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ABSTRACT

This study presents an evaluation of the lightning protection system for solar rooftop
on the factory, with the objective of analyzing and optimizing its performance to enhance
overall efficiency. The assessment employs the Failure Mode, Effects, and Criticality Analysis
(FMECA) methodology, in conjunction with design and installation guidelines that adhere to
the standards established by the Engineering Institute of Thailand. The solar power generation
system under investigation is a hybrid configuration, with a total installed capacity distributed
across two sections: 25.68 kWp for an office building and 149.80 kWp for a factory building.
The evaluation framework encompasses four principal factors: system performance,
environmental impact, safety and reliability, and financial considerations. Relevant data were
systematically collected and recorded using Microsoft Excel, followed by a detailed analysis
utilizing the FMECA methodology. The analysis results demonstrate that the FMECA approach
effectively identifies high-risk failure points within the lightning protection system based on the
first three evaluation criteria. In contrast, the financial factor is assessed through a matrix
representation, where color coding indicates the acceptability of maintenance expenditures.
The findings of this research confirm that the FMECA methodology serves as a robust and
comprehensive tool for evaluating lightning protection systems, facilitating a structured

assessment of all critical factors relevant to system performance and reliability.

Keywords : Lightning Protection System, Solar Power Generation System, FMECA Technique
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Aansvgarsinuazanuidemenegunsaldidnnselindvesssuuwaduasending 1wu luga
waduasafing Bunednesanis mioulas uazaneiida mavgeusin uienudevel
a1ahludnisgadeuavdmaniaussavsninvesseuundnliimdsnuaoing

2.1.2 Boris Dumni¢, Elizaveta Liivik, Bane Popadi¢, Frede Blaabjerg, Dragan
Milicevi¢c and Vladimir Katic[2], 2020 UNAUE U LaUen1T AT EIUS UL BUAINY
Undedovesszuuliinleansivad (PV) uurAnaniarduiesinesnardlaeldlvunniny
duwan KansENy uagMIIATIzRIngs (FMECA) dofinnsanandssaunisaiountily
Aanssunmsanliunuwaznisiigdnwssezeilulsalninfiganannia (536 KWp wag 2 MW)
Feinsuusidu 1 Aerfunmssuunanufanaiauasnnsinsesiaung s aiiulfing
Ufuussaudndedio IMECA gniluldfuanufianaindinuvssiiganmelulssurisaes
Wiie wartiauennTeiiiieuiieudninavesuuiAnvesssuuiifidemuindedoves

YUY



2.1.3 Loredana Cristaldi, Elena Molena and Emil Petkovski[3], 2022 T#umaa31y
&uiman NaNTENU LagNTlATIERIng (FMECA) funumddnlutuneuniseeniuuiiie
ariniidefionasmslinsgisasiinanuidedie (RLO) FMECA Wutuneunisiinszs
sruvegradussuudmiunisszylnuaauduivaiienafed uamauazkansenuse
UseAnEnmuesszuy lenansinausuazeiuTeiisadu FMECA Agiialiiulnunainy
dumarfienuifntuiifsatestussuuuunined dnisndndsaimedidululduazdousd
Aeafufanssumansaaeuiigfieliiunsiununarudumaniidandsguaniniugs

2.1.4 H. Zhang, H. Sun, J. Zou and Z. Guo[4], 2023 unauizianeisnsusdiy
JEAUTURTIEAUNGuEAaNATe Kan1TUsliulaN1INNITasIaEnIngn1sUTEdiukuy
aguAIonazinmesthminiflelildnsdndudusunssvednunnudinma nadwsils

o v 6

91135 FMECA wuuiisazgnivsuliisuiusadwsiliainds FMECA wuuaguiede Liedum
drutsznoufifisefusunmegegn feistamansnufulyenuindediolunsinnues
szuuldl

2.1.5 H. Chen, C. Guo, H. Li, C. Li and S. Xie[5], 2023 m/lmmﬁy‘imswﬁmm
Udefiovosjusudviiainuazeindanievsinu FMECA uag FTA siususiviianuazennuys
saniusruudasuasinunnuaumal 1n153AT129ANTULIAZNIATNITUSUUT
ANNEAY VMU UATIANAZ AR A LA NTINTUAUTEAUTUATIEVDITLUULRY YANTT
éfwﬁy’uéhﬂuam’smﬁ@‘wmmﬁumizwﬁmum‘lmmia%aLquﬁqmmﬂmwamﬁuaavjuauﬁﬁm’;m
a201ndMTUNTIATITRLTIR AN INLAZAINLU12 T UTBIAINIRANA1ATBITE UL D RZYN
Aunilasmslieseidaiinalannsauiuusanuiidofiovesszuurjuesudls

2.1.6 AN DAIRATANAL6], 2561 UwﬂaﬁmﬁﬁﬂLauamamzwwaqmmﬁwamizﬁ
s luszuunanlifndsnuuaserfinduuufnfauuiiuiu Snsnidnisudnndanuli
LAy 10 MW Taenslalusunsa PSCAD Version 4.6 Tun1saf1auuuinassnsnisalfie
waglAsIginatiang 3 nsdl fe ﬂﬂmmamﬁ%wﬂgﬂﬁﬁu 10/350 ps HIHIN19RTI6w0UN
sUAAU 0.25/100 s wagitwimadausunau 8/20 ps tneidenlddnszuatinen 3 seu Ao
20 kA 40 kA Uag 60 kA uagrmuagafifiikias 2 duvs Ae usaagludindulin
nszwanss waruInaaeliiua B auliiinssuaaduainnisesnwuukaziasIsing
anusan Ul duswimeniseenwuuszuudesiuiirnlussuundsliimdanuiaseniing

