trigonometric arctangent function which best

resemblesthe characteristic forc#elocity curve of the

damper. Further, the two terms in the braces of the arctangent

function are to account for the lag in the force response to a

sinusoidal excitation. In the model
where a

is the displaement amplitude and is the angular velocity.

In equation (1) , , , , and are the unknown

parameters antb be determined on the basis of experimental
data by using leastquare curve fitting method.

In order to validate the algebraic model, Guo and Hu[8]
compared the measured damper force and the predicted
damper force obtained from the algebraic modekhamvn in

Figs. 3

Figure 3. force vs. velocity comparisons between the
algebraic model predictions and experimental data
It is observed that there is a general good agreement between
the estimated and measured values except for higher voltage
inputs of 5V and 7V at the highest excitation velocity of
200mm/s (see also Figud). The measured foreeelocity
data for the MR damper presented in FigBresuggests
nonlinear dependence of the force on the applied voltage.
Starting from this point, the model @r in Eq. (1) is
modified by multiplying an incremental nonlinear voltage
function in order to improve the agreement.

)
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The nonlinear incremental behaviour of the voltage is
characterized by an asymmetric sigmoid fiorctwith a bias

in the lateral axis [9]. The function must also exhibit post
yield limiting behaviour of the damping force attributed to the
rheological properties of the MR fluid. The nonlinear voltage
function k, and a, are positive constants and

lo iIs an arbitrary constant representing the bias. The
parameters are determined on the basis of experimental data
by using leassquare curve fitting method.

For instance, one arrives at the following mathematical model
of RD-1005 MR damper for model parametstimates, when

and , respectively.  Substituting

= into equation (1) yields

(4)

Figure4. Hysteretic loops of damping force of RIDO5 MR
damper with respect to velocity obtained from the model
given by Eq.(1) at voltage inputs of 5 and 7V.
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Figure5. Hysteretic loops of damping force of RIDO5 MR
damper with respect to velocitybtained from the model
given by Eq.(2) at voltage inputs of 5 and 7V.

3. CONCLUSION

This paper presents a new modified algebraic model, in which
algebraic model have been modified by multiplying an
incremental nonlinear voltage function, was employed to
degribe the hysteretic behaviour of the MR damper. The
unmodified and modified forms of the algebraic model, which
are parametric in nature, were compared with the
experimental data. It was shown that the proposed modified
algebraic model removed the disagrent at the mention
higher voltage input and higher velocity region. This is
presumably due to effect of the multiplied incremental
nonlinear voltage function to the algebraic model. Hence it
was deduced that the proposed modified algebraic model

www.ijsea.com

could owercome the shortcomings of the original algebraic
model. Apart from its accuracy, modified algebraic model is
also more preferable in terms of its low computational
expenses compared to differential modified Baud Q TV
model which is highly computationallgemanding. It is
hoped that the present improved model will aid to develop
more effective control strategies and algorithms for MR
dampers.
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Abstract: A study on optimization of submerged fermentative production of tanna&spg®ygillus nigewas carried outAspergillus
niger (MTCC 3557)was used for maximum production of Tannase enzyme and thesfaftecting the production were optimized.
The optimum conditions for maximum tannase enzyme production in the Submerged Fermentation (SmBpasjiliusniger was
obtained with an initial tannic acid concentration of 3% (w/v) &tC39nitial pH of 55 and a fermentation period of 96h.The
substrates Betalnut huskd Plantain flowegave a maximum tannase production of 19.3 U/ml and 17.89 U/ml respectively.

Keywords: Submerged fermentation, Tannase, Agro residapergillus nigeroptimization

1. INTRODUCTION

Tannin acyl hydrolase commonly known as tannase,
catalyses the hydrolysis of ester and depside bonds in
hydrolysable tannins such as tannic acid, resulting glucose
and gallic acid [1]. It is extensively used in food, beverages
like tea and cdée, pharmaceutical and chemical industries.
The major commercial application of this enzyme is in the
hydrolysis of gallotannin to Gallic acid, is an intermediate
required for the synthesis of an antifolic, antibacterial drug
trimethoprim[2]. Tannase idso used in the preparation of
instant tea, wine, beer and coffé&vored soft drinks and
also as additive for detannification of food. Many fungi,
such as Aspergillii, Penicillii, Fusaria, and Trichoder8a

