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Review of power quality indices of a DC distribution network

ZHANG Zhi', XU Yonghai', ZHANG Shicong', FEI Juntao®, ZHENG Xian?, TAO Shun'
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China;
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Abstract: With the integration of new energy sources and the continuous improvement of the controllability and
flexibility of DC loads, DC distribution networks show broad development prospects. The integration of a large number of
distributed power sources, sensitive equipment, and power electronic devices imposes stricter requirements on the power
quality of DC distribution networks. This paper introduces the typical wiring structure, voltage level range, and control
methods of converters in DC distribution networks. Based on existing references and standards, it analyzes the
disturbance mechanisms of power quality phenomena in DC distribution networks and proposes a more standardized DC
power quality index system. This system is divided into two types: variation and event. The variation type includes
voltage deviation, rapid voltage change, voltage flicker, voltage imbalance, and ripple; the event type includes voltage sag,
voltage interruption, and overvoltage. The measurement methods and limit requirements for DC power quality indicators
are summarized and analyzed. Finally, the future research directions for the index system, measurement methods, and
limit requirements of DC power quality are discussed.

This work is supported by the Science and Technology Project of the Headquarters of State Grid Corporation of
China (No. 5400-202258419A-2-0-ZN).
Key words: DC distribution network; power quality; indices; limit; measuring method

0 35

EL IR L AR D B e Ty 2R G R A
7y, CAELE i AUl it s 4 5 20 A AL
filf RE 5SS ELUR T AT LA A S UL L I B EL A AN [R] 1R 55
RN B L A R A, LR HL AL A

EgUHE: BRLMNAEFALR A T B (5400-
202258419A-2-0-ZN)

FEFF AR 52U A DA ) S AR i (5
AEE LI G By 26 38 ) 1) R 3 ) e d A7 (¥ g 1017,
HA DR R ZHREER. L5 R
R0 M JE Th R S 3801, R A A AT
REE ) e R 5] A REVR K UL 40 S
Kk, K. MEE. P BAR. HESE K AIZ
O e LU HL R AR SRR 7T, R B T T T fee
TREFITL, CEMIRMN Tk R TR 2R
JoH SRS /NG TR S B v TR, Aok



TG L L RE o TR AR T TT SRA - 173 -

B,
HIAHE TR R EEEINE G TR R, &%
AT EE,

b HOR R 2 7 A1 SRR A A RE R 2N, LED-
AR BEhO. BT H A EHIR
g K L, ELRAC X I AR
FRAE, L BE R B s 4 E 40, AR
ARG R T HPkik. SCER[13] = EAH T IR)E
B ATIEAR AL R BT SRR, DU E Py /M E
BRI TAEEAS . 2014 4E 11 H, IEC SMB %
WAL T TIEC/SEG6 JEAL GE e B W /4 R F8 T
flitl, H'5 IEC/SEG4 (K& EHm T/EH R %A1k,
TF R BN AR SedrdE TN, 2017 48 10 A,
IEC/TC8 1EMRZ i B 142 F il a7, TEC/TCS
WG9 TAEA, % T A4 3 B0 77 B A B A 5% i)
B, HAEW KB EREC P ERE R R et
FAR 2, 2021 451 H, AR ERE
HHL [0 7F L BE R S TR AR A . HLRE S I B
EMC 7. MRIBET . HLRERT e FE A DA S
s RV IR 9 2y T AR 1 e RS, BRI R B T
“CHE M EAR AL TUE .

