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AT, PN T EE R A D T S R B L R T A AR
Ao I H YR B ERAE R B e MR, H i
A kA AR AR, ShAS I N A, RGBS PR B I
RELC I 2l [ Mg TIHE 1] DL R s rh 1 A4
3.2.3 A AAMz

5 A R P BRI R A M A [ 2
WHESE T IR, 5H RIS E0BE M g #h
FEAE L AT S i B etk DL shaASm i ek . &2
B FME g A ] UL SR T AS
3.3 BitinpHE R AMEE AR B
3.3.1 FLBEAMEARR

BT BHAEAME PR ALY Py~ U, T TEIRT HLR S
PRA Tl 38 Rk =L (20) R, Hi 4y 10 4 il #5275
#ik X5 P-U, TR A AHE

k.sRy,.
P_Prcf_]dc +tw

N

(20)

Udc - |:U dorer T Kdr

Irlrcf = Gp (S)

c

XF 2 (10) A= (20) gEfr etk Ak, B X (17) n]

AV a(s)  WLRESR AR (A2)
P-U,, T T 45 i 2 T B AL AN Py, —U,, T TE
Pl 2 e th 2 an &l 3 s

04 r
- — Ay
TN
02} 7 B
= i
g 0 i {
-02 } il
5

~12 -10 -08 -06 -04 -02 0
Sk

B3 B LEMEME R RERTR &
Fig.3 Nyquist curves with and without

resistance compensation

P P 3 AT AT, 2 I £ B R BH S O [R] B, AR S
&t A T B AMEE P, — U, TR TR 4 25 22 ke
i £ 5 0 S 0 28 57 T 5 (=1, 0) B9 A, DAL b
PG B R GRS
3.3.2  RuPEAMEALA

[ B, I F R AME R P, ~U, T TR



@ L/ AR {7 G-

%4045

Fhy PR A1 BF A7 D ek Rt (21) BT R, Ho A
BRI PoU, R R A A
L=V ~[Us + Ko (P=P = 1sLy, ) [} G, () (21)

X2 (10) Fal (21) #4752k M1k, 4R I B 57 =X
(7)1 4538 P, ~U, T IR JEPERME 0 sh 25 90
PRELAY, .. (), WLFfF R (A3)

P-U, A H AT B AME P, ~U, T IR
il 79 2% 2 Hi R il 2 DL s 181 A6, FHIRT A6 AT,
4 B 2k % P TS (B A () B, AR SR M 1 36 U
PERME P~ U, T4 0 2% 45 1 i 42 15 6 Sl
MY A8 AL T (=1, 0) A ], PRI RMEE S 1) R Ge R
EPEE AT
333 AAAMEER

BT E GAMEREN Py~ U, T IR HL RS
WA ohama Fak A (22) Fr R, HiA 164 il 455 7Y
FikXE P-U, FER A XM

L= Gp (5) { Uje = U s + K, X

R,.s
P=P. —1,|sL.+
stw,

XFE (10) #158 (22) AT 4 M4k, S8 J5 16 S X
(17) 01138 Py~ U, N HEIRTT A M Bh A 794
PRIELAY 00 (s), DLBFF S 20 (A4) S

P-U,, T BFE 6 AL T 2 G #ME Py,-U, T I
P il 8 2 2 107 R i 2 UL B S IR A7 FR B AT T
I, Y B A M B | R RS BB A R B BT S Y
BT ZEMEP,,,,~U, N EEGIN S E RS
TSR BE A T A (=1, 0) B A, # M5 B R 80
FoOE AT
3.4 PFEEIMERREMES
34.1 FMUMEAMEF F A 4M2

PRASE BRI A DA RS2 A 4 M S B R] , 2 Ffoh
P Y 25 2 R il £ SR B A8 B . A
AT AN, ZHH R S LT, B A AMEFE TR e P
BCRTINZR
342 RoMAMEFe 5 oAME

PR (A AMESBOH A, 2 FloAMERL Y
ZE AR 2R N B SR P R A9 BT o H T A9 T,
PREFSEHE R RS OU T R E A A MR T B85
FeoE TR RCR EmaE i .

