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Fig.1 Sequence diagram of two typical wind power series
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Table 1 Mean absolute error and root mean square error

T 7% R T3 7 47 MASE /MW Eqse/ %
A 0.158 21.953
S ‘
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A, 0.279 33.445
X EER;
ERAERIHE B, 0.076 12.838
A, 0.163 19.515
ARMA §
ik B, 0.072 8.703
BN 1 A, 0.141 17.307
B, 0.059 7213

AT B XU R 37 B 3 T 41 A8 B AT A i)
(LA R RIFRC I ) HRLE : I I M iz AT iy KL 4
WS KRR ) SR T T4 FR G, XL R R S
IELSR I R KU 37 # L AE 4 15 min R 3 B4R —IK
ARK 15 min Z 4 h AR IPRBN LS, ZOReXK
BN AS SR AT RERZENL/NT 20%  AEXT XU 3 3
FIPB AL R TR BE AN 5 b 09 XU 4 1t A7
REFIANRE R (i) i A B R R A5 XU

Gy RUn] REAR ARG (9 TR A5 5, AT Dl /1N R RIS X
FLA TR A X6 Fi T 2 G A M T IR R L, i (O
5 K52 10 %8 i A7 XUR 32 BEAT 25 % B R 22 1
FEVEVEDEI ERE, RN LR A R SRR S
PUni o (B INE) 175 R0 IF R %5 B2y KL )
R SEBRE B0, ook 75 18 T A58 50 v e A )
SEMRHEAS S B L 25, BT LA B 88 41b T R i 3
AR D AN R 7757 X S 1 M N R/ R (1 SRR PR
FEL A7 ST Ak g i B B A A 1 A2 %, ol MG T R XL
HL Il R e LU AR 20, TR AR A3 & T A6 7Y 1] T
SR IXUFR D) 2 B30 0 Bl b i SR 2 LRI 0, oy I
RSP HT AT A, M P2 RO A S S A B 4 T
i BE S 2B, TEIAT 025 A2 05 1 T XU H,
Yy PRI BRIk b in 52 #4051, 3 A 15
FEREIC B , 1 HAT AU B0 B XU B R AN
P, DRI, B — A A B RRER 1 B0 B XA
Gyl &5 Bhr 2 F  B RAR S R AT L2

2 BEMRETHER

JRCRL T B B A ) e s AR AR AR S 2% JE R
TEZ BAN AT TG K Z M I 3 A F) D 0 % L T
FIT BT SR P ™ BRI 16 A R I 8] B KU
DIZEMERR T, A Ge i ok XU Pl Tl SR 2l 1 4
bR —Bir 22y INHEA T 30768 5y T B A0 4
T A A AU DA sl R A B T R BRI, (H—
B 22 0 A I Bt I OGTE R — i 2 D R A i —
I 22 R ARk 7 A XU R 3 00 o A B A )
(R A e — T[] Bt A P o A 4 25 A8 A 1 O 199 9
PRo BTG, AR SCHR M R A bl 22 72 AL R i E 22 1A
A AU DA B R 28 SIPIRAS , 7 AN W22 A B XU
DI P 2L BT RRFSE T ey AR, /I 7E
XU DR P 81 rh e AR R AEL A RIS /IMEL R, T 2 O
VIR FBI R B 2E =B /R BEIAL, B AUb i i 23
WRAEL AR/ MELA, ELNF ] JE Bz, LA R P81 vp =
FIE R (R SCRROAIRAE U) A fy (T SCRR A
1 0) KAk T AR P IR 2L shad B, BIVJR) B AR fF 722
e,

—_

--------

--------

EE/MW
oA D

é IIO ll5 2I0 2I5 3IO 3;_"40
Hsf 5]
B2 B#REZURTEE
Fig.2 Schematic diagram of local range change rate
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Table 2 Multi-objective decision making

Jry# HAx 1/MW Hir2/(°)
1 9.735 78.144
2 7.304 82.131
3 4.743 65.063
4 32.048 75.545
5 5.897 70.174
I S 32.048 82.131
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Fig.3 Scatter diagram of amplitude and phase
angle and clustering results
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Fig.4 Errors of different prediction methods
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Fig.5 Fluctuation coefficient of wind power
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Fig.6 Errors and fluctuation coefficients of
different prediction methods
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Table 3 Correlation between fluctuation
coefficient and error
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B, 0.635 0.791  0.7784  0.865

B, 0.852 0.878 0.850 0.820
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Fig.7 Root mean square errors of wind power prediction results
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Fig.8 Coefficient of wind power fluctuation
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Quantitative description of wind power fluctuation based on local range change rate

YANG Mao', YANG Chunlin', LI Dayong®,SU Xin®
(1. College of Electrical Engineering, Northeast Electric Power University, Jilin 132012, China;
2. Tonghua Power Supply Company,State Grid Jilin Electric Power Co.,Ltd. , Tonghua 130022, China;
3. School of Science, Northeast Electric Power University, Jilin 132012, China)
Abstract; In the area of wind power fluctuation study,the quantitative description for the characteristics of the time
series’ evolution has not been fully investigated. As such,the sample of measured wind power data is analyzed,and a
method to identify the state of wind power continuous fluctuation based on local range change rate is proposed. A
number of wind power continuous output states are extracted to describe the wind power continuous fluctuation cha-
racteristics. Taking the amplitude and phase angle of the power triangle as inputs, the grey multi-objective decision
making model is established. The variations of amplitude and phase angle are both considered to find a sub-optimal
solution of the model,and the representative amplitude and phase angle can be obtained. Then,the wind power fluc-
tuation coefficient is defined to quantify the wind power fluctuation during a given time period, and the method of
modifying the current wind farm assessment index with the fluctuation coefficient is proposed.
Key words : wind power ;fluctuation ;local range change rate;grey multi-objective decision making
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Variable droop coefficient frequency control strategy of AC excited pumped storage unit
LI Hui', WANG Kun',LIU Haitao' ,SONG Erbing”, XIE Xiangjie' ,ZHENG Meimei'

(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology , Chongqging University,
Chongging 400044, China ;2. State Grid Jibei Maintence Company, Beijing 102488, China)
Abstract ; Regarding with the issue that the fixed droop coefficient control is insufficient to suppress the frequency
fluctuation,an inertial link-based variable droop coefficient frequency control strategy of ACEPSU ( AC Excited
Pumped Storage Unit) is proposed. Based on the operation characteristics of ACEPSU, the models of reversible
pump turbine, AC excited machine and control system of ACEPSU are established. Considering the influence of fre-
quency change rate and frequency deviation on the system frequency regulation,an R-df/dt function is introduced.
The droop coefficient that dynamically changes with the change of the frequency change rate is obtained according to
the frequency change of the grid and the speed of the unit. On this basis, an inertial link-based variable droop
coefficient frequency control strategy of ACEPSU is proposed, and the control parameter calculation method is also
provided. Based on MATLAB/Simulink platform, a three-machine system model with ACEPSU is built, and the
frequency response characteristics of power system are simulated. The simulative results show that the proposed
control strategy can effectively enhance the frequency response ability of ACEPSU under both generating and moto-

ring conditions , and improve the frequency stability of power system.

Key words: AC excited pump storage unit;variable droop coefficient ; frequency modulation ; frequency change rate
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Fig. A4 Errors and fluctuation coefficients of different prediction method
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Fig. A8 Errors and fluctuation coefficients of different prediction method
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