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SUMMARY OF Positive/Negative Sequence HAND Calculations

Assumptions

Balanced, far from ground, ground wires ignored.  Valid for identical single conductors per phase, or for identical symmetric phase bundles with N conductors per phase and bundle radius A.

Computation of positive/negative sequence capacitance
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· distances between phase conductors if the line has one conductor per phase, or

· distances between phase bundle centers if the line has symmetric phase bundles,
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if the line has symmetric phase bundles.

Computation of positive/negative sequence inductance
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where 
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 is the same as for capacitance, and

· for the single conductor case, 
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if the line has symmetric phase bundles.

Computation of positive/negative sequence resistance

R is the 60Hz resistance of one conductor if the line has one conductor per phase.  If the line has symmetric phase bundles, then divide the one-conductor resistance by N.

Some commonly-used symmetric phase bundle configurations
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SUMMARY OF ZERO SEQUENCE HAND CALCULATIONS

Assumptions

Ground wires are ignored.  The a-b-c phases are treated as one bundle.  If individual phase conductors are bundled, they are treated as single conductors using the bundle radius method.  For capacitance, the Earth is treated as a perfect conductor.  For inductance and resistance, the Earth is assumed to have uniform resistivity 
[image: image14.wmf]r

.  Conductor sag is taken into consideration, and a good assumption for doing this is to use an average conductor height equal to (1/3 the conductor height above ground at the tower, plus 2/3 the conductor height above ground at the maximum sag point).

The zero sequence excitation mode is shown below, along with an illustration of the relationship between bundle C and L and zero sequence C and L.  Since the bundle current is actually 3Io, the zero sequence resistance and inductance are three times that of the bundle, and the zero sequence capacitance is one-third that of the bundle.


Computation of zero sequence capacitance
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where 
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 is the average height (with sag factored in) of the a-b-c bundle above perfect Earth.  
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where 
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 is the distance from a to a-image, 
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 is the distance from a to b-image, and so forth.  The Earth is assumed to be a perfect conductor, so that the images are the same distance below the Earth as are the conductors above the Earth.  Also,
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where 
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Computation of zero sequence inductance
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where skin depth 
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 meters.  Resistivity ρ = 100 ohm-meter is commonly used.  For poor soils, ρ = 1000 ohm-meter is commonly used.  For 60 Hz, and ρ = 100 ohm-meter, skin depth δ is 459 meters.  To cover situations with low resistivity, use 
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 (from the previous page) as a lower limit for δ
The geometric mean bundle radius is computed using
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Computation of zero sequence resistance

There are two components of zero sequence line resistance.  First, the equivalent conductor resistance is the 60Hz resistance of one conductor if the line has one conductor per phase.  If the line has symmetric phase bundles with N conductors per bundle, then divide the one-conductor resistance by N.

Second, the effect of resistive earth is included by adding the following term to the conductor resistance:
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where the multiplier of three is needed to take into account the fact that all three zero sequence currents flow through the Earth.

As a general rule, 
· 
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 usually works out to be about 12 picoF per meter, 
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 works out to be about 1 microH per meter (including internal inductance).  
· 
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 is usually about 6 picoF per meter.  
· 
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 is usually about 2 microH per meter if the line has ground wires and typical Earth resistivity, or about 3 microH per meter for lines without ground wires or poor earth resistivity.

The velocity of propagation, 
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1

, is approximately the speed of light (3 x 108 m/s) for positive and negative sequences, and about 0.8 times that for zero sequence.


The HW#6 Problem.
Use the left-hand circuit of the 345kV line geometry given two pages back.  Determine the L, C, R line parameters, per unit length, for positive/negative and zero sequence.

Now, focus on a balanced three-phase case, where only positive sequence is important, and work the following problem using your L, C, R positive sequence line parameters:

For a 200km long segment, determine the P’s, Q’s, I’s, VR, and δR for switch open and switch closed cases.  The generator voltage phase angle is zero. 
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