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Voltage sag vulnerable area identification of a distribution grid with multiple sensitive loads

FENG Pengpai2, XIAO Chupeng" %, GUO Song', ZHANG Mingmin®, LI Yong®, DING Kai*, LI Wei*

(1. NARI Group Corporation/State Grid Electric Power Research Institute, Nanjing 210000, China; 2. State Grid
Electric Power Research Institute (Wuhan) Efficiency Evaluation Company Limited, Wuhan 430074, China;
3. College of Electrical and Information Engineering, Hunan University, Changsha 410086, China;

4. State Grid Hubei Electric Power Research Institute, Wuhan 430077, China)

Abstract: With the application of a large number of sensitive loads such as frequency converters and electric relays,
voltage sag has become an urgent dynamic power quality issue in distribution networks, especially in modern industrial
distribution networks with a high proportion of sensitive loads. In order to effectively evaluate the vulnerability of voltage
sag in a distribution network and guide the design of a voltage sag compensation scheme, a method for identifying the
vulnerable area of voltage sag in distribution network considering multiple sensitive loads is proposed. This paper first
introduces the bus sag identification vector, the line sag identification vector and corresponding judgment criteria. Then
the distribution of critical points on each line and the location of critical points in the target distribution network are
determined. Secondly, based on the obtained voltage sag region of sensitive loads, a hierarchical model of voltage sag
domain of the distribution network considering the overlap effect is derived. In addition, the concept of voltage sag
influence degree is thus defined to quantitatively evaluate the vulnerable area of voltage sag in a distribution network.
Finally, the rationality and feasibility of the proposed method are verified for voltage sag vulnerable area identification of
the IEEE14 bus system.
This work is supported by Science and Technology Project of State Grid Corporation of China (No. 52153218000B).
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Fig. 1 Schematic diagram of calculation for the influenced

voltage after short-circuit fault in distributed network
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Fig. 3 Schematic diagram of hierarchical distribution of the

voltage sag area considering three sensitive loads
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Fig. 4 Voltage tolerance curves of sensitive loads A, B, C
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Table 1 Voltage tolerance value of the sensitive loads
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Table 2 System probability parameters
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Table 3 Results of the expected voltage sag frequency on lines

5 18 2 BRUR B TR U P LS B A

- 2 T
itk OL; X 3§ OL, X 1§ OL; X1 S
A+B+C A+B B+C A+C A B C B
1-2 — — — — 0.114 6 — — 0.114 6
1-5 0.009 5 0.033 — — 0.387 4 — — 0.481 9
23 — — — — 0.038 7 — — 0.038 74
2-4 0.021 0.007 2 — — 03164 — — 0.393 8
2-5 0.009 3 0.033 4 — — 0.297 — — 0.391 7
3-4 0.017 5 0.009 4 — — 0.307 3 — — 0.378 6
4-5 0.081 — — — 0.001 3 — — 0.244 3
6-11 — — 0.058 2 — — 0.2292 — 0.3456
6-12 — — 0.030 3 — — 0.150 6 — 02112
6-13 — — 0.250 6 — — 0.003 9 — 0.505 1
7-8 — — — — — — 0.039 1 0.039 1
7-9 — — — — — — 02117 02117
9-10 — — — — — — 0.1193 0.1193
9-14 — — — — — — 0.5232 0.5232
10-11 — — — — — 0.001 8 0.000 1 0.001 9
12-13 — — 0.033 4 — — 0.0149 — 0.081 7
13-14 — — 0.0512 — — 0.002 1 0.621 7 0.726 2
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Table 4 Results of the expected voltage sag frequency on buses
% 16 22 BURK g ) BEZR FOU0L B BT A0 AT -
5223 OL; [X 35 OL, [X 1, OL, [X 15 gé'“m@ ik
3 B AR
A+B+C A+B B+C A+C A B C
1 — — — — 8.74x107* — — 8.74x107*
2 — — — — 8.92x107* — — 8.92x107*
3 — — — — 8.92x107 — — 8.92x107*
4 8.74x107* — — — 0.18x107* — — 2.64x107°
5 8.74x107* — — — 0.18x107* — — 2.64x107°
6 — — 8.74x107* — — 0.18x10™* — 1.766x107
7 — — — — — — 8.74x107* 8.74x107*
3 _ _ _ _ _ _ _ _
9 — — 1.24x107* — — — 7.5x107 9.98x107*
10 — — — — — — 0.04x107* 0.04x107*
11 — — — — — 1.24x107* — 1.24x107*
12 — — — — — — 0.04x107* 0.04x107*
13 — — 8.74x107* — — 0.18x10™* — 1.766x107
14 — — — — — — 8.92x107* 8.92x107*
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