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ECE 523: Lecture 9

a = e] 120deg

Case 1:
Zaa := (14.9 +j-58.4)ohm
Zbb = (14.9 + j-58.4)ohm

Zcc := (14.9 +j-58.4)ohm

11 1)

Ap1p =11 a2 a ‘

laazj

Zab = (4 +j-27.3)ohm
Zac := (4 +j-27.3)ohm

Zbc = (4 +j-27.3)ohm

Zaa Zab Zac\
ZABC = | Zab Zbb Zbc |
Zac Zbc Zcc )

~1
Z012 .= Ap12  "ZABC'A012

229+ 113i 0 0 )
Zo1o = 0 10.9 + 31.1i 0 Ke)
0 0 10.9 +31.1i )

1
Zg = E(Zaa + Zbb + Zcc)

1
Zm = E-(Zab + Zbc + Zac)
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VAR 20121 . Z1 =109 +31.11Q
7y = 20122 5 Z> =109 +31.11Q
7y = 20120 0 Zy =229+ 1131Q

Case 2: (now add imbalance to self terms--act as if it is a similar tower structure with
mutual coupling to other conductors creating unbalance, although I'm being somewhat unrealistic
for comparison purposes)

Zaa := (14.9 +j-53.4)ohm Zab = (4 +j-27.3)ohm
Zbb := (14.9 + j-68.4)ohm Zac := (4 +j-27.3)ohm
Zcc := (14.9 +j-53.4)ohm Zbc = (4 +j-27.3)ohm

Zaa Zab Zac\
ZABC = | Zab Zbb ZbC|
Zac Zbc Zcc )

~1
Z012 .= Ap12  “ZABC'A012

229+ 113i 433-25i -4.33-25i)
Zoia = | -4.33-2.51 10.9+31.1i 4.33-25i |Q
433-2.5i -433-25i 109+31.1i)

1
Z = <(Zaa + Zbb + Zeo) Zs = 14.9 + 58.4iQ

1
Zm = (Zab+ Zbe+Za)  Zm = 4+273i0

Compare to original case:

20— (Zs+2Zm) = 0Q 21— (Zs—Zm) = 0Q
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Case 3: (A more realistic set of unbalances, interaction between a line and static wires-
for now the changes in the mutual terms is not included)

Zaa := (14.9 +j-57.0)ohm Zab = (4 +j-27.3)ohm
Zbb := (14.9 + j-58.2)ohm Zac := (4 +j-27.3)ohm
Zcc := (14.9 +j-60.0)ohm Zbc = (4 +j-27.3)ohm

Zaa Zab Zac\
ZABC = | Zab Zbb ZbC|
Zac Zbc Zcc )

~1
Z012 .= Ap12  “ZABC'A012

229+ 113 -0.52-0.7i 0.52-0.71 )
Zoiz=| 0.52-07i 10.9+31.1i -0.52-0.7i |Q
~0.52-0.7i 0.52-0.7i 10.9+31.1i J

1
Zg = E(Zaa + Zbb + Zcc) Zg =149 + 58.4iQ
1 .
Zm = E-(Zab + Zbc + Zac) Zm =4+27.31Q

Compare to original case:

20— (Zs+2Zm) = 0Q 21— (Zs—Zm) = 0Q
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Case 4: (Now add imbalances to mutual terms)

Zaa := (14.9 +j-58.4)ohm Zab = (4 +j-27.4)ohm
Zbb = (14.9 + j-58.4)ohm Zac := (4 +j-28.0)ohm
Zcc := (14.9 +j-58.4)ohm Zbc = (4 +j-26.5)ohm

Zaa Zab Zac\
ZABC = | Zab Zbb ZbC|
Zac Zbc Zcc )

~1
Z012 .= Ap12  “ZABC'A012

229+ 113i —0.17+0.4i 0.17+0.4i )
Zoia=| 0.17+04i 109+31.1i 035-08i |Q
~0.17+0.4i —035-0.8i 10.9+31.1i)

1

Zs = E(Zaa + Zbb + Zcc) Zy = 149 + 58.41Q Zg =149 + 58.4iQ
1 .

Zm = E-(Zab + Zbc + Zac) Zm =4+27.31Q

Compare to original case:

20— (Zs+2Zm) = 0Q 21— (Zs—Zm) = 0Q
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Case 5 (both self and mutual unbalanced):

Zaa := (14.9 +j-57.0)ohm Zab = (4 +j-27.4)ohm
Zbb := (14.9 + j-58.2)ohm Zac := (4 +j-28.0)ohm
Zcc := (14.9 +j-60.0)ohm Zbc = (4 +j-26.5)ohm

Zaa Zab Zac\
ZABC = | Zab Zbb ZbC|
Zac Zbc Zcc )

~1
Z012 .= Ap12  “ZABC'A012

229+ 113i -0.69-0.3i 0.69-0.3i )
Zoia =] 0.69-03i 10.9+31.1i —0.17 - 1.5i |Q
~0.69-03i 0.17-15i 109+31.1i )

1

Zs = E(Zaa + Zbb + Zcc) Zy = 149 + 58.41Q Zg =149 + 58.4iQ
1 .

Zm = E-(Zab + Zbc + Zac) Zm =4+27.31Q

Compare to original case:

20— (Zs+2Zm) = 0Q 21— (Zs—Zm) = 0Q




