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Abstract

The on-load tap changer provides an efficient means of controlling the voltage on distribution networks. The primary side is provided with a tapped winding at its neutral end. The number of primary windings and hence the voltage ratio of primary to secondary volts can be varied to control the voltage on the secondary LV side of the transformer.

The tap position is controlled by an automatic voltage control (AVC) relay. Its main function is to provide the correct voltage level, provide boost voltage as load increases and minimise circulating current between parallel operating transformers

The correct target voltage on the secondary side of the transformer may vary with loading. As the load current supplied by the transformer increases, the voltage drop from the terminals of the transformer to the loads also increases. This results in a lower received voltage at the furthest load away from the transformer. By applying Load Drop Compensation (LDC), the target voltage can be increased as the load current increases, which offsets the voltage drop along the load carrying conductors. The two extreme cases are in urban areas where transformers are situated close to the loads and rural areas where the transformer may be 10’s of kilometres away from the furthest load. The settings applied to the LDC will be high in rural areas and zero or very small in urban areas.  

Where transformers are run in parallel a circulating current will flow between them. Transformers are often run in parallel to avoid a fault on one transformer, causing an interruption in supply. The circulating current is highly reactive as the transformer impedance is dominated by its reactive component. The aim of the AVC relay is to minimise the circulating current, as it serves no useful purpose and contributes to the losses of the power system. This is achieved by boosting the effective voltage the relay measures when its transformer exports circulating current, and reduces the effective voltage when circulating current is imported to its LV winding. In this way, the addition and subtraction of voltage from the circulating current measurement, causes the tap changers to tap to the optimum tap positions to minimise circulating current.   

1
INTRODUCTION

The supply of correct levels of voltage to consumers is a regulatory obligation of power supply companies. The power utility has a limited number of points in its system to regulate the voltage levels. A convenient point to control voltage is the power transformer equipped with an on load tap changer. 

Problems may be encountered if the voltage deviates beyond the statutory limits. Sensitive electronic equipment can be damaged by excessive voltage and motor load can stall if voltage drops too low.

The regulations state the voltage must be kept within in the limits of 230V ( 10%. 

Voltage Control schemes have evolved from Master Follow to Circulating Current to Random to Negative Reactance, and more recently to transformer automatic paralleling package (TAPP). The early schemes were horrendously complicated in terms of wiring, relied on the operation numerous electrical contacts, and were inflexible in operation. 

The are several requirements to be met in the optimum voltage control scheme:

· Correct voltage levels maintained at all times and load conditions.

· Maintain automatic tap change control when paralleling transformers.

· Simple and reliable, by minimising component count and electrical contacts.

· Suitable for paralleling multiple transformers.

· Suitable for running different transformers and tap changers in parallel

· Easy to install and commission.

· Cost Effective

· Good dynamic Performance

The TAPP method over came all of these difficulties and was implemented in the Reyrolle SuperTAPP AVC relay system, and more recently in the numerical MicroTAPP relay.

Master-follower schemes are the most common older types, but as equipment fails it is becoming uneconomic to fault find and fix them. 

2 THE ON LOAD TAP CHANGER

In the interests of completeness, it is worth covering exactly what the on load tap changer consists of and how it operates. The Figures 1 shows the set up and basic connections of an on load tap changer. The tap position of the HV winding is controlled by the AVC relay to produce correct LV voltage. The correct voltage will depend on the LV voltage, the circulating current measured and the voltage boost applied to compensate for load drop compensation.

Figure 2 shows the tap changer cubicle and figure 3 shows the resistor chain sender unit for indication of the tap position.  Figure 4 shows  the main terms used to describe aspects of on load tap changers. Figures 5 to 10 show the connections and operations required for one change in tap position.

3
TYPES OF Voltage control Scheme 

3.1 Master Follower

This scheme is well known and still operates in many substations. As the name implies one voltage control relay is assigned as the master relay and sends tap signals to the other voltage control relays assigned as followers to carry out the same tap change. The scheme works well where the paralleled transformers are fed from the same source busbar, are identical transformers in design and parameters, have identical tap changers in steps, number and % per step. 

The difficulties with the scheme are:

· If master fails, no voltage control is possible until the another relay is switched to master.

· Circulating current is not minimised, if source voltages, transformers and tap changers are not identical.

· Wiring is horrendously complicated, with many contacts and switches required. This makes master follower schemes unreliable and difficult to fault find on.

· The scheme is limited to radial type networks and is not easy to adapt to inter- connected power system.

3.2 Compensated Systems

This method of voltage control uses a compensation of the terminal voltage to maintain the voltage received by the remote load. As the load current increases, the voltage drop in the connection between the LV busbar and the remote load centre increases. As the load on the substation increases the target voltage is increased to provide the boost.

The other aspect of these systems is to compensate the target voltage for circulating current. If the transformer is exporting circulating current the effective voltage measured by the relay is increased, causing a tendency to tap down and reduce its exported circulating current.

AVC relays use 90 or 30 degree connection of current leading voltage, to their terminals. This is necessary to have the correct compensation vectors applied to basic voltage measurement for circulating current and load drop compensation. The 90 degree connection has optimum performance at unity power factor and the 30-degree at 0.96 lagging. As the power system power factor ranges from 0.97 to 0.92 the 30-degree connection allows more accurate voltage control. Both systems used resistors and reactance to derive the voltage compensation.

Both systems uses a resistance for the circulating current compensation and a reactance for the load drop compensation. See figure 11and 12 for diagrams of 30 and 90 degree connection and how the compensation is realised. It can be seen the 30 degree connection, is superior at normal power factor.

As can be seen the R + jX compensation is superior in terms of giving good LDC performance. The exported circulating current is minimised because the resistor provides good voltage compensation for circulating current as it is highly reactive and lags the applied voltage by an angle approaching 90 degrees. This causes the relays to tap together and minimising circulating current.

The SuperTAPP system uses 30 degrees and the MicroTAPP can use any combination of voltage and current angle relationship, as it is a setting on the relay.  This can help if only some combinations of input quantities are available.

The LDC compensation must be applied to the total substation load to allow correct response. Interconnecting pilot wires or communications link between relays whose transformers are run in parallel are necessary. The Reyrolle SuperTAPP and MicroTAPP relays have a patented system to allow operational flexibility.

4 Additional Features include in AVC relays

4.1 VT Monitoring

It is essential that the integrity of the connected voltage is checked, as it is used for control purposes. Most modern relays use one phase input for control and the other phases as a check on the voltage used for control. It is obvious, is a VT fuse has blown, the voltage control relay must not operate, lock out its control and alarm for VT fuse fail

4.2 Tap change Monitoring

The tap changer being a mechanical device is prone to wear and develop faults. Modern relay will detect a tap changer that is not responding to the control signal sent, and is able to lock out any dangerous tap changes. A runaway situation that has locked the tap changer in a high voltage must be dealt with quickly, as high voltage may damage downstream equipment. The monitoring provided, should be in service, irrespective of the tap changer control point (i.e. at tap changer cubicle, AVC relay or control system)

4.3 Tap position Indictor

The tap position should be visible from the front of the relay, to assess correct operation and to aid in commissioning. 

4.4 Frequency Dependent Voltage Reduction

The power system can be assisted by the AVC relay if low frequency is detected. The LV voltage can be temporarily dropped to lower the MVAR demand.

4.5 Overload Protection

The tap changer must be locked out by the AVC relay when a transformer is over loaded. 
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