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Research on the characteristics of ultra-high voltage converter transformer differential
protection under the internal and external faults

LIN Lei', CHEN Chuan?, HU Xin®, ZHENG Tao’
(1. State Grid Zhejiang Electric Power Company, Hangzhou 310012, China; 2. Maintenance Branch of State Grid Zhejiang
Electric Power Company, Hangzhou 311232, China; 3. State Key Laboratory of Alternate Electrical Power System
With Renewable Energy Sources (North China Electric Power University), Beijing 102206, China)

Abstract: Converter transformer is the most important equipment in HVDC system, and its differential protection plays a
significant role to guarantee the safety operation of HVDC system. At present, the second harmonic restraint method is
usually adopted in converter transformer differential protection for blocking inrush currents. The converter adopted in
ultra HVDC system is non-linear component, which results in differences between protective performance of the
converter transformer and the common power transformer. This paper makes detailed analysis on the different fault
characteristic of the converter transformer by constructing relevant short circuit current flow path, which includes the
internal single phase to ground fault, internal phase to phase fault, and the valve fault in rectifier. The research results
show that the differential protection of converter transformer will not mal-operate during an external fault, but it may
refuse to operate when internal faults.
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Fig. 1 Differential protection configuration of main

Protection of 12 pulse converter transformer
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Fig. 2 Simulation model of mono-polar operation
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Fig. 3 Fault analysis model of the first state
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Fig. 6 Waveform diagrams of fault components in the

case of single phase to ground fault
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Fig. 10 Waveform diagrams of fault components

in the case of phase to phase fault

DRI 00 IA) A B MAHZZ B M im (s, HLilg
WAL, UGBS AR T R B B B E
15%, WE10(c)fE10(d)Tas. Hah, STk
AHC AH, s ), xR e ) PR 4 A e A B A
AR, ZEBHIRIEAE A ZE T U & HYE R
FERARIIZK s AT s s e . Rk
T B 11X P e A R AR AH ) B A e, 2230
%?%%Tiﬂw

4 EE N RS BE AL PE

AN e A TR B RN, DA 3# AR A
AT . PRI FE BB B8 (V 1) A 2B s g 8] bR R
BTG, 0T R B X AR .
M) ) 545 o A o s e P T ) R, AR AIE A
AEWAMAZ 5 o A P MR R B R0 — AR U™, DRl e
SO0 e B PR YR IAUI B A T 20 A AR O, i 11
FE 12 FiR.

Tan
&&;{1, A Vi K Vs,

@

) b
/Yi in — "
l AR 4% 3#
T NV NVe RNV

—RES—4

i %EB
e

NVLNVy K Vs,

AR fea a
AN bz
Y A/ &3

NVaNVa NV I
dn

(a) H i ds Sl 7R



-130 - ® LRGP B R

Xr

El)léll

Xt

Iy

(b) L HLUL VAT [ 4
11 ZE8 0 A2 ) PR FE ST s Y 1D 5 G T B 49 AT AR B
Fig. 11 Valve short circuit fault analysis model of phase to
phase fault on the AC side

O
Vl%wv..’i‘z: Vs vs

¢ !

e = S
ll AR 34 R
T T ZS V4] ZSV()] ZS VZI

%
Exé—— s
H—E)—
% Ec
Y—

NViuolN Vi N Vs,
AR s 4t @

b.
09 e

NV N Ve IN Vo

Lgn

(a) Hegii A2 T 7~ i

Iy

Xr

Iy

(b) FLE% ALY 1 i
12 ¥ RN = AR SIPE B 2 BRSPS 4 T AR B
Fig. 12 Valve short circuit fault analysis model of three
phase short circuit fault on the AC side

B 11 s s SO AT e A AT PR 3 H
B, WA, R EBERRE Y HERAZA. B
)~ Y AR IE I I (V30 ) R bt i A s i, o e [
EERLPLN, BRI, U R i
I, R R A PTG LU 1] 1)

B ST 3t Ar, Wbk A G, AR Al
PRI A B AR R [0 R (B O, A LR
JrAHR, If BESH B BRAE R, iR (/N
AXIFRING -

Kl 12 Fosch Vi IELEIR] Vs SRR, e
SO IR B AT RN A = A . SRR
AHLG, SRR AR T AN E R, BIH Y HF
AL (AN CAH) Y MrE IR IR (V) T B ) A it
F—Aml, WE120) . T PR R AT
PEWRAI, DA I BN RIS . X
T 3, MR A, RS PR AL B
C —AH X K frel () PRt s (L 186 K, R P AL %
12, By C PIFHALRE ), 5 A FHAHR, HARFHH
WA ISR, B RN AN FRILS

