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Research and Consideration on Equipment Development of
Eco-friendly C.F, /O Mixed Gases

XIA Yalong"?, LI Fuxiang'”®, LAN Xinsheng'*, LIAO Lijuan’, YI Xuanze,
ZHANG Chenmeng*, XIE Shijun'?, LIU Tao'*

(1.State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China; 2. Power
Internet of Things Key Laboratory of Sichuan Province, Chengdu 610041, Sichuan, China; 3. State Grid
Ziyang Electric Power Supply Company, Ziyang 641300, Sichuan, China; 4. State Grid Sichuan
Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract : The impact of SF¢ greenhouse gas on global climate change in electrical equipment is increasingly receiving attention.
The new insulating medium, CsF,;0, has become a research hotspot in this field due to its excellent environmental performance.
CsF 0 has a high liquefaction temperature and is not suitable for direct use in electrical equipment. It needs to be mixed with
a buffer gas with a lower liquefaction temperature. The physicochemical properties, insulation properties, discharge
decomposition properties, and compatibility with common metal materials inside electrical equipment of C;F,;0 mixed
gases are summarized. It is found that C,F 0 gas mixture have excellent decomposition characteristics, and by selecting
a suitable mixing scheme and materials that are compatible with C;F,;0, C;F,,0 gas mixture has the potential to be used
as insulating medium in electrical equipment. At present, there are engineering demonstration applications of environmentally
friendly C;F ;O gas mixture insulating equipment at home and abroad. The relevant achievements can provide support for
the expansion of CF, O gas mixture equipment applications and promote the green and low-carbon transformation of energy industry

in China.

Key words: environmentally friendly insulating gases; C,F,,0 mixed gases; insulation characteristics; decomposition

characteristics ; compatibility

HETH . 10)1A R TRIEE B (2023NSFSC0297 ) ; WP 145 H F1 28 BRI H (52199723000K )



0 51 5

SF SR PR G 5 1) 4 2 R KSIRPE BE 32 1o
FHIE AP BRI AN 1k R B % RO
SRR Ik B T R R SR AR R 4 1] 2 B
SAELITEF P BR B HERC T, IR Rk AR
W H i /™ o, U0 0 M 28 1 | # 3h f 6 fIRk
Ji&, © o A B AR ORI RSB, 2020 42 9 H 22
H, BERER AR L RS E R SRR
“r ERR R E K A E DBk B SRR Y
BUR AR , B HE L T 41 2030 4F 1 ik B WA, 4
YAE 2060 AEFTSEBLAR DA, HATA 3K SFAEHEL
T IE 8100 t,4H 24 T 24 1 A58 4 B3 4F 7= A i ik
HECR: . SF 1 B IR 2= 00 AN 2, R -4k —
PR S A Gy R A o AR SR & T i R = R
SFe. 2022 4E 8 ] 24 H , TARTRAE HABITHA K
Chmbers, g e 5 e AR BB & SR AT Zh iRl ) , W
F PRI R AL UL 2 00y B PR A 2 SR S AT
AR B

A EF AR T 45 RE SR AR U OR 2
LA CF,, O, Hi A BRZE W2 7 BEH ( global warming
potential, GWP) R 1, K HAKE 0.04 48, KM
AR ORI EE AR R R L (H
SWALIRERARE N, . CO, SR ESRIRAHEH,
HANERLLAN TR SF TS CF 0 1R
BRI L WA TR R AR, LA 2%
PEREW SRR, B —F S & IR &%, MGk
TEB A 4 KT, SURETH /L 1B 1T IR BER B, SRR A
SR TR R S O H R 5 — 05, TR
VRYE 25055 AN 1k G bt 25 % A — SO R L TR
SMRTERCOR S5 16 B2 B A0 R 0 43 i e e Ho o0 i
PR AR ST IS 2 N B s e 5, AR 25 1 ol
VAT PR A L 3 G T A A Rk PR ok 3 85 6 2%
KRR

Rk, TGS T ARG TR T CF 0
RASIRM B A it it RO S 1%
HNGEIEAMEAEE 456 B AR CF 0
IR SR Z s R B, &I CF,0 IRE
SRR TN FI AW 1, A DG R AT Sy gk — 2 IF

RIMAAL CF,, 0 TRA MG 25 o S R
S R

1 C,F,0 IRE AL

1.1 CF,0 BRESKERLEE

LSRRI R, AR A SRR T ZE
SHEMZ, M RBOR & SAAEA R R T AR Ak IR
JE, A CF,,0 23 E K CF,,0/N, . C,F,,0/C0, &
B AR PR IR B B R 5 AR AR N A 1 TR

—e—5MPa
ok 1 % _o_10MPa

15 MPa
—5—20 MPa
——25 MPa

20

WAL/ C

-30

40 b

0.‘1 0‘.2 0.‘3 0.‘4 0‘.5 0.‘6
RESAFSE/ MPa
(2) CF ONRE IR

o o —=5MPa

410 ;;_V;_v__v,_slv —o—10 MPa
15 MPa

—v—20 MPa

M =F=25MPa

£/C

20

2.

WAL

-30

-40

0.1 02 0.3 0.4 0.5 0.6

A E/MPa
(b) CJF,O/CO, i MBALIE

B 1 AECF,0NETRESEERLEE

H T N, BALIREML T co,, R A T E T,
CsF, O/ N, AL IR BE KT C5F,,0/CO, TR A K,
FR G T B R A S SR T, — 7 R AL
TREERSE 1 C5F, O AR B A3 B/ M 518 A UMK
ATRLRE ARG 5 o) — T T IR & AR i 9 v 5 A U
RIS bt P 0 2k RV E RS F] 3 T IR G
SRR AR EE 52 MR RZR K, ATRUE 24
C,F,,0 43E/NT 20 kPa 1],0.1~0.6 MPa F C,F,,0/N,
H C5F 1,0/ CO,IRA TR MAL IR AL T~ 10 °C.,
1.2 CF,0BASEGCWP

I 1L 23 R PR 2 56 TR S G Ab T & SR Y 38
842/2006 5451 (EC) $& ! TIRA KM GWP 1153



ik, BT CF,,0 fildl Co, IR A IRA GWP M 1,
I%CE@mO@nﬁwmcwpmﬁl]VK%
TS, H GWP 2 0, C,F,, O/N, IRA AR Y
GWP /T C,F,,0/CO,IREG S, B 2K CF, O/N,
RASURH GWP, 4 C,F, 0 23 E/NT 25 kPa i,
C,F,O/N,IRESIRK GWP 4 /NF 0.76, C,F,,0
TRA A R B A i IO, A EL T owp
ik 23 500 A1 SE IR B SR SF, H GWP TR
1t 99.99%

