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Coordinated optimization design of STATCOM-POD for a wind-PV-thermal-bundled
power transmission system

HE Ping, FANG Qiyuan, WU Xiaopeng, TAO Yukun, GONG Zhijie
(College of Electric and Information Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China)

Abstract: Wind and PV power bundled with thermal power and then transmitted is an important approach to delivering
power for large renewable power bases. There is a low-frequency oscillation problem of the wind-PV-thermal-bundled
power transmission system. Thus a coordinated optimization design strategy based on STATCOM additional POD control
is proposed. First, the model of the wind-PV-thermal-bundled power system is built, and the STATCOM-POD controller
is designed. The active power of the tie-line is used as the input of the controller. Secondly, based on the Lyapunov
stability method, the objective function considering the minimum damping ratio of all low-frequency oscillation modes is
constructed. Finally, a genetic algorithm is used to coordinate and optimize the multiple controller parameters to improve
the low-frequency oscillation characteristics of the system. With the IEEE 4-machine 2-area system as an example, the
correctness and effectiveness of the proposed method are verified. The results show that the stability of the generator
speed can be maintained using the STACOM-POD controller with optimized parameters, the system damping is increased,
the fluctuation of power network parameters caused by low frequency oscillation is suppressed, and the low-frequency
oscillation characteristic of the wind-PV-thermal-bundled power transmission system is improved.
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Fig. 1 Doubly fed induction wind turbine generator
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Fig. 2 Photovoltaic power station model
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Fig. 3 Equivalent circuit of photovoltaic cell
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Fig. 4 Schematic diagram of wind-PV-thermal-bundled

power transmission system
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Fig. 5 STATCOM circuit and control block diagram

2.2 MIAnThERT%E e 25

B 0 ) 2% 9 95 BHLJE 425 1l mT DA 20 5 48 B e
PE, I R AP TIRE ) « A SCH T POD A5 5O
WA AHOAME . BRIEERT, AL s ECh

G(s)= Kyop sT, 1457, 1+5T, ©)
1+sT, 1+5T, 1+ 5T,

A H: Kpop N POD HIBCANAEEL; Ty M B EH AT
AV B Tos Ton T A1 Ty 9B AT — 5 I 5 18] 3 %
JHELF i POD #2837 LI STATCOM dgz KB &
B CTE Y ThE, KRS )E, ARENHMI
Wi, SERGISATRE .

# ) STATCOM-POD #EHIHE I 4n & 6 i,
7E STATCOM A it L 448 il 350 - I B o il 45
5y FEIIN BRME ER Y FH T R s A AR A
S R R DA SER R . POD M AAS 5l i YR 1
BUIEHER B A DI ThA . BT Y%. HMmEE. Wik
8, ROLIEPRL A DD PLAEN STATCOM-POD
LD R

n
2
I
2
I
2
e e |- — —
v\\
~
%

LIWIES N

& 6 STATCOM-POD 3= #I1EE
Fig. 6 Control block diagram of STATCOM-POD
3 MAMWEE
3.1 M BREAREY
HL ) RS PIR S A A R IA 0T B — 4o AR 3
TIFERIR A
{x=fWJO o
0=2g(x,y)
A x AR RGBT FENRSL & y RS

AR B A5 U(TFE RGFUE TAE K (xo, yo) A
JETT IR BN BT 3 R NIy

PRI P NI
0 |7 |v.e Velar] |¢ b oy
X, Vof=0f(x,p)/0x N f(x,p) KIBHIE, JLARF
S E SRR TV g BRI @) TR IR
Ae=[4,-B,(C)' D, [Av=dax )

X, A HRGRREIERE, AT bt REUIREH
B (R HE AR R L) /N T AR AT 0 HT

H 2 U e R e v, 5 A SRR IR BT AT R A
E AR AT 5 SI30,  WAEZ M RGEAE 17 A gk A
e B 7 iR, —ANTHAaE ) R4
BN 1 A el VA s =B TR i O 1 TR 4
A =, +jo, %) RGN ST R AEAR ,
ENHBLIELL, & =—al\Ja® + B> x100% , W & 7F
ZH RGN TSR b e, SRk
— G BRI P 9 S BUE & TR ORAIE R SRR E I T
PERRATRER, ] LM A 3z 255, Azt
RGN/ N TR B RE 0515 2 2 W LRF

A

&> éc §= Lfc $< S
= >
Fase AEE
a=a,
|
§ /: ®=Tm(2)

0 a=Re()

t
|
|
/Jr jo,

B 7 BAEHHEER 2 0 X

Fig. 7 Desired eigenvalue distribution region

ARSI H AR R ] R IR A
f=1/min&" (10)
A i IR GBS D W EIEIEARR
o AT E H bR 2GR JE LR nTRER, DAt i)
] R

min f

a, <0
Kpon < Kpop =< Kioy

KM< K <K™ (11)
T <T,<T™
Tnmm < T;, < T;,max

Trmin é T; < Trmax

s.t.

(n=1,2,3,4)




_82- e N EREY BN

Kb a, I RS AT ARSI A5 R i AEL ) S0 5
ZH Kiv Kpops T~ Tin T, AFARALZEL Kpop 1)
HUEJEHA -2, 2] K, BIHUETE AL, 6015 Ty 11
HUEYERI A1, 20]; T T, FIHUE 4[0.01, 1], FHJE
FE A o KA e 199,
3.2 itz

SR AL S AR AL B e #5688 2 4L,
SEEAIR BT 800, FhEFALE A 200, 1AV H
SEAE AR A Ut /N B JE LK T 18.5% . oAk
FEFE RSN LI AT iR, AT XMEZE R 0.8,
AR S5 bR B0 PR = T R PR AR A 1) 8 BT

| UK IR S, D=0 |

| A5 OAE S Krov, Ko T, Te TSI ERBIEIE |

N

| ALBIREE SV NAR W EIE LEXN |

v

DEDH || pRs i |

12“;1&}5’?‘3“ | 7 .;/FT {,.”'—ﬁ: N
Ve, Y. SR FUWTACH 5 R X

A

SRICH b e 5

WAL E R

ZE o
(Kro, K, T Tiy Ti)
8 MiRAMILIRIZE

Fig. 8 Flowchart of coordination optimization algorithm
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Table 1 Low-frequency oscillation modes of the power system
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Fig. 10 System response curves of three-phase short circuit
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Table 2 System low-frequency oscillation modes for different tie-line power
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Table 3 System low-frequency oscillation modes when

increasing the output of wind-PV-thermal-bundled power
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Fig. 12 System response curves when increasing the

output of wind-PV-thermal-bundled power
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