WUURARIUUNANUAULA



aa

2.1.7 Aagn Smdnsana wagnquaivusl alidndfieg)[7], 2562 unAnadivnauans
Ainszsiszuutlostuiirndmdussuunanlnimdsunaseinduuuiadsuumauiud
N3ELAININIINTIVUIA 5 KA 10 KA waz 20 KA U‘Vlm’mﬁtﬂuﬂﬁmmamzwﬂuﬂiﬁﬁmilﬁm
il Tnefinshnsgunsaioatudiiein 1 wia wag 3 wia Tushumisingg uazsiaasnisda
WISV 10/350 ps FRTANTTUE 5 KA 10 kA wag 20 KA wagiu AC Usthaanalu
wd B Aeultmdaulas wagvinnisiseuiisu Tunsaliininiu DC dausenulninanas
0.77 kV 0.55 kV tay 0.12 kV aud1au haza1u AC dAanad -2.40 kV -4.50 kV -8.66 kV
AIUFIFU INNNTERNRULRAL AT ITYNaaunsatn U D uluinianiseenuuussuulesiu
Hrilussuunaslnindsnuaenfinduuuindsuunaiunule

2.1.8 d1159 Bwvily fidle yeyAisue 05t geuimung waziudy Julnswals), 2563

UNANUTELEUDNTNAFDUNITNDUAUBIRDDUNAFT K IVITE UUTINENAUAIBNITRATE

Y =

FUAVBIAU IAYTINITATIVIAAIANUATUNIUAUT AU AIAIAIYLAT DI IAAINUATUNIURY

1gIBN5IALUL 3 PALAZYIININAADUNIINIIVIAAIANIUAUNUAUBUTAIAILATEITIA04

NTZLANINIINHANIINAGOUNUIINTEAIANUATUNIUTUNIZVOIAY, P Wouna 100 Loviu-

LWAT ATAIIUATUNIUA U AIUD A1899EL AU BENIIAIAINUAIUNIUAUD UWAE LAY

s
o a 1

duUszAnsduiadveiu, o 9ziiA1u1nn 1 LagieAIANUAIUNIUIIWIZYOIRY P JA7
00

= v a1

11AN77 100 TaNU-LUAS AIANNATUNIUAUNANNDNIEILLAININNINAIAIUAUNIUAUDY

v o v = L

Wad warduusyans duNadueany, ol asdiadeenin 1 asulunisesniuussuusINaNgsy

o L a o ¢ a

densuaranudumusinizesi, p vililda1duusedns suwaduesiu, ande
ANLFUTUS SEMINIAANNBIUIUAUTIAILARET WazanudTuURWBNWad AL
Frunleidnnnirfthdeugunusuivluvnisesnuuussuusnaneusely

2.1.9 UgleR Snlneiedn ans Jlinmuiug  Unw nudssasy wasdsiand lunu
9], 2564 UnANTdLauenisAnE T aTenisTesTuiind @ wiussuunaeluivad
wase1fing Tnevianisineussiulaiundsaurfi iieernnansznuatniewazanw
wiietifiosnransznuaniihidstuiuslasadraazanesninelusyuud andu
I§atrauuusasamansenuanniiidideTusunsuluaLay uwuusiassiasisduudussuu

U a X (3

o lningaduasenindag1siedalsenaumen1sdnsewasiunaduaefinglusuuuy

a a

mlulaeiualinnugessninawseiulasaiegiitleulusingde 0.09 wns kan1sinaes

Y

a 1

A a ' < U & a1 = aa 3 |
Aoinawinudiwdnluiinszaedadsllegwilagafifivsunaaunudvdninigegn diu



nansznuNUaLssulifmienhiashlidunefnesifaaudemetuasnaaey
Tneldusefumientdduiadounn 10/350 ps wag 0.25/100 s naditind unandliifuin
yurnveslasiainef seafvunswaduasofinduazqaitinnszuainiidnan oniaiin
LLiqﬁuIWﬁﬂmﬁmﬂwﬁuU?nmamLﬁ'ﬁauﬁiamaqLmeaéLmeﬁmﬁ InguFunausanuli
wilghiliAnduannsnianlfifefinnsundeniidavesgunsaitostuussiuiuldogig

NFDY
Y

2.2 nyufszuudasiuiiein

Usingnisalitdndudsingnisainiasssund laglud a.a. 1752 ladinsiigailla
A ueg199Aa19n Benjamin Franklin waz Thomas Folger 7t asflannaiile Ussina
an3geuiini UnngmsaliiriuinainnsatisaliindadunailiAnnsiansavesuszq

T ludewua mnmsAunulupdsl Feihbidugasuduresnisimumanveanisdesiu

(%
=]

Hsimeianaein 15031 Fraklin rod snaugiadagu

sUN 2.1 nsnaaesusngnsalinilaglding

2.2.1 nalan1sianen
Hrindunisvandaesdseqiiazanegludowuaiiondn waruiazuss
(Thunderclound) n3efidnaadeuIngnsendt wadladuda (cumulonimbus) [10] A

9

LLamﬂugﬂﬁ 2.2



3UN 2.2 weiiiylatiuda

JUna1N : https://paipibat.com/?tag=cumulonimbus

aukazeInakUsUTIuAi liAnnsazanyss i lunguiuawiaduass
Usziam Ae
v & N a v aa % 1Y %
aungnaiou (Heat storm) Lluauiiinluiunioniafousudnd emaiou
a v a o X [ IV i [ Y a < S < v
MnunalndnufvassfTukazidudadunias ibAAnwawazindaiiudassnuaulud
o
19y
aungkuIUznzaIn1d (Frontal storm) Linainguwalueiniafiiunii

= g o a Aa a o Y a [ i v v
waeumludTnuntenmgigs inbiaaduaumgnaseuaduiuly

+

4 = ~ s = Y ' +
+ o = g =
40 C+ +centreof . ¥ Fi¥ t e TR b W + _4;.0
\V‘ 4 * positive charge ¥+ + o+ 4+ t i + 4
+ 4+ + \ within o o+ g
\&% = - - = 1-
- entreai_ - . - - -_15C

o n»ga ive Jame"

— small centre of .
-~ . posmve chavge
,

Encyclopaedia Britannica, Inc.

