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Research on automatic detection system of modular unit of distribution
automation equipment

Fan Weihao, Tang Daao, Yin Jijing, Chuai Zhenguo

(' State Grid Jiangsu Electric Power Co. , Ltd. , Taizhou Power Supply Branch, Taizhou 225300, Jiangsu, China )

Abstract: The reliability of distribution automation equipment serves as a crucial foundation for the stable operation of the distribution
network, directly impacting power supply quality and fault handling efficiency. Traditional equipment inspection technologies lack unified
standards, making them difficult to meet the growing demands for automated device testing. Moreover, manual methods struggle to simulate
real operational conditions, resulting in lower inspection accuracy. Addressing these issues, the article investigates the operational modes of
distribution automation equipment, establishes standardized modular units for such devices, and builds an automated inspection system
capable of synchronous testing across multiple modules. It also explores the software, hardware, and implementation methods of this system
to achieve detection functions for different modules. The system employs RTDS real-time digital simulators to replicate actual operating
conditions, adopts an ARM + FPGA-based control architecture, and incorporates high-precision current transformers and compensation
circuits. Through testing, the system demonstrates the ability to perform synchronous, automatic, and high-precision inspections of various
distribution terminal devices in a simulated environment. This significantly enhances inspection efficiency and accuracy, providing effective
support for the intelligent operation and maintenance of distribution networks.
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Fig. 1 Structure of the automatic detection system
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Fig.2  Automatic detection process of the system

ERE PN G Rl NBEER E b2 S iU per R e
I AR L) (5 B M Ik (55 ), JF 52 i o 2 2 4E
B AR R R I SR AN e S 2 S ik PR e B
e UL il S VRN ol RN E IR = L ol e i
BIREINZ A, ARG, T8 3 28 s 11 S S0 1 1 4, O 3t
FradfE i, AR AL m RS 5 o S BE R s, T
SEPURIN ZR SE 00 A S AR B BRANT R

Step 1 155, S AR AG I f14 L HEL AR 400 2 o 14 22 15
T 7RO E AR L 0 15 B AR AL (505 IR e & iR S
BECE'"™ , WS E TR T AT IR 2B A
I A B R AR 5 R

Step 2 5 A A0 AH & I i 09 5 3% i 2 M2 ik (]
PR R 55 DR SRR AR o, SR S E FRLABE DL 22 o 14 L TS A
S TR T 20 0 B o SR B 38 ) S A T AR B DA
THEA R ) R R (R, BORCDLE 5 B0 R IA 0

x(1) =V cos(w, +¢) (1)
R V. SRR R, o, R, ¢ Fem I
28, HBUE S 2 (1) BYIE % 5L (R R A b)) 5
TERD A K b5 5 S I I 20 AR A @, TTLAIA O &
=90° , ARYEIXASFEAMER AL A, AT LIRS {5 5 e H AR )
ZIBIAAL A E B BT L i 28 2 — Ty I Sl A e 4
RIS BB 7 vk o G P e A A g T
LR A B0 rp A B0 455 HEA T IR0 20 A7, AT 2R HRL A
SRR ARALE B WAl T A B S

x(t) = Acos(2Tf + §) (2)
HAob, LR BINGE S RBR, TARVE SR, 6
PRGN AE 5 BRI I AR AL, E R AR 0T, WE
B FAPCRFER KN B2 BN T3 1 R A Sl 401 A
RN

T

T =—

Rk e |

[EEZiik R

bl e v II
JEERR
hii]

AT 25 57

Fop A

(3)
fo=N-f
i i LT 9 2 2B ST X (5 A/ DRE S 5T



H2h b 3 R 5 5 H

170 Techniques of Automation and Applications

2026 4F 455 T

HRAEFP S R A5 2 80 RAE PP 97158 i 50715 5 A AR A &
SR BERS SR fife Hh P T A AF 0L

Step 3 ESLMAF R, P HEATIE F AR, 6 i A
HE T, 55 A D00 ) T PR A DL 2% i s S T 1 T 4, O AR A
AR LU IE A Sy 15 3 0l 2 8] A 3E 5 2 A 1R AR L
TR A B HE B2 3 14 L TR AR5, U -5 248 0 22 (1] 1143
FHERRIE R, TR Z RS 5 M I AR e S AT A £
B, XRERYSR AR AR AT T R R AR O, PR
Ui 55 vk iR A IR IS T

Step 4 R GURE H BhiC 5% B HU AU i 6 T £ 4 il
RE AR B SRR AR ORI £ 3, A7 il 2 R I v MR A T
B AR AT A RS D4 7

3 AHHEI

3.1 RETEEE
FFARELEC B H sk A0 B S bR R 5 B LA
WindowsXP 1E R #AEF- 5 #4774 20 288 3R an
K 3 Fis, SRR BT R 1 TR,
F1 LHBGEE

Tab. 1 Experimental setup

WiH SR
PR Delphi7. 0
Bl SQILServer2015
Bl 2R 5 Delphi P48 (55080 25 | %
Dy B E RTDS S i B0F45 BAYL
H RS 10 kv
T H, P A5 HLATR B itk

B3 SSWIME
Fig. 3 Experimental environment

BT FRSE RIS 2 I R 2 S IR AT 5 ELAG I
FAUERI | T LA AL 45 26 TE H 2 o 150 s A7 RS . L]
R G ZRAR P SR A I ] Fie/MELN 32 s, i HLF-
RAF I E] e/ MBS 15 ns, PRUHCTE HEAT L 0 80 R AR
FLL 3 AN S 1 A e F P O Bidhe 2 IR 4, BRI A
4.79 us SEIN— B R A
3.2 RENRAZBRSW

454 LIk RGMESR RAE R R, R B 2R SR 2B
I FHRBCR R85 B 238 A v, s e (ELE AT 4G TN, 04X A /)
B0 1V, R 100 V, fe VPR 22 ARG 0. 5, HL K
i (EAG I 25 5 =k 2 B

x2 HERERNER

Tab.2 Voltage amplitude detectionresults \%
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