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Fig.1 Topological structure of DC microgrid

TE LU HAL IO (0 387 28 8 e AR v, XU DB AR
Bt ) AP A I ] Y AT RN O R R
e 5 A R () e 857 S A S RS R
IR CH IS Py S E S I, AR A EAE IR
T P,y =Py — P NTTRRE IR 17 1 22 3 2R G 1k
ﬁﬂﬁlﬂﬁ?ﬁ%mn%% FAh, AR AN & 2 s . e
R, N BHE GRS 5w ARG BE B 5wy, 0 ELIRBFER L

1-d, dipt .
Ry, Ly 7&} ", yi% T Ly gm
I i g I(L%JT l i IL({};ST lep l N
Us By | 2 CmUae iRy PR CoTUep [|Roy
T IGBT, T - T -

HETLIT ERYE S L i

E2 HiRWMBMEFERE
Fig.2 Equivalent model of DC microgrid
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Fig.3 Small-signal block diagram of DC microgrid
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Fig.4 Root locus diagram of system
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Table 1 Participation factor corresponding to
state variables
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Fig.5 Structure diagram of state feedback control
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Fig.6 Two kinds of pole configuration modes
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Table 3 Feedback coefficient and mandatory

configuration pole

280 B a1 B a2
gy 0.0045 0.0038
ki, -0.0114 -0.0165
ke 0.0143 0.0103
ke 0.0036 0.0030
Foer 0.0479 0.0649
ko 0.0045 0.0047
A, -306.6 -247.1

5.56 kW B, 3= A S SEER R AR IE o I A i 48
J& , ATR R R AR RGN A , B RGURHEAR 7]
LR, R FGE MRS B0 . AT #R 5 1Y
HR 23 1 DL RfS 3% B &1 B1 .
i 2t % 5 (8) HEAT /M5 2 B T A5 2R e A% 328 R
Fn= (13) Fros AR B RS0 A% 18 R Z: i Bode £
Au,, zPlA’

G, = ==L 13
“Au, 1-T,+T, (13)

H, 6o N/MES HIRBL BT Au, 5 S % HE
Au,, P IAE 33 pREC P, AA, 23590 R 55 1 2% BT 1) 10
B L3 25 A 2 T, 0 T R TR) [R5 A [0 J 348 25
ZR5 T, I T AR i ) ] % 348 25 e AL 2 AT
1 358 PRVERAS R 4344 LB S B 2R (B1)—(B14) o /]
{5 5 HIAE P LR S B I B2, Tl i G, 43 BT 22 i
FHA I ELIR R G sh A5 B

7 R R G R 38 PR B Bode [ 1] UL
T 26 Hh 28 G e 4R o R b 186 35 K HE B PR
{8, RGFEMR AN BNE 5 IR I AL E 2 1
BPIRZS RS IR, RGEAHF SEANAE , HABIRAR AL
Bl 25BN AR AR B TR 5 I AL T 5K 2 BRI
RIS , R IERATR AL IE 25 40K RUe R 4
o BRI, T 30 o 8 2R W s A7 T 8 2R TR R 3 A 2 Atk
B34 25 5 R G0 90, NINTE R AR T . M Bode ]
5 T 53 B T 60 AR SC T 4R 9 o SR s A I 5 BEL e e B
7R REE

40
m
o
~N
= -10 |
l\g
—-60
540 ¢ ®
N = )
R ~
= 3 S~
= _;’lf————
~ 180 | 1 | 1
10° 10! 102 10° 10*
Jii% / Hz

OEETA T, @R E I 2,@ TpLER 7

E7 Z%BodeE
Fig.7 Bode diagram of system

4 RESH

Ohy 86 IE T B A SR M T LU R 1) R T R 7 1
i AT RO, AR SO T AN R 1 T B ELRE A
RIS R & C R Cl,
4.1 BEAIRZS R ISR I BT E B 07 B K

TEELIL A I O R BHE e 7 SRR S
T il AU AN 55 BELJE IE 7 A AR A B A4 i it
14 B R A e e, AR R G ) I F S e B B2
M 1O 0 P51 8 BT 7S o

520
ol | 0 e &:
550 + 20 2.1 22 480
> HHH 27 28 29
\‘g 500 L )
T 450 b
400 Il 1 1 1 1 ]
05 10 15 20 25 30 35
t/s
RETR 1, - B 2, R 3
(a) ug WIE
410 ¢

sos méwmm’n@—-%
i |

Z
F 100 | 402 % . | 3% ﬁi
B | 707 28 29
265 1720 21 22 7 28 2.
05 10 15 20 25 30 35

t/s
— ME LA, -2
(b ) Uepl (&ﬂ:}
B8 mNIRERREH R ERN A ERE
Fig.8 Simulative waveform after adding state
feedback control strategy

