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Research on coordinated control strategy of variable speed pumping unit
and wind power in flexible DC system

LI Cai, XI Wen-kang, ZHANG De-long, ZHANG Yan, ZHANG Hao, LI Mei-cheng
(North China Electric Power University, Beijing 102206, China)

Abstract: Flexible DC transmission has gradually become one of the most advantageous transmission methods for delivering
new energy,and it also puts forward higher requirements for the stable operation of the power system. In order to solve the
problem of grid—connected impact caused by the inherent volatility of new energy in the flexible system, consider shifting the
variable —speed pumping unit into the system to stabilize the wind power output fluctuation and ensure the stability of the
flexible DC transmission power. Based on the above problems, this paper first introduces the basic principle of the variable
speed pumped storage unit; Secondly,this paper constructs a model of wind turbine,variable speed pumping unit and
flexible DC combined system,and proposes a coordinated control strategy to stabilize wind power fluctuations by using
variable speed pumped storage units; Finally,the responsiveness of the variable speed pumping unit and its coordinated
control with the wind power system are simulated and analyzed. Research shows that the variable speed pumping unit has
high flexibility and reliability , and is an effective tool to ensure safe and stable operation of the power grid. The results show
that the variable speed pumping unit has high flexibility and reliability, and is a reliable tool to ensure the safe and stable
operation of the power grid. It also verifies the effectiveness of the coordinated control strategy proposed in this paper.
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Fig.1 Schematic diagram of variable speed pumping unit
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Fig.2 Control block diagram of the speed control system
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Fig.3 Control block diagram of the speed control system
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Fig.4 Vector control block diagram of the machine-side converter
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Fig.5 Vector control block diagram of the grid—side converter
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Fig.6 Control block diagram of variable speed pumping

unit and wind power combined system
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Fig.7 Coordinated control strategy for variable

speed pumping unit
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Fig.8 Simulation equivalent topology diagram of variable

speed pumping unit and flexible DC combined system
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Fig.9 Simulation diagram of power generation conditions
of variable speed pumping unit
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Fig.10 Simulation diagram of electric working condition
of variable speed pumping unit

i SR LRI S R G UMIRAE AT SRS BT ST, N T
£ 5 KR ALZEL 2 A 2 LZE 7 PN 8 S P BRI
F YR FASTY )5 FLA5 IR, 7 XAt 7 AR
S5, AL HLA REERL R XL UL D 3 P S i 0L
R DT 4 21 A FL mh ACIR 2, S KURR B2 ) A 5
A7 EAE” R PR AL A D AR eI R LR, H
A ESRELRE AP RE ST (ARG RA AR
SEIBAT. AR, i TS HA R R, BT L
R MG T T AR B D IR, 5 S PR KA TR Ay
ZE5t 5 LA & BIASCHIFFE 136 T U X AL il 2 AL
A BB AR S ATl v B
e, PRHAERE ] SR i REH L PR oR AT T 2 2 1y

52 S, IR SR et — P BT TR TR AIGEE.
(F#5% 32 M)



© 32 X B #H T K

3686 H4W

%3 &Hi% RMSE #1 MAE
Tab.3 RMSE and MAE for the each algorithm

RMSE MAE
EMD-ARMA 3% 2.590 3 1.984 2
ARSI 1.800 0 1.616 8
4 & g

ARSCRIEA T EMD Z3 50k S B AR T
YRR B XSS B IMF 235 AT R . XA

BT IMF 2 5 0: 17 8 b 20 A 6 e S fa
i 8] 7 31 AU G IMF 73 5 9647 ARMA 15, 455

IMF 3 45 2 0N 45 24 2258005 B D0 s 7%t T s
TR REAS A (0 BORARMK , th T BAR L RAR 3 B

R D DAL, FOT0 235 SRt B g M.

5

=

(1]

(2]

(3]

% X #:

WA 28 (2. JET BP 4 0 4% gt A5 55 3 1475 K Ak
PR HE TN [T ). K H BEYERLF ,2018,36(8) :202-204.
Bt | T N M8 s J2 S IR 5 5 i RE A o 0 4
H[J]. HAHATE,2018,35(12):317-320,379.

BB B R T ARMA R0 M k0 FRE R G fig

(E#EH 21 W)

o

=z

[1]

(2]

[3]

[4]

[5]

[7]

% X Wk

EPENIR TR NI, 28 G0, S R AR TR I A DGR R R A b
B fi A REAIE T [T ]. o B LML T /R 272 40,2017 ,37 (1)
1-8.

