Microtroller Based Semiconductor Tap Changer For Power Transformer

Abstract:

A prototype of a fully electronic on-load semiconductor tap changer for power transformer has been
designed and built. With the emergence of high power semiconductor devices, problems associated with the mechanical on-load tap changer have been properly rectified. In this work, the prototype was constructed with triacs as the switching devices and microcontroller  as the triggering circuit. The results obtained from this work show that the prototype has a faster time response of approximately 0.44s to react to any load changes. It also produces no arching problems as it has no mechanical contacts and requires no maintenance, and can be considered as one of the fast solutions of the voltage sag or voltage swell. The system has been tested for reliability and proven to be reliable in maintaining the output voltage of the system.


The main purpose of our project is to design a fully electronic tap changer.Triacs are used as a switching device to turn on selected tap of the power transformer.Microcontroller with its loaded software acts as the triggering element to the triac. Step down and the opto-coupler is connected between input and the out of the microcontroller respectively thus isolating the low voltage circuit of the microcontroller from the damaging high voltage circuit of the power transformer.

BLOCK DIAGRAM:
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INTRODUCTION
One of the main concerns of any power utilities is the quality of the power supplied to the customers, as these customers demanded an uninterrupted supply with a minimum

case of disruption. By addressing these concerns, the power utilities can reduce the cost related in generating, transmitting,distributing and maintaining the power system.

There are several measures that have been taken to rectify these problems, such as by employing voltage regulator,capacitor and dc stored energy. In this paper, focus is being

given to the power transformer with tap changer; on-load and off-load. The former is preferable, as there is no disconnection of the power transformer when changing the tap setting, thus the operation of supplying the load demand is remained uninterrupted. Lately, online monitoring of power transformer has become of interest to the power utilities, as the power transformer is one of the most expensive single elements of the high voltage transmission system

On-load tap changer power transformers are an essential part of any modern power system, since they allow voltages to be maintained at desired levels despite the load changes.Although the first on-load tap changers were developed in the

early part of this century, modern versions still have not altered radically from these designs and in essence, they are complex mechanical device.


The application of semiconductor or solid state devices in designing the tap changer have the advantage of faster response, almost virtually maintenance free and better performance in term of power quality when compared to its conventional counterpart. The only setback of solid-state devices is cost efficiency and high conduction loss.Furthermore, as solid-state devices must be permanently

connected in the circuit, some sort of protection against high voltage surges travelling down the transformer winding is required.

In this project, the improvement is concentrated on maintaining the voltage supply by changing tap setting via microcontroller through triac assisted selector. The results

obtained from this experiment show that the proposed semiconductor tap changer is able to monitor the voltage supply and maintain it within the specified range. The system

takes approximately 0.44s to response to the load changes.

SEMICONDUCTOR TAP CHANGER
The main purpose is to design a fully electronic tap changer with a prototype constructed as the model of the operation as shown. Triacs are used as the switching device to turn on the selected tap of the power transformer.Microcontroller with its loaded software acts as the triggering element to the triac. Step-down transformer and opto-coupler isolator is connected between the input and output of the microcontroller, respectively, thus isolating the low voltage circuit of the microcontroller from the damaging high voltage

circuit of the power transformer.
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The block diagram shows the detailed blocks diagram for the semiconductor tap changer used in this work. A few extra devices are inserted in the prototype to provide a better accuracy and safety for the system. A feedback loop circuit of 110V/6V step-down transformer, rectifier, peak detector, filter and opto-transistor, is incorporated into the prototype. Its function is to convert the 110V AC line voltage to an acceptable DC level voltage for the microcontroller operation and provide a protection from damaging the microcontroller. 
The rectifier converts the AC voltage signal to DC voltage signal. As the output of the rectifier is not constant but with ripples, peak detector and filter is employed to get a better signals. Peak detector will detects the peak value of the rectifier’s output signal and gives a constant DC equivalent voltage and then the filter will filtered out any noise and further improve the signals so that it is free from any ripples and within a certain range of frequencies. While the optotransistor acts as an electric isolator to protect the input of the microcontroller.

NMIT-0020 F68HC11 microcontroller is used as the logical central process control to process the input signal and produce a suitable output signal according to the program loaded into the microprocessor. The microcontroller acts as a trigger by injecting pulses to the selected triac representing the appropriate taps. At any instant, only one triac will be in its ON state while the others are in OFF state.

The below fig shows the connection of the microcontroller,resistors, opto-couplers, triac circuits, load and power transformer. Opto-coupler protects the output of the microcontroller from the high voltage value of the power transformer. It also functions to maintain the ON-OFF switching operation of the triac. When the microcontroller has samples the DC voltage from the rectifier, and determines the appropriate tap setting to maintain the voltage, it will generate pulse signal to the designated opto-coupler. This opto-coupler will then activates the triac connected to it.

