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Abstract- An on-line over current protection system has bdesigned for toroidal inductor which prevents the
product failure during its manufacturing process.tdroidal inductors, the current carrying condustare wound
parallel in a form of coil. An internal short magaur due to unidentifiable black spots, scratckrrfal aging and
weakness in the enamel coating in the conductotiseo€oil during the regular operation. The objectf this paper

is to measure the current flow in the parallel webwaurrent carrying conductors with the help of anbedded
system. A sensitive miniature current transformensgs the current and the faulty differential autrrbow is
measured between the parallel conductors and samaparison is made using Microcontroller. Compa@dhe
end user product cost, the cost of the designetdgtion system is very less and hence it is a vatided feature
which may save the inductor from getting burnt.sTeiystem may also be implemented for inductors hwhice
normally used in the UPS (Un-interrupted Power $9)mystems.

Index Terms- Current transformer, Differential current flow, Bdéweral Interface Controller, Product failure,
Toroidal inductor, UPS (Un-interrupted Power Supply
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1. INTRODUCTION ” —

. . . . . 80 /
Toroidal inductor is a passive electronic component 20 // //
that storgs energy in its magr]etlc field. It.cotssm‘ a . = zz — =
circular ring shaped magnetic core of high magnetic g = —==
permeability, around which a copper wire is coited fr.-z 30 //
shown in fig. 1. At present, design of the toroidal i :E
inductor is carried out with multiple parallel winds 0
[1].  Multiple parallel winding methods provides 12 2 36 42
higher voltage operation, reduced leakage flux, Nominal power
reduced winding resistance and reduced capacitance. —E-Core Toroidal Care

The design of an inductor with toroidal core is eor
efficient compared to inductor with E-core resudtin

in reduced core loss, reduced acoustic noise and
improved efficiency as shown in fig. 2.

Fig. 2. Performance of Toroidal Core over E-Core

The toroidal inductors are fabricated using various
processes [2], [3]. The most important stage in the
manufacturing is the design and assembly of copper
winding over the magnetic core [4], [5]. The wingi
process is carried out for multiple layers [1]. Eac
winding is coiled by wrapping the start and end
portions of the copper wire with the help of insath
tapes. Thus the ends of each winding should be kept
separated and the process is carried out for the
completion of the product. At the end of
manufacturing process, the product has undergone
Fig. 1. One winding toroidal inductor manual testing of inductance, DC-Resistance
measurements and Q-value test.
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2. SYSTEM ANALYSIS

The system is analyzed by considering the problems
that are faced in coiling an inductor. Thereby this
paper proposes an embedded system to satisfy the
manufacturers of inductors in overcoming the produc
failure.

2.1 Problem stated

In toroidal inductors, there occurs field failuréthe
product, which can be corrected in prior, durirg it
manufacturing process. This failure is due to the
internal short circuit in the coil windings becausfe
black spots, scratches and weaknessenamel
coating.

2.2 Proposed solution

In order to overcome the above issue, this paper
proposes an on-line over current protection system
with the help of an embedded controller. A PIC
microcontroller satisfies this need [6]. At presehts
type of microcontroller is used in various eledtic
applications [7], [8] and consumer electronics like
indoor car parking system [9]. In this papBiC
16F877A, an 8 bit microcontroller is used to sense
and compare the differential current through the
windings of an inductor with its reference current.
This system may perform well at the consumer end.
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Fig. 3. Block Diagram of the prototype

As shown in fig. 3, this paper presents ther
current protection for toroidal inductor consisting
three windings coiled over its core. Hence the pape
explains the concept with the help of a prototype
model. The prototype consists of three windings of
toroidal inductor which may be scaled up to seven
windings. A current transformer (CT) is used tossen
the current through each winding. Since the output
current from the current transformer is an AC signa
it has to be converted into a DC analog voltagdn wit
the help of a Signal Conditioning Unit (SCU).
Therefore, three SCUs are designed in the prototype
The output analog voltage of the respective SCH i
fed into the PIC 16F877A microcontroller which
corresponds to the current through each winding.

2.3 Control action

The microcontroller converts the analog signal into
digital signal with its in-built ADC. It also compes

the values of current through each winding sepbrate
with the reference current value. This referendeera

is dependent on the type of load used in the system
A relay is used for each winding to trip the loal a
shown in fig. 3. The load can be any electricalickev
like electric bulb, electric fan, etc. A relay cgivis
used to boost up the voltage required for the relay
operation. When there is high current
(winding current > threshold current) due to theeain

of defectiveness in the winding, the load can be
disconnected from the system and the corresponding
defective winding follows an open circuit. In the
meanwhile, the defectiveness and the differential
current flow in the winding are displayed on the
Liquid Crystal Display (LCD). In the prototype, the
defectiveness is introduced by manually incrementin
the current through each winding. This is done with
the help of a keypad. Therefore, the erdbdd
system plays an important role in preventing the
product failure of a toroidal inductor.

