5540 £ 1 1 Ml e AR
2017 42 H Sichuan Electric Power Technology

Vol. 40,No. 1
Feb. ,2017

ok il

R o s A2 LU A v R G0 A 1 IO S ] oA RE DR EL K IO T 8 A0 B i, s v T i P 7B R B R 2895 A
o IABRAR MR, 2 i s A AR B . Ferfr i TR AT G AN 42 X — IR B A PR RE S Hh B i oK 5 52
BRI A PR M 7 F T TR A B A AL B 2 | AR 25 5 2 P S (L A7 D LUR T
SR LA T 14 v O RSN A TS SO AR A 5 K S R RS RE DR N i, — 7 ThI G L IR P SR R RE
I3 TR B el 2L, 7 — 5 Tt ke el v, 3 T 7 800 R e L BRI X 5B R DR & R BT A BE 5 i AT 22 M 3R

WA, R e T L i P AR e P o DB C 7 A A — e el s T

R3S e s 52 LU P O TR ) T A R A, 0 HL 1 5
SRR 1 AR R (R B8 B A, e 2 [R5 520, 52 CIH 1T HL ) B ) 44
FREAR AL T A R L T

A PIFEWCRSCE 19 F, F2ZEMTFT AL 157 g T oL I 23 B 5 4
il R — IR B ss T 545 Fr IR ER U B 2 50 5 TR
IV

1) HEERMNS T SIEH

B KRR T T RS I A LS U7 BB A BE IR A Bl
PFERRR R, FFOSE T A% Emt i i P R 37 R G055 ADPSS il 15 K
TR HLH o 5315102 I A2 2% AL i WL 2 7 DR R G215 ADPSS il & 5
B, HAOFEAR GG P T A &, 7 H L T PR 402 4R
B, XUBENE A58 4R T 3 T S AR R I A5 R AR B SRR E Ay
5, WIS BE R AE R GE b oA LB AT 40 04 #11 E A L RS E A2 Tl
B BB AR 5 AR S S e S DD BR I [B) BEAAAT o XK T 2L 4s
ST TR R B A S R AR RN o IR A DT
TG B AR B T R IR AT R R GES5 . &1
BT AR AT T RAML AOFFAEXT B AR G2 09 82 0, I P45 i ARk DU xek
MAG ST RGO BEAT T B, 07 BRI E T RAML Xt
RGRGENERIRM o X G = A S R GUANA O, % 58 EL I TRk
ARG I RN B BRI R I E AT THE5E, 70 5 RS A [
S s R B0 X R G MR A R IT BT SE , S B K R 3 4 R dle 5
WE T IR OTIE R A R . RO BB N T T R
PR B ) L U O 07 35 0 1%, R T2 VR A ST AR R T L R B
LK H ARG 1B | B P SO AN X RIS AT 45 22 b Kt Il %1547 07 =X
T E R . X & BRESEER XS PSCAD/EMTDC $]4F F 4 (4 48 it

mIlXE F=EXEHR/1ES

E M )1l & RN A R R AR ZEH R
HE BRASHIREID

e O R R By LS MR AR A ) B, S5 T BT AN A 40 Ui A A R B, LA AN A SE SOTT i
i, SEBL T H AT TR 2 R A B AR AR I B Ak A P o BT T RTT AR T — b T A BE B A Y
i e A FRL RO IR 0k DT IE T 0 75 R8T AT AR RE R A4 5 IX 58 5y AL , X T4 e s A4 5 IX 52 ) T e

o1



5540 B4 1 1) W AR Vol.40,No. 1
2017 4E2 H Sichuan Electric Power Technology Feb. ,2017

A —ESH O XS T BIE 0 A A2 SUHE S, 75 2035 52720 o ol D A0 0 B2 B A AR R B s, O3 Hh 48
1ETr ik

2) BERE—RREEBEITER%

FPRAE XSRS £800 kV i i ELIRER B 1 SRR sk B HEATWT 50, WE 9T P 235 5 SR IS B 451y Bk 2k e
T R T 25 R S b 2l 22 10 A DA 3R, JF 0 L8 PR A0as Pk 2 Rkt AT 20 A, 9 Je 2 + 800 kV 4
o s B B A T sk IS BT HR HE 7275 0 XISFSY KR AF DATE 4 B 2016 47 8 2 H iR il i B2 4L,
T T 7% 8 e SRR A i e B R T Rk A, WIS 58 X T R v T Bk i B i AR R A 2 %
R o XURESR SR SFHIETT T IE 1) FEL U D |45 1] P38 728 A 30 55 2 MO R v A5 7 R D o A i) K O
PERRZIE , W50 R e 1 & e 45 R S oe I A I e AR 1 1 BRI o ¥ H 2208 AR S5 X 220 kV S 4d
8 R Wty 2 s A R P S A DL AT 0T, i B, T s Mg P S ) i PR o P 8 3 o LU A R R
BOLL A B RREIR  JEAe h 128 s B D i Bl 9P i

3) HEERPEAR

FRAETE SRR AT FE] PN AR S SR 0 R A L, DA 223 LU 2R e e o B DR RIS B o 5 =7 1k, A
7 B E AN AR RS, AR DS SRR ST T ) B UL 2RI | AL A DA B DR A A
W, AR T TN RE AR R A S O P 5k DR AT TG R IE . KAl BT AR T F AT AR 2
PR IPATAE R BIBE , DA DRAP SR M RIS B o 22 WA 7 T £ 1 S R L o R R AR X H i A 2k Bt DR
FAAER IR, $2 1 T R BC B D7 RO o b Rl @ ST 1 e i e /A P U e A M2 A P 5 I
SEZESNORAP R AN . ZEEE SKAR A T R L PR DR P B ) 3 SRR XA (R i e ) S SR
FELASZBR TR A B, 73 M T B G PR P B Sh A SR B I 47, 3 1 17 BACatk SR

AL IR R b, T SCE B BT RIS I, Ay BEAR T REXS B2 A7 B Bl 45 o

Zeif
e T

2017 &£ 1 A 3 HTH#



5540 5 1 4]
2017 4£2 A

MmN B h KR

Sichuan Electric Power Technology

Vol. 40,No. 1
Feb. ,2017

2 2% LT K H 5 R AR 2R G Rl ADPSS Rl
15 B4 AR5

B Ek 2, mE

(AR gE e, bt

100019)

i E:MAEALARYRZANIE BB ERNETGY 5 B RN, iy 2R 0 Lads R m ki
FEAT oM F R, AR AARBIERIEY 255 ADPSS w4 S5 A-F & sk O AR KRBT, BT #
BEBFHRBBRFAREG AT R AR T EMN G AT ETHAAENRY AL RSBk, REEST
B BAER R 2 %5 ADPSS A A AR, HARASRE T AAM S AR R BRI 4HFE, AR EFFRET

o A B A AT IR AR T BRI R L 4%,

KR HVDC; FERI R RS a0 maikn

Abstract ;: With the increase of scale and rates of HVDC transmission system as well as its impact on power system operation,

the complicated HVDC control and protection characteristics attract more attention. The fusion simulation of the complicated

