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Model of distribution system security region based on interconnections of feeders
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Abstract: Existing model of distribution system security region is based on interconnections of substation transformers.
This model simplifies the detailed topological connections of feeders, which results in that the security boundary cannot
match results of N—1 point-by-point simulation. To solve this problem, this paper firstly proposes a new model of
distribution system security region based on interconnections of feeders, which considers both transformer N—-1 and feeder
N-1 contingency and its result includes load of feeder sections. The model can also be applied to the complex distribution
networks with multi-links. Secondly, a parsing algorithm of security region boundary is presented based on the model, and
its results are hyperplan expressions formed by set of inequalities. Thirdly, to validate the accuracy of security region
model, two kinds of N—1 simulation proof methods are designed. Results of a study case show that the proposed model
can describe distribution security boundary more precisely and rapidly, which can lay a theoretical foundation for precise
guidance of secure and efficient operation of distribution system.
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1 F<min(RF —(Fys + F,), Ry —(F, + F, + Fyy + Fy + Fys + Fy  + Fis + Fi ) = (F, + F)))
2 F, <min(RF —(F), + F,o ), R, — (), + Fp, + Fy + F,, + F,s + Fy + Fig + F )= (F + F)))
3 F, <min(RF = Fyy, Ry = (F, + F,, + Fyy+ Fy + Fys + Fyo + Fys + Fy )~ (F) + F)))
4 F, <min(RF - Fy,R, —(F), + Fyy + B, + By + F, + F,))
5 F, <min(RF - F{, R, — (Fy + F, + F, + F, + F)))
6 F, <min(RF - F,,R —(F, + F, + F; + F, + F))
7 F, <min(RF - F, R, — (Fy + Fp + s+ Fy  + Fy + Fy + Fg+ F ) = )
8 F,<min(RF = Fy, Ry = (Fy + Fy, + Fy + Fy + Fys+ Fy + Fis + Fi )= F)
9 F, <min(RF - Fy, R, — (Fy, + Fyy + Fyy + Fy + Fy + L))
10 Fy <min(RF — F|,R, — (F, + F,, + F{,; + F,, + F;))
11 F, <min(RF - F,R, —(F, + F, + F, + F, + F)))
12 F, <min(RF = F,,R,—(F,, + F)y + Fy+ F,, + F,,+ F,  + F, + F) ) - F)
13 F, <min(RF - F,,, R, —(Fy),+ F), + s+ F, + F + Fy + Fis + F ) - F)
14 F,<min(RF - F;,R, —(F; + F, + F+ F + F, + Fig+ F)
15 Fy <min(RF - F,R, — (F\, + Fy, + Fiy + Fg + F)))
16 Fo <min(RF - Fi,R, —(F,,+ F,, + F;;+ F,+ F5))
17 F, <min(RF - F,, R~ (Fyg + Fy + F,+ Fy + Fu+ F, + F )= (Fg+ Fly + Fy))
18 Fy <min(RF —F,,,R, —(Fyy + Fy + F, + F, + F+ F, + Fy ) — (F, + Fig + Fy))
19 Fo <min(RF — F;, R, — (Fyy + Fyy + Fy + F, + F+ F, + Fy )= (F,+ Fig + Fy))
20 Fy <min(RF - F,,R,— (Fyy + Fyy + Fy+ F, + Fu+ F,, + Fio )= (F,+ Fig+ Fy))
21 F,, <min(RF - F,,R,— (F}, + F,, + F;+ F|,+ F}) - F,,)
22 F,, <min(RF — F;,R, — (F}, + Fi, + Fl;+ F,+ Fi,) - F,))
23 Fyy Smin(RF — F5, Ry — (B + By + Fy+ Fy+ Fy) = (Fi+ Fiy)
24 F,, <min(RF - F,,R, — (F, + F, + F;+ Fy+ F)) = F5)
25 Fy <min(RF - F,R, —(F,+ F, + [+ F,+ F)) - F,,)
26 F,y <min(RF - F,;, R, — (F,, + Fyy + F,g+ Fy + F, + F,))
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27 F,, <min(RF — Fy, Ry — (F, + F), + Fj;+ F,, + Fys+ Fp))
28 Fyy <min(RF — F5,R, —(Fy; + Fy, + Fi+ Fy + F + Fy))
29 Fy <min(RF —(Fg+ F,), R, — (Fyy + F, + F,+ F, + F;+ F,,))
30 Fyy <min(RF - F,,R, — (F, + F, + F,+ F,+ F})))
31 F, <min(RF - F,,,R, —(Fy; + F,, + F,+ Fy + F, + F ) - F,)
32 F, <min(RF - F;,R, —(F; + Fyy + Fs+ Fy+ F, + Fyg) - F,)
33 F; Smin(RF - F,,, R, — (F,, + Fyy + Fyy+ F + Fy + F,)) — (F, + F5))
34 F, Smin(RF - F, Ry — (F,,; + Fyg + Fog+ Fy + Fy + F,,) = (Fy; + Fy))
35 Fis <min(RF — Fyg, R, — (F,, + Fyy + Fyg+ Fy + Fy + F,) — (F, + F,))
36 Fg <min(RE = Fo, B = (F, + F, + Fy+ By + )
37 Fyy <min(RE = Fyg, Ry = (Fy + Fig + Fy + Fyy + Fiy + Fyy + Fig) = Fy)
38 Frg Smin(RE = Fyg, Ry = (Fyo + Fyg + Fyy+ Fip + Fyy + Fyy + Fig) = Fy)
39 Fyy <min(RE = Fyg, Ry = (Fyy + Fyy + Fig + B + Fyy + Fyg + Fjp ) = Fyy)
40 Fyy <min(RE = Fyp, Ry = (Fyy + Fyy + Fyg+ By + Fyy + Fyg + Fg ) = Fy)
41 F, <min(RF - F,,R, —(F¢+ F, + [+ Fy + F,))—(F, +F; + F,,))
42 F, <min(RF - Fig, R, — (F | + F};, + g+ Fy + F,)) = (F,, + F,, + F,))
43 Fy <min(RF - F, R, —(F\ + F, + Fig+ Fy+ F, )= (F,, + F,, + F,))
44 F,, <min(RF - F,,R, —(Fjg + F}; + Fig+ F, + F,)) = (F,, + F,, + F,))
45 Fs <min(RF - F,R —(F, + F, + F;+ F, + F{) = (F); + F,¢))
46 Fo <min(RF - F,,R —(F, + F, + F,+ F, + F, + F,) = (F,; + F;))
47 F, <min(RF - F,R, —(F;; + F, + F, + Fy  + F, + F))
48 Fg <min(RF = F,y, R — (F,; + Fyy + F,y + Fyo+ Fy + F,))
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