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Abstract This paper proposes the method for more effectively calculating X/R which is the ratio of equivalent
reactance(X) and resistance(R) of the bulk power system and analyses the characteristic of X/R values by
applying the proposed method to the real bulk power systems. X/R is used to determine the rating of the relay
in the bulk power systems and its value has been accepted to be big enough to ignore the equivalent resistance
of the bulk power systems. However, X/R is calculated as a big number when only the upper transformer and
transmission line are considered. The correct approach to calculating X/R needs to consider all the parameters
including generators, transformers, lines and loads. This paper calculates X/R of the bulk power systems using
dynamic models which have been used to analyse the power system stability. The effectiveness of the proposed
method is verified by applying it to the test system and X/R values of the real bulk power systems are
analyzed. In addition, the dependence of X/R on the closeness of its calculating locations to the generator is
verified by using the marginal loss factor which has been used in the electricity market.
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[Table 1] X/R calculation results of test system
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151 0.00409 | 0.01765 4315 7.56




it AAEe] 57t S HE e} A7 HE(XR) A4t

152 0.00756 | 0.01887 2.496 2.62
153 0.00797 | 0.01928 2419 2.39
154 0.00914 | 0.01444 1.580 1.57
201 0.00549 | 0.01940 3.534 4.24
202 0.0077 | 0.02011 2.612 2.67
203 0.00931 | 0.02058 2211 2.00
204 0.00802 | 0.02299 2.867 2.69
205 0.00882 | 0.01414 1.603 1.63
206 0.00571 | 0.01934 3.387 3.65
3001 0.00581 | 0.03174 5.463 5.40
3002 0.00673 | 0.03855 5.728 5.45
3003 0.00661 | 0.03258 4929 4.85
3004 0.00818 | 0.02757 3.370 3.13
3005 0.00844 | 0.02371 2.809 271
3006 0.00857 | 0.02593 3.026 2.88
3007 0.01135 | 0.03115 2.744 251
3008 0.01024 | 0.02416 2.359 220
Hat 0.00776 | 0.02345 3.192 3.342
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[Table 2] Calculation results of MLF and X/R at each

bus
BUS MLF X/R
151 0.97 7.56
152 1.00 2.62
153 1.01 2.39
154 1.04 1.57
201 0.98 4.24
202 1.01 2.67
203 1.02 2.00
204 1.02 2.69
205 1.03 1.63
3001* 1.00 5.40
3002* 1.00 5.45
3003* 1.00 4.85
3004 1.01 3.13
3005 1.01 2.71
3006 1.01 2.88
3007 1.03 2.51
3008 1.03 2.20
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[Table 3] X/R calculation results of US. power systems

%’% %(’S i E%;,d* X/R
40666 | S00kV | Florida 1 5.26
40665 | 230kV | Florida 1 3.43
23414 | 138kV MI 1 6.03
28289 | 345kV MI 1 8.67
22670 | 345kV OH 1 4.50
22606 | 345kV OH 1 5.58
2562 | 765kV VA 1 8.67
22807 | 138kV VA 1 9.71
56755 | 345kV KS 1 8.00
56794 | 230kV KS 1 6.67
90002 | 500kV MD 1 6.02
90938 | 230kV MD 1 422
71551 | 345kV MA 1 8.33
71581 | 115kV MA 1 9.33
81 500kV N 1 6.67
387 161kV N 1 3.83
1356 | 161kV N 1 3.27
351 161kV N 1 6.13
547 161kV N 1 7.78
2495 46kV N 1 7.49
4067 | 207KV N 2 N/A
40 500kV N 1 18.67
2656 46kV TN 1 5.15
4114 | 132KV N 2 N/A
61510 | 230kV MN 1 7.33
61662 | 345kV MN 1 9.33
98527 | 230kV LA 1 6.92
98539 | 500kV LA 1 11.47
36343 | 345kV L 1 9.78
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