5UN 2.3 Usvalunouwaidlailuda

JUnaN : https://www.petenpaul.com/lightning-safety-in-trekking/



10

lufeuwarziiszglniheglasiansuinguiiazessindulszaaulauin
! 14 = [ 3 2 Ao £ ! [ A
wagdIuUNTaIfauaiiaroandntudanulseuIntauinn i dewandlugui 2.3 Tuvae
a = v a i Y =
Aanginazues o1nAlANKYTUTIN Ussalunaumainnisaiemiieanndnuas o

auulni Tnsideaninvesennie iadudssiirindan mdusiiinseualindrvas

LRGN
-
+ +
sty +
]
}
1 1
) AULAsEAaUINlnNIsZIN9 ) JINILN1IVDY
fouLNANUBIATS 17115949
|
0
+
1 ]

" 3) WA UL9

A) aHdaunau
2115

5UN 2.4 Mmaiethanfeuwanndens
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ThensuAnannslesslugtuveteiniadionuasenaudlniifowwsd
A1oglugae 10 kv/em e 30 kv/ecm a1mienfinnisuandaliusealui uasluvasiieaiu
UszauiegusnaguieumasmienihlifnUssauinuuiuiuviedsgnasieglineu
g iaaaeIeaauuliinnusiu Aweanslusun 2.4 nalnnisifedidsulaeiiintes
(Leader) annfauwafifiaiugIUszana 50 me seu 9 Wihsesdnisuandiveseniealy

v A 3 o Y a v o 1 L a d‘ g V1 A Y

wasAduseaa 30 cm Fnuiiiniiihseddudluiiemaiennisunndsladinenantudnuoe
TINn28A 17 (Step leader) ' azn 119 enagldrarluseavlulasTuav 1o
Museseeiilnaiuiu (veneians) anuaseaauuliiiigeihlifnanduwesys
=3 & a ¥ v o 1 a < o 1A a [ 1% & & 1Y [%
uamnnuAwdmises aluafidfidedauasuasdnaniulandulugieuenie
ANUSIUTELIA 50X10° km/s mslraressyginseduduludieuuaiisanin a1l
founau (Return stroke) wwivasninisivavesusealueniadensdianuiiluiigs nslva
vosUszgannsaiavuladniioniemuszaindeuwaasgiuauiad ud kg (Multi
stroke)

SreENIMNgATnenawrnlnTesnINfauansE A IMaRTLLIB SN LAY

Foni szezdiei (striking distance) fisveziadeUszana 50 m [11]

2.2.2 Wansenuamniinl
2.2.2.1 HansEnuAMHINIAILAUTOU
wavnInmou SnasilimAnmadlusitudsiignitei iesaniiloidn
Heezdiauasinvniinteedwnuiidurugudnaraduiguiuns wasdoumgiaeds
30,000 K fisamnnsi 2.1

W = Uﬁldt = UA—KQ (2.1)
Tnoil
W Ao PAIUN BN
Urg A LsuanAsaLLelun-wAlaansaHsNsENY

Q de  Uszglwihilumeeny miseuaud-dui)



12

Tunisesnuuuszuvaneasih Swieddiaaedinluiasnsesuliih

= ) a a o Y A & o | 1 1a & I o g v

a9 wazdanadathasiuinviminndunisinssuaisinliasddulnesaian taglivinly
anefasiuvaetazaly viogumaliiugeu sudumelinamddlnl dufie aefiag

a Yy ad A Y |
ﬂu%Sﬁaﬂﬂwumﬂqﬂ(ﬂ@ﬁﬂqqﬂsﬂuqﬂiﬂiy

2.2.2.2 NaNSENUAIMNNININILSINAUANIDLSITLLUN

wsanadanseussszilniinavilvdwgniliwamangadle dnwauy

[ (%
a = v =

voalsenasyilnfiinduly Jaoaluu fe wuunile Wonssualuaniualdiugs viliine

[
Y

a 4%’ [y o ) [~ = = (% d' a dy <) [ 1 o
wsaladuiudnidy Wuussigansausinan auiauwseminadussiludadiulagasaiu
NIEWaNSIa09 12 1Judndiundusseen1esenineansfig1niades d dude wsaniaduse

nwANNgveIIarALIulANaNNS 2.2

N sec

1077 )
(rdt) = —— f1%dt (2.2)

m
18N HIAIRIRINAULLIVBIAIEAZ AL IBUNAANTEI RN U

wulsansIoantUvesaIinel Fariaulaanaunis 2.3

[ Fdt -1077 [ i?dtN sec (2.3)
o i2dt Wlu A sec

fnszudlnalusmiifutisdorimy avdausewildvrsiuveny
viodmaninsesn duusnauuuiiaes iesmndhindlgamgligunnyilfeiniaseu 9 d
Hrvgeseenegesings Wunaliinedunnusuluguanudanienaasinszaely
seudnilien Wadsstsatiuniulmiifendiinfosiues dwmsulunsdiiiiasiagiuey

Wasudule Aeanusu 913duavinliszidnle
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2.2.2.3 uansznuani s lni
wasliiAaussiuAdluszuudsinendanliindadunaidede
gUnsallwiinluszuy iRnedusunudossULADas uastfauseduteiniiidusunsoun
Auiidin wavndlatfihanndheinanednuae fol
2.2.2.3.1 n55UnIUImanTWN
naiAaiik19ziAnad uimadnlif e nszangeanly
sumuszuvdeansneliAnmnudemedegunsnididnnsetind Aidanalldoaunusimén
nituAnussfumienimnauuudmdnlihduludng fussiunienigmetenaias

U1sala

2.2.2.3.2 WSIAUEAUISARIUTS
nsewaliidne | Ivanudrtiidanuwmdendn L wasdl
ATIUAMUNIUVDIAU R, 22¥IIHALSIAUANATENAIUUTEIU LATAUAUNIUY TR

