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EXPERIMENT 2 

 

Aim: To develop an algorithm and to develop the computer program for the formation of the 𝑍  of a 
generalized network. 

 

Requirements: Computer, MATLAB 

 

Theory: 𝑍  is the bus impedance matrix, it relates the bus voltages with the current injections at the 
buses. 𝑍  is a symmetrical matrix of order 𝑛 × 𝑛, where n is the number of buses in the network. To 
construct 𝑍  , four-modification algorithms are to be used. Single-single branch is to be taken to 
modify the old 𝑍 . This branch of impedance Zb can be connected between: 

a. New bus to reference node  
b. New bus to existing bus 
c. Existing bus to reference node 
d. Existing bus to other existing bus 

 

a 

 
 
 
 
 
 
 
 

 

𝒁𝒐𝒍𝒅  

𝟎 …

𝟎
⋮

𝒁𝒃

 

b 

 
 
 
 
 
 

𝒁𝒐𝒍𝒅 𝑐𝑜𝑙 𝒌 𝑜𝑓 𝑍
𝑟𝑜𝑤 𝒌 𝑜𝑓 𝑍 𝒁𝒌𝒌 + 𝒁𝒃

 

c 

 
 
 
 
 
 
 

𝒁𝒐𝒍𝒅 𝑐𝑜𝑙. 𝒌 𝑜𝑓 𝑍
𝑟𝑜𝑤 𝒌 𝑜𝑓 𝑍 𝒁𝒌𝒌 + 𝒁𝒃

 

 
Then remove Pth row and column applying Kron 
reduction. 

d 

 
 
 
 
 
 
 

𝒁𝒐𝒍𝒅 𝑐𝑜𝑙. 𝒋 − 𝑐𝑜𝑙.  𝒌
𝑟𝑜𝑤 𝒋 − 𝑟𝑜𝑤 𝒌 𝒁𝒋𝒋 + 𝒁𝒌𝒌 − 𝟐𝒁𝒋𝒌 + 𝒁𝒃

 

 
Then remove Pth row and column applying Kron 
reduction. 
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Case Study: 

Table 2.1: Line data for the given network 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.1: Single line diagram of the given network 

Algorithm: 

1. Load 𝑍  with a null matrix. 

2. Defining a variable to hold the buses already considered, say currentbus. 

3. For kth line – 

 Find from bus. 

 Find to bus. 

 Say newbus the max(from bus, to bus). 

 Say refbus the min(from bus, to bus). 

 Say kth branch impedance is 𝑍 . 

 Check if newbus > currentbus and refbus = 0: i.e., Type ‘a’ modification. 

 𝑍 =
𝑍 𝑐𝑜𝑙. 𝑚𝑎𝑡𝑟𝑖𝑥 𝑜𝑓′0 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟 𝑍

𝑟𝑜𝑤 𝑚𝑎𝑡𝑟𝑖𝑥 𝑜𝑓′0 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟 𝑍 𝑍𝑏
 

 Otherwise, check if newbus > currentbus and refbus ≠ 0: i.e., Type ‘b’ modification. 

 𝑍 =
𝑍 𝑐𝑜𝑙.   𝑜𝑓 𝑍  𝑎𝑡 𝑟𝑒𝑓𝑏𝑢𝑠 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 

𝑟𝑜𝑤  𝑜𝑓 𝑍  𝑎𝑡 𝑟𝑒𝑓𝑏𝑢𝑠 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑍𝑏 + 𝑍  𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑎𝑡 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 (𝑟𝑒𝑓𝑏𝑢𝑠, 𝑟𝑒𝑓𝑏𝑢𝑠) 
 

Line 
No. 

From 
Bus 

To 
Bus 

R 
(pu) 

X 
(pu) 

1 1 0 0 1.250 

2 2 1 0 0.250 

3 3 0 0 1.250 

4 3 2 0 0.400 

5 4 3 0 0.200 

6 4 2 0 0.125 

1 3 

4 

2 



 Otherwise, check if newbus <= currentbus and refbus = 0: i.e., Type ‘c’ modification. 

 𝑍 = 𝑍 − (𝑍 (𝑛𝑒𝑤𝑏𝑢𝑠 𝑐𝑜𝑙. ) ∗ 𝑍 (𝑛𝑒𝑤𝑏𝑢𝑠 𝑟𝑜𝑤) )/(𝑍 + 𝑍 (𝑛𝑒𝑤𝑏𝑢𝑠, 𝑛𝑒𝑤𝑏𝑢𝑠)  

 Otherwise, check if newbus <= currentbus and refbus ≠ 0: i.e., Type ‘d’ modification. 

