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Study on Theoretical Calculation of Commutation Overvoltage of Converter
Valve and the Influence of Operation Mode
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Abstract: The peak value of continuous operating voltage(PCOV) of converter valve is an important reference datum for
insulation coordination of converter station. Defining the corresponding operating conditions of PCOV is helpful to nar-
row the calculation range and reduce the calculation time. Consequently, the expression of valve voltage waveform of
6-pulse rectifier is established in different time intervals, and the relationship between valve voltage jump and peak value
of valve voltage is analyzed according to the calculation principle of commutation overvoltage. Then the jump time and
operation condition for calculating PCOV are demonstrated. The same method is used to analyze the voltage jump of the
inverter and it is found that the effect of commutation overshoot on valve peak voltage is much smaller than that of the
rectifier. The influence of the adjacent bridge commutation process on the valve voltage waveform of the 12-pulse con-
verter is further deduced. It is clear that the PCOV of the 12-pulse converter valve is not affected by the adjacent bridge
commutation process. The side voltage value and jump voltage value of the valve which determine the peak value of
valve voltage under a rated working condition and long-term overload working condition are calculated by taking three
practical projects with different voltage grades as examples. The conclusion can be drawn that long-term overload mode is
recommended as the operation mode of HVDC transmission project and rectification mode as the operation mode of con-
verter when calculating the PCOV of valve.

Key words: converter; valve peak voltage; peak value of continuous operating voltage; voltage jump; operation mode

0 5|8

LA R A O R e I L VAL R R A
Bk, F A H 2T AR A % 11 e T LR

(line commutated converter high voltage direct current,

EEBHBIHE: EEEGHRIRI(2016YFB0900805).
Project supported by National Key R&D Program of China
(2016YFB0900805).

LCC-HVDC i H Z Gt H 10 & i) 7 10 A7 AE AR A
FER H I 5C W (8] 2 AR o o g, %R
FAAE I R IR P I W T, 0o Rl ed v I AR P 7K T B
AEERLN . SChR TR EHMT AR AN, ZIRYE
LU0 BN TR IR L v 2 A6 5 e i
J (4 1) P P WAL BEAT it 1, (DR T A i R )
BUE A 78 B - R, T R A v i e



OB RN, JT0OBE S SRR pb B R PR s AT 07 sUR T AL 1251

oXof 1] L e 1 P 52 M B 6 LA B S P B i SO S
HME

AT P9 A A 2 B SO i H s D8 A 1 T
SR MBEAT FR . SCER[1-3]h 43, 78 AiE
Bl ds SR, TR ES R A AL E AL
HIFFELIZ 1T H s e KU {E (peak value of continuous
operating voltage, PCOV), M #FraizaiT # I EIE(E
(crest value of continuous operating voltage, CCOV)
Fe b it ph REA AL PCOV BEAT 45 4 GB/T
311.3—2017 (LSRG H =/ = LB
YL A FEF ) FT TEC 60071-5: 2014 H15E 3L, CCOV
1) fe it BN Ve 4 bR BIa AT v 1 de v 0
B, (EAEFEAEL M 7 PCOV MK HAH S whit
HAEN. HT PCOV 5 CCOV Z [k R HE 2,
TR SRR AT 0 5T

SCHR[4] LA e asim it 5], 1 St B0 07 1
F4i(real time digital simulation system, RTDS)X} i
WARBHAT T, A EIZAT LHME &S T
i A8 2% BSR4 ) PCOV 347 TiHE, wHig T
FREGEATIRAS T W RV M ISR R 3, (HSC AN
DO AR BEAT VAN, FERME— 2D LIS M.