=)
0
1

—v—5 kPa
—=—15 kPa
—a—25 kPa

01 02 03 0.4 05 06
RESARSE/MPa

¢
o

AR REE (GWP)
° °
5 S

B2 C,F,0RBAESMEGCWP
2 C,F,, 0 IRAAIML S ik

2.1 CF, 0 BESEIMES T
3 I B BR - BR AR AT B 2 mm T C,F 0
TR A SR TS 28 R % F TR A UM 5 A0 ) o

1

R
—_
wn
o
lac]
o

= 0.6}

AR SF 482555 1
4
5

0.4

0.1 0.2 0.3 0.4 0.5 0.6

JE 3/ MPa
(a) CF O/ NEA Uk

0.8

ARXY SF A

0.4

0‘.1 O.‘Z 0.‘3 O‘.4 (;.5 0‘.6
JE #/MPa
(b) CF O/CO, IR UfE

5710

3 CsF,0 BESEMEIT Sk, TR E

T4l SF 4R T . CF, 0 IR &S ARMIXT SF, 4
SRR 3 Fis

EIRA SR ER/NT 0.2 MPa B, C,F,,0/CO0,

RES Y et T CF,,0/N,;0.1 MPa 4}
JE 25 kPa T C,F,,0/CO, 1R & SR 45Kk
FIAH A RS0 R 4 SF 1 95.40% , IRASMAEMR KT
0.2 MPa J5,C5F ,O/N, (242K FAH A T80T
[ CsF 1,0/ CO, AEAR T AR A H o T SF SR 2
LR R0R 0.2 MPa I, 15 kPa 43 JE C,F,,0 IR&
SR L KA LR SF ) T0% 7545
2.2 0,3 C,F, 0 BESMK TIinde 545 14w

WAL CF 0 IRA M s KA S,
TG R W AETE 2378 HUR SR TET AT H D€ 1 T K ot
L X SEAT PR T AR R DG RS (A
ARG T (18 T, b, R A 38 A1, 3 T o P P, A 1B 8 1Y) 4
GOKF-, IR TEIR G S I AGE 21 0, 7]
A AT AR BT R AT DR THE AR

IRA K-, 24 C,F,,0 FF i LBl 4.17% 0, AT
i 0, PRGNS SF HaZk s B anE 4 Fios
1y
—— AR
——H AT 4%
i A AT 8%
o 08[
*
&
E 0.6
0.4 i " i i I ;
0.1 0.2 0.3 0.4 0.5 0.6
JE 3/ MPa
(a) CF, O/N, &Sk

-
% 0.8
%
]
o
ﬁ 0.6}

04|

0‘.1 (;.2 0i3 (;.4 0‘.5 0‘.6
FE 8/ MPa
(b) C,F,0/CORASM
B4 0,%F C;F 0 BESEFHEKTERIMME

C,F )0 TR UMY GRS EAR T AR R



5 SFg, A O, J5 1R A AR (R 446 2K 15 31 42
TE, B A E IR A S S S AR &
(T, CsF 0 TR G SR S 7K V-4 B35 5] SF AH
IR
3 CsF, 0 AR retE
SRR SRR & 458 CoF 0

Sy FEHRYCA 10 kPa 20 kPa 1 30 kPa LI R iR ASUA
MEH 0.1~0.6 MPa /Y C,F,,0/N,fl C,F,,0/CO,iR

AT 20 U\%E‘rﬁﬂ/\ KRB AR
FHACHR R BT 6 FH SO0 43 7 ) A 7 e v 5 7 o
53HT, ma CsF, O IRG MM EE T, CF O/N, |
CsF,,0/CO, IR SRS 5 20 WG 70 7 W e 1 53
Fres R s fivR .,

x10

35

425 45 4.75 5 525 55 575 6
R B 1] /min
(a) CJF O/N A

*10°

. :
425 45 4.75 5 5.25 5.5 5.75 6
{454 B 1] /min
(b) C,F, O/CO, A

5710

Bs5 CF,0RESMETFESETUEESTER

CsF, O/NIR & SMAE 2Kkl 28 5 3 253 fif
P45 . CO CF, .C,F, .C,F, .C,F, CHF, C,F,,.
C,F, .C,F,H %, Hf C,F, C,F, CF, C,F k&
BAK, ¥I/NTF 3.5 wWl/L; CFIKERE S C,F,,0 4
F B TH R AW N, e R WAL 4.35 pl/L( 53

30 kPa S 0.1 MPa) ; CHF, ¥k J& Fifi % 1R & 01
FE T i B A S R D/ N R | 431 20 kPa SR
0.1 MPa I, W FERE AT 9.37 wl/L, SMiRs= 4
CO HYVE BE B  7E 15~30 wL/L i, K 6(a)
Jimm o XFF CF,,0/CO RGN, B sl 1
IRAMATE R T D CF R C,F, HOBA A6 5]
CO WM IR 6(b) B, HoA /it = 4
K EEHRERT CF,O/NIRASIA,

/)£ 10 MPa
I/ /£ 20 MPa

or 4 30 MPa

20

0.1
100
50
0
0.1

WRE/ (uL-LY)

0.2 0.3 0.4 0.5 0.6
AR/ MPa
(a) CF, O/N AUk

150

Bl /5 10 MPa
I /3 £ 20 MPa
4% 30 MPa
o
—
=
<
=
0.3 0.4 0.5 0.6
TRAE SR/ MPa

(b) C,F, O/CO, A

5710

B6 CF,0RESREFFESBEIEESTER
4 C,F,0REEMKSEEM BN

BRI HIZ A NS T C,F,,0 548 H4
R A E A BAE IR &, IR T 120~220 C
JEEIN CF,, O/NIR A SRS H 40 AR 4 4 8 1Y
SER A EAEA T CF,0 Sl & R
AR BT AT 3 R 4R
Wi B RS CF O/ NIRA SR INAE AL J5 218 2
LRI f

