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Abstract : The purpose of this paper is to conduct ETA on 15 components of power installations: the DS/LBS, LA, MOF, CT, PT, A/'V
meter, VCB, OCR, COS, PF, Transformer, Condenser(C), Grounding, Cable and Connector. To achieve that, power installations work flow
and its components are categorized. Based on performance, human, environmental, management, and safety, this paper drew Initiation
events (IE) and End states (ES). ETA is applied to the main functions of each component, and the end states that may occur in one initiation
event are suggested. In addition, detailed classification was performed to induce various end states on the basis of the suggested initiation
events. If the suggested IEs and ESs are applied on the basis of power installations event cases, it is expected to prevent the same kinds of

accident and operate power installations safely.
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Table 1. Number of electrical fire for electrical equipments (2014)

Equipments Classify Number of accidents Percentage(%)
Insulator 22 1.7
Input wiring 110 8.6
DS 229 17.9
Bus bar 24 1.9
LA 72 5.6
MOF 124 9.7
COS 173 13.5
PF 105 8.2
Transformer 155 12.1
Input/Out Panel 27 2.1
CB 77 6
OCR 9 0.7
CT/NT 39 3
Generator equip. - -
Load equip. 3 0.2
cv 6 0.5
Grounding 1 0.1
Condenser
Other 103 8.1
Total 1,279 100
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Fig. 1. The simplified electric power installation diagram
showing the components considered in the analysis,
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Table 2, Components, failure rates and percent of the electric
power installation

Components Failure rates/10°hr %"
DS/LBS 341 17.9
LA 18.88 5.6
MOF(VCT), 8.6 9.7
CT 2.40 3
PT(VT) 1.85 3
A/V Meter 0.97 1
VCB/MCCB 9.48 6.7
OCR 5.03 0.7
COS 4.13 13.5
PF 5.39 82
Transformer 2.59 12.1
Condenser(C) 2.14
Grounding 5.32 0.1
Cable(CV) 10.86 0.5
Connector 12.59 1.9

Table 3. List of initiating events(IE) for components and overall
circuit of the electric power installation

IE
Internal IE
Broken IE_INT BRO
Binding/Sticking IE_INT BS
Intermittent operation IE INT IO
Noisy/Unstable/Chatter IE INT NUC
Short IE_INT _SHORT
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IE

Fused fusible disconnecting
Flashover
Malfunction
Cut/Scarred/Punctured
‘Wom
Fails To Open
Electrical Overstress
Loss Of Power
Premature Open
Degraded output
Does not open
Fails To Close
Opens Without Command
Stuck Open
Contamination
Inductor damage
Creak
Murmur
Connector Pin Pushed
Mechanical damage
Overvoltage
Overcurrent
Leakage
Internal fire
No output
Drift
Excessive wear
Improper output
Loose
Normal operation
Function Failure
Microcrack
Parameter change Breaker
Open without stimuli
External IE
Flood
Earthquake

Animals(mainly cables, module junction box,
ventilation holes)

Lightning

Sabotage(terrorism)

Adversary action(vandalism)

Explosion (considered for battery, inverter)
External fire

Mechanical shock(including module cleaning

actions, ground-works affecting cables, structural IE EXT MECHSHCK

damages to all electric components)
High humidity

Human error

IE_INT _FFD
IE INT FO

IE INT MAL
IE_INT _CSP
IE_INT WORM
IE INT FTO

IE INT EO
IE_INT LOP
IE_INT PO

IE_ INT DO
IE_INT DNO
IE_INT FTC
IE_INT_OWC
IE_INT SO
IE_INT_CNTA
IE_INT_ID
IE_INT_CREAK
IE_INT MURMUR
IE_INT _CPP
IE_INT MEDAM
IE_INT_OVERVLT
IE INT OC

IE_ INT LEAK
IE_INT _FIRE
IE_INT NO
IE_INT DRIFT
IE INT EW
IE_INT IO
IE_INT_LOO
P_INT NOROPR
IE_INT FF
IE_INT_MICRO
IE_INT PCB

IE_ INT OWS

IE_EXT FLOOD
IE_EXT ERTQUAKE

IE_ EXT ANIMAL

IE_EXT LIGHTN
IE_EXT SABOTG
IE_EXT _ADVACT
IE_EXT EXPLSN
IE_EXT FIRE

IE_EXT_HUMID
IE_EXT HUMAN

A2 M| SR Ed 24

Table 4. List of End States(ES) for components and overall
circuit of the electric power installation

ES

Power-oriented ES

Normal operation P NO Complete success
No power P NP F Failure

Reduced power P RP Partial failure
Loss of performance/efficiency P LPE Failure

Improper power(for voltage, current, PP
frequency level) -

Safety-oriented ES

Failure

System safely

No power SNP_S shut-down, success
Overheating S OH Failure
Open S OPEN Failure
Fire S FIR Failure
Part Fire S P FIR Failure
Arcs(Overvoltage) S ARC Failure
Explosion S EXP Failure
Structural damages S SD Failure
Reverse current flow S RCF Failure
Corrosion S COR Failure
Electric safety issues S ESI Failure
Loss by combustion or destroyed S LCD Failure
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