SCHR[5-81RT i i A7 1 O 7 i 62 B IS 1) A A2 R
PEREAT B AR, 3R 22 i T 1 S i B 0 47 3
) 1 55 204 P R AR AR s E SRR B ST RR[9-10]145 54
RO AR b e R HEAT THER, TR BE S L
MV I SCRRITT VRS el IR 1 AR 4 25 o s 3R]
LR TR R R ) T SCER[12]7E
S it X o R 657 R O P Y R AT 2 gk, AT
TR A R SV BRI S INARRT . B3R SCER ]
R AE T T AR O 0 I HL B S EORN 28 AR P X
ForHd b F S BEATORE A T B, T X R PR A PR £
SIS Z20 R AL 52 00 B 3 VA TR AN 70T

ARICHEF T AN AR I M 6 K3 IR 25 IR
FrEaaAT iR I ) B ik 3, fELIEAE EIRAN
I AT RER A IS AT RS T R 9% W Hh s SR AR 1 5 g B L
RIS E R R, SRR g e R
ax 12 BRshHiias . fefa, CELL 3 MANE H R
LRI SR TAE ], THEAS 2IEUE T A 7
PR3 00T R ER AR A RN

1 CCOV 5 PpCcov

H T LV 00 ¢ 6 R IRE 5 S TVt 7K 52 A
L, DRI R R R R A RIS AT L I R

WEFE 2SR PRI Re S 80T ) B AR bR . — A
A HH RS AT I M B IR RS2 I R
AEELKE 1, PCOV 1 CCOV T EHFrif.
CCoV i HA (D% H

T
Uccov = 3 XU jiom = \/EUvo (1)

s Usgiom RoRBE R TREARG W TEHT 6 ks
Hoim Ak I EAR S R B R B O E s Uvo SRR
A5 2% B VB 1 ). CCOV 15
1EB, 1 PCOV By B HE, FERLUUT
PR R — SRR A AR o i R AR & T AR
Bk, BRI AR R RS
BATRESIE—EVa B WAL, oA i i R 7E & 1R
KW FE A 7AE, M LURA E 7EMR—Fh 450 T W
— 5 220 1) ) FEL R DG A ] AR A 58 A PCOV

B 0 BT EL P RE Y 2 R A SEI R IR B %
HLER (RIS SRR A 7 AR, HAT, E RS
U F BESREUECAUHER Y PCOV 2 RTATH, 2wt
FUHIEE A 7R N T IREV R, T
75 6 SR FH o P A 0 ] T 1 5 A AR A B A
RIO3-51 JEGR AN B, (BT HITE R
I [A] il 2 KRS o 27 BRI 4k 8270 BN 47 T
JEFE X PCOV #HATHITIE, MIRERIRK. A5
o BRIERAS B RN T, 56 R F, S DA ) 78 A R A 3
TR, DARETHE PCOV X BE ) T it A% 1 ()
i1

2 6 BkohEESR ISR [ER 4T
2.1 6 BRENEERBZME E BB R RIAR

6 fksh¥ i gsieesk 7 a5 A | Al B,
B WREITEINF SRS, O/E Vi, i€{1,2,3,4,5,6}.

, ,
/ ,
@) /
. ,
/ ,
\ ’
\ ’
\
/
/
,

N BHEE

I 1]

e /| ccov
' ' PCOV

BT BESUSATIN I P R 5 88 4T HLUE
Fig.1 Continuous operating voltage at both ends of the valve

during rectification operation
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commutation overshoot)
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Table 1 Fragment expressions of uvi

I A B Arad uv
1 (0,a) sing
2 (@, 0+27/3+11r) 0
3 (04+27/3+ 1, O+TT) cos(6-n/6)
4 (0470, 0T+ i) J3/2c0s0
5 (O-+T0+ e, 0+471/3) cos(G-n/6)
6 (0+41/3, 0+47/3+ir) 32 cos(6-m/3)
7 (0+47/3+ pir, 0+511/3) sing
8 (0+51/3, 0+57/3+ir) V32 cos(6-2m/3)
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Table 2 Jump time and the corresponding jump voltage