Xof FE S 50 20 v 4 J A L Ry SR AT (0 L3
=5 ARSI J9 120 °C A1 170 °C I 2 1 21 (552



AR 4 E@,Eqﬂ IR Ry 170 °C B4 Fr T4

BBy X e B (0 AR I 0 TR R 220 °C B A 3% T A
L, IRIEHT A 4R A %E%ﬁé@%ﬁ@#?ﬁﬁ

RA AR R T 0 B AR A 20X RO
TE AR50 3 & 3, 4 i i 2% %Bz C,F,,0 J& N

EGTE C5F,, 0 IR GRS B2 N T, 42 )8 FR AN
HEA RAFMAEZ M, vT URTE CoF, 0 TRA A ik4s
GRS BAEL,

pagicEiik 120 ‘CiRIR4H 170 CiRIR 4
(a) RIHI G & BFRmE G

220 ‘Cigna

pagicEiik 120 ‘CiRIR4H 170 “CiRIR4H
(b) I HJ5 48RRI A2k

I

pagicEiik 120 ‘CiRIR4H 170 CiRIR4H
(o) RIGHIE & BRI

7 ER&E5 C,F,0/N,BERKE
EMERERE

220 CiRIG4L

220 ‘Cigna

5 CsF,,0 RGBT H 50 H

SEEERENA
2014 4F ,ABB AHI UL C,F,, 0/5 SIRA SN
A A B 22 KV AL CF,, 0 IRA SRR

5.1 [E5CF,0RE

WIFFHE, HZ5 A anid 8 Frsn, 2015 45 iZ IR fR

TF AR e 70 B A A — > 722 ol i AT Wi
/ﬁ[ls 19]
5.2 ERNCF,0RESEIEEREMA

2022 4%, = W U )11 44 L 3 28 B L R AR A
B DR EZH AL CF, 0 N, Fl O, IR& SN
A A T, G 35 KV SRAL C,F 0 TRA SRR
T EER TR E BT AL A R 110 kV SRR
S YORIEN W 9 s, EHRI 3 A
HIEEH BT PIRDL AT

9 35 LkVIMRE! C,F,0 BRESERR
ERENEMA

6 %% &

A PFFRRY] HRAL CF 0 IR G SMA BE
HYELEA A TR i #vh Iz R o BFSEATBA



FHHRFLLERER H T syu i R 35 kV SRR AL I
A BT, R IR AT e SRR AT 2 A e
3R, 8 SRR CF 0 IR AR BEE AW A
oo RHES) CiF,,0 IRASMRRY KB HT, 1% SUEan
IR RLLT TAE .

1) W5 CsF 0 TRA SRS H B I BRI
Y A AR 4 I [ R A R B) 9 AH 2540 | 1R S0 R
by 5 2 B AR A U A B S

2) FFRIET C,F, O IR-ASIRFFHE 8~ W i
Y Z R R P UN S EOR | MR EL C,F,0 IR B
IRYE 25 15 508 AR FE

S ik

(1] ARZE, 1)y o, 55 & T SF, W 25 A0 o 40 2 0
PREHLERAFFE[ ] ] E R HL T RE 24, 2017,37(20)
6118-6125.

(2] WsRL BRI TS AR GIL SCHEH R 5 ik
JEIR]IEFA . b E H AL TR 2 i R 2l 22 51 4
2019.

[3] HBULIRIIL L SR KRR )]. 5 L EROR
2016,42(4) :1035-1046.

[4] KIEFFEI Y, IRWIN T, PONCHON P, et al. Green gas
to replace SF, in electrical grids [ J]. IEEE Power and
Energy Magazine, 2016,14(2) :32-39.

[5] RABIE M, FRANCK C M. Assessment of eco-friendly
gases for electrical insulation to replace the most potent
industrial greenhouse gas SF,[J]. Environmental Science
& Technology , 2018,52(2) :369-380.

[6] HYRENBACH M, ZACHE S. Alternative insulation gas
for medium-voltage switchgear[ C]. 2016 Petroleum and
Chemical Industry Conference Europe ( PCIC Europe ).
IEEE,2016:1-9.

[7] STOLLER P C, DOIRON C B, TEHLAR D, et al.
Mixtures of CO, and CF,, O perfluoroketone for high
voltage applications[ J]. IEEE Transactions on Dielectrics
and Electrical Insulation, 2017,24(5) ;2712-2721.

[8] T/ME (HAEHE, 5 EHE, %.C5F 0/ CO, IRA MM 4
GERE[)] . mHURHIR, 2017,43(3) :715-720.

(9] RHE, S, 2565, & M4 50K CF 0 20 K
SIEMERE TR PR IR B [ ] ], vh [ A AL TR i
2022,42(3) :1210-1223.

[10] JEIBRES, 84 A, EmERET C,F,0 RAR

o RE L)) e TR 24k, 2021,36(2)
407-416.

[11]  BRERAA.CSF, O S 73 A 2H 3 E Cu(110) R
FRARRPERIESE [ D] 2R H R B Tl 7, 2021.

[12]  JEIE AR 2R, & MR CF, 0 4254 B 4
AyFRIE R E AR R[], P E AL TR 44, 2020,
40(21) :7123-7132.

[13]  Z5H, RIRE, M, 3 ARBIL A C,F,,0 L
SRR E L TR 24, 2018,38(14) ¢
4298-4306.

[14] LI Yalong, ZHANG Xiaoxing, XIA Yalong, et al. Study
on the compatibility of eco-friendly insulating gas C;F,,
0/N, and C,F,,0/Air with copper materials in gas-
insulated switchgears[ J]. Applied Sciences, 2020,
11(1):197.

[15] ZENG Fuping, Feng Xiaoxuan, LEI Zhicheng, et al.
Thermal decomposition mechanism of environmental-
friendly insulating gas C;F,,0 on Cu (111) surface[J].
Plasma Chemistry and Plasma Processing, 2021, 41.
1455-1469.

[16] LIYi, ZHANG Xiaoxing, CHEN Dachang, et al.
Theoretical study on the interaction between C5-PFK and
Al (111), Ag (111): A comparative study[J]. Applied
Surface Science,2019,464.586-596.

[17] SHE Congdong, TANG Ju, CAI Rijian, et al.
Compatibility of C,F,,0 with common-used sealing
materials; An experimental study[J]. AIP Advances,
2021,11(6) : 65220.

[18] HYRENBACH M , ZACHE S. Alternative insulation gas
for medium-voltage switchgear[ C]. 2016 Petroleum and
Chemical Industry Conference Europe ( PCIC Europe).
IEEE,2016.DOI:10.1109/PCICEurope.2016.7604648.

[19] HYRENBACH M, HINTZEN T, MULLER P, et al.
Alternative Gas Insulation in Medium-voltage
Switchgear[ C]//23rd International Conference on
Electricity Distribution, June 15-18, 2015, Lyon:0587.

