Homework #6: Due Monday February 27
Consider the 138 kV transmission system.
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Relays are impedance with directionality. 

(a) Select the CT ratio so that maximum load current provides 5 amperes on the relay side. Choices are I:5 where I may be 50, 100, 150, 200, 250, 300, 400, 450, 500, 600, 800, 900, 1000, or 1200. 

(b) Select the VT ratio V:1 so that the rated line-to-neutral voltage provides 67 volts on the on the relay side.

(c) If the primary (line) side of the relay sees an impedance of Vp/Ip=Zline, determine an expression for the impedance seen on the relay side, Zrelay, as a function of Zline and the CT and VT ratios.

(d) Identify zone 1, 2, and 3 settings for R12, i.e., the threshold impedance values, on the relay side corresponding to 80% of line 1-2 (zone 1), 120% of line 1-2 (zone 2), 120% of the longest line beyond bus 2 (zone 3) which would be line 2-4 in this case.

(e) Draw zone 1, 2, 3 circles on R-X diagram; plot the point corresponding to maximum cct.1-2 load of 50 MVA, 0.8 pf lag.

Solution:

Part A:   In this problem we are given both the voltage, 138 kV, and the maximum load on the system, 50 MVA (stated in part e).  With both of these factors known we can calculate the maximum load current per phase (each phase requires it’s own CT).
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      where L=Load (Equation B3.55: EE 303 Notes) 
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Therefore we select I=200, which gives us a CT ratio of 200/5.  This will produce approximately 5 A in the secondary winding under maximum loading conditions.

Part B: This part is fairly straight forward.  First we find the line-neutral voltage
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Given that VT ratio is something to 1, to find that VT ratio that produces 67 volts on the secondary side we simply divide the line-neutral by 67.
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 This means the desired VT ratio is 1189.1/1

Part C: This part requires dividing the primary voltage and current by the VT and PT ratios found in parts A and B.  By doing this we’re transforming the primary voltage/current to the secondary side of the transformer.

On the primary side we have:
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Transforming that to the secondary:
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Part D: Given the formula we derived in part C we can now find the impedances as seen by R12.
Line 1-2        
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Line 2-3        
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Line 2-4        
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The maximum load impedance seen by R12 (using the max current found in part A and the line-neutral voltage) found in part B, assuming a power factor of .8 lagging, will be:
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The zone-1 setting of R12 must “under reach” the line 1-2, so that the setting should be:
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The zone-2 setting should reach past terminal 2 of the line 1-2.  Zone-2 for R12 is therefore set at:
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The zone-3 setting should reach beyond the longest line connected to bus 2.  Thus the zone-3 setting must be:
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Part E: 
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Note: As seen by the relay the load impedance Zload is more than 3 times the line impedance from bus 1 to bus 4 and lies well beyond the zone-3 circle of the relay.  Therefore there is no danger of tripping the line during any load swings that may occur on the transmission line.
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