Iannaunns 2.4

: di
AU = R,i + La (2.4)
Taed di/dt Aomnutuvesosnaunseuaie

D1AUATUNIUYDITINANYAUNS DANUMTL LI UDIE1 A7
asiiuilengaasiidndluiln AU dddgeenauinnenazviliiisauisaniudie vie

v ! A a | A a s v v X 09 ¥ a a Y
ﬂiﬂm@memummaa\‘lmuaEm@mmimmaﬂﬁﬂmumﬂu @W‘UVHIWLﬂ@LWﬁQIﬁﬂﬂ

2.2.2.3.3 WS9AUNUUUEI8E99e
anAafE1asuuaIed a9 i Tnense dauvinliiin
WSIRULAUTUUUEIEEY A AN IS oULai u T uRUAI AT eNTELE LIaTNTLLA

e | Asasuuaneds Jaliandsadufivaud Z, ssifauseiugalunduas Asluuuanedans
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A ISP I U A a =2 aa ! ! 1 4
FOINNUBIYANINIAIU llﬂ']L‘Vl’]ﬂ‘ULlﬁﬂ@u%ﬁ\‘iLllE)Qﬁlﬂﬂﬁ%ﬂ%ﬂ@ﬂﬂiﬂﬁﬂﬂ’m@@§ LU AUBLLU S

9

il 91aviliAnAnudemeunaunsaimaiiula

2.2.2.3.4 ussfuivluszuunsedus
wsstuAuiiAaduenmsdaliguniiouduiiing ulu
sruvaedidussgauaiigmeigiiiAnanudemengunsallwindlflutau aelu
prsdtnan wielswu iseunsaiusaurvant ansduauaudiaid o1y

wsasAunRtA Ty 10 Alatad 1o

2.2.2.3.5 3uASI8NNIHINNARNAUTALAT

lngssTuIAundd fnagHasnNegganundndsau 1oy

a % - Y vy ' N A I Y | A a X ! A
ﬁﬁﬂ@ﬁi’lﬂwiamﬁﬂigmﬂmgﬁL@‘u ﬂﬁ@ﬂumﬂu@@:[;umiaﬂ @umiqﬂ‘r\nﬂﬁqwqwLﬂWGUULLﬂﬂu‘V]@EJ

Y

v = & a & vy N { Y 1w |
meuanonsiseutuiilemadululanminlugusiulunansiude wuviesys auy
Ushaniniunenduliluiidininedy Tuneia vieegludumainuvesnseualiiale

I A A vy 1Al 1 & ! Y i N4 vooa ]
avaIn 1wy uiisiuldguduignilis visevaunueglauduligusiu vieduseinaiayjeun
Fainaggniianiladie iinduneunauiivaulnalauduld visdidesanimtasiuld
nszualiilnaasauduldasdudy ilvduldddndliigunnne Jufnauisauiu

2NNANIIAULA

2.2.2.3.6 dUASIYANNLIINUYINIILALIIAUSURE

v v W

wsesuAIIA 1Az LsIRududE WunaunaInnsEwaNI[a

InaasguAuadinufiiuniy N1598NWUUTEUUTINAEALTALALNADY Azdasrdedionis

Y

Yoatusunsousadiugnein wasusuduaaesUssnmsiunaunazdn’ definszualnlvaas
giu ulnszareeenluluiu delmnudiumuaziiliiAnanusinsdndseninarihdiouasih
PN IUVULATIAY NTEUALITAAYIINY 1 LUAT UTDTLRITUMRUINAIBIERT L38AILTIAY
29717 drunstudulE nunedsnnussingssninestvselasiadefinssualvanuag

ldsnangdiu Nruilenmaduiatafiungued [12] Awansddugui 2.5

Y
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gﬂﬁ 2.5 L539ut9A1 U, (Stepped Voltages)

2.2.3 YUVD9I5TUUYaINUNIHT

é’ﬂwmzLawmaaizuuﬂaaﬁ’uﬂ’m”mwlﬁmﬂé’ﬂwmzLawwsmaqﬁqﬂqﬂa%ﬁaﬁ%

JastutazannsyaudeatufminfiaIsan Fadudimruatuvessesuutosnuiiewl

gomdu 4 94 [13]-[14] Fauandlunised 2.1

A15199 2.1 seauTudaenuiiing

seaunnsUaanuning (LPL)

Juvesszuutosiuniug
(class of LPS)

Y5LANTANUBITEAUNS

Jaanu (%)

99

9T

91

\Y

84

1015197 2.1 sgauni1sTeasnud w9 iduseaunisdeesnun o

Usvandnmgsen

2.2.4 szuutaenunnin1gusn

MY IMLNUDITEUUY IR UTNE1INeUeN Ap N1STUNURIHNTRensIaIdeUa

9 9

Y

a51953un1 Ui dgauddslgnasng waziinszuaiinianaaiiasgiu anmils
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UsEasA Ae N1snseenselaiasgaulagldviliiAnanudeneniananasniming

Fou saunakivinliAnusemedunsieiionagaswiuliminndlg wsenisseidn

2.2.4.1 szuudasnuiunnisuanwuulinendase
syuudosnuieineusnuuultwendase Ae ssuuteanuiiung
-dld a U QI 124 dl U U = = ¥ a v d‘ 1 Gl U o ld‘
AMeuanfigafniudsugnaiianazdesiu deide Ao duinaiuseunyatindmssuudiig
nseuairiaavianudemeliiudsgnaine seegvneseninsinivesssuulesdu

[y

fefuiannfalilafadiniogntos 0.1 WAs (10 WwURIAS)

9

2.2.4.2 s3UUUaInNUNIHINI8UINRUUENDEHTS

s2UUUDINUN N INBUBNLUULENDATEIZNANTUILADN LT 0 F 97 08

Y
=

a 14 1 [y [y 1 < v ¢ 1 i
meludsdgnaialdanunsasusedunissunmiuvesauuwiwantinianiadnssuaiingg