HVDC control and protection system is studied. The static links and dynamic links as two fusion simulation methods are pro-

posed, while the multiple interfaces of fusion simulation are designed based on each simulation method. Finally, the fusion

simulation system of the complicated HVDC control and protection system and ADPSS is built, which remains accurate charac-

teristics of HVDC control and protection to support the study on HVDC operating condition during various disturbances.
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BL T SO RE B I S R AR Y L R G A R I A

XER', & T, BEIT, MAK' , g
(L PR AR BB, PUJI R 610065
2. [E RPN A A R ST ORI TERE, DU ER  610041)

H ERBIBEFTL A XREFTENRER, SRR DEZTEERN YT A LA REEE AL T
FABT Al B 95 S B RSN BIEE LA AN T AR IR, AARNRAARDESBEE A TEMBREER G LR
BESWTH E,IINERZARE N E LR TS A BT FHIINEMIES 2 REEZ L HE LR TN
AR, =T AR ATHEBHAFO T SB I oWk, WM EFARIBIET  ZRHFENE W G54
FAKR, BT LA, N R B HNETREGRIHAKR, FARE D KA AR FTEMFAN WREE
F P LR SR ) R ARK G e, RAME S KA

KRR AR ENE SRR s A5 R4 A 90 5 1AL

Abstract : Two performance indexes, that is, distribution entropy and approximation entropy of power system branch potential
energy, are proposed for transient stability assessment. The general dynamic model of power systems and branch potential en-
ergy is firstly introduced. Distribution entropy is used to describe the spatial feature of branch potential energy and approximate
entropy is used to describe the temporal feature of branch potential energy. After that, the methods for transient stability based
on the proposed two performance indexes are presented in detail. Case study on the transmission system of Sichuan province
demonstrates that, a higher energy injection caused by a fault and smaller energy distribution entropy will result in a more un-

stable system. Numerical results also show that smaller energy approximate entropy indicates that potential energy will accumu-

Vol. 40,No. 1

late faster in the critical subset of transmission lines, thus the system will be more unstable.

Key words: transient stability; branch potential energy; spatial distribution entropy; approximate entropy
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J£F PSCAD/EMTDC () HVDC #i37i #%
fioh 5z s il S A5

X &M E,M[FER
(VYR S Ko TR B, PU)T iR 610031)

W B AEHHSIEELALNE(HVDC) 493 5474 , 4 3F PSCAD/EMTDC #4+ § g A B oA 2 S8 A
RERBAKG P A, B ETRFEGBRAZMAFRNED, DAZXAMALMS, ST ENIAES ZRAGFM
AL I8 Fa Ak Z A5 H) o A7 H oA T AR 3R ehom R4S b S AR A 35 R B A SIN HVDC AR sy A4 R 5 142

TR, il T AT AR 64 /Al M

SRR : HVDC s i 45 fish S 42 ] 5 % H 82 17 i s PSCAD/EMTDC s A 7 KL

Abstract : In order to accurately analyze the dynamic behavior of high voltage direct current (HVDC) and solve the problem

that the full package of converter components in PSCAD/EMTDC software reduces the flexibility of simulation, a detailed con-

verter firing control model is established. Based on custom component, the control of evenly spacing in phase which is widely

adopted by actual HVDC transmission project is implemented in the firing control. The response characteristics of the control

aspects are analyzed. The converter firing control is applied to HVDC model, and the simulation results are compared with the

recorded field commissioning curves of HVDC transmission project. The comparison results show that the accuracy of the pro-

posed control model is satisfied.

Key words:HVDC; converter firing control; evenly spacing in phase; PSCAD/EMTDC; modeling and simulation
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Abstract ; China has a world - leading level in UHV technology, especially in construction and safe operation. An optimal en-
ergy configuration platform in a wide range based on UHV network has been formed gradually. In order to achieve a high por-
tion of renewable energy to the overall electricity consumption by utilizing this platform effectively, the cross — area electricity
trading market based on UHV network still requires a constant improvement, in which the key point is UHV transmission price
forming mechanism. An UHV transmission price forming mechanism is suggested to stimulate the renewable energy consump-
tion. Firstly, the consumption target of renewable energy is analyzed. Secondly, the trading simulation is carried out based on
the scale and distribution of renewable energy, and then the UHV transmission price is forced through the price difference. Fi-
nally, the transmission price subsidy is obtained by calculating the gap between this price and cost pricing. A case analysis
proves the effectiveness of this mechanism. As the cross — area trading of renewable energy has been given adequate considera-
tions in the proposed method, it has a certain reference value for the construction of UHV cross — area trading market.

Key words: UHV ;renewable energy; cross — area trading; transmission price
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Abstract ; The topology structures and characteristics of UHVDC single — layer connection mode, hierarchical connection mode

L& 4

and pole hierarchical connection mode are described in detail. Based on control system of UHVDC pole hierarchical connection
mode and UHVDC hierarchical connection mode, the control system structure of UHVDC pole hierarchical connection mode is
proposed. The three kinds of UHVDC connection modes are compared from the multi — infeed short circuit ratio (MISCR) ,
fault features and acceptance ability of AC system in receiving end. It is obtained that UHVDC hierarchical connection mode
and UHVDC pole hierarchical connection mode can effectively improve MISCR and the acceptance ability of AC system in re-
ceiving end. Compared with UHVDC single — layer connection mode, UHVDC hierarchical connection mode and UHVDC pole

hierarchical connection mode have better recovery characteristics and stronger acceptance ability of AC system in receiving
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end.

Key words: UHVDC; connection mode; structure of control system; fault features; acceptance ability
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Abstract ; A field — circuit coupling method is introduced to calculate DC bias in power system. The electromagnetic field mod-

el is adopted to build the hierarchical modeling of earth soil. The models for lines, transformers and other equipment in DC

neighboring grid are established with the equivalent circuit method. The degree freedoms of key nodes are coupled in order to

implement the field — circuit coupling. Finally, this modeling method is used to calculate DC bias in Sichuan power grid, and

the test results are inversed which are approximate with the simulation results. It proves the effectiveness of the proposed field

— circuit coupling method.

Key words :field - circuit coupling; DC bias; finite element
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Abstract ; With the continuous progress of national sustainable development strategy, wind power integration steadily increases
in China, which are mainly transmitted from " three north" area to load center in the east of China. However, many challenges
for wind power absorption in ultra — high voltage (UHV) AC/DC interconnected power system emerge due to its inherent fluc-
tuations and characteristics of power electronics. Therefore, it is of great significance to study the impact of high wind power
penetration on the stability and security of UHV AC/DC interconnected power system and further estimate the maximum wind
power penetration from both academic and engineering perspectives. A method based on system frequency response ( SFR)
model is proposed to calculate the maximum wind power penetration considering system frequency response under both consid-
erable disturbances and wind power fluctuations. This work presents some guidance on planning and design of wind farms and
related UHV AC/DC transmission systems in the future, and also demonstrates the necessity of ancillary frequency regulation
services from wind farms.

