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Adaptive current differential protection for active distribution networks accommo-
dating high levels of PV integration
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Abstract: The large-scale integration of photovoltaic (PV) sources into distribution networks alters the differential
current and braking current of line differential protection, leading to a risk of maloperation in traditional ratio re-
straint differential protection. This study analyzes the changes in the fundamental-frequency current amplitude and
phase angle on both sides of the line connected to the PV source, highlighting the subsequent issues with traditional
current differential protection. By deriving the mathematical relationship between the ratio restraint coefficient and
the phase angles of the currents on either side, as reflected in the critical operation curve of differential protection,
the paper proposes an improved adaptive current differential protection criterion for adjusting the ratio restraint coef-
ficient. A simulation model of distribution networks with PV stations is developed using PSCAD/EMTDC to test the
proposed protection strategy, demonstrating its effectiveness and reliability under high levels of PV integration.
Keywords: adaptive current differential protection; ratio restraint coefficient; protection adaptability; high levels
of PV station integration; line protection

0 55§

B XU 1 22 A F AR B S0, DG ARAE T
HL R R A LB R . R 20234F6 H
A FOLIR A AN A S 1.9812kW, 24

HEEWAB: EXARRFE4(52107069) ; ERWHTA B IIH
PR FIRH I H (B311JH23000D)

d ALY 7.3%00 JUHURAE IR [ R AZ v L )
L A OGRS BT RE VR H YR A H I EE B O
PRI i, #RE 2024 4 2 H #iiT4 #iee
TSk ) Bl 5o 4 148 7 kW, HiHp Ak
HLUt Ik 3 562 71 kW, 43 KOG 5 804 2247 .
ARG A, Jry st 1] B P i v E I B AR
J1iK52 058 T kW, i S FHHL A {1 25.50% ¢

SR ARAE 53 A ZOGAR S5 B IR 47wl KRB A
JalCH M Zefa iz, M GB/T 33982—2017



514 Wk, 2. i

07 i LUK A A EE PR R 1 357 P O 22 B P 35

(o3 A R IR 4 B ORI EOR R ), 7 H o 22
SRUECE LB, ORI LR Il
P e P U 22 S R P A o AR TR G 2
S PRI ECRRE AT TS, T R 2 S T T
R 28 (B i R R A R BT AR, RN S v 4
OB AT FL TRIT B AR ) R P R AT A 2 A O° ~
90" VLR N ARAL™ o SEBr b, PR32 I - JU 5K 1
LN AR SARF R, SGAR A vl P (AL 1) et s o O
FAAE-90" ~0JE B N ™, XL A
A DX A A R NI (R L i 00 -5 2 e 00 R B FEL 3 ) A
AZERT 0%, MR ZEsh R P AFAE AR S KU o [
I, R S AT Ve MR G IR L 1 AT SR P
FL I 28 S PR B M, Ik — 25 312 AR )
B

Bl FRL IR 22 S RSP P TR, SCRRL 10105
FOT T RSO i | A [R]d J f BEL A E T
JEAR FL Bl T 42 C L 2 i I v O 22 s R 1 S 1
Rtk , 878 TS0 R 22 3 OR3P J0 Ik [R] N6 21X
PRICRRE T PR R A X AR T PR T S 1 i
FOR o SCHRETT & 7Ok L wl T 45 7 2 H I )
Dy FREY il 0 B A A OB IR B e A
B 2 T B IR T 2R S 7 ) 22 Bl FL IR DR )N
AlRE R E Sl . SCER 12 ][RI 15 B oA
PR, O DA 25 F2 ) SR et 52 T ' AR H vl I 4
P L AR A 5 ) A0 A LA BTN TR, A 22
SRR, SR R, BRI R AR ] )
AR RBUEREAR, DL LB O ELA B AT,
OIMTAS SR BT, e AT BT sk
I, A BRSNS A EE S O IRIE AR St
FLIL 22 BRI ISR, 25 G 0GR H vl I I 2 e 1
TG T HEL 28 B 06 DR -5 2% e 00 v, O 1 L3 R
Fith, 7R T 2 PN e Y I (B U3 2> X
SR ORAP BRSSO, HZRT IR
T L TRAT A AE AR R B2

