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Osnova dnesni prednasky
. Materialy pouzivané pro konstrukci FVP

. Konstrukce c-Si FVP

. Konstrukce tenkovrstvych FVP

Vnitrni zapojeni modulu, funkce by-pass diody

Spojovani FVP do retézcu

Odolnost FV modulu proti pusobeni vnéjsich
vlivu
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Zakladni materialy pouzivané pro konstrukci
. FVC — viz pfedchozi pfedndaska

Sklo
. EVA, PVB...

Tedlar, Teflon, Kapton
. Hlinik

Dalsi materialy
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Sklo
. Lepsi optickeé vlastnosti nez bézné sklo
. soda lime glass —bézné sklo

. sklo s nizkym obsahem zeleza

Al203 ~ 1-3% Others 1%
MgO~13% —_ \_ /

— roled glass CaO~5-11%% —

— float glass

Si0, ~ 70-74%
>3

Na20 ~12-16% —

Chemical
Components
of Glass
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Float glass (plavené sklo)

Raw Material Silos

QOO

~]

Weighing &
Mixing

Melting

Annealing

Float Area Lehr

Inspection

Cutting &
Stnrage

iagnostiky,
Fofpvoltaic Kych
Systémi

Heaters

Molten Tin

Materials are Mix is melted in
weighed and furnace
mixed

Maolten glass is floated on
top of a bath of molten tin
and starts to cool slowly

slress

Glass is slowly
cooled in lehr to
prevent build up of

Glass is
autormatically
inspacted fo
detect flaws

Glass is
automatically
cut to size
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Solar glass rolling out
of the melting furnace
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. Tvrzené sklo

e 2 T s VY vy

2 “%2% ks . ohfati 720 °C

' R ST

. rychlé ochlazeni

. vznik pnuti a vylepseni
mechanickych parametru

‘ " : N Ve b ~. .
‘m;.‘;.‘@yx J:",Q;; 4o ?:'o‘é*'z’,l;'?" Type Mechanical Strength
VAR Y &""’- o TN :
— Annealed Glass 45 MPa
Toughened 70 MPa
Tempered 120 MPa
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Antireflexni uprava skla
. Prida cca 2 % vykonu

REGULAR LOW IRON GLASS

100% sunlight
transmittance
~4,0% reflection
3.2 mm
thickness 0.5% light absorption

~95,5% light
delivered to EVA foil

EVAfol  Semiconductor

3.2mm
thickness

REGULAR LOW IRON GLASS + DAGLASS AR TREATMENT

100% sunlight
transmitiance
~1,0% reflection
~ 0.5% light absorption
~98.5% |
%8.3% :’h' DAGlass one
delivered O EVATl  gi5e AR treatment

EVAfoil  Semiconductor
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39
o LOW IRON CLEAR + DAGLASS AR
TREATMENT
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= Low Iron Clear + DAGIlass AR Low Iron Clear DLT - Direct light transmittance
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Vybeér skla
. C-Si moduly
. valcované sklo s antireflexnim povrchem (top kvalita)
. ztraty méneé jak 6 %
. a-Si moduly, CdTe
. plavené sklo (nizsi cena, moduly s nizsi ucinnosti)
. ztraty méne jak 11 %
CIS,CIGS

. plavené sklo, nizky obsah zeleza, ztraty mensi jak 10 %

10
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EVA, PVB ...

OVERVIEW OF CONVENTIONAL ENCAPSULATION MATERIALS astomer
. Thermoplast

Ethylene-vinyl acetate [EVA) Polyvinyl butyral (PVE)

Polyurethane encapsulation resins (TPU]  Thermoplastic polyurethane [TPU)

Polyacrylate encapsulation resing lonoplastics

Silicones [2K] Modified polyolefines [EPOM, OMP.. ]

11
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. HaC
Ethylene-vinyl acetate o=3(:;
. Polymerova folie A
T
. Transparentni R Rl LRy

"eplotni odolnost 85°C
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Polymerace

TEMP P
1507 4 eglbar
P ueper
e s P
coaling
o) -C .............. Sscsasdilcnsss0000000000000 0 sEssEnnssILEEES PSS SEONlesssls S SSLsEESsEElslsss s EEEEes
* Time
L1 — o 5]
e ) i S
cold module sandwich glass warping due to AT modules sandwich heated actual lamination pressing  cooling step
{lay-up) onheating plate onpinstoprevent warping;  module on hybrid heating  incooling press
simultangous evacuation plate