SR, HRTHICHIR . HAR R B e 9 fL R
FEVEN R R AR %, BhZ R, e BT
Jiid, ELYIC R REJR E b PRAE 8 2 A fradk
— DR SCER[16 DK K B AL L R S8 HL R K
PRI T (R B A 25K
HEALTR T #E, (HX A i — SRR A R R
ff R . SCHR[ 171X 28 BLIA FELRE o 2 1 22 S 3 AT 20 M0
IRIEAC LR RE R R R, X B AR & P 1 R R 22
gl RS SN HEA T R
BUREAT 758 Lo SCHR[1S]IEIR 1 [ Py A 9% 1) B
JHC L RE R AR UE RNV 7R, RGN T B
CEN SN A D I e iy SO C e Rl = I TN A
BEIME, FsiRKINARE EN 50160 F1 IEC 61000-
4-30 HLE 5 =0 B AR 1R [ PR 01 2 DL TP AR X
— AT — YD L, DME TR AR BT
o 3 A B (1 T R 18 6 B H X
SCHR[1S)$E 2SS LLAZ I TARPINE &, 1 B3 S 20
BH “THREY” 2N 20 ms, F TS558 HiRE
e B W VR G — . SCHR[20]HK 38 38 17 9 2% 1)
AR E VL, SEBAG T EEE R
T8 FH R AR S L SO P Eh B S I VAT R S
o H I e L YA L DR L R P PR AL v 8, Sk
[2 170 5% [ 7 22 97 FH ) LI PR R 22 b SR 1 17 22
W AMEARE S EESER N BEERE. Q. BE
BIRE AR PRI PR, LI AC R R bR v 1 ) o 2
7 5%, HREER BN IE 2P 4 BT

FLBE o (1 DA AR SR B ) 25K

ASCONS ELIAUC FL I R RE T AT 450k, N T
TG R R A S R A e R I A 2 9 ] L B
Tias pFE) U7 2, 0 BT HU R Y L RE LR
BATIIR, FEERREmZE. BEATE. B
Q) AN VS VSR A o ) I SN E RN B NI IS S eSS )
B2 5 R N PP T I S (0 AE LB AT M 5 A
e th T S O VE I BRI L X R RE S B R AR AR R
I R AR 5C 225 SCRR Bk AE Xk ELIAUC F ) F
JFE RS I TR A TH D505 DR T AR A 22
RFATAM G568, FEX DU B EL S HL ™ HLRE R
AR AR DT VA RAR ZE 5K i i s ) 3= 22 1]
TR AR KM T 7 11 AT FE

1 BERECE MA

1.1 &L

BLIRAC HL R AL s R TR AT 73 B S A
AR e, AR 2 K ST 73 R AR R R SN S5 A4 A
X PR AR ARG OLIRY DN XU S5He), BRI
2l 1 pR. RS T, BT IRk
FEAEARMNL, PR I F IR TR N sy AN
AR S P B L AN, (AR PR A AT
MBI, N T R R R A

DC AC

AC "1;"”2§_‘DC
(a) JEXTFR AR LS W
DC T AC
O\ | |\ o=@

AC %_— —— JT-__ DC

(b) XS PR AR (D XU ) 2544

DC AC
AC DC

O |

DC AC

AC DC
(c) ML

1 ERACE ML EN
Fig. 1 Wiring structure of DC distribution network
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Fig. 2 Schematic diagram of master-slave control
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Fig. 3 Schematic diagram of margin control
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Fig. 4 Schematic diagram of droop control
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Fig. 5 Power quality classification of DC distribution network
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T E BRGNS R, DA
THAFEHRERRIR, SINFRSBHIE T AR H,y, 1
BEEIT3 s (12)FTR

H,, =Y s100% (12)
o,
K, U, 9k IREUB RS T7 AR
X TSR R, AR Se e B R E T ELAR
FL YR 11 AR50 2 2 P R 4 o, e S5 gkt
JSEFFD A DL I AR AR FE R 1R T A3 R O 1 U 0
JEAR . X T Srs s g E 5, & 200 ms fEN
LU I R R AU, 3R 200 ms P R B AR A
KME U, (200 ms) Flf/ME U, (200 ms) , FFit5
U,,(200 ms) =U,, (200 ms) — U, (200 ms) . ELJLH
JE B B X S s T SR AR U, (200 ms) M1EL L EL
BRI BIMRMA U, (200 ms) AIEE XS 200 ms (1)
FLIAL RS HEAT A0 20 A B T SUR AR
SCHR[S 1182 RSNSOI RE . mIRAT BRI T,
IR ORFR BE R T BB & rhoi il s 1 1) 2, 30
T BB HERR
*4 RWHR

Table 4 Test grade

i AR ELTARFR B 1 5 U %
1 2
2 5
3 10
4 15
X X

e X7 RPN, WA R PIE

ANFE IS S0 HL R AT PWM I 1)1 B 5%
AR e, JHL T P AR AR 42 i ZE N 5%
(36 B P9 B3, SCER[S4T0F 48 VLI A A4t e, F
R BRSO R, BRI DR A o 0 H
AR iR, XFSUE HE IR IEAT AR . 48 V HIREL
PR IR 5 Fion. B3R 5 alhn, xbF A RS
ML, FLBRAG FE AR 3G KM gk, 784 B T
AL 1) &

