HW3 Solutions (Due Monday January 30)
1. 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).
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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. 

· Use LU decomposition to obtain the 2nd column of the Z-bus.

· Compute the subtransient fault current.

· Use eq. (12) to find the voltages during the fault.

· 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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I performed the LU Decomposition within Matlab.  y1 is the augmented matrix.

>> 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.
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2. 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.

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

i. Phase currents are unbalanced.

ii. Their sum is….


[image: image22.wmf]°

-

Ð

=

°Ð

+

°

-

Ð

+

°

-

Ð

=

+

+

01

.

121

9252

.

65

84

.

145

94

.

131

788

.

151

89

.

138

19

.

18

3

.

208

ca

bc

ab

I

I

I


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:


[image: image24.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

ú

ú

ú

û

ù

ê

ê

ê

ë

é

-

-

-

=

ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

ca

bc

ab

c

b

a

abc

I

I

I

I

I

I

I

1

1

0

0

1

1

1

0

1


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
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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.
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