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Abstract

This study is intended to obtain the data for determining the risk priority by using criticality, analysis of
failure mode effects, and the like regarding the risk involving component parts of photovoltaic power system
with capacity of 20kw or below. According to the results of criticality analysis, a total of 4 failure modes
are reported such as fails to transfer of an inverter (521), shorted (541) filter (C), shorted (551) communication,
and function failure (552). Based on criticality, component parts having a high risk priority are related to
communication. In the case of photovoltaic power system, as all of its devices are connected to communication,
it is found that failures are caused by the failure of multiple connectors attached to communication. This
data can be utilized as baseline data for the maintenance of photovoltaic power system.
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Table 1. FMEA procedure of IEC 812 for FMECA
Numbers Contents
01 The definition of the system and its minimum functional operation demand
02 Development of functional reliability block diagram, other diagram, or mathematical model and description
03 Basic principles of performing analysis and setting the corresponding document format
04 Failure mode, its cause and effect, relative importance, and investigating its links
05 Failure detection, isolation investigation, and method investigation
06 Investigation on planning and operation regulation of especially undesirable incidents
07 Determining event criticality
08 Assessment of failure possibility
09 If necessary, investigating the multi—failure of certain combination that needs to be considered
10 Recommendation

Source : IEC-60812(2001),
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Numbers Contents
01 Failure is of such minor nature that the customer (internal or external) will probably not detect the failure,
02 Failure will result in slight customer annoyance and/or slight deterioration of part or system performance,
03 Failure will result in customer dissatisfaction and annoyance and/or deterioration of part or system performance,
04 Failure will result in high degree of customer dissatisfaction and cause
non—functionality of system,
05 Failure will result in major customer dissatisfaction and cause nonsystem operation or non—compliance with

government regulations,

Source : International Semathch, 1992,

Table 3. Occurrence ranking criteria

Numbers Contents

o1 An unlikely probability of occurrence during the item operating time interval, Unlikely is defined as a single
failure mode (FM) probability < 0,001 of the overall probability of failure during the item operating time interval,
A remote probability of occurrence during the item operating time interval (i.e. once every two months), Remote

02 is defined as a single FM probability > 0,001 but ¢ 0,01 of the overall probability of failure during the item
operating time interval,
An occasional probability of occurrence during the item operating time interval (i.e, once a month), Occasional

03 is defined as a single FM probability » 0,01 but ¢ 0,10 of the overall probability of failure during the item
operating time interval,
A moderate probability of occurrence during the item operating time interval (i.e, once every two weeks). Probable

04 is defined as a single FM probability » 0.10 but < 0,20 of the overall probability of failure during the item
operating time interval,

05 A high probability of occurrence during the item operating time interval (i.e, once a week). High probability

is defined as a single FM probability ) 0,20 of the overall probability of failure during the item operating interval,

Source : IEC—-60812(2001),

NOTE: Quantitative data should be used if it is available,
For Example:

0,001 = 1 failure in 1,000 hours

0.01 = 1 failure in 100 hours

0.10 = 1 failure in 10 hours
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Table 4. Detection ranking criteria

Numbers Contents

01 Very high probability that the defect will be detected, Verification and/or controls will almost certainly detect
the existence of a deficiency or defect,

02 High probability that the defect will be detected, Verification and/or controls have a good chance of detecting
the existence of a deficiency or defect,

03 Moderate probability that the defect will be detected, Verification and/or controls are likely to detect the existence
of a deficiency or defect,

04 Low probability that the defect will be detected, Verification and/or controls not
likely to detect the existence of a deficiency or defect,

05 Very low (or zero) probability that the defect will be detected, Verification and/or controls will not or cannot

detect the existence of a deficiency or defect,

Source : International Semathch, 1992,

oy«
o
H1
rir
ne
ol
)
[>
LU
FUEL

(Risk Matrix)o|gtal &
745 12 Qo] BE

olLh AI2E) T SR} HHE dare] AEE Btel

L agm o] g1zwel o] la) B/ISHe A
0% g 4 ()2 T3 4 9lek, oA 29 A
7} 2}, %, vl R AZle] M
I, Occurrence)d} 12 Q8| of7|E 4= Q= F]ofl 81}

29 % (Criticality) = Severity x Occurrence )]

7)ol A g BHEo] Wil wsd it W2 AR
disids 2o ol 7= dart gl ke
Algke ARF AR Ao et AfsfolE ¢

= A2 AR E7hs ] miZolh, SARES
ARt EAYA] ZH°H7*E7P S Felof AR, 3]
= ALE]S] AR ao] s

ZFslA] oS 4= Gich AR QFE/Ad2 vkE o2t
T3] AshE sl Wi o Aol QF] &
Zj|3lelA= Ao tHLim, 2012). 100|A4R 1 oJaF 1l
HANES aste] FAZ fe7b Hesh =2

