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Research progress and prospects of protection technologies for new type power distribution
systems based on power converter active signal injection
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Abstract: Due to weak-feed characteristics of converter-interfaced renewable energy sources, fault characteristics in new
type distribution systems are significantly weakened, rendering traditional relay protection techniques increasingly
inapplicable. Active signal injection-based protection enhances fault characteristics by actively modulating converter
output behavior during faults, thereby overcoming the limitations imposed by weakened characteristics and emerging as a
key development direction for protection technologies in new type distribution systems. Focusing on typical fault types,
research progress on protection in new type distribution systems is reviewed, highlighting the limitations of traditional
passive protection methods and the necessity of developing active signal injection-based protection strategies. On this
basis, the key technologies such as the generation and selection of injected signals are analyzed, common issues in
existing studies are summarized, and typical application scenarios are discussed. Finally, future research directions are
outlined, aiming to provide references for further in-depth studies on active signal injection-based protection technologies
for new type distribution systems.
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Table 1 Overview of passive protection methods

for phase-to-phase faults
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Table 2 Overview of passive line selection methods for

single-phase-to-ground faults
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Fig. 1 Flowchart of active signal injection based protection
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Fig. 2 Generation of injection signal

AT R R RNE A BT b8 TP ], #
PRATE VR SS . A B R AR, R G AE
ROBEFILT Z,,,,, 2222, 23 CIDG i th AL 7, Fi
AR . AERImIE DL, NS L 1R B R
e A AR A AT et i CIDG 3 4% il e K& Ais T
BB, B La. RN, BTzl
RE 1, 1271 ME LIRS T 00 15 3 . B U
JEMRAE, AITTCVEA BOR e R W SRR3R
FE .

Ok, VR IR N VEIE N TR T m R A AL
{Ei(root mean square, RMS)¥ s itz i, an=XQ2) .

oK
Lagault = (Kplim +

Ilim

K *
j(lfault - Iomax)
N

@)

*
quault = O

I:ault :Ifo _dZ

fault

i T, A=A R SR R Ky, A1
Ky, 70 AN 25 R EL IR 7 Z 4

BUNMRG d. g FIFRIRSHEE; 1, Nl ER
A B S AE,  HonT i S A BH T
TP EAT TR 1, AR 2 B KT RE i e H
MBES I E FIFRRZHH; d AT ERE IEAN a
AH B B =) s

U in () =1, sin(wt + @) + 1 i sin(hot + @)
A I g5 Lo~
W B 5 A A

TEE R, EZE ST RGN,
L 451 1 4% (proportional-resonant, PR) % ffil] 4% 5] A 2|
HL IR BNl R g rh ), PR 430 28 AT 6 4k i A
(G5 HAT R Z T, A BIRRXENG 5 kS HE
PREZ AP, fRIX—HEZL TR, AR 8% AT UL SEHL

o ok \
Lagault > Lgtault 2

€)
@, 73 AR SRR FL L)



T, %

BET ) AR AR BN AE SVE AN BRI B R SRS PR Tk S e - 179 -

FAN S B A BRI, 2T T RGE LA
BES% % S N bl A e VAT

Bk _F 3 T e 7 v A, R SR P 2R AR R )
%o CHR[441F8H, AMIMEASEREES T
RSN A0 AR f i, W SRR TE %A e R
(% LR R R E N — B, T R A e AR
ik %8 1 (pulse width modulation, PWM) ) fi & fik
AR, BT SEURE e RIS N . AT LR
e H R HNE 518 IR NVE, TV M
R R B R AR AR R, e T R 2R SO
SRS . I 00EH TF B, Hi®
T ORI 2 Y A He AR ADURE, DR G AE S B S FH AT
TR HE,
2.2 ANESHIEE
221 B S AR IE

TENAT 5 50 26 30k 8 75 2 e I8 gk 28 05 5
MEIRETE . RO SO 7R NS 5 PR O 2 (152 )
ARG Ho A 13 2% 10 AR, TERERIRIINE 5 REE 4
TREBFRST I PR [ B, IR /N TR W I8 AT 1 2% IR T

CIDG iy H Uiy 11 42k PRI ARG 388 18 10 25 0 1 E A 3
B A FF AR 1/2 sRERHEIEAT 10 £ 0L P,
BRI, H T B AR PWM R ST S s Ve 72
o AR TR O I TR BOERR . RIS, fiTi
T PRT VR NV U B 6 7 3 T 25 5 5 R VE IR 1R R 58 A
FIOL BRAR S| R RGATE 1A -

