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A NEW MODIFICATION OF LINE STABILITY INDEX FOR 

VOLTAGE SECURITY IMPROVEMENT BASED ON 

CONSTRAINT OPTIMAL POWER FLOW 

Layth AL-BAHRANI1, Amel IBRAHIM2, Wafaa SAEED3, Virgil DUMBRAVA4 

Modern power systems were designed to operate in their stability margins for 

more security. The quick growth of the cities and the continuous increase in the 

electrical demand may lead the system to be operated either close to the limit of 

stability or collapse the system. Line Stability Index Lnm is one of the most important 

factors that is used to predict the voltage security of the line. It depends on many 

parameters of the line such as the sending voltage, reactive power at the receiving 

side and the reactance of the line. The most important line in the system has the 

maximum value of line stability index. This article presents a modification of Lnm by 

including the effect of tap changer of the transformer when the line is represented by 

a transformer. The proposed algorithm has been tested on the systems of IEEE 14 bus 

and IEEE 30 bus to find the most important line according to the maximum Lnm of 

all the lines. This article enhances the voltage security of the system by minimizing 

the total sum of Line Stability Index based on Optimal Power Flow using the 

optimization technique of Particle Swarm Optimization keeping all the constraints in 

their margins. 

Keywords: Line Stability Index; Voltage Collapse; Optimal Power Flow; Particle, 

Swarm Optimization 

1. Introduction 

Modern power systems go towards security, reliability, flexibility and smart 

grid. Voltage security of the transmission line becomes more important according 

to the voltage collapse of the line that may cause shutting down the system. Line 

stability index Lnm is one of the important parameters that refers to the security 

voltage of the line. 

The limit of Line Stability Index is in between 1 and zero, where 1 refers to 

voltage collapse of the line and zero refer to the case of no load. Different 

techniques have been used to improve the line stability index. One of these 

techniques is the Optimal Power Flow OPF based on optimization technique [1]. 
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For operation and planning, it is necessary to improve the line stability index and 

prevent the system from collapsing voltage. Several indices of line stability index 

have been presented based on power flow to check the stability of the line [2]. Some 

of these indices depend on reactive power and others depend on active power 

although the voltage of sending side or receiving side [3]. The loadibility, security 

and the stability of the system can be improved by insertion the renewable energy 

sources of wind energy and solar cell at the most important node according to the 

stability index of the line [4]. Also, Facts Devise like TCSC or STATCOM or SVC 

can be insertion for the most important line (weakness line) according to this index 

of line stability in both ring system and radial distribution system to prevent the 

voltage collapse in the system [5, 6, 7]. Also, Distribution Generator DG or reactive 

power compensation can be used at the risk point according to this index to prevent 

the collapse of the system under different load condition [8]. The loadability of the 

system can be increased until the value of stability index of one of lines is equal to 

1 or more than 1 (voltage collapse of the lines). Optimal Power Flow at this heavy 

load is used to minimize the stability index of the line and avoid the voltage collapse 

in the lines [9]. Also, maximum loadability can be used to recognize the weakness 

bus according to the stability index of line Lnm and Fast Voltage Stability Index 

FVSI [10]. Optimal location for power plants of wind energy can be inserted in any 

weak point in transmission line and distribution system based on the index of 

voltage stability of the line [11]. This article updates a new modification in the 

equation of voltage stability index of the line according to the effect of tap changer 

of the transformer, although this article used the constraint Optimal Power Flow 

based on particle swam optimization to prevent the voltage collapse in the lines at 

heavy load conditions.  

2. Line Stability Index Lnm 

It is one of the most important indices that used to represent the voltage 

stability of the line between two nodes as shown in Fig. (1).  
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Fig.1 Transmission line of two buses including Z impedance and suspentance admittance  
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Line stability index of this line can be presented as shown in equation (1) 
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Where nmL  𝐿𝑛𝑚 is the Voltage Stability Index of the line; Z, R, X, B/2 
𝐵

2
are the 

impedance, resistance, reactance and suspentance admittance of the line 

respectively where Z=R+jX; n is a node at the sending side before the impedance Z 

and after the suspentance admittance  B/2
𝐵

2
; m is a node at the receiving side after 

the impedance Z and before the suspentance admittance B/2;   is the angle of the 

impedance Z; RSSR  −=  𝛿𝑆𝑅 = 𝛿𝑆 − 𝛿𝑅; S is the angle of the sending voltage 

SV , where SSS VV = 𝑉𝑆 = |𝑉𝑆|∟𝛿𝑠; R is the angle of the receiving voltage RV , 

where RRR VV = 𝑉𝑅 = |𝑉𝑅|∟𝛿𝑅; rS , rP 𝑃𝑟and rQ 𝑄𝑟 are the apparent, active and 

reactive power respectively at the receiving side (at the node m); mnS  𝑆𝑚𝑛 apparent 

power flow from node m to node n; nmI  is the line current flow through the 

impedance Z  from node m to node n [9, 12, 13]. 