Key words: UHV power system; wind power penetration; wind power fluctuation; frequency response; system frequency re-
sponse (SFR) model
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W E. 455 E AR A% (ultra high voltage direct current, UHVDC) & — AN AR Ao XA Z AR HITKIES . 5
WE KEZTHWG 2%, UHVDC i d 2 403h St £ B0k T & R 245 4% 48 4 P4 32 (voltage dependent current
order limiter, VDCOL) #e W, 5735 4] 7% X % (current control amplifier, CCA) , % # sk & & AR E, o A Pk AR A
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Abstract : The ultra high voltage direct current (UHVDC) , which is responsible for the transformation between DC and AC,
can deliver long — range, high — voltage and large — capacity power. The voltage dependent current order limiter ( VDCOL)
and the current control amplifier (CCA) are the key factors for the dynamic characteristic. The firing angle will be quickly re-
duced to the allowed minimum value when faults occur at the AC side of rectifier station. With the AC faults disappearing and
the AC voltage recovering, the direct current will increase quickly if the firing angle is too small. The module of rectifier alpha
min limiter (RAML) is adopted to prevent that situation. RAML will affect the voltage stability of the sending end system.
The structure and functions of RAML are described. The influence of RAML on DC and AC systems is analyzed using Theve-
nin equivalent system or single machine infinite bus power system with a generator set respectively, and is described by equal
area rule. Finally, the influence of RAML on voltage stability is verified through the results of IEEE 10 — machine 39 — bus
system.

Key words: ultra high voltage direct current (UHVDC) ; rectifier station; rectifier alpha min limiter; voltage stability
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Abstract ; Ultra high voltage(UHV ) /extra high voltage( EHV) AC transmission system is an essential approach for the power
transmission with long distance and large capacity in China. In order to improve the transmission capacity of UHV/EHV trans-
mission lines, both sides of AC long lines will be equipped with series compensation devices or other compensation equipment.
However, it is found in actual engineering projects that after the installation of compensation equipment the probability of iden-
tifying the bus power imbalances by the substation monitoring system rises up, which is caused by the fact that the line current
transformers and voltage transformers are respectively arranged on the different sides of compensation devices. In order to solve
these problems, the reasons for the miscalculation of transmission line power are analyzed and a modified calculation method is
deduced based on power flow calculation method. A simple calculation example and an actual example of 500 kV transmission
lines of a substation in the west area prove that the proposed algorithm is accurate and reliable. This method is simple and easy
to be applied in UHV/EHV substations.

Key words: transmission power; line series compensation; power flow calculation; modified calculation method; EHV/UHV
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KR £800 kV ELURLM; M 5KI& ; [OERkek ; 22 PF ks

Abstract ; At present, +800 kV UHVDC tension towers in China all adopt the down jumper, that is, the bipolar lines are con-
nected with the jumper hanging under the cross — arm in this situation. The down jumper in mountain area may let its height
become the crucial factor for the height of tension tower, which leads to the raise of the height of tension tower and even cause
the timber cutting and excavation of ground to be inevitable. Considering the tower structure, jumper string type, jumper type,
air gap,critical corona field of ground wire and other factors, a new design of upper jumper is proposed for +800 kV UHVDC

tension tower. With its economic and social benefits, the upper jumper can provide a reference for the design of the following

Vol. 40,No. 1
Feb. ,2017

+800 kV UHVDC tension towers.

Key words: + 800 kV UHVDC transmission line; tension tower; upper jumper; economic benefits
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0 51 F

HETEAN 800 kV F it L m B K& 2R 1
FRVSIE Wi L E AR T Bk (LU TIAR T
5| BkER ) A THESE Sk R AL T kIS AR ) 800 kV B
Tk AR P B A B TR

=] NS>

Bl 1 T5IBRE&mIsKE
EF 5Bk th T2 BB A K R I | T 5K
FRBURE A 5 A RENE , LAl Fi 0 0 e R EU TR 5K 3

LRRRPHAN KL 9 m, 1T BB 2 it B P B 4 % b B R
i i Ty sl T R R, JE R AR L X ik
TR O B ke b [ B O i BN 5 4 A [
1 s B R 5 kR k3

R f DR 5K 51 kAR X Hh R B OS , LR i
PV £800 kV E itk f TR A ], A 5T I Sk
LR K3 | R A SR AR A
KA E A T SRR B Y, 45 J5 22 + 800 kV Ff
o R B B i ok I TR S

1 Bk A E

PR - S Af A SO 2« R TR 5 B A B 2 A
BEHH ET7 5, (B 2 AN By Tt ke 3% 5 v vy s ) 1A
B, AT 6 DR B X L AN 8 T T AT kfk
PR ES HITT7 o B B TT 5 - B % S Ak B
HOARSERRAY 7 2, TR A SMI, D7 RS
ARG LR R s 1 SRR A B X Bk
ERTRA G T R SRR, A /NSO 5k 2k e 5 I A
KM R Je . ARG TRE SR AFFNEESR, 7] R FHRL
B2k LML BELL e A R T 2 s

.47 .



5540 5 1 4]
2017 4£2 A

m e AR

Sichuan Electric Power Technology

Vol. 40,No. 1
Feb. ,2017

XU kL - Seit sk3E , al AT FARIC; B 3 7R o B
Wbk b SRR BB , T T S 1A 3 e

B3 BiRBkE EoemkiEREE

2 Bk LB RIS KT

1) LB R

RRHHI B R 2 LA 2R S et 1 X3 B ]
B R X B B[] Bt B HL 1 B SR A XRS5 2 B
B A5 X T 00 ~ 2008 Sy it 5k B i 7k B
P AR T AR R 2359 m (10 m,

2) - GEBA R R I

BRI B S B2k R B RO KPR
G, HATH U DRAUE B2 7 R A i FL R X
B Dy A1 i A2 2R T 2i 5 25 IR ik AR 67 iR 5
RNV E)% E SIS A U7 423 i8N
KA MG T35 BEAR B, b SRk i B
A IR K o

3) ESRBRESAR JE E I

B SORRY EEAE AR 4 LRk 4 5 1 Hi g
PEBHE SR R AR AR A ) 1 — BRARERIE 1 4

. 48 -

PRGBS B . BRAGSAUE K, 2 PR R SRk A ]
ENNEHEN T IR YN Il S0 a2 M ] 1L
IR 5K 5 WA SR I, 2 AR s e 11 — Bk
LRI R R S ST, 8 AL K

4) LA SR R

R SIR R R AR SR SR B e A
PHR P 2 LR, L OEk AN RS R LR e 5 &
R H3 I BRI S B T S LR B B A B2

3 hZEkEk y RikdE

EZEBRE AT LUK VOB T B e 21 R
RHTV L8 1 k2 A I, R R FE K 2 18 m, A
FCTRAT T B2 TR 2k R 10 m 7247 B MR s 4H
K RS IN T Bk SCIRAA L ] 5 HBbZk S 204,
WS 2% , AT T M s A i dr: P, b 28 Bk 4
TR D RS TH TR

K T B2 2% 5 HR k2 7 58 E A X 1 R4
Gorep - kA = 1 RIS T + BRI |
T 25 + BEBEZR 3 AR, 23 i 4 (a) |
(b) \(c) Firm o

S5E LAL 3 Rk 7 S B MU AR TR BRI
L O° ~20°FE At sk 35 (W5 39 m) Syl , AT HE Sk
BT B AR ZEBT LU, T 5K 55 P4 A 000 ) k2 7 52 L
BN 1 Fis o