FOR, 59k FUYES Fo% Y}

“H(High)" %
=39] “M(Medium)” SF0.2, 18] 50|y ke
55l “L(Low)” 5508 slo] By AAst=

gl o3k

Table 5. Criticality grade matrix

oﬁ 1 9 3 4 5
1 1
2 2
3 3
4 4
5 5

. Za2f & 0

1. MEf=Atof o8t £4

g5 CHsto| %jiilEM A= 20kw018} BRIl
Ao gigh AdE 9 Az WS 3d7h AR}
k., A 4%% 2011~20134 R&F EWs} ¥

Sh= 9L, W7t 4] bRk 2011d0]) 1,080 Kol
A 20129} 20130 0] A= 1,050 KW, 1,052 kW= 30
KWe] 215 ®lck B 3zt glojg 2% 717] =59

2 =8 3 aaAsiel gz dle dsshiole o

& ofggol] o AAHE tH] adhe HE
B3} (Figure D AAHE, (Figure 2)+= W74
e YeERf



An Analysis of the Failure Modes Impacts in Grid-connected Photovoltaic Power Generation System below 20KW 161

400.00

350.00

300.00
\.. _

25000 v \

n 2012

——2011

200.00

2013

Power Generation (kW)

15000

100.00 T T
spring summer autumn winter

Season

Figure 1. Power generation for season
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Figure 2. Accumulative power generation for years
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Table 6. Component, sub-components and failure rates of the PV system

Components Sub—component Failure rate
PV Module 1,35E-06"
Rack structure 2.44E-05"
Cable

Aerial cables 1.05E-06°
Earthing cables 1.62E-05°

String combiner
2.17E-07"
Junction box/Bypass diode 6.77TE-07*
Connectors 4 51E-07*
MCCB 6.80E-07¢

Power conditioning

Reverse polarity diode 2.23E-07°
Invert 1.75E-04*
2.17E-07°
MCCB/NFB 6.80E-07¢
LC-Filter 6.42E-06°
Communication 4 24E-06°

% Golnas A, 2013,
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Table 7. RPN and criticality at FMEA sheet

Potential fail . .
TtemNo, ° en;}i deal ure Potential causes Potential effects

=
=
jav)
=

QQ

100 PV modulea
No energy output, safety,

101 Loss of electric function Short, arcs, open contacts fire 5 2 3 30 H
Impalment of electric High series resistance, low shunt Reduced energy output, hot

102 . . 4 2 4 32 M
fucntion resistance, spot damage

200  Rack structurea

Front glass breakage, cell

damages, frame distortion,

reduced energy output, no
energy output, safety

Improper installation, damages, extreme
201 Loss of configuration weather conditions, excessive thermal
expansion/ contraction, earthquake

Strong wind, improper installation, Unstable configuration, loss

202 Brackets detach: t :
rackets detachmen earthquake, accidental impacts of modules

300 Cable
310  Aerial cablesa
Faulty cabling, material aging, animals,
311 Open vandalism, extreme weather conditions, No energy output, safety &5 2 2 20 H
earthquake
319 Short, arc Cracks/ruptures o? cable;, insulation No energy oytput, safety,
failure, aging, animals fire
313 Excessive wear Improper system design Reduced energy output,
thermal damages
320  Earthing cablesb
Faulty cabling, material aging, animals,
321  Open vandalism, extreme weather conditions, No energy output, safety &5 1 2 10 M
earthquake
Cracks/ruptures on cables, insulation No energy output, safet;
322 Short, arc /faiﬁ)ure, aging, ani£nals . firep Y "
Reduced energy output,

E i I i
323 xcessive wear mproper system design thermal damages

400  String combiner

410  Fusea
E ive i i
Bad system configuration, construction cu);::rslil‘ili i(;rza?ce?n
411 Fails to open defect, mechanical defects, improper . 7 ’ 4 1 4 16 L
. overheating, safety, arcs,
maintenance .
fire
) . . E ive i f
Bad system configuration, construction cu};j:ri?‘;i EZT‘?ZG;B;
412 Slow to open defect, mechanical defects, improper . J ’ 4 1 4 16 L
. overheating, safety, arcs,
maintenance .
fire
Bad system configuration, construction
413  Premature open defect, mechanical defects, improper No energy output 5 1 2 10 M
maintenance
420  Junction boxa
Di . . . llati
421  Open contacts isconnections, improper installation, No energy output 5 1 3 16 M

corrosion

499 Short, arc in contacts Damaged insulgtion,. aging, animals, No energy output, safety,
lightning thermal camages, fire
Reduced energy output, no
423  Poor contact/intermittent Material defects, oxidation, aging energy output, thermal 4 1 4 16 L
damage