[image: image3.emf]
Once the triac is ON, it will stay ON until the gate terminal voltage of the triac falls below the holding current. The rest three triacs are at its OFF condition and will continues to be in this condition until the microcontroller decides to change its tap setting based on the output of the load. So, when the microcontroller senses changes in the load voltage, it will compute the new tap setting and gives an appropriate pulse to the selected opto-coupler. It will then turn on the triac and the load voltage will returns to normal.

The software loaded into the microcontroller is written using PROCOMM. It samples the input given to the microcontroller and compares the value with the determined value written in the program. The software has been given a set value of 100V. The signal is first converted to digital value by the internal analog-to-digital converter before the microcontroller could processes the information. If the value is 10% more or 10% less than the nominal value, the microcontroller will quickly change the tapping to a lower or a higher taps setting respectively. Microcontroller will continue changing the setting to maintain the voltage within the set value. If the tap setting is at its maximum or minimum, alarm signal will be generated and indicated by the flashing LEDs. Otherwise, the taps setting will remain unchanged.
Any variation of the output voltage of the power transformer will be detected by the microcontroller, which in turn computes and executes necessary command instruction to be pass on to the appropriate triac. The semiconductor tap changer will changes the tap position when the variation is out of the permissible range. Thus the voltage of the system could be maintained at nominal value.

TRANSFORMER
A transformer is a device that transfers electrical energy from one circuit to another through inductively coupled conductors—the transformer's coils. A varying current in the first or primary winding creates a varying magnetic flux in the transformer's core, and thus a varying magnetic field through the secondary winding. This varying magnetic field induces a varying electromotive force (EMF) or "voltage" in the secondary winding. This effect is called mutual induction.
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If a load is connected to the secondary, an electric current will flow in the secondary winding and electrical energy will be transferred from the primary circuit through the transformer to the load. In an ideal transformer, the induced voltage in the secondary winding (VS) is in proportion to the primary voltage (VP), and is given by the ratio of the number of turns in the secondary (NS) to the number of turns in the primary (NP) as follows:

By appropriate selection of the ratio of turns, a transformer thus allows an alternating current (AC) voltage to be "stepped up" by making NS greater than NP, or "stepped down" by making NS less than NP.
PRINCIPLE:

The transformer is based on two principles: firstly, that an electric current can produce a magnetic field, and, secondly that a changing magnetic field within a coil of wire induces a voltage across the ends of the coil (electromagnetic induction). Changing the current in the primary coil changes the magnetic flux that is developed. The changing magnetic flux induces a voltage in the secondary coil.
Induction law:
The voltage induced across the secondary coil may be calculated from Faraday's law of induction, which states that:
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where VS is the instantaneous voltage, NS is the number of turns in the secondary coil and Φ is the magnetic flux through one turn of the coil. 
Since the same magnetic flux passes through both the primary and secondary coils in an ideal transformer, the instantaneous voltage across the primary winding equals
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Taking the ratio of the two equations for VS and VP gives the basic equation[27] for stepping up or stepping down the voltage
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Ideal power equation
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giving the ideal transformer equation,
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TYPES
· Autotransformer
· Polyphase transformers
· Leakage transformers
· Resonant transformers
· Audio transformers

· Instrument transformers


TAPPING TRANSFORMER:
A transformer tap in a transformer is a connection point along a transformer winding that allows a certain number of turns to be selected. By this means, a transformer with a variable turns ratio is produced, enabling voltage regulation of the output. The tap selection is made via a tap changer mechanism.

If only one tap changer is required, tap points are usually made on the high voltage, or low current, side of the winding in order to minimize the current handling requirements of the contacts. However, a transformer may include a tap changer on each winding if there are advantages to do so. For example, in power distribution networks, a large step-down transformer may have an off-load tap changer on the primary winding and an on-load tap changer on the secondary winding.
To minimize the number of windings and thus reduce the physical size of a transformer, a 'reversing' winding may be used, which is a portion of the main winding able to be connected in its opposite direction and thus oppose the voltage. Insulation requirements place the tap points at the low voltage end of the winding. This is near the star point in a star connected winding. In delta connected windings, the tappings are usually at the center of the winding. In an autotransformer, the taps are usually made between the series and common windings, or as a series 'buck-boost' section of the common winding.
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A MECHANICAL ON-LOAD TAP CHANGER (OLTC), ALSO KNOWN AS UNDER- LOAD TAP CHANGER (ULTC)
Mechanical tap changers
A mechanical tap changer physically makes the new connection before releasing the old using multiple tap selector switches, but avoids creating high circulating currents by using a diverter switch to temporarily place a large diverter impedance in series with the short-circuited turns. This technique overcomes the problems with open or short circuit taps. In a resistance type tap changer, the changeover must be made rapidly to avoid overheating of the diverter. A reactance type tap changer uses a dedicated preventive autotransformer winding to function as the diverter impedance, and a reactance type tap changer is usually designed to sustain off-tap loading indefinitely.
AT89C521

