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Abstract -When transformer is energization by supply vadtaag high current will be drawn by the transformer.
The mentioned current is called transient inruginezu and it may rise to ten times the nominal lioéld current

of transformer during operation. Energization tiants can produce mechanical stress to the transfor
causes protection system malfunction and it offeachthe power system quality and may disruptdperation

of sensitive electrical loads such as computersraedical equipment connected to the system. Rextuetnd
the way to control of energization transients autséhave become important concerns to the poweistng for
engineers. One of the methods to reduce inrushteruis switching technique. This paper discusses th
experimental results on a single phase transfoforereduction of inrush currents. An electronicgénphase
switching controller has been designed.

Keywords: Inrush current; transformer; solid state relay; cno¢ontroller.

The inrush current may be up to 5-10 times higher
1. INTRODUCTION than normal rated current of transformer. Inrush
When a power transformer is switch on fromcurrent in power transformer is a problem, because
primary side, with keeping its secondary circuienp interferes with the operation of circuits as thewé
it acts as a simplanductance. When electrical powerbeen designed to function. Some effects of high
transformer runs normally, the flux produced in thénrush include nuisance fuse or breaker interrugstio
core is in quadrature withpplied voltage as shown in as well as arcing and failure of primary circuit
the figure below. That means, flux wave will red@ish components, such as switches. High magnetizing
maximum value, ¥ cycle at/2 angle after, reaching inrush current in transformer also necessitate over
maximum value of voltage wave. Hence as per thgizing of fuses or breakers. Another side effedtigh
waves shown in the figure, at the instant whitse, inrush is the injection of noise and distortion batto
voltage is zero; the corresponding steady stateevalthe mains.
of flux should be negative maximum. But practically @(f) @(t)
it is not possible to have flux at the instant of "
switching on the supply of transformer. This is 2om T
because, there will be no fldixked to the core prior i flux
to switch on the supply. The steady state valuiuaf A t t i)
will only reach after a finite timedepending upon om | /o
how fast the circuit can take energy. This is beeau V™ fiux
the rate of energy transfer to a circuit cannot b
infinity. So the flux in the core also will staromn its |
zero value at the time of switching on the transier Steady-state

magnetizing
[1]- current

itt)

Inrush current

The transformer cores are generally saturated ju .

above themaximum steady state value of flux. But in
our example, during switching on the transformer th Fig. 1. Nature of inrush current
maximum value offlux will jump to double of its In a transformer circuit the voltage and the curren
steady state maximum value. As, after steady stapgaveform are 90° apart from each other. Transformer
maximum value of flux, the coreecomes saturated, current and flux are normally in phase so the ymta
the current required to produced rest of flux viif  and flux are 90° apart as well. Without point orvera
very high. So, transformer primary will drawvary closing, energizing a transformer may result inecor
high peak currenfrom the source, which is called saturation, where, a small increase of flux leads t
magnetizing inrush current in transformer or simplyarge increase in current [4]. Therefore, minimigin
inrushcurrent in transformer. the flux will minimize the inrush current. Closirag
Magnetizing inrush current in transformer is thegpeak voltage by point on wave will minimize the
current which is drown by a transformer at the tohe transient flux generated by the transformer, and
energizing the transformer. This current is tramisie
nature and exists for few milliseconds.
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results on reducing inrush current to a lower valuB051 family and there is a switching panel which is

from its initial value. used for the purpose of selection of angle and to
Hence to avoid inrush current, the transformer i©N/OFF the SCR present in the solid state relap wit

to be connected to the line when the voltage isagoi triggering and protective circuit the seven segment

through its peak, this requires a point on waveisplay is used for the purpose of displaying the

switching technique. In a transformer circuit, theselection of angle and the value of inrush current.

voltage and the current waveform are 90° apart from

each other; the transformer current and flux ar

normally in phase so that the voltage and fluxgo® § FLOWCHART

apart as well. With the point-on-wave device clgsin

on the supply voltage, energizing a transformersdoe

not result in core saturation, where; a small iasee @

of flux may lead to a large increase in current.

Therefore, minimizing the flux will minimize the

inrush current [5]. | Part INT |

Qg
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Delay

secondary {L
| |
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Step down Power transformer N
transformer
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Bridge rectifier

Zero crossing |Transf0rmer OMN

detector —
\

Current transformer

Display ~— —— L 4. METHODOLOGY
Contraller
Sold state relay First of all we have to start, as we start the
i R program it will initialize all the ports of
' microcontroller then we have to select an angle, by

angle increment/decrement switches available on
switch panel. Depending on the selection of angge t

Fig. 2. Block diagram of inrush current reductiorcontroller will develop the delay the angle andagel
technique selection is given in single interrupt from the pmuatt

In this project there are different electrical and f the zero crossing detector the total cycle tim20

. : milliseconds in 50Hz system. Zero crossing detector
electronics parameters to design the assembly for