 𝑍 = 𝑍 − ((𝑍 (𝑓𝑟𝑜𝑚 𝑏𝑢𝑠 𝑐𝑜𝑙. )−𝑍 (𝑡𝑜 𝑏𝑢𝑠 𝑐𝑜𝑙. )) ∗ (𝑍 (𝑓𝑟𝑜𝑚 𝑏𝑢𝑠 𝑟𝑜𝑤) 

                         − 𝑍 (𝑡𝑜 𝑏𝑢𝑠 𝑟𝑜𝑤)) ) /(𝑍 + 𝑍 (𝑓𝑟𝑜𝑚 𝑏𝑢𝑠, 𝑓𝑟𝑜𝑚 𝑏𝑢𝑠) +  𝑍 (𝑡𝑜 𝑏𝑢𝑠, 𝑡𝑜 𝑏𝑢𝑠) −  2 ∗

                             𝑍 (𝑓𝑟𝑜𝑚 𝑏𝑢𝑠, 𝑡𝑜 𝑏𝑢𝑠)) 

 Update currentbus to newbus. 

 Repeat above step for each branch. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







The Zbus solution obtained by Vishal Mittal: 

Network Data: 

    Element  From Bus  To Bus   R (pu)      X (pu)
------------------------------------------------------------------------------- 

           1       1       0       0       1.25
           2       2       1       0       0.25
           3       3       0       0       1.25
           4       3       2       0       0.4
           5       4       3       0       0.2
           6       4       2       0       0.125

Bus Impedance Matrix 

0+0.7166i              0+0.6099i              0+0.5334i              0+0.5805i
0+0.6099i              0+0.7319i              0+0.6401i              0+0.6966i
0+0.5334i              0+0.6401i              0+0.7166i              0+0.6695i
0+0.5805i              0+0.6966i              0+0.6695i              0+0.7631i



EXPERIMENT 3 

 

Aim: To develop algorithm and to develop the computer program to carry out Gauss-Seidel load flow 
analysis. 

 

Requirements: Computer, MATLAB 

 

Theory: Power flow studies are important for planning and designing the future expansion of power 
systems and in determining the best operation of existing systems. The load flow study provides the 
information regarding the magnitude and phase angle of the voltage at each bus, and the real and reactive 
power flowing in each line. The power-flow equations are non-linear simultaneous equations, hence 
iterative solution is feasible. In Gauss-Seidel method, the corrected voltages are found using the equation 
1 at each iteration, and done so till amount of correction in each voltage at every bus is less than the 
predefined tolerance. The method is simple, but convergence is slow. 

𝑉 =
1

𝑌

𝑃 − 𝑗𝑄

(𝑉 )∗
− 𝑌 𝑉 − 𝑌 𝑉               … … . . (𝑒𝑞1) 

 

Case Study: 

Table 3.1: Line data for the given network 

Line 
No. 

From 
Bus 

To 
Bus 

R 
(pu) 

X 
(pu) 

Mutually 
coupled to line 

Y (pu) 
mutual 

Charging 
admittance (pu) 

1 1 2 0.0108 0.0649 0 0j 0.066j 

2 1 4 0.0235 0.0941 0 0j 0.040j 

3 2 5 0.0118 0.0471 0 0j 0.070j 

4 3 5 0.0147 0.0588 0 0j 0.080j 

5 4 5 0.0118 0.0529 0 0j 0.060j 

6 2 3 0.0000 0.0400 0 0j 0.000j 

 

 

 

 

            

 

 

 

Fig. 3.1: Single line diagram of the given network 

1 

4 5 

2 3 



 

Table 3.2: Bus data for the given network 

Bus PG (pu) QG (pu) PL (pu) QL (pu) 𝑽∠𝜹 QG Limit (pu) Remark 

1 - - 0 0 1.01∠0  - Slack 

2 0 0 0.60 0.35 - - PQ 

3 0 0 0.70 0.42 - - PQ 

4 0 0 0.80 0.50 - - PQ 

5 1.9 - 0.65 0.36 1.00 0 ≤ 𝑄 ≤ 1.5 PV 

 

Algorithm: 

1. Obtain the 𝑌 , bus-admittance matrix for the given network. 

2. Find the number of buses in the network. 

3. Assume flat voltages at the PQ and PV buses., defining bus voltage vector 𝑉  containing initial 

guesses of the bus voltages. 

4. Compute the bus real powers Pi and reactive powers Qi, as  

𝑃 = 𝑃 − 𝑃 ,           𝑄 = 𝑄 − 𝑄  

5. Starting the iterations from r=1: 

6. Check whether the iteration number is less than the max. iteration number, if not then stop. 

7. If error |𝑉 − 𝑉 | < 0.00001, then stop. 

8. For bus no. i: 

Compute  

𝑉 𝑌 = [𝑉 ] [𝑌  𝑖  𝑐𝑜𝑙] − [𝑉 ] , [𝑌 ] ,    

9. Check whether the ith bus is PV bus or not, if yes then follow steps number 10 to 15. 

10. Compute 𝑄 = −𝐼𝑚{([𝑉 ] [𝑌  𝑖  𝑐𝑜𝑙])𝑉
∗
} 

11. If 𝑄 + 𝑄  𝑓𝑜𝑟 𝑖  𝑏𝑢𝑠 𝑖𝑠 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 𝑖𝑡𝑠 𝑙𝑜𝑤𝑒𝑟 𝑙𝑖𝑚𝑖𝑡 𝑜𝑓 𝑄, 𝑡ℎ𝑒𝑛 𝑠𝑒𝑡 𝑄 = 𝑄 − 𝑄 . 

