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Abstract 

  The present paper examines and tests an alternative method to control and redirect 

electric power flow through certain paths (transmission lines). The control and 

redirecting of power flow is achieved through the use of phase shift transformers PSTs. 

An algorithm is presented which searches for a proper phase shift angle introduced by a 

PST at any given location. 

  The proposed method is based on modelling the PST and the power system 

employing Newton-Raphson load flow approach. 

Finally, the installation of series of PSTs on the interconnected power systems aims at 

mitigating uncontrolled parallel flows and unbalanced sharing of power among 

transmission lines. 

  The obtained results  showed the effectiveness of the proposed method in sharing 

and controlling the electrical power flow among  different interties of the 5-bus network 

on which the study applied. 

Keywords: Phase shifting transformers, Power flow control, Newton Raphson 

method, Power system. 

 

 السيطرة عمى سريان القدرة باستخدام محولات إزاحة الطور
 الخلاصة

تبار لطريقة بديمة لإعادة توجيه سريان القدرة والتحكم بها في خطوط نقل القدرة إن البحث الحالي هو اخ     
والخوارزمية المقدمة في البحث  ،الكهربائية . إن توجيه القدرة والسيطرة عميها تمت باستخدام محولات إزاحة الطور

 الحالي تبحث عن انسب إزاحة طورية لممحولة عند الموقع المختار.
ضافتها  في خطوط النقل برمجياً واعتمدت طريقة إن الطريق       ة المقترحة تعتمد تمثيل محولة إزاحة الطور وا 

نيوتن رافسن لحساب سريان القدرة الكهربائية. كما إن نصب محولات إزاحة الطور المتوالية يهدف إلى تخفيف 
عادة توزيعها بشكل متوازن.  أحمال خطوط النقل غير متوازنة التحميل وا 

بينت النتائج التي تم الحصول عميها فاعمية الطريقة في إعادة توزيع سريان القدرة والسيطرة عميها في مختمف و      
خطوط نقل القدرة في المنظومة ذات الخمس عموميات التي طبقت عميها الطريقة المقترحة وفاعميتها في تقميل 

 الكمي في المنظومة. انالفقد
لطااورا الساايطرة عمااى سااريان القاادرة ا طريقااة ،يااوتن رالساان ا م، ومااة القاادرة الكممااات الدالااةو محااولات إزاحااة ا

 الكهربائية.
Introduction 

  Recently, high voltage transmission 

systems have become increasingly 

loaded by electrical power systems. As 

loading increases, the security of power 

system decreases. The loss of a 

transmission system in such power 

system (networks) becomes a serious 

problem
[1]

. Multiple lines may be 

overloaded after the loss of a 

transmission line. This causes serious 

reliability and security problems in the 

network
[1,2]

. Line overloading is 

typically caused by generator outages, 
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transmission line outages and excessive 

power wheeling etc. In any of the above 

cases, overloading can be alleviated by 

redirecting power flow from overloaded 

lines to less loaded lines. One of the 

ways of achieving real power flow 

control and redirection under above 

conditions, for maintaining a secure, 

efficient and economical operation of the 

power systems is through adjustment of 

phase shifting transformers PSTs
[1-4]

. 

   The PST is a device that allows 

dispatchers to change the phase shift 

between two point voltages in the 

system, or two system voltages, thereby 

helping them to control real power 

transfer between these points (or 

systems)
[3,5]

.   

PSTs are a series connected 

three-phase transformers which 

generates a quadrature component of 

voltage. These can be inserted into the 

transmission systems via a series 

connected boosting transformers
[2,6]

. 

   PST also provides series 

compensation to enhance power system 

stability
[7,8]

. In this paper the line power 

flow is controlled by PST and power loss 

reduction in whole system in addition to 

representation of the PST will be 

discussed. 
 

