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Research on grid-connected photovoltaics-energy storage system with
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Abstract: The Grid-connected inverter based on virtual synchronous generator (VSG) has capacity to support the fre-
quency and voltage of electric power system. However, it is difficult to simulate the characteristics of synchronous gen-
erators for inverters only powered photovoltaics (PV). This paper proposed a grid-connected PV-energy storage system
which mimics the characteristics of synchronous generator, and presented control tactics, including VSG control strategy,
DC-DC control strategy and coordinated control strategy. A small signal model was established in order to analyze effects
of the parameters on dynamic performance and stability. The simulation results not only indicated that the system has the
characteristics of synchronous generator, track maximum power point of the PV cells and control charge and discharge of
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the energy storage flexibly; but also verify the correctness of the theoretical analysis.
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IRBE B AN BE S5 25O B HR IR HEAT AT FU R, AL T
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NEIEAR A AR 8 B AU R 20 R U URF I AR
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VRSP ) it BE DGR T R HL AR 8. 1 5, et
fili BE LG AR I W A i 2R G R 5 4, A2 Rl |,
WHIE T RGP ISR TS | WRRERIFE M 1%, JFR H —Ff
DA s, R ADCIRIF M RS RA R A
HURFE B R, H B A% SR 37 42 1 ik R 1) 78 TR B D6
SEPLATSGARBE B (1) e K T 28 AR B (maximum power
point tracking, MPPT); 2R J&5, #57. | RGHIEAARTY
It ¥ ZHOCI HBhAVE R E VE RS20, i
Jei, SR O IR S 7 A0 70 45 R AT 1 RAIE.
2 fERERDEARIF M R L R G S5 (The struc-
ture of the grid-connected PV-energy storage
system)

2.1 SR I K HL R G 45 (The structure of

conventional grid-connected PV generator)

BLHR, PR SEEIR I R R B AR G4k
R L Horp, g O i R g REE S B
PAERS AR BN, W& 1), JeRFES A1)

B 8 DC/AC R AR 4 i 1ot N FEL ), 075 28 7 5
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Fig. 1 Structures of conversational grid-connected PV system
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2.2 fERERDGARIH M A FE R SE 45K (The structure
of the grid-connected PV-energy storage sys-
tem)
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(A3 Lhbuck/boost i)« 1 AR 4 F FL ik oL AR
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Fig. 2 Structure of grid-connected PV-energy storage system

FHEETARGOGRIF P A B AR G, Al BRI
KBRGHA LU TR A O a8 A A R E g
I, RIS AR St T F AN 5 AR T A4, AME
REDRSS I I DR B s P 5 TR Eve, T Hawi 2 1 i
ASALAFID A AL I B AR @ ffRE ALY
PRI WA ZR G BT AR 3R I VS G, AL 17 [F]
A REAUREE, TSI A [FRD I, J0 7 B AR
FL IO A S R Az ) B T 42 il DC-DCAZ e 5 MY
AR AR, ARSCE BT T WA R S, 45 6k A 1 78 i
HL )8, AT SEEI i e SOC Y 1 52 @) Ji i #5240 [R]
AR ENURFE, il BERDC ORI RA H R GER SMATIL N
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3 fEEERDGARIF MK H AR G 4% ] SR (The

control strategies for the grid-connected PV-

energy storage system)

3.1 DC-DC#% il 38 W& (The control strategy for the
DC-DC converter )
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R M B 045 € 48 2B U e ver, BAE RS TAE
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143 (proportional integral, PT)ii 7 2%, HL i P A8 H
ECA R 45 24 B BEZR LR T s I, X A) AR 4 T
YEfEbuck 52X, fiff BE 7 FL; 2 ELURL BR e L B IR, XX
] A e g TAETEboosthkizX,, fHAEH.