BT RERAZ A L X A% 2 25 S DR 47l R 19
IR, [ A Shaia ol B T — e f g e B
BCHEHGE o AEORIPORT IR BETT I, SF i EA R
REWRI7 0 5 1 Gt [ A0 T mi AL P DR OIS 2 S
ET L R R R A AR AR
P AEU DN AR . SR, X422 Bl R BT
JE S Z AR TR E T B RIE . WA RS IE

e B ) 5 SO6H% Gt B i 25 sh AR B S 1
PEIEAT R, SR [20 1) G AR S5 306 AR o 5 BT 42
24 I VP A e 65 L S S (AR AR AR AIE 4 ) i s
FE, Ot IR 1L b 1 P 22 sh DR s A (R R
X2 8T 4 6% A i % P TR R B AR AL R AR, IR
TR0 B J1 865 FL 37 A A A8 AR X R 1 5 i
Bl AR Ll 2 A ZS S BN, F A AR AR AL
R X AT R 0 5 T N 25 A0 o B I ) R
T2 3 0 o R AL e L R 22 sh R B B R S | AR
S5 AME TS, DLSCPE S R R 6 5h R
B, B PR X SR R BB IE B s AE 2,
RSO 2 1 A B RT3 T 51 ARMZE R b B, 7
W ity 5 B 7 5 T AN B 2 AN A RGA T iE— 2P
ek,

R, ARSCES AR H s T A S U
FEL L T (R A B DG R L 49l DA 1
15 L 1 1 AR RSB AR H B A% G v I 22
R SER R, S T 2R
Priilfe Bl Hh £ bbb i Bl 2R 50 2 v o ) e 9
I Z B A e 22, TR T — o 1y e e
G ER: B 3l 422 A B9 T R DO 28 B 19 38 07 FEL 9 2 Bl A
PO, )5, T PSCAD/EMTDC #4174
SR H 3 A0 A TR C H X R R A LR, IR
T4 08 CR A ot SR ms AT T, AR
S S EE MAR R AR . AN S L K
ANFEGER ST, W T 5E5 R R
PENVERFPEAI L, B4R H O 25 s AR el ) 4 L
AT AT REE 5 R A

1 fREBRENRIPEFERES

1.1 RABIEERBRTHENE
ek & v 2 G0 0 I I H D 25 4 B AR S48 i)
WE 1w, ZBHIET DC/AC # A #5 M
FHTE . HLRECRE R DC/AC 3075 g % FH I i 71
J¥ LR A R R, REOYGAR B YR AR E F FLR
SARPEFR E R AR OBIR & H ki A ) R R
B YIRS ) AR h E R R S
EN A
=K (0.9—y,) ] . (1)
K Ko hshZS s i el 25k, HEUE L
H1.5~3, AW A 15; yo=ub ./ Un NIEAR



36 iz k2

44 %

I MR R R B, b g e IRIF
RAERFHIE, U W ICIRIF MR BUE R L b
TEARAL B HO A E HL I o
1P AR g SN O LR LR R, T
FLU R L 556 IR L BTl 1Y) D377 £
LES ¥
Ui _p

U pv va dr pv g—pv (2)

K U NEHWMBLAE; CoNERAEE;
P, CROGHR & H S Ic R % P, B DC/
AC S i th 21 G Th 5

A 3 42 ) B R H R AT SE BB R K L
Juk DR AR RO, MOGAR A i o Y
Y% P, EZl DC/DC AR Fi 5 19 MPPT (d5 K )%
PRI )l RZ 0, SRR, DR PR
DAL 398 702 g POl I R P P, D R AN 2 %
DC/DCZE i g i MPPT 454l = Az 5, {H R385
it AE A B, — HH b A A F A A AR I
T NG W2 A 0 S R R R (R
X RO A A IR P, N TR
JCIE TR P, HRALE RS ST, —B
L L S 1.05 poud BSF, R S E O A A A

—P

— P S — —_—

F L BTN A 2273 RE S0 TH A6 A5 1407 LS FRLRHL
DN N = A E R W RO R AN B S RO B
AR PR R B A LB P U A R . DGR R L R B
JIT i P4 g P A ) R L 2 52 1 R IR I 2 1
SO, ORI B Y 1.2~1.54%, HEH
U BRI AR £ 2 232 A e AR B A 0 D) L IR /N B
HLTBR IR VR ST S A K

MRAERT ST, ATHE RS DGR R T SR 3t
T 25 L B L AL MR (LR IR X

1=
Z/PS\' +( JESvayval(O'g 7 yp\r>)2
,a=0
3 7oy Ug»\l —pv
— ZS\FPV —
I“m—(l.z 1'5>3UgN7pV’a_1
(3)

P o=0 N AL FRIEIN T R KRR, 1T o=
1o AL e BRI PA T A B AR Sy RO GAR L TR PR 51

TER; Upep FOCIRELIEIF M RUE fL
(RIS PR FL sl i fi 146 e oL O 1) A A 5

o 4B B R 5B o

O
e ”_“—-

T

+

Q=0
DC/ACAEF a1 il

B1 SREE RGN R HEE

Fig.1 Topology and control block diagram of the photovoltaic power generation system
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Fig.2 The topological structure of the distribution line with
the photovoltaic power station
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Fig.3 Curve of the operating characteristics of current dif-
ferential protection
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Table 3 Comparison of the operating conditions of the two
protection methods at different fault locations
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