MEET AT LI

1) XUER + BEBELR 00 XU Ml 22 3l B/, IRk, L2
SR BB PH B B S, 2303 FE U + ARk 2k 7 =
B+ B AR ESE 1.5 m A10. 8 m;

2) XUER + A B LR AY IR /Dy, PRI, FHEEESR Y
Rk R v B R I, 23001 LU RCER + Bk A = Hp +
BRI REAH R AR 1.3 m A10.3 m;

3) TEBRE AR SR I LA b, XA + ffl Bk 2k
i, R + R R, = A + RS

4) TEAFREAS AR 2% FY H B B, XA + i R4k fix
%, B + Rkl e, —H3 + BBREE

5) LR BRERA IR HATEEA AT ], = +
Bk S AR

L LA EX0° ~20° [ SR B LR i 5K B P AR gt
FTBIBE S BT BB AR 257 LA, A7 R AT = 1 Bk
ZEER + R T B BRER R 2008 10 m, BEZk
BEAHR LY 61.5 m, B SCAR KLY 12 m,



%40 B 11 MBS A Vol. 40,No. 1
2017 42 J Sichuan Electric Power Technology Feb. ,2017
(a) (b) (c)
B4 AELSEREARTEER
F1 LSRR ~20°HARKENAMNNRE T RBEAREFILE
5o [ R4 2%+ £
) XL B + KBk =Bk + Rk XL B + T Bk
Bk KU/ (°) 55 55 55
KT Bk B XU A7 (°) 28 25 22
St Al i/ m 2.3 2.3 2.3
Rk XUw AR/ (°) 23 23 23
PAEL R BkEk 5 KU A/ () 8 7 6
St Al i/ m 7.05 6.26 5.7
PR/ m 11.5 10 9.2
BE R R/ m 62.5 61.5 61.2
BRI/ m 12 12 8
Bk £ 2 FH 2240/ o0 -265 74 - 180 29 0
FFE& A A4 % I 2201/ 7T 208 42 114 92 0
SR ER/ O -5732 -6537 0

[RlRE, X 0° ~20° & g Bk 2k i 5k 85 S0 #1247
Bkt MR T I, A58 5 N A I — 2, it
TR =T RIBZR R + BBk T2

4 bR R ARG

T 5K B 52 0 fr 480 £ B K A6 SR Bk 1 281
J& , LSRR Tk I 5 IR e R AR L 5K %
FHL, ST AKOF ) g A AR A, (U AR
THRZ T SRR A 3 ER B B Y AR A, %o i Bk
BB far LA B

FRE A H P b 78 S 5K 8 e 235 A HE b
BLNFE 2 PFR. Frh JC27151A R Bk R 5l it 5K
B JC27151B hp WU Bk Lk b 2847 B i sk

AAH R I e i 5 325 () SN A i b LR, T 4%
BT a5 LT 5| Bk 2 it 5k 55 7 Y 34 3. 67 1 4N
AR R R T 5 | B T ik 8 10« V7 ALk 4 2%

K2 LoRRAMHKES TS5 BT KB R MM HEAR LB

02 /m Tk 7k 3% L ZRBk LR k3%
= JC27IS1A [/t JC27151B (It
33 82.31 85.98 (£ 42 m)
36 85.54 89.20( 24k 45 m)
39 89.01 92. 68 ( 45 48 m)
42 94.33 98.00( 2% 51 m)
45 98.51 102.17
48 103. 14 106. 80
51 107.29 110.96

T R HR S A AR m” 4R 0 L SRR AR T 5K P I S5 Ak

BT 5T KI5 25
THRFHHBRRKLA 9 m, IFE R 39 m 1 L LEBkZkif ik
B JC27151 - 39B AT AE 20T 55k 48 m (171 5] k4R
fitakds JC27151 — 48 A, E5 P15 10.36 t.,

ShG KR BB R LA KRR T 51 kK S A
IR i Bk kb S8 ok 3 S5 A% 0T s i Bk b S
SRIE I TR AR AT A, LR 3,

< 49 .



55 40 55 1 mJl e AR Vol. 40,No. 1
2017 4E2 H Sichuan Electric Power Technology Feb. ,2017
3 LHEBE&HHKES T5 BEM KB AREFILER

mH THIBE T R (A TE) AH R 5 1) - Ze ke oy % SRV R - BE kT %
M e B 8 7Y JC27151 -48A JC27151 -48B JC27151 -39B
BR T % XV EUf Bk = 1 BBk = 1 RIS
RS 225/ m 0 0 -9
bR S B B 25 51/ m 0 9 9

&M B 255/ 0 0 24 956 -70 448
Bk 9% FH 2240/ oT 0 —45 766 -45 766
RER 2%/ T 0 -20 810 -116 214

M3 Al LA - 1) A [ e 1y B 2% S it
sRIE SGERER T 5 SRS AH LL , AR B AT BT, 1H
BREK B Y 20K 7E S B ] BT 24 2. 08 T3 0C;
[EIE i TR T T Bl s i B2 9 m, 78 T RE N H]
AR AR B AR 41 T T7

2) SFST i Y Bk L S SR 3 S BT 51
SREEFH L, FTERS Al 3545 5105824 11. 62 J1 T,

LR EPR, b SR Be L 7k B U AR ik O AR A
XS I 7, i PR R, o AEakE S KA TH =
PR I ARG O, KBRS OR3P S AR TR 0 A

5 bR R A PR 5

Bkek b 48n , Bhek 5 2k A A B B AT,
270 14 m, A 0] RE A 2GR S R O, R A 2
ZR AR I AT . RIS, R
I Kbn#rigom E, 7 13.82 kV/m,E /E, =0. 68, i
BRI R o AR R [ R R e X 1 X
Wl— L iff £800 kV ELIRZ AR A X (9 F BUFT 3%
AL AR, Y 5 IR 14 m I, &
2y MRS =5:/1E S8

Bkl EogJ G T ok B e e Bk 2 id T
SETHBTAT , SN T M TR RCSOR , B T kSR
P, B 1 2R itas Ay nl e e, Rl e 0 2k fr 47
PSS E L N

PR R, B2k bS8 Jm ) 5 | 2 e i A2
IR i e 2 K 5 L PR 3 il i LR ZEOR , By R P fE
A el

6 & %

EEXELA + 800 kV BT U4k I i 5K 3% BE £k ] fiE
AR L B B DR, 45 45 TARRSE 0, TS 1 Sk ek
A B, BEVHR K35 3% Sk 254, HU AR e b SRk s
H TR S8 T 2k i = DL A B kR

.50 -

SRR S5

1) Bk&k 285, +800 kV EL Lk it sk 3% nf K
W R P TR R, DT 36 81 R AT 3 v /IR A
T A5 R Bk ot 1l I 7 B H A o

2) 855 NIA) b SEBk kT 5 B KU 153 X 1 B
TR BRAC A% , X 0° ~ 20° %% f i sk 3 JC27151B -39
PEATIE S BT T R B AR 0% H R, i  R = 1 B
LH + UL

3) bge = 1 AUBKZH + BBk £k ok
JC27151B -39 (kL FHAC B2 292 10 m, BRZ i
FEAHR 61,5 m, Bk K EA N 12 m

4) B FLEIR IS MR IE B2 14 m, i 2
PR b 2 B 22 11 20K 5 b 2R DR A i I R B
K, B RE A TR .

