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Abstract

This paper presents performance analysis of surge protection system for floating solar photovoltaic (PV) installations.
The prototype of PV system of 1 kW was designed and implemented in two sets for practical testing. The first set was
tested in a laboratory environment for isolated system evaluation, while the second set was installed on floating platforms
in a water reservoir for integrated system testing. The proposed surge protection system was designed to provide
overvoltage suppression for both direct current (DC) and alternating current (AC) circuits. To validate its effectiveness, a
combination wave generator was designed and constructed in accordance with IEC 61000-4-5 standards, enabling

standardized surge tests in low-voltage electrical networks. The experimental results from both laboratory and field
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environments confirm that the designed protection scheme effectively limits overvoltage magnitudes below the withstand

levels of cables, connectors, and insulators employed in floating solar PV systems. The findings demonstrate that the

performance of the protection system is technically feasible, reliable, and well-suited for practical deployment under

operating conditions.
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floating solar photovoltaic system; lightning protection system; surge protection system; combination wave generator,
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syuuwedLatefindanstndeinuTmeaane g
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WUU 5 strings & arrays S28$319N159A19 KATVUIAT
wandlusuiurunalumiiedaduns uneeaduateing
7l duwiia Amorphous-Si Thin Film JU BS-50 ufagy
WHATAAR 50 WP, Vinax 70.9 V, sy 0.7 A, Vor 93.4'V, e
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EC 61643-11 [11] {unnasgrundniifinundefivua
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Over-voltage protection system for DC system
(OP-DC)

Output
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600 V C=15 puF

|
I
|
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Input 1
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> o
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| L
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300 Vye WA 275 V,me oUSEF M gawe 10 pH
Fsganinvuausssiulninszuaadugeaniiduesines
dsludania uazlassnednsesnuigaidainnudsag
Usgana 1 kHz fagudt 5

Over-voltage protection system for AC system
(OP-AC)
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/B0
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kA dmfuauiseivihnmsvadeuiisysuusedulai 6 kv
naznsualiiingnieasil 3 kA Ssgenindiumsgiudinue
defudunuaiuisavesszuudesiunssiuiuluns
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Rm L
S; 0.94Q 8 uH
ANN—TTB
C L Rs1 Rs2 Terminals
C
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(6uF) T ( ) (200) to an SPD

() w3paniniinlnfingurdunaunsausyuuin

U 6 tasesrndaludnguadunan (Combination wave

generator)
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wiodlaglinmuang fufufudmimeaeusenidy 2
S3UU Aonadaunenszuy dudunsveasuszuuilestu
wssnuiiuvmglinodniussuuwaduasefing way
nadeuszuuTINdadunmageusruutestunsaiuiv

YUEADINNUTEUULDARLAIDNANITLTITUDSS
4.1 NISVAFBULENTZUU

ANINAADULENTTUUUTENOUAIENITNAEDU
ALENINTOTUNNTINALTIR WALV ST UL U0 ULTIAU
g msussuunssulninnssuanss wazszuulosiu
wssduAudnsussuuusesulninszuaadu sl
wsenulfnvesssuvdnoussulnirludessuudesiy
wseRuAY laevinismegeu 2 nsel

36T 1 edeuAUEINITElUAISANEULSIT WAL
veslasanefinsosnuigeesiuies Ausnusadiuliy
lailameitniusyuy

36Tl 2 MedeUANEINNTElUATTANEULS TR
yoslaseefnseseuigeranfuiufnus Ay

STl 1 MIvedeUANAITlUN AR EURIFY
\Auvedlasstnesnsesanuigeediaien laldwedusn
usasuRudusEUY Msvadeuiitinusduedwnn
desnnfudnussfuiuiiengnisldautuegfuaud
Y83n151RARsITU AU TR UR LI ALY 34
Jululdifudnuseduiuazdnge waglidviinisdada
wsepulnia Frldssuudosiunssiuiiuivaoiiies
Tasereiinsesnnuigadiesediadion lummaasusih
nsdetaiosilausefuluifiigunas (Combination
Wave Generator) 2 JUuUy fsiifie JULUUT 1 doidnil
d2uan uagthavvedassiefinsosnuiigetesuil 7 9
wsasulihmseudauan (+) wavau (O (V1) daelnsudn
usesruluin 8nsnaIu 1000:1 lanansaaneuusesuluin
voslaseefnsesnuigs dauansluguil 8 ST 2
siam%qﬁuﬁmLméfulWﬁngmam%’ﬂﬁ%aU’m wazda
n5194 (PE) v01A39918§1ns03AARNTUT 9 §n
wsasuliasentausiuuan (+) warau (PE) (V1) fe

