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░ ABSTRACT: This paper deals with the basic concept of tap changing of transformer, types of tap changer and various 

voltage control methods used for On-load tap changing transformer in distribution network. These methods depend upon the series 

and parallel operation of On Load Tap Changing Transformer. In parallel operation-automatic voltage controller and low drop 

compensation controller are used. While in series operation grading time and communication based voltage control methods are 

used. 
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░ 1. INTRODUCTION 
   
 Transformer is an AC and static device works on the principle 

of electromagnetic induction. The alternating voltage in 

primary winding produces alternating flux N1Ie, which is 

confined to high permeability path iron path that is core. The 

alternating flux produces emf in primary E1 and secondary 

winding E2. If load is connected across the secondary, the 

current in secondary winding starts flowing. 

 

Figure 2: Transformer  

The emf e1 in volts, induced in primary with N1 turns by the 

alternating flux ɸ is given by 

                      e1= -N1(dɸ/dt) 

                         = -N1ωɸmax cosωt 

                         = N1ωɸmaxsin[ωt-π/2] 

Its maximum value, E1 max occurs when sin(ωt-π/2)=1  

i.e. 

                      E1 max= N1ωɸmax 

                            e1= E1maxsin(ωt-π/2)                             (1) 

RMS value of emf E1 induced in primary winding is giving by 

                         E1= E1max /√2 

                             = (2π/√2)fN1ɸmax 

                                      = 4.44fN1ɸmax                                         (2) 

                          v= -e1= N1(dɸ/dt) 

Therefore,        V1=E1 

The emf induced in the secondary is 

                        e2= -N2(dɸ/dt)=-N2ωɸmaxcosωt 

                       e2 = N2ωɸmaxsin(ωt-π/2)                             (3) 

                       e2= E2sin(ωt-π/2) 

RMS value of emf of E2 induced in secondary winding is 

given by 

                      E2= E2max/√2= √2πfN2ɸmax                          (4)  

From equation (2) and (4) 

                     E1/E2=N1/N2 

i.e. emf per turn in the primary = emf per turn in the secondary  

 

░ 2. TAPPING OF TRANSFORMER 

Therefore, emf in secondary winding is proportional to the 

active number of turns in primary winding in a transformer. In 

distribution network, generally step down transformer of 

voltage rating33kV, 22kV, 11kV and 400/230V, besides 

6.6kV, 3.3kV and 2.2kV according to the customer need.  

 

 

 

 

 

 

 
Figure 2: Tapping in transformer 

When the load in a power system is increased, The voltage is 

decreased and vice versa. To maintain the voltage at a constant 

level tapping is done. Tapping alters the power transformer 

turns ratio in a number of predefined steps and thus, changes 

the secondary voltage  

There are two types of tapping in distribution transformer: 

(a) On load tap changer(OLTC) 

(b) Load tap changer 
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On-load tap changer works with the load connected to the 

transformer while load tap changer, first disconnect the load 

then changes the taps. OLTC are mostly used because it is 

more efficient, less maintenance cost required as compared to 

that of load tap changer and time is saved. Standard OLTC 

offers +/-9 to +/-11 steps and each step provides a change in 

low voltage side approximately 0.5-1.7%. 

░ 3.  OLTC CONTROL BY AUTOMATIC 

VOLTAGE REGULATOR (AVR) 

The main purpose of AVR is to maintain the low voltage side 

of power transformer within the preset deadband. The voltage 

of OLTC stays between the preset deadband i.e. ∆V=V1-V2. 

When there is any fluctuation in secondary voltage V, of 

OLTC, it is either less than V1 or more than V2. Time delay as 

shown in block diagram, helps to prevent unnecessary OLTC 

operation due to voltage fluctuations. Therefore, longer time 

delay is used and located near to the customer end. 

