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Control strategy for a DC micro source virtual generator based on adaptive parameters
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(College of Marine Engineering, Dalian Maritime University, Dalian 116026, China)

Abstract: There can be large fluctuations in a DC microgrid bus voltage caused by distributed power fluctuations and
sudden changes in load power. Traditional virtual DC motor control can suppress bus voltage fluctuations by simulating
the external characteristics of DC motors, but the dynamic response is poor. Because of this, a parameter adaptive virtual
DC generator control strategy is proposed. Taking the Buck/Boost converter as the research object, combined with droop
control, a virtual DC generator is applied to the multi-converter parallel system; its small signal model is established, and
the influence of the key control parameter changes on system stability is analyzed, and the adaptive adjustment equations
of inertia coefficient and damping coefficient are derived. Finally, a simulation model and StarSim HIL experimental
platform are built. The results show that the proposed control strategy effectively suppresses the DC bus voltage
fluctuations and enables the system to have a faster dynamic response.

This work is supported by the National Natural Science Foundation of China (No. 51709028 and No. 51979021), the
Fundamental Research Funds for the Central Universities (No. 3132019317), and High-level Talents Innovation Support
Project of Dalian City (No. 2019RQ008).

Key words: DC microgrid; bus voltage; virtual DC generator; self-adaptive; small signal model

0 35

I8 5 A A RE UL AR L LR A 85 1) L) I 2 ™
U5, LI eV A O I A R B BORA 2 1T
2R, MEEAZ SRR, B O R B I 5 KN
BREGHTREIRIN, HATLAgD A . FRRHAE. 12
e TR PEANAT SEVE . O A LS A, HL R JE i
st H ) R EAEBERBEER T, # oA

HEEE: B R aAAF 4298 %85 (51709028, 51979021) ;
Pk @A AR L 490 £ R T 4 (3132019317) s kT &
R B #7 3 K9t %19 B K 85 (2019RQ008)

JEISTE I SR PEANBEJE 1) L TR AR N
JEREZR, Ui A A IR R AR s, DR
AR Z R A TR, 314 0] EL I B 2% T 3 e
KU, JEI AR, AR T B R M m
FaEiafTrel, Rk, 3832 AR B i B A
OB, /N B2 L ()98 20 % FEL 3Ll FL DR O A
SEIEAT B g e,

RE AL EL AL (Virtual DC Machine, VDCM)#%
)38 I DL B LA SRR, A RS LRSI
PERIBEJE S8, 7T 23 A e H ELRUR FR LR g 4 L
TSP, SCHR[12-15]4 HY B2 400 BV FE AL
i, NG IR TEfERE LA S I, H T RRLR R



sKENRE, 5

T 2408 1 ) B Gl R POUR R TLAS ) SR - 91 -

JEW B . SCHR[L6]7E BE & B H 2% 1028 B R A&
PUFD R AL, 7R B R ARG PR AT R
G AL IHERIBEJE . SCHR[18-1914 H T —Fhduidk
(R GERE ) VDCM #5155 0%, AL 4i 11
VDCM il i, il i 78 g il s i N Z 3 M,
AT DA i LA A A IRk 67 2 AR A RN AT AR R YR
s, SR, IR SCERI A 4T VDCM 15
S0 R A K 28083 2R GiAasE PRS2 . SCHR[20]
58T 7 VDCM #5452 ECR FH Je REC R4
FasE YRR, AEBTINN VDCM #H S 1R T R4
I ENE, (HARSEBNSH R it SHhE
Frthi 22, X, SCHR[21-23)7% FE S E & N 1 R
PR e, o T I — i, (HAX R A AR
W4T T 1], HAH RSN E k.
EIIERE |, A DL Buck/Boost A5 #igs AT 5T
TG, RPN R FATLA i S 2 B AR Y 2
BHIIFBE RS, VR HT T B HI S 500 R
GARENEMI RN, FRHE PP S A A i R ] R,
e RS ASRHE IR T CHE AR . &
Ji » S FURSZIR ISR 1 BT PR ) SR 1 R

