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Fig.1 Topology of three-terminal ring-type flexible
DC distribution network
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Fig.2 Equivalent circuit of single-pole or
bipolar short circuit fault
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Fig.3 Current and voltage waveforms of single-
pole or bipolar short circuit fault

P HL P VSC i i L 3L b T 3 3 R HLR 32 45 Y
IF) RELH 75 22 S 2 PR B BC L R Lt T 2 b i &
T HE— 25 TR 5 B F T 7 e A 2 AR R S i
R B A SR AR A s R A A 2 T X — i
T AR5 S I 8] 2 A5 BT AN [R] V) (RS AAL R JLZZ A ;T
LA E H 2R G R AR Bl A S S0 T 4
15 5 ms LA, BT LAY 0 BT 5 PR 119 22 S 52 P LI
BeH RGAR Y TT R

2 ZUMEMEREEMNFRPRERERHE

2.1 RIPBNEERFE
HR A B I 4 B A e B Ao 30 Ak T s 2 R B B 1
S A N E A S 8= L BTl N v | I WD O 1 D
TR L UL Y R/ IME R BRI sl | I Rk =k
>, (1)
Horp 1 AR e B A AR ¢ B 200 % A e s A R AL



® )

w % & 8378

{8 1,y o IR BN U, =K x 0.1y, Iy 2 EIR AT
MRS HE 1T, K AT AE R, B IR RFEE
Blahm S BRI ERGB, Y 1iES 3 AR T
o B AR S S
22 HBEHROEAR R IR K FI R

Sk A AR A7 8 0% Y B Hb B A T AR 26| DR IEEIE
B AR AT B I B s TR P MR R AR X T L
MAZMREBITAEEEH,

FH b SR T B3 BC L AR G R A R AR 40 A T
AR P 2 kA T AR R b R A O R F P
I B E R RS L R 2 E A R G K T A L R
W 5 A B0z b B B 7 B L R D S A R RS
F T A 2 R %) R B K T IE A H R U0 5 & A U i
[ I SO Y A =T o =N WA S ES Y =R
FREESEA 2, Ry 2] ) PR A R BT S E 19 A8 b s
Ik, 51 A AR HE R 5 A A5 s e 2 1 10 s o 22 R B
CV (Coefficient of Variance), BI b5 22 5 - Y 5 1)
FUARL , FH T A al i Ao 400 L A g iR B, Bt
B I W bR AR B B AR AT FE AR, FE 2 ms BF TN, 4
S E R I M R AR R R S AR S R L
PrifE 22 R 80,

Vi&mm—uww
CV,= k=1
N-1
U.(k
N ( ) (2>
v () -U() T
CV_= k=1
N-1
U_(k)

Hrp CV,.CV_ 733 1 o e 5 H AR A v s 4l
RAB A PRI 22 BB w, (k) w (k)7 AR IE FUR
FERFEAE ; U, (k) JU_(k) 53 3N IE SR # RS g
FEREAE, U (k)=10kV,U_(k)=—10kV,

E K, A IE R R I BR 25 REL OV, 5 Tk
HL R A M 22 R B CV_ Y LA .

Koy ®

Pk BRI 2 ms 190 B bR 5 R S LU
BRI 90 2 R MCHE B, 0 R 2k O M BB I
i v A 22 2R CEE O 9 K F G T o 22 R
B, MK, 1, % A GO BRER | $0H o FE £ 9 22
BBk F I M AR 2 R B K, < 15 R 2R
U K B T8 o 9 0% R B A o
FRE2E RBONIE R, B K, B T 1, 80T LA
S R T PR I G P A9 2 R B
K, A e e

B B4 B R R T R K= 13,
et F 09

K, = 1.3, WK AR AR S Sl o
A K,<0.77, W & A= GRS % g e (4)
 0.77<K,< 1.3, W] & Az XURR i [ 150 P

2.3 X SRR IR B R EE K I 4R

TE2C I LR B AR 3P ) B B AR 4 B O 4 0 R AR
T AZ RGBT A S R RE AR SO R B
B ORAP 7 vk SR BR A T A 3 B b T AR A DX
A DA AN TG BEAE A O A T I AR Ty
H BE B OR 4 ) VRN T T 2 m e v B R LY
DX P Ah BRI 5
23.1 KW MR 5 B

a. SR b L B R (LA EAR R 1))