EEE T

HEEAE(1989), 8 HE(B), AR AT EOA

SF B A AR HT R SRR B R AR R & FT R 5 A

FEH(1973), 5 A+, BB HEATET, KHPAF
WA AR RRALE AR B F LR R
T

234 (1979) , 5 AL BB ASGHA AN AFE R

ISR Ao F F LR R E L TAE,

(%5 B EA:2023-04-13)



NG CF.N/N, RE&5RE 5ok Bl 58

BRifR#T 5 &', L, EIAR, M E g
(LU R, 05 WB 1108702, I H A2 L Jy 20 ) I RRERIFTEBE BT 2200 730070
3. [ DY 1 A R g 28 R RS E e, DUIT JSCER 610041)

# E.CFN/N, BREAMAELBNBESNKSF, LGN HZ—, C,F,N/N, REAKS ML L RIERGART, AT
m)xi’ﬁi%f,feé.\%ﬂié’akém At LA F R L a‘ﬁa AR C,F,N/N,BA A 0.3~30 kK #-F-# &4+ T 2 M 7= 4
BT REGTH,RE AL CF,N/N, ARG BRZRAEFAEF T A BER LY E FEk TR, RE,
318 0.1 MPa F C,F,N/N, A S ARIN/G 8 «)ésuﬂa%% VEAREMINE C,F,N/N, BRAAAREREAZFo9RE T
4, i iE Chemkin 23+ H 85 C,F,N/N, &R KRESE-FHE RIAE, BMER AWM. INEREAL 10 kK A LAt
C,F,N#= N, /£ 8~10 ms N T4 o f#,vA C.N.F.CF,C.CFCF . NF.CN 57/ g w A B XG5 E ;KGR ERIKE
2kK £%& N, AL ZBERHSHL 10% £ % 7 C,F.N RILEA,

KR C,F,N/N, IRESM; SR IVE; SO B R4 Rk e

FESES TM 835 XEkERERE:A XEHS :1003-6954 (2023 ) 04-0007-05

DOI: 10.16527/j.issn.1003-6954.20230402

Research on Recovery Process of C,F.N/N,
Gas Mixture at Post Arc

GENG Zhenxin', ZHANG Meng', ZHANG Jia®, XIA Yalong’, LIN Xin', LIU Xiangfeng'
(1. Shenyang University of Technology , Shenyang 110870, Liaoning, China; 2. State Grid Gansu
Electric Power Research Institute, Lanzhou 730070, Gansu, China; 3. State Grid Sichuan Electric
Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract:C,F,N/N, gas mixture is one of the potential substitutes for SF insulating medium at present, and the study
on decomposition and recovery process of C,F;N/N, gas mixture is of great significance for further understanding of arc
extinguishing performance of this mixture. Firstly, the variation of decomposition species concentration of C,F;N/N, gas mixture
at 0.3~30 kK thermal equilibrium is simulated. Then the decomposition paths and species of C,F,;N/N, gas mixture are
established and the forward and reverse rate constants of each reaction are calculated. Finally, the post arc temperature
attenuation curve of C,F;N/N, gas mixture under 0.1 MPa is used as the temperature change data in recovery process of
C,F,N/N, gas mixture at post arc, and the Chemkin software is used to calculate the recovery process of each decomposition
species of C,F,N/N, gas mixture at post arc. The simulation results show that when the post-arc temperature is above 10 kK,
C,F,N and N, completely decompose in 8~10 ms, and exist in the form of C, N, F, CF,C, CFCF, NF, CN and other
particles and free radicals, and when the post-arc temperature drops to about 2 kK, N, recombines to about 70% mole
fraction, while C,F,;N does not recombine.

Key words:C,F,N/N, gas mixture; gas recovery; post arc; reaction rate constant; particle concentration
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Research and Application Progress of Environmentally
Friendly Insulating Gases

JIN Menglei', XIA Yalong®, XIAO Song', LI Yi', TANG Ju', ZHANG Xiaoxing’
(1. School of Electrical Engineering and Automation, Wuhan University, Wuhan 430068, Hubei, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
3. Hubei Engineering Research Center for Safety Monitoring of New Energy and Power Grid
Equipment, Hubei University of Technology, Wuhan 400068, Hubei, China)

Abstract ; SF is widely used in medium and high voltage gas insulating transmission and distribution equipment. However, as
a strong greenhouse gas, SF; has a global warming potential as high as 23,500 times that of CO, and a long atmospheric life,
and its concentration in atmosphere continues to increase due to its extensive use in electrical equipment as an insulating gas.
In order to implement the emission reduction goal of " carbon peak in 2030, carbon neutral in 2060" as well as promote
the selection of power grid equipment to move towards the green and environmental protection field, developing eco-friendly gas
insulating medium and equipment has become a hot topic. In recent years, perfluorone, perfluoronitrile and their gas mixture
have attracted wide attention due to their excellent insulation and eco-friendly properties, which are regarded as SF, alternative
gases with extremely potential. The basic characteristics of common eco-friendly gas insulating medium are described. Then the
feasibility of application in gas insulating transmission and distribution equipment is analyzed, and the development and
application progress of environmentally friendly insulating gas equipment at home and abroad in recent years are introduced.
Finally, some problems and future development trends of eenvironmentally friendly insulating gas are prospected.

Key words : environmentally friendly insulating gases; equipment development; C,F,N gas mixture; C;F, O gas mixture
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Research on Adsorption Mechanism of C.F,;O Decomposition

Gas on Cu-modified Monolayer NiS,

CHEN Xueyun', JIN Guangjie', XU Zhengju', CUI Hao’
(1. Datang Qinghai Energy Development Co., Lid., Xining 810001, Qinghai, China;
2. College of Artificial Intelligence, Southwest University, Chongqing 710055, China)

Abstract : The adsorption and sensing properties of Cu-modified monolayer NiS,( Cu-NiS, ) for five C;F,,0 decomposition
components are studied by first-principles to explore its application potential in the field of evaluation of operating status of
C;F,, 0 insulation devices. Through the study of adsorption parameters of each adsorption system, it is found that Cu-NiS,
exhibits chemical adsorption on C,F,0; molecules with an adsorption energy of —1.05 eV, while it exhibits physical adsorption
on G,F,, CF,0, C,F; and CF, molecules. Through the analysis of electronic properties and gas sensitivity recovery characteristics of
each adsorption system, it is found that Cu-NiS, has better sensing performance for C,F, or CF,0 gas, and has better
recovery performance at room temperature, so it has a great potential to be developed as a C;F, or CF,0 gas sensor.
On the contrary, due to the poor sensing performance of Cu-NiS, for C,F, and CF,, high-sensitivity detection of these two
gases cannot be achieved. In addition, although Cu-NiS, has excellent sensing performance for C,FO,, its long recovery characteristics
determines that it can only achieve a single detection of the gas, and cannot achieve the long-term stable use. According
to theoretical simulation research, Cu-NiS, as a new type of gas-sensing material for power system fault diagnosis is proposed,
which is of great significance for evaluating the operating status of C;F,,O insulation devices.