6] as well as yeast like Candida sp., and Bammyces
cerevisiae[7] have been reported to be tannase producers.
On the other hand, few bacteria are known to produce
tannase and include certain species of Bacilli,
Corynebacterium sp., Lactobacillus sp., and Serratig&p.,

9]. In Industrial ével tannase is mainly producebdy
Aspergillus species under submerged fermentation
(SmF).The SmF is widely used for enzyme production
because it offers many advantages like uniform process
conditions namely concentration, Temperature, pH, aeration
and agitatia in the bioreactors [10]. Many authors reported
the tannase production bwspergillus species in the
medium containing pure tannic acid as both inducer and
carbon source. Agro residues and forest products are
generally considered as the best sources ofirarich
substrates for SmF [11].

2. MATERIALS AND METHODS

2.1 Substratepreparation

Powdered Agro residues were used for the production of
Tannase enzymes. The Agro residues betalnut husk and
plantain flowerwere powdered to 100 mesh (0.15 mm) fine
powders using laboratory grinder at 3000 rpm and was
preserved in a sealed plastic bag at 4°C to prevent any
possible degradation or spoilage.
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2.2 Microorganism andculture

maintenance

The tannase producing fungal cultufespergillus niger
(MTCC 3557) wa obtained from IMTECH, Chandigarh
and was used for tannase production. The fungal culture
was maintained on Czapek Dox media agar slants
supplemented with 1 % (w/v) tannic acid as the sole carbon
source. The fungal strain was subcultured periodically,
grovn at 30°C for 7 daysThe well grown culture was
stored at 4°C in a refrigerator and used for further
subculturing.

2.3 Production of Tannase in submerged

fermentation (SmF)

100 ml of Czapek Dox mediunm 250 ml Erlenmeyer flask
was inoculated with thAgergillus nigerspore suspension.
The composition of the Czapek Dox medium used for
tannase enzyme production was Tannic Aeid0 g/L,
Sodium nitrate - 6 g/L, Potassium dihydrogen
orthophosphatel.52 g/L, Magnesium sulphat®.52 g/L,
Potassium chloride0.52 g/L, Ferrous sulphat®.01 g/L
and Zinc sulphate0.01 g/L.3 gm of substrates were added
separately to th&€zapek Dox mediunfor studying their
effect on the enzyme production. The cultures were grown
at 30°C, 140 rpm for six days in an incubatdraker. The
samples were withdrawn at regular intervals of 24 h. The
biomass was separated by the filtration through Whatman
No.1 filter paper. The cell free culture broth was assayed for
the tannase activity.

2.4 Tannaseassay

Tannase activity was estimdtédy the method of Mondal
and Pati [12]. 0.1 ml of enzyme solution was incubated with
0.3 ml of 1.0% (w/v) tannic acid and add 5 ml of 0.2 M
acetate buffer (pH 5.0) at 40 °C for 10 min and then the
enzyme production was stopped by cooling to 0°C by the
addtion of 2 ml Bovine Serum Albumin (BSA) (1 mg/ml),
which precipitates the remaining tannic acid simultaneously
A control without the enzyme was incubated and the
samples were analyzed. The tubes were then centrifuged
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(5,000 x g, 10 min) and the precipgatvas dissolved in

2 ml of Sodium Dodecyl Sulphate (SDS}riethanolamine
(1% w/v SDS in 5% v/v triethanolamine) solution and the
absorbency was measured at 550 nm after addition of 1 ml
of FeCk (0.01 M FeClin 0.01N HCI).

One Unit of the tannasnzyme igdefined as the amount of
HQJ\PH UHTXLUHG WR K\GURO\VH
tannic acid in 1 min at specific condition.