W LB Uinit AUstep Uop
P sina —sina 0
D 0 —sin(o+14) —sin(o+ )
Py —cos(o—m/6) 1/2sina —3/2cosa
D, —\/E/ZCOS(OH—M) —1/2sin(a+p)  —cos(o+x —m/6)
Ps —cos(a+7/6) —1/2sina —3/2cosa
D; —\/5/2cos(a+yr) —1/2sin(o+pr)  —cos(otpr —7/6)
Ps sin(o—n/3) —1/2sina —3/2cosa
Dy -3 2cos(atp,)  1/2sin(o+ur) sin(o+pr —m/3)
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Fig.3 Converter equivalent circuit during V2 reverse recovery
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TR A IR R0 AR, K] A o o D ) L R 0
HEACT R AR Hhoh, MR & SR,
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FCAE TR A PHLIFT RE 7 B R R 5 T Bl L

gr b, WASEAT AT o I i e B
RIS RS, TSR AR I i DUBERIR & 00 AR
ARG RIETT HEREA 2N ez,

4 12 Bkah#eim e R R 2 0 4

5 IR B e TAR R, WA 12 Bkah#im
A5 DL 30 5 v 1 B e AN SE G U R R P o 12 fikzh B
Tes R T A 3 A B A2 s, 12 ikahiii 4z
LT NG A B A2 AL, A B A
HHERNZE T MR 1EH TERET, 12 Bk
A TARAE 4-5 T0L, PIASE R 6 kahHr B
A1 Bo Az A BEAT 4l #eAH £A 1012<30°. 7E BrBY
H Ba AT HAHRT, AHE R upce KA,
Hh—A 6 BRI Tl 2252 B 500 o ARFRE S04 12
Jik B () 1R FL R T AR AU 0, BRI AE M HeAH i A2
X A IR P 30 T R 2
4.1 REMERA S| &BRBER BT

HTAFEE E Tt R E S, Ml
AH L5 M AN AR ILLE [ P e T R INFIRT B 1, 34 5 AT
7. B AIEL Vi Vo EEFERT R, X B #iAH
S Vi B wvi BB Z WA B e AH 521
Vo U uva (AT 20 AT, I 8] 28 AR IR HX
FUN S TR AHE . 25 RS Br N Vs [a] Vo IS wva [
WG, WRAEMFE A L(AD—(A10)AT LA
133

N
2()(SyS +X,)
s Xoys F Xe 79003 THI R RGEE B
WA E#IP; 0€ (ar5/6m, o 5/6m+1m2). TZIEAHIHE
BT IEAR S AT 20 4T, T AR uvi B wva 525500 X
(BRI R T Rk =, sk 3 .

ML 3 Wt AT UE H, FEAERE 30°4EiR
BTG OL s wva A vt B TEAE XS B IX 1] A 52 4 A [R]
TR IR A IR S8 T A S — IR AR AR A A A A
KT EE 1 RS AH A B A AR WA, F () N
BN, S AH N FEL A 4 AH AR B ANEAE,
) L T S A R A IS DL DR R — 3. (AL,
LRI AH I RN AE 18 L R B g I NS 4 S H
JEERABIS 210 LA Va2 ], 5 BRAR IS Z15%5 7 BR AL 1
WU 4 Fios.

MR 4 FaT LA, S ERARE 20 R Ulnics
AUstep Fl Uiop MUE v 2GR, 22NN R 5

T T
Uy, —cos(&—g)— cos(&—g) (11)

SH Xoys/ X BIFEME, Xoys/Xe BB/, ST B M AR FE S
AN B WA IS AT AR R T L 12 ik Bh i
AR BIEE 7 B, BHARHTRAR BIN RS
L M A8 O T B R AR
4.2 HEIMEEERTIREEIEENID