Twsudawsenulaidn dmnsdru 1000:1 tenanisannau

wseruliihvedlaseingdinsesanuigadaguit 10

Combination wave
Generator

R=100 Network back filter

L=1.27 mH

IR Z +)
11

C=15 pF == C=15 pF

Cc=9 p.F—J—

I
I
I
I
I
I
I
1 Vi
1
I
I
I
I
T

500 -
1=1.27 mH J_ 0

C=15 pF

PE

=

JUN 7 2medgeun1sanveulssiulninveslasiedinges
AN

€ Maina 10k o5 : : : CH1 1000:1
: : : : 0.200kV div
Full

Edge CH1 £
single
0.066kY

ax(C1)  1.09167kV
Hin(C1) -275.600V

(n) usaiulnidnuseq +10.7 kv

CH1 1600:1
0.200kU/div
Full

Edge CH1 %
single
-0.154kV

ax(C1)  550.000U
Hin(C1) -858.333v

(@) wseiulnihdnuseq -10.7 kv

JUN 8 maaneuussiuliihvedassiediinsesnugs
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Combination wave
Generator

R=10¢ Network back filter

Vi

< )
11

= C=15 pF

L=1.27 mH

C=9 pF.
T LI

C=15 pF

T —|_ ()

1=1.27 mH J_

C=15 pF _|_
PE
=

JUN 9 rmeaeuMsanneulsiiuliihveddaseiefinges
PRGN

T Mains 10k 35 ¢ H : : CH1 10600:1
: : 0.200kVdiv
Full

Edge CH1
single
0.110ky

ax(C1)  850.000U
Hin(C1) -33.333V

(n) usaiulnidnuseq +10.7 kv

<< TairF 10K 32 : : CH1 1606:1
H : 6.260kU div
Full

‘| Edge ch1 3
Single
—0.158kV

Max(CT)  41.66670
Hin(C1) -B41.6670

() usenulnihdnuseq -10.7 kv

JUN 10 msaaveuussaulnivedlasstiedinsasrudg

Mnawan1snaaeulugufl 8 uay JUR 10 azifiud
Tasstnesnsesmuiigeanunsaanmouusafuluilfidy
ae197 Ingussiuliarsenganluynnsaifialuifiu
1.1 KV Badinndranflausuvesasiaila wazdasionis
TwihiansnsanuussiuRuduiadindldunnnia 10 kv

INNANINAFOUNUINIASIIEAINTBIAUDGTIUTENBY

afraursanuussduiuduiadlaganidt 10 kV uag
ansaaamouusssiulvogluszduiidnitnmamy
ogfldvasauniluszuuaduasonfinduujuaesth lagll
snludesindafusnusaiuiu agrslsinulunisinds
fusnusaruAudifussuutostuussiuiuaziivanud
ez wagenanisldnuvesssuulesiunssiuiu
nsdifi 2 nsnegeuAuasaluNTAAVIEULSISY
Auvealasstnesnsesanudgssufusnussduiy v
nsnadeuseuutasiuussuiudmsussuunssaulni
NITUANTI Iﬂwiam%"mfﬁ’qLﬁmmﬁulw%gﬂmam%’wﬁ
Hruinuazthauvesssuutiosfuussduli augudt 11
Sousssulnihasoufuinussiuiu (V1) wazaseudauan
(+) wazau (1) (vV2) arelnsuiaussaulndn onsndu
1000:1 wan1s31iauwsanulninvestuanLsIiuiy Lay
Y995EUUNTBIANA Wanadsguil 12 91ngUaziiiuiniy
fnussruiuannsasnaussulnilaidueegned Taeen
vongegnvosisaiulniilunnnsdifienladifiu 1.3 kv uay
wamiam‘v]amtﬁqs?fuLﬁwumwuumaqmmﬁqammmam
usssuAulvtiagengeaalunnnsallsiiu 600 v il
snieiauwesaeada warsasemlniihfiannsa
NuLsIRUAudNRadns ARy 10 kv
N1SNAABUITUUUDINULITIAULAUEIUTUTEUU
wssdulnihnszuaaduiu deindessidnussduluilisy
e fitasus il (L) fudadama (N) sesszuu
dosfuussiuiu fuandluzui 13 Saussfuliinnsen
Fusnusefuiu (V1) uazaseusaiiussiuludh L fudh
fama (N) selnsuiausssulnififidnsdin 100:1 na
N33 ALsR Ul AU UANLS P UL LaEIBITLUU
nsesauRdufauandluguil 14
mﬂmamimaaﬂugﬂﬁ 12 uag gﬂﬁ 14 9vdanmdiu
IopgretalauinfuanissuiuaIuIsadnaws sl
Iidueenef lneAgonasanvosusnulnilunnnsdd
A1ldiAN 800 V LAYHANISAANDULSIAULAUYDISEUY
ﬂ'ﬁmmm?iqnmmmamLmé’mﬁulﬁﬁﬁhsamqqqﬂunﬂ
sdllaiiu 500 V dsfiamininarfiauiuvesaraiada
wazddenslwihdannsonuussiuiuduiadldgandi

10 kV Wuogauin
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Combination wave

