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Design of a Digital Twin-oriented Integrated Monitoring System for Substation Switchgear
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Abstract: With the deep integration of primary and secondary equipment, digital power grid requires intelligent high-
voltage switchgear to be more intelligent and reliable which ,however, has such problems as various and complex in-
telligent monitoring equipment and low integration. In order to solve the problem of large number and high cost of in-
telligent sensing equipment, a comprehensive monitoring system is designed in this paper to perform fusion analysis
of different state monitoring parameters,improve the state analysis and fault diagnosis ability of intelligent high-volt-
age switchgear. The result shows through the comparative analysis of the data measured by the comprehensive moni-
toring system and different types of standard sensors that the measurement error of the comprehensive monitoring sys-
tem designed in the paper meets the standard technical requirements and has high reliability , which lays a solid foun-
dation for the intelligent high voltage switchgear to promote the development of digital power grid in the future.

Key words: intelligent GIS; full state perception; multi-parameter fusion; edge computing; digital twin; human-

computer interaction; fault diagnosis; intelligent operation and maintenance
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Fig.1 System Architecture of digital twin
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Table 1 Total factor perception items and physical quantities of high voltage switchgear status
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IR

and sensors

2.1 ERNREIELERT
A R SR Ak BT 1 R AR R AIE 5T R DA
T 4%
1A T RK3399 i =¥tz it . 7ERif-F- 519
ﬁﬁﬂu:ﬁ i A3 Linux B81E R 40, R4 A A A5
Yy s JREEEF B W (54 10 3l 5 ) e AR A Ik
B LI B R A A B A, IR LA IS IR AT
(Y AAILAS H LT, ST GIS 58 8 R 25 1K) S Hsf W i

2)FETF ZYNQ IR P B R M T, FET
ARM+FPGA ) ZYNQ )t 7 SEEAY £ R AE T, Fl
FHFPGA BIRE /47T 45 A2 5 ARM AL FREE 77 , 3 i TP
F X FPGA DIREIR ., i 48 ITATH 1, S deef 1
e, 8 2of RS-485 o4 v [H , S IR AL IR A8 B0 1 %
A I P FRRESR AR AL R R

3)4E T RTL8316EL (14 i sl ) B & >R AR MR i 1o
TR IBIE AL TR A% i o AR R 5 5K, SR T
T RTL8316EL: v S B ) oy U B R AR i, %
JEEHE EAR IR B RT K o H B R B 58 LS
BC¥ , O EEPROM A B 7 AILIAC 2 S 58 # b1 2
fie, Je R 28 H E IR O T AL A%, SE B E
F St X LT A1 T D 5 R v R S K P A e B

4) 3T STM32 1 FF G 2t J% i i A RIT42 il i 114
Mesedt e DL STM32F103 S 420, 38 32k 9 4% 3 15 A1
GPI0 Tfig , # il S i O R AR & & 5 | L7, 528
FFI A N 5 TSGR T B

£ R B A B AT () 3 TR B N A
Y&t B2\ Re B A nT PR T 3 AR, ZR
B LA 0T, W R Gk AR E 4U MLAE , A2 B4
9 B L FRARAMK Y R RK3399 45 1 8 i iy i i
AR 2 3 TG HRE BN AR 1 3 JF G R
WA 1 ER ZYNQ R 4 H e R A 3 e L YRR, 4%
1R L I 3 1ok AR P A BSO8R A8 B4 O A T A
A, W 2R e b vl A & T 3 S R LI 3.
2.2 H:Jljj_*lﬁﬁ'

W R e B[R] D R AR W A0 A T AR 43 6  k
P FEL A L 5L R T I G IR BN A 2 I ML
o TES LA RIS T, e AR T RTC 58
I ESP A S B A 4 )2, RITC 30l A5 1 &) L 11 4
FF MODBUS 38 15 B, A5 A1 4 B — B Fisf [i) 3
TR AT LI T XL, B ALK RTC i ]



<62 - 202546

Enéx

ol ol

P

L

<[\[ - :

# N
«\“‘ s o L
—2 il Bl = ‘f W
=T 7 &l 1|2 1|3 &
. —H| |l 1] [ |2 5%
A | | B 0E] 2 = e
i1 %E 2 &= =)
lig| [ || [ = i
wl |2 s )R
m| |2 |5 ] |5
EA IS f !
E i | e IR
2 1) 2 H|
@ il

210 mm ”,

3 REHEAXERTE

Fig.3 Stacking mode and dimensions of the device
BN ) I M) DR 4k 221247 RTC. [ RTC iz {7
(] SUJ] AdiRAT ST [ R e as A T LS e ¢, i et
IS B
T i 5 T

RTC:

El4 RTCHHARSIHAE

Fig.4 Synchronization diagram of RTC software
23 MBTEFERIT

ETRERNGAHV BRI LRI KRB &
HAS AN DN D RERE B, ZEARBAS AR DIAE 1 FRAR AL
S R e AR RE T — AR
REAR 55 5 1 FH D 258 BE IR 55 e e B 32 M A X2
M FE 1 G 0 A AR RE 5 25 B Docker Fil Kubernetes
PRSI 5 19 2 55 22 A5 B8 s 4 HE 5 F1H] Open
vSwitch AT SDN £ AR S B 15 1 19 265 58 4 e o) 45 42
1), G A 25 X L A e R 4% S 4 4 A I R A
BRSO IE R 25