P Pu B ZI53 IR V7 #1 Vi JREERE, Dy
B 2 AUstep<0, 18] FEL s £ 0HE [a) 821N 7 [m] R, ] DA
HEWT EIRI ZAN 2 IR L R UEAE . Ds 21 Vi 5%
Wr, 85 A B R K, Uwop= —sin(a+n/6+u12)»
AUstep=—/3 Xsys/(2(XsystX0))sin( ae+p02) « TEIEH TAEAR
BT, ot TG E QI HT TR , Utop F1A Ustep I B8 ar+-p012
HIE KT K. AR H, Up<l, AUsep FIR/N5Z
B Xoys/Xe (52, FEEUE Sk 1 #r [81AH ELAE FH 0972
o FTREFERE, AT H A A (3
SE I il A 22 e R e K R DA ME B %), AT
BRZEHL R B AERFARE s Xoys MO RCEUE 800N

3 SZALRMHARARSE DX E] Y wve A vt RIS
Table 3 Expression of uv2 and uvi in the interval affected by

adjacent bridge commutation

[
%

Grad i8] L R A £ A

(a+51/6, a+51/6+1112)  C0S(O-1/6)— 3 Xeys/(2(XiystX1))cOS(6-11/3)
Helkahtfr—k
Helkahtfr—k

sing- /3 Xuys/(2(Xeys+Xo))cos(6-m/3)

(a+71/6, a+T1/6+102)
2
(a+31/2, aA+371/2+p02)

(a+117/6,00+11/61+1012)

€08 6 /3 Xoys/ (2(XeysX:))cOS(G-11/6)
Helkahth—
Helkahtr—

(a+51/3,045m/3+1112)  €08(6-11/3)— f3 Xeys/(2(XiystX1))cOS(6-7/6)

(a+21/3, aA27/3+p02)

(er+m, am+pn2)
(a+41/3, a+4n/3+p02)

Rd SZABPHAN G v KA

Table 4 New mutation of uv» affected by adjacent bridge

commutation
ERAR R %1 BRAS HL R AR £ AH
Uini= —sin(r/6+a);
P7: G=051/6 Usiep= 3 Xeoys/(2(XeystX0))sin s

Urop= —Sin(m/6+a)+ /3 Xeys/ (2(XeystX0))siner

Unni=—sin(n/6+a);
AUstep= 3 Xoys/ (2(XeystX0))sin 3
Urop= —Sin(1/6+a)+ \/3 Xeys/ Q(Xeys+Xo))sing

Ds: G=a+51/6+112

Unnie=sin(/6+art412)+ /3 Xeys/ (2(XeystX0))sin s
Usep= = /3 Xy 2 XsystX))siney;

Utop=—sin(nt/6+a+1012)

Py G=c+117/6

Uini=Unni= —cos(nt/3+a);
Usep= = /3 Xoy/ Q(XsystX))sinez;
Utop= —€08(1t/3+0)— 73 Xays/(2(XsystX0))siner

D7: 6=+ 111/6+ 2
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JK SR HAH I AR B, X 12 Bk S HeAr o R v 2 3
BHPT(R G H B T) by w6 £ i e AH FL iR, (R Uk
SRS N FL I o AN, TR 12 Jiksh
WXt LA [ 2% — 350, PRI, & AH BT AH FR IR
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TE 51075 FE 5 12 Bk 15 LR FF— 2o
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kV 3 ANHRSEH I B B TR RSHETIRS
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+1 100 kV S5 FH X 12 Bkshtfr B BRI B2 S50 . %%
THAUE BT S HMRESHNE 5—K 7 P,
Hor Uang R BRAMEE FAREBEE, Pan ZRHUE
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Fig.7 12-pulse converter valve voltage waveform

#5660 kV B LTRSS
Table 5 System parameters of +660 kV HVDC

transmission project

24 BUE i BUE
Uanr/kV 660 Ra/Q 6.6
Pyng/MW 3960 Ur/kV 0.3
Ian/kA 3 dri/% 0.3
on/(°) 15 uxr%/% 16
Ad(®) 2525 waoi/% 16
amin/(°) 5 W) 18