5) AHIFIIE 5 A3 R 2 A Bk 2 L e k35 5 Bk
T I sk B AH B, 43 T AT A 1 9E 24 2. 08 Ji ot
11.62 J3 0, &k I Zaxt Bk TR 4 B8 IR BE IR I
THEHE A EEE X,

S7% 3k

(1] skEAE. ) TR EE LM M]. st
HhE L T R R, 1999.

(2] XUPRE. R s LI i B2 AR BT B SR % 4 . 2008 4F:
[M]. dbat: H [ ) ik, 2009.

(3] Hak. Zt—HaLREREERAL]]. &HEERE
A:,2000,26(6) :12 - 13.

[4] Sepde 2@, J7ik Ty, 46, 500 kv Bp [m] B sk 3 i AH Bk
LEB RS E [T ]. R ,2009,32 (12) :14 - 17.

[5] HRRBE. ZRasiRHMRHRA A 2t M]. degt.
L g H it 2003.

(6] ABFF, #MAIL AL Jr. 25 s i R 52 ma i Bk 4k K i
FLT]. MRS TR R4, 2005,26(4) :482 - 486.

[7] WHEW. &R R s A s | Bk [ T].
TE 77,2000 (4) 130 - 36.

EEREA:
FRAE(1962) , HAIRAZH T, N F i £ 3%

(Fs B HA:2016 - 10 - 08)



5540 5 1 4]
2017 4£2 A

MmN B h KR

Sichuan Electric Power Technology

i ey L Y i P 5 1R o T
J 18] YR 32 H A 525 00 A

MNER',KEE ,ZTF % 3,8 W.E &
(1. ERIPUI A 728wl o BRI AR 6100725
2. E M4 Eﬁﬁ/\ﬁjﬁﬂé‘/\ﬁj,lﬂlﬂl AR 6100425
3. VUL RSl KA A TR 2= e, BePE PE4 710049)

W EATFBRAAMLBA RN AN XERR, BETHRNELQRIFEER R, FRARTT E6 LR
18 B @ R RAC R AR & RS R & R R AR e, AT TR T &R E LR R A4
BT LER IS4 S R LR TAZ KR, NG 78 B LA 69 AT Bk R e LB AT T AT, R
PR SRR R AR oL N AR S-SR A &AL &R S SN B A | NN
IR R MR T B REaE R TARE A, B WA R aR L wTE R n R K, R TR Bd R A
MAEX—EMERBETAERE, MEHMAEQEAMGERXMERE K, ZHRTAHRZRHWERLTAG A
KIS BT 5 09 LR

SRSREAA AL I s TR A 5 S IR A 5 I fi) PO

Abstract ; In order to grasp the in — situ test technology of converter valve, the test circuit for reverse recovery characteristics of
high — power thyristor is built. The effects of forward current amplitude and change rate of commutating current on reverse re-
covery characteristics of high — power thyristors are studied experimentally. Based on the research results of reverse recovery
characteristics of thyristor under power frequency condition, the mechanism of these effects is also analyzed as viewed from the
physical characteristics of thyristor. The results show that the reverse recovery charge increases with the rise of peak current or
commutating di/dt, which results in the increase of reverse recovery time and recovery current peak, and it would change the
reverse recovery characteristics. And when the commutating di/d¢ becomes lower, the forward current has little effect on the
reverse recovery charge, and vice versa. With the increase of forward current, the reverse recovery time changes sharply at a

certain current, and then grows slowly. The research can provide a reliable theoretical support for the in - situ test of thyristor
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level of the converter valve.

Key words: converter valve; high — power thyristor; reverse recovery; forward current
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Abstract : The impulse corona happens when lightning strikes a conductor, but the corona caused by lightning strikes of UH-
VDC transmission lines has not been reported. Taking a lightning failure of one UHVDC line as the opportunity, the analysis
on lightning performance of UHVDC transmission line considering corona loss is carried out. The dynamic capacity of UHVDC
transmission line obtained under impluse corona is caculated based on the V — Q characteristics, and the line model consider-
ing impulse corona losses is established by the electromagnetic transient analysis software ATP — EMTP. The lightning wave
propagation characteristics of UHVDC transmission line are compared by the line models with and without corona losses. The
influencing factors of corona losses caused by lightning strikes in UHVDC transmission line are analyzed. The conclusion is of
an important significance for UHVDC line protection against lightning.

Key words : lighining strike; impulse corona characteristics; UHVDC; corona loss; electromagnetic transient; ATP — EMTP
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Abstract : The increase of transformer noise can be caused by its internal fault or abnormal operating conditions. Based on a

main transformer in a 220 kV substation, the reason of its abnormal noise is found out. Through analyzing the operating condi-

tions, testing noise and vibration, measuring DC of the neutral point and comparing the time of abnormal noise with the time of

monopole ground return operation switched by Deyang converter station, the results show that the transformer abnormal noise is

caused by its DC bias which is due to the current of DC grounding pole in Deyang converter station. And its affecting distances

are up to 300 km. The protection measures for UHV DC bias current of transformers in Sichuan power grid are introduced.

Key words : noise ; magnetostrictive ; transformer neutral point; DC bias;monopole operation

HE S ES TM41

0 51 F

AR R A B M R RO e B G A 8 R
o) AR XU B B 2k P e 2 il 2 ] P 1 ) 6 AR
TR KA B E A o A8 R 25 I8 75 15 KT g
A FAS R AR RSB 5 R, s th FAEIE W 247 T
BT, A | BV IR G | 60 S A

2013 4E 10 F 10 F 7:30,2 2 245 JF 2800 75 1
S TR ORI A, A8 R AR AR IR s, qihi L £
faf LA S A8 FR AR AR T HAth S 5 I 00 . B4R 2 65
FAREARIFIRAB AT, 28 He ff v M SR A o 4
A, Hd 15 AR P SO, 2 5 AR R AR
WP, T 2 B A AR R R — AR R AR
F P2 b, O = ARSI R 38 1 2 AR R AR
(WE)  HEZESHAT

1) #142.SFSZ10 - H - 180000,/220 ;

2) H5E 255 180000/180000,/90000 kVA ;

3)VHEHLE : (230 £8 x 1.25% )/115/38.5 kV;

4) AR : YNynODI1

. 58 .

