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Abstract : In this paper, from making an electrical fire which is thought to be the most damaging among potential dangers as a top event,
minimal cut sets (MCS) about it were analyzed. For this, components of a power substation were classified into 15 items. Failure rates and
modes were extracted based on Korea Electrical Safety Corporation, IEEE Gold Book, and RAC. To analyze the top event (an electrical
fire), main events were assorted into “safety devices for overcurrent” and “ampere meter of detecter”. Failure of components was divided
into failure of VCB, COS, and MCCB. A fault tree was composed of 3 AND gate, 5 OR gates and 17 basic events. Overlapped events
among the basic events are things which occur from relevant components. They were attached to the tree by distinguishing identifiers. In
case of FT, two minimal cut sets of “IO_METER”, “MF_METER”, “DO_MCCB” and “I0_METER”, “MF_METER”, “DO_VCB"” take
46% of electrical fires. Therefore, about basic events which are included in the top two minimum cut sets, strict control is necessary.
Key Words : FTA(fault tree analysis), MCS, power installations, overcurrent, failure rate
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Fig. 2. The simplified power installation diagram8
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Table 1, Component, sub—components and failure rates of the
power installation

Components Failure modes Failure rate
DS/LBS 341
Opened 1.29
Broken 0.78
Binding/Sticking 0.51
Intermittent operation 0.31
Noisy/Unstable/Chatter 0.27

=RISIE| K|, H32¢ AMI1Z, 2017H

ro

LA

VCT

A/NV Meter

VCB/MCCB

Cos

PF

Transformer

Condenser(C)

Shorted

Broken
Cut/Scarred/Punctured
Worn

Contamination
Shorted
Inductor damage

Malfunction

Loss by combustion or destroyed

OCR operation
Flashover

Creak
Explosion
Murmur
Indicator failure
Breakage

Intermittent Operation
Malfunction

Degraded operation
Does not open

Fails to close

Opens without command
Stuck open

Opened

Slow open

Fails to close
Electrical overstress
Opened

Loss of power

Premature open

Fused fusible disconnecting

Flashover
Malfunction

Fails to open
Electrical overstress
Opened

Loss of power
Premature open

Contamination
Shorted
Inductor failure

Shorted
Opened

0.24
18.88
12.27
548
1.13
8.6
430
3.26
1.04
2.40
0.96
0.72
0.48
0.24
1.85
0.56
0.37
0.37
0.37
0.18
1.65
1.05
0.60
9.48
522
L.15
1.04
0.95
0.75
0.37
5.03
2.01
1.51
1.01
0.25
0.15
0.10
4.13
2.67
1.19
0.27
5.39
1.73
1.62
1.34
0.48
0.22
2.59
1.29
0.99
0.31
2.14
0.90
0.58
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2425 -
High leakage current 0.39
Drift 0.27
Grounding 5.32
Arcing/Sparking 1.55
Shorted 1.06
Worn 1.06
Broken 0.90
Opened 0.75
Cable(CV) 10.86
Arcing/Sparking 434
Shorted 326
Worn 1.09
Broken 1.09
Opened 0.54
Connector pin pushed 0.54
Connector 12.59
Arc 5.05
Shorted 3.02
Opened 1.52
Connector damaged 0.75
Insertion loss 0.75
Intermittent 0.75
Mechanical damage 0.75
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Fig. 3. FT diagram for overcurrent of electrical power installations.
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Table 2, Basic events and failure rate

Basic event Identification code  Failure rate
Degraded operation DO_VCB 5.22e-6
Does not open DNO VCB 1.15e-6
Fails to close FTC VCB 1.04e-6
Fails to close FTC OCR 1.04e-6
Electrical overstress EO OCR 1.01e-6
Loss of power LP OCR 0.15e-6
Slow open SO_OCR 2.0le-6
Premature open PO_OCR 0.10e-6
Fused fusible disconnecting FFD_COS 2.67e-6
Flashover FO_COS 1.19e-6
Malfunction MF_COS 0.27e-6
Degraded operation DO MCCB 5.22¢-6
Does not open DNO_MCCB 1.15¢-6
Fails to close FTC MCCB 1.04e-6
Opens without command OWC_MCCB 0.95e-6
Malfunction_a meter MF_METER 0.60e-6
Intermittent operation a meter 10 METER 1.05e-6
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Table 3. Minimal cut sets of the power installation

NO F-v ACC Minimal cut sets

10 METER
MF_METER
DO_MCCB

10 METER
MF_METER
DO_VCB

10 METER
MF_METER
FFD _COS

10 METER
MF_METER
FTC_OCR

10 METER
MF_METER
FO COS

10 METER
MF_METER
DNO MCCB

10 METER
MF_METER
DNO VCB

10 METER
MF_METER
FTC MCCB

10 METER
MF_METER
FTC VCB

10 METER
MF_METER
EO OCR

10 METER
MF_METER
OWC_MCCB

10 METER
MF_METER
MF_COS

10 METER
MF_METER
LP_OCR

10 METER
MF_METER
SO _OCR
PO_OCR

Value

3.29E-18 0.23128 0.23128

3.29E-18 0.23128 0.46256

1.68E-18 0.118299 0.58086

9.51E-19 0.066903 0.64776

7.50E-19 0.052725 0.70049

7.25E-19 0.050953 0.75144

7.25E-19 0.050953 0.80239

6.55E-19 0.046079 0.84847

6.55E-19 0.046079 0.89455

10 | 6.36E-19 0.04475 0.93930

11 5.99E-19 0.042091 0.98139

12 1.70E-19 0.011963 0.99335

13 9.45E-20 0.006646 1.00000

14 1.27E-25 1.00000
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