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Analysis of Electrical Accident for Outlet Circuit of
Laboratory on ETA
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Abstract : This study is intended to identify issues on the basis of investigating the actual state of laboratory environment and outlet circuit,
and derive end states by expressing sequences from the initiating event of disaster to accident in leakage current, poor contact and overload
through ETA(event tree analysis). To this end, this study investigated the actual state of electric equipment of laboratory at universities in
all parts of country. And it is shown that most of them are failure in electric work and user negligence in the investigation of actual state.
It is found that there is earth fault and defect in wire diameter in the failure of electric work and the problem of partial disconnection due
to wire bundling and poor contact in user negligence. Outlet-related component, failure rate and initiating events are composed of a total
of 41 initiating events, i.e., 30 internal initiating events and 11 external initiating events. And end states are composed of a total of 15 parts,
i.e., 3 electric power parts and 12 safety parts. Earthing class 3 is the most important safety device against leakage current (initiating event).
And in case of poor contact, it is necessary for manager to check thoroughly because there is no safety device. In case of overload/overcurrent,
when high-capacity equipment is connected, a molded case circuit breaker, safety device, worked. However, in most cases, it is verified
that this doesn't work. This study can be utilized as electric equipment safety guide for laboratory safety manager and managers.

Key Words : outlet, laboratory investigation, leakage current, poor contact, overload, ETA(event tree analysis)
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Table 1. Number of electrical fire for wiring and wiring of
appliance(2011)

Equipments Classify Number of accidents | Percentage(%o)
Wiring(HIV) 570 344
Cord and wiring of appliance 364 22.0
Outlet 298 18.0
Wiring(DV) 168 10.1
Power supply wiring 144 8.7
Multi-outlets 88 53
Plug 18 1.1
Socket 7 0.4
Total 1,657 100
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Fig. 5. The simplified electric power installation diagram showing the components considered in the analysis.
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Table 2. Components, failure rates of the outlet circuit

Components Failure rates
Rack structure 2.44E-05
MCCB/ELB 6.80E-07
Connectors 4.51E-07
Switch 1.15E-05
Outlet 5.95E-05
Plug 3.20E-05
Cord and wiring of appliance 1.25E-06
Indoor wiring(HIV) 1.05E-06
Power supply wiring 2.03E-06
Wiring(DV) 1.27E-07
Earthing wiring 1.62E-05
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Table 3, List of initiating events(IE) for components and overall

circuit of the outlet circuit

IE

Internal IE
Broken IE_INT BRO
Binding/Sticking IE INT BS
Intermittent operation IE INT IO
Short IE_INT_SHORT
Fused fusible disconnecting IE INT FFD
Flashover IE INT FO
Malfunction IE INT MAL
Cut/Scarred/Punctured IE INT CSP
Worn IE_INT_WORM
Fails To Open IE INT FTO
Electrical Overstress IE INT EO
Premature Open IE INT PO
Degraded output IE INT DO
Does not open IE_INT DNO
Fails To Close IE INT FTC
Opens Without Command IE INT OWC
Stuck Open IE INT SO
Mechanical damage IE INT MEDAM
Overvoltage IE INT OVERVLT
Overcurrent IE INT OC
Leakage IE INT LEAK
Internal fire IE_INT FIRE
Excessive wear IE INT EW
Improper output IE INT IO
Poor contact IE INT PC
Normal operation P_INT NOROPR
Function Failure IE INT FF
Microcrack IE INT MICRO
Parameter change Breaker IE INT PCB
Open without stimuli IE INT OWS
Flood IE EXT FLOOD

Earthquake

Animals(mainly cables, module junction box,

ventilation holes)

IE_EXT ERTQUAKE

IE_EXT ANIMAL

Lightning IE_EXT LIGHTN
Sabotage(terrorism) IE_EXT SABOTG
Adversary action(vandalism) IE EXT ADVACT
Explosion (considered for battery, inverter) IE EXT EXPLSN
External fire IE_EXT FIRE

Mechanical shock(including module cleaning
actions, ground-works affecting cables,
structural damages to all electric components)

IE_ EXT MECHSHCK
High humidity IE_EXT HUMID

Human error IE_ EXT HUMAN
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Table 4. List of End States(ES) for components and overall
circuit of the outlet circuit

ES

Power-oriented ES

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

(for voltage, current, frequency level) —
Safety-oriented ES
System safely

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