Modelling and Representation   of PSTs 

for Load Flow 

       In general, the PST is an 

equipment which shifts the phase angle 

of the voltage and the current to a 

prescribed value and controls the power 

flow in the line that  inserted in by 

varying the phase angle between the two 

buses of the line
[2,6]

. The variation of the 

phase angle is carried out by inserting 

and adding a quadrature component 

voltage to the source line to neutral 

voltage
[9]

. The quadrature PST schematic 

diagram for phase shifting is given in 

Fig.(1). 

       The purpose of the phase shifter is 

to change the phase angle of the voltage 

and the current. The phase shifting 

transformers  are connected in series 

with transmission line between bus i and 

j  as shown in Fig.(2), and employed for 

the purpose of load flow solutions
[10]

, 

which is used to form the Y-bus matrix. 

So the off diagonal elements of the 

admittance matrix for the phase shifting 

transformer are unsymmetrical,  and  

they  are also  dependent  on  the phase  

shift angle (ψ) . i.e. 
 

jiij YY  ………………………………..(1) 

 

    The elements of the admittance matrix   

ijjBijGijY   and the admittance 

relationships are
 [4, 10]

: 
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where andY t : are the admittance and 

the angle of  PST, and old
jjY : is the self 

admittance of the bus j before 

connection  of   the  PST,  and 
tt bg ,  are 

the conductance  and susceptance of 

PST. 
 

Power Flow Control and Phase Shifter 

Adjustment 

  The real power flow in a transmission 

line connected between any two buses in 

a power system is dependent on voltage 

phase angle difference between the two 

buses
[4,11]

. To obtain a general equation, 

which relates the real power flow in a 

transmission line to a phase shift angle, 

assume a PST connected between bus i 

and j with an ideal turns ratio and 

shifting angle ψ, (  0.1T ) in series 

with the transformer admittance 
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 tt yY  So that at the ith side of the 

PST, the MVA, Si , is given by: 

)6(............... iii jQPS 
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)7(.................





jjj

iii

VV

VVand








 

Substituting phase shifter variables in 

real power flow equation, Pij can be 

computated by 
[1,2,3]

: 
 

)9........(..........cos2

ij

t

jiiij YVVVgP 

 

Where g is the conductance of line i-j 

and: 

)10(  jiij

Thus Newton-Raphson load flow 

method mismatch function is 
[12]
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And ij is the angle of Admittance for 

line ij. 

  Therefore the Jacobian elements that  

affected by PST  change and can be 

divided into three categories
[10]

: 

A. The partial derivatives of     real and 

reactive power     ( iQandiP )  in bus i 

with respect to jVandj  and ( jQjP , ) in 

bus j with  respect to iVandi are  

outlined as: 
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The following  partial derivatives are also 

affected: 
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B. The partial derivatives of  real power 

flow  ( ijP ) with respect to iVandi , 

(i=2,3..,n) add a new row to Jacobian 

which are: 

repeated until the difference between 

the calculated value and a specified 

value is less than or equal a specified 

tolerance (0.01), which means that for 

each  value, during the process, there 

is a value of real power and a value for 

each variable of any bus. PST has been 

inserted in three different lines, and the 

following three cases have been studied, 

with bus 1 considered as slack bus in all 

cases. 
 

Case Study 1 

The PST is connected between bus 2 

and 4. Table (1) shows the results of this 

case with and without connecting the 

PST. The value of power flow through 

the lines 1,2 and 2,4 before inserting 

PST are (88.8) and (27.9) MW 

respectively, while the real power flow 

through the same lines after insertion of 

PST are (49.36) and (85.44) MW 

respectively. This shows that the 

percentage increase in line 2,4 loadibility 

is 67%, and the percentage decrease in 

line 1,2 loadibility is 44.5% in addition 

to percentage decreases in loadibility of 

the other lines. Therefore the power flow 

direction is altered and exchanged from 

one direction to a new direction. All 

these effects and variations in power 

system variables are due to addition of  a 

few degrees (0.0553 rad) in bus 2 

voltage angle and 7% increase to its 
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voltage as a result of PST connection 

between bus 2 and bus 4. 
 