Description

The AT89C52 is a low-power, high-performance CMOS 8-bit microcomputer with 8K bytes of Flash programmable and erasable read only memory (PEROM). The device is manufactured using Atmel’s high-density nonvolatile memory technology and is compatible with the industry-standard 80C51 and 80C52 instruction set and pinout.The on-chip Flash allows the program memory to be reprogrammed in-system or by a conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer which provides a highly-flexible and cost-effective solution to many embedded control applications.
The AT89C52 provides the following standard features: 8K bytes of Flash, 256 bytes of RAM, 32 I/O lines, three 16-bit timer/counters, a six-vector two-level interrupt architecture,a full-duplex serial port, on-chip oscillator, and clock circuitry.In addition, the AT89C52 is designed with static logic for operation down to zero frequency and supports two software selectable power saving modes. The Idle Mode stops the CPU while allowing the RAM, timer/counters,serial port, and interrupt system to continue functioning.The Power-down mode saves the RAM contents but freezes the oscillator, disabling all other chip functions until the next hardware reset.
FEATURES
• Compatible with MCS-51™ Products

• 8K Bytes of In-System Reprogrammable Flash Memory

• Endurance: 1,000 Write/Erase Cycles

• Fully Static Operation: 0 Hz to 24 MHz

• Three-level Program Memory Lock

• 256 x 8-bit Internal RAM

• 32 Programmable I/O Lines

• Three 16-bit Timer/Counters

• Eight Interrupt Sources

• Programmable Serial Channel

• Low-power Idle and Power-down Modes
PIN CONFIGURATION
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Triacs BT136 series

GENERAL DESCRIPTION:

Glass passivated triacs in a plastic envelope, intended for use in applications requiring high bidirectional transient and blocking  voltage capability and high thermal cycling performance. Typical applications include motor control, voltages industrial and domestic lighting, heating and static switching.
THERMAL RESISTANCES:
	SYMBOL


	PARAMETER
	CONDITIONS
	MIN.
	TYP.
	MAX.
	UNIT

	Rth j-mb

Rth j-a

	Thermal resistancefull cycle
junction to mounting base half cycle.
Thermal resistancein free air junction to ambient

	Full cycle
Half cycle

In free air
	-

-

-
	-

 -

60

	3.0
3.7
 -

	K/W
K/W
K/W



STATIC CHARACTERISTICS

Tj = 25 ˚C unless otherwise stated
	SYMBOL

	PARAMETER

	CONDITIONS

	MIN.

	TYP
	            MAX
	UNIT


	IGT
IL
IH

VT
VGT
ID


	Gate trigger current
Latching current
Holding current

On-state voltage
Gate trigger voltage

Off-state leakage current

	                 BT136-
VD = 12 V; IT = 0.1 A

                 T2+ G+
                 T2+ G-
                 T2- G-
                 T2- G+

VD = 12 V; IGT = 0.1 A
                 T2+ G+
                 T2+ G-
                 T2- G-
                 T2- G+
VD = 12 V; IGT = 0.1 A

IT = 5 A
VD = 12 V; IT = 0.1 A
VD = 400 V; IT = 0.1 A;
Tj = 125 ˚C
VD = VDRM(max);
Tj = 125 ˚C

	-
-
-
-
-
-
-
-
-
-

-

-

-

0.25
-

	5

8
11
30

7
16
5

7
5
1.4
0.7
0.4
0.1
	…

      35
35
35
70
20
30

20
30
15
	..F

25
25
25
70
20
30
20
30
15
	..G

50
50
50
100
30
45
30
45
30
	mA
mA
mA
mA
mA
mA
mA
mA
mA
V
V
V
mA

	
	
	
	
	
	1.70

1.5

-

0.5
	


DYNAMIC CHARACTERISTICS

Tj = 25 ˚C unless otherwise stated

	SYMBOL

	PARAMETER

	CONDITIONS

	MIN.

	TYP.

	MAX.