1 EMERK B R

1.1 B ERLZBIER

Kl 1 R B K LS, Buck/Boost ALt
Ay SR — A g 4%, J e A\ 20 AT =R IR,
JE U N B RES AR AR iy 1 19 4 ] AN L
AR AN o

Kt E NHAXEZIH: U R B L L
la JYFEAX HELIAL; Ra A A FEL R s Uy A FEL DR S H HE R 5
U N g B T s 1 A FERE S R 1 7R
LR H IR Ly RO S8 1 H s S L 77 AR
HFH; CAHE; Siv Sy NTFRE .

b
nal
L U
o
2
L o

1 EMERALBHIRE
Fig. 1 Virtual DC generator model
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Fig. 2 Overall control block diagram of parallel system
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Fig. 3 Control block diagram after adding virtual DC generator
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Fig. 5 Small signal model after adding virtual DC generator

] 5 32 AL i pR A HE T 5 R
I 1(s) d’

T (s) 18@=04()=0 " CLs? +CRs+d” “)
1, (s) ,d"+CU,s
= (s 400u00 T CL? s CRs 47
u U,(s) —(Ls+R)
© i (s) [a0=0de=0 “Cls’+CRs+d? ©
a, (s) dU,-1,(Ls+R)
w d(s) 140k 0 “Cls?+CRs+d? ()

C, @R, (k,,s +k,)

ref

T R 1 (Cl0%w, 1 DRa)s )
u
G — _—ref
RU, ©)
K,
Gy =k + 2 (10)

X Koiv ki AR PI A2 23 L9 SR BORIAR 20 &R
B Kous Kiu AHLE P36 2% 1 BB AR 2 R 50
Zoo 228 IR % H BHHT s Ga(s) 2 HAX FEL B 35 s 22
AE X BRELR L R 25 AU (4% 56 R
2.2 IMESESREMS
FH /M 5 B 8 ] DLAS 20 N R $U B K H AL
2 1) J5 0 A A 328 BR O
H
G, (s)=
1+ G (5)Gyy (8) + G, (5)Gyi (5)Gy (5) + H
(11)

AR Y 25 PR A S5 30 H BH LA
(G (8)Gy (8) +DZ,, (8) = KH =G, (5) Gy ()G 4 (S)

Zyy (s)=
1+ Gy (8)Gig(5) + G, (5)Gpy (8)Gy4 (s) + H
(12)
7N q:‘ :
H =G,(5)G,(5)Gp;i (5)G4 (5) (13)
Hid (1)1 J=0.05 H D B 0.2~5 {13+
S ASE, BAK D=1 H J L 0.05~0.25 [ HFI3F T
WS &, 6(a) R El 6(b)FTs.
25 0982 d 0.962 0.925 086 072 045
20+ X"
151
10 ¢
5r S, S S
?’E 0F S e e . |
i |
- ]O S
15+
20} .
725 (),‘m.’_. | (J.‘)f\l: 0,“):5 le?<(| 0.72 § 045
140 -120 100 80 60 40 20 0
Sl

(a) J=0.05 H.DHL0.2~5 N (14 PHER ¥ 545 s &)



ikEhiE, & T B E LR B R R AU A F L ] S - 93 -
0.4
16 : ()_‘)‘)‘)‘ * 0‘.‘)‘)‘) ! (l_l)lﬂ '(l_904 ;)_‘)84 0_[74() — I[) 0.2 l
121 U3} =]
— D=5
8r % ] 02+
1
4 -
= Py ; F 0.1+
£ «— > <
= 0f - x x ,. = 5
a8 [
4 K
8+ L 0.1
124 w -02
16 i 0. ))‘) (J 999 i 0.! 90 ﬂ 994 () 984 0. )4()
500 ~450 40() 35() 300 250 -200 150 100 -50 O 03
Skl 04 | ! 1 !
(b) D=1 HJH10.05 420251} [ PR 3= S 4 4 & 04 -03 -02 -0.1 0 0.1 02 03 04

6 AIFESHLE
Fig. 6 Closed loop dominant pole graph

YE WA EET AN, REREERK 4
T EW AT E LR, Rafae . mE 6()
AL, 4 JH0.05 H D HL 1.4~3.4 1, RGiAEt
Behf. mE 6(b)RT %1, 4 D H 1 A H J HX 0.05~0.15
W, RGiFaE MRS .