MR B N Gt 5P 6 O SR $5 i R 5E
PEATF- 5 VERE 20T , A0 10 28 e i IR SiE 355 5K Ak B
REST ARG TR A AR IR RESE . MR AR
AR B SCHR IR B I RE , 52 B i R T i o
Z UG R RS PRSI S A ThRE , AR G4
WL 5 REEZE T S BUAS e TR, G R R R dhs
SRAEHUHA R 00 242, 58 O B A A 00 2 ) ok
MR A LA R A5 A i, [R] IR 58 s Ry s 2 Ak 3
RGU)ZNFET Al i A R4 1 Al A S Linux #5245
AYERE G BB BL. APPJRIERSZHY
Senli EHEATIR A, SE N IR P RO A AL B WF
FE e T GBS AR 25 W D 2 i A ) — B

b B E R

& LB T REYE , 48 1 B G — B AP 3 Ty
S8, SR ARAT 0 2% AR IR BB 1 g — B AE
HOERE T G2

APPL{HLT%Z%T%]J t(% H EE]J (L ]J t[ E%% ]J [(Eﬁﬂ'ﬂcﬁi'ﬂ'ﬂji

E i i )
. [ |
CRMER Baudiie  Emesm
2 (D) (P ()| (R
| | il [T I
|G | EEED—CUES)|  |EEER)

BE5 HRERFERY
Fig. 5 Architecture of software system

S FEA I AR G e S A2 HAR 23 TR
MR, WIS R EL S EOR B,
BRI E L G AT REE . S B R S Ik
THRE , 07 DT RO 1Y S s e R st g o R A
S SR BRI S
24 ANZEFRMEET

La NN REREBGT T AN A T, i H
WL 718 8 i R T SR B 45 B R IR 2 M =
i ST B S B2 A R RS TR

N
FHmILE 6.
f Tam ’[ o FREGRE
QEF 0.640MPa 0.620MPa
U_“ SRBARNEEHEN FEHSANEEIE BTN
. Y
s Q @ ) 26.8°C 64.9%
Q snasnan wna wtota
CT -
FQ@ o

QSF, ‘) QSF, 0 ¥
(N —

KRS

RN

iR

L e
e ) enzx — ‘

b Ll

BT AMARS

L : m— = i J
2

6 RKETEMERE

Fig. 6 Main interface of state evaluation

3 XIGIEIE

PL252 kV & R IF s s Mo Rt 4, bk
AW R G B R IR EOIE , IR0 2SR LA 7



k55504

S, S, AR, RO R A R R T R SR A I R e e *63 -

[kt t

) SRS s
IRNERRES

U R

7 BEREFRRBEESE
Fig.7 Test attitude diagram of intelligent high

voltage switch

TR i T R B A A BRI AT i, 22 %
by PeA B e L AL Js , HRR i BRI IR S IR
IR REALFHE AT SCBE A AR A S, [R] ) PRAIE
R AR 17 O A vt P i 1 I ST 2 S B WS €
Ab PR TG R B S 52 HLAS B AC B IIREIE # I
SRABL A2 T 45 0 G ) 42 WA ey AL i 4 S 2 A
ey 25 b il i 4, DI B4R 2 P AR 1) TA:
AR TE A PR RS, AR 201X 4 1
Hanr .
3.1 BEESR AR 75 dE

TEFIRE RIS AF R L SR BRE B HLAR S P4
54 S R Ak P EA ST IR] P Xk W 6 ) A R AT
M X S 3 R 7 W — 5 TRl — I 23] 5 T %
5, PRBR T ST A P2 ) % RE US HE R b 4 WO RN 3R T
Pl an 4, I HAERS S Bt fe A i3 AR , DAAR
HEDLBRAPEASCR 25 B0, A0 B S U dh b BB T Y
BV W IS 2 7 0 AL iR ZE P

B RGN 45 5 DL 2, o ARSI 25 2R WL 3, 73
BRI EE RIS 40 A7 R B 4 X 4R 25 B KK
1.29 mm , AHXS 1R 22 45 K h 0.8% , 1 A il AH X 158 22
ANTRT V6B 5 73 A I ERF I7]) 0 00 o 20 o 1R 22 e
K1 ms, il A2 0 28 X0 1% 22 AN KT 1 ms (YK 5 43
5 I £ P R, I W 10 5 246 0 12 2 i R K 0.02 AL AH
XFRZE K 3.2%, 1l AR DR IEA KT 5% 1Y 2
3R 5 A BE IR F] B I i 8 R 22 5K 0.32 s, 1 2 ] i
HRRIEART 0.5 s FIEDK

K2 BEWNER
Table 2 Results of closing test
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Table 3 Results of opening test
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Table 5 Current detection results of the disconnector motor

FLI/A
iH
1 41 2 42 53 a3 14 44 95 45
BB HEAL 13.51 12.28 12.63 12.03 13.81 13.15 13.41 12.50 13.16 13.59
LA MRS 13.35 12.38 12.44 12.19 13.75 12.89 13.60 12.34 13.29 13.36
AR 22/% 1.2 0.8 1.5 1.3 0.4 2.0 1.4 1.3 1.0 1.7
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