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Adaptive Coordination Method for Line Current Protection in Distribution Networks with
High-penetration Distributed Generation
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(1. College of Electrical and Electronic Engineering, Shandong University of Technology, Zibo 255000, China;
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Abstract: Under the impetus of large-scale distributed generator (DG) development, the deployment scope of DGs in
distribution networks continues to expand, gradually establishing them as critical components of multi-source power sup-
ply systems. Meanwhile, high DG penetration enhances system flexibility and reliability; however, traditional current
protection schemes encounter challenges such as protection miscoordination, maloperation, and failure-to-operate, due to
DG output fluctuations and wide-range load variations. To address these issues, this study proposes a K-means++ cluster-
ing algorithm that categorizes the operating states of the distribution network into multiple typical scenario sets based on
load demands, DG output status, and network topology. For each identified scenario, refined protection settings are calcu-
lated offline, taking into account DG topological connections and output ranges. Moreover, the state perception
technology is employed to monitor the real-time DG output and network topology, enabling dynamic matching of operat-
ing scenarios and switching of setting groups, thereby achieving adaptive optimization of protection configurations.
Simulation results by using PSCAD/EMTDC demonstrate that the proposed scheme enhances protection reliability and
effectively resolves protection miscoordination issues under high DG penetration. Through the coordinated mechanism of
“scenario clustering-offline setting-dynamic switching”, this method provides a systematic solution for protection config-
uration in active distribution networks.
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Table 1 Three-level protection configuration and tuning

scheme
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DG i JPREEA RS H A FF A KRR
S, ATIREA I IR A T Th Rt . SRR
JE. JCHRI SR AR, AT AR P s,
FBE ORI 22 BRI & IR 22 e Ve S AR AU/ E 9 3R
FHE, Xt DG IPIRAHEAT IR 7, M ek
ANTR] S 7K AL Rt R R e o B 2R
KRR EMES 5, 456 DG B IIE R MR RN,
Tt EA N R R, SRBLE A 5181
8775 4: 1 S P A NS
212 pseRR

A SCHM ] K-means++5R097:05 e L X 82 2 37 5t sk
TR T, K-means++il i B 3R H 1) izt UG
VoK R E R SR v 2 S O I S € i
%4t K-means X WIIREBURRHE, BERTE 7R
KU A SR, M T R IR EE,
K-means++ B A B & TR AE, JCHGEH T K
BEEHR 4, RRfd bR ab BT F ) v it i 1R s AT 4k
PR, BRAh, AL T I TR R A I R N A ) 5
2K (density-based spatial clustering of applications
with noise, DBSCAN), K-means++ TG Wik % E S
#, FEGLHEE R DG 5 AR EE
B)S) oAt . SCHR[2413E — P45, K-means++
FEH ) R G037 5 R 73 vh AR AT 3 ) BRSNS A 6



SRIKET, RO, RIEA, 55 & bl 7oA X IR L I 2R B FLIL DR 7 37 5t B I N B E T T 3213

B, BERSUEWRAHIE DG sl St AR A )
RURFIE, VPRI E (RIS A0 B 2 SR BT SE i dRE
HARD RN STk

1) I i 0 o O v A SRR . Hokx
L PEAN FE R A2 = 22 F 5 Ml (sum of squared error,
SSE)*!, Z iR E NPTH B i 21T e R
e BRI B~ A1, HAE RS SRR L g
SIRISRES . 2 L /NT HSERER, SSE
AT B R R: 2 LIARIH SRR, il
JENt SSE [ P Dk &k 2 A, R 2R R BRIBIT
“IRHER ORI R, 1 RN L BRI e R 2L
Ho BAkitEAN:

L 2
ggp = 2. 2 |g_ya
a=lgeC,

@)

e nge NRZEEVTTM; g APTRI &R/
5 C NPT &R I RIS v, N
BFRMIEIA L
2) ARG, BENLCE 1 MR,
3) RS HE A SRR R L2
[ ) I PR 1«

;=% ®)

e xR REAREER: u, NE o MERET
Loy dj N GAFEAREAR 51T L AR LB IR
o

4) ARAEHARE S5 A B G B KR R B A
MR AT, WINEE B B i A E A N — AN R
OINEZR

5 HE2) B4 & LAMIEEREEH L.

[FS, Gl NSEEBCERVHA TR PR 2R & ISR 2R
B, HHRE /LT LR ST R AN AN
R ESER B, HEBELT 1 R RN
JBk4F; Calinski-Harabasz FR%(A] DA &% (A] . f%
WIBSHRE, HABRRRIAERN 257 K, A ER
/N, AR R /IN UG A AR TR B S B A B Rk
R ZE; Davies-Bouldin $845 FH K FE & 7% N =5 UL
L PR R A e, BN R IR N % B
5B, RS AHEBEA e bR R EE
Hl 2R FEOFMM RIWZ, ASCRK FiRTaFRiEAT IR W
FabnH— A EE, AT 1R G AN — M i
KAk e, FT- 53 #7
2,13 CIRAS SER RN

B0 22 A AU R N E H P L AR B AT AR

xj —u,

2

SR FH 2T E H 24 g )5 S RS AE B 5 4 A U
PR HEREARER2T, e /A X IR S 1B 1T HE
PE ST RE TR . I S R GUR AR HL
BATHEE, AL A IR SERR H A8 ST VT AS AR
B, [R5 G E P IR DR B R, M
JITINX (], FESEIERE b, FEF Mg IR IR
AR B Y ATEITIRES IR, SCIIE T 24
Uity R 22 FEAS TC L 37 S8 o I IR A Sy TR 4
R ERENHC HL IS AT RS I R (L I S H¥

BESHAEFEIN A R EE () DG Y /13 R K,
KRRy B E O BE AR %, DRI
Y SR R i I I P ) ). o,
T AR ZE T AR R AE , W B 2R = f Ay
ABEH )15, BIER OREY RERE,
TREE VI 537 ScRF S A BIUCES,  #0H]H A BEHLSE
T Hk, HIRERESMEFENEH, AT
SR I 7 W e S el R T, EAS LD 4
SEAE, NI eI e 3 R B 5] N5t
BB IR G N T AR A AL, ARE SRR R
WehbriE 2 o ShaS TR RIME, s s e
DA T RETH R, G Bl s K 1 LA 5
M. THRENFZRM, 1278t K g5 Ui+
TN AL I8 153 JE s, I 35 e DI IR
e, BT SCHR[28]H TR %6 B ERAE SR 5 AT
SR E LR
22 EEIHRBEIENAFRIPEERE
221 Ry EETE

B L1 08T, H OB 28BS DG 1 sh
SN /N, MO T BT VB e, &S iT
% DG H A sh R IARY L. M. i 4 fi,
XFFAERIA 5T X DG 1 K/ UE A LA T R

43 eI
QF12
A QFl11
Il
QF1 Wﬁiﬁ%ﬁ "
S — =G B > LK1
C}ﬂD—%@%ﬁ
T C_ oD B ,iepn

s
éﬁi&ﬁ%?"L g
C
K GZZ
QF24
Cl Hy 43 5ibimsas

Bl 4 4 DGHEAN 10KV 1 ER

Fig.4 The 10 kV simulation model containing DG access
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Table 4 DG output clustering results
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Table 5 Set running parameters in different scenarios
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Table 6 Setting values of the stage-type current protection in

the existing distribution network
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Table 8 Protection operation status during short-circuit faults

at different locations in operating scenario 3
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Table 9 Protection operation status during short-circuit faults

at different locations in operating scenario 2
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Fig.A1 Forecast results for seasonal PV power output
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