IbAh, SCHR[61-63]1 B, M)A B E PWM
VR BT R EIERE b 2o 7= AR R BRI . EiB
B LT 2E M A 3, KA B = LA 4K
W FE . HEENE T IIES R S8
Bt E S, AIRESIRAE TR E . WURRHE SRR AE,
B S B SE SRR RS

N T HREE S IRIERE, TENS RGTH sk
P X 20 B v (B U e (5 510, BB RS
WA 2 Re 70, 18k EE—En, ISR
B, XTI AT ARG IT R R, R
2k el B ™ Y, IR R B R A SR
TE PR, 3B %R 400 Hz [ UL FAE UG
TENENES

UBAh,  F & HAh A 1) AR R 20 1
AR IE R AR . BN, (E CIDG % Hi o 1)
75 5 v TR NIE R FH AR IR, 3 s B B
SRR B B LR TR RN RGO A R
I, 2% LSRR E A5 A BR A, DA ERIEN
FESRWAHSERT Bir.

e, 25 RSB SR TR AR SR {8 L AR
BT E SR ik, BB AR R i A

RNENME T
222 FENE S IR L

ENE 5 BRI 5 75 e iS5 nr e . ¥
R 52 B 1 X RGN L Re i R 2R, DA R IR
PO IR ) TR, R IR0 R G IR B 471
T4

— 7, VEBIRAE YV, i L RURER, LUK
VAR I AR A SR IROR R S . TR IR s AT %A
T ARIRIE B B K T VR FE A B K AR L TR
Lo W 4% BRGSO 1 X 43 T RO 2 A2 T 1)
WP, AP TR R E NIRRT 5%~
10% I Hl, 7530 A2 DB 4% 1 e /NG DR 2
i, B8 (1) L L B S (current transformer, CT) A
A 2 H KT 0.05 pui, CT Ml & #EREA
REAFBIFAER) . 78 K By s R, B LR B8
(potential transformer, PT)if %K H 0.5 Zll & K5,
WEIRZEAE 0.75%LAAN, BIIER BRIRIEEY, &
/b N3 BAE LR 1 0.75%°),

[FIE, X TANEREE 5, SRR AE RS
BV TE R R A5 4, > PR A 22 0 1 50%
DU (R BH SR, By N /N IR ARL 1 188 % FRLTAL
DA 0 R Gt s 10 2 HURAE 50%~90% (i BHL
Wk, )RS G P R, DR IR R
B, I H, RN IS TR AR
XARAL A, DA OR A& IR ITRAE AN CIDG 15
KRS, ki GRS J 15 &R o

FJ7IH, L LA A R FRL R 52 e
55, DCNHUE BIR 1.5~2 5157, PR
ARt k. #HE GB/T 35727—2017 kA, 10 kv
L IR TG HEL P PR L A 22 98 B —5%~+10%, TEAR
51 g KRR N AN I BE R 5%, BE4h, R
By 1k HL 9 HLBG S CT RN, CIDG v N i L L 75
PEHILE CT LRI I & v B %

R BRI, EFEANERE A FE TR N
ERGOITRIIR R

[r2 2
[h,inj + Id,fault + Iq,fault S [lh

— O'OSICIDG,N I/fault < OSVN (4)
f.inj O.IOICIDG)N 0.5V < Vit < 0.9V
Iy =alpg
Vh,inj = Ih,inj (Zh,Lf + Zh,'rr) (5)
0.75%V < Vh’inj < 5%V

e 1 P g 3ROSR LS dy g il



- 180 - B 2GRy 524

Bt Topgn ¥ CIDG IEH TAER KEUE L 1,

N CIDG HLI FRIEAE, — 38 Z MIAFTE o IAREER R

o JBHINT 25 Vi, NHE G RGFe S HBIEAE; vy

NBUERIE: Z, M Z, 1 70 99 T2 F i i 11

VAR LR AR E R

2.3 FANEHIN B F G RIESEANRK
EEESEANXR TR, CIDG AR

ST A B A =P e N E WA c-u L) = EIE S G ]
8 CIDG F£ M S AR 5782, Wi 3 Fios.
3 0 A R T 0.9 pou B ER R IE B 4T
W 1.2 pu ), Pt B0 2 B E SIEA . BAh,
AN 487 4 B (0 7 R B LA ) B AT T 4l B A
Wr. WEHIE, HRPETERE, WA
TR A Bl H R EIE TS, AT A N LE R
Ty CASRTTHE M HE R ARSI ),

A

IEH AR

WU
il SRR

PWM

Ly

S| Raton T

B 3 SENEHIBERNFE M
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