430  Connectorsa
Damage, disconnection, animals,

431 Open vandalism, strong wind, pulled cables

No energy output 5 1 2 10 M

Reduced energy output, no
energy output, thermal 5 1 4 20 M
damage

Corrosion, improper installation,

432 Poor contact/intermittent . .
lightning damage

Damages, improper installation, No energy output, safety,

433  Short . . . . .
or disconnections, animals, vandalism thermal damages, fire
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Potential failure S0 D N
ItemNo, mode Potential causes Potential effects E C E P R
Vv ¢ T N I
440 MCCB/NPBb
Bad system configuration, construction
441 Open without stimuli defect, mechanical defects, improper No energy output 5 1 1 5 M
maintenance
Faulty switch, damages to structural . .
442 Does not open pafrts, flashover/irc, improper No dlscofril:;czsjs, safety, 4 1 4 16 L
maintenance, aging !
500  Power conditioning
510  Reverse polarity diodea
Material .defects, aging, the.zrmal stress, No protection against
511 short(end—to—end) mechanical stress, electrical stress, 2 1 4 8 L
contamination, processing anomaly reverse currents
512 Open Very high resistance, material defects No energy output 5 1 1 5 M
Parameter change Material defects, aging, continuous Activation with different
513 . 3 1 &5 15 L
Breaker thermal stress variable range
Bad system configuration, construction
514  Open without stimuli defect, mechanical defects, improper No energy output 5 1 1 &5 M
maintenance
515 Does not open Faulty switch, .damages to §tructural paljts, No discm}nection, safety, 4 1 4 16 L
flashover/arc, improper maintenance, aging fire, arcs
520 Inverta
Contact damage, card/board problem,
. software failure (within workin
521  Fails to transfer conditions), ventilaEtion obstructifn, No energy output 5 4 1 20 H
extreme weather conditions, vandalism,
592 Degraded output MPPT unbalance,. §Xtreme weather Reduced energy output 4 4 3 48 H
conditions Transformer
Extreme weather conditions (including
523  Open lightging), flooding, earthquake,. No energy output 5 1 1 5 M
explosion, exposure to non—electric
fire/burning, shorting, aging
Insulation breakdown, damages to structural
parts, water/particles in oil, transient Reduced energy output, no
524  Short overvoltage disturbance, continuous . 1 1 5 M
overvoltage, shirting, lack of protective energy output, safety, fire
device, improper maintenance, aging
Failure of tap c er, es to structural Loss of efficiency, improper
525 Parameter parts, infl)ar?il;f nyla(iifll‘;afance, aging energy ou}:c!putp ’ 3 1 2 Bei
530  Filter(L)b
531  Out of specification Defective product Malfunction, overheat, 5 1 3 30
damage
532  Intermittent Loose connection Damage 5 3 1 15 H
540  Filter(C)b
541  Shorted Aged degradation, damage Explosion, blackout 5 4 1 20 H
542 Opened Aged degradation, damage No operation 5 3 1 15 H
543  High leakage current Aged degradation, bushing flashover Shorted, grounding 5 2 2 20 H
544  Drift Flood Shorted, grounding 5 1 1 5 M
550 Communication(RS—232/
RS-422)b
551  Shorted Connecting error Sensing error 5 4 2 40 H
552 Function Failure Over voltage c')r over C}l rrent, defective Sensing error 4 5 2 40 H
installation
553  Opened Loose connection, improper installation No operation 5 3 1 15 H
554  Bond failure External shock, improper installation Sensing error 4 2 1 8 M
555  Microcrack External shock, improper installation Sensing error 5 1 3 15 M
556 Electrical Failure Over voltage or over current, improper Sensing error 4 2 4 32 M

installation

& Alessandra Colli, 2015,
" Reliability Analysis Center, 2011



An Analysis of the Failure Modes Impacts in Grid-connected Photovoltaic Power Generation System below 20KW 165

60

50
30
20
10
0

g

=

AN ol Aue] FAHEY 9
disto] AW EGFEAFMEA T S5 5

glol SIS AAsg sieom, o

W RPN mCRITICALITY

B
=}

RPN AND CRITICALITY

o E—

oo o n%
i 0L rl-]I,
iy
o

_\::l,
N
o

RO
OO

2

o
o
>,
>

@,

[¢]

i A ] =
TH(RE), SAQRE) 3740 FZolA
ZQ%0o] yAHREL olHEQ Fails to
transfer(521), Degraded output(522), ZE(C)9]
Shorted(541), =419] Shorted(551)9} Function
Failure(552) |31t S-2=0F YJo-¢A1e7F SAlf
=2 52 QM E Q] Degraded output(522), F412]
Shorted(551)2} Function Failure(552)%2 Z=ZEQ)
o QlfES] A IGBTS} DSP ule] A= S e} 7
Q HEZ o7 &3} Degraded outputE Yo7+ 3
8§52 IGBTO|H, IGBT+= 244t E71551 s
o] A5tE|QlS W o5 RISt o), whebA U
T8 A 5rgo] 2 IGBTE| Alglo] sk, F419]
785 RS—4229] 44d0] ARHAL Qa1 Rl FRF
= Wol etk webA 24 WA o RAlSof ARt
-4