Inanusasiu vnlisesanauIuwmantdi

(%
(Y

szuvtosiuiinuunendaszndsfiamsuudngnadiaiviantanau

iy 85 130 L wazdeslilinsdaiindudiudnivesdslgnasiaviselniuuifueinfnee

Y

e®_

'
v a v A

Aely gnUNEINSABINUSINANYAUNTLAUAUSLUUT 89N U NIN8UBNAEARANU

Lo

Ugn

2.2.5 M3ANMIANUIAUIEBNN
Rnsfiveusuiildlunmsmmuniinisdaneszuushaeth [15] laun
n) Baudlesiu ngdmiueinsidsunsadineg
7) Fvsenaunts vangdwiunnnsdl

A) 351918 wnnzdnsutestuiuianduszuy

2.2.5.1 nM3Inneaunisszuuaitaanilng syudasiu
[ & A [ < o !
anvaziunven1sUesiuasilugunsinme [16] N394 UnIY0s
mihaeihdedlidsgnaiisisztesiuimuneglulsuiinstesiuvesszuudidaetindi
doth wisiihadedh landeih wazainds msiinmsiansiudaieldiusing 9 vesdelan

aseiazdesiusgneludsunnstesiu ssuuddemneyy duanslunisen 2.2
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A3 2.2 TEUIUD DI

AN Fuveaszuy Fuveszuy Fuvesszuy Fuveszuy
wiesau | Uesduniwg Unaiunng Unenunn Uaanunng
aovl FZAU | 52HU | 5zAU I SEAU IV
h 3 Smil Y Jeidl 3y Smdl el Jidl
(wms) | Ui | wes | Ussdu | wes | Josdu | w9y | Joedu | wed
d U d U d UL d U
(23pn) | Uosriu | (e9a1) | Uosiu | (e9m) | Uosiu | (esm) | Josiu
(bIm3) (lums) (LIm3) (ims3)
1 71 2.90 74 3.49 7 4.33 79 5.14
2 71 5.81 74 6.97 77 8.66 79 10.29
3 66 6.74 71 8.71 74 10.46 76 12.03
4 62 7.52 68 9.90 72 12.31 74 13.95
5 59 8.32 65 10.72 70 13.74 12 15.39
6 56 8.90 62 11.28 68 14.85 71 17.43
7 53 9.29 60 12.12 66 15.72 69 18.24
8 50 9.53 58 12.80 64 16.40 68 19.80
9 48 10.00 56 13.34 62 16.93 66 20.21
10 45 10.26 54 13.76 61 18.04 65 21.45
11 43 10.07 52 14.08 59 18.31 64 22.55
12 40 10.16 50 14.30 58 19.20 62 22.57
13 38 10.17 49 14.95 57 20.02 61 23.45
14 36 10.12 a7 15.01 55 19.99 60 24.25
15 34 10.00 45 15.00 54 20.65 59 24.96
16 32 9.42 44 15.45 53 21.23 58 25.61
17 29 9.17 42 15.31 51 20.99 57 26.18
18 27 8.86 40 15.10 50 21.45 56 26.69
19 25 8.49 39 15.39 49 21.86 55 27.13
20 23 37 15.07 48 22.21 54 27.53




A13199 2.2 FEUIUDNBIPIELY (510)

18

ANG Fuveaszuy Fuveaszuy Fuvesszuy Fuvaszuy
WIS Uaanunng Unenunn Uaaiuning Uaanunng
$1ina0 JEU | SEAU || szHU I LAV IV

ik wu o | Sedlveq | yu | Smdlves | wu | Smdves | wu | Smilves
h Uasdu | v | Josnu | S | Jesdu | vsnw | Ussdu | U3
(Wen3) 3 Unsriu 3 Unsriu 3 Unsriu 3 Unsriu
(@) | (es) | (@) | (es) | (@) | (wes) | (23A0) | (wes)
21 36 15.26 a7 22.52 53 21.87
22 34 14.84 46 22.78 52 28.16
23 33 14.94 45 23.00 51 28.40
24 32 15.00 44 23.18 50 28.60
25 30 14.43 43 23.31 49 28.76
26 29 14.41 41 22.60 49 2991
27 27 13.76 40 22.66 48 29.99
28 26 13.66 39 22.67 a7 30.03
29 25 13.52 38 22.66 46 30.03
30 23 12.73 37 22.61 45 30.00
48 32 29.99
49 31 29.44
50 30 28.87
51 29 28.27
52 29 28.82
53 28 28.18
54 27 27.51
55 27 28.02
56 26 27.31
57 25 26.58
58 25 27.05
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Abstract— Thiv poper prevemis o rivk assexsmend of
the Fighinfngy profection systesr for Ipbeid solar pewer
reneration  roofop sl on the foctery wsimy the
FMECA techrigue. The caze stindy focnves on Sghining
sirikey affecting sefor power spxfems en fpbrid recff,
leading fo damage The inviellofon of Sghining
profection systemy fo safegmond egeiest oatnered
plhenowema, such as direct and fadirect Nghtaing sinikes,
reguires an avsessaer for preventive maimienance. Thiv
msvessmend cemsiders fonr criferfas efffciency,
envirenment,  safefpireliehility,  ond  finence. Do
collection was corried ot wving Microsoft Eveel, and the
lighitning profeciion spstem was oriffcally emalpzed axing
the FMECA fechnigne. The revalty imdiowte thad the
Teigliest misk fn fimnoocial operafiioos i within the green,
yellow, and red zomes, ay repoir costy are stil manegesble
The FMECA method proves fo be an offective fool for
mvesving  Fipliminy  protection xpstemy,  snlanoing
mamienmnce efficiency, amd reinforcing e refiebility
and wiability of the protecion system within o scitohie
bundget,

Keywords—  Lightning  Profection Systeas,  Ivhrid
Sofar  Power (emeration Rocfiop Spwiem,  FWECA
Techumigue