— PR TC F 2 (1 3 B AR | 4 B AR R R
FEMSHF AL, R R B ORAL IE
e R B R 4 IR TR gy 23 R AR
PPN AT R IE R B R R L (C 23 Bl D R
AN A L BE R LAY i, AR LA I
iy R T 22 P, BEL R L SRR ) L

Ik M |

ALb, i, RO L g

Cl’l " izﬂc :l_,\/yy\_é_oi
P@X THiw o T |
C, - = |

T 13 !

{3 o/

B 4 IERZEERGREIETER
Fig.4 Schematic diagram of positive line
grounding fault
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Fig.5 Schematic diagram of DC line bipolar
short circuit fault
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Fig.6 Schematic diagram of DC line in-zone
and out-zone faults
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Fig.7 Logic block diagram of transient protection
based on single-end electrical signals for multi-
terminal flexible DC distribution system

4 {FEIE

] H 7 MATLAB/Simulink ™ #& £ 9 = i 1 1R
%1 L B A T L 2R 0 T B L A S R
P57 R B HATRAE T E RGN 8 BTN,
B MM EREN 5 km, R 7 A5 5
R G RAENER N 200 kHz , P 37 T 75 BO0E 7 K B N
2ms, DFEH, 7% 08 3 RGO & 8 H g X N IE



® ® 0 8 & iR B

¥£37%

(0O
TN AC/DC DC/AC
TR e o as
sl 2O
A SR
DC/DC
it

B hERZETEE
Fig.8 Schematic diagram of simulation system

PR B sy Ak 2 A BRI 4 b IR 5 DX P B A R Y
oy Ab T A BRI b R 5 DX s A A U i B
B s DXAMIE R R B A Py s A 2 A B e b e
4.1 #WEERHBE

VLR 8 BT 2 48 h 5 b A7 B 2805 | LA e
AR SO R SR A O ELR L R R R R
Fs S E R R LA B %R 0.5.2.5 4.5
km 3 MR O0 , RIVE B A 20 ) 57 T 0 2k B 1) B i
RN A iy 422 4 Bk 8 LB R 01,110 Q 3 Fi
oL, D7 EARIE 1 iR

R HBEERFEER

Table 1 Simulative results of faulty line selection
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Table 2 Simulative results of in-zone and
out-zone faults
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Transient protection based on single-end electrical signals for multi-terminal
flexible DC distribution system
HE Jinghan',ZHOU Lin',LUO Guomin',LI Rui®
(1. School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044, China;
2. China Electric Power Research Institute,Beijing 100192, China)

Abstract: With the development of distribution system structure,the protection principles of AC systems and
conventional DC transmission systems are not applicable to the multi-terminal flexible DC distribution system.
At present,there are two concepts of protection schemes proposed for DC distribution systems:one is based
on the information of both line ends,which requires communication channel for synchronizing the information
of both line-ends,resulting in slow speed;the other is based on the information of single line-end,which has
to construct the protection boundary,resulting in increased cost. A protection scheme is proposed for the
multi-terminal flexible DC distribution system,which is based on the single-end electrical transient signals and
does not need protection boundary. The coefficients of variances between transient voltages and normal
steady-state voltages are calculated for the positive and negative poles of one side to identify the faulty pole.
The time-domain analytical relationships among electrical signals during an in-zone fault are analyzed to
derive the differential equations of single-polar or bipolar fault for calculating the fault distance to quickly
and reliably identify the in-zone and out-zone faults. A MATLAB/Simulink simulation model is built and the
simulative results show that,the proposed scheme can effectively identify the faulty pole,in-zone fault and
out-zone fault only based on the local information in different fault conditions;it is immune to transition
resistance and has better anti-interference ability;and it can satisfy the requirements of DC distribution
network for the protection rapidity and selectivity.

Key words: multi-terminal flexible DC distribution; single-end electrical variable; fault distance; protection

scheme; fault identification



