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Pilot Protection of Flexible DC Grid Based on Digital Twin
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(School of Electrical Engineering, Beijing Jiaotong University, Haidian District, Beijing 100044, China)

ABSTRACT: With the development of flexible DC
transmission technology, DC grid has attracted more and more
attention. However, the rapid rise of the fault current of the DC
grid has a prominent contradiction with the weak overcurrent
capability of power electronics. The DC line protection needs
to complete the fault recognition in a few milliseconds with
selectivity, reliability, and sensitivity, which is extremely
challenging. A pilot protection based on digital twins was
proposed for flexible DC transmission systems. On the basis of
considering the frequency variation of DC line parameters, an
accurate DC line digital twin model was established. The
redundancy feature of state estimation was used to improve the
reliability of protection, and the fault was judged by comparing
the difference between the measured value and the estimated
value. The simulation shows that the proposed protection
principle can quickly and reliably distinguish the internal and
external faults. This principle has the advantages of high fault
resistance tolerance and strong anti-interference ability.
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Fig. 1 Digital twin architecture
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Fig. 2 Equivalent circuit diagram of
DC line mode domain by frequency model
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Fig. 5 Simulation schematic diagram of four terminal

pseudo bipolar flexible HVYDC transmission system
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Fig.9 L-side current result of
external pole-pole fault and protection result
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Table 2 Result of protection for different fault resistance

WAL E T B/ L £ R R4
0.01 0.5ms 0.9ms
XA fy B
100 0.5ms 0.9ms
e
300 0.5ms 0.9ms
0.01 0.5ms 0.9ms
X P9 f5 X%
- 100 0.5ms 0.9ms
LR W -
300 0.6ms [SUSE
0.01 TEE A
X 41 f, o }
100 TEE AEhfE
P b ) )
300 TEE TEE
0.01 Nz A
X 41 £, XU o -
N 100 Az A1
L i ) )
300 TEE TEE

522 [[HmwE

SR PP LRI N 52 [R5 R ZE I RE 7T, %) 5.1.4
T DX A< e 1 Rt () R DU s i 20ps
HIFDRZE . ZRE% L MRS Bl SR an i 10 Air
7, M 10 FRFLLE H Oms kAR X A s Szl
SRSl T A — 20 RS TR IRBIE
HIL— L E ] FRZ M H— 7 FIFECN P R 2
() SR PRI i e I AR, (R I T TR AR, OR3P
BHRNE. GREW, FriRfRI A2 20us 1)
[FP R

i
18 b i
]
]
]
]
14 | i
g |
»\g I
» 0 !
!
6| i — SR
i —— RAM
V) E— ‘ ‘
4
| & 3
oR,|
BL 1t
0 K ﬂMn/\J‘lAJ\J\J\«/\
g U
B
A
i
0
-5 0 5 10 15 20
t/ms

10 ARMESRER L MBRERSHRIFPFIFIEER
Fig. 10 L-side current result of
synchronization error and protection result

523 MEETH

NS IE P B ORI 528 S LRI BE 7T, Xt 5.1.4

DX A e T 5 (F4) 0 S K4 s n 30dB
T R

2t L e sl Rk 11

20

KA

B ZE A — 40T 5 il
- O P N W o

<

=

% -

TRAFZ 4

0

-5 0 5 10 15 20
t/ms

11 PRATFHAES L MRS RSRIPFIHIER
Fig.11 L-side current result of
noise jamming and protection result
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With the development of flexible DC transmission

technology, DC grid has attracted more and more

attention. However, the rapid rise of the fault current of

Read measurement and
calculate the vector 5

the DC grid has a prominent contradiction with the weak l
- . . N
Tpds )
overcurrent capability of power electronics. The DC line ) L_pdfﬁ_e e Current changes abruptly
historical values
protection needs to complete the fault recognition in a i v
Fy
few milliseconds with selectivity, reliability, and Calculate estimated
measurementsZ and residual &
sensitivity, which is extremely challenging. l

This paper propose a pilot protection based on N

Fy

digital twins(DT) for flexible DC transmission systems.

The digital twin architecture is as shown in Fig. 1

A

DC
transmission
line

Physical
object

Internal fault
Trip

Fig. 2 Flow chart of the protection principle

Real time
information
collection

Electrical
parameter
measurement

Result
feedback

Digital twin
protection

faults. This principle has the advantages of high fault

resistance tolerance and strong anti-interference ability.

a) DT architecture b) Protection architecture . .
@ ® Table 1 shows the result of protection for different fault
Fig.1 Digital twin architecture .

resistance.

On the basis of con5|der|ng the frequency variation Table 1 Result of protection for different fault resistance

of DC line parameters, an accurate DC line digital twin el Fault K-side M-side
ault type . . )
. . Q
model is established. The redundancy feature of state resistant’ protection protection
| . | 0.01 Trip, 0.5ms Trip, 0.9ms
estimation is used to improve the reliability of protection, Internal positive polar . Trip, 05ms  Trip, 0.9ms
grounding fault (f1) . .
and the fault is judged by comparing the difference 300 Trip, 05ms ___ Trip, 0.9ms
0.01 Trip, 0.5ms Trip, 0.9ms
H Internal pole-pole
between the measured value and the estimated value. f |p(f3)p 100 Trip, 0.5ms Trip, 0.9ms
ault
Fig. 2 shows the logic flow chart of the protection 300 Trip, 06ms __ Inter-tripping
External positi | 0.01 No trip No trip
1 1 Xternal positive polar
pr|n0|ple. P P 100 No trip No trip
. . grounding fault (f4) ) .
Simulation on PSCAD/EMTDC and MATLAB 300 No trip No trip
0.01 No trip No trip
i i inci External pole-pole
validates that the proposed protection principle can ! Itp(m)p 100 No trip No trip
- - - - - - au . .
quickly and reliably distinguish the internal and external 300 No trip No trip
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