FRE R HT, 55 FAE R B R AL,
A AR N, L AR IE 2R 5 35K
AP R AR T B ()2 BRI, G R R AR, Bl
Wi i A i 22 ) FL AR (L A 35 1K 1B T v

1t PSCAD i 5V & @ an &l 2 Jros i
BEAY, 0 3#HLIAT A FHXT IV (1) 3 S AR IR 1A T 1R ot %
MBS, MRS %) =0.4 s, AN R4 B R
Kl 13 B

10 ; . . y
§ 0 1 ——M‘Ii
5= 1 STV

02 03 04 05 06 07 08 09 10O 1.1 12
i [eil/s

10 ————r —
- D AARAAARET A Bl
;‘; ol IHE W e BHE_!
= -10 I I L I I i I I 1 ;

02 03 04 05 06 07 08 09 1.0 1.1 12
1 fi)/s

10 T T 7 ¥ pypTE= r
A1 11T e
= L Y T TTTTTOTT
=T N S S S SR S SR

02 03 04 05 06 07 08 09 1.0 1.1 12
[ /s
(a) #I AR PO = AH TR

- 40 I L
— A
2 o O b
EJ 0 i i A I ....... I ........ 2 T £hr I ....... I ..... -
02 03 04 05 06 07 08 09 10 1.1 12

10 . . ; ,

- O harA A | p F B

'%] )| | AR _‘
3 ; i { j | d . ; 1
'on_z 03 04 05 06 07 08 09 10 11 12

(il /s

- DA’MFL’\J";\F:JW;" i n 1 i : f : K I I~

T e

3 : 1 ’ !

0.2 0f3 0j4 0;5 0j6 0.‘7 0‘.8 0‘.9 110 ll.l 1.2
N 1¥)/s
(b) et 7 e 1) = AH L 3T



B AR TR R SR R R P B R - 131 -

U S O O SO SO OO TP TV 4 g

210t i ! TV o

gdg:jjjﬁﬂkﬁ;&“$¢;3f@ AR eI A AR e PR AR S (R
D AR T IEFSC, i A8 MK

=S AL 1 s AR M s DX P AR DA B A0 5 1

Sl LR R S T AR F A
S < 0 e LR B 20 B B0 28 2 50 4 B e

3 Oy =l PERIEMIHLEE, FEAFEI T 4518

Sl e, PSR, s rEe:

I 1 N J 1) A A= 800 A 1ol A0 84 4 A 1) g e R4 37 )

02 03 04 05 06 07 08 09 10 1.1 1.2
I i) /s
(c) =HHZEB) i

1.0 : - -
; — Al
[ =
CHll
=
0 ! 1 1 T ! s o
02 03 04 05 06 07 08 09 10 11 12

Il /s
(d) — ¥l E ot
13 (REREFEER T SHES 2IRTE
Fig. 13 Waveform diagrams of fault components in the

case of valve short circuit fault

Kl 13(a) AT 13(b) 73l Ay i A2 AN s ) =AH
e, KR, SR A, PR
R L AL B S 1, S L g 1) B ) e ) — 000
Hrp By C AT AR, 5 A AHFLTT [ AH X
5 FRES A2 B, WK 13@) T EH,
W R A i, A IR0 R A B ) 2 B A R R
W T IE S RRR, S5 6(a)Ig (L, 3.1 15
5 Y ELARARRE o 13 () R 13(d) 7 51 Ay i A
A ZE S LB B I DA R 7 Bl LR O A
e, B4, MbERAE, —AHZESRRIRER
oLy NP 1 1522 B [ NP =o)L R @ ) e i
SEIRSEHE K G Bk N A, HAERA I TE] A S
T RIS, X BT IR AR
SR T gk O R AN I EL A FIRE S T I 5 |
B, o A AL T IR BEEAN . PR AR R R
. BB SRR, AR AERS).

VR o St o, AR ZE S OR A e IR A Bl B

2) B E A 1R XA AT < e P i
BNy, JEER PGS, ARG, HAEH
HLURIZE BRI, h T R AT v, A A
i i) N Tl ), HREL— @ s i, Hih T
HE IR AR, B BRI, ES R Al
Pltzh.