12. Consider the bus as PQ bus by assuming initial voltage guess as 1 pu at this bus. 

𝑉 =
1

𝑌

𝑃 − 𝑗𝑄

(𝑉 )∗
− 𝑉 𝑌  

13. If 𝑄 + 𝑄  𝑓𝑜𝑟 𝑖  𝑏𝑢𝑠 𝑖𝑠 𝑔𝑟𝑒𝑎𝑡𝑒𝑟 𝑡ℎ𝑎𝑛 𝑖𝑡𝑠 𝑢𝑝𝑝𝑒𝑟 𝑙𝑖𝑚𝑖𝑡 𝑜𝑓 𝑄, 𝑡ℎ𝑒𝑛 𝑠𝑒𝑡 𝑄 = 𝑄 − 𝑄 . 

14. Consider the bus as PQ bus by assuming initial voltage guess as 1 pu at this bus. 

𝑉 =
1

𝑌

𝑃 − 𝑗𝑄

(𝑉 )∗
− 𝑉 𝑌  



15. If 𝑄 + 𝑄  𝑓𝑜𝑟 𝑖  𝑏𝑢𝑠 𝑖𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 𝑡ℎ𝑒 𝑙𝑖𝑚𝑖𝑡𝑠 𝑜𝑓 𝑄 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑒𝑑, 𝑡ℎ𝑒𝑛 𝑐𝑜𝑚𝑝𝑢𝑡𝑒 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑉  

∠𝑉 = ∠
1

𝑌

𝑃 − 𝑗𝑄

(𝑉 )∗
− 𝑉 𝑌  

𝑉 = |𝑉| cos ∠𝑉 + 𝑗𝑠𝑖𝑛(∠𝑉 )  

 

16. If the ith bus is PQ bus, then follow step 17. 

17. Compute bus voltage as,  

𝑉 =
1

𝑌

𝑃 − 𝑗𝑄

(𝑉 )∗
− 𝑉 𝑌  

 

18. Complete the present iteration for each bus by following the above steps. 

19. For the next iteration, reset the PV bus voltage magnitude to the prespecified voltage and angle as 

the computed during this iteration if the limits were not met. 

 















The Load Flow solution using Gauss-Seidel Method obtained by Vishal Mittal: 

          Itr no. V2        V3   V4   Qg5 V5

------------------------------------------------------------------------------------------------ 
     1 0.99665-0.0091798i  0.98659-0.021379i   0.982-0.023525i 0.6348   1+0.0027691i

     2 0.98981-0.016302i   0.98137-0.024133i   0.98104-0.021589i 0.8011   1-0.00074747i

    3 0.98756-0.018366i   0.97998-0.026689i   0.98104-0.02392i 0.8793   0.99999-0.0034405i

    4 0.98693-0.020262i   0.97959-0.028855i   0.98097-0.025591i 0.9058   0.99998-0.005501i

    5 0.98672-0.021821i   0.97944-0.03058i   0.98091-0.026875i 0.9172   0.99997-0.0071016i

    6 0.98661-0.023056i   0.97937-0.031934i   0.98086-0.027872i 0.9239   0.99997-0.0083486i

    7 0.98655-0.024023i   0.97932-0.032993i   0.98082-0.028649i 0.9286   0.99996-0.0093211i

    8 0.9865-0.024778i    0.97929-0.03382i   0.98079-0.029255i 0.9322   0.99995-0.01008i

    9 0.98647-0.025368i   0.97926-0.034465i   0.98077-0.029727i 0.9350   0.99994-0.010672i

   10 0.98644-0.025828i   0.97924-0.034968i     0.98075-0.030096i 0.9371   0.99994-0.011134i

   11 0.98642-0.026187i   0.97922-0.035361i     0.98074-0.030384i 0.9388   0.99993-0.011495i

    12 0.9864-0.026468i    0.97921-0.035668i   0.98072-0.030609i 0.9401   0.99993-0.011776i

    13 0.98639-0.026686i   0.97919-0.035907i   0.98071-0.030784i 0.9411   0.99993-0.011996i

  
   14 0.98638-0.026857i   0.97919-0.036094i     0.98071-0.030921i 0.9420   0.99993-0.012167i

    15 0.98637-0.02699i    0.97918-0.03624i   0.9807-0.031028i 0.9426   0.99992-0.012301i

   16 0.98636-0.027094i   0.97917-0.036353i     0.9807-0.031111i 0.9431   0.99992-0.012405i

   17 0.98636-0.027175i   0.97917-0.036442i     0.98069-0.031176i 0.9435   0.99992-0.012487i

    18 0.98635-0.027239i   0.97917-0.036511i   0.98069-0.031227i 0.9438   0.99992-0.01255i

   19 0.98635-0.027288i   0.97916-0.036565i     0.98069-0.031267i 0.9440   0.99992-0.0126i