This article presents a modification of voltage stability index when the line 

is represented by a transformer has a pure reactance of 𝑥𝑡 and including tap changer 

of parameter (a) at the receiving side as shown in the Fig. (2). 

An equivalent circuit of the transformer can be simulated in the transmission 

line as shown in Fig. (3). [14] 
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Fig. 2.  Transformer between bus two buses has a tapping at the receiving side 
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The reactance of this line can be presented as shown in equation (5). 
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Where tx 𝑥𝑡is pure reactance of the transformer without tapping; ty  𝑦𝑡is the 

admittance of the pure reactance of the transformer; TX  𝑋𝑇 is the total reactance of 

the transformer with the effect of tap changer. The voltage stability index of the line 

that includes the transformer can be presented as shown in equation (8). 
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rQ Qr has been calculated based on equations (2, 3, and 4).  

3. Optimal Power Flow OPF 

OPF can be represented by the flowing equations 

   Min. F(x,y); G(x,y) ; H(x,y)  0                                 (8) 

Where F(x,y) is the objective function that will be minimized: G(x,y) is the equality 

constraints; H (𝑥, y) is the inequality constraints; x is the state variables and y is the 

control variables. OPF try to find the optimal objective function by re-adjusting the 

value of control variables from their maximum and minimum limits keeping the 

constraint of the state variables in their limits. [15, 16] 

Non − Tap side Tap side 𝑦𝑡

𝑎
 

൬
𝑎 − 1

𝑎
൰ 𝑦𝑡  

 

n m 

. . 

൬
𝑎 − 1

𝑎2
൰ 𝑦𝑡  

 

Fig. 3.  Equivalent of transformer has tapping at the receiving side 
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3.1 Constraints 

There are two types of OPF constraints, the equality constraints and 
inequality constraints 

• Equality constrain 

Load flow equality constraints are shown in equations (12) and (13). 
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Where i and j =1,2,3,….., BN  𝑁𝐵;  𝑁𝐵, BN  is the number of buses; iP 𝑃𝑖 and iQ  are 

the injection active and reactive power into bus i respectively; GiP  𝑃𝐺𝑖 and GiQ

𝑄𝐺𝑖the generator active and reactive power at bus i respectively; LiP  𝑃𝐿𝑖and LiQ  𝑄𝐿𝑖 

are the load active and reactive power at bus i respectively; ijG  𝐺𝑖𝑗and ijB  𝐵𝑖𝑗are 

the conductance and susceptance connecting terminal i and terminal j respectively. 

[17, 18] 

• Inequality constrain 

It can be classified into two types: the control variables and the state variable 
constraints 

(i) Control Variables Constraints 

This article has been used four type of the control variables, which are the 

generator magnitude voltage GV VG, Tap changer of  the transformer Tap , shunt 

injection capacitance CQ in MVAr and active power of generator except the slack 

bus GP . The inequality constant of control variables are presented as below limits:  

VGi

min ≤ VGi
≤ VGi

max   i = 1,2, … , NG maxmin

GiGiGi VVV     i=1,2,……., GN  

maxmin

jjj TapTapTap     j=1,2,…….., TaN QCk

min ≤ QCk
≤ QCk

max   k = 1, . . . , NC  

maxmin

CkCkCk QQQ       k=1,2,….., CN   

maxmin

GxGxGx PPP   Where x=1,….., GN  except slack active power. 

GN NG is total number of generators; TaN  is total number of transformers; CN is 

total number of shunt capacitance. 

