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Secondary Frequency Regulation Technique Based on Virtual Synchronous Generator for Microgrid
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Abstract: Traditional virtual synchronous generator (VSG)is a primary frequency regulation technique. After
load power changes,the frequency of microgrid cannot return to the rated level,influencing the safety of the microgrid
in a severe condition. In order to avoid steady-state errors under large load fluctuations, a secondary frequency
regulation technique based on VSG was proposed for microgrid. First, the frequency error calculated in the outer
control loop was used to automatically generate the feedforward power by the use of a PI controller, which is used to
compensate the output mechanical power of the frequency-active power(f—P)droop controller. The sum of the two
parts of power was treated as the input of the mechanical equation of the synchronous generator. Then, referring to the
mechanism and applications of the secondary frequency regulation techniques used in power systems,a concept of
frequency error threshold was defined. Only when the load power disturbances are large enough to cause a large
frequency error, the secondary frequency regulation algorithms are executed. In this case, the steady-state errors will
be avoided without influencing the system dynamics in the low load disturbance situations. Both simulation and
experiment were carried out to verify the effectiveness of the proposed secondary frequency regulation method.

Key words: microgrid; virtual synchronous generator (VSG) ; secondary frequency regulation; feedforward

power

HY T BE A T 4 RN P 2 ik 2 R Y5 R kA H, 3008 g U L AR S AR S I 2 TR I
PRBE TS e ln) @ i B SR 28, MURE OGIRFIIA AR Fivh, el St 2 ORI 2 v Joit £ 110 D B,
EREN Tz RN KR IR AR L2 e A% G2 1) Tl s, ) 308 2 4 ) A 4 i ) AR A A
B R BB AT B RE RS TE M L TE AR R T SR, fE R AR R A
P Al P A T OF MOML 4 AU M R GE . X T PRI S B A5 A DR TE D U %, s
THCHL T 3, A N L B R, T SR ) TSR s i O 2, Jo v S ol I S A AT

EEW B : WK HE ST (2017YFB0403402)
EE B 7 hR(1982—) , 5, Wi+, TR, Email : niwojiefanren999@163.com
8




B E T EME T el fod B kAR R

WA AR 20225F H 524 %8

H PR BRI A S 4 SR D R AN R, TR ig T &
T ] 28 Ak, A5 A3 S 1l o 20 P T Y Fl, s AT 36
B TERUE 5 X T8 35 i e, e 4 oy
HAT I—H (P—f) FIR—A T (—P) Wil Tl
Xof B T A AR T SR AT LA G e —
(Q—V)FIHL =T (V—Q) il Tk e, T
i R ] B R a5 4, o, P—f R Q—V
R R T AR B A B A R i f~P AT V—Q R
A 5 A, AR R R R . A
235 114 Tl Fl, IO 42 ) D 12 5 A W R PR | AR 1
Mo ARG, 0 A i 2 U R R
T AL, B R A AR g . X
B T8 e s o ) v, g P 1 39 i B I AT
SRR /INE AR, DR 7 28 5 A8 AT BE 2 (T H I 4 A<
L Al 257 PTG L, 25 ZR G0t R T A AU,
558 A8 B AH te, i 3R D L (virtual
synchronous generator, VSG ) & B #& H i e 1 ik
FL P 153 AR5 BELJE /N IR, T LAy v, o i A
FAIFE S VSG TAENLERAN T < A 389 5 R
FHRUER AR 2548, SDIR R F B T 00 A48 S 453 14 f —P
AR A, P9 PR I R AU B S [ 2D ke F LR T
bmi S N VIR S rdi s VR E SR I L
B )5 B S A R FIRELE S S T R A
[FJEL, 58 A 3 fole e, -5 () 20 e R AT LZR R ) 1 o
BEC R, AR R GESh A PERE™ . SR, 7 2
o, AR VSG Fa il RE 8 B AR 17 20 3l o) A3
PERISZ IR, $2 = MR AR e M H B A s T A —
UCURY, T RR SR 22 . TESEPRI T, 17
BRAL S AT AR I R R i A AR 2 A
VSG AN A 2], (5 AD T 12 A E 1 #E
(B, A 3 i 22 1 P IOK , R AR 25 R
TEARGE L 1 R GEAR LR, T BR — U A5
PR AR 22 M R B AR Ry IR, e AR
R FA 2R e Y B R AT T A, DT A 7 4805 B )
WA A% DR AR U (B MHE . 255 1 &
G ZUCRAMHLEE, — LSOk E 20T T AR T
VSG 4 il B fof i R — A 5T . SCik[14-15]
W PLERIE T f—P T RIS HAAAELUT
[ 50« P 428 ] 25 7E D) 5880 0 B S AR /NI AT i 2L
AR B T PLEE A% BA SE R AR H, S B
Iy AR 5 1L R AR 5 SCRR[16PREFR 23 2R 5 K
RLFE Tz s 5 BEAHSE & M T B i 4%
I BB T HAE TS S0 A AT A8 3 R 5 1Y
R, EOAT G L AR R E RIS B 4