░4. LOW DROP VOLTAGE COMPENSATION 

(LDC) CONTROL OF OLTC   

An OLTC is normally provided with LDC function in order to 

keep the voltage at a remote point constant without using any 

communication link. LDC monitors the voltage at secondary 

side of transformer and then using a measure of secondary 

current to simulate the voltage drop across feeder that exists 

between transformer and load as described by equation 

VM =VS − V ≈VS − ILZSET =VS − IL(RSET + jXSET) 

Where VM and VS are the measure voltage of load and 

sending-end voltage respectively, IL is the current through 

OLTC transformer and RSET. And XSET are the LDC resistive 

and reactance compensation setting. This voltage drop along 

the feeder impedance (line resistance R and line reactance X) 

is used to boost the voltage regulated at transformer terminal 

therefore ensuring the correct voltage level maintains at load 

where it is required. 

 

 

 

 

 

 

 

Figure 3: AVC relay scheme with LDC 

░5. OLTC OPERATION IN SERIES 

 

When OLTC are operated in series and there is a voltage 

fluctuation, the OLTC nearer to the load end i.e. downstream 

OLTC operates before the OLTC farther to load i.e. upstream 

OLTC and result in unstable system. When the voltage 

deviation is caused by disturbances in feeding transmission 

networks or load variations in upper voltage level feeders, the 

duty of responsibility of operation belongs to the up-stream 

OLTC to have the priority to operate before the down-stream 

OLTCs. If the down-stream OLTCs operate ahead of time, 

they may have to revert to changing tap position back to 

original position after operation of the up-stream OLTC that 

corrected the voltage deviation. 

 

 

 

 

 

 

 

 

 

 

Figure 4:  OLTC operating in series 

 

░6. OLTC OPERATION IN SERIES 

The Grading Time (GT) is introduced as an additional 

delay to ensure up-stream OLTC has finished its operation 
before down-stream OLTC restores voltage level. The GT 

is set as the worst case voltage correction time. When the 

voltage deviation is corrected by up-stream OLTC 

operation, down-stream tap changing actions have time to 

re-set the tap changer operation. If the voltage deviation 

still exists after up-stream OLTC operation, down-stream 

OLTC can operate to execute local voltage correction. 

This method helps to reduce the number of tap changing 

decreases with lesser recovery time as compared to that of 

without GT method. 

░7. GRADING TIME CONTROL OF OLTC 

 

The Grading Time (GT) is introduced as an additional delay to 

ensure up-stream OLTC has finished its operation before 

down-stream OLTC restores voltage level. The GT is set as 

the worst case voltage correction time. When the voltage 

deviation is corrected by up-stream OLTC operation, down-
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stream tap changing actions have time to re-set the tap changer 

operation. If the voltage deviation still exists after up-stream 

OLTC operation, down-stream OLTC can operate to execute 

local voltage correction. This method helps to reduce the 

number of tap changing decreases with lesser recovery time as 

compared to that of without GT method. 

 

░8. COMMUNICATION BASED VOLTAGE 

CONTROL OF OLTC 

Since GT scheme uses the worst case voltage correction time 

as the time delay difference between different voltage levels, 

there are some advanced control methods to reduce the grading 

time in GT scheme. In this method, when upstream OLTC 

operates, a blocking signal is issued to stop the operation of 

downstream OLTC. When the operation of upstream OLTC is 

completed, blocking signal is removed. The down– stream 

OLTC can make further local voltage correction. Hence, time 

delay is reduced from the worst case correction time to up-

stream operation time in communication assisted voltage 

control scheme. Hence, there is complete assurance of delayed 

operation of downstream OLTC. 

 

 

 

 

 

 

 

 

 

Figure 5: Communication based voltage control method 

░9. CONCLUSION 

The various control methods of OLTC in distribution 

network ensures the better performance of the system. AVC 

equipped with the LDC gives a better result. Communication 

based voltage control method is better than the grading time 

method to control series operation of OLTC. Also there are 

many possibilities to discuss new method to control OLTC 

operations.   
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