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Fast Method to Calculate an Area of Severity Considering Multiple Sensitive Loads
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Abstract - This paper presents a fast method to identify an area of severity which is a network area leading to voltage sags
at multiple sensitive load points, simultaneously. To assess voltage sag performance considering various sensitive loads, it is
need to determine an area of severity for the load points. The area of severity can be calculated by overlapping areas of
vulnerability for each sensitive load. However, as the number of sensitive loads increases, computational complexity and time
for determining an area of severity are highly increased. In this paper, an efficient scheme based on line division is described.
The proposed method is useful for identifying an area of severity and assessing voltage sag performance considering multiple

loads together.
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Bus F Line length Bus T
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Fig. 1 AOVs on the line between buses F and T
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Case 1, [F, T, L, 0.0, 0.0 0.0 0.0]
Case 2, [F, T, L, ¢p, 1.0 0.0 0.0]
Case 3, [F, T, L, 0.0, ¢» 0.0 0.0]
Case 4, [F, T, L, 00, ¢ps ¢ 1.0]
Case 5, [F, T, L, 0.0, 1.0 0.0 0.0]
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Fig. 2 AOS to voltage sags[8]
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Fig. 3 AOVs and AOSs on the line between buses F and T
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= CP_AB_T1_AOV = max(CP_A_11, CP_B_11);

( )
3= CP_AB_12_40Y = min(CP_A_12, CP_B_12);
3l|= CP_AB_21_A0V = max(CP_A_11, CP_B_21);
i)= CP_AB_22_40Y = min(CP_4_12, CP_B_22);
5= CP_AB_31_40Y = max(CP_4_21, CP_B_21);
6 - CP_AB_32_40Y = min{CP_4_22, CP_B_22);
= CP_AB_41_A0Y = max(CP_4_21, CP_B_21);
8- CP_AB_42_A0Y = nin{CP_A_22, CP_B_22):

O8 4 FAY9 SHAY Aut F=
Fig. 4 Overlap area calculation code for AQOV
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= it CP_A_11 == CP_AB_11_40%

&= it CP_A_12 == CP_AB_12_40S

3- CP_A_11_405 = 0;

L CP_A_12_405 = 0;

&= else %CP_A_12 ~= CP_AB_12_403

6 - CP_A_11_A0S = CP_AB_12_A05;

7= CP_A_12_A0S = CP_A_12:

8- end

9 - else % CP_A_IT ~= CP_AB_11_A0S

0 - it CP_A_12 == CP_AB_12_403

- CP_A_11_A0S = CP_A_11:

12 - CP_A_12_40S = CP_AB_11_A05;

=l = else %CP_A_12 ~= CP_AB_12_403

4 - CP_A_11_A0S = CP_A_11:

(= CP_A_12_40S = CP_AB_11_A05;

16 - CP_A_21_A0S = CP_AB_12_A05;

17 - CP_A_22_A0S = CP_A_12:

18 - end

19 - end
I8 5 7|E9 A9 £F9] 7IEAYe AASH: IE
Fig. 5 Code that excludes higher-level regions
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Fig. 6 AOV of three sensitive loads
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= CP_flag
2 - far i=1:
| = k =
4 - if (CP(i,k) ==0.0) && (CP(i,k+1) == 0.0)

5 — CP_flagli,:) =0;

E - else

7 - if (CR(ik) ==D.0)

8- CP_flag(i,1) =1;

9 - elseif (CP(i.k) ~=0.0)

10 - CP_flag(i, 1) = 0;

1= CPCi, k+2) = CP(i,k+1);

12 - CP{i, k+1) = CP(i LK)

13 - end

14 - k =k +1;

15 - for j=2:Resolution

16 — if CPCiLk=1) = CP(i,k)

17 - CP_flag(i,j) = 0:

18 - else

19 - if CP{i,k) »= j/Resolution

20 - CP_flagli,j) = CP_flaal(i,j-1);
&l|= else

2 - CP_flasa(i,j) = ~CP_flag(i,i-1);
2= k =k + 1;:

24 — end

25 — end

26 — end

27— end

28 - end

29 — sum_CP_flag = sum{CP_flag);

3 - AOS_CNT = zeros(1:M);

2l |= for i = 1:N

2 - AOS_CNT(i) = sum(sum_CP_flag == i};

33 - end

34 - A0S = AOS_CHT / Resolution;

zeros(N,Fesolution);

0o = = 1

J" 7 MO JHEAY ALt dag|Ee] A=
Fig. 7 Code of proposed AOS computation algorithm
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Table 2 Given AOV data to sensitive loads

S CP11 CP12 CP21 CP22
19 0.00 0.05 0.87 1.00
31 0.00 0.13 0.79 1.00
42 0.00 0.19 0.76 1.00
47 0.00 0.05 0.82 1.00
57 0.97 1.00 0.00 0.00
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Table 3 Comparison of existing and proposed methods

A OHE Hie

71E 9 = =

10070 & | 10 B
ESF [event/year] 1.0233 1.0233 1.2685
@Z}Hevent/year] - 0 0.2452
QIAF AlZHms] 260.136 5.054 2183
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IS WY 5] ssof wet O AR 7t it

E_
o1 HIm] SIzHe] Y
101A19k 20| AN HITBHSCE

B 4 U Foie ol mE i

Table 4 Comparison according to number of sensitive loads

gl e P
Bt | RYS | 7= e ] Wfé %ﬁs]lomﬁ
2 52.595 4755
3 67.429 4821
4 15 96.029 4823
5 31 261.85 4879
6 63 1,365.12 4974
7 127 8,498.653 5.234
8 255 59,230.586 5.344
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