    20 0.98635-0.027327i   0.97916-0.036608i   0.98069-0.031297i 0.9442   0.99992-0.012639i

    21 0.98635-0.027357i   0.97916-0.036641i   0.98069-0.031322i 0.9443   0.99992-0.012669i

    22 0.98634-0.02738i    0.97916-0.036666i   0.98069-0.03134i 0.9444   0.99992-0.012693i

    23 0.98634-0.027399i   0.97916-0.036686i   0.98068-0.031355i 0.9445   0.99992-0.012711i

    24 0.98634-0.027413i   0.97916-0.036702i   0.98068-0.031367i 0.9446   0.99992-0.012725i

  
    25 0.98634-0.027424i   0.97916-0.036714i   0.98068-0.031376i 0.9446   0.99992-0.012737i

  
    26 0.98634-0.027433i   0.97916-0.036724i   0.98068-0.031383i 0.9447   0.99992-0.012745i



-----------------------------------------BUS INFORMATION------------------------------------
         Bus no.   Volts  angle   Generation       Load Bus

           (pu)  (deg.)   P (pu) Q (pu)  P (pu)  Q (pu) Type
--------------------------------------------------------------------------------------------

           1  1.0100  0.0000  0.8661  0.4521  0.0000  0.0000 Slack

           2  0.9867 -1.5931  0.0000  0.0000  0.6000  0.3500 PQ

           3  0.9798 -2.1479  0.0000  0.0000  0.7000  0.4200 PQ

           4  0.9812 -1.8329  0.0000  0.0000  0.8000  0.5000 PQ

           5  1.0000 -0.7303  1.9000  0.9448  0.6500  0.3600 PV

----------------Line Flows---------------
    From To  P (pu)  Q (pu)

 Bus Bus
-----------------------------------------

    1 2  0.4750  0.2555

    2 1 -0.4718 -0.3016

    1 4  0.3910  0.1966

    4 1 -0.3864 -0.2178

    2 5 -0.3619 -0.2192

    5 2  0.3639  0.1581

    3 5 -0.4658 -0.2527

    5 3  0.4699  0.1904

    4 5 -0.4134 -0.2822

    5 4  0.4163  0.2362

    2 3  0.2340  0.1708

    3 2 -0.2340 -0.1673

---------------------------------------

 Total Real Power Generation (pu) : 2.7661

 Total Reactive Power Generation (pu) : 1.3969

  Total Real Power Demand (pu) : 2.7500

 Total Reactive Power Demand (pu) : 1.6300

  Total Real Power Loss (pu) :  0.0161

 Total Reactive Power Loss (pu) : -0.2331



 

EXPERIMENT 4 

 

Aim: To develop a computer program to carry out load flow analysis using Newton-Raphson’s Method. 

 

Requirements: Computer, MATLAB 

 

Theory: Power flow studies are important for planning and designing the future expansion of power 
systems and in determining the best operation of existing systems. The load flow study provides the 
information regarding the magnitude and phase angle of the voltage at each bus, and the real and reactive 
power flowing in each line. The power-flow equations are non-linear simultaneous equations, hence 
iterative solution is feasible. Newton-Raphson’s load flow method is fast but requires more memory 
space because it involves finding of inverse of Jacobian matrix. The new updated values of independent 
variables is obtained by the equation given below. 

[𝑋] = [𝑋] − [𝐽 Δ𝐹]   

 

Case Study: 

Table 4.1: Line data for the given network 

Line 
No. 

From 
Bus 

To 
Bus 

R 
(pu) 

X 
(pu) 

Mutually 
coupled to line 

Y (pu) 
mutual 

Charging 
admittance (pu) 

1 1 2 0.0108 0.0649 0 0j 0.066j 

2 1 4 0.0235 0.0941 0 0j 0.040j 

3 2 5 0.0118 0.0471 0 0j 0.070j 

4 3 5 0.0147 0.0588 0 0j 0.080j 

5 4 5 0.0118 0.0529 0 0j 0.060j 

6 2 3 0.0000 0.0400 0 0j 0.000j 

 

 

 

 

 

            

 

 

 

Fig. 4.1: Single line diagram of the given network 

1 

4 5 

2 3 



 

Table 4.2: Bus data for the given network 

Bus PG (pu) QG (pu) PL (pu) QL (pu) 𝑽∠𝜹 QG Limit (pu) Remark 

1 - - 0 0 1.01∠0  - Slack 

2 0 0 0.60 0.35 - - PQ 

3 0 0 0.70 0.42 - - PQ 

4 0 0 0.80 0.50 - - PQ 

5 1.9 - 0.65 0.36 1.00 0 ≤ 𝑄 ≤ 1.5 PV 

 

















The Load Flow solution using Newton-Raphson Method obtained by Vishal Mittal: 

          Itr no.   d2     V2 d3   V3     d4      V4            d5      V5
-------------------------------------------------------------------------------------------- 