(ii) State Variables Constraints 
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The state variables that are used in this article are the slack active power 

GSP , load voltage V𝐿 and generator reactive power GQ QG. The inequality constraint 

of state variables can be presented as below limits. 

maxmin

GSGSGS PPP   QGi
min ≤ QGi ≤ Q𝐺𝑖

max  i = 1,2, … , NG 

maxmin

GiGiGi QQQ   i=1,2,….., GN VLk
min ≤ VLk ≤ VLk

max  k = 1,2, … , NL 

maxmin

LKLKLK VVV    k=1,2,….., LN  

Where LN  NLis number of transmission lines. [17, 18] 

4. Particle Swarm Optimization PSO 

PSO is one of the evolutionary optimization techniques that are inspired 

from the movement of birds or fish. It depends on two parts, velocity and position. 

Each bird or fish represents a particle has a candidate of solutions. These particles 

are updated in the swarm searching space according to the optimal velocity and 

position to find the best solution (best objective function).  
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Where i =1, 2,…, N; j =1, 2,…, M; N is the number of particles (each particle 

represents control variable); M is the number candidate of each particle; T is the 

currently iteration number; 
1−T

ijV  𝑉𝑖𝑗
𝑇−1is the particle velocity at iteration T-1; pbest 

is the best position of each particle; gbest is the best position of all pbest in the 

swarm; 1C  & 𝐶2  are the acceleration constants; 1Rand   𝑅𝑎𝑛𝑑1 & 2Rand  are 

randomly constant in the limit of (0 and 1); 
1−T

ijX  𝑋𝑖𝑗
𝑇−1is the particle position at 

iteration T-1; W is the function of the weight; Wmax. is the maximum weight and it 

is equal to 0.9; Wmin. is the minimum weight and it is equal to 0.4; 𝑇 T is the 

currently iteration; TT  𝑇𝑇is the maximum iteration; 
T

ijX   𝑋𝑖𝑗
𝑇 is the particle position 

at new iteration T.  
The program will be stopped if the iteration number is reached the 

maximum number of iterations. [19, 20, 21]. 
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5. The result and discussion 

This article used the systems of IEEE 14  [15] bus and IEEE 30 bus [22] to 

test the objective function of total sum of line stability index Lnm for each line. The 

system of IEEE 14 bus 20 lines. This system also has 12 control variables, which 

are: five generator magnitude voltage, three Tap changer of transformer and four 

active power of generator except slack bus. The state variables (S.V) of this system 

are the slack active power, generator reactive power and load voltage.  

Table 1 shows the initial and optimal of both Control Variables (C.V.) and 

State Variables (S.V.) with their constraints. Optimal control variables have been 

calculated based on PSO technique keeping the state variables in their limit as 

shown in table 1. PSO minimizes the objective function of total sum of Lnm from 

the initial case of 1.2215 to optimal case of 0.3106 and reduced the maximum Lnm 

from 0.22984 at line (5-6) for the initial case to 0.0535 at line (9-14) for optimal 

case with reduction of 76.74 %. Fig. 4 show the initial and optimal Lnm of IEEE 

14 bus at base load with respect of the total 20 lines for the IEEE 14 bus. Fig. 5 

shows the objective function of total sum of Lnm for IEEE 14 bus with respect to 

the number of iterations based on PSO technique. 
Table 1 

Initial and optimal Control Variables (C.V.)  and State Variables (S.V.) of IEEE 14 bus  

 Type of Variables Limit Initial 

Case 

Optimal 

case  Min. Max. 

 

 

 

 

 

Control 

variables 

(C.V.) 

Generator magnitude 

voltage in per unit 
1GV  0.95 1.1 1.060 1.1000 

2GV  0.95 1.1 1.045 1.0994 

3GV  0.95 1.1 1.010 1.0803 

6GV  0.95 1.1 1.070 1.0841 

8GV  0.95 1.1 1.090 1.0786 

Tap changer of the 

transformer 
74−T  0.9 1.1 0.978 0.9843 

94−T  0.9 1.1 0.969 0.9045 

65−T  0.9 1.1 0.932 1.0088 

Active power of generator 

except the slack bus in 

MW 

2GP  20 80 40 80.000 

3GP  15 50 0 48.996 

6GP  10 35 0 34.146 

8GP  10 30 0 21.388 

    

 

 

Slack active power in MW 
1GP  -100 250 232.50 77.706 

1GQ  -50 100 -22.34 -24.61 
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State 

Variables 

(S.V.) 