NEFRERD B XEHE 1003 -6954(2017)01 —0058 — 05

Bl FEE#H2SELER

[S—

W 7 15 R AR s ras A1 L

10 J3 10 H 7:30, 3£ 450G 2 5 3748 o ) 90
FOREN SH,T 040 Gzl 1A IR = A R DR R
(WKE2),

N T ST ER AN G R RS il TP 4%
M7 A5 MR P S A JEL IR, LA 20 5 51 1 I e
KAT(7:00) BEFHEKIR (8:00)2 5 F28 Hedw ek
UIRCIDNE S NGRS



5540 5 1 4]
2017 4£2 A

m e AR

Sichuan Electric Power Technology

Vol. 40,No. 1
Feb. ,2017

EEREWE S50 SRe TRD AFE 80w Boo e
B e il laiee] 0 b1l i s e

W
i

sl i Uil
e VVVYV
s AAAAAAANNN
VY VV YV

2 THA02 SETEB|REE

1) 2 5 F 4854 7:00 iz47 .00

Om B A7 fi

220 kVII £ U,, =230.18 kV,U, =133.07 kV,
U, =132.86 kV,U,=132.79 kV

110 kVII & U, =111.36 kV, U, =64.352 kV,
U,=64.346 kV,U, =64.368 kV

Q@ F B A HL IR S AT

B 1, =185.820 A, P, = —75.724 MW

R . 1, =390.791A,P,, = -75.756 MW

2)2 S EAER 8:00 217 TH

OF B A7 fi

220 kVII £} U,, =230.69 kV,U, =133.2 kV,
U, =133.1 kV,U, =133.098 kV

110 kVII#F: U, =111.405 kV,U, =64.365
kV,U, =64.297 kV,U, = 64.273 kV

Q@ F A R AR B A )

.1, = 170.176 A, P, = -69.250 MW

HEM 1, = 358.945 A, P, = —-69.684 MW

2 5 A T A R P DRI S U SR FL D
A IR PSR

2 ZLHP B

10 J 10 H 32wk 2 5 32748 He s ) S0 75 14 K
MG, 10 H 11 Bz R8s e s A R/, 247 A
GO 2 5 AR TR AR AT T LN R AT R I 3, R
310 H 11 HiZF A2 AL /MR B R (AKX
AB.CHI) .

2 5 TR AR AL R R 1 R .

F1 2SETERBEANER
it A B AH CH L
WEE/C 50.1  49.6 513 52,6 21.3

44.0

EE— )
, .

H3 2 SETERLIMUERE

ATLVAH 10 A 11 HINAGHE) 2 5 E2 R L0450

05 e R AR EE A 46 3°C. 728 T At T 1R A S8 4L 31 B2 4
FEIE LA

3 MR PRSI o

10 7 12 H %220 kV 24505 2 & 48 o f h
PR AT T
3.1 BREK R

R M AR FE AR T ey R TS S R
HOAH G, AR A M e I A 2 A5 AR g
1 5 F AR RSN | 5 248 R AR 2 5 3748
JEAF AN M PR 7 =T

2R S A M R, M A SRS T
NGWEEE 1.2 m &b, B HERSLM 11 455,
W) S5 A0 B UL 4

ez BERFIE

95

105
Ld

85

B4 2STEEREFNSCETEE

Wi EE I 2,

A BRI L, 78 T 35 e A M
KM S35 Bk %35 13.7 dB,

V&l 5 fy et A 2R R )7 38 B MR S0 45
TP LS T A TR e A BB 200 ~ 800
H 755 G5 5 T 3 T AR e B 258, 2
AR B 1 5 AR SR B T R 2
EASR B W L 1 A SR 20 10 dB i
52 5 A8 T 8 B 7 2, B2 5 A T S B

.59 .



40 B B\ hEA Vol. 40, No. 1
2017 42 H Sichuan Electric Power Technology Feb. ,2017
R2 ERBFTERREFMRER B EHESR dB(A)
FAEE AR He =X 1 2 3 4 5 6 7 8 9 10 11

rh s D 70.5  69.5 68 69 61.8 64.6 66.3 67 69.5 72.3 70.6

15 P s R 57.9  64.1 63.9 62.9 61.1 57.1 59.9 58.8 59.9 65.1 57.1

(4 126 5.4 41 61 0.7 7.5 6.4 82 96 7.2 13.5

R e 71.4 76.6 72.9 70.7 70 71.1 73.7 73.9 76.8 72.1 70.5

25 FPE s R 64.1 66.2 64.4 67.9 67.3 67 68.9 68 657 63.7 56.8

£(H 7.3 10.4 85 2.8 2.7 41 48 59 11.1 84 13.7

TE A AL —Fb

2013-10-12 18:24:12

63
53
43

33

12.5 25 40 63 100 200 400 800 1.6k 31506.3k 12k CZ(Hz)

(A) it rigeithRd

2013-10-12 18:31:04

FEIEHAE, 1 5 3RS 1Ry 10 dB,

Ay AL, Al DUHEBR =2 g ol 2 15 3248 He i A T
I | R MR P A 5 2 s i e b Ty 3 U 7 | R M 5 3
R IR (e a5 32 M Y 72 s i 2 R P 9 K i

PER AR TR AR A Z R
3.2 R R 5

uﬁ)o

A e AR Bl I XU A A s i MR R
APATIARBE , P 6 Sy 28 T 8% T P s R 2 3 A1 4 3 )

IR R

HT 1 6 n] i, 28 e P PR ORFEHBIN , SRSl
FEFEZELL 100 Hz 93,200 ~ 500 Hz A /43 4 3 748
g rh e 4 b N IR 2l ol R G O, S AR LU
500 Hz g 3=, [RI} 250 ~700 Hz fif58 i 4 B 34K

12.52% 40 63 100 200 400 BOO 1.6k 31506.3k 12k CZ (Kz)

(B) LA 4 AR R R I i R o A

BS ZEP AR R 5 A E
R 3 AT A R R X A TR R R R

1 et S AR PIRIE 1T T BLI I T Aot A A e
O P " - "
0o 2 4 Sﬂa‘l‘éﬂo(s%z 14 16 18 20 '@,ﬁ%%ﬁo
1)1 5 EAF RSP S e, 2 5 FAR R
PR
; M 1 5 AR RS PP H I, RS SR 3k 3,
P oy 80 ®3 mEABERNRER I

(A) FRiERRIZEHEAY rh A 220 kV fil/A 110 kV fil/A

mg{sg(m/sz) DC 09 05

AC 6.6 6.2

x4 PHESRRIKER2

“ “20 FAFHERE 110 kV /A 220 kV /A B
2 =2
o E DC / 0.8 N
= : = U ON
AC / 6.6
" - DC 0.3 / HLIE
6 TR RIRREE AC 5.9 / PN

Ho 15 B RAHE IS ,2 5 AR AR S R T

- 60 -

2)1 5 A AR 220 kV bk s, 110 kV



5540 5 1 4]
2017 4£2 A

MmN B h KR

Sichuan Electric Power Technology

Vol. 40,No. 1
Feb. ,2017

RN, 2 5 AR AR 110 KV ) b
H,220 KV APk D

127 AT 0 Wy B Y AR AR AR R A
Hk s R LR 4

DA% B4 28 Fs 8t a5 52 Tt B 2 F T = A
s L , B A 3 AR AR 257 H T R e A, I
AR N6.6 A,

A5 g A R, 452 0.9 A Y E R IR A
AR ARG, 25 T B0 AR G L R AR 01
WA, 5| e 728 R 2% e 75 38 K IR Bh Rl . 220 kV
MR AR B E 110 KV MK, Ay 58 k42
S LU A% M 5 S AR 22 (R Y 220 KV 2k F RT R b
T2 B T

5 /R R s ELIAL O R R X 7R T
52 M) e By

5.1 HiRR#EEENTE

LT 2 A 78 2 Al R PR 3 P e B T LR
Gy, TR F AR RO R RE AR R DA K i 5 AR 1Y
— RGN BRI o R0 1 8 AR R 2 fof s 34
516 4 B S5 A R AR A B B IR A 2%, S AR e g
b il il N B R R Pt =5 € N s G LIE AN
R, DT (AR R 2540 2 B ] M oK, 5 AR
TIIEH BT Y,

