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Abstract 

The purpose of this paper is to show the possibility of change over between in-phase and phase shifting voltage 

regulation while the autotransformer is energized. The autotransformer HOPS Senj 200, rated 200 MVA, with the 

change-over between in-phase and phase shifting voltage regulation performed with de-energized tap changer 

(DETC), is considered. The advantages and disadvantages of both solutions for change-over are analysed, as well as 

their impact on the autotransformer’s design solution. 
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1. Introduction

By installing phase shifting autotransformer 220/110 kV, 200 MVA, Croatian Transmission System Operator 

(HOPS) solved the possible congestion in the transmission system line HE Senj – Crikvenica – Vinodol. 

Transformer for HE Senj is a replacement for an existing power transformer 220/110 kV, rated 150 MVA. The new 

transformer is a three-phase autotransformer design with variable flux voltage variation (VFVV). Its installation 

solves the problems of control of power flows in the local 110 kV grid, that are possible due to the construction of 

new wind farms [1] [2]. This is the second transformer installed in Croatia, after 400 MVA autotransformer in TS 

Žerjavinec [3], with possibility of phase shifting, but the first one with possibility of a two-way (lag and advance) 

phase shifting. 
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2. Existing regulation solution with OLTC and DETC

In the autotransformer HOPS Senj 200, in-phase voltage regulation is carried out with reversing switching 

principle on-load tap-changer (OLTC) with the regulation winding connected in the neutral point (Figure 1). That 

means that both types of voltage regulation are variable flux voltage variation type (VFVV). By changing the 

number of turns in regulation winding, the number of primary and secondary turns is changed as well.  

The autotransformer HOPS Senj 200 is a network autotransformer with tertiary winding which has only a 

stabilizing function, with in-phase and phase shifting voltage regulation. In-phase voltage regulation range is 

between +26.6  % and -12.6 % while phase shifting voltage regulation range is from +10.5 ° (which corresponds to 

voltage regulation range of +4.9 %)  to -6.3 ° (-9.3 %) or from 6,3 ° (-9.3 %) to -10.5 ° (+4.9 %) (Tables 1 and 2). 

The number of tap positions of OLTC is 25 while the total number of tap positions is 27. The number of tap 

positions of DETC is 3. In-phase voltage regulation controls the voltage level without changing the phase angle of 

the voltage phasor, i.e. voltage induced in the regulation winding is added (or subtracted) to the voltages induced in 

series and common winding on the same core limb (Figure 2). 

Regulated winding is connected either with the common winding of the same phase (DETC  in position II) or 

with the common winding of any of the other two phases (DETC in position I or III). Electrical connection of tap 

winding is star, in the neutral.  

Figure 1 3-phase diagram 

The number of turns can be changed under the load with OLTC while selection between in-phase and phase 

shifting voltage regulation is performed by DETC in deenergized state. In that way, the active and reactive power 

flow through a line in the system is controlled. Switching between phase and in-phase voltage regulation with DETC 

is operation decided by the dispatcher. A precondition is that the exclusion of transformer does not distort safety 

criteria in the remaining network. 
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Table 1 Voltages and currents in in-phase voltage regulation 

In-phase voltage regulation 
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U I U I U I 

(V) (A) (V) (A) (V) (A) 
II 25 192280 600,5     (7730) (-) 
II 24 194120 594,8     (7900) (-) 
II 23 196000 589,1     (8080) (-) 
II 22 197800 583,8     (8270) (-) 
II 21 199800 577,9     (8470) (-) 
II 20 201900 571,9     (8680) (-) 
II 19 204100 565,8     (8900) (-) 
II 18 206400 559,4     (9130) (-) 
II 17 208900 552,8     (9370) (-) 
II 16 211400 546,2     (9630) (-) 
II 15 214200 539,1     (9900) (-) 
II 14 217000 532,1     (10190) (-) 
II 13 220000 524,9 115000 1004,1 (10500) (-) 
II 12 223300 517,1     (10810) (-) 
II 11 226700 509,4     (11150) (-) 
II 10 230400 501,2     (11520) (-) 
II 9 234300 492,8     (11910) (-) 
II 8 238500 484,2     (12330) (-) 
II 7 242900 475,4     (12770) (-) 
II 6 247800 466,0     (13250) (-) 
II 5 253000 456,4     (13770) (-) 
II 4 258600 446,5     (14330) (-) 
II 3 264700 436,2     (14940) (-) 
II 2 271300 425,6     (15610) (-) 
II 1 278608 414,5     (16330) (-) 