Generator

R=100

C=9 uF Vi L=1.27 mH V2,
T AN

(+)
600 V C=15uyF == == C=15yF
00 ©
L=1.27 mH
600 V C=15 yF ==
PE

UM 11 19vsneaeusyuudesiuusaduiiudimivssuy
wseulnihnszuanse

€ Maira 10k o> : CH1 166:1

0.500kVdiv
: : : : OC_ Full
......... I R -7 11
T SO PP PTO PP FERPURUR SO PP L. e.500KUAdiv
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i

Edge CH1 f
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0.245kU

H

ax(C1)  1.29167kV
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0.500kU/div
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N e T CHZ 100:1

: 0.500kU/div
DC  Full

PH

<21:250> “5ONS/di

Edge CH1 %
Single
-0.305kV

Max(C1) 979.162V
Min(C1) -1.22917kV
Max(C2)  541.662V
Min(C2) -187.500V

() userulnihdnusey -10.7 kv
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Combination wave

Generator

R=100
Arrester A2
C=9 uF
L )
— C=15 uF
N
PE
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0.500kV div
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..... R e R R IR 1
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I
e R ’¥ .
— TZ1TZo0r SO/l
R Edge CH1 f
- Single
T 0.176kU
Max(C1) 708.333U
Min(C1) -645.833V
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Y o
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............... e I [ 1
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I

L
Edge CH1 %
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PV Panels

/ L=1.27 mH

169

- .

SN

ll

C=15 uF

OP-AC
L=1.27 mH L=10 pH
C=15 pF = C=15pF 300V 275V

To AC system
provided by a utility

1=1.27 mH
C=15 uF

C=15 puF

L=1.27 mH

L=10 pH
s00v |/|275Vv

#PE

L

i

OP-DC

(n) wssdAuTITIvINkazLIWSRUsEUaAsaiulintnigUadunamdu +10.7 kv

PV Panels

\'s
L—1 27 mH

N

- L

C=15 uF
500

OP-AC
L=1.27 mH L=10 pH
0 S LN
C=15 pF = C=15 pF 300V 275V

To AC system
provided by a utility

1=1.27 mH
C=15 puF

C=15 uF

LN TN
1=1.27 mH L=10 pH
300V |/|275V

#PE

A

A

() wssduAuTTIaukazLTIRUSAUsTYUanATastlalnigUuafunaudu -10.7 kv

UM 15 xasmaveaeudesiuussiuiuiiousiuiufntuissuuissmulninssuanse

i

Hin(CZ) —208.3330

D

T<< MainF 10K »>

Hax ey
Hin(C1)
fug (C1)

Hax(C2)

(n) w3arwAURTIVINKAZLIITUSUTEQUaLATaaiLilaluiln

300 .zgey

sURdusandy +10.7 kv

RZ1i2o07

“LOHS

CHL 100:1
0.500kU/div
DC  Full
CHZ 100:1
6.500KVU/div
Full

Edge CH1 %
single
-0.220kY

7068.333V Hin(C2) -479.167U

Hax(C1)

Hin(C1) -1.25000kV Avg(CZ) -216.330V
Avg(C1) -213.670V

Hax(CZ)  208.333V

UM 16 wan1siawssuAuvesgUnsailesiuussiuindmiussuunssiulninssuanse

() wssAuiunTIauLarksIudaUsrguanasasinlialuii
sundunanly -10.7 kv
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Combination wave
Generator
OP-DC OP-AC R=10Q
V1 V2
L=1.27 mH = L=10 pH =
( L=1.27 mH W C=9 uF
ul LN _]_ _]_/ _]_ BN T T —) .
= = _ _ To AC system
C=15 uF ——C=15uF = - C=
o H M _|_ [t Cc=15 pF_|_ C=15 puF $300 \ /@275 v provided by a utility
PV Panels Ll Inverter LN 7000 N
L=1.27 mH J_ J_ L=1.27 mH L=10 pH
/@ C=15 uF C=15 uF 300V 275V
PE 1 1
+ + -
UM 17 ssasmveaeudesiuussiuiuiioussiuiufnvuissuunssiulninssuaedy
<< Mains 100Kk 70 CH1 100:1 T Hainz 100k 53 CH1 100:1
- 9.500KU div : - 9.500kUAdiv
IC  Full IC  Full
‘| [CHZ 166:1 j{ CHZ 100:1
0.500KVdiv -| | 0.500kVdiv
IC  Full IC  Full
{22003 S [T {212200> Jm
Edge CH1 | Edge CH1 %
A .| single | singie
™ | o.280k0 ~0.370kU
ax(Cl).

666 .667V
Hin(C1) -645.833V
Hax(C2)  687.500V
Min(CZ) -333.333V

N) wisRUALTIVINTIUGR UYL 90° wazusaiulnindnusequas
wisesrilalwigundunaudu +10.7 kv

X (C)

645.833V

Hin(C1)
Hax(CZ2)
Hin(CZ2)

-645.833V
333.333v
-645.833V

(¥) w3efuAuTIRUTIUER ALY 270° Lazuseiulnihdnuszques
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