       1  0.0000    1.0000    0.0000    1.0000    0.0000    1.0000  0.0000    1.0000 
       2 -1.5510    0.9872   -2.0825    0.9805   -1.7790    0.9818 -0.6861    1.0000 
      3 -1.5949    0.9867   -2.1498    0.9798   -1.8343    0.9812 -0.7320    1.0000 
      4 -1.5949    0.9867   -2.1499    0.9798   -1.8343    0.9812 -0.7321    1.0000 
      5 -1.5949    0.9867   -2.1499    0.9798   -1.8343    0.9812 -0.7321    1.0000 

-----------------------------------------BUS INFORMATION------------------------------------
         Bus no.   Volts  angle   Generation       Load Bus

           (pu)  (deg.)   P (pu) Q (pu)  P (pu)  Q (pu) Type
--------------------------------------------------------------------------------------------

           1  1.0100  0.0000  0.8668  0.4520  0.0000  0.0000 Slack
           2  0.9867 -1.5949  0.0000  0.0000  0.6000  0.3500 PQ
           3  0.9798 -2.1499  0.0000  0.0000  0.7000  0.4200 PQ
           4  0.9812 -1.8343  0.0000  0.0000  0.8000  0.5000 PQ
           5  1.0000 -0.7321  1.9000  0.9448  0.6500  0.3600 PV

----------------Line Flows---------------
    From To  P (pu)  Q (pu)

 Bus Bus
-----------------------------------------

    1 2  0.4755  0.2554
    2 1 -0.4722 -0.3015
    1 4  0.3913  0.1966
    4 1 -0.3867 -0.2178
    2 5 -0.3619 -0.2192
    5 2  0.3639  0.1581
    3 5 -0.4659 -0.2527
    5 3  0.4699  0.1904
    4 5 -0.4133 -0.2822
    5 4  0.4162  0.2363
    2 3  0.2341  0.1708
    3 2 -0.2341 -0.1673
---------------------------------------

 Total Real Power Generation (pu) : 2.7668
 Total Reactive Power Generation (pu) : 1.3968

  Total Real Power Demand (pu) : 2.7500
 Total Reactive Power Demand (pu) : 1.6300

  Total Real Power Loss (pu) : 0.0168
Total Reactive Power Loss (pu) :       -0.2332



 

EXPERIMENT 5 

 

Aim: To develop a computer program for economic load dispatching among units using reduced gradient 
search method. 

 

Requirements: Computer, MATLAB 

 

Theory: The economic load dispatching is the problem to find the optimum solution of units scheduling 
such that the total cost of generation is minimized. The gradient search method or steepest descent 
method works on the principle that the minimum of a function can be found by a series of steps that 
always take us in a downward direction. If ∇𝑓 is the gradient of function f(x) at the initial guess x0, then 
the updated x is given as, 

x = x − 𝛼∇𝑓 

where, α is the learning rate. 

The learning rate is a scalar which allow us to guarantee that the process converges. Larger the learning 
rate will result into faster convergence, but sometimes may lead to divergence also. Smaller the learning 
rate will guarantee the convergence, but the process becomes too slow. Thus, the learning rate is set 
through experimenting with different learning rates for a problem. 

 

Case Study: 

 

Table 5.1: Generator Data 

Unit A 
(MBtu/MW2h) 

B 
(MBtu/MWh) 

C 
(MBtu/h) 

Fuel Cost 
(Rs/MBtu) 

Min 
Generation 

(MW) 

Max 
Generation 

(MW) 

1 0.0060 9 510 1.0 50 200 

2 0.0048 6 310 1.0 100 400 

3 0.0040 8 78 1.0 80 250 

4 0.0034 10 100 1.0 110 300 

 

Total Demand is of 800 MW 









The Gradient Descent for the Economic Loading of Generators in a Plant
 

      Itr      P1      P2      P3      P4 Gen. Cost 
-----------------------------------------------------------------------------------

        1    50.00   200.00   250.00   300.00  8411.00 
        2    50.00   262.00   229.20   258.80  8223.95 
        3    50.00   307.63   216.02   226.35  8115.56 
        4    50.00   341.24   208.27   200.49  8050.61 
        5    50.00   366.02   204.36   179.62  8010.01 
        6    50.00   384.30   203.15   162.54  7983.30 
        7    50.89   396.93   203.79   148.38  7964.58 
        8    58.01   400.00   205.60   136.40  7949.32 
        9    71.25   398.56   206.11   124.08  7935.51 
       10    78.79   398.85   208.17   114.20  7925.99 
       11    79.03   400.00   210.97   110.00  7921.68 
       12    76.42   400.00   213.58   110.00  7921.07 
       13    74.34   400.00   215.66   110.00  7920.68 
       14    72.67   400.00   217.33   110.00  7920.43 
       15    71.34   400.00   218.66   110.00  7920.26 
       16    70.27   400.00   219.73   110.00  7920.16 
       17    69.42   400.00   220.58   110.00  7920.10 
       18    68.80   399.93   221.27   110.00  7920.05 
       19    68.38   399.79   221.82   110.00  7920.02 
       20    68.10   399.62   222.28   110.00  7920.00 
       21    67.90   399.43   222.67   110.00  7919.98 
       22    67.76   399.23   223.01   110.00  7919.97 
       23    67.67   399.04   223.30   110.00  7919.96 
       24    67.60   398.85   223.55   110.00  7919.95 
       25    67.55   398.67   223.78   110.00  7919.94 
       26    67.51   398.50   223.98   110.00  7919.93 
       27    67.48   398.35   224.17   110.00  7919.93 
       28    67.46   398.21   224.33   110.00  7919.92 
       29    67.45   398.07   224.48   110.00  7919.92 
       30    67.43   397.95   224.62   110.00  7919.92 
       31    67.42   397.84   224.74   110.00  7919.91 
       32    67.41   397.74   224.85   110.00  7919.91 
       33    67.40   397.64   224.95   110.00  7919.91 