TEXT B 5 AR A8 A5 M2 M i st b, Dtk —
W24 I F D X IR R Gute s e, K
Middlebrook Bﬂfﬁ Hﬁ%ME Eﬂﬁﬂﬂﬂﬁiﬁﬂ* Tm=2ZolZ;
HIWT RFE IR E M, X Tm 0 Nyquist 246
(—1,0) HT ’ /% éﬁ &» :J: jE% }TE ’Ij( o Zo= (Zout+RI|nel)//
(Zout™Ruinez) U5 - 155 255 HH BHLL s Zi )9 A7 3800 45
B NFET, BPE 2 o B BRI H B ) S R
BHFT

7.(5)= LCR,s* +(RCR,, +L)s+R +R

1+CRys
S, Ry, =-UZ/IP,, B SR HE OB D) 47
FPHAE, P AMEIIR . %0 J A1 D B R4t
) Nyquist fiZ& & 7 s .

MEFRTLLEH, REEH Nyquist 2L
(-1,0) R Hyp A, BA RIFRENE. 458

0.4 T T T T T T T

—J=0.01
03F —J=005

—J=025

@ (14)

F il

| 1 |
-04-03 -02 -0.1 0 01 02 03 04
Sl

(a) D=1[1JH10.01~0.250} Z 4 (1INyquist [ £& 4]

S
(b) J=0.05 H.DHL0.2~515 Z 4 [ Nyquist {1 2% [4]

7 HEERS Nyquist HhZE

Fig. 7 Nyquist curve of parallel system

TEET, Nyquist #2852 (—1,0) A7 B G B AR,
UL ZR 80 I FIPH & % D 7E — e U [l N AR A AN
SR FFIR ZR G R E TG S

3 RENERLZBEISHBENES

A& 2 1) i 400 B Y R FL AL 4% ) SR s BB AR AT DAY
Pl ) B B R B s, (H i I R 5
J FIFHJE %0 D £ MEEALR, 25 3BhAS N
ZEo NREPOZIAE, $RHTHERTSEEENKE
B AL ) SR

HH T3 K I F D Al A R G A4 i A5 1 A H
Je, BEmFEIEesh(E S X R R AR, e R
LR WIIG B BIFN B, RABORE I D kN RS
PR R B R P JE S 4% o 7 BEZR B MK B B
KA/ 3 A D DLIRTHRAR M A i SLH S o
TiZyEh B, 75 I A1 D #4 5I NS &Rz,
Hapymhs 5K 3 —5.

e LU LS E B @ R T R

JO d;JtZ 0

J= (15)
J, + Aarctan|—= du, | |49, =k,

dt

D, ‘dd% <k,

D= du, | |du, (16)
D, + Barctan pm 0

ﬁ*dﬂﬂ%ﬁ&%%%T%ﬁﬁ@E%ﬁ%%%
H i A FIB IR REG AU, /dt] Ay ELi BR U
AL AR, I )8R KT B S £
ko L HI UL



-94 - €& REP B A

CAGRI AR RGN, BB B R AR 4
XHEIE 8 F,  to~ta B BOYBRER B BRVE BT B
ti~t B BOWRHEG U ISR B B o B0 B BIAE ko fEHAE
TR B [dU, /dt], FERTRIE ) ta~ta B,
AABE RS 3 ANBHE R % D AT B IERETY, HE N
ARGURPERIEL G, S0 REEE B IR SRR 8l A
ezl HARWBUEIECNUE Jo M1 Do, HIT ta
I ZE R HE AN I BL SERTIN 3 AEAT D fE AT
— B INER BN A S L o

1200 T

1 0001
800
600 F

400 ¢

dU, /dnyvV s )

200+

200

1.95 2.00 2.05 2.10 2.15 2.20
s

& 8 ERtF&EETHRENERE
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