3.RESULTS AND DISCUSSION
3.1 Effect of substrate on production of

Tannase

The effect of substrate on tannase enzyme activity in
submerged fermentation usinéspergillus niger was
studied by conducting experiments with substr&etalnut
husk and Plantain flowerThe flasks containing Czapek
Dox media vas incubated with 3% (w/v) of the above
mentioned substrates in an incubatedmpshaker at 3,

pH 5.5 and 200 rpm. The samples were drawn at regular
time intervals of 24 h and analyzed for tannase activity at
24h, 48h, 72h, 96h, 120h and 144h. The results are given in
Table 1 and Fig.1 for tannase activity obtained at different
timings with substrateBetalnut husk and Plantain flower
The substrateBetalnut husk and Plantain flowgave the
maximum tannase activity of 19.3 U/ml and 17.89 U/mi
respectively at a fermentation period of 96 h. This higher
production withBetalnut huk and Plantain flowemay be

due to the higher tannin content and also the substrates are
easily metabolizable b.niger. After 96h of fermentation,

the enzyme production was found to decrease because of the
inhibition and denaturation of tannase enzynighe
maximum tannase production was obtained with substrates
Betalnut husk and Plantain flowennd were selected for
further studies on tannase enzyme production for Séhu

et al reported that 96h of fermentation period gave the
maximum tannase productiowith palm kernel cake as
substratd13] which is in good agreement with the current
results obtained.

Table 1. Effect of Substrate on production of Tannase
using Aspergillus niger

Incubation Tannase Activity (U/ml)
Time (h) BETALNUT PLANTAIN
HUSK FLOWER
0 0 0
24 6.85 5.78
48 11.22 10.11
72 14.21 13.64
96 19.3 17.89
120 15.32 13.12
144 10.25 8.33
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Fig 1. Effect of Substrate on production of Tannase
using Aspergillus niger
3.2 Effect of Temperature on production

of Tannase

The effet of temperature on tannase enzyme production
was studied by conducting experiments at different
temperatures namely 25, 30°C, 35°C, 40°C and 45°C
keeping other parameters constant at pH 5.5, 200 rpm with

the tannic acid concentration of 3%(w/v) .The esults are
given in Table 2 and Fig 2. As temperature was increased
the maximum tannase enzyme production was found to
increase rapidly. The maximum enzyme production
obtained were 4.08 U/ml, 5.09 U/ml, 12.48 U/ml, 10.84
U/ml and 7.22 U/ml at 2%, 30°C, 35°C, 40°C and 45°C
respectively with Betalnut huskas a substrate. The
maximum enzyme production obtaineith Plantain flower

as a substrate were 4.01 U/ml, 4.56 U/ml, 10.10 U/ml, 6.86
U/ml and 3.45 U/ml at 2%, 30°C, 35°C, 40°C and 45°C
respectively. At low temperatures 25°C and 30°C the rate of
enzyme production was found to be less and the maximum
enzyme production was found to be less. At high
temperature of 40°C and 45°C the growth rate of A.niger
was found to be less and this phenomena is similar to
catalyst deactivation or catalyst poisoning in chemical
catalysts. The enzyme probably got denatured which in turn
resulted in less enzyme production. The maximum tannase
enzyme production of 12.48 U/ml and 10.10 U/ml were
obtained at 35°C and was chosen as the optimum
temperature for Betalnut husk and Plantain flowes
substrates respectively. The optimum temperature 35°C was
used for further studies. The optimum temperature was
30°C for various fungi such as A. tamari[14], A. nige[15]
and A.flavugl6] which is in good agreement with the
current results obtained.

Table 2. Effect of Temperature on Production of
Tannase usingAspergillus niger

Temperature Tannase Activity (U/ml)
(°C) BETALNUT PLANTAIN
HUSK FLOWER

25 4.08 4.01

30 5.09 4.56

35 12.48 10.10
40 10.84 6.86
45 7.22 3.45
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Fig 2: Effect of Temperature on the production of
Tannase usingAspergillus niger