 

EXPERIMENT 6 

 

Aim: To develop a computer program for economic load dispatching among plants using Newton’s 
method. 

 

Requirements: Computer, MATLAB 

 

Theory: The economic load dispatching is the problem to find the optimum solution of units scheduling 
such that the total cost of generation is minimized. The Newton’s method is based on gradient of the 
cost function in which the aim is to drive gradient to zero. If ∆x is an effort to make the gradient 𝑔(𝑥) 
to zero at initial guess x0, then 

∆x = -[𝑔 (x)] 𝑔(x) 

x = x + ∆x 

This method is good in optimizing the non-linear equations involving the coordination equations of 
economic loading of plants, which include the transmission losses which depend upon the plants 
generations. 

 

Case Study: 

 

Table 5.1: Plant Data 

Unit A 
(MBtu/MW2h) 

B 
(MBtu/MWh) 

C 
(MBtu/h) 

Fuel Cost 
(Rs/MBtu) 

Min 
Generation 

(MW) 

Max 
Generation 

(MW) 

1 0.00533 11.669 213.1 1.0 50 200 

2 0.00889 10.333 200 1.0 37.5 150 

3 0.00741 10.833 240 1.0 45 180 

 

Total Demand is of 210 MW 

 

Loss Coefficient matrix in pu, 

𝑩 =

0.0676 0.00953 −0.00507 −0.0383
0.00953 0.0521 0.00901 −0.00171
−0.00507 0.00901 0.0294 0.00945
−0.0383 −0.00171 0.00945 0.040357

𝑝𝑢 









The Newton's Method for the Economic Loading of Plants considering Transmission Losses
 

       Itr      P1      P2      P3  lambda Gen. Cost TL Loss 
------------------------------------------------------------------------------------------------

         0   75.00   75.00   75.00  10.000 3237.39 9.354
         1   71.98   73.62   73.45  12.754 3165.14 9.354
         2   72.14   73.59   73.28  12.747 3164.81 9.019
         3   72.14   73.59   73.28  12.747 3164.81 9.009
         4   72.14   73.59   73.28  12.747 3164.81 9.009



EXPERIMENT 7 

 

Aim: To develop a computer program for stability analysis of a single machine infinite bus system using 
Runge-Kutta fourth order method. 

Requirements: Computer, MATLAB 

Theory: Transient stability is the ability of the system to regain synchronism after a large and sudden 
disturbance. The large disturbance can occur due to sudden changes in application or removal of large 
loads, line switching operations, faults on the system, sudden outage of a line, or loss of excitations. 
Transient stability studies are needed to ensure that the system can withstand the transient conditions 
following a major disturbance.  

The swing curve indicates about the variation of torque angle with time following a disturbance. If torque 
angle keeps on increasing, the system is unstable. For the system to be stable followed by a disturbance 
such as fault, the fault must be cleared before the critical clearing time such that the torque angle 
decreases after achieving the maximum swing. The swing equation is given as, 

𝑀
𝑑 𝛿

𝑑𝑡
= 𝑃 − 𝑃 𝑠𝑖𝑛𝛿 

The state space model of swing equation is given as, 

�̇� = 𝑥 = �̇�   and   �̇� = (𝑃 − 𝑃 𝑠𝑖𝑛𝑥 ) 

To obtain the solution of above two first order differential equations via Runge-Kutta fourth order 
method: 

𝑘 = ℎ𝑥                                           𝑙 =
ℎ

𝑀
(𝑃 − 𝑃 𝑠𝑖𝑛𝑥 )  

𝑘 = ℎ 𝑥 +
𝑙

2
                           𝑙 =

ℎ

𝑀
𝑃 − 𝑃 𝑠𝑖𝑛 𝑥 +

𝑘

2
 

𝑘 = ℎ 𝑥 +
𝑙

2
                           𝑙 =

ℎ

𝑀
𝑃 − 𝑃 𝑠𝑖𝑛 𝑥 +

𝑘

2
 

𝑘 = ℎ(𝑥 + 𝑙   )                           𝑙 =
ℎ

𝑀
𝑃 − 𝑃 𝑠𝑖𝑛(𝑥 + 𝑘 )  