3) PRI A 20 1 i S Mt R, R
W R P TAR R, e R IR (AT LE AL, Tk
VLRI AE R P 01 AN R AL TS SR A7 A
I FL A I R i PR R (B B8N, BB i
ik, FEHRRIEECS BRK, ZiRErN ShE R
ESitp

B 3R
i
7 P]l A;{R,{fll
RA 7 o=
PRSAT
= Lo
2 9 L/ S\ /.
= 7090 ] 1092 094 il 0.96 0.98 1.00
< [ . s
= 5 :J:\q' W o W _r“i}
= I |
_:J 0 I L L L
0.90 | 0.2 094 096 0.98 1.00
< 5 Lo i al/s
= 1 '
2 o [N [\ [T\ [T\ /]
= 7090 0.92 0.94 0.96 0.98 1.00
P INFa]/s
2 20 ! l T e
2 IOF /./\: A /=4
2 0 T '
090 | 1042 094 096 0.98 1.00
- Lo i /s
z %SR T . . — T
S oD /N /N /AN .
= 7090 | 092 0.94 096 0.98 1.00
Lo INf 1]/
2 10y N\ ¢
2 0990 0.92 0.94 . 0.96 0.98 1.00
SIS

MIE 1 Y iR B
Fig. 1Y bridge valve current



-132-

® LRGP B R

LT /KA

KA HHU/KA  HTVKA O HIKA HTUKA

s A =gy

s %jf N
20F T HP
0.90 m 0.94 0.9
1o I 1l/s
%8
! I
| 1l 1 1 1
0090 I 10.92 094 096 0.98 1.00
Lo : /s
20 | : I m
0N N /“\ /“\
0.90 0.92 0.9 0.9
ENS
20f : m
0 (TM /”\ //\ //\
090 | 1092 0.9 0.9
[ Hﬂﬂ
2 — . . —
0.90 I 1092 094 096 0.98 1.00
Lo I i
20 [ e
10} | | | /—1
0 NN
0.90 0.2 0.94 0.96 0.98 1.00
Iy 1) /s

MiE 2 D 8 B
Fig. 2 D bridge valve current

P
(1] WL, 3KF, W55, Mk ELVUA i B BLR K

(2]

(3]

(4]

HISEI]. HPIER, 2012, 36(4): 1-9.

LIANG Xuming, ZHANG Ping, CHANG Yong. Recent
advances in high-voltage direct-current power transmission
and its developing potential[J]. Power System Technology,
2012, 36(4): 1-9.

TR JE S, B A 2010 FE BRI 2 0CE ELA
AR R R M[I]. mHEERAR, 2010, 36(12):
3070-3077.

XU Zheng, TU Qingrui, QIU Peng. New trends in HVDC
technology viewed through GIGRE 2010[J]. High Voltage
Engineering, 2010, 36(12): 3070-3077.

Te N, BRI, SCR. e s LU F U N
B ESEZSRA W WD B RERP S,
2009, 37(10): 111-114.

QIAO Xiaomin, WANG Zengping, WEN Jun. Influence
of converter transformer differential protection by harmonic
in HVDC transmission system[J]. Power System Protection
and Control, 2009, 37(10): 111-114.

FIDUH, M. AL IS A 22 B kA0 5 T S AEAT A
Iy BT KR ST B AL TR AR, 2009, 29(31):
87-94.

WENG Hanli, LIN Xiangning. Analysis and countermeasure

of abnormal operation behaviors of the differential

(5]

(6]

(7]

(8]

(9]

[10]

[11] |

protection of converter transformer[J]. Proceedings of the
CSEE, 2009, 29(31): 87-94.

G, TRk, — Pl 2 O R AR Bl L T
JHK[N]. W RGO 1, 2015, 43(6): 19-24.
LING Guang, SU Bin. A method to identify inrush
current based on waveform characteristics of differential
current[J]. Power System Protection and Control, 2015,
43(6): 19-24.

A, KT, A, A
FEL VAL TR AIE AR A s 45 £ 47 S B
AR, 2004, 24(7): 18-24.

ZHENG Tao, LIU Wanshun, XIAO Shiwu, et al. A new

FPIE TR TR A F AR
T PE BT

algorithm based on the mathematical morphology for
power transformer protection[J]. Proceedings of the
CSEE, 2004, 24(7): 18-24.

2R, BRONILL T AR AR T A% 22 B RGP T ).
HU ARG S, 2015, 43(23): 125-131.