EHAEER A, el Bl i B4 )k,
AMAT PLSEIAMPPT Ll g, B 55 22 1) /2 { VS GRE i 15
PRI R BV . BRBOGIREES 4 H D)2,
YIREN AV SGAZR BRI, PR 2340 A 20 & H

WU TR e B 1O R, M9 DhDh &, RALAS B
BRER L IS FEAR, 170 i BE 9 A 52 ELUAUBRER H IR T O,
JRZINER. B, flBEFK B B ARAL UL T R0 A
PUEETZhHE ML L.

Use_ret -
—»(?_—»{ Pl }—»?—»{ P | PWM|
Uge Tt

3 DC-DCHZi Hhg
Fig. 3 Control strategy for DC-DC converter
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3.2  VSG#zEHil5K#& (The control strategy for VSG)
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3.3 A+ %] 5K B% (The coordinated control strate-
gy)
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{Epse FIMZ, P 38X VSGHI “ WM R ” P, #ET
WS, FFPIAR SR % R D K A URA 3 o R D,
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Fig. 5 Coordinated control strategy
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Fig. 6 Diagram of small signal model
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stem)
MM R GEH/IME SR ] Lo i sE BRI
P B R G Bl AR SRR AR 675 2 VSG LI f
/M 5 MG R ECN
Ad

APy,
wo(Kp58 + Ki5)
Js3 + Ds? + woSg(Kps + 1)s + woSe Kis |
(N
3 Kps FLKGs 3 ) B 4 il 25 PR 45 88 1 LL A3
Kl7(a)AJ = 1,3,15, D103 N 22000 % 4t
BN %, 7T LLE Y, R G303 R AR, 3.
s3 AR, HALE FE RIS S MK 5, KisE,
JUFANSZ JRDEUE [ 52105 51 fso — X LB
W, Bt DRSS R, e A8 Ak 34 a0 1] A & Sk B
TN, TR, 51850120 5E AT KR 4, 2R 48 1AW 8L
THRE RRAG, RS 0 5 Rl RS, R T R TR K
BEJEAR ARk /)N, WRAR I IRJRESR.. 24 T K& —
FRIERS, RAMISHAEMEREMIE L& TR, 2
HILRARI AR, TIBEAE DRI, s Fso B8z 25 5
Hh, HLFHJE R, Hhiy 2R 48 AR e A B A PE Re 4R
PR3 T OGS, B, Uik — SRR DI, s flso IR
WRAZ N SEAR, FAE LA G 08, R 2P it
BHJEHRPE, LI R KD, Ws i m i A5, SEAR

GRS EMR LRI

7 (0) N K5 =0.3, 1.1, 2, Kis )\0.122 44 BSOS
RGAR B i R0, 3K K5, 2R 55 00 BHLJE 03
0N, ERIER, BRI, Kis N, SEAR s3i
B AL, TRl 51 Mo BT SEIL R, RS MENATERE
BRI R E N, it — D KK, s/
so EINAEUT A, HEXBONE PR, REHIFE
A E R IR T FRARG KGRI, 59 A s 2t
MESHIE AP0, SEARGURA.

BP TR NHL S R T RIS R AL LERF R D12
ITHIRE ), B S AR IR . 12 LA R E A1
OUT, SERIR/NS RS E. TifoH K. 52, [F
R ANREATIRE RAE T SR/, E7(c) N Sk
MO.5FN2AARHIRRENIE, #5HT K77 1719 Sp K5 ).
[FIRE L, 550 SEAR, Ay B 32 2 42 1 35 S 8K s
K5 R €. fESpBN, 51 Msp NEAR, R LI
R PH R, Hah s R RN 2 St K& —
FEREIE, 51 Mllso WONIHIRAR, RGITiAR Z IR P
JERFIE; MRl Sp 4k SEHE K, RALE 357 B3 ik
LI SRS A DR A A, (HE BHJE R B, B ARJIR
BTN, X5 SCHR [26] 0 258 & AR R, B T VSG
5 [/ 25 K LA 1207 T 1 — Sk, o8 S AL AN
R HRALTRAL 1 LA,

