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Fig.1 Overall framework of combined operation mechanism
of spot electric energy and auxiliary service
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Table 1 Variation of total ramping capacity shortage

with verification times
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Table 2 Comparison of wind curtailment and total
system operating cost among different wind

curtailment penalties
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Table 3 Clearing results of flexible ramping auxiliary

service under different wind power prediction errors
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Joint operation mechanism of spot electric energy and auxiliary service for
wind power market-oriented accommodation
CHEN Qing',WU Mingxing', LIU Yingqiz,WANG Yi',XIE Min?, LIU Mingbo2
(1. Guangdong Power Exchange Center Co.,Ltd.,Guangzhou 510080, China;
2. School of Electric Power,South China University of Technology,Guangzhou 510640, China)
Abstract: In order to stimulate the flexible regulation ability of power generation resources in a market-
oriented way, a flexible ramping auxiliary service based on the ramping capacity verification is proposed,
and combined with market-oriented frequency regulation and deep peaking auxiliary service,a joint operation
mechanism of spot electric energy and auxiliary service for high proportion of wind power is designed. For
the frequency regulation service,the mean normalization method based on comprehensive frequency regula-
tion performance is used to adjust the capacity quotation of the unit, which reflects the performance diffe-
rence of frequency regulation units. For the deep peaking auxiliary service,a segmented quotation mecha-
nism based on the energy consumption characteristics of peaking units is proposed, which fully excavates
the peaking capacity of the units while ensures their reasonable benefit. For the flexible ramping auxiliary
service, a ramping capacity verification mechanism coupled with the electric energy market is proposed,
which improves system ramping capacity through “repeated verification-add constraint” to follow the net
load fluctuation caused by wind power uncertainty. A clearing model of joint operation of spot electric energy
and auxiliary service is constructed,and the equivalent linearization method is adopted to transform the non-
linear model into a linearized model, which improves the solving efficiency of the model. The effectiveness
of the proposed market mechanism and clearing model is verified by the actual data of a provincial system.
Key words: high proportion of wind power; market mechanism; flexible ramping; frequency regulation; deep

peaking
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Oscillation wave modeling and axial shift fault analysis of transformer winding
ZHOU Lijun',ZHOU Xiangyu',WU Zhenyu',LIN Tong',XU Xiaowei’,ZHANG Chenqingyu'

(1. College of Electrical Engineering,Southwest Jiaotong University,Chengdu 611756, China;

2. Electric Power Research Institute of Yunnan Power Grid Co.,Ltd.,Kunming 650217, China)
Abstract: The mechanism of oscillation wave is analyzed from the properties of transformer itself. For a
three-winding transformer, the finite element model is built to obtain the electrical parameter matrix of the
windings. Based on the lumped parameter circuit of the windings, the time-domain mathematical model of
oscillation wave under parameters of full capacitance and inductance matrix is established,and the validity
of the model is verified by comparing the simulative curves with the measured curves. Then,taking the axial
shift fault as an example, the variation rules of parameters of the transformer windings and the mapping
relationship between parameters of the transformer winding and the oscillation wave are analyzed, and the
variation rules of the extreme points of oscillation wave under the axial shift fault are analyzed emphatically.
The study results show that the change of capacitance parameters under axial shift fault has significant
influences on oscillation wave, and the amplitudes offset of the extreme points of the oscillation wave are
large. With the deepening of the fault degree,the wave peaks and valleys of the oscillation wave gradually
shift upward.

Key words: electric transformers; high voltage oscillation wave method; finite element calculation; modeling;

axial shift fault;offset of extreme point
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Table B1 Clearing results of flexible ramping ancillary service under different load curves

FURNMCH RS RN A RAGTCH RS o ICH 5

A H BB B (MWeh) B B (MWeh)

I L RN If) L LN
R TAEH 551.6 4086.9 0 11431
MR A 175.9 8513.2 0 3016.2

W ZE i K H 684.7 6580.3 0 2136.3
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