
HW3 Solutions 
 

1. Problem 9.8 (see end of this document) 
2. Consider the 4-bus system shown below. Both machines have 

subtransient reactances of 0.20 pu (you can combine the machine 

subtransient reactance with the transformer impedance to get a single 
reactance connecting the machine internal voltage with the network). 

 

Bus 2 

Bus 3 Bus 1 
Bus 4 

j0.25 j0.125 j0.20 

j0.40 j0.25 

j0.10 j0.10 

 
a. Construct the Y-bus for this network (should be a 4×4 matrix). 
b. Consider that there is a three-phase (symmetrical) fault at bus 2.  

ii. Use LU decomposition to obtain the 2nd column of the Z-bus. 
iii. Compute the subtransient fault current. 

iv. Use eq. (12) to find the voltages during the fault. 
v.      Use eq. (17) to find the subtransient currents in lines 3-2, 1-2, 

and 4-2. 
 

 

 

 

 

 

 

 

 

 

Solution: 
 



a). Compute the Y-Bus 
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b).  

i). LU Decomposition to obtain Z2 
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Factorization of a matrix Y can be done efficiently and easily using the matlab 

command: 

[L,U]=lu(Y) 

Then it is easy to find w by hand using forward substitution from: 

kIwL    
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And then it is easy to find Z2 by hand using backwards substitution from: 
wZU 2   

Alternatively, the manual steps of LU decomposition can be performed per the notes 

from “LU Decomposition.” I did it within Matlab, as follows. Here, y1 is the initial 

“augmented” matrix (see notes on LU decomposition for the meaning of this term). 
 



>> y1=[-14.5i,8i,4i,2.5i,0;8i,-17i,4i,5i,1;4i,4i,-11.33333i,0,0;2.5i,5i,0,-10.833333i,0] 
 
y1 = 

 
        0 -14.5000i        0 + 8.0000i        0 + 4.0000i        0 + 2.5000i        0           
        0 + 8.0000i        0 -17.0000i        0 + 4.0000i        0 + 5.0000i   1.0000           
        0 + 4.0000i        0 + 4.0000i        0 -11.3333i        0                  0           

        0 + 2.5000i        0 + 5.0000i        0                  0 -10.8333i        0           
 
>> y2=[y1(1,:)/y1(1,1);y1(2,:);y1(3,:);y1(4,:)] 
 

y2 = 
 
   1.0000            -0.5517            -0.2759            -0.1724                  0           
        0 + 8.0000i        0 -17.0000i        0 + 4.0000i        0 + 5.0000i   1.0000           

        0 + 4.0000i        0 + 4.0000i        0 -11.3333i        0                  0           
        0 + 2.5000i        0 + 5.0000i        0                  0 -10.8333i        0           
 
>> y3=[y2(1,:);y2(1,:)*-y1(2,2)+y2(2,:);y2(1,:)*-y1(3,3)+y2(3,:);y2(1,:)*-

y1(4,4)+y2(4,:)] 
 
y3 = 
 

   1.0000            -0.5517            -0.2759            -0.1724                  0           
        0 +25.0000i        0 -26.3793i        0 - 0.6897i        0 + 2.0690i   1.0000           
        0 +15.3333i        0 - 2.2529i        0 -14.4598i        0 - 1.9540i        0           
        0 +13.3333i        0 - 0.9770i        0 - 2.9885i        0 -12.7011i        0           

 
>> y3=[y2(1,:);y2(1,:)*-y1(2,1)+y2(2,:);y2(1,:)*-y1(3,1)+y2(3,:);y2(1,:)*-
y1(4,1)+y2(4,:)] 
 

y3 = 
 
   1.0000            -0.5517            -0.2759            -0.1724                  0           
        0                  0 -12.5862i        0 + 6.2069i        0 + 6.3793i   1.0000           

        0                  0 + 6.2069i        0 -10.2299i        0 + 0.6897i        0           
        0                  0 + 6.3793i        0 + 0.6897i        0 -10.4023i        0           
 
>> y4=[y3(1,:);y3(2,:)/y3(2,2);y3(3,:);y3(4,:)] 

 
y4 = 
 
   1.0000            -0.5517            -0.2759            -0.1724                  0           

        0             1.0000            -0.4932            -0.5068                  0 + 0.0795i 
        0                  0 + 6.2069i        0 -10.2299i        0 + 0.6897i        0           
        0                  0 + 6.3793i        0 + 0.6897i        0 -10.4023i        0           



 
>> y5=[y4(1,:);y4(2,:);y4(2,:)*-y3(3,2)+y4(3,:);y4(2,:)*-y3(4,2)+y4(4,:) 
y5 = 

 
   1.0000            -0.5517            -0.2759            -0.1724                  0           
        0             1.0000            -0.4932            -0.5068                  0 + 0.0795i 
        0                  0                  0 - 7.1689i        0 + 3.8356i   0.4932           

        0                  0                  0 + 3.8356i        0 - 7.1689i   0.5068           
 
>> y6=[y5(1,:);y5(2,:);y5(3,:)/y5(3,3);y5(4,:)] 
 

y6 = 
 
   1.0000            -0.5517            -0.2759            -0.1724                  0           
        0             1.0000            -0.4932            -0.5068                  0 + 0.0795i 

