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Newton-Raphson method for theoretical line loss calculation of low-voltage distribution
transformer district by using the load electrical energy
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Abstract: In order to calculate the theoretical line loss of low-voltage distribution transformer district and improve the
line loss management level by using automatic meter reading system, a Newton-Raphson method to calculate the
theoretical line loss of low-voltage distribution transformer district by adopting the load electrical energy is proposed. On
the basis of the equivalent resistance method and the electrical energy acquired from the watt-hour meters of customers,
the mathematical model of regarding theoretical line loss of transformer district as a variable is created. The model
introduces relationship between load shape coefficients and the average load current, and the line loss modified coefficient
of unbalanced three-phase load. The procedure of the Newton-Raphson method to solve the model is presented. Case
analyses show that the proposed method can not only calculate the theoretical line loss of low-voltage distribution
transformer district, but also provide the information to identify unknown line loss.

Key words: low-voltage distribution transformer district; theoretical line loss; equivalent resistance method;
Newton-Raphson method; line loss management
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Fig. 1 Wiring diagram 1 of low-voltage distribution

transformer district
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Fig. 2 Wiring diagram 2 of low-voltage distribution
transformer district
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Fig. 3 Theoretical line loss rate of wiring diagram 1
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Table 1 Theoretical line loss of wiring diagram 1

kWh

firds _ SSMEHLBH A PR Z A A5 PR ZA

R L2 L1 L2
0  768.6348* 7686348 746.125 1 746.125 1
100 7663142 764.836 0 726.891 2 725.258 1
200 764.1519 761.239 9 708.1352 704.999 5
300 762.161 0 757.863 9 689.855 6 685.346 3
400 7603555 754.726 6 672.051 1 666.295 8
500  758.750 6 751.848 3 654.720 2 647.8453

e S BEIE ALY 0.2156 Q I A HHE LB fE .

PR LRAH /%

521
A LB (R D3RG D0 4)

5.0h

48t

s6h AT BL3AI B4)
441

40 | A S AP A A A A A A . &

0 100 200 300 400 500

i HEL /K W-h
4 185 2 (IEILBIRE

Fig. 4 Theoretical line loss rate of wiring diagram 2
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Table 2 Theoretical line loss of wiring diagram 2

kWh
i SR P BH T A BB 2R 4 AT BB £ 4

H L 3 5O 4 5L 3 5O 4

0 308.734 3 308.734 3 306.662 3 306.662 3
100 308.857 5 309.3394 296.663 7 297.173 3
200 309.317 5 310.086 2 287.158 4 287.943 0
300 310.1510 310.988 9 278.146 8 278.9720
400 311.398 1 312.063 1 269.629 4 270.261 0
500 313.104 1 313.326 5 261.607 2 261.8108
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Fig. 5 Equivalent resistances of both wiring diagram
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Table 3 Root-mean-square currents of both wiring diagram

i &Lk 1 etk 2
HE N L 2 5L 3 L 4
0 49.598 0 49.598 0 349812 349812
100 49.028 6 49.020 8 343994 344021
200  48.4604 48.445 4 33.8186 33.8228
300 47.8933 47.8716 332390 332434
400 473273 47.299 6 32.660 5 32,6639
500 46.7624 46.729 3 32.0832 32.084 3
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