SEAARF T VSC HIE LA , TR VS 451l
0Ky

BEXF LA ) B, AR SCHR H — i it 9 35 T
VSG W W R A R . e IR LS
VSG FE il 5K, F A0 2 45 il 1 25 280k PLER il 48 )5
FI 27 A A T kM 5 FLU, a8 SO (i B At
B £, A, M R G G, AR R B L £,
DU RCA T BT 38 4 B, 30 Bl el I Ty R K
AR ST A (E . (5 LS 56 25 RIE
TIZEE RS R AT A T S A R

1 VSG—kiB$mpLze

1T VSG F il 1 i I 25 A RE I, &
LU EHIR  CN A B, B, E- N
DR EL 5 L, G351 kg D8 I HLJER T L 25 s PCC oA
U FE 175 f 5 500 A L IO S o 5 38 R4 2 456 5
P, Q53 A DI TC T Ly 35 Py, Q43 i R 8
A DIFRTCHI D)5 VN EE U 0, 0 53900 & L
1IN E e S e W R B A7/ 1B<S T R v B N
P EARSCHS R R K 2 7R . AT LA, VSG —
YRR AT A, B A ) 1) 32 4 ] N B R 4 o B 2R
PR A, Ferh SRR Ff—P N R A% AR
FHRZE K LALLM B R AT DR o 1 %)
VSG — YR 25 B AT 4

E C__--L ru.‘t !T_“
S R pgo - TR 8
SPWM Je— v—OF Tfisihl | [P,
i{e ] 7o W(wwitn)!

N o P, B 11 1
(oo A e J{ rpT R Jen o !
VS Gl il ¥ :

_______

Bl 1 2T VSC H I YR M S5 A HE ]

Fig.1 ~ Microgrid structure based on VSG control
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between frequency and active power
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Fig.4 Secondary frequency regulation for power systems
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Fig.5 Secondary frequency regulation scheme based on VSG




B E T EME T el fod B kAR R

WA AR 20225F H 524 %8

JIT 2 0 R A TR RN R

DATRAE LT f—P T T4 6 25 F R A5 AL
BLBH 7 R0 1A 7 i L PO 48 38— R 4

2) K 45 2 AR 5 S AR 22 f—f LA SR
FEA D) E 5 L T #w 25 AP (R P-P) B
AT 22 268 X5 (B4R A 02 15 J 3l — ORI 1Y) 0 %
P, o AT R Sy - R A 22 /N T
S LT — A JE T P A fih e — R0, F G s W
FE AR — U SRR T S 30 2R G 4 il 5 > AR
ZERT [, HIAP=0,s &, 5 8 R TR ;
i RIS 5 R IR B E
B (EMAPIZ0) ,s G FREEHUAT Z I RIRE T, 24
LAY 1 2y Fe 2 20508 (R, Wi T K s

3) M s G a0 3 g S 3 g 2 48
if PLE I #8 F 2t 58 i i ZEAME R TR, 5 P,
IS AE AP BRI S5 TR

JIT 4 2T VSG B A R H A L
TR S R T VSG I AS B 248, RIAIL
B AR VA R, PR SO BAA  HOR, e S
L R G R i A SRR A% B K
BH AT R IR AR AR | E JC 07 2k sk, PT oz il
AT, ARIE R r sh ST RE

3 AL EBRIEE

Sk 4 T 98U A SC T B R R Ik B A AL
P XA G2 061 43 S AT 0 RN S B0 B0 IE
31 {FEWIE

FH 05 B30 UE 19 1l H I 2R B8 S 480 n ¢ 1
TNo BEAR, PLE i #8285 R a2 R A5, Lol A
F k=3, BUF A F k=100, F|F Matlab/Simulink
P45 RGN Ay 4 B0 IE T B R i
AR DTEMLL N AT I DRI R
YA U 3,78 0.5 s RN 1 kV-A IR
AR /g BE kA8 2 ) L #E 1.0 s RSN 3 kV - A
Tk CRIREE R 8h) , 2 1.5 s 4531 2) 28 [%
ME . REAHENEIG ), 0.5 s KR 1kV-A
T TE 1.0 s PRSP 3 kV - A T2, 7 HTE 1.5 s 45
o waidsk It B R

16 S 28 N 4R I o PR B I 2 1B . R
SO = B ) ) =R S P B R B R R D - R N
L kVeA 3R, DR R R & R E A
VSG — K JA AR R, A5 FETE 50 ms N FEAL =
49.94 Hz , Fa S BIHR AR FS £ 47 0.06 Hz, /NFVFA]
BRI 2, RGN TR AR E 1 s B, AT

PR T} 2 14 kV - A BRI G T B, {H 2445
RAKT 49.8 Hz J& , 76 —WAS AL T, R
S 45 2R Tk 8] T, FLYE 400 ms Ji5 4 455 75 40 2 18
T B Y, B AR e R B/ IME R 49.78
Hz, BAIL T 49.8 Hz, iX J& i T VSG #1il J PT#E ]
TR Y AT e S 200, (8 2 B R Y e
AR, BEAE ORIIE R GEAb T % 4R B Ah, vl
VL H — U 38 45 i 7 39 B 376 37 T T VR R
JE UL BAR SCBR T I T O s SHRIIE R 58 1 s
REH A EZE X,
*1 FEBKERRSSH

Tab.1  Parameters of microgrid used for simulation
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Fig.6  Working performance of microgrid with sudden load imposed
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Tab.2  Parameters of microgrid used for experiment
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