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Fig.1 Flowchart of load damping control strategy
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Fig.2 Mode energy curve of different loads in Mode 1
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Fig.3 Mode energy curve of different loads in Mode 2
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Table 1 Low-frequency oscillation evaluation index of

3-machine 9-bus negative damping system
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Table 2 Load sensitivity of 3-machine

9-bus negative damping system
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Table 3 Low-frequency oscillation evaluation index of

3-machine 9-bus weak damping system
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Table 4 Load sensitivity of 3-machine

9-bus weak damping system
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Table 5 Control process of 3-machine

9-bus weak damping system
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Table 6 Load sensitivity ranking of

L (13)

16-machine 68-bus system
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Table 7 Control process of 16-machine 68-bus system
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Power system low-frequency oscillation suppression strategy

based on load mode energy

LIU Cheng, WANG Xu,CAI Guowei,ZHANG Yuchi
(Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology,
Ministry of Education,Northeast Electric Power University, Jilin 132012, China)

Abstract: With the rapid development of electricity marketization and demand-side management,as well as
the gradual maturity of virtual power plant aggregation platform, the load controllability is getting stronger
and stronger,which provides the possibility for suppressing low-frequency oscillation at the load side. Aiming
at the small-disturbance stability problem in the system oscillation process,the power system low-frequency
oscillation control strategy based on load mode energy is proposed. The energy function of the small-distur-
bance load mode for the power system is constructed, and the low-frequency oscillation characteristics of
the power system are revealed from the perspective of load. Based on load mode energy,the low-frequency
oscillation evaluation index and sensitivity index of load are established. The control method for load to
participate in improving the small-disturbance characteristics of system is determined. Then,all controllable
loads are sorted to select the optimal control load. Finally,simulations are carried out for the 3-machine 9-bus
system and 16-machine 68-bus system,and the results show that the proposed control strategy can effectively
suppress system oscillation.

Key words: controllable load; load mode energy function; low-frequency oscillation; load sensitivity index;

small-disturbance stability
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Fig.Al 3-machine 9-bus system diagram
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Table A1 3-machine 9-bus system oscillation mode
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1 -1.481 12.1107 1.9418 0.1216
2 -0.73517 7.4625 1.1934 0.09804
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Fig.A2 Total load mode energy curve of Mode 1 and Mode 2
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Fig.A3 Time-domain identification curve of different loads in Mode 1
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Fig.A4 Time-domain identification curve of different loads in Mode 2
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Fig.A5 Load time-domain identification curve of Mode 1 and Mode 2
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Table A2 Oscillation modes of 3-machine 9-bus negative damping system
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1 -1.6035 29.2079 4.6556 0.05498
2 0.56038 23.9623 3.8148 -0.02338
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Fig.A6 Load energy curve of 3-machine negative damping mode
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Table A3 3-machine 9-bus weak damping system oscillation mode
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Bisk - - B IHz e
1 -0.37159 12.2297 1.9473 0.03037
2 -0.18247 7.5844 1.2074 0.02405
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Fig.A7 Load energy curve of 3-machine weak damping mode
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Fig.A8 16-machine 68-bus system diagram
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Table A4 16-machine 68-bus system oscillation mode

. FRIEAR

i B IHz BHLJE Eb
1 -0.12199 43112 0.68642 0.02829
2 -0.22359 3.2176 0.51334 0.06932
3 -0.67527 2.121 0.35426 0.3034
4 -0.3254 2.4199 0.3886 0.1333
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Fig.A9 Load mode energy curve of 16-machine system in Mode 1
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Fig.A10 Mode energy change degree of Load 1-18
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Fig.A11 Mode energy change degree of Load 19-35
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Fig.A12 Evaluation index of load low-frequency oscillation
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Fig.A13 Load sensitivity index
LR L R WAz AN g i 2 AR B e b

0.00027

0.00015"
0.0001%

0.000057

Bl Ald BLBAGEAER 1 [HEiEE

Fig.A14 Reduce single load active power Mode 1 damping ratio increment
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