 𝑘 =
𝑘 + 2𝑘 + 2𝑘 + 𝑘

6
           𝑙 =

𝑙 + 2𝑙 + 2𝑙 + 𝑙

6
 

𝑥 = 𝑥 + 𝑘                                   𝑥 = 𝑥 + 𝑙    ;  𝑥 = 𝛿    𝑎𝑛𝑑  𝑥 = 0 𝑎𝑛𝑑 ℎ 𝑖𝑠 𝑡ℎ𝑒 𝑡𝑖𝑚𝑒 𝑠𝑡𝑒𝑝 

 

Case Study: 

A 20 MVA, 50 Hz generator delivers 18 MW over a double circuit line to an infinite bus. The generator 
has kinetic energy of 2.52 MJ/MVA at rated speed. The generator transient reactance is 0.35 pu. Each 
transmission circuit has a reactance of 0.2 pu on a 20 MVA base. The generator voltage behind the 
transient reactance is 1.1 pu and infinite bus voltage is 1 pu. A three-phase short circuit occurs at the 
mid-point of one of the transmission lines. Carry out the swing equation solution using Runge-Kutta 
fourth order method to plot swing curves for different fault clearing times. 











The solution of Swing Equation using Runge-Kutta fourth order method as obtained 

Fault clearing time in sec: 0.1250 

time     Pemax      x1_old        Pa      x2_old         dx2      x2_new       dx1     delta(deg)
------------------------------------------------------------------------------------------------
0.000     2.444     21.6035    0.2880      0.0000   1028.5714      1.0286    0.0000      21.6035
0.010     0.880     21.6961    0.5747     19.5280      2.0519     21.5799    0.0206      21.7166
0.020     0.880     21.9938    0.5704     39.9851      2.0362     42.0213    0.0410      22.0348
0.030     0.880     22.4951    0.5633     60.2390      2.0103     62.2493    0.0612      22.5563
0.040     0.880     23.1975    0.5534     80.1879      1.9743     82.1622    0.0812      23.2787
0.050     0.880     24.0975    0.5407     99.7328      1.9286    101.6614    0.1007      24.1982
0.060     0.880     25.1905    0.5254    118.7787      1.8736    120.6523    0.1197      25.3102
0.070     0.880     26.4711    0.5077    137.2355      1.8100    139.0455    0.1381      26.6093
0.080     0.880     27.9330    0.4878    155.0191      1.7383    156.7574    0.1559      28.0889
0.090     0.880     29.5690    0.4657    172.0520      1.6593    173.7113    0.1729      29.7419
0.100     0.880     31.3713    0.4419    188.2648      1.5738    189.8386    0.1891      31.5603
0.110     0.880     33.3313    0.4165    203.5967      1.4827    205.0794    0.2043      33.5357
0.120     0.880     35.4401    0.3897    217.9964      1.3870    219.3834    0.2187      35.6588
0.130     2.000     37.6693   -0.3222    221.8808     -1.1617    220.7191    0.2213      37.8906
0.140     2.000     39.8270   -0.3809    209.3091     -1.3705    207.9386    0.2086      40.0356
0.150     2.000     41.8488   -0.4343    194.7343     -1.5602    193.1741    0.1940      42.0427
0.160     2.000     43.7156   -0.4822    178.3516     -1.7300    176.6216    0.1775      43.8931
0.170     2.000     45.4105   -0.5243    160.3619     -1.8795    158.4824    0.1594      45.5699
0.180     2.000     46.9182   -0.5608    140.9688     -2.0087    138.9601    0.1400      47.0582
0.190     2.000     48.2258   -0.5916    120.3751     -2.1177    118.2575    0.1193      48.3452
0.200     2.000     49.3224   -0.6168     98.7814     -2.2068     96.5746    0.0977      49.4200
0.210     2.000     50.1988   -0.6365     76.3846     -2.2764     74.1082    0.0752      50.2740
0.220     2.000     50.8480   -0.6509     53.3779     -2.3269     51.0511    0.0522      50.9002
0.230     2.000     51.2649   -0.6601     29.9509     -2.3586     27.5923    0.0288      51.2937
0.240     2.000     51.4463   -0.6640      6.2901     -2.3718      3.9183    0.0051      51.4514
0.250     2.000     51.3906   -0.6628    -17.4196     -2.3666    -19.7862   -0.0186      51.3720
0.260     2.000     51.0983   -0.6564    -40.9937     -2.3428    -43.3366   -0.0422      51.0562
0.270     2.000     50.5718   -0.6448    -64.2467     -2.3004    -66.5472   -0.0654      50.5064
0.280     2.000     49.8151   -0.6279    -86.9907     -2.2391    -89.2298   -0.0881      49.7270
0.290     2.000     48.8343   -0.6056   -109.0347     -2.1584   -111.1931   -0.1101      48.7242
0.300     2.000     47.6374   -0.5778   -130.1835     -2.0580   -132.2416   -0.1312      47.5062
0.310     2.000     46.2343   -0.5443   -150.2386     -1.9376   -152.1761   -0.1512      46.0831
0.320     2.000     44.6369   -0.5052   -168.9979     -1.7968   -170.7947   -0.1699      44.4670
0.330     2.000     42.8593   -0.4604   -186.2581     -1.6357   -187.8938   -0.1871      42.6722
0.340     2.000     40.9174   -0.4099   -201.8165     -1.4545   -203.2711   -0.2025      40.7149
0.350     2.000     38.8293   -0.3540   -215.4744     -1.2538   -216.7282   -0.2161      38.6132
0.360     2.000     36.6149   -0.2929   -227.0406     -1.0346   -228.0752   -0.2276      36.3874
0.370     2.000     34.2961   -0.2269   -236.3364     -0.7983   -237.1347   -0.2367      34.0593
0.380     2.000     31.8963   -0.1568   -243.2000     -0.5470   -243.7470   -0.2435      31.6528
0.390     2.000     29.4407   -0.0830   -247.4917     -0.2831   -247.7749   -0.2476      29.1930
0.400     2.000     26.9554   -0.0066   -249.0992     -0.0097   -249.1089   -0.2491      26.7063
0.410     2.000     24.4679    0.0716   -247.9415      0.2699   -247.6716   -0.2478      24.2201
0.420     2.000     22.0060    0.1506   -243.9737      0.5519   -243.4218   -0.2437      21.7623
0.430     2.000     19.5978    0.2292   -237.1894      0.8324   -236.3570   -0.2368      19.3610
0.440     2.000     17.2715    0.3062   -227.6229      1.1071   -226.5158   -0.2271      17.0444
0.450     2.000     15.0544    0.3805   -215.3501      1.3720   -213.9781   -0.2147      14.8397
0.460     2.000     12.9731    0.4510   -200.4880      1.6229   -198.8651   -0.1997      12.7734
0.470     2.000     11.0527    0.5166   -183.1935      1.8561   -181.3374   -0.1823      10.8705
0.480     2.000      9.3167    0.5762   -163.6603      2.0679   -161.5923   -0.1626       9.1541
0.490     2.000      7.7862    0.6290   -142.1162      2.2553   -139.8609   -0.1410       7.6452
0.500     2.000      6.4802    0.6743   -118.8189      2.4155   -116.4035   -0.1176       6.3626
0.510     2.000      5.4148    0.7113    -94.0516      2.5460    -91.5055   -0.0928       5.3220
0.520     2.000      4.6031    0.7395    -68.1183      2.6452    -65.4730   -0.0668       4.5363
0.530     2.000      4.0552    0.7586    -41.3395      2.7117    -38.6278   -0.0400       4.0152
0.540     2.000      3.7780    0.7682    -14.0472      2.7445    -11.3028   -0.0127       3.7653
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EXPERIMENT 8 

