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ABSTRACT: The existing definition of the multi-infeed
effective short circuit ratio (MIESCR) fails to depict the system
strength of the multi-infeed system with rectifier stations
integrated. To represent this feature, it should be modified. The
dual-infeed HVDC test system with the rectifier station
connected was established in the work. Based on the maximum
power stability curve method, the new definition of
multi-infeed effective short circuit ratio was proposed after
conducting a range of parametric studies. Using the
inverter/rectifier mixed triple-infeed systems in the critical
stability and the transient overvoltage (TOV) calculation of the
inverter, the effectiveness of the new MIESCR definition was

verified.
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Tab.1 Parameters of test system with HVDC 2

in the critical stability

Fyiescre Fvmiescrz
Pu/GW  Fiscni Fiscro  Lkm Fyuena ‘

H3) (G}
0.2 6.00 1.15 2 0.98 0.96 1.42
0.8 2.00 1.16 50 0.49 0.83 1.39
1.0 2.00 1.20 50 0.42 0.85 1.41
1.2 2.00 1.24 50 0.37 0.86 1.43
0.6 1.50 1.15 80 0.56 0.86 1.38
1.0 1.50 1.27 80 0.41 0.90 1.48
0.8 2.00 1.30 80 0.40 0.98 1.46
1.0 2.00 1.34 80 0.33 1.01 1.47
0.8 2.50 1.35 80 0.35 1.05 1.47
1.0 2.50 1.38 80 0.30 1.06 1.48
0.5 3.00 1.31 80 0.46 1.07 1.44
2.0 3.00 1.48 80 0.14 1.16 1.52
0.5 3.50 1.35 80 0.43 1.11 1.46
1.5 3.50 1.47 80 0.17 1.17 1.52
0.5 1.50 1.31 150 0.46 1.07 1.44
1.5 1.50 1.50 150 0.17 1.20 1.55
0.5 2.00 1.37 150 0.39 1.15 1.46
1.0 2.00 1.47 150 0.21 1.21 1.52
35 2.00 1.49 150 0.06 1.23 1.50
0.5 2.50 1.41 150 0.35 1.20 1.48
1.5 2.50 1.50 150 0.13 1.26 1.53
1.0 3.00 1.50 2000 0.01 1.49 1.50
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Tab.2 Parameters of Case 1 in the triple-infeed system with HVDC 2 in critical stability

Py i/GW Pyp/GW Py3/GW FEscri Fescro Fescrs Lip/km Ly3/km Lys/km Fynriz Fyirsz Fyiescr2
1.0 1.0 0.8 3.0 1.6 3.0 200 100 1 000 0.15 0.12 1.48
1.2 1.0 0.8 3.0 1.6 3.0 200 100 1000 0.13 0.11 1.49
1.2 1.0 0.8 3.0 1.7 3.0 200 100 300 0.15 0.23 1.46
1.0 1.0 1.2 2.4 22 1.9 50 50 50 0.57 0.72 1.40

£3 HVDC2 &TIERFHTHE 2 MZIBMARZSH
Tab.3 Parameters of Case 2 in the triple-infeed system with HVDC 2 in critical stability

Pqi/GW Pp/GW Py3/GW Fescri Fescra Fescra Lip/km L3/km Lys/km Fyieiz Fynesz Fyiescre
1.0 1.0 0.8 2.00 1.41 1.99 100 1 000 100 0.32 0.32 1.65
0.8 1.0 0.8 2.30 1.40 1.98 100 1000 100 0.36 0.32 1.64
0.8 1.0 1.2 2.30 1.25 2.00 100 1 000 200 0.35 0.19 1.40
0.8 1.0 1.2 2.40 1.10 2.00 50 100 200 0.49 0.30 1.47
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In this paper, the multi-infeed effective short
circuit ratio (MIESCR) concept is extended to the
inverter/rectifier infeed system. The proposed new
definition is expressed in Equ. (1).

Sﬂ B Q n
Frescrn = N Z
den + Z [(_ 1) FI\‘/IIIIan

]
m=1&m#n

In Equ. (1), |Pgm| (P4s) is the rated power value of
HVDC line m (n); S, is the short circuit capacity of
bus n; Oy, is the capacity of shunt capacitors and
filters at bus n; Fyyr is the value of MIIF. N is the
number of the converter. If bus #n is an inverter bus,
a=1, k=0.Ifbus n connects a rectifier, a=2.2, k=1.

For a single-infeed HVDC system, its maximum
available power (MAP) point indicates strength of ac
network. If ESCR=1.5, it will get the MAP point at
the rate current, and it is in the critical stability
condition. The load-flow studies are conducted to
validate Equ. (1), using integrated inverter/ rectifier
multi-infeed systems, which is shown in Fig.1. The tie
line length, ESCR values of the two converters and
the rated power of the HVDC 1 are varied to set the
HVDC 2 in critical stability. The rated power of the
inverter (HVDC 2) is maintained at 1 000 MW.
MIESCR values of these cases fall in the range of
1.35~1.53.
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Pdl?l

Inverter 2 j
Pa) Zsi
HVDC 1 zt 3 I )

Bus 1

Ziie
P, Zs
HVDC 2 X I )
Bus 2
Inverter 2

Fig.1 Mixed inverter/rectifier dual-infeed system

Two types of integrated rectifier/inverter
triple-infeed system are used to verify the Equ. (1). In
type 1, HVDC 1 connects its rectifier to the ac system
while HVDC 2 and HVDC 3 are inverter-infeed
HVDC systems. In type 2, only HVDC 2 is inverter-
infeed while the other HVDCs connect their rectifiers
to the ac system. HVDC 2 in these cases is in critical
stability at the nominal rating power by varying local
ESCR and tie line length. In these cases, the rated
power of HVDC 1 and HVDC 2 are also changed to
verify the new index in different conditions. The
critical MIESCR values for HVDC 2 in these cases
are shown in Tab.1 and Tab.2.

The results in the tables show that the critical
MIESCR values are from 1.40 to 1.65 with the
interaction from weak to strong. The new definition of
MIESCR has the same function as the ESCR on
indicating the ac system strength.

Tab.2 Parameters of Case 1 in the triple-infeed MI system with HVDC 2 in critical stability

Pa/GW Pyp/GW Pys/GW Fescri Fescra Fescrs Lip/km Liz/km Lps/km Fynri Fynrs Fmiescra
1.0 1.0 0.8 3.0 1.6 3.0 200 100 1000 0.15 0.12 1.48
1.2 1.0 0.8 3.0 1.6 3.0 200 100 1000 0.13 0.11 1.49
1.0 1.0 1.2 2.4 22 1.9 50 50 50 0.57 0.72 1.40

Tab.3 Parameters of Case 2 in the triple-infeed MI system with HVDC 2 in critical stability

Pa/GW Pa/GW Pa/GW Fescri Fescra Fescrs Lip/km Liz/km Lpy/km Fyiriz Fynrs Fumiescra
1.0 1.0 0.8 2.00 1.41 1.99 100 1000 100 0.32 0.32 1.65
0.8 1.0 0.8 2.30 1.40 1.98 100 1000 100 0.36 0.32 1.64
0.8 1.0 1.2 2.40 1.10 2.00 50 100 200 0.49 0.30 1.47