Key words:C,F ,0; gas sensor; first-principles; Cu-NiS, monolayer
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Research on Control of Sub-synchronous Oscillation in HVDC

Transmission Based on Fourier Analysis

LIU Ying, JING Zhiyuan, CHEN Guigang, MA Haojie
(School of Mechanical and Electrical Engineering, University of Electronic Science and

Technology of China, Chengdu 611731, Sichuan, China)

Abstract ; When high voltage direct current (HVDC) transmission is subject to short-term disturbance, the variation of electro-
magnetic torque caused by the change of electric parameters includes the component of electric negative damping torque, which
intensifies the variation of turbo-generator speed and causes sub-synchronous oscillation in transmission lines. The frequency of
sub-synchronous oscillation is calculated by Fourier analysis method. In the rotor speed control system of turbine generator, the
fluctuation of excitation current is reduced by adjusting the frequency synthesis of phase locked loop in excitation system, and
a new additional electromagnetic torque is generated, so that the final electrical damping torque component is positive, and the
rotor torque is controlled. The simulation results show that the speed of turbine generator does not fluctuate greatly when power
grid is disturbed in a short time, and the sub-synchronous oscillation is effectively suppressed.

Key words: HVDC transmission; turbine generator; Fourier analysis; sub-synchronous oscillation
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Calculation and Simulation Analysis of De-excitation
Capacity of Self-shunt Excitation System

YANG Ling, XU Qipin, ZHU Hongchao, XIE Yanjun, LIN Yuanfei, LI Houjun
(NARI Technology Co., Ltd., Nanjing 211106, Jiangsu, China)

Abstract : In order to ensure the safe and quick de-excitation of generator by de-excitation system in case of short circuit and
other faults of generator, and consume the magnetic field energy in rotor winding of generator in energy consuming elements of
de-excitation circuit, the five-winding differential equation of synchronous generator is solved considering saturation, and the
de-excitation processes under no-load false forced excitation, load false forced excitation and load three-phase metallic short
circuit are simulated by Matlab. Taking the parameters of a power plant for simulation and calculation, the results are verified
to be accurate and reliable according to actual and detailed mathmatic analysis, which can be used to design de-excitation
capacity of various units and provide technical support for the analysis of intelligent de-excitation system in the future.

Key words: five-winding differential equation; no-load false forced excitation; load false forced excitation; three-phase short

circuit; de-excitation capacity
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Review of Power Load Forecasting
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Abstract : In order to adapt to requirements of fast response in smart grid, the accurate response of power load forecasting, as
one of the key tasks in smart grid, plays a vital role in safety, stability and economy of power system operation. Firstly, the
characteristics and classifications of power load forecasting are introduced. Secondly, the influencing factors of power load
forecasting are analyzed and the basic steps and performance evaluation indexes of power load forecasting are introduced. Then
the research of power load forecasting is divided into three categories: traditional forecasting method, machine learning forecasting
method and deep learning forecasting method. Finally, the work done is summarized and the future development direction of power
load forecasting is prospected.
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Development and Engineering Application of Modular
Micro-pile Drilling Rig

MA Ning', LIN Feng’, JIANG Lei®, DI Xiying”, LI Xin®>, ZHANG Hengwu®, SONG Qingjie', LI Xinwei'
(1. Beijing Sany Intelligent Manufacturing Technology Co., Ltd., Beijing 102202, China;
2. State Grid Hunan Electric Power Co., Litd., Changsha 410004, Hunan, China)

Abstract ; At present, the basic construction of transmission lines in mountainous areas is mainly based on manual hole digging
technology, which has the problems of low construction efficiency and high safety risk, and cannot meet the increasingly strict
requirements of power safety production. Based on the experiences in production of rotary drilling rigs more than 20 years, and
combined with the construction pain points such as complex mountainous terrain, difficult transportation and high rock
compressive strength, a modular micro-pile drilling rig with light weight, simple disassembly and assembly, and strong rock
penetration ability is developed. Based on the geological characteristics of " thin soil, thick and hard rock" in mountainous areas,
the corresponding construction methods for modular micro-pile drilling rig are proposed, which preliminarily solves the actual
construction problems. The successful developed modular micro-pile drilling rig for mountainous areas not only improves the
mechanization of foundation construction in mountainous transmission line project, but also provides a technical and construction
method reference for power line engineering construction in mountainous areas.

Key words : mountainous area; transmission line; pile foundation; modularization; micro-drill
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Application of Flexible DC Transmission Technology in
Jiangbei Power Grid

LEI Yu
(Southwest Electric Power Design Institute Co., Ltd. of China Power Engineering
Consulting Group, Chengdu 610021, Sichuan, China)

Abstract; Flexible DC transmission technology is a new type of high-voltage transmission technology developed based on voltage
source converter technology, which plays a significant role in improving the interaction between AC and DC and improving the
stability of power grid. The technical characteristics of flexible DC transmission are firstly analyzed in response to the uneven
distribution of offline loads, the risk of power loss in Jinshan substation, and the small margin of short-circuit current on
220 kV side in Chongqing Jiangbei power grid. Then, a detailed discussion is carried out on flexible DC transmission
technology and its engineering application in urban distribution networks. Finally, based on the research on operation
problems of Chongqing Jiangbei power grid, two solutions of AC and DC are proposed to solve the overload problem caused by
500 kV power loss in Jinshan substation in 220 kV power grid. The application of flexible DC transmission technology is also
proposed tosolve the problem of unbalanced load in 220 kV substations in 110 kV power grid, which provides a guidance for the
engineering application of flexible DC transmission technology.

