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Abstract

The installation of photovoltaic (PV) systems has been increasing globally and so has the
number of related accidents. In South Korea, many PV systems are installed in mountainous
areas; hence, they are particularly vulnerable to natural disasters and safety incidents. However,
most existing studies on PV system failures have focused on improving efficiency, paying
limited attention to safety aspects. Furthermore, in many cases, when a PV accident occurs, the
faulty equipment is simply replaced, and the system resumes operation without conducting and
considering a thorough failure analysis. This study applies the Failure Mode and Effect Analysis
(FMEA) method to analyze the PV system failure modes and prioritize risks. Failure modes are
categorized based on major PV components, such as modules, inverters, junction boxes,
connectors, and cables, with classifications for potential failures being associated with each
component. A total of 29 failure modes were identified, and a survey was conducted among PV
industry professionals to assess the severity, occurrence, and detection of each failure mode.
Based on these results, Risk Priority Numbers (RPN) were calculated. Key failure modes, such
as bypass diode connection failure, cable corrosion, and inverter switching element damage,
were evaluated according to the FMEA criteria. Based on this evaluation, specific prevention
and mitigation measures are proposed.

Keywords: B g A ARI(PV systems), EJ Y FAH] 124 2 4(PV components), AF1L
ol (Accident Prevention), &R E X (Failure Mode and Effect Analysis), $13-%
A4=9](Risk Priority Number), 11%5-F(Failure Classification)
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Defining the failure impact Identifying the cause of failure and :
in case of a breakdown detection method Eva|UatI10n RPN
Definition and classification Assessment Safety measures to reduce risk
of failure modes Severity, Occurrence, Detection Y
I

Fig. 1 FMEA Process

2 g9 AlaHe] T R4S $HH 0w Aol gl
2 A% LS

H A

Bl 2l o IR EE BA

AlE 8 R4 ofefo], &, IHE, ZdE, AlolE 572 WA, ol

x3teto] £ 1071R] 2 E5ato] Table 191 7145}t

Table 1 PV system Component
Component Sub-Component
Array Cell//Module, Junction Box

Fuse, Blocking Diode, Circuit Breaker
Inverter, Inverter Component, FAN

Connector Connector
Cable

Cable

Combiner Box

Inverter
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Table 2 Existing PV system Failure Classification'®""?

Level 1 Level 2 Level 3 Level 4
Crack -
Internal Factors - ———
Physical Fault ypass Dlode amage i
Degradation Discoloration, Delamination, Corrosion
External Factors
Crack -
AC side Inver'ter Failure ' -
Grid Issues Islanding, Power Outage
Electrical Fault Short Circuit, Ground Fault
. Arr: le Fail . ’
DC side ay/Cable Failure Open Circuit, Arc Fault
MPPT Failure =
Bird Droppi 1
) Temporary Effects ird OPPINES, ¢ oud.s, Dust, -
Fnvironmental Fault Irradiance Fluctuations
Permanent Effects Hotspot, Mismatch -
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Table 3 Failure Mode List

EHQUELHAIAGEO| ALIOYS 2let DYRE 24 o4
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02!

Component  Sub-Component Failure Mode Failure Impact
Burn marks Fire/Overheating
PID Insulation Failure
Delamination Insulation Failure
Discoloration Insulation Failure
Cell/Module Corrosion Inverter Shutdown, Insulation Failure
Breakage Inverter Shutdown, Fire/Overheating
Array Module open Inverter Shutdown
Module shading Fire/Overheating
Soiling Fire/Overheating
Bypass diode Open/short Inverter Shutdown, Fire/Overheating
. Bypass diode connection failure Fire/Overheating, Insulation Failure
Junction box
Enclosure damage Fire/Overheating
Enclosure corrosion Insulation Failure
Fuse Open Inverter Shutdown, Fire/Overheating