[ INTRODLUCTHON

The demand for electricity in the industrial sector is
on the rise. Reducing electricity costs by installing solar
power systerms to supplement the power supply has
become an increasingly popular option. The factory
used as a case sfudy in this work has installed a roofiop
solar povwer system, bl its lightning protection system s
relatively obd Te cnsure effective lightning protection,
regular inspection and maintenance of the lightning
protoction system are nocessary. Thus, an analysis was
conducted using the Fallure Mode, Effects, and
Criticality Analysis (FMECA) technique fo impeove and
enhance the efficiency of the lightning protection systerm

AP0RANE-EA77 924820 00 £2024 EEE

for solar power gencration roofiop system 1o prevent
damage when lightning occurs in the arca. The
components of the lightning protection system include
air terminals, bare copper wires, grounding rods,
ground wells, PVC pipes, ground test boxes, sandle
clamp supports, and thermoweld. The results from the
analysis allow for efficient resource management and
mainbenance planning.

[l. ENGINEERING [MSTITUTE OF THAILAND
STANDARD LIGHTNING PROTECTION

A, Deslgn of Rghtning profeciion system

Dresign lighining  peotection systems to achieve
optimum results both technically and economically. It
will be possible only when lightning protection system
design. construction steps, design and construction
steps 1o protect cspecially the design the building itself
should wiilize the metal parts of the building as
components of the lightning peotection system.

The design  documentation  of the lightning
profection system must contain all the necessary
information W ensure  corroct and  complete
installation. Lightning protection systems should be
designed and installed. By designers and installers of
lighining protection systems who are well trained and
skilled [17-[2].

B, Selection of external Nghraing protection system

In most cases, an external lightning protection
gystemn may be attached to the building o be
profected. Consideration should be given to selecting
an independent external lighining protection system.
When an explosion occurs at the poaint of the lighining
girike or on the conductor that carries the lightning
current, it may cause damage to buildings.
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Selection of external lighining protection system,
air-termination system consists of a combination of
the following elements.

. Lighining rod {including free-standing poles)
. Stranded conductor
. Mesh conductor

O The mafmtenance amd  inspection of lghming
rterHon vsten

All lightning  profection  systems  must be
inspected at the following intervals:

®  During the installation of the lighining
profection system, cspecially while installing
components that will be concealed within
the structure and inaccessible afterward.

®  When there are significant changes or repairs
to the structure, or after a known lightning
strike o the lightning protection system.

o Upon completion of the installation of the
lightning protection system.

= At regular intervals as specified in Table 1.

TABLE 1. Raximisg INTERVAL BETWEEN EACH INSFECTION OF
THE SYSTEM 0F LIGH TNING PROTECTION

Classalication P Complee
af lighting Ispection Ins L"m IS cTion s
RO (Ve i\l:lum:l apcific cases

SNSRI M Yearsh
Dandd 1 2 1
3 and 4 2 4 1

* For lecilimies thes meluds siraciunes an nsk of esplsive makrisl,
e leghimmg proleciion sysiem shoukl be inspeoad every & mondis
Elecirical testing of the maellation shoukd be done every vear. An
accepoble excepiio to the maunl testing imeval is esting every 14
wa | 5 manths. I may be heacficisl o tesn ground ressiesce 5
dulfiznent times of the year wo understand sessonnl vanalisdis.

B Specific sites refer o stuctores with sensitve intemnl sysiess,
odiice b 1 huild locarions ther may have &

large messler of cocupens, of sirnciunes thin have previously bees

struck By lightning.

Visual inspections ane performed to cnsure that:

#  The design complies with this standard.

®  The gystem of lighining protcction is good
condition,

* Mo loose or accidemially discomnected
conductors. and connections in the system of
lightning protection.

= Mo parts of the lightning protection. sysiem
have deteriorated  due o comosion,
especially at ground level.

® Al visible grounding connections are intact
and can still  perform  their  intended
funciions.

D, Buckgrownd of Lighteing Protection Levely [LPLY
et Cleesees oo Lighining Protectfon Swirens (LPS)
The lightning protection level is categorized into

4 levels based on the minimum lightning current, as
shown in Table 11

TABLE 1l THE MinimUM LGHTNING CURRENT SIZES FOR EACH
LiaHrsieso PRoTecTIoN LEVEL [ LPL)

Tigharing prose oo evel [LPL T m I
M lightnng curmen siee Lo (RA) 3 5 10 1@

Baszed on the minimum lightning current sizes
divided into 4 levels, the radius of the rolling sphere
is calculated using the formula for the radius of the
rolling sphere (rh, which is equal o 10 & (lu)™
This is used to determine the level of the lightning
prodection system (LPS), as shown in Table 1L

TABLE LI THE PEAR VaLUES OF THE MiNiMUs LIGHTIG
CURRENT [ Le) AND THE BOLLING SPHERE BADILS
ACTORDNG To EaCH LEVEL

Lighiring
pretcziion |

Il
ILPL}
Clam
lightriny
prolection 1 1] m W
syaden
1 b 0l L)
Snimam
lighiring ¥ 5 " &
current max
(k|
fuaibng spere RPSS [[TES i b= TR

"m:,lf“" 20412 IR AR 44 pik AR
EME

Rolling sphere radius size (m): according to LPS
standards 20, 30, 45 and 60 in sequence.