3.3 Effect of pH on production of Tannase
The effect of pH on tannase enzyme production was studied
by conducting experiments at difent initial pH namely
45,5, 5.5, 6 and 6.keeping other parameters constant at
temperature 35°C, 200 rpm with the tannic acid
concentration of 3%(w/v).The results are given in Table 3
and Fig 3.As pH was increased the tannase enzyme
production was food to increase. The growth rate was less
at low pH and was maximum at pH 5.5 and thereafter the
growth rate was decreasing, resulting in the lesser yield of
biomass. Since the enzyme is a growth associated product,
the enzyme was found to be maximum at ptb.The
maximum tannase enzyme production obtained were 7.2
U/ml, 10.43 U/ml, 18.4 U/ml, 12.3 U/ml and 6.2 U/ml at pH
4.5, 5, 5.5, 6 and 6.5espectively with Betalnut huslas a
substrate. The maximum enzyme production obtaingidh
Plantain floweras a substrate were 6.6 U/ml, 8.74 U/ml,
14.7 U/ml, 11.2 U/ml and 3.2 U/ml at pH 4.5, 5, 5.5, 6 and
6.5 respectively. The maximum tannase enzyme production

of 18.4 U/ml and 14.7 U/ml| were obtained for pH 5.5 for
Betalnut husk and Plantain flowas substrates respectively

and was chosen as the optimum pH. Lekha and Lonsane

[10] also reported that tannases are acidic proteins with an
optimum pH 5.5. Rakeshkumar et al. [17] reported an
optimum pH of 5.5 for tannase production by Aspergillus
ruber, Aspergillus awamri [18] which is in good
agreement with the current resulbtained

Table 3. Effect of pH on Production of Tannase using
Aspergillus niger

pH Tannase Activity (U/ml)
BETALNUT PLANTAIN
HUSK FLOWER
4.5 7.2 6.6
5.0 10.43 8.74
5.5 18.4 14.7
6.0 12.3 11.2
6.5 6.2 3.2
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Fig 3. Effect of pH on the production of Tannase using
Aspergillus niger

3.4 Effect of concentration of Tannic acid

(Inducer) on production of Tannase

The effect of concentration of tannic acid on tannase
enzyme production as inder was studied by conducting
experiments at different concentrations namely 1%, 2%,
3%, 4% and 5%keeping other parameters constant at
temperature 35°C, pH 5.5 and 200 rpm. The results are
given in Table 4 and Fig 4. As the tannic acid concentration
wasincreased the tannase enzyme production was found to
increase. The maximum enzyme production oietdiwere
7.44 U/ml, 12.6 U/ml, 19.U/ml, 17.43 U/ml and 8.32 U/ml

at tannic acid concentration of 1%, 2%, 3%, 4% and 5%
respectively with Betalnut huskas a substrate. The
maximum enzyme production obtained were 2.86 U/ml, 7.9
U/ml, 16.1U/ml, 14.8 U/ml and.45 U/ml, at tannic acid
concentration of 1%, 2%, 3%, 4% and B&gpectively with
Plantain floweras a substrate. The maximum tannase
enzyme production of 19.1 U/ml and 16.1 U/ml were
obtained with Betalnut husk and Plantain floweas
substrates respectively at tannic acid concentration of 3%
(w/v) and was chosen as the optimum tannic acid
concentration. The optimum tannic acid concentration 3%
(w/v) was used for further studies. The enzyme production
was found to decrease at higher inducer concentration of 4%
and 5% and may be due to the substrate inhibition of
inducer. At higher tannic acid concentration tannase activity
was higher in SSF whereas it wapnessed in submerged
fermentation [9]. Actually, tannic acid at higher
concentration produces complexes with protein of the
organism thereby inhibits the growth and reduces the
enzyme production2].
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Table 4. Effect of Tannic Acid concentration o
Production of Tannase usingA.niger

Tannic acid Tannase Activity (U/ml)
Concentration| BETALNUT PLANTAIN
(%) HUSK FLOWER

1 7.44 2.86

2 12.6 7.9

3 19.1 16.1

4 17.43 14.8

5 8.32 6.45

Fig 4: Effect of Tannic Acid on the production of
Tannase uing Aspergillus niger

4. CONCLUSION

The present investigation shows that agro residues such as
Betalnut husk and Plantain flower were found to be the best
and most cost effective substrates for the industrial
production of microbial tannase. The tannasedpced by
Aspergillus nigerwas significant and this fact encourages
further exploitation of tannase production at industrial scale.
The optimum substrate concentration found to be 3 % (w/v)
of Betalnut husk and Plantain flower and optimum inducer
concentation of 3% (w/v) tannic acid. The optimum
temperature, pH, agitation speed and fermentation period
were found to be 3%, 5.5, 200 rpm and 96h respectively.
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