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Abstract

A mathematical model and engineering methods for the reliability prediction of HVDC power
transmission systems are presented. The energy availability is used to evaluate HVDC power
transmission system reliability, making use of the energy availability deducted scheduled outage
hours from period hours and the maintenance factor to evaluate HVDC power transmission sys-
tem inherent reliability, and a mathematical model for the maintenance factor is shown by the
power function. Based on statistical historical reliability data of HVDC power transmission sys-
tems, statistical values of the maintenance factor and undetermined parameters of the power
function are determined. According to scheduled outage days, the outage derating factor and a
mathematical model of the maintenance factor of HVDC power transmission systems, the energy
availability of HVDC power transmission systems can be predicted in the next two years. The re-
liability verification method for prediction results of HVDC power transmission systems is given,
together with reliability prediction examples of three HVDC power transmission projects, such as
Tianshengqiao to Guangzhou, Gaopo to Zhaoqing and Jiangling to Echeng HVDC power transmis-
sion projects. By using reliability the prediction method for HVDC power transmission systems,
predictive values of the energy availability of HVDC power transmission systems can be deter-
mined in the next two years, which provide the basis for the reliability target management of
HVDC power transmission systems.
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Table 1. The statistical results of HYDC power transmission system reliability

= 1 BEEERENERGHN ARSI

, KB B i i TR o0 B e T E T P TR TR 1) it o TR
i § Ea(t) Seu(ty) Ea(t) Seu(ti) Ea(t) Seu(ti)
2005 1 0.9177 0.0525 0.9253 0.0425 0.9379 0.0430
2006 2 0.9384 0.0568 0.9632 0.0358 0.9553 0.0377
2007 3 0.9378 0.0606 0.9667 0.0252 0.9432 0.0450
2008 4 0.9869 0.0127 0.7988 0.2002 0.7751 0.2095
2009 5 0.8990 0.10096 0.9632 0.0366 0.8938 0.1041
2010 6 0.7389 0.2610 0.9615 0.0381 0.9749 0.0247
2011 7 0.9514 0.0486 0.9746 0.02364 0.9625 0.03176
2012 8 0.9708 0.02907 0.9932 0.0068 0.9654 0.03453

Table 2. E, predictions of Tianshenggiao to Guangzhou HVDC power transmission project
2 RITBEEERMETLIZN EA NFUNER

FEfy t; Ea(t) (%)  Seu(t) (%) p(t) m; i Ea(n+1) (%) Ean+2) (%)  E (%)
2005 1 91.77 5.25 0.03247

2006 2 93.84 5.68 0.00512

2007 3 93.78 6.06 0.00171 2.680115 0.032555

2008 4 98.69 1.27 0.00041 3.046568 0.036828 98.65 —0.04
2009 5 89.90 10.10 0.00004 3.783684 0.051766 89.88 89.86 —0.04
2010 6 73.89 26.10 0.00014 3.520780 0.044559 73.90 73.89 0.01
2011 7 95.14 4.86 0.00000 4517787 0.086536 95.14 95.14 0
2012 8 97.08 291 0.00013 3.881320 0.053644 97.09 97.09 0.01
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Table 3. Ex predictions of Gaopo to Zhaoging HVDC power transmission project
3 BRESEERMEILREN EANTUNER

E t  Ea(t) (%)  Seu(t) (%) p(t) m; ni Ea(n +1) (%) Ea(n+2) (%)  E(%)
2005 1 92.53 4.25 0.03480

2006 2 96.32 3.58 0.00104

2007 3 96.67 2.52 0.00838 1.702162 0.018557

2008 4 79.88 20.02 0.00125 1.885773 0.019739 79.84 —-0.05
2009 5 96.32 3.66 0.00021 2.498290 0.026194 96.25 96.22 -0.10
2010 6 96.15 3.81 0.00042 2.392614 0.024663 96.16 96.13 —-0.02
2011 7 97.46 2.36 0.00181 1.864378 0.017350 97.61 97.62 0.16
2012 8 99.32 0.68 0.00000 3.145257 0.045420 99.28 99.30 -0.04

Table 4. E, predictions of and Jiangling to Echeng HVDC power transmission project
F 4 IWBSEERMELIZR EA (IFUNER

G ti Ea(t) (%) Seu(t) (%) p(t) m; i Ea(n+1) (%) Ean+2) (%)  E(%)
2005 1 93.79 4.30 0.02037

2006 2 95.53 3.77 0.00733

2007 3 94.32 4.50 0.01251 0.554511 0.017148

2008 4 77.51 20.95 0.01987 0.054577 0.014493 78.43 1.18
2009 5 89.38 10.41 0.00235 0.753301 0.020014 88.42 88.97 —1.08
2010 6 97.49 247 0.00041 1.557068 0.031650 97.03 96.26 —1.26
2011 7 96.25 3.18 0.00596 1.204955 0.025036 96.68 96.38 0.45
2012 8 96.54 3.45 0.00007 1.930226 0.043173 96.35 96.43 —0.20

PR 2= ] —1.26%~1.18%.
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