B8 (a) W URRAS T A B for P =3 kW, fET)
RGP, =4 kW, BT BFZE AR u, BE T-499.5 V;
1 s ISHE Zh R 47 fap 386 0 22 8 kW J5 B3 R H B AR
i MRIE 29 165 V32 s I ACKRZS S 4 il et
KRG 2 FhoEC 7 X34 BB 0F B AR R
Jo PR R R B A PIRAS 5 HLAE 2.7 s B DR 47 fay 438 i1
212 kW, SR FH BHn 4% i 5% i 47 e 4k 1F R S e
BT,

PP 8 () Al i e & T = 1.2 4 LB X L
BHLCEXRMEERE TR T, REHEERIRESE
MEEEBATIRS . EM AR R IR 2 0.15 s
JEKE R o 2.7 s B, IR 0.15 s JF K Z IEH
BATIRES o 2 s FHIAG SEBRJE PR S S s il , 28
0.05 s J7 ToR ¥ Wk 2 2= A RS, 2.7 s B 71 far 384
L2601 s J5 PR35 Pk &2 2 IEH i1 0IR A, B
FEE PR TN, AT I A BE e R A R
R N o P AR A, AR R .
A, R A EAN TR o7 P i = A 52 ), 34 n T =X



@ ® 0 & #H wE S

F41%

3, E R A, ,=-50+j130,A,,=—-100%j140,
Ay s=—150+j150,A,=-358.9, T & KX 2,
fic 5 7y 20 3 Hp A5 AR S A BELJE EE RN, 3 SR S B
LEI8/INA 0.359, HO AR HUE A o e 5 T i U
i, 32 AR S B A T O 5 3, A2 BH B Eas
I R UL B 52, 7 =X 3 A8 o) £ B R L i Ak sl
[ . T 2R 2 R 5 0 RO T 0 =8
3, RIS 25 i34 HOoR B & =X 1 2,

B 8(b) A w,, W BN A LT o 8 ) 2% 471 i Al
HL RS AE B 1 THE A 400V, B g 12 17 I 6 18 T 3 47 A
R4 KW o AHIATE i W T, S48 97 Aoy J HL R 2 25
FOETF IR IR o 2 s BE A il J %) 5 Ty 2R 671 fg 1]
MR GRS E B IEF B IPRE . X T2k
R4 I FEBH e Bie & 07 =0 F RS040 42 0.05 s
50.1 s J5 LR G IR E 215 H 2 IRE, KB e B
BIR T RGN 2 278015 s IR %K E
RGERE . R LR a0, 7T RIS ARSI
FA R 2 B 4 i)y OGR4 R 55 £ A 0 fRL R A T
FEWE S A B W BHJE BB 1 o R G AR I 1A D 32 i
25 LR B LR S C R C 1
42 BIEEHS SRR REITIE

H I, L R D9 1 BELJE 92 11 22 B 1 i e
e s B s R geh o xR T 2 umtR A R i,
AT 38 b R A AR T S A5 2 A e 0400 7 4 o ofe S R
PR IR A R ) AH TG T R R i e N 1 ) L
R R RV T1 o R AR IR S i R g 1
0 LR A B AR i 5 22 v IR S B A T B
L e w,, FIE D38 60 M0 P e, 7 BT 238G L 5808
1 kWSS T B sl ma A 7 b, HAG B8 WK 9.

502 |
496

32 33 34 ¢

B

2.8 3.0 3.2 3.4 3.6 3.8 4.0
t/s
(a) ug WIE

ug. /' V

34 3.6 3.8 4.0
t/s
( b ) Uep 7})‘()]3

=== SRS SR, —— Z R A S5 ]

9 RIEMHEREFIILL
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State feedback voltage oscillation control technology of DC microgrid

with constant power load
FU Yuan,WANG Yaoduo,ZHANG Xiangyu
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,

North China Electric Power University, Baoding 071003, China)
Abstract: Under the existing power control mode,the negative impedance characteristics of new energy gene-
ration and constant power load-side converter after disturbance greatly increase the risk of DC voltage oscilla-
tion instability. For that, the small-disturbance linearized state equation of two-terminal DC microgrid with
constant power load is firstly derived to solve the problem of DC voltage oscillation instability. Secondly,
the oscillation current and voltage are selected as adjustable control parameters by the coordination of par-
ticipation factors for each state variable, which are introduced into the duty cycle feedback link of energy
storage converter and constant power load converter respectively,so that the multi-terminal DC voltage oscilla-
tion control method based on state feedback is proposed. Thirdly, the root locus and Bode diagram are
used to analyze the variation law of stability margin for DC microgrid with additional state feedback voltage
oscillation control technology, which provides the basis for control parameter design. Finally, a time-domain
simulation system is built to verify that the proposed control method can effectively suppress the voltage
oscillation of DC microgrid and significantly improve the system dynamic stability.

Key words:DC microgrid;voltage oscillation; participation factor;state feedback ;pole placement
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