®5 48V EHRGUKRE
Table 5 48 V DC ripple limited values

$i% /kHz S R (W) 'V
<1 8

1< <30 6

30< £ <200 2

SCHR[211%5 H 1 355 [ ¥ 25 1 ELUAL Al L 43 11 s o
MR . e P LR AN [R) B FE s S5 R S0 L
PRIREFRAE, WK 6 Frn. R 6 Al%l, MEHES
PRIIE R, 0 SO He AR A BRABL S A 15 B
FELIAL v P 55 20 SO R T B R BLIG,
DRI B9 o FL PR S 0l o 5 HL AT B R 48 L),
171 L7 10K PR S5 00 ) B e N UK ),
DR e o R R A, LR B R H

6 XH 21| BN AR ERBEFRLUKRE

Table 6 Ripple limited values of different DC voltage
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Fig. 8 Rapid voltage change curve in DC system
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Fig. 9 Rapid voltage change measurement method
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Table 8 Relationship between fluctuation frequency and

fluctuation depth without influence
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Table 9 Relationship between fluctuation frequency and

fluctuation depth under low risk conditions
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Fig. 10 Luminous flux over time and flicker depth limited values
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Fig. 11 Flicker measurement function diagram of DC system

e 3 IEC N AR SO0 BLIR 6 IR 1 N AT A7 AE
JRBRME,  SCHR[66 ]38 I TR AR A3 43 ff AR Y S 561 6 ok
SRR € A1 (AF 50 Hz BEEUSHIR) B %14 T
CFL #1 LED [JGIE &R R, R B RH 5
BT (R 5 R ST )V L R S 8005 6 18 B shiR A
SZIEMRECER, WX16)n, Wit iZREee
RO EAF R SECR R NRE, Z538)
FRGWANRE M RRGR 8 MK 9)Fr]FAT VAL
30T

Fop = f(my, - f3) (16)
KA m, NN SR f, AIEERAR .



ik R, A

TG L L RE o TR AR T TT SRA - 181 -

4 BHEERBRER=E
4.1 HEEEMERIERPHT

BB . MIRThR AR, KERER R
A V) AU HE BN A5 35 ] 3 i LI R R P
Zrp T, e I R S 3 R T M T R
FE. SR E A2 5k,

SCHR[68]FF S A8 It HL R BT B IR SN LR
Gt rp i T 7 BIARME SR B2 0.1~0.9 pu,
HAE 5 BT 22(10 ms~1 min)FIK B IE# I % . Xt
TRz B R T SO B RGE I S T
AR 5 ARG SRR PR S 0.1 pu. LR, FFEEE
FFELE(10 ms~1 min) 5 KR IEH MG . SCHR[S1E %
SCHR[68]FISE S, 45 HY T ELIAL H S A AN e P e b
HI5E X B LR % — R FF2E(10 ms~1 min),
JE T BEMEAE — BN AR FR R 1 10%~90% . 5 B B}
28 1 R AR B ARFR R 10% AT, WY E R HBEE
JELE BT

NAE H R MR L DX 43 HEL Rl 2 R P P B o, &%
& B LR PR E RISCER[22], 18 IEARE B
Tic FEL 4 P, P %27 P26 BRUEL ) TR B A 0.8 pow o 483052 UG
JE B L ) R TR s BRI A R
LI R IR E J AR BRI E 0.1~0.8 p.u., FFEMEE 5
4210 ms~1 min) /5K & IEH IR . & R
N BEIED R R B R A AR PR
0.1 pu.bl'F, FFFEMEFFEL(10 ms~1 min) 5K & 1E
WIS BRSSP REEWE 12 for, B
Fu() NEREERE; o, NERSEHEE.

Au(l)

1, [

§EEH‘TE!HJ£'T'DIQ&k

P

~v

0 i: »le 3

[ 1,

E 12 BEERESFEREE
Fig. 12 Voltage dip and interruption diagram
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Fig. 13 HVDC voltage tolerance envelope curve
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