For each lightning protection level with peak
lightning current valwes, the relationship fo surge
prodection  devices can be demonstrated with the
concept that, during a direct lightning strike {10350
ps waweform), half of the lightning current will flow
into the ground, while the other half emters the
building through a 3-phase, 4-wire clectrical system.
Therefore, surge profection devices are designed to
handle only ene-fourth of the total lightning current
as their maximum current capacity. Additionally, if
the power distribution is at a higher level, this current
will b further reduced. The initial current size
reguired for the first set of surge protection devices is
shown in Table IV,

TABLE Y. THE MAXDILUR LIGHTHNING CURRENT S0E THAT THE
FIRET SET OF SURGE PROTECTION DEVICES MUST HasME
ACCORDING TO EacH LIOHTY MG PROTECT N LEVEL {LPL)

Lighiring,
[iE B L i i
lovad
JLPLj
hEnzmam
nll'ﬁ:_':zx 20Ky 15 lan i
gEA}
Ligheing
CumeEn
enlezing the i L A 53
building
2]
Entering
sarh surpe
Pt 25 LETE LL§ 15
devace phase
ik}
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1. PROPOSED METHGD
A, Risk-Based Mainrenance

The method  of scoring and weighting for risk in
the form of improvement index (WRI) and the
importance index (%lml) for each component of the
lightning protection  system were  calculated  and
plotted on a risk chart along the yv-axis and x-axis,
respectively. Using 2RI and %Iml in the risk chart,
risk management based on likelihood of damage can
be inferred. %R and %Iml are divided into three
levels: the colors for %R are groen, yellow, and red,
representing  good,  fair, and poor  conditions.
Meanwhile, the colors for %Iml  indicate  lLow,
meedium, and high importance to the system, as shown
in Fig_ 1. For "Rl zoning, the actual ranges used arc
determined based on test results reflecting %R, which
requires expert expericnce to achieve appropriate
ranges.  Efficient and  effective  maintenance
management requires these actual ranges for 2elml to
be defined according to wility policies [3].

El
»

Fiz 1. Example of & Risk bl

B, Fatlure Mode, Effects, and Criticality Analysis for
Lighiming Protection System

This article evaluates the lighining protection
gystem, preseating the sub-comgoncnts of each part in
the safety assessment  using FMECA  through
Microsoft Excel. After analyzing with the FMECA
technigue, the results are compared with the erivicality
meatrix as shown in Fig. 2. The matrix is divided into
four colored bands: grecn, yellow, orange, and red,
which represent low risk, medium risk, high risk, and
very high risk, respectively. The numbers one to
twenty five indicate the severity from low to high.

Tmaree

Fig . Risk Matrix

FRMECA analysis is used to determine the risk of
the lighining peotection  system, idemtifying  the
importance of various criteria incluoding performance,
safety, environment, and finance of the lightming
prodection system. Afier analyzing all criteria, the
maintenance  methods and  evaluation  criteria are
detailed in Table V.

TABLE ¥, CRITICALITY ANALYSIS AND 1TS MAINTENANCE
Bl AN AR ENT

Score Condition of the conducior clamp
Uraccepiable levels nesd do be expedited o
mmmage the risk fo sccepinble level mmediately.
Uracceptabde kevel, which mmage the nsk im
arder in be in the nest acceptable level.

515 Acoeptable level bm there must be comral s
prevem risk moving 0 s unsccepinhle level
Accepiable  level withoui nsk  controd, mo
additonal m meni.

. Severity on Envivonment

Assessment of environmental severity [4]-[5] has
1 criteria, such as lifespan, impact on the roof, and
lpcation,  ete.,  which are used to score  for
environmental severity analysis as shown in Table VI

TABLE VI SiE-ChiTERIA Pk ENVEONSMENT

A of
lighnting [i%] 35 -4 S0 Mese |1 year
preslion
o lor
pacton o t:_lll':::.:l wire in
the risal pa ar el caneact with
e ol
Irst e
Location N an opes Hlur!nnlm.il.
v acuiviy are

v Severtfy an Safety / Reliahiliny

Assessment of safety or relishility severity has 3
criteria such as ground resistance (L), voltage system (V)
and predection, cic., usad for scoring i the analysis of
severity in environmental matiers as shown in Table VIL

TABLE ¥l 5uUB- CRITERLA FOR SAFETY S RELIABILITY

Earth
::"Iz"'r_‘t: ] & 1@ 10-15  §6-35  MWoee 25
Vultag:
iyl 130- 418 11-33k Bk NEE Mo lISk
¥
Gnrand bl o
Pridesslim v, »

eenretion

slardard

provending

E. Severity an Finanee

The exact costs of the subcomponents of the
lighining protection system must also be specified as
shown im Table X Additionally, calculate the
percentage (%) of the wofal costs, which can be
compared with Table IV to obtain the financial
severity analysis score. Score for finance as shown in
Table ¥ITI.

TABLE VI - SC0ORE FOR FINANCE

Chscriplice
Liss than 11 of the total price
10— 9% o the potal price
30 45% o the botal price
S0 - &5 of the potal price
T - 10 of the total price
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TABLE [X. FRoance PART OF LIGHTHING PROTECT 0K

Pan Price {Baht) Percentage (%)

Adr Temmanal Head, 45 0000 2.714
(k6 meters high

Hare copper wire, 70 264, 1 3000 A.TE
mn
Ciromding rod with & RLEE TERT ] 1391
diameter of /8 x 10°
Cirounding pit 17, 2000060 302K
PV pipe with & T A0 00 1.33%
diameter of 1 14"
Larcemd] Teesat Hox 26, 2000 1141
Sandle Clamp Support LENEERTL] 16,573
Thermowekd A2 T
Test Comumissicning | 5. D00 Lkl
Toaal S 0 (H) LH S

F. Severtty on Effictency Criterfon

The performance criteria consider the condition of
the lightning protection system in terms of the health
index  (WHI).  Assessing  the condition of  the
components  within - cach  group of the lighning
prodection system requires various testing mcthods
and visual inspections, as shown in Table X. The
weighted scoring method (W3EM) is applied, while the
analytical hierarchy process [AHP) is wsed io
determine the weights of the testing methads [6]-[7].

I
%HI= L*J_;-.w,-w_.: 100 i}
When & is scone

Srras IS maximum

W is weight of diagnostic result iy

TABLE X. ASSESSMENT OF THE ComDarion oF Liciki Thikki
PROTECTION SYSTEM COMBORENTS

Technical data and test results will be collected
and wsed to calculate the %HI of the lightning
protection system components. This will be converted
into scores for performance severity analysis as shown
in Table V.

