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Fig.1 Structure diagram of distribution network
cyber system
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Fig.3 Fault tree model of fault location/fault isolation/
service restoration
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Fig.4 Schematic diagram of fault location failure
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Fig.5 Fault tree model of fault location
between Switch 2 and 3
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Fig.6 Fault isolation and service restoration with
fault location failure
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Fig.9 Structure of distribution network CPS in simulation system
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Table 2 Reliability parameters of cyber equipment |

EEES  MTITF MTTR |EfF&4&  MTTF MTTR
k2% 125000 48 WAFLEE 11750000 48
CHHL 438000 48 OLT 87600 4

IED 168000 48

®3 AR REIERRT

Table 3 Comparison of reliability indexes among load nodes
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Table 4 Comparison of system reliability indexes

1 SAIFl/ SAIDL/ ASAL EENS/
TR [he(H ) (MW -h-a™)
Casel 0.579879 1.802515 0.999794 0.184955
Case2 0.218586 0.904 996 0.999897 0.064019
EERn
B /% 165.29 99.17 -0.01 188.91

R 5 Casel THEAAEIN RE A FIEHERNF N
Table 5 Influence of fault processing on system
reliability index in Casel

S50 AR OLHBLIREL /% EENS/(MW-h-a™) /%

R, 1630 62.98 0.042557 23.01
R, 184 7.11 0.022315 12.06
R; 88 3.40 0.011805 6.38
R, 87 3.36 0.012717 6.88
Rs 22 0.85 0.001282 0.69
Re 3 0.12 0.000538 0.29
R; 209 8.08 0.033063 17.88
Ry 364 14.06 0.060462 32.69
Ry 1 0.04 0.000216 0.12

P A/ (K -a™) r/(h-&") Ty/(h-a™)
RGPS
Casel Case2 Casel Case2 Casel Case2

L, 0.508 0.203 4.048 4.119 2.056 0.836
L, 0.536 0.206 3.851 4.265 2.064 0.879
Is 0.528 0.221 3.127 3.708 1.651 0.819
Ly 0.523 0.214 3.282 4.441 1.716 0.950
Ls 0.507 0.225 2.586 3.676 1.311 0.827
Ls 0.509 0.194 2.233 4.709 1.137 0913
Iy 0.557 0.198 4.424 4,794 2.464 0.949
Lg 0.595 0.268 3.875 4.125 2.305 1.106
Lo 0.608 0.241 3.250 3.954 1.976 0.953
Lo 0.632 0.223 3.088 3.976 1.951 0.887
Ly 0.648 0.247 2.682 4.140 1.738 1.023
L 0.672 0.211 2.150 3.970 1.445 0.838
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Reliability assessment of distribution network CPS considering
whole fault processing
DENG Liangchen,LIU Yanli,YU Yixin,BAI Tianyuan

(Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China)
Abstract: A reliability assessment method of distribution network cyber-physical system considering the
whole fault processing is proposed. The network connectivity model and the time-delay model of information
transmission are established to respect the supporting role of the information system,based on which,the
reliability model of each period of fault location,isolation and service restoration is studied and the failure
effects are analyzed. The time series processes of fault processing are analyzed by event tree method to
quantitatively describe the effects of information system failure on the fault processing of physical system. The
state sequence of cyber-physical system and the dynamic process of fault processing are simulated by
sequential Monte Carlo method and then the reliability indexes are calculated. Finally,the sensitivity analysis
of self-check ratio of information equipment and information transmission time-delay,two principal factors
influencing the functions of information system,is carried out. Simulative results of case studies verify the
feasibility and effectiveness of the proposed method.
Key words: distribution network; cyber-physical system; reliability assessment; fault processing