 

  

Figure 2 Phasor diagram in in-phase voltage regulation 

When power is transmitted between two systems, a voltage drop and a phase angle shift between the sending and 

receiving end occurs. Phase shifting voltage regulation is realised when the voltage induced in the regulation winding is 

added (or subtracted) to the voltages induced in series and common winding on one of the adjacent core limbs (Figure 

3). In that case, not only the voltage level, but the phase angle of the voltage phasor is also changed and active power in 

the system is controlled. Calculation of phase angle, φ12, between phasors 1U and 2U, is shown in [3]. 
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Table 2 Voltages and currents in phase shifting voltage regulation  

Phase shifting voltage regulation 
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LV Stab 

U I U I U I 

(V) (A) (V) (A) (V) (A) 

I / III 25 230845 500,2 10,54 / -10,54     (11966) (-) 

I / III 24 230801 500,3 9,54 / -9,54     (11894) (-) 

I / III 23 230562 500,8 8,55 / -8,55     (11810) (-) 

I / III 22 230139 501,7 7,58 / -7,58     (11715) (-) 

I / III 21 229542 503,0 6,63 / -6,63     (11609) (-) 

I / III 20 228782 504,7 5,70 / -5,70     (11494) (-) 

I / III 19 227872 506,7 4,80 / -4,80     (11370) (-) 

I / III 18 226825 509,1 3,92 / -3,92     (11239) (-) 

I / III 17 225654 511,7 3,08 / -3,08     (11101) (-) 

I / III 16 224373 514,6 2,26 / -2,26     (10958) (-) 

I / III 15 222995 517,8 1,48 / -1,48     (10810) (-) 

I / III 14 221534 521,2 0,72 / -0,72     (10658) (-) 

I / III 13 220000 524,9 0,00 115000 1004,1 (10500) (-) 

I / III 12 218407 528,7 -0,69 / 0,69     (10345) (-) 

I / III 11 216764 532,7 -1,35 / 1,35     (10186) (-) 

I / III 10 215083 536,9 -1,98 / 1,98     (10026) (-) 

I / III 9 213373 541,2 -2,57 / 2,57     (9865) (-) 

I / III 8 211642 545,6 -3,14 / 3,14     (9705) (-) 

I / III 7 209899 550,1 -3,67 / 3,67     (9545) (-) 

I / III 6 208150 554,7 -4,18 / 4,18     (9386) (-) 

I / III 5 206402 559,4 -4,65 / 4,65     (9228) (-) 

I / III 4 204660 564,2 -5,10 / 5,10     (9072) (-) 

I / III 3 202929 569,0 -5,53 / 5,53     (8919) (-) 

I / III 2 201213 573,9 -5,93 / 5,93     (8767) (-) 

I / III 1 199516 578,8 -6,30 / 6,30     (8617) (-) 

   

  

Figure 3 Phasor diagrams in phase shifting voltage regulation 
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Unlike the considered autotransformer HOPS Senj 200, the autotransformer in TS Žerjavinec has the possibility 

of connecting the regulation winding of one phase with either the common winding of the same phase or the 

common winding of the only one adjacent phase, thus the possibility of only one-way phase shifting (lag or advance, 

depends on which voltage phasor is taken as reference) and DETC with two positions. 

3. An alternative solution for change-over between in-phase and phase regulation with the help of a three-

way change-over selector  

It is possible to perform selection between in-phase and phase shifting voltage regulation in energized state by 

using a three-way change-over selector. With a two-way change-over selector, which is also called double reversing 

change-over selector, one can overcome recovery voltage problems during the change-over selector operation in 

case of a reverse regulating design of the regulation winding. Another application of the two-way change-over 

selector is the reversing of a winding, often used in phase shifting transformers to extend the regulation range. The 

next application is the change of winding connections between phases of the system voltage, used in phase shifting 

transformers. Switching of the two-way change-over selector can be done in energized state. A reversing change-

over selector of an on-load tap-changer changes the beginning and the end of a tap winding, while the two-way 

change-over selector changes the connection  [4]. A new three-way change-over selector also changes connections, 

but offers one more connection than the two-way change-over selector. The standard two-way change-over selector 

has two basic operating positions so it couldn’t be used for this autotransformer application because the solution 

with three positions was already agreed between the autotransformer manufacturer and purchaser (but could have 

been used in the autotransformer in TS Žerjavinec which has two positions). With both the two and three-way 

change-over selector application, the through-current of a current path is commutated to another current path of the 

same potential (i.e. earth potential). The contact system is equipped with special contacts for this purpose. The new 

three-way change-over selector, a device with three operating positions, has been developed during the 

autotransformer HOPS Senj 200 design phase. Therefore, a three-way change-over selector could be used instead of 

a DETC.  