Xof T a2 B P 1) X LI AR A, 3 SR L
WAt e (A2 B e w i, iR s AT
Rsd , A d b — A RIS, 3R B I i e R iz
A7 & AT HAE Ay 1] 378 FL 3%, B = 28 J LT & %
F14) FEL D0 DA L 97 2 b R 3 A R, R v s L i L 2
M b T AR HE A L EE R (5 4 kA) P,

5.2 HinmuEBREEHTERNZME

2013 4210 H 10 H 6:54 , FERH ¥ 37 36 >R FH 5
(B 10 ) K H Il % 75 =03z 47,10 A 10 H 7:30, #H 5
FEFHH RS 300 km Y 220 kV SE4EAR Lyl 2 5 AR
JEAS (b i) g i R4, 10 A 15 H
18:52 k58 Wb iz 47 77 20U , ARl 740 A e
W/, 10 H 16 H 711, 478 pHE s 11 15552 , ok
FHEARR (R 1) Kb i 5 s 175, =l v v o
FHh = AR e 2 M R R R B R, AR 24 100 km 1
220 kV ARS8 A B2 B4, HLA 0,
F AR e M e AR A P PR R i 18 A 7y AU At

[a]—%, 10 A 21 H 1730, fERH 7 w5 % &2 5% iz

17725 , Sl AT AR 3275 T 2 M K 5 T 3
D3 B A3 AT 2 B« 4 78 5 98t 7 3t SR FH BRLAR R

[ % 77 A2 A TS, M H 30 A A S A 3 R At e

S A RS S, S EUE R A A B R, 5

I P3G ARSI

5.3 MIIBENEESREREEEFR

H T, DU L B2 1 )38 +500 KV i Heds it
i, 3 JE 800 KV R Rl S48 A B K Hh
[l TS, 2248 Bty AR PR 2 A7 ok B3 e i
TRRYRZ I, 4 500 kV B A3l yE M AU AR
5,220 kV 4R AR LIS SR S A AR
Sl RO I e SR AR AR P M T B A
8 A TR FAR AR P ER IR 9 AL

2014 46 F 18 H , i 1 5 4 B I i R M
[l 2k 47 H 1], X BT X 500 KV it i 3k 500 kV
BUR N 220 KV G4 5l A7k | B ULk AR 3
fe Al e Skl TR 3R A A F kAR R A
P R ) LT R A T A () o g 3 2 A e
AT AR shA . s SRR B 500 kV
7 HL il B TR A A v M e I L IR R K2 R 10,
2 A,500 kV AU AS By 3 B 6 3248 4 v v AL IR
HRER KN 6.6 A, 3l 2748 FE A48 M 5 15 7
K FHEK 13 dB, HRshA B W, 220 kV Jp k48
LY (220 kV 947R78 H 3t (220 kV R A 74 H s o
SUELIAFR A B At s, A AR E] 4,79 A
4.01 A 2.7 A, FAFRARMES HRaBE S Jr=CH i
IER(EPESOPS RO E R I &Y f i (S e A
TRTEETRRE f1o Hidy 220 kV 53 5 5 7
HLR AR 1AM IR,

5.4 TEBRERMEBHIFEI

IDUAS - $iii /N NN N R N A N S iy
2, AN BE ke G I A A1 T 90 0 % T R R FH B 4
J& izt K.

2) TEAR AT B B, X1 7K 32 3t i
2 ) PR =R RN = A AR A O B AR TR R, A
T~ R NGER A AL I 34500 705 2 15 4 XoF LI D s 11
[

3) TEAR R AR R A B B, 1K AR TR 2R BT L 3L O
BE NN AFLAR %A, 16 55 B0 B R AR A R 11 DX 3k,
O 3 G SR W) ol ) B = AR A B A A AR TR AR

4) TEAR FRARIBAT A3 By B, IO 44 T I Al 2 T

.61 -



5540 5 1 4]
2017 4£2 A

m e AR

Sichuan Electric Power Technology

Vol. 40,No. 1
Feb. ,2017

P E AN R A Xt 1k M i B 4 1 - %ok 52 B2 e ™
YR e , L RE IR BT 58 I ik w5 RGN 1 H
IR AGHI | B G M A 40 1Y SRR B T
=

6 #t it

Bt Xk S e o A T A R R S R RN O, BEAT
T LA i | M R i Sl A b SR R I R g
i, FERFLE T 3578 T 5 MR 75 S I ] g 5 450
DI BAAR R [] B IS AT I E] o e B 1 S Al 3278
s o M P S ) I AT 2 T 45 30 ol B AT A Il [
A AT I B0 R A A G R R TR B
IR, DU 1 r R 2 800z 4 38 88/ s 48 0 il , L
VR LU R B 5 A T e A A VAL O 7 B
G, L B R U O AN = U e A e
SH YIRS K F 300 km, L 5 X DX A AR TR A L
7 T FEL B ) M 0 R BT 3

& Z ik

[1] Heywood R J, Emsley A M, Ali M. Degradation of Cel-

lulosic Insulation in Power Transformers. Part 1 ;. Factors

Affecting the Measurement of the Average Viscometric

Degree of Polymerisation of New and Aged Electrical Pa-

pers[ J]. IEE Proceedings: Science, Measurement and
Technology, 2000, 147(2) : 86 —90.

(2] J"ARABRIREOIIET. 52 B SR K i Ty =%
AR AR B I R LM N AR A L i
BT Fr,2004.

(3] JHIAKIE, J73K, AR 2= LU i Al v L 3 X 575 ri 1Y)
WA A S B )]. B Rg A Sk,
2005,29(2) .81 - 82.

(4] WA U H A H A X v, ) 7 T % Y 5 )
[J]. EreE R+ AR ,2005,31(4) .57 -58.

(ST WM, okom. B b 22 40 1 b A H a0 %) 52 Ui v 1Y)
B AT [T]. AR ,2005,29(3) 19 - 15.

[6] Wei Jiang, Guangning Wu, Hongliang Wang. Calcula-
tion of DC Ground Current Distribution by UHVDC Mono
— polar Operation with Ground Return[ C]. 2008 TEEE
PES Transmission and Distribution Conference and Ex-
position, Chicago, USA, 2008. 1 -5.

EER

#OAA(979) ML 2 NFHEES LG H RS

& W B

(WFs HEF 2016 - 10 -03)

AANZAN LA LA LAl LAl Lal Lallal Lal Lallal fal Lol lal lal lallal lallal fallallal tallallal tal tallal tal tal Lal Lal Lal Lal Lol Lal Lal LAl al Lal Fal Fal Fal Kal Y

(L% 28 W)

(7] ZEbte EFH, M, 5. SR E R 2 AR
7 T B R R G [T, T E AL T A
#2,2015,35(10) ;2409 —24 16.

(8] SR, ZEME, BRAMS, . 10 000 MW 455 K 4
TR AN A LI J7 SR BV ) R G
Fe[1]. B RGARYS 2015, 43(18) : 108
-113.