W E  ABFE 4l Sy i AL BT dgO 7] 20 A A 1 252 1k
AL B A SR W B LS ()] O R R 5 45
il ,2009,37(22):71-76.

SRR, RTTED 0 A 2 E b BOR 1 PR K
N BTSSR 2014,40(8) 1 2429-2439.
EE0, EA%E, T %% R R ARG R[]
HL AN ,2015(21) . 78-83.

)UAR BN T W AEL SR e TR R R
FC N BCRTELT]. i RS A 3K, 2013 (15) :3-14.
W R ER R RS R, AL 4 Dl A A e T S K
FREHLA M T 28 W AR 4R BT (1], W 0 #,2016,37
(4):91-97.

Zhang N, Kang C, Kirschen D S, et al. Planning pumped
storage capacity for wind power integration[J ]. TEEE Tra—
nsactions on Sustainable Energy,2013,4(2):393-401.

it — U5 IR R R AL, AL R U K E R AL A2 I b
e 2 G D R AN A AR AT [T]. 7K 1 A2, 2018, 44 (4)
77-85.

(5]

(6]

(7]

(9]

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

AETM[J]. H1¥2 2412, 2019,40(1) : 88-93.

A B TR AR BE T /N 0 B Y 3 3R A A PR R A
AT )]. B F2%42,2014,42(3) :417-423.

B3 A IR O A B T Tk v R S LT ] T RAL
1/ #,2011,28(12):331-334.

Zhao W J, Cao T H, Li Z L, et al. Comparison of IDW,
cokriging and ARMA for predicting spatiotemporal

variability of soil salinity in a gravel —sand mulched jujube
orchard[J]. Environmental monitoring and assessment,
2019,191(6) :376-381.

B . o3 J2 Bk 2l e i U 5 R I i O 39 e R A e AT
FE[D]. L. LR, 2006.

A5 PN, R TAE BT S GDP R MBI
HET A5 ARMA BERLA) SCIE 347 [T, ot BE 25K
A SRR, 2011,12(2) 1 105-108.

Hs &, 0 A X AL SR T EMD-ARMA B 67 JF [T
TR T[] ]. B2 4 ,2016,47(7) : 174-176,181.
RS AR AR ST/ NBE e Il GM-ARMA #5545
PEAB T [T ], 36 50028 i R 2% 2% 40,2013 ,39(4)
553-558.

&l fe. 2k T EMD-ARMA #9422 45 GDP 4 1 2 i il
WT]. =W B4 ,2018,35(5) : 12-16.

EAEE, /N ST EMD-ARMA 5% (1) 36 [ A% 46
A% T 7 WE 5[], B AR B 22 9% ,2012(11) : 14-16.

GG GO S G G G G S G S

SRV VF M, SRR, & Rl AR Sl /K 5 RB AL 4 0
ae R (], K 5 a7k & 68,2017 (2) :81-85.
Tl ANE, LR, AR TR E O K E AR R
AR HALAL M T SR HT[T]. K1k ,2016,42(12) : 107-
114.

Lo, AKME 5, A I, 4. R T /K % AE F ol 38 T il
WEHLAAFE T ARSI 5T [T ). 7K J7 & W ,2015,41(4) :53-55.
SV . A8 I Il R T AR I K E R AL AL R B 4y
BrLJ ). K HLE HE A, 2011,34(2) - 1-4.

J A S T AR SR A L Sl AL A Ul R I
RARVT[)]. KA HL AL R, 2014(2) :27-29.

&, 5Rar FIE K AL LT Simulink A9 /K FEHLTE
W ARG E KRBT ZE [T ], K i 54k E 6E 2015,
1(6).51-55.

Demello I P, Koessler R J, Agee J, et al. Hydraulic turbine
and turbine control models for system dynamic studies [J].
[EEE Transactions on Power Systems, 1992,7(1) : 167-179.
BT P KSR LT R 7 (M. b e rh 2T
Kz iRt 2011,

B W XU KT kB A o R S AT P, T 5 A R
WF5E[D]. dbat . b at5giE K, 2010.

45 o B ARIRAN AR B RIS A AN 9 XU il K
ERILA ARG e m LA B ()], 4 AR ,2009,33
(6):13-18.