Key words: flexible HVDC transmission; power loss of power grid; engineering application
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Research on Causes of Nonlinear Variation of

No-load Current in Transformer

LUO Mingcai', MA Jin®, LIU Lei’, XU Huikai’
(1.State Grid Zigong Electric Power Supply Company, Zigong 643000, Sichuan, China;2. State Grid
gong pply pany gong
Guangyuan Electric Power Supply Company, Guangyuan 628000, Sichuan, China;3. College of

Nuclear Technology and Automation Engineering, Chengdu University of

Technology, Chengdu 610059, Sichuan, China)

Abstract : The no-load test of transformer is an important test for diagnosing core faults in transformers. Through the no-load test
of a 35 kV three-phase double-winding transformer and the analysis of no-load test data under different test wiring conditions, the
no-load test of a small-capacity high-voltage transformer is studied to show a non-linear variation in no-load current from zero to
the specified test voltage during the no-load test, and the analysis of the test research shows that the main cause of this
phenomenon in such transformers is the three-phase unbalance of test voltage. When the neutral point of transformer is
grounded, the zero-sequence current is the main cause of this phenomenon, rather than the capacitance current considered by the
traditional literature. The research results are of reference significance for the analysis of no-load current change in transformers.

Key words : transformer; no-load current; nonlinear variation; zero-sequence current
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Design of Fixed Frame for Conductor Maintenance
Platform of 500 kV Transmission Line

GAO Liang
(Inner Mongolia EHV Power Supply Branch of Inner Mongolia Electric Power ( Group) Co., Ltd.,

Huhehaote 010080, Neimenggu, China)

Abstract : Through the analysis of maintenance operation of transmission line conductor over the years, it is found that there
are operation risks in manual wiring and other maintenance, such as the risk of rollover caused by the operators’ inability to
maintain balance on conductor, and the difficulty of strengthening the pretwisted wire winding of conductor crimping pipe. In
order to control the above risks, a fixed frame for conductor maintenance operation platform of transmission line is proposed,
and the design schemes, mainly including main skeleton, sub conductor spacing adjustment function, up and down object
transmission function and conductor up movement function are given, which has completed the confirmation of application
effect. The designed fixed frame can prevent the distance between sub conductors from being too large, effectively assist the

operators to complete the work on conductors, reduce the safety risk and improve the work efficiency on conductor.

Key words : transmission line; maintenance; operation platform; fixed frame

0 51 7

500 kV Hi A BB TAE R K  fETE R R
ERNBI L RS, | (A 2 R B A TR 22 G S8
SR SR A JRR A A % (1) el A T 4G A A R S
e TAEY , HEnX 6 TR T B AN T8
PEEZR TR, 45 A SEPRERAE X P AR R A & T
YERIAE BT, 2 BRAHAE T AEAE LU T XU PR 2%

1) PRI IR L 22 i 56 TAE— 2/

AR, TSR Z & )T e 34
ZIAFE B K, AR T RS TAE, MR SE PRk
LRI, TEN TOEL T 5 4k 0] fe K W] BE A B 253K
F 1~1.2 m, KT 450 mm T 52800 5 [a]
SR B A A TG AR R A | % A 0
RV, 3RV N B 1448 4 RO BEURAR R A5 50

2) L R T 22 G N R 0 KA TAE M
JEK, BET ZE MR BLE LA ) 55 RE ) 58
W, R EAE N AT s N R T A i H
N AR R 58 OZ I ABAT: 55 75 BEAR AN 8] 19 1 25



P, KR T Vb AU

3) FE LR WL e g e TAE T i F
AN B AT WA ARHIE, Hik, 75
2R A1 B AR I o5 (i 928 T ARk e Mg  H 20
IR,

SR RGSE H AT 500 KV iy B 28 s B f ) 4
&AL FA B A48 B TR 3222 FH A& 2 5 B 1l
NATEV 53 3 4R P ATE 8 58 U SR A B A 90
BRAEAE TAE, G an#b s T #MREEE 52 A B AR R A
AR RAAE TR B 76 00 43 24 26 1 4E
A, 1 HAB AN T 58 BV T AR 1 B2 4 4k 5 T
VE 91 4N 28 4224 T 22 ik, [ B s o o 55

UL, RIS T —Fh 500 kV i HL 2R K
LRABVE - e 42, T DLRRAIR N R A& TAE SR
JE T ARV XU, 0/ K 16 T AR AT, B S e 2
B PLL L PRGN ARG T AR BRI BEAT

1 [EEZRIhEe T

TRl 500 kV i 2R s SR A B AE ML T &
[ A S T e b R R R B R R A B A M )
R, DR 1 v AR B L T T

1) XA LR Al i 2 R AT [, Bl 1k T3
S CIET- SN

2) HLA i e 2k B - R AT HE R Y9 BE ), T T
L L GG

3) RERS ST LRI LR ARV S AT B RS

4) RENE SRR T H Kbt TR R R &3

i L 2R PR LR AE AL T 5 T Ak £ 2
5 H AR T R EE R AR, BT
THERIIREI T L E R ST RER T, Al 1 FTR

500 KV

Bl SR

R

i

[

e Tekg E R 84 I
H e YT fL it Bl
[ [ [ [
R , —_—_— -
RENG R AR Wit
¢ pi P R o

B 1 WREARSEGEENTEBEERZT

> R TR
2.1 EBZR

1) Rt it

28500 kV U 2L AR I R, Bt T

SERR T EHHETERE A 700 mm , TEAETEIRE A 450 mm,
PEAEBE R 450 ~700 mm , 156 JE A R 2R 2 R
[ e e B AR AR 2 s

MER

700 mm
450 mm

=
gt

\ 400 mm-700 mm

: 150 mm Il
S0mm]|__|

B2 BEEREEBR

2) Vel A g i Ty s

18] 5 R A LA i ) [ 5 2 Rl - 8 [
TE R IGEE

B 5 3, AT R T T AR R R A
B R 5 L R B B ), i R AN RE R o)
IRPIEEROCR . T A S i, PR i g, M
KBk L2 g GE I 2 J5 30, 2 th T LS shini A E T
TRz 58 I H 25 58 AN 05 742 [ I 3 2 3 5
LA [l FEPRBRJH SRR 22 N SRR 22, T
VEREFF BBUR S e

P T 1 T SRR DT, B O R A T
2R PRIMERE | i A5 B AR AE AR oMb i Ak ) T 5 5K
HEHAS e, WK 3,

3) BBk

TR TR AR R0 B R R T P e 4
Jrfi . XTSI B A e SR LR BB, e
Bk S e e oY (S ST L

150 mm




[ 7 2 L

2\

E3 EREEE

2.2 FER&AZKEEFATINEIET

[ R A8 1 S 2 2R 0] B R O 2R — A R
22 A 2O FRAT X

o TR A B 7EE IR T i S 4L T Ui A2,
KA GE A 5 R, TAE A R ELRSE B & )
R PR E R, B S 2 A ) R
AR X A L0 A 0 A it T R B, X R N B3 Y T A
it 3B R AT R Y ST A P —
R AT FH B3 K B BRSO, 38 4 799 i [ 0 FH 4R
T4 B BN R BRI T R LRI EE