RS-185% AHES1] 712 1o chet AlEae 2

-

Kulii~
i

S

= e)
AéOI__

cos —
55 ——

£5: EE—
iy —

rrs

wajo} & Aoz Bgto] ek

2) SFFLHAAH H9 44 2

L [GBI%} DSP AESHE, FAE o
sl ANE L GRS Fote] 2ok

References

Colli, Alessandra. 2015. Failure Mode and Effect Analysis for
Photovoltaic Systems. Renewable and Sustainable Energy
Reviews. 50: 804-809.

Golnas, A. 2013. PV System Reliability: An Operator’s Perspective.
IEEE J Photovolt. 3(1): 416-21.

[EC. 2001. Analysis Techniques for System Reliability-procedure
for Failure Mode and Effects Analysis(FMEA). IEC-60812.

International Semathch. 1992. Failure Mode and Effects Analysis
(FMEA): A Guide for Continuous Improvement for the
Semiconductor Equipment Industry.

Lim, Hyeon-Kyo. 2012. System Safety Engineering. Seoul: Hansol
Academy.

Ministry of Government Legislation. http:/www.law.go.kr/



166 Crisisonomy Vol.12 No.3

Power Systems Reliability Subcommittee of the Power Systems Korean References Translated from the English

Engineering Committee. 2007. Recommended Practice for

the Design of Reliable Industrial and Commercial Power AUE0]9] A&reA 2015.11.24. A-EA] Bkl muebA
Systems. IEEE-SA Standards Board. NY: IEEE 493-2007. A FARG “QAAs £o)7]”.

Reliability Analysis Center. 2011. Non-electronic Parts Reliability Sehobg 2013, Y& ejodaiibA ol A 7FR] EA A,
Data. http://blog.daum. net/phil5005/2029.

Seoulnews. 2015.11.24. Small Solar Power Plants Free Spread, olH . 2012. A|2EHPHESE AL dk&olzldn|.

“Reducing Nuclear Power Plant”.

Solaryard. 2013. Problems of Three Kinds for Japan’s Solar Received: Feb. 15, 2016 / Revised: Mar. 18, 2016 / Accepted: Mar. 25, 2016

Photovoltaic Problems. blog.daum.net/phil5005/2029.



An Analysis of the Failure Modes Impacts in Grid-connected Photovoltaic Power Generation System below 20KW 167

20KWO[st ASEHA S EHLLLTAARS nHREHSEA

2228 of Ak JKWols) HPPANLYA e FARE HHAN Hhotel D=
TRE 5= 8ot A FACHE Aot ARE =&l 1L F40] Sty T8k 4

A 2T = Z 479 TARERE QAHE 9 Fails to transfer(521), ZEJ(C)2] Shorted(541), ZA12

e

Shorted(551)2} Function Failure(552)= UEMYTH Q=& £ LAY/ =2 L& &
TAE o] QIck QW E] Q] Degraded outputE FO7|= FQ HES IGBTO]E}. IGBT+= 24417 &7}
Eotu] A30] ASHEIUS 1) o]F AsH/ % ok ujeba U4 W 4o] 2GBTS Al
o] Bast B AT 4% BE AulSe] AT AAHol QoA A ARHE
chepel Z|uEe} g e o) 71%A AN 2B e LS Eak FAlo| A% Rs4222)
4310] AFGEITL 9T o)Rteo] WS wol Witk webA 24 AT olugkSol et RS485E

AHgsto] 71554 Aol HE A4S Shisjor 3 AR Pkl ek 1 vlo]el BN

ul

289 §4 2 HAE 93 | EARE BT

Profiles Yoon Bok Kim : He graduated from the Electrical Materials Electrical Engineering, Chung ju National University Graduate
School of Industry was completed Chungbuk National University Graduate School of Safety Engineering PhD. Recent research
thesis was about the voltage, current and temperature signal analysis for normal and secure operation of the three-speed
fan motor text book writing was the writing magnetism and electricity melsec-Q PLC control(kyf@kopo.ac.kr).

Doo Hyun Kim : Obtaining a doctorate in electrical engineering from Seoul National University and is currently a Professor
of Safety Engineering, Chungbuk National University(dhk@chungbuk.ac.kr).



