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Abstract: During normal operation of DC lines, the
smoothing reactor can reduce current ripple. When a DC line
fails, the rapid operation of the current limiting reactor can
suppress the rising speed of the fault current. Therefore,
considering the collaboration between current limiting reactors
and smoothing reactors can not only suppress the rising speed
of fault current, but also reduce the cutting capacity of DC
circuit breakers. However, due to investment costs and
system dynamic characteristics, the inductance capacity of
smoothing reactors and current limiting reactors needs to be
maintained within a reasonable range. Therefore, it is very
meaningful to optimize the capacity configuration of smoothing
reactors and current limiting reactors in the HVDC
transmission system, while ensuring the current limiting
capacity and reducing investment. Firstly, a fault equivalent
model for the AC/DC hybrid power grid is established and the
characteristics of the fault current at both ends when a bipolar
short circuit occurs in the DC line are analyzed. Secondly, a
mathematical model for optimizing the configuration of
reactors and  current reactors  is

smoothing limiting
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established. Finally, the proposed current limiting strategy is
validated through MATLAB simulation experiments.
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Fig.1 Topology diagram of AC/DC hybrid power

system
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R HORT S

T=_" (3)

eql

1.2 MMC &2 M & i 4 M o 4

LR B S A SR S % 2 S B JLZ RPN
AT ARG B ) % FL A /N T MMC
L 2R (B LR, DRI AT LA 2 5 A
LU L Fh AL 7 A R R TR o AR AN P B
THOLT A3 2N 3 PR SR i . B - SM
AT Ry B HLBE; Ly WA LR G
AT R o Loy Copp 5901 0 S8R
HUBHIRL A, RS RO T

%cﬂ = %Ro
H

2
@qz = ?Lo + 2L, (4)
1]

6
i -y

A Ly, oA -7 FL BT A HUIERE s N O — A
VRS

WA F, 1] T LA A5 R0 — 1> RLC HR IR [m]
e, BB A P T, ARG T ARAS s R A A Y
T LR L B0 B B T 1, LA RO e L T
MBI S R A U, IRTIR(EAR A5 sk
Wi A AR A il 1 0, ARE P 3 (b)), ar AR A
AR MR R L IAE ), 1557 20 PR 25 T I Y LTS e, 0

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HUBLS RN, 55 51 4%, 45 2 3]

Electric Machines & Control Application, Vol. 51, No.2, 2024

B3 MMC U B it S 2% BUAR 45 B & PR Y A5 A [ B
Fig.3 Discharge circuit of MMC side DC line with
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Fig.4 Relationship between short circuit current and

short circuit location and time
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During normal operation of DC lines, the
smoothing reactor can reduce current ripple. When a
DC line malfunctions, the rapid operation of the
current limiting reactor can suppress the rising speed
of the fault current. Therefore, considering the
collaboration between current limiting reactors and
smoothing reactors can not only suppress the rising
speed of fault current, but also reduce the cutting
capacity of DC circuit breakers. However, due to
investment costs and system dynamic characteristics,
the inductance capacity of smoothing reactors and
current limiting reactors needs to be maintained
within a reasonable range. Therefore, it is very
meaningful to optimize the capacity configuration of
smoothing reactors and current limiting reactors in
the HVDC transmission system, while ensuring the
current limiting capacity and reducing investment.

Firstly, a fault equivalent model is established
AC/DC  hybrid power grid and the

characteristics of the fault current at both ends are

for the

analyzed when a bipolar short circuit occurs in the
Eq. (1)-(4) provide

expressions for the short-circuit current before and

DC line at this paper.

after the current limiter is put into operation.

. Udc ([ Urlc) -= ( 1)
i = + de e’
/ R?q] ‘ Reql
. Ceqz .
L/Z =e - U(l(f TSIH(M,t) + I(ICCOS<(1),t)
eq2
(2)
Udc L 1 Ul' _l
iy =—— + %i (t)_,((]eT (3)
/ R eql [ Leql /! l R eql

!
g —B'(L—I]) CPqZ
ljZ =e - uc(tl) L/

eq2

sin[@"(t —t,)] +

Laqz
Tifz(t,)cos[w”(t _ll)]} (4)

Then, a mathematical model for optimizing the

eq2

configuration of smoothing reactors and current
limiting reactors is established, as shown in Eq.(5).

|ﬁ|:L(|c| + Ld(*Z +Ll +L2
%: ‘ifl(h) ‘+ ‘ijz(tl) ‘+ ‘i;l(t2> ‘+ ‘i/’2<t2) ‘

[C] minf,
_
minf,

%inF:kfl + kyf,

minF = minF + M{[min(0,L,)]* +
%[min(o, L, +L,, )]+ +
C min(0, —ip(0y) + kI, ) 1> + - +

1 [min(O, - i/’z(tz) + aIDCCBma,x) ]2 + }
(5)
According to the multi-objective optimization
method mentioned above, with a step size of 0.1 and
weight coefficients £, = 0.1 ~ 0.9, the optimization
results of each smoothing reactor and current limiting
reactor under 9 different weight coefficients are
obtained. As observed, when the weight coefficient
k, value is small or large, changing &, has no effect
on the reactor capacity. When the weight coefficient
k, is between 0.2 and 0.6, increasing k, can reduce

the capacity of the reactor.
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