Generator reactive power 

in MVAr 
2GQ  -40 50 35.248  14.032 

3GQ  0 40 23.012 15.500 

6GQ  -6 24 20.198 21.934 

8GQ  -6 24 23.962 0 

Load voltage  0.95 1.1 With limit With limit 

 Objective function of Total sum of Lnm 1.2215 0.3106 

 Maximum Lnm  0.22984 0.0535 

 
Fig. 4.  Initial and optimal Lnm for the 20 lines of 14 bus  

 

 
Fig. 5. Total sum of Lnm for IEEE 14 bus system based on PSO  

 

IEEE 30 bus has 24 control variables, which are: six generator magnitude 

voltage, four Tap changer of the transformer, nine shunt injection capacitance in 

MVAr and five active power of generator except the slack bus. The state variables 
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are the slack active power, generator reactive power and load voltage. Table 2 

shows the initial and optimal of both Control Variables (C.V.) and State Variables 

(S.V.) with its constraints. Optimal control variables have been calculated based on 

PSO technique, keeping the state variables in their limit.  
Table 2 

Initial and optimal Control Variables (C.V.) and State Variables (S.V) of IEEE 30  

 Type of variables Limit Initial 

case 

Opt. 

cases Min. Max. 

 

 

 

 

 

Control 

Variables 

(C.V.) 

Gen. magnitude voltage in 

per unit 
1GV  0.95 1.1 1.05 1.1000 

2GV  0.95 1.1 1.04 1.0830 

5GV  0.95 1.1 1.01 1.0524 

8GV  0.95 1.1 1.01 1.0670 

11GV  0.95 1.1 1.05 1.0606 

13GV  0.95 1.1 1.05 1.0867 

Tap changer of the 

transformer 
124−T  0.9 1.1 1.078 1.0146 

96−T  0.9 1.1 1.069 1.0033 

106−T  0.9 1.1 1.032 0.9448 

2728−T  0.9 1.1 1.068 0.9946 

 

 

Shunt injection 

capacitance in MVAr 

10CQ  0 5 0 4.2595 

12CQ  0 5 0 2.8007 

15CQ  0 5 0 4.3327 

17CQ  0 5 0 4.3268 

20CQ  0 5 0 4.3470 

21CQ  0 5 0 4.3513 

23CQ  0 5 0 3.3531 

24CQ  0 5 0 5.0000 

29CQ  0 5 0 4.4916 

Active power of generator 

except the slack bus in 

MW 

2GP  20 80 80 50.450 

5GP  15 50 50 22.899 

8GP  10 35 20 32.038 

11GP  10 30 20 21.318 

13GP  12 40 20 25.719 
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State 

Variables 

(S.V.) 

Slack active power in MW 
1GP  50 200 99.23 137.33 

 

Gen. reactive power in 

MVAr 

1GQ  -20 200 5.27 9.47 

2GQ  -20 100 27.58 21.25 

5GQ  -15 80 21.43 27.07 

8GQ  -15 60 22.59 44.18 

11GQ  -10 50 39.49 0.088 

13GQ  -15 60 40.19 13.72 

Load  voltages  0.95 1.1 With limit With limit 

Objective function of total sum of Lnm for all lines 2.4112 0.4951 

Maximum Lnm 0.3325 0.0672 

 
 

Fig. 6.  Initial and optimal Lnm for the 41 lines of IEEE 30 bus 

 

 
Fig.7. Total sum of Lnm for IEEE 30 bus system based on PSO optimization techniques 
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6. Conclusion 

This article deals with the voltage stability of the line and presents a 

modification of Line Stability Index Lnm by including the effect of tap changer of 

the transformer in the equation of Lnm. Voltage Stability Index of the line has been 

tested for both systems of IEEE 14 bus and IEEE 30 bus. The most important line 

in this system has the maximum value of Lnm. 

Voltage stability Index Lnm is one of the most important technique that is 

used to predict the voltage stability of the system. It is simple in analysis, fast in 

calculation and accurate in result. Voltage collapse in the transmission line may 

cause shutting down the system. Voltage collapse in the system will occur when 

voltage stability index Lnm of one of the lines is equal or more than 1. 

Optimal Power Flow has been used based on Particle Swarm Optimization 

to prevent the collapse of the system at heavy load and reduce the maximum value 

of Lnm from (0.22984 to 0.0535) for IEEE 14 bus and from (0.3325 to 0.0672) for 

IEEE 30 bus keeping the constraint state variables of Optimal Power Flow in their 

limit. Enhancement the Lnm increase the system security voltage of the line and 

make the system more reliable and efficient for sudden heavy increase in the load 

or losing some of the generation units.  
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