(9] e, XS4, 51 K, 4. 1 100 kV Hfi R0 2
AT TR ZH ] B S R% AL,
2015,39(11) :24 -30.

[10] 925, Bk, i SE01, 2. 15w TR 20 24 A 07 30
TS R MAE ST R E AL TR
224 ,2016, 36(7) :1790 - 1800.

(11] X, 25058 ARk, 5. i bR 4250 Bos AT Xt £ 1
100 kV 4 55 10 s T AR B S [ 0] 5
AR ,2016,42(3) 942 —9438.

[12] ST XUt , o R, 45, + 800 kV 4% 15 I 2L TR
AR J]. o E LT R4, 2009,29 (22) 35 -

.62 -

45,
[13]  #H%R, HZR, AW, % Frm s E A = R 5 s
BCETLT]. B R 5E A 3h1k,2008,32(24) - 88
-92.
[14] CIGRE Working Group B4. 41. Systems with Multiple
DC Infeed[ R]. CIGRE,2008.
[15] Paulo Fischer de Toledo , Bernt Berg dahl , Gunnar As-
plund. Multiple Infeed Short Circuit Ratio — aspects Re-
lated to Multiple HVDC into One ac Network [ C].
IEEE/PES Transmission and Distribution Conference &
Exhibition , Dalian , China ,2005.
EE B
X R F(1992) B AR A AR R T7 ) A JE B AR A
BAR B A ZGEAER AL
ERa(1971) , #x AEAFTH AR T OASGEL
AR B ) ZRARARE BIsH HTRRIF R T X
= H(191), M EARAE,BRF @ A& E LR
W, W RAGALE B AEH,
(75 H #9:2016 — 10 —27)



5540 5 1 4]
2017 4£2 A

MmN B h KR

Sichuan Electric Power Technology

=

2 Vi LM A8 G0 EL UL A B OR3P I 58 2k

R, ERE
(1. R4S REF I E R SCH % (DU 2SSl ) , BRI P22 7100495
2. [ERPYNAE S F D REERT TSRS, DU ER 6100725
3. PHEACH R RV U R B, B 522 710049)

#H EABANSERAARANMERP PIARTTELE, AN TATEERARARZY 2 AR AR
#ILAZ BE AT SR R A A AR A AT R A Ko LRI T A AT S 0 AR R SR ey 4k ARY R L Tl R/ IR A
WP AT R S ZRPITHO>MN . RBEHAMT LB AR RGBT B P, KL o b J ik B 09 /A BT LA
W REIITT M. RIG, B SRR A A ey gk AR Y 7 AR EAR S ek Ik T E AP HIAE R
VAB R EM F IR 2B EARY W %ve 3 A @ R TR 50 AR, MRk % 5% FLIRAR B R SRR R R AP R

SRR 20U LR ARG 5 SRR R 5 Ak LR AP

Abstract: A survey on relay protection for multi — terminal DC systems at home and abroad is given. Firstly, the electromag-
netic transient during fault is analyzed in a voltage source — based DC system, and the characteristics and analytical expression
of fault current are studied. Secondly, for the issues on fault detection and isolation, many protection schemes, including cur-
rent and voltage based protection, pilot protection and travelling wave or transient based protection, are discussed. Thirdly,
the different fault isolation strategies are compared considering the power system requirements, such as rapidity and reliability.
Finally, it is suggested that the further researches in three aspects, including novel algorithms for rapid fault detection in multi
—terminal DC system, rapid fault restoration schemes based on converters with special structures and the influences from er-
rors brought by DC current and voltage measurement, should be promoted.

Key words : multi — terminal DC system;fault identification;fault isolation;relay protection
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Abstract ; The presented main protection for HVDC transmission lines acts fast, but it has low sensitivity and low anti — resist-
ance ability. The backup protection can compensate this disadvantage but its operation speed is slow. In order to improve the
reliability and sensitivity of the protection, the single — ended transient protection based on relative entropy of wavelet energy is
studied. The internal fault and external fault are discriminated by the relative entropy criterion which is constructed using the
differences of the currents on both sides of the smoothing reactor and the DC filter under the specific frequency bands. Simula-

tion result based on PSCAD/EMTDC show that the proposed protection scheme can discriminate the internal fault and external

Vol. 40,No. 1

fault quickly and reliably.

Key words:HVDC transmission line; DC filtering unit; relative entropy of wavelet energy
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Abstract ; On the basis of one specific 800 kV ultra high voltage DC (UHVDC) project in China, the block sequence strate-
gies are mainly discussed under different circumstances when pole faults and valve faults happen on rectifier station and invert-
er station. The differences among several actions such as set @ =90° , retarding and firing the bypass pairs are considered when
analyzing each fault on rectifier and inverter side. Meanwhile, whether these actions can bring a large DC current or make DC
current reach zero, or can transfer the energy in the system and then isolate the fault, whether these strategies can bring com-
mutation failure should also be considered. In terms of valve fault, one certain reasonable block strategy for pole faults and
valve faults can be obtained after considering whether the strategy can bring commutation failure on another valve group. At
last, the effectiveness and priority of the strategies are verified on the RTDS simulation platform based on the project commis-
sioning. The test results indicate that the proposed strategy is much better than the previous strategy in that it can prevent com-
mutation failure in many operating conditions and it can avoid the current interruption. Thus, it can provide instructive sugges-
tions for the protective block strategy in the future ultra high voltage DC project.

Key words: UHVDC; retarding; firing the bypass pairs; set a =90° ; commutation failure.
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Abstract : For the characteristics of split structure of UHV main transformer and the regulating and compensating transformer,
the configuration scheme of differential protection for UHV transformer is introduced. Through the dynamic simulation experi-
ment of internal faults of regulating and compensating windings, it is concluded that the sensitivity of differential protection of
main winding is insufficient for the internal faults of regulating and compensating transformer, which explains the necessity of
independent differential protection.

Key words: UHV transformer; independent regulating and compensating transformer; differential protection; dynamic simula-

tion experiment
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Abstract : Grounding electrode line protection is one of the most important protections of UHVDC transmission system. The

field operation indicates that the present grounding electrode line protection has some defects. The protection configuration of

grounding electrode line is introduced and the performance of grounding electrode line protection is analyzed theoretically. Fi-

nally, the relative suggestions are proposed as viewed from protection strategy and fault isolation according to the exsiting prob-

lems of the present grounding electrode line protection.

Key words : grounding electrode line; unbalance protection; impedance supervision; performance analysis; fault isolation
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Abstract ; Grounding electrode is the most important part of UHVDC transmission system. The comprehensive analysis for two
broken faults in grounding electrode wire of Bin — Jin transmission system is given which ocurred in commissioning period and
operation period, especially broken fault ocurred in line — 1 on July 13, 2015. The change characteristics of current with
ground fault and broken fault in grounding line are analyzed by using unit current method to calculate the current distribution
factor of fault branch. Based on deeply analysing the defects of current protection configuration and action strategy, a new pro-
tection configuration is proposed combing with longitudinal differential protection and unbalance protection. The method can
judge the fault type accurately. And also the optimized action strategies is given which will effectively improve the stability of
the grounding electrode system.

Key words : grounding electrode ; longitudinal differential protection; unit current method; current distribution factor; unbal-

ance protection
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