. ) ; IS the important circuit to detect the zero crogsim
reduction of inrush current by point on wave . :
o : ) . the voltage wave. To detect the phase shift fromtpo
switching technique. Like current transformer, doli

state relay, step down transformer, bridge renr:tifietO point it required a pulse which tense that wivene

ZCD, microcontroller, 7-segment display, powerthe sine wave is zero from that point we have t&eama

. : . calculations the switching of SSR is depend on ZCD
transformer, switch panel. In our project we arigis
. 8]. The SSR turns on when the load voltage crosses
power transformer as a load, this transformer has . . . )
. Zero after the input signal is activated. It tuwfé
specifications  1kVA, 230/15V  50Hz  power
) . when the load current subsequently crosses zego aft
transformer. At primary side of power transformtes t . . . . \
: the input signal is deactivated. A phase difference
current transformer and Solid state relay ar
. etween the voltage and current may supply a
connected, the power supply is connected pow

I . . . .
transformer through SSR and the CT. The step do ?hanaent sp|ke_ to fche SSR whe_n Itis turned 0fh|lW_
transformer has output voltage of 9V AC which is us c snub_ber cireutt absqrbs this spike, an excetyswl

S L arge spike may result in a dv/dt error in the SSR
to run the electronic circuit by converting it tcClby . . , L
. . internal triac. The connection from the switching
means of full wave rectifier. Zero crossing detecto anel when the circuit measures the inrush it nessu
circuit and bridge rectifier circuit is connectedsuch b

. o two times that is first time it records the highpstk
a way the output of bridge rectifier connectedhe t ; ;
. S value of current and second time it records the
zero crossing detector by maintaining 5V DC throuQBiﬁerence of both the values

voltage regulator. The ZCD pulse is sent to the First we have selected anale or® TRaree. this
microcontroller. We are used 82C59, 40 pin IC Whicktllme delay is oenerated accordgi]n to the ?ime’redui
has four ports, one port has 8 pins. This contrade yisg 9

91



International Journal of Research in Advent Tecbggl(IJRAT) (E-ISSN: 2321-9637)
Special Issue
National Conference “CONVERGENCE 2016”,"987" April 2016

to reach 18angle on the voltage cycle and this time isvhen the firing angle delay increased gradually to
4 milliseconds in 50Hz system. at the zero positien 90°.
cannot measure the inrush current because to detect
the phase shift from one point to another point i
required a pulse which tends that whenever the sifie RESULT

wave is zero from that point we have to calculate t Table 1. Values of inrush current
phase so that after the selection of angle the AGD
generate the interrupt. When the port get init@tizat Angle(Degree) | Current(Ampere)
is port0, portl, port2, port3. The zero-crossing
detector circuit sends the pulses for the positind 18’ 0.45
negative zero-crossings to the microcontroller [1]. 36°

The microcontroller then reads these pulses, and|it 041
will wait for the last negative zero crossing pulse 740 035
calculate the time delay on voltage wave and trigge '

the SCR at the angle which is corresponding to time 90 0.28
delay on the next zero crossing. In this researatkw ]
for the triggering of SCR to single phase supply Itis observed when the transformer is operated at
voltage, a stage triggering method is employed. Wan angle of 90 degree the value of the inrush atirre
repeat the above procedure up to the andleafil at was found to be minimum.

this angle we get minimum value of inrush curremt i
transformer, the simplified equation often used t 08 |
calculate the peak value of the first cycle of siru
current in Amps is as follows[1]. 06 1

Lon NiY 4 F.B}.—BR-BS] 04 |
e Jwn+Rl B

¥

V = Applied voltage in volts, L = Air core inductes
of the transformer windings in ohms, BR = Remnar
flux density of the transformer core in Tesla, BS -
Saturation flux density of the core material in l&gs
and BN = Normal rated flux density of the ™Curentampere)
transformer core in Tesla.

The above formula is used for the calculation of
inrush current is placed in the program such that ¢ 6. CONCLUSION
value of inrush current can be calculated as we The method of point on wave switching is

increase the angle that is we increase the del® tachievable by use of a microcontroller, solid state
magnitude of voltage will be change which resultselay, and zero crossing detectors. Inrush current
reduce in starting current of transformer. produced in single phase and three-phase transferme

As a zero crossing detector was used to control the,, pe controlled by long pulsduration due to
phase shift at the angle betweeht® 9¢ the phase lagging of current with respect to voltage. Whea th

control and a microcontroller are used for coningll firing angle delay increases, the inrush currenthia

thyristors, triacs and transistors. A power elatito transformer is reduced. The transformer is operated

element callgd triac s used to energize thﬁn angle of 90 degree the value of the inrush otirre
transformer primary winding to the main supply in Qvas found to be minimum

very short period of time. To isolate power circuit
from microcontroller, the triggered pulses will cka
triac through an optocoupler for the circuit thenfy 7. ACKNOWLEGEMENT
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