Combiner box Blocking diode

Circuit Breaker
Inverter
Inverter
Inverter
component
FAN

Connector -
Cable -

Not operation
Diode open
Open
Not operation
Damaged
Switching control failure
Switching element damage
DC link capacitor damage
FAN failure
Defect
Poor Contact
Corrosion
Breakage

Corrosion

Enclosure Grounding corrosion

Inverter Shutdown, Fire/Overheating, Insulation Failure
Inverter Shutdown, Fire/Overheating, Insulation Failure
Inverter Shutdown, Fire/Overheating
Inverter Shutdown, Fire/Overheating, Insulation Failure
Inverter Shutdown
Inverter Shutdown
Inverter Shutdown
Fire/Overheating
Fire/Overheating
Inverter Shutdown, Fire/Overheating
Inverter Shutdown, Insulation Failure
Insulation Failure
Inverter Shutdown, Fire/Overheating, Insulation Failure
Inverter Shutdown, Fire/Overheating, Insulation Failure

Inverter Shutdown, Fire/Overheating, Insulation Failure
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Table 4 Classification of failure causes

Environmental factors Physical factors Electrical factors Other factors
Moisture Ingress External impact Overvoltage Installation defect
Cloud, Bird droppings, etc. Poor Contact (Zzzzrfz\t/e(:?eogﬁrl:::tl)lt Manufacturing defect
Soiling Poor Ventilation Software defect
Aging Cell damage

External obstacles (shading)  Enclosure cover separation
Connector disconnection

Use of incompatible
connectors

Cable disconnection or break
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Table 5 Bypass Diode Disconnection Evaluation Result

Faulty Equipment Array — Junction Box — Bypass diode
Failure Mode Bypass Diode Disconnection
Failure Impact Overheating/Fire, Insulation Failure
Cause of Failure Manufacturing defects (soldering, wiring), Installation defects (poor fixation)

Failure Acceleration Factors ~Module delamination near the junction box
Detection Method IR camera, Multifunctional measuring instrument, [-V curve measurement equipment

Safey Measures IEC 61215 certification check, Replacement of severely faulty modules, Regular inspection
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Table 6 Cable Corrosion Evaluation Result

Faulty Equipment Cable
Failure Mode Cable Corrosion
Failure Impact Inverter Shutdown, Overheating/Fire, Insulation Failure
Cause of Failure Manufacturing defects, Moisture ingress, Overcurrent, Poor contact

Failure Acceleration Factors ~ Climate (typhoon/rain), Installation environment (coastal area, etc.), Moisture inside cable
Detection Method Visual inspection, Insulation resistance tester, IR camera

Protection of cables from moisture, Use of insulating material or copper wire,

Safey M . . . . .
alcy Measures Careful installation regarding installation path and cable bending

Table 7 Cable Grounding Corrosion Evaluation Result

Faulty Equipment Cable
Failure Mode Cable Grounding Corrosion
Failure Impact Inverter Shutdown, Overheating/Fire, Insulation Failure
Cause of Failure Moisture ingress, Overcurrent, Poor contact

Failure Acceleration Factors  Climate (typhoon/rain), Installation Environment (coastal area, etc.), Moisture inside cable
Detection Method Visual inspection, Insulation resistance tester, IR camera

Verify minimum thickness of grounding wire, Check for poor cable contact and loose

Safey Measures . .
screws, Regular inspection

Table 8 Inverter Switching Element Damage Evaluation Result

Faulty Equipment Inverter Component
Failure Mode Inverter Switching Element Damage
Failure Impact Inverter Shutdown, Overheating/Fire
Cause of Failure Manufacturing defects, Aging, Overcurrent

Failure Acceleration Factors ~ Foreign substances inside the inverter, Surge voltage
Detection Method Monitoring, Multifunctional measuring instrument

Design with attention to protection circuit activation during overcurrent,

Safey M .. . .
alcy Measures Install a power cutoff function in case of ground fault, Regular inspection
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