3. WORKING OF THE PROPOSED CIRCUIT

The overall over current protection circuit is shmow
in fig. 4. A normal power supply consisting of four
blocks is prescribed in this paper. A transfornieps
down high voltage AC mains to low voltage AC. A
rectifier converts AC to DC, but the DC output is
varying in the circuit. A smoothing filter smoothen
the DC from varying greatly to a small rippl&é
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Fig. 4. Overall circuit of the protection system

regulator eliminates ripples by setting DC outmuat
fixed voltage.

The Signal conditioning unit conditions the input
signal and forwards the output to the embedded
system. A rectifier is used to convert an AC intG.D
Output of the rectifier is given to the capacititef
which removes ripples from the rectifier unit. Pure
DC is given to the variable resistor through curren
limiting resistors. The output voltage level may be
adjusted by varying the resistance value of I K
5V zener voltage regulator is chosen for maintajnin
a constant voltage.

The relay driver circuit is enabled at certain time
duration such enable pulse depends on the delayed
programming of the microcontroller. The darling
circuit consists of two transistor connected tarfa

cascade network. If the input is set to the badasif
transistor, then first transistor is turned on atsd
emitter current turns the other transistor. Beeanf
this, the circuit is closed through the coil andcs®l
transistor controls the contactor that swische
between normally open to closed and normally closed
to open states. The inductance may affect the other
components in the circuit, so a diode is connected
across the coil which can prevent its choppingogffe

An LCD is used to display the defective winding
number and the measured current through the
windings. This module works as an output device to
the over current protection system. Consequently, a
keypad or switch is used for incrementing or
decrementing the current values in the prototype
model of the system. The electrical specificatidn o
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the current transformer and toroidal inductor 4, SSIMULATIONAND RESULT
are given in the table 1, 2 respectively. ANALYSIS
Table. 1. Current transformer specification The simulation of online- over current protection
system for toroidal inductor is carried out in
Parameter Value PROTEUS simulation tool. It provides co-simulation
Transformation | 63 : 0.1 of a complete microprocessor based design. The
ratic embedded system used in this paper is coded in
Rated primary 63 A embedded C using MPLAB. It is an integrated
current development environment for coding software
Precision class 3% program in Microchip based microcontrollers. The
Operating 50 HZ circuit is simulated with the transformer replacing
frequency each winding in the circuit, since they both hagaa
Secondary turns | 2 x 617 turns of 31 AW[G characteristics and similar method of coiling the
Secondary 5510 650 conductors ilfl indu§tries. Some of .the electrical
resistance components like an inductor, an electric bulb ate,

not available in this tool. Alternatively, the Ligh
Emitting Diode (LED) is used for indication of the

Table. 2. Toroidal inductor specification over current through the transformer and its
Par ameter Value defectiveness. A 5V potentiometer is uskxd
varying the flow of current through each transforme
Inductance 1.2 mH Thereby we set the current values that are compared

using the PIC 16F877A microcontroller. Therefore,

Current rating| 40 A g . o ) " .
the simulation result shown in fig. 5 is efficieard it

Density 8.9 g/cm resembles the circuit model of the proposed system.
No of turns ~20 In fig.5, we can see the switching of relays RLH an
RL2 (open state) since over current flows through t
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Fig. 5. Simulation result of the protection system
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transformer TR1 and TR2. Furthermore, the
corresponding values of current are shown in the
LCD display and the respective LEDs shuts off. The
display shows the label of over currents (11 andtd2
validate its defectiveness. Therefore the LED will
glow only when there is normal current in the ctbse
circuit. This simulation illustrates the overallnmept

of this paper. But it doesn'’t reveal the exact ltssu
that are obtained in the prototype model.

The prototype of the system is shown in fig. 6. The
result is accurate as it holds the electrical load
(electrical bulb), whose power is 100 W. Here the
reference current value is based on tedow
equation.

P=VXIXcos®

By substituting the voltage as 220 V and the poager
100 W, the current will be obtained as 0.45 A (ealu
of ¢ is 0.7 for electrical bulb). Keeping this current
as reference, the defective winding is found with t
help of an embedded system.

Here, two electrical bulbs are connected seriadly t
induce the defectiveness externally. In normal
condition, single bulb per winding glows. But
switching on the additional bulb externally will kea
both the bulbs to glow for a second after which tha
particular load is tripped off from the system. §m
turn disconnects the respective winding of the
inductor.

Fig 6. Prototype of the proposed system

5. CONCLUSION

An on-line over current protection system prevents
the destruction of the component during the
manufacturing process. It is very easy to desighian

is implemented with less number of components. The
continuous monitoring of the system is not required
since an embedded system automatically disconnects
the faulty winding. Hence it is concluded that this
paper prevents the product failure and reduces the
material loss of the manufacturer. This paper may b
enhanced with wireless technology called GSM
(Global System for Mobile), which may transmit the
information about the defectiveness to concerned
person. Hence the entire system may be operated
without human intervention.
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