	UNIT


	dVD/dt
dVcom/dt
tgt

	Critical rate of rise of
off-state voltage
Critical rate of 

change of
commutating voltage
Gate controlled turn-on
time

	   BT136-
VDM = 67% VDRM(max);
Tj = 125 ˚C; exponential
waveform; gate open
circuit

VDM = 400 V; Tj = 95 ˚C;
IT(RMS) = 4 A;
dIcom/dt = 1.8 A/ms; gate
open circuit

ITM = 6 A; VD = VDRM(max);
IG = 0.1 A; dIG/dt = 5 A/µs

	...
100
-

-
	...F
 50
-

-
	...G
200
10

-
	250
50

2
	-

-

-
	V/µs
V/µs





ADC0808/ADC0809

8-Bit μP Compatible A/D Converters with 8-Channel Multiplexer:

The ADC0808, ADC0809 data acquisition component is a monolithic CMOS device with an 8-bit analog-to-digital converter,8-channel multiplexer and microprocessor compatible control logic. The 8-bit A/D converter uses successive approximation as the conversion technique. The converter featuresa high impedance chopperstabilized comparator, a 256R voltage divider with analog switch tree and a successive approximation register. The 8-channel multiplexer can directly access any of 8-single-ended analog signals. The device eliminates the need for external zero and full-scale adjustments. Easy interfacing to microprocessors is provided by the latched and decoded multiplexer address inputs and latched TTL TRI-STATE outputs.The design of the ADC0808, ADC0809 has been optimized by incorporating the most desirable aspects of several A/D conversion techniques. The ADC0808, ADC0809 offers high speed, high accuracy, minimal temperature dependence, excellent long-term accuracy and repeatability, and consumes minimal power. These features make this device ideally suited to applications from process and machine control to consumer and automotive applications.

Features

■ Easy interface to all microprocessors

■ Operates ratiometrically or with 5 VDC or analog span

adjusted voltage reference

■ No zero or full-scale adjust required

■ 8-channel multiplexer with address logic

■ 0V to VCC input range

■ Outputs meet TTL voltage level specifications

■ ADC0808 equivalent to MM74C949

■ ADC0809 equivalent to MM74C949-1

Key Specifications

■ Resolution 8 Bits

■ Total Unadjusted Error ±½ LSB and ±1 LSB

■ Single Supply 5 VDC

■ Low Power 15 mW

■ Conversion Time 100 μs

Opto-coupler Isolater:

An opto-isolator is a device that uses a short optical transmission path to transfer an electronic signal between elements of a circuit, typically a transmitter and a receiver, while keeping them electrically isolated—since the electrical signal is converted to a light beam, transferred, then converted back to an electrical signal, there is no need for electrical connection between the source and destination circuits.
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The opto-isolator is simply a package that contains both an infrared light-emitting diode (LED) and a photodetector such as a photosensitive silicon diode, transistor Darlington pair, or silicon controlled rectifier (SCR). The wave-length responses of the two devices are tailored to be as identical as possible to permit the highest measure of coupling possible. Other circuitry—for example an output amplifier—may be integrated into the package. An opto-isolator is usually thought of as a single integrated package, but opto-isolation can also be achieved by using separate devices.
MOC3021

The MOC3020 Series consists of gallium arsenide infrared emitting diodes, optically coupled to a silicon bilateral switch.
· 250 V Phototriac Driver Output

· Gallium-Arsenide-Diode Infrared Source and

· Optically-Coupled Silicon Traic Driver

· (Bilateral Switch)

· UL Recognized . . . File Number E65085

· High Isolation . . . 7500 V Peak

· Output Driver Designed for 220 V ac

· Standard 6-Terminal Plastic DIP

· Directly Interchangeable with

· Motorola MOC3020, MOC3021, MOC3022,

· and MOC3023

· Direct Replacements for:

· TRW Optron OPI3020, OPI3021,

· OPI3022, and OPI3023;

· General Instrument MCP3020,

· MCP3021, and MCP3022;

· General Electric GE3020,

· GE3021, GE3022, and GE3023.
16x2 LCD Dot Matrix
· HD 44780 Compatible Interface

· Robust Construction

· Back-Light

· Bezel

· Easy to install.

The DMX sets new standards for dot matrix displays. Of compact and robust construction, it can be bolted in place or panel mounted using bezel (supplied complete with clips and window). The interface is compatible with the Hitachi LCDII/IIA standard and connection is via a 16 way ribbon cable connector (this is in the popular 14 pin format but with extra pins for the back-light). The unit can be optionally back-lit with a simple 5V supply.
CONCLUSIONS:
A prototype of fully electronic on-load tap changer has been built and tested. Triac devices as the switching device that had eliminated all disadvantages of arching, contact wear and maintenance that associated with conventional mechanical tap changer. With these semiconductor devices and microcontroller as the processing element, the response time of the tap changer had been improved to approximately 0.44s. The result obtained from the experiment had showed that the tap changer was able to maintain output voltage level by varying the tap setting each time the input voltage changes.