25 LTk, FLMZ B S EE K, RGERH e R
AR 55, 1 3 BELE BRI R R 45
il SR W 24y ] LS = R G BELE , E s B B i R G0
FoE MR, L2 G M3 A5 B PR FIBH PR A M 1Y
DL, Rk BT

(22)

4 HEWIESSHT

3T DIgSILENT {5 B -5 iy i 3 =X LR
HLR G A 4 FoR B #i Sk AOR R SRR 7
6] o 2% JE A i M) UAS [N 3R, LA U 08 I 1K 1) it
REFIVE NI FEXT R, BA — B Lo XL R
PR RLHR A 0 ) R FH LR Y P-U,, T 2 5T RE
PEAME R Py, = U, T IR JE T IRAEAME R P~
U, FELEHI LT =S AMER) Py, U, T EEEE],
TR A 3 e U 45 4 42 i 2 B AR ] e rp
il RGESHCNM s AL PR, B L R 240
[ R VS T NS TR N K o Wl R e
Yozl i B Sl 7 0 LA SR AR P 52

B ZE

A
C/DC o B i

B WL J @

R L R, L,
¢ £ ;Cf U,
i} frabi
eyl e BB 52

Rf Lf

G R L g

B4 EHRERZRZEGIZENE
Fig.4 Structural diagram of DC distribution
system example

41 P-U,TEEZEHP,, U, TEZES

i LR GAE 4 s B} ELIR G far 35 11 10 %, 20 s B
HZEW, HIHEEIEIEEE S U, mIE S A,
TE 4 s B B 0 ey 3 R S BCE T R I B R RS R T
P-U, T 340 BHLJE Rtk 55, 20l 2 40 ok &2 Fa
FE o A RME B B R R M i R IR e T
DI HEEE R iy RS il R GR35 , SCrE T fap 15 K,
AT LA 2R e 1k 207 0 R e RS 1k 9 58 43 % L 1) 2%
Z W h 2 LB SR I AT

0.44

Uy 7 kV
o
(%)
o

0 4 8 12 16 20
t/s

Es5 P-U TEEFESMETI. GEERBERFEE
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with and without composite compensation
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Stability improvement method for flexible DC distribution system
considering comprehensive additional damping
WANG Lin,PENG Ke,LIU Lei,CHEN Yu,JIAO Ticao,LLU Maozeng
(College of Electrical and Electronic Engineering,Shandong University of Technology,Zibo 255000, China)

Abstract: Modeling of DC distribution network is the theoretical basis to analyze stability issues, which is
of great significance to the operating characteristic of system. Based on the DC distribution system with
typical P-U, droop control,a small signal stability analysis model in term of dynamic admittance is estab-
lished to investigate the influences of the DC line resistance and inductance parameters on system stability.
Analysis of the ratio of output admittance to input admittance of the system is provided to evaluate the
overall system stability based on Nyquist admittance ratio criterion. A comprehensive additional damping
stability improvement control strategy based on composite compensation is proposed. The system stability
before and after compensation is compared and analyzed. The time domain model of DC power distribution
system 1is built by simulation software. The theoretical analysis and simulative results show that the pro-
posed method can enhance system damping and suppress system oscillation.

Key words: DC distribution system;damping compensation; droop control; Nyquist admittance ratio criterion;

stability analysis
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Table A1 Parameters of control system

A R Hfl
ERITES 3o 0.34
LIV ASEIN
o RHEK;i 34
ERUES g’ 0.205
HL AP IR U R Ky 4.27
T REL Ky 2

T A2 HiRBHEMN S

Table A2 Parameters of a DC distribution network

HA R HfE
ZENAR AT RUE Uy V 220

AL 9 R A 2
B R A UE Uge V 400
LR HLBH Ryine/Q 0.15

FLIAC HLZR B
2 1% HLR Ljine/ mH 0.2
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