 

 

Figure 4 Three-way change-over selector with 3 positions 

For this project, a three phase three-way change-over selector with highest voltage for equipment of 170 kV 

could be used. It has 3 service positions and 3 different angles and is dimensioned for a maximum through current of 

1000 A. The solution with a two-way or a three-way change-over selector together with an OLTC in the same 

transformer requires additional considerations about the interlocking between the motor drives of these two 

components. The change-over selector can only be operated if no current is flowing through the regulation winding, 
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i.e. all three reconnection points I, II and III on Figure 1 (points 1U3, 1V3, 1W3, 1U4, 1V4 and 1W4 on Figure 4) 

are on the same, earth potential. Therefore, the OLTC must connect the end of the common winding with the star 

point of the transformer. At the same time, one end of the regulation winding is connected to the star point and one 

end is open. Now, the three-way change-over selector can rearrange the connections between regulation winding 

and transformer’s phases. If the operation of the three-way change-over selector is finished, the OLTC can be 

operated. Interlocking for such switching sequences have to be implemented in the motor drives for secure 

operation. 

4. Advantages and disadvantages of the solution with three-way change-over selector over the solution with 

DETC 

The solution with the three-way change-over selector allows the change-over between in-phase and phase 

shifting voltage regulation in energized state, with OLTC in one of the three main tap positions though. This reduces 

operating costs of the transformer during its lifetime in a way that additional loss of energy occurring during the 

transformer’s disconnection from the network is reduced or eliminated. Per [1], as of November 2016, the 

transformer was only operated in phase-shifting regulation mode, partly due to inability to remotely operate OLTC 

and DETC.  

In this particular case, due to lack of N-1 security criterion and due to the fact that during the transformer outage 

all the power flows through remaining network, one could say that if the de-energized state of the transformer 

wasn’t required for the change-over operation, transformer operator would be encouraged to use this possibility 

more frequently, thus better utilizing transformer’s resources. 

DETC or three way change-over selector which are installed in network transformers are operating rarely and  

and their mechanical operation does not involve any substantial contact wear. For the network aplication, they are 

basically maintenance free. In order to remove possible tarnish on the contacts, switching the positions after several 

years is neccessary [5].  

Due to higher price of the three-way change-over selector over DETC, initial investment costs of this solution 

are higher. Furthermore, larger size of the three-way change-over selector than DETC could lead to larger 

dimensions of the transformer which could lead to both the higher transformer’s price and transport costs. While the 

diameters of both devices, if used for this application (i.e. change-over between in-phase and phase shifting 

regulation mode), are identical, for this particular project the height of the three-way change-over selector would be 

370 mm over the height of DETC. But both devices’ heights are significantly lower than the transformer’s active 

part height. Therefore, in this project, the solution with three-way change-over selector wouldn’t inflate the 

transformer’s dimensions. 
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5. Conclusion 

The advantage of solution with three-way change-over selector instead of DETC would be less time of the 

transformer outage because it must not be deenergized during the change-over, which leads to two main 

consequences: 

1) lower operating costs during transformer’s life time, 

2) possible better utilization of transformer’s resources due to more frequent change-over between in-phase 

and phase regulation. 

For the project HOPS Senj 200, the transformer tank would not increase in case of three-way change-over 

selector installation. 

The disadvantage of this solution is that it is costlier than the solution with DETC, in terms of transformer’s 

price and possibly transport costs as well. Limitation is that three-way change-over selector operation is allowed 

only when the OLTC is in one of the three main tap positions. 

In terms of maintenance, both devices (DETC and three-way change-over selector) could be considered 

maintenance-free for network application, without advantage to any of them. 

Detailed analysis of advantages and disadvantages of both solutions should be performed by investor and 

operator of the transformer, based on available data, prices, forecasts and already gained experience in operating 

phase-shifting transformer [3]. Such analysis could show whether the lower operating costs over the transformer’s 

lifetime justify higher initial investment. 
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