Figure 1. Variation of the temperature and pressure in function of time during a typical lamination cycle
;7/‘ a PV module (schematic presentation) as well as a schematic representarion of the module
uring the laminarion process. (Source: 3S Swiss Soiar Systems)
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. Polyvinyl butyral
. Obdobné vlastnosti jako EVA - In

Rough Surface

1.E+05 Ex) Embossed Glass
. EVASKY" PVB Film
\\\ PVEB Film (Thermosetting) (Thermoplastic)
—_ (Thermoplastic)
"¢
=
5 \
2
‘W
o
L]
2
=

(Thermosetting)

EVASKY" l Lamination l ‘T"
O

1 E+D4 Good No Good
70 Fil B0 a5 a0 85 100 105 110
Temperature (deg.C.) Low Viscosity, High Viscosity;
Fill Space Easily Bubbles Occur
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Tedlar, Teflon, Kapton

. obchodni nazvy

Werkstoffe fiir die Kapselung: ~Teflon® Folien

. plastova folie
pouzivana na
zadni sténu FVp  *vr

lonomere

Elvax" EVA - '~Solamet® Leitpasten

Tedlar"™ PVF-Folien

AAY 2N

SentryGlas ~Mylar® PET-Folien

PVB Zwischenlagen \\
“-Rynite” PET

15
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LDFS
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Dalsi materialy
Silikonové lepidlo

Technical Data Sheet

F ¥
Ladlm'tm" |

Diagnostiky,

oltaickych

PV5700 ()
Thixotropic adhesive sealant

Introduction

PV5700 is a specially formulated neutral cure silicone sealant
designed for use where low modulus and compatibility with
sensitive materials are required.

It is described as an Alkoxy 1-part room temperature vulcanising
(RTV) silicone sealant. The Alkoxy cure system produces a silicone
sealant with excellent adhesion to many common substrates used
specifically in the photovoltaic and solar industries

Key Features

Non corrosive

Excellent adhesion to many substrates

Suitable for polycarbonates asn sensitive materials
Non slumping

YVYYY

Use and Cure Information
Typical Applications
PV & Solar applications

Frame sealing
Control box sealing

YV

‘v

Property Test Method Value
Uncured Product

Colour: White
Appearance: Thixotropic Paste

Tack Free Time: 15 minutes *
3mm Cure Through: 24 hours *
Extrusion Rate: 151 g/ minute

* measured at 23+/-2°C and 65% relative humidity.

Cured Elastomer
(after 7 days cure at 23+/-2°C and 65% relative humidity)

Tensile Strength: BS903 Part A2 2 MPa
Elongation at Break: BSS03 Part A2 580 %
Youngs Modulus: 0.21 MPa
Hardness: ASTM D 2240-95 34° Shore A
Specific Gravity: BS 903 Part A1 1.50

Thermal Conductivity: 0.5 W/mK

Coefficient of Thermal Expansion:
Volumetric

Linear

Min. Service Temperature:
Max. Service Temperature:

697 ppm / °C
232 ppm / °C
-60 °C

AFS 1540B 200 °C
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Konstrukce c-Si

Standard c-Si PV module Lamination : 1)401—01&?1‘"0
o= |

cover matenal e —
(development products) S, g

PV cells

encapsulation material
(Evatane®, Luperox®,
development products)

back-sheet material
(Kynar®, development products)

18
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Systémil

Laminace

——

|- glass

1507 postcuring eg.1bar

silicon cell

P uper

tr

N / i ;?m\«&evac&atimammaﬂrg
) . s TR e D G L i iilsi kiEEP
EVA film ® ‘ :

cold module sandwich glasswarpingdue to AT modules sandwich heated  actual lamination pressing  cooling step
{lay<up) onheating plate onpinstoprevent warping;  module on hybrid heating  incooling press
simultaneous evacuation e

back sheet ——@

Figure 1. Variation of the Icml)cmmrc and pressure in function of time during a typical lamination cycle
;)an PV module (schematic presentation) as well as a schematic representarion of the module
lll'lllg III(’ Imninarion Process. (Source: 3S Swiss Soiar Systems)
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Montaz ramu

Ly