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Fig.1 Principle diagram of oscillation wave
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Fig.2 Oscillation wave obtained from field test
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Fig.3 Coupling capacitance between windings
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Table 1 Electrical parameter values of normal winding

ZEeH L/ mH C,/ pF C /pF C,/ pF
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C 1.54 30.12 — 4.15
S, 0.38 14.21 4.53 14.68

3 RHEBFREST

M TS AR SR R B 2,y T ARTSHERf 1Y
PRG L PIE , FE T B sk rh B A2, B4R S, . C.S, %
AL 1] LB 9 o] R A Fe A RIS A ) B S
0, 7E MATLAB 1 8 57 745 R 38 8 4 IR 25 2 0] 7 FE A
AL ARABTR S SBOR RS BRI Y . 3T
FLORE R E AT LAY i A R R 1 T A LR
U, RPIRAS AR B R AS O R, AR A0 P A 7R 75 38 A
W RPRAS TN -

rr=c.cu

de (9)

dl
T.U=L—+RI
de

Horp T T oM -1.0 -1 4R R EE R, 5 0 &
Al LLR IR N T'==T,; C L4533 R 3 F A R T iH 5 T
B EBE BIRSHIEE", ¢ S, G =
27fCtand,tan & N FIRLE G Ay FIFE A B IEYT s R A
CENSERS Y VN B SR AT S IR = SN AN RO
)i YU I — T S U, o TR R
SR i L e R PR R SR A XK (9)
AT AR JE 1R BPRE T R =X (10) Fr .

!

dU dU,
T,I=C, d—+ G U+ CiT+ G.U,
! t (10)

dr
PU+T.U' =L +RI

Hor 18 T R3S i 175 W R EUE R U R X UK
JIEMSE; C, .G AR C .6 B3 i AT RS 141
JE IS EERE ;€ o C K4S i T Z IS W56 i 5 1) i
U RAE U GoN 6 2365 14T 2 Ja 1Y 4
iGN PR T RS AT I e i o e T, T2
PAEE 5 1) S RO . XX (10) AT AR R
fif A3 .
du’

de ={—C]‘G1 C]'Tz}[U}+
dr L'T -L'RI1I

At
-c¢'c.|dU. |-¢c7' 6.
{ C c},{ C G}U,; (1)
t P

0 d
A= (1) mT Ak fai 15 21



{160 L/ AR {7 G-

F41%

F'=AF +BU/ + CU. (12)
du’
o | A A:[—CI‘G1 CllTﬂ
dr |’ L'T -L'R
m (13)
B:['Cﬂcl,cz[‘cfcl
0 P

H U b U, 89555 W)

A (12) 2R 5 IR B 5 3 7 B2, SR A 3k
B AR B0y 7 RS 2R B S A B P B S
JES )t R AN (14) s
F=e* [ e (BU/(2)+ CU(2))de+e ™ F (1) " (14)

o o BB e F (1,) MRG0 R TR
PR R fn SR A 01T 8 2R s s 4 R B A
0, AT 7E LM I ] 4y SR sREE AR R 00 X =
LE 2] 7 R 4 LA 2R 0F S FROTAE MATLAB 44
R AR EARAISEALS, .C. S, i AU 2
TSR N, = S SEPR A 16 0F, BUAR K 5 4%
HRPRECR 144, 78 42 B S B0R B PO B DHE
S — AN HL T L ST 144 BOIRAS AS [A] 7 RE , R E
TTRENT AT IR G e B A5, 8 2 S0 36 B0 R PR 3%
PR IE AR . SEER SR FH 10 V ARy ml 5 8 5 i
JE, B HAE 5o E TR AR FEUT 1 s, BB
RIGGRA IR G A5, S50 2 R LR S ] A4

5 L5 S0 AR AR ) IR 7 B B S UL I 4, 1A
FH AR AL 1 7R AN [T (B9 05 41 957 10k 40 8 06 R g
o M 4 rh BB 4 AT A AR S 1 — 4,
HAMRAF BEANER 29 .t nl UL, f B 5 5 25
A IR AE B AR R 22 7.6 % , F2 W IR 45 B AN
S AR5 ) A RE R o

. 3 .
0.01 0.02
] / ms
— S, -

B4 #HRHEMHESIUNER

Fig4 Simulative and measured results of

oscillation wave
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Table 2 Comparison of extreme points between measured

and simulative oscillation waves in time domain

WA SGUERIE /v DERE SV MIRZE /%
1 4.26 4.41 3.52
2 5.06 5.35 573
3 -2.30 -2.41 4.78
4 -2.68 -2.89 7.60
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Fig.5 Spectrum characteristics of simulative and

measured oscillation waves
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Table 3 Comparison of extreme point between
measured and simulative oscillation waves

in frequency domain
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Fig.6 Schematic diagram of axial shift fault
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Fig.7 Change of electrical parameters of windings
under axial shift fault of different degrees
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Fig.8 Oscillation waves under axial shift fault of

different degrees
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Table 4 Offset of peaks and valleys of oscillation

wave under axial shift fault
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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



Al IUAIKIEIEIE
Fig.Al Field test verification
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TableAl Basic parameter values of transformer construction

S ZHUE 24 HufE
42/ mm 53 HRIBRGEAL 1 L 32
Bith e /mm 530 HRIGEA 1 AT 5L 8
LR /mm 20 RIS 1 iE S /mm 10
AFLRA G 32 HRIBRGEAL 2 DEAL 32
AFLEFIT L 16 HIPESEAL 2 BT 3L 8
AFLEEINE FE/mm 14 FRIEGEA 2 MBS /mm 10.6
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Fig.A2 Equivalent circuit model of winding
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Fig.A3 Three-dimensional finite element model of

transformer
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Fig.A4 Experimental verification of oscillation wave model



	202103022
	202103022_附加材料