 

Aim: To study transient stability of a single machine infinite bus system using Simulink. 

 

Requirements: Computer, MATLAB 

 

Theory: Transient stability is the ability of the system to regain synchronism after a large and sudden 
disturbance. SIMULINK is a software package developed by MathWorks which is used for modelling 
and simulating dynamical systems which can be linear and nonlinear, either in continuous time frame or 
sampled time frame or even a hybrid of the two. It provides a very easy drag-drop type GUI to build the 
models in block diagram form. 

 

Case Study: 

A 20 MVA, 50 Hz generator delivers 18 MW over a double circuit line to an infinite bus. The generator 
has kinetic energy of 2.52 MJ/MVA at rated speed. The generator transient reactance is 0.35 pu. Each 
transmission circuit has a reactance of 0.2 pu on a 20 MVA base. The generator voltage behind the 
transient reactance is 1.1 pu and infinite bus voltage is 1 pu. A three-phase short circuit occurs at the 
mid-point of one of the transmission lines. Carry out the swing equation solution using Simulink. 

 

Different Blocks to be used: 

 Sum: found under Math Operations in Simulink library. It is used to add two or more inputs. 
 

 Gain: found under Math Operations in Simulink library. It is used to scale the given input. 
 
 Product: found under Math Operations in Simulink library. It is used to take product of two or more 

inputs. 
 

 Divide: found under Math Operations in Simulink library. It is used to divide two inputs. 
 
 Scope: found under Sinks in Simulink library. It is used to plot a quantity with respect to time. 

 
 Switch: found in Commonly Used Blocks in Simulink Library. It has 3 inputs. The 2nd input is the 

control input. If this 2nd input value is greater than or less than (as per logic selected) the threshold 
value, the input 1st is allowed to pass through, else input 3rd is passed through. 

 
 Clock: found under Sources in Simulink library. It is used to supply time as input. 

 
 Constant: found under Sources in Simulink library. It is used to provide a constant input. 

 
 Integrator: found under Continuous in Simulink library. It is used to take integration of an input. 

 
 Trigonometric function: found under Math Operations in Simulink library. It is used to insert 

trigonometric function. The angle taken is in rad. 
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