BT A e AT LA (A ) bR A s 2 Y
it T TRIEE, i DATE ] 7 48 4 46 () FE R & D) fig I
K AT e &, Qi &l 4 PR,

B4 BERFSEKEERATRE
2.3 BIEZREHEINEER Y4 L TEBINRER T

H 0 7E T AR A P 22 Jnsi ki TAE 4 v
KAWE N R b g b0 2 LAl AL R T
IS (NGRS b AR VAR 21 N ON
MBI T AR N B A B TS A XU . PRl K
T #5217 ELRERS L F 1438 T B AN R0 [ 2 500
HE,

[ R A A M T, RIDZE [ 42 kst mT LA
PRI — BB 2, &R B 5 PR,
T 2B ZRRAT 3R, n] LIRS 32 2% o B 4
PRy o AR R M 4 1T S A R IE IR A
MTHRF A DR 38 2 35 2 S LRl

s, T E AR AR R AT DU A Rl B
PR J1 o ITIEAEL N 38 B 22 1 1 T8 T 4R R A i
AR 2 A N (S ONAY RS S
L 5 b e bR RS I REBT I R AL,

|

PrEReE Rl R
PrEieE

Bs5 BEEXR#TERE

s A O L F DR B, BOE 2
A I TR TR SR R 1
W B A 5 5 0 AL A4 T
LUAFIZL A TR, T TR S0l TEL R bt
FHIBLE AILALIR | 2 AR5 T B 1
TERBHRMEB SR G0, S
DIREAIIE 6 R

bR

B o EERLTYMHEENRE

2.4 BIERESEZ LB

TEALGE R —HH DU 73 2 LR AT T Le 22 8 5
SRAAE TAE, — M e UG e =T — Mk
s AEAER AR A G IR AL 18 48 I #5175 b
PEATHRS IR A BT RAR T 2R AR R,
XA T R AR S T A B A
RS , O T Mg Rk — X, 45 [ ZR et T
& LB hae, T EVR LA B RS

IZBL TR T8 5 ok S 1 E 2R R 4k E RS
g, fEBER LT EE R LTS S
[) 5 TR, T AR RO (H] BE R K T2 AR, By IETE
FEk RSB A L A S W AR AN, dn R 7
PR



Ly

—~
B7 SZ&EXABR®E
TEFERE I, Al N 50 [ e J e = F — 4
PRl 5 BT JF e TAR . A T A% 07
SN Ve R T (B UNAR . A I e
FeR I fE R e

3 LR FRRBAE L F SR
I R
FIFHHE 500 kV i F 28 B fsE ML 2, X i 26 i

Lo M PR KAEAE W & [ e 200 FH AR 17 )
i, K 8 s,

B8 MMM&KSHHEMELTAEREMANR

204,500 kV i 2k i TR B AR LT &
TESLR B R YT S AR} B O (8, R A fe 2
Y BERAE VR ST & ARV S A BB I, SR
TR E 2 B AR R . SR IR 2R
TR W AR B AR A B TR R R
RO IRAL R TR 2L R TR A B AT,

A R SRR BT KA B A R A R MAIE S |
TREL 22 JBENNTR T4 RAE | [ R 428 B 46 45 T4 4
BET By 2, R R TR 55 F AR K Rz
N T 500 kV PUA 2 FLRHEEL 0

4 & ik

B T —Fh 500 kV LR £y 2k
KAEAEL - [ 42, w] AAR G5 b Bk A 535
PR R R L L2 IR IS 5F T AR, e B e
RIUG ET RN BRAEETE A SE B L R AL
22 IMBRAEM 2 4 R A IR B DR e 1, B ) I 4
FHHT

WM % B AT DA B 4 S TR B A AP [
TR (485 1 RN LT - S 8 K D B v, mT A
Iz ] 5 T e S A0 1 [ e A Ak 5 R [0 22 3 B T |
BB A L, T LA RN B TR B o AR
ST L Rt B 7 NS I o (A (Y U/ NG Sl O < 3 48
T4 SRR L S SRS R S B A T (53
AR GAE L R (8 TPl | Ak | 22 4 b
SEAEAEL

S 0k

[1] E.500 kV 8 55 4 i 2 % i B 53 B K o ¥ 5
i [J]. AR S HEhk,2013,390(36) :27-29.

(2] EZH A IR BB 110~ 500 kV 2225
L2k BRI TS AR AR . DL/T 5092—1999 [ S].db5t.
=] Ha, g HE R, 1999.

[3] S255, 2400, 7 FRE, 55 R e R LU vl 2 B A
TR ST REIE O T (9 AL 22 R4 [T ] )1 v
F1HA ,2019,42 (4) :85-89.

[4] T EST, KR, BEFR N, 55,500 kV [R5 30 5 EHES)
B A v R A A VR I B ST [0 ] R R
2013,37 (11):3281-3287.

[5] WEUE, 26,565, 5 B R I v 2 2 2 R R
S ST ] e AR ,2020,43(3) 1 43-47.

[6] &HE R FREMTARZ R 2 BIEHFL
. DL/T 636—2017[ S].4t5% . i [E H J i gt , 2018.

EE®N:

B 55(1990), B, TAIF AT 6 A i R I IEAT

) £/

(W B #A:2023-03-16)



RO P Tl o 8 1 o R A 9 P T] i £ 22 i g v

g B, R,5 R AZR,GFH,ERW
(1A E AR AR B A FR A &) W g vl A 202 Bl S S FEAL, pUil sl 610213
2. DI R2F R T REABE , DU ACER 610065)

W EAELANRGEEI>NEER P LB EF G LA AN TRT L At ERAe S PR A% EN
A A 7 Y 75 BAR S Bt A2 5 0% B 1) W X K VA %) B 60 PR, SO AR R M R B K SR R BT 2 A Tk ad A2 6 it
RRER A EEAMET R, AA A TRA T LEREMN AR E S EY i n 0wt a2 ek
Bl R UG, i 23N X Fr =K Lagrange 355 A /32| L WM M AEFe y TR M BHEF AT I LR A b L, R)E, 8
WA ERRAEASER ) B IR S KRG R G0 5T, il T AT4% 77 ik 69 T 4T M 25 A7 20k