        0                  0             1.0000            -0.5350                  0 + 0.0688i 
        0                  0                  0 + 3.8356i        0 - 7.1689i   0.5068           
 
>> y7=[y6(1,:);y6(2,:);y6(3,:);y6(3,:)*-y5(4,3)+y6(4,:)] 

 
y7 = 
 
   1.0000            -0.5517            -0.2759            -0.1724                  0           

        0             1.0000            -0.4932            -0.5068                  0 + 0.0795i 
        0                  0             1.0000            -0.5350                  0 + 0.0688i 
        0                  0                  0                  0 - 5.1168i   0.7707           
 

>> y8=[y7(1,:);y7(2,:);y7(3,:);y7(4,:)/y7(4,4)] 
 
y8 = 
 

   1.0000            -0.5517            -0.2759            -0.1724                  0           
        0             1.0000            -0.4932            -0.5068                  0 + 0.0795i 
        0                  0             1.0000            -0.5350                  0 + 0.0688i 
        0                  0                  0             1.0000                  0 + 0.1506i 

 
 
>> z4=y8(4,5) 
 

z4 = 
 
        0 + 0.1506i 
 

>> z3=y8(3,5)-y8(3,4)*z4 
 
z3 = 



 
        0 + 0.1494i 
 

>> z2=y8(2,5)-y8(2,4)*z4-y8(2,3) 
 
z2 = 
 

   0.4932 + 0.1558i 
 
>> z2=y8(2,5)-y8(2,4)*z4-y8(2,3)*z3 
 

z2 = 
 
        0 + 0.2295i 
 

>> z1=y8(1,5)-y8(1,4)*z4-y8(1,3)*z3-y8(1,2)*z2 
 
z1 = 
 

        0 + 0.1938i 
 
>>  
>> Z2=[z1;z2;z3;z4] 

 
Z2 = 
 
        0 + 0.1938i 

        0 + 0.2295i 
        0 + 0.1494i 
        0 + 0.1506i 
 

ii). Compute the subtransient fault current. 
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iii). Use eq. (12) to find the voltages during the fault. 
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iv). Use eq. (17) to find the subtransient currents in lines 3-2, 1-2, and 4-2. 

kkb

jkik

fij
ZZ

ZZ
VI


  

puj
jj

jj

ZZ

ZZ
VI

b

f 39608.1
)2295.)(25.(

2295.1494.
1

22

2232
32 





  

puj
ZZ

ZZ
VI

b

f 244.1
22

2212
12 


  

puj
ZZ

ZZ
VI

b

f 71895.1
22

2242
42 


  

 

 

 

 

 

 



3. A Y-connected load has balanced currents with a-c-b sequence given 
by  
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Calculate the sequence currents. How does your answer differ from 
the answer obtained in Example 1 in these notes? 

 

Solution: 
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In this case the quantity that is non-zero is negative sequence component.



4. A feeder provides service to a delta-connected load having the following 
phase currents: 

 19.183.208abI  

 788.15189.138bcI  

84.14594.131 caI  

a. For the phase currents: 
i. Are they balanced or unbalanced?  

ii. What is their sum?  
iii. Obtain their sequence quantities. 
iv. What is the 0-sequence quantity? 

b. Obtain the line currents. For these currents:  
i. Are they balanced or unbalanced? 

ii. What is their sum?  
iii. Obtain their sequence quantities. 
iv. What is the 0-sequence quantity? 

c. Use what you have learned in the parts (a) and (b) to answer the 
three questions (ii, iv) from part (b) for the following a-b-c 
quantities: 

i. Unbalanced currents into a grounded-Y. 
ii. Unbalanced currents into an ungrounded-Y. 

iii. Unbalanced line-to-line voltages. 
 

 
Solution:  
 

The situation is shown in the figure below. 

 

Vca 

Vbc 

Vab 

Ibc 

Iab 

Z∆2 

Z∆3 
Z∆1 

Ia 

Ib 

Ic 
Ica 

 



 
Part a: 

i. Phase currents are unbalanced. 
ii. Their sum is…. 







01.1219252.65

84.14594.131788.15189.13819.183.208

cabcab III

 

iii. Their sequence quantities are: 
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iv. The zero-sequence quantity is (21.9531 /  -120.753º) (it’s non-zero). 

 
Part b: Consider the figure above and note that we may relate the line 
currents to the phase currents using KCL: 
Ia=Iab-Ica=(1)Iab+(0)Ibc+(-1)Ica 
Ib=-Iab+Ibc=(-1)Iab+(1)Ibc+(0)Ica 
Ic=-Ibc+Ica=(0)Iab+(-1)Ibc+(1)Ica 



 
Writing in matrix form, we have: 
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Denote the matrix as: 
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Now let’s use it to obtain the line currents: 
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i. They are unbalanced. 

 



ii. Their sum is 

0598.84367.140887.179282.3203718.24108.337 
 

iii. Obtain their sequence quantities. 
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iv. The 0-sequence quantity is zero. 

Part c:  
i. Unbalanced currents into a grounded-Y will not sum to zero 

and therefore will have a non-zero zero-sequence component . 

ii. Unbalanced currents into an ungrounded-Y will sum to zero 
and therefore will have a zero zero-sequence component . 

iii. Unbalanced line-to-line voltages must sum to zero (do a 
KVL!) and therefore will never have a zero-sequence 
component. 

 




