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ABSTRACT: The traditional pilot protection relies on the fault
characteristic quantities and high-precision line model
establishment and is seriously affected by integrating new
energy sources and distribution parameters. To address the
above issues, this paper proposes a novel approach based on
the virtual twin, simplifying the physical line model within a
virtual space using a digital equivalent model. Then, a virtual
fault equivalent model is derived. After that, the recursive least
squares method is used to generate the normal digital model of
the line, and the state space equations are established for the
real-time state estimation, which is combined with the change
of the state quantities and the virtual fault equivalence model
for the situational awareness of the physical line. The proposed
protection decouples the protected line from the outside world,
and adopts the digital model as the equivalent representation of
different kinds of line mechanism models in the virtual space,
which is not affected by the power supply characteristics at the
ports, system oscillations, communication delay, etc., and does
not depend on the actual line parameters, and applies to a wide
range of physical scenarios. Finally, the correctness and

effectiveness of the proposed protection are verified in
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extra-high-voltage trans-frequency line model sending system
and a large-scale new energy sending system in PSCAD/
EMTDC. The fault identification time was within 10 ms, with
a maximum tolerance of 1000 fault resistance, an average error
of 4%, a maximum error of 8.34%, and a minimum error of
0.08%.
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Fig. 1 Refined structure of the line mechanism model

LB SHIT I 21 0 A, i LR F AL
RN RER
v, =Ri +Ldl—m+vn
dr o 1)
)

X Ry L C Rl B R g fa Bl A
S RS HOERE; g (AR

SRR G R, LB B, b
BRBEOEREARX TR AT 0, B T IEAT AR
AP, R GO\ 1 B A 5 o e o L A
MG SR EBEIERR. B, STy
{10 O 70 T B A A5 T G 40 1 10 TR 45 A A U A 11
24
1.2 Eil=E PR & ER FRE

VGRS (EPNEY/EZ R UNIE T Sy A P 7
A L RAEENAE 5 5 B Sk 25K A 2 58 Y1)
BRI AR, ENLBIROR SR . ZH DL IR
AR, SHIMNERGHBITIRE TR,

P& BN ORA E R E TS BRI R Bl R
PO A AP S AP E D RE, (T KR XU R
PEAEL (R J2 18 00 T 0 P AL 20 B 5 ) 75 BB IR RS
FOE R NEBX RS A T, b R 2
Ktk iRz R EAARY RA, I ey A
BEVERINLEE & S0, ARSCES & Bl SRR & KB
ARSI B B R IR A . B, R
ROk B S LB R AR U 25 MRS AL, 33 A 2
& RIS S HUE R

FAS o A R MLBR A b o S50 Aff o 1k A
B RN T RO @ AR E P,

i vi =@y
dr

i T 2 K B 1) 5 3 S I B S AR A R AU 4 1) e
4 38 L IR S DA K B A 5 5 i R R ) S UL
B, M BRAR AR R S A HER T BUR IR ZE R
JS2o D9 PRAUE 7 AR AE AL 22 1 F0 P A A DA R s
BLRE AT, AN SRR A R0 2 ) v A7 A o
R & (D) R U TR A B A A ] 2
Fios, RSy BN S NS R RN E, 46
GIBSHIFWSE-{ S aeul LR D)5 o£ YR INANG  P R N SR
Fi873 R i 11 LI g 11 S

[ __EmEmM__ T
| [ mie! | R T
i .
Y LR i o
: : ) : : I | [ | : :
A iR Ln .- .
e Iy T 11
) | 1 | I
r lig R Ll i, 1
e S A U J'_°_vc_ |
! |
! GT C J J = G
| T T |
: Ce Co :
oL LT Id |

B2 EilTE LR RE

Fig. 2 Digital modeling of lines in virtual space
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Table A1 parameters of simulation model for new energy access systems

B 44 B EEq L
B4 2MW
HiHEA 5000uF
PRI LCL JE 25 2% 0.5mH/200uF/0.25mF
[ E73 250
I PI 244 0.15p.u/0.4p.u
e & 2MW
T ‘ Etl: 35/0.38kV
14 75 5 Dyn
S BB 6%
WE A 500MW
o 2 220/35kV
A ,
B4 75 YNd
S BT 10%
AR LR 8 E sk 0.11+4j0.157Q
1B/ HbE 0.000076Q/m
& 0.000338Q/m
K E%ﬁm 370.3155MQ*m
Ly B E 0.000284Q/m
T BT 0.000824Q/m
B 522.084MQ*m

TA2 HEEXRNERARMHEERESY

Table A2 Parameters of simulation model for extra-high voltage AC transmission system

LI 4 B SRR HE
AU L Bl 1000kV £ 0°
A4 m LRI R 9.186Q
SR HK L 138mH
A IR L B0 1000kV £20°
A4 n LRI R 9.186Q
SR ER L 138mH
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Table A3 location results and protection performance in UHV semi-wavelength AC transmission system
MUFEERES
[ g AAS T HLBE/Q gyl TRy IERI B
AG BC BCG ABCG
10 0.2239 0.1838 0.2106 0.1766 J
100 0.2491 0.3104 0.2200 0.3214 \
023 500 0.2791 0.3142 0.2446 0.3020 \
1000 0.3115 0.3245 0.2511 0.3216 J
10 0.4746 0.4850 0.4749 0.4839 \
100 0.4755 0.4672 0.4755 0.4733 J
03 500 0.4755 0.4675 0.4775 0.4469 \
1000 0.4821 0.4802 0.4773 0.4694 \
10 0.7448 0.6993 0.7431 0.6878 V
100 0.7167 0.7010 0.7345 0.6981 \
0.7 500 0.6686 0.6692 0.7115 0.6628 J
1000 0.6738 0.6620 0.7131 0.6683 \
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