LAN Sheng, ZHANG Xiaofan. A transformer differential
protection method based on multi-criterion[J]. Power
System Protection and Control, 2015, 43(23): 125-131.
JTEF, B, B, &5 R E R R SR
R BT[], EEJJ%E%MF i, 2016, 44(3):
122-128.

ZHOU Guowei, GU Yongdi, ZHOU Jianping, et al.
Analysis of non-characteristic harmonic in UHVDC
system[J]. Power System Protection and Control, 2016,
44(3): 122-128.

e
AT e K TR AP S AR ATk 23
2014, 40(8): 2531-2540.

HAN Kunlun, CAI Zexiang, LI Jiaman, et al. Analysis of

PEAE, AMER, & R E R e
Il m R,

,/\

fault on the AC side of converter and action of converter
protection considering DC control[J]. High Voltage
Engineering, 2014, 40(8): 2531-2540.

TR, TRIELL, F3EK, 45 HVDC #if &b 24
5 Em ] 3 mlﬁﬁﬁ, 2013, 35(5): 412-416.
HUANG Junshen, ZHANG Xiaohong, LU Yingfei, et al.
Fault analysis and simulation study of HVDC converter{J].
Heilongjiang Electric Power, 2013, 35(5): 412-416.

Wi, sk3e, BIEK, 45, £800 kV R s ELAUHT LR 4T
BATI MWL )]. 4k His, 2007, 35(16): 27-32.
CHEN Qian, ZHANG Yao, ZHONG Qing, et al. Simulation
of +800kV UHVDC system under different operation



M B, S AN R R AR s A e DR SRR B - 133 -

[12]

[13]

[14]

modes[J]. Relay, 2007, 35(16): 27-32.

k. HVDC Heifias e st 5 ORI BT 5T D). )™
M AERIEL TR, 2010.

JIANG Shu. A study on fault analysis and protection
principle for HVDC converter[D]. Guangzhou: South
China University of Technology, 2010.

Wrtle, SOBAR, mHE, 5. &) £800 kV e Ik B
i VL AR GRS O S S 2 O L), BB TR A SRR,
2012, 37(2): 43-49.

CHEN Shilong, SHU Hongchun, YE Bo, et al. Accurate
modeling and simulation of Yunnan—Guangzhou +800 kV
UHVDC transmission system[J]. Journal of Kunming
University of Science and Technology, 2012, 37(2):
43-49.

R, Mk ER RSSO AR
AT S HEEMTR[D]. TN R E T K2, 2013,

HAN Kunlun. Research on dynamic characteristic and

protection setting of HVDC converter and line protection[D].

Guangzhou: South China University of Technology,
2013.

[15] 5K, ABRER, fout. ol ELVRA H AR G R B DR Bl A
KPS, ARG A B, 2011, 35(8): 97-102.
ZHANG Ying, TAI Nengling, XU Bin. Operation
characteristics analysis for valve short-circuit protection
in HVDC system[J]. Automation of Electric Power Systems,
2011, 35(8): 97-102.

Wt BEl: 2016-11-14; & HHH: 2017-03-02
fEEE N

o &E01969—), F, HAIRF, HRFE@HE S E
Sk AR B x4

M N(1984—), F, MEHRL, BIRA®ARN Z
Sk wARY 545 %), E-mail: chenc2000@139.com

& 1994—), B, @fEEE, MEHRA, RS
A AR 5454]. E-mail: huxin0996@163.com

(%48 B aA)



	DOI: 10.7667/PSPC161893 
	不同故障下特高压换流变压器差动保护动作特性分析 
	Research on the characteristics of ultra-high voltage converter transformer differential  
	protection under the internal and external faults 
	1   换流变差动保护特点及其配置 
	 特高压直流输电系统为研究背景，针对换流变差动保护在换流器区内各种不同故障情况下的动作特性进行分析，并基于PSCAD/EMTDC仿真软件给出了相应的仿真验证。 
	2   特高压直流输电系统模型构建 
	以图2中3#换流变差动保护为研究对象，对3#和4#换流变构成的12脉动换流器基本单元进行具体分析，如图2方框标注所示。 
	3   不同故障情况下换流变差动保护动作特性分析及仿真验证 
	3.1 换流变阀侧区内单相金属性接地短路 
	3.2 换流变阀侧区内单相经过渡电阻接地短路 
	3.3 换流变阀侧区内两相相间短路 
	3.4 整流侧阀短路故障 

	4   结论 