KR R EE ; I RESH i B RPE ] ; Lagrange i {E

FESEES.TM 714 XEIRERD:A XEHS:1003-6954(2023)04-0063-06
DOI;10.16527/].issn.1003-6954.20230412

PIT Curve Characterization Method for Industrial
Processes of Sensitive User

MA Jun', JING Yuan', YI Jian', ZHOU Zhisong', XU Fangwei’, LONG Chenrui’
(1. Petro China Southwest Oil & Gasfield Company, Chengdu 610213, Sichuan, China;2. College of
Electrical Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract: The process immunity time curve is an important tool to analyze the immunity of sensitive industrial process to voltage
sag. In order to solve the problem that it is difficult to describe the process immunity time curve due to the monitoring difficulty
of process parameters and low monitoring willingness of users in actual production, a method to build the process immunity
time curve model is proposed for typical industrial processes with missing or insufficient monitoring data. Firstly, based on
typical industrial process structure, the immunity time constant of voltage sag in sensitive equipment is used to calculate the
process immunity time. Then, the empirical formula and quadratic Lagrange interpolation are used to obtain the process immunity
time curves without monitoring data and with a small amount of monitoring data respectively. Finally, the feasibility and
effectiveness of the proposed method are verified by the analysis of a high-power electric drive centrifugal compressor system in
a natural gas compressor station.

Key words: voltage sag; process parameter; process immunity time; Lagrange interpolation
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Engineering Application Research of Installing Shunt
Reactors in 220 kV Line

SUN Jianjie' , YUAN Mingzhe', YIN Pancheng®, ZHANG Zhi', CHEN Xiang'
(1. State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China;
2. Southwest Branch of State Grid Corporation of China, Chendu 610041, Sichuan, Chian)

Abstract ; With the gradual development of urban transmission system from overhead lines to power cables, more 220 kV lines
need to be equipped with shunt reactors to compensate the excessive capacitive charging power of lines. Considering the current
situation that there are few engineering practices related to the installation of shunt reactors in 220 kV lines in China, and the
design and construction scheme lack clear experience reference and technical guidance, the engineering design
principles, technical points and operation precautions of the installation of shunt reactors in 220 kV lines are introduced in
detail in combination with actual engineering cases. Then, the relevant technical difficulties such as the corresponding protection
configuration, the design of startup failure and release compound voltage circuit are deeply analyzed as well as the realization
of remote tripping function. The corresponding solutions are put forward, which has great application significance and
engineering value for guiding the design and construction of project site and promoting the safe and standardized operation of
power grid.

Key words :shunt reactor; high-voltage reactor protection; fail protection circuit; compound voltage blocking; remote tripping
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Thoughts on Construction of Sichuan Electricity
Ancillary Service Market

MA Ruiguang, WANG Xiaodi, LIU Jieying, MA Tiannan
(State Grid Sichuan Economic Research Institute, Chengdu 610041, Sichuan, China)

Abstract : The electricity ancillary service market is the foundation to ensure the safe, stable and efficient operation of new
power system. The electricity ancillary service market in China develops organically, where the product are enriched, the fee
compensation mechanism is optimized, and the market clearing regulations are gradually improved. However, the electricity
ancillary service market in Sichuan is relatively lagging behind, which exists the problems such as limited number of products
and market entities with low market maturity. Through the systematical summary of development process and experiences, and
based on the resource endowment and power grid characteristics in Sichuan, the construction of electricity ancillary service
market is analyzed. Suggestions such as enriching the types of ancillary service, developing new market entities, improving
compensation mechanism, and completing market framework are proposed, which can provide support for the construction of
electricity ancillary service market in Sichuan.

Key words : power ancillary service; new power system; electricity market
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Fault Analysis of Bijie New Energy Transmission Grid and
Measures for Improving Transmission Capacity

MING Jie', WANG Guosong®, MEI Tao'
(1.Southwest Electric Power Design Institute Co., Ltd. of China Power Engineering Consulting Group,
Chengdu 610021, Sichuan, China; 2. Power Dispatching Control Center of Guizhou Power Grid Co.,
Ltd., Guiyang 550002, Guizhou, China)

Abstract: The power grid stability control system, as an important protection measure for the entire power system, can avoid
power grid failures resulting in large-scale power outages, and is an important defense line to ensure the safe and stable op-
eration of power grid. Firstly, the situation of new energy construction project in Bijie is analyzed. Secondly, based on the grid
structure of its regional power grid in 2023, a detailed stability calculation is carried out for AC system of power grid in this re-
gion, and the stability problems and weak links of the system are analyzed. Finally, measures and suggestions are proposed

to improve the transmission ability of new energy in Bijie for different AC line faults, which provides guarantees for the safe op-

eration of regional power grid.

Key words : power grid stability control system; stability calculation; substation; stability control strategy
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Continuous Fault Analysis of A 10 kV Resonant Earthed System

WEI Jiaqi, YUAN Mingzhe, CHEN Xiang, LINGHU Jingbo, CAO Ke, XU Lizhi
(State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract : Single-phase grounding fault has a high rate occurred in power grid, so its research is of great significance to
improve the reliability of power supply. The characteristics of single-phase grounding faults in 10 kV resonant earthed systems
are analyzed from the perspective of bus voltage, and several causes of single-phase grounding faults are known clearly,
thereby reducing the incidence of single-phase grounding faults and ensuring the safe and stable operation of power grid. Firstly,
the transient process of single-phase grounding fault is briefly analyzed, and the specific mathematical form of transient currentis
obtained.Then a qualitative analysis of the recorded waveform of fault in stagesis carried out, Matlab simulation is used to
verify the correctness of the analysis, and the variation rule of bus voltage under different grounding resistance is explored. Finally,

several suggestions are proposed for the resonant earthed system to reduce the impact of single-phase faults.

Key words : single-phase grounding fault; resonant earthed system; intermittent grounding; Matlab simulation
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Cause Analysis of A 110 kV Current Transformer Tripping Accident

LIU Yuanfang, GUO Jinming, LU Xiaobin, HU Lin, ZHENG Rongfeng, WU Tuojian, YUAN Ruiyi
(State Grid Chengdu Electric Power Supply Company, Chengdu 610093, Sichuan, China)

Abstract: A transformer and bus tripping accident caused by a single discharge of 110 kV current transformer is analyzed.
Through the inspection and test of the faulty transformer, and combined with the on-site inspection and fault recording, the
accident action logic is repeatedly deduced and analyzed, the cause of the accident is judged, the accident process is restored,

and the reasonable improvement suggestions are put forward.

Key words : oil-immersed current transformer; metal discharge; accident analysis
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