. Calcwlarion and Aualvsis of Critteal Condifions

Critical condition analysis must determine the
probability of failure. The score for the likelihood of
failure for cach component can be determined as
shown in Table X1 Then, the severity of various
factors such  as  performance,  environment,
safety/reliability, and finance will be established.
Subsequently, the overall eriticality can be caleulated
using equation {2} [£].

Criticality = Severity x Occurrence {2}

IABLE XL CRITERLA FOR OCCURRENCE ANALY SIS

Seore Diescriplion
Fero Bailure per year
] .
3 Oz = fivee B lures'year

Sax - ben Euilures
More tham ele

IV, BESULTS AND DISCUSSION

The calcubation of the criticality of the lighming
prodection. system is based on the database established
from  the test resubis in terms  of  performance,
crvironment, safiety, and fimance, as shown in Table X101

TABLE XIL  CRITKALITY SCORE OF LIOHTSING PROTECTION

Hooig
Crieria —
Coadietor
wire
Wisua i Slighaty y Slling  conact
inspectics o™ Uicry Busty. | “omenr - with the
roal
Earth
FELAnCe
] 6oL : e ax
value (3} LRS- 6 — LI 11-15  I5s- I Wlove 25
Inspect
1 rlahd- [ i
'!;":::3 elese Hicreass

Codinler

Beverily Crilicalily
Conpasen - " -
s uf's P P I I u
bahizing | il g 2| & Bl a| &) &
T = 1 - 5 = = - |
praloclon E B 2| B ) 2 ] ] B
] . I s R B I B
. .
4 4 1 +

wine, T

Cirsusdisg
sud uitha
damer | 4| 4 [ 4]0 | 4
of SR
10

Cirsusling i 3 4 1 "
pil

FVC pepe
witka

ikmricicr
of | 1"

[
Teat Hon

Bandle
Chimp ] 4 4 2 ]
Sugrpmirt

Tharraaraskd 4 4 4 1 4

81



2024 interaaiornal Conference on Power, Energy and fnrovations (ICFPED 2024 )

Chotpfrer Ti=-08, 2024, Nakhor Batchasima (Konay), THAILAND

The criticality score for all components is assigned
to the matrix for efficiency as shown in Fig 3.

Eflidency
3 n 15 n 3
5
§ 3 L] k] 12 15
2 4 s 8 1n
1 2 3 4 5

Fig % Crticalviy mairix of the lighining proiection svstem for
efficiency.

The criticality score for all components is assigned
to the matrix for the environment, as shown in Fig 4.

Enwironment
3 1 13 20 24
4 B 12 20
g
g
= 3 [ & 13 1%
¢
3 4 i 8 10
1 2 E] 4 5

Fig. 4. Cricality matmx of the lighaning profeciion system for the
envirommesi.

The criticality score for all components is assigned
to the meatrixn for safery or neliability as showm in
Fig 5.

Safeey
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Fig 5. Criticality Mairix of the Lighining Protection System for
Satety.

The criticality score for all components is assigned
to the matrix for finance, as shown in Fig 6.

Finance

-] 1 [ 1] 1] 2%

8 12 20
g
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Fig-&. Criticality moirix of the lightning protection sysiem for
finamece.

From Fig 4-6, the black-bordered numerical scores
assigned to the risk matrix from 1 1o #, as obtained
from Table WIII, are: air terminal heads, bare copper
wire, grounding rods, ground pits, PVC pipes, ground
test box, sandle clamp support, and exthermo weld, in
theat oeder.

W, COMCLUSION

Lightning protection systems have a lifespan and
deteriorate with use. The lightning profection system
should be effectively improved by using evaluations
to find efficient methods, considering four severity
criteriaz - performance,  environment,  safety  or
reliahility, and finance. Data s collecied using
Microsoft Excel, and the results of the analysis and
management of the lighining profection system
maintenance are presented using FMECA technigues.
The results indicate that there is a high risk of
operation. due to the importance of performance,
enviromment, and safety or reliability being in the red
zoqe for all subcomponents of the system. This is
because the lightning protection system has reached
the end of its lifespan and is in poor condition.
Additionally, it is at risk of lightning sirikes based on
the statistics of thunderstorms from the Engineering
Institute of Thailand under the Royval Patronage,
which repomed an average thunderstorm occurrence
rate of 67%% from 2006 to 2021, In terms of finance, it
is in the green, wellow, and red zones due to
maintenance  costs  still  being  manageable.  The
FMECA method can be  an cffective tool  for
cvaluating lighining protection systems, improving
maimtenance  performance,  and  enhancing  the
reliahility and stability of the system within an
appropriate budget.
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Risk Assessment of Lightning Protection Systern for Hybrid Solar Power Generation System
on Factory Rooftop Using FMECA Technigue
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Abstract

This paper presents o rige aissssment of lightning
protection systern for bybrid wolar power geneation syStem on
facbany reofbop usirg FMECA technigue, The caus study faouses
an lightning striees alfecting solar possr syitemd on hybrid
roofs, leading to damage. The installation of lightring probection
systerni o safeguard againit natural phénormeni, such as drect
and indirect lightning  sirikes, requires an assesament for
praventive manterance, This asesument considers four eriteria:
effidency, emionment, saletyreliability, and finance. Data

collection wai carred out wing Microsalt Excel, and the

v

lightring protection syitern was critically analyzed using the
FMECA technitue.

The resulbi indicate that the highest ridk in financial
operations is within the green, yellow, and red zones, as repair
coits are still managesble. The FMECA method proves to be an
elfective tool for assessing lightning  protection  syitems,
erhancing maintenance elfidency, and renforcing the reliability
and slability of the protection system within a suitable budget.

Keywords:  Lightring Protection Sydtems, Sola PV Rooltop
Hyborid, FRECH Technigue
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