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Fig.1 IEEE 39-bus system
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Table 1 Power output and compensation per
output-changing for generators

KHAHL kW BRKEd  FHH S HMEMAE /
WA E/MW Em/MW B/MW  [$-(MW-h)™)]
30 250 1040 790 6
31 572.83 646 63.17 5
32 650 725 75 9
33 632 652 20 8
34 508 508 0 6
35 650 687 37 9
36 560 580 20 4
37 540 564 24 5
38 830 865 35 7
39 1000 1100 100 7
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Table2 Load and compensation per load-shedding
for some load nodes

TR SR /MW AMEAAR /[$- (MW -h) ™) ]
3 322 12
4 500 8
7 2338 10
8 522 12
18 158 11
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Table3 Power sensitivity of partial nodes to overload
line when Line B,; and By_» are cut off

N PEY YT A N
G W L AR
30 0.856 -0.107 0.947
31 -0.409 -0.347 -0.855
32 -0.412 -0.350 -0.862
33 —-0.398 -0.334 -0.828
34 -0.382 -0.320 -0.794
35 -0.394 -0.333 -0.822
36 —-0.405 -0.343 -0.846
37 0.885 0.944 2.044
38 0.952 1.024 2.208
39 -0.292 -0.251 -0.614
3 -0.302 -0.247 -0.621
4 -0.329 -0.272 -0.680
7 -0.343 -0.287 -0.713
8 -0.342 -0.286 -0.711
18 -0.303 -0.248 -0.624
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Table 4 Emergency control scheme for Simulation 1

& HLL KWL = /MW
(EP=S R T2 Fk3
30 0 0 -66.303
31 63.17 63.17 —
32 0 75 60.955
33 20 0.0002 20
34 0 0 0
35 0 0.003 37
36 20 19.623 20
37 -158.998 -0.005 -66.303
38 0 -157.792 -66.303
39 55.828 0 60.955
RS FE 1 HEFENRPTEMEFME

Table 5 Total power regulation and economic
compensation for different strategies of Simulation 1

ik SR H /MW BAFFAEE / ($+h)

Ik 1 318.00 1741.63
Jrik 2 315.59 2173.94
k3 397.82 2741.74

K6 LEB, B, AR THERIIE
Table 6 Power of overload lines when
Line B, and B, are cut off

i AR Y /MW ERUE DRI /MW sl 3R
Bis1s 801.97 600 1.34
By 547.05 500 1.09
Biris 648.99 600 1.08
Bisu 639.91 600 1.07
Buis 636.30 600 1.06
Bioss 617.41 600 1.03
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Table 7 Power sensitivity of partial nodes to overload
line when Line B¢ and B4 are cut off

= DR R A%
- xf Big-17 Xf Bss X Biris Xf B * Bis Xf Bio-is REUE
30 -0.243 0.122 -0.256 -0.028 -0.061 -0.016 -0.579
31 -0.268 -0.642 -0.396 -0.031 -0.066 -0.017 -1.609
32 0.782 0.177 0.421 1.002 0963 0972 4.786
33 0.804 0.191 0440 -0.025 -0.053 -0.014 1.663
34 0795 0.190 0.436 -0.025 -0.052 -0.014 1.647
35  0.765 0.181 0.417 -0.024 -0.051 -0.013 1.578
36 0.746 0.175 0.406 -0.024 -0.050 -0.013 1.536
37 -0.248 0.132 -0.178 -0.030 -0.063 -0.016 -0.495
38 -0.248 0.167 0.132 -0.031 -0.065 -0.017 -0.125
39 -0.260 -0.257 -0.334 -0.029 -0.063 -0.016 -1.104
3 -0.243 0.200 -0.390 -0.028 -0.059 -0.015 -0.637
-0.255 -0.717 -0.394 -0.028 -0.061 -0.015 -1.662
-0.259 -0.622 -0.385 -0.028 -0.062 -0.015 -1.555
8 -0.259 -0.612 -0.384 -0.028 -0.062 -0.015 -1.542
18 -0.230 0.197 -0.501 -0.027 -0.057 -0.015 -0.738

RS PE2HEARERNTE

Table 8 Emergency control scheme for Simulation 2

<t

- WHE /MW
Fik k2 k3
30 78.07 26.634 101.009
31 63.17 63.17 0
32 -95.996 -96.153 -102.884
33 -0.017 -152.649 -39.772
34 0 -0.002 -39.772
35 0 0 -39.772
36 -162.007 0 -39.772
37 24 24 0
38 0 35 4.161
39 92.78 100 100
3 0 0 0
0 0 56.868
0 0 0
8 0 0 0
18 0 0 0

RO HE2HEFENDATEMEF M
Table 9 Total power regulation and economic
compensation for different strategies of Simulation 2

Ik ST R/ MW

BEFFAME/ ($-h)

T 516.04 3065.85
T2 497.61 3627.23
J7 ik 3 523.95 3789.43
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YANG Wenhui. Study on backup protection and control

Line overload emergency control based on power sensitivity and

minimized economic compensation
XU Yan',ZHI Jing?,FAN Shitong®
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University,Baoding 071003, China;
2. State Grid Jiangsu Electric Power Company Maintenance Branch Company Suzhou Division,Suzhou 215000, China;
3. State Grid Jiangsu Electric Power Company Suzhou Power Supply Company,Suzhou 215000, China)

Abstract: A strategy of emergency control based on power sensitivity and minimized economic compensation
is proposed to avoid the cutoff of overloaded lines caused by the power flow transfer,which applies the power
sensitivity matrix to reflect the influence of nodal injection power on the line power and the nonlinear
optimization to obtain the emergency control strategy with the minimized economic compensation as its
objective and the line overload elimination,adjustable nodal power,system power balance and normal line
redundancy as its constraints. It calculates the sensitivity of balance generator to the power of each line and
makes the balance generator participating in the emergency control to improve the stable operation ability of
power system. As it takes the minimized economic compensation as its objective,it has higher practicability.
It combines the local sensitivity calculation with the sparse vector technique to effectively reduce the
computation load and memory size. The validity and superiority of the proposed strategy are verified with
IEEE 39-bus system.

Key words: electric power systems; emergency control; power sensitivity; minimized economic compen-

sation; power flow transfer; overload