Case Study 2 

In this case the PST has been located 

between bus 3 and bus 2, i.e. PST is 

inserted in line 2,3. The results, shown in 

Table (2) indicated that the real power 

transmitted in line 2,3 is increased to 

(48.75) MW compared with (24.7) MW 

in the absence of PST. However, in line 

1,2 the real power transmitted is 

decreased to (50.45) MW while it was 

(88.8) MW with no PST, i.e.  44.41% of 

line 1,2 load is transmitted to a new 

region in the system by the line 2,3 in 

which the PST is connected, and 48.1% 

of line 1,2 load is transmitted by remnant 

lines. In other words, the loadibility of 

line 2,3 was increased by 48.1% and that 

of line 1,2 was decreased to 44.41% 

whereas the inserted phase shift to bus 2 

voltage angle was (0.0764 rad). Also the 

calculated system losses indicated that 

the minimum losses occurred in case 2 

 

Case Study 3 

When the PST is connected between 

bus 2 and 5, i.e in line 2,5, real power 

flow in this line is increased to 

(56.69)MW compared with (54.8) MW 

in the absence of PST.  However, the 

reduction in line 1,2 loadibility is 

25.85%. This indicates that the other 

lines shared the difference between the 

above loadibilities. This is clear in 

results shown in Table (2) concerned 

with case 3 where Ψ is (0.0622 rad.). 
 

Conclusions 

1. The technique outlined in this paper 

enables certain lines, lines with PST, 

in power system to increase their 

loadibilities. So it can be employed 

to redirect and control real power 

flow between two points in a power 

system, or between two power 

systems. 

2. Also this    method, i.e inserting PSTs, 

in individual lines reduces total 

system losses. The obtained results 

indicated also that PST location 

affects on minimising the system 

losses.    

3. It can also be concluded that PSTs are 

inserted only into a line directly 

connected to a generation bus, i.e.  

inserting  PSTs into lines connecting 

load buses have less effectiveness. 
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Table (1) Bus voltages for three cases 

 

 

 

 

 

 

 

 

 

Table (2) The real power flow in lines 

Bus 

Code 

Power flow MW 

Normal 

case 

Case 1 Case 2 Case 3 

1-2 

2-1 

1-3 

3-1 

2-3 

3-2 

3-4 

4-3 

4-5 

5-4 

2-5 

5-2 

2-4 

4-2 

88.8 

-87.4 

40.7 

-39.5 

24.7 

-24.3 

18.9 

-18.9 

6.3 

-6.3 

54.8 

-53.7 

27.9 

-27.4 

49.36 

-48.9 

14.04 

-13.9 

2.22 

-2.21 

15.52 

-15.5 

22 

-21.6 

39.97 

-39.39 

85.44 

-82.91 

50.45 

-49.5 

14.48 

-14.33 

48.75 

-47.25 

14.29 

-14.27 

17.99 

-17.75 

43.75 

-42.56 

4.83 

-4.82 

55.82 

-54.23 

13.74 

-13.6 

26 

-25.46 

10.48 

-10.47 

8.99 

-8.93 

56.69 

-55.5 

30.95 

-30.1 

Ψ(rad) --- 0.0553 0.0764 0.0622 

Losses 

(MW) 
4.6 4.41 4.06 4.38 

 

 

 

Bus 

No. 

Bus voltage 

Normal case Case 1 Case 2 Case 3 

1 

2 

3 

4 

5 

1.06+j0 

1.046-j0.051 

1.02-j0.089 

1.019-j0.095 

1.012-j0.109 

1.06+j0 

1.052-0.028 

1.053-0.033 

1.031-0.037 

1.029-j0.07 

1.06+j0 

1.049-j0.029 

1.049-j0.032 

1.032-j0.036 

1.025-0.074 

1.06+j0 

1.042-j0.03 

1.041-j0.028 

1.039-j.031 

1.033-j0.052 
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