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Motivation

* The aim of this paper is to present semi-probabilistic
approach for HVDC insulation coordination.
Overvoltage distribution for each node of the station
is obtained by performing failure simulations. The
simulated failures can be phase-to-earth, phase-to-
phase and can be inserted in different locations of
the station. The calculations are semi-probabilistic as
frequency of occurrence of failure is not evaluated,
and most of the preconditions of the system are
taken into account in a deterministic way.

Insulation coordination results indicate that semi-
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Table 2 Fault location details for hghtmng strike current mpection m converter station

probabilistic calculations can provide a hint of the risk Fault Number Descriptian
taken by the station design, enabling a more effective AB1 Fault location at Converter valve AC bus at node |
design and a better understanding of the transient DBl Fault location at Canverter valve DC bus at node 2
overvoltage behavior of HVDC stations background of DB2 Fault location at Converter valve DC bus at node 3
study, describe problem and previous findings.
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resistance

Simulation results and discussion

Fault type-shielding failure, back flashover and direct strike
in station

The probability distribution function is used to represent the data in terms of probability density function (PDF) and cumulative
density function (CDF). The Kernel density estimate (KDE) distribution function is used to calculate the probability distribution of

overvoltages.

Overvoltage distribution for stress type lightning impulse

50
Il Histogram piot
“ X 2.04
. ¥ 42
£ 30
]
£ o x 215
- Y13
. -_‘
i
12 14 16 18 2 22
oltage [p.u]
25 1
—— HarraPDF '{x 1432 .
g [T herneiCDF fl ¥ 248 0.8 ]
= = = Maximem | | F.
] | g
s | oo {oe £
S | ' ©
= |\ i S
= 'Joa B
i 2
3 .
- ! E
: x z214) %2 d
Yo '
] . o
1 15 F:
Volage [p.u]

a] Critical fault

1
1
=
c
R
L
20
o
12 14 16 18 2 2
Vollage [pu]
4 . —
. f X128 oA Hal
- | r1ar ¥ 0,88 171 .
| e
| -
| _FF‘\, ! joE g
' 3
| Y | 3
| | RITE
) II i 2
| —raralTF | | i E
T ——— AR
- - Aareen Yoo
IR
1z 14 1% 18 2 2z
ollage o)
b} Al faults

Figure. Histogram, probability density and cumulative probability plots of converter valve AC bus (Node 1) for (a) Critical fault

(b) All faults
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Table 3 Maximum overvoltage and cumulative probabihity for entical fault and all fault location

Maximum . . 2% Probability
Node Overvoltage (LIPL) Ir::ll;\:.g];n(;;:f Overvoltage
P " Uz,) pu
AC bus (Node 1) 2.4 246 2.00
DC bus (Node 3) 126 160 208

Overvoltage distribution for stress type switching impulse
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a) Crmical fault

Histogram, probability density and cumulative probability plots of converter valve DC bus (Node 3) for (a) Critical fault (b)

All faults
Table 4 Maxunum overvoltage and cumulative probability for criical fault and all fault location
Maximum STWL 2% Probability
% i BV
Node Overvoltage (15% margin) Overvoltage

po. [pv] (Uz.)

[p.u]

Valve AC bus (Node 1) 1.42 1.63 1.37

Valve DC bus (Node 2) 1.78 2.05 1.69
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Table 5 Maxmmum overvoltage and cumulative probability for critical fault and all fault location

Node | STPL | SIWL | LIPL LIWL LIWLrik LIWL risk Ciﬂ&;ﬁt STWL risk
u u u u % all faults %o . all faults %
0,
70
(-;'Jgd‘:‘lfj 142 16 214 25 -0 -0 7.60E-08 | 5.30E-08
{ﬁcﬂd‘:“;’) 178 | 21 226 26 -0 -0 083E-03 | 3.00E-05
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—— Qvervoltage PDF
0 0
1.41 1.56 1.72 1.88 2.03
Voltage [p.u.]
Conclusion

* The semi-statistical approach is presented using a study case where lightning and switching overvoltage stresses are analyzed.
Representative lightning and switching overvoltage are evaluated using deterministic and semi-statistical methods. Difference
in overvoltage selection is observed between them.

* The semi-statistical method can assess the risk of failure of insulation. Using the semi-statistical method, the insulation
withstand level can be selected based on the required failure rate. Hence, this can be employed for an HVDC system in order to
achieve techno-economic insulation design.

* The semi-probabilistic method provides a detail view of the overvoltage distribution on the stations of the HVDC link, allowing a
more detail design of the insulation, identifying the risk of flashover of the final design and moreover providing a tool that can
help to make judgements of last-minute changes in the station installation.
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