#6800 kV HiMIH L RFSH
Table 6 System parameters of +800 kV HVDC

transmission project

24 A i BUE
Uanv/kV 800 Ra/Q 4
Pyng/MW 6 400 Ur/kV 0.3
Ian/kKA 4 droi/% 0.3
an/(°) 15 uxros/ %o 18
Ad(®) 2525 kol % 16.7
cmind () 5 W) 17

£ K1 100kV Hiftfi i LRERFSH
Table 7 System parameters of £1 100 kV HVDC

transmission project
24 HUH ZH BUH
Uanr/kV 1100 Ra/Q 26.63
Pang/MW 12 000 Ur/kV 0.3
Ian/KA 5.45 droi/ % 0.3
anl(®) 15 kR % 20
Ac/(°) 2525 wi1vi/% 22
min/(°) 5 W) 17

AT A0S R R AL HL AR L AH A Ustepotr
HIE 8—3K 13 WTLUE Y, SHiAHUE h 3 A
BE, IR 0 0 H e RTER AR f R TR,
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R H+660 kV Hijitki B TRAUEIZIT S
Table 8 Rated operating parameters of +660 kV HVDC

transmission project

j\i_'ﬁt’{‘ﬁ IK: Uv/kV ,U/(O) AUslepoﬂ
B 280.89 19.96 0.608 1
FUR'S 270.92 19.71 0.309 0

F 9 H660 kV Hijif i TREKIIT #0217 54
Table 9 Long-term overload operation parameters of +660 kV

HVDC transmission project

BATHL Uv/kV Q) AUstepott
eI 283.34 21.44 0.628 6
BUE'S 272.35 21.11 0.309 0

R 10 K800 kV Hitfn il TRAUEBIT S
Table 10 Rated operating parameters of +800 kV HVDC

transmission project

BT Uv/kV V(@) AUstepott
B 172.32 21.81 0.633 6
SUE'S 165.46 20.88 0.292 4

R 11 K+800 kV HJfifn H TAE KW BIa 1724
Table 11 Long-term overload operation parameters of

+800 kV HVDC transmission project

BT Uv/kV 2(°) AUstepott
B 174.00 23.41 0.634 8
SUE'S 166.54 22.30 0.292 4

F 12 K+l 100 kV B B LREAUEZIT S
Table 12 Rated operating parameters of +1 100 kV HVDC

transmission project

BT Uv/kV 1(°) AUstepoft
HEI 239.63 23.59 0.6572
PUES 216.28 25.58 0.292 4

R 13 H41 100 kV Hfth B TR KIE #oa T 25
Table 13 Long-term overload operation parameters of

+1 100 kV HVDC transmission project

AT R Uv/kV () AUstepott
I 24221 25.30 0.679 4
AR 216.64 27.38 0.292 4

LES TSI N o NP1 Bawiap A S AR e
HEAERAR f e K T A Rk, ik RRiEtT
A AN B it i AR I 24707 Uy PCOV
THE NS TR ATEER .

6 %ZEip

D &R PCOV HyizAT 7 N UOE B
B R K iz A7 7 2, w2 i AR I
RO TAERI. BB b 6 IR LS 1R F s g
B P A BAE D1y Do Al Ds IS, {HZ5 & FHLJE L
FRIEF S, EBH IEH AT IR I o e W A oK
{EHILAE D2 Jo D3 12

2) WA AR IRTEBAT I R b FERZ B Bk,
L1 F H WA /N T AEDRE R R S a8 1, B i) PCOV
PSR LA & 6 Ik B AT L.

3) 12 Jkahii s i i S R 2 52 2IRBH HA
i REf R, HS2ma AR R B T R g0 TR R AR
JEZHRPUIIR AN, AH LB AH I A2 I AN T 0 i P
WA Fe AR I 7 3%, R R R W e AL ) o
HATPLR 42 6 Bk 8. D), ARl
FRCKR 12 kst B B, ) PCOV [THE
RARTT AR #2118 6 Bkah 5 S

B 3 T A 1) 9 4% Bl (http://hve.epri.sgce.com.cn/
CN/volumn/current.shtml),
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