T T~ T T g T L) T

. LETLINTE
25F 0819 0707 0574, 59.0.0872
20 - i L, ) =T, ;
15 o vs'] ¢
o] 74
sk ‘ T Koo A |
B oROm3ii30025.20 i g
g - st et S
-5k 82_ x' .Sy . 93 |
-10 |- ten % s R
“15F ’s;\ .
-20 - 3 y . cleer o
s 08197 0707 0574y 590.0872
1 1

40 35 30 25 20 <15 10 5 0
Re
(a) JHI DAL RS IRHIEAR 53 A7

007 e 0802
1510866 Kys=2

Im

(b) Kps 1 Kis AL RGUHHFAEAR 2 i



1026 B owo#H w5 N

35 4%

8 .

" 0.906. " . 08197 07070.5740.423 0.087p

6k L ]
0.966 : '

al . e £ L

20996 fAse e

B ool il o ]

L |0:996 a ' _i : »,:';I-S'?_
Coses L

-6+ . E ot B T A
L0906 0819 0.707(:5740:4230.087p

-18 16 14 -12 -10 -8 6 4 2 0

Re
() SpAAUH RGHIRFAERR 7347
B 7 RIESEANT RGN i

Fig. 7 Root locus with different parameters values

5 {i E3F (Simulation and verification)

N T IR FIR R A TR IE R, AR
FEMATLAB/Simulink ¥ 58 T #5227 HH LA 07 AR
B JEHEAT T OTESES. R A KRS, FE0i
FLSI AT o #T.

5.1 {iEZ#(Parameters for simulation)

AR SN BE FR G5 25T PS—121 10054 4 R &5 Hiith
A3 IR JGARBEZIR T SCHR [27) Pk . Hot 2 Hcan
TR, ACHFEG TGRS T REEH
SZM, TMPPT 7 iE 1 R 25 WIHEA ST 2 A
1, 5 O R R BT R IMPPPTH 1] 7 75 v 5 3
wyERY

1 ASHK
Table 1 Parameters for simulation

ZH Bl
HE 28 Sn 20 kVA
BUESR fn 50 Hz

AUEmH LU, 380 \Y,
FF IR £ 10 kHz
HiRMEAEC,. 300 uF

JERHUR L, 12  mH
IEERAC 20 n3
JEP UK Lo 08 mH
)2 HL RH R 0.002 p.u.

[F) 2 FJR L 0.5 p.u.
L FELBE R 0.01 Q
ALY LR g 0.5 mH

5.2 fiE% % (Simulation results )

b W 5 B B B, VSGAIER f | 1068 28 Fr T
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ARG b, B DD Z R el

BB HLE, i B8 R 7, WU RE & R,
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YBATIE IR TN A P H) BB ARG RS 780
D256 1008 H bR, fE0ifi e 70 LI, B9 K VSGHT “AL
WRINZE” Py FEPI0 AR 3540 R [R) 25 i AR ALARR 38
TN FL I R R B B, Al R SIS B A AE A R )
N0 BB R FRER Unipp ~ 10038 2R AU [R] 25
REMURFE3AN S H br. (215 — 1R 1R, JIRIDE
SRAR I, AR 2% R B S D) AR BT AL, £ e
AV SGIE RN W Dy 2238 Al 21— & BT E .
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1 1 1 1 I 1 1 1
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Fig. 8 Responses of the key quantities when the light

intensity steps
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DIBRJE, VSGHIR BAT AN, (A48, Ha—Burt
(] J5 PR BIHUE H. DL, A SRR Al e OB AR I M
RGEATRY KNI SR R
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o2 H 2 4n B TOFT7R. AT LU H, 38K T, A3 17 (1
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ARG E PEFAR; KD, SR L FH JE 3G 0, $1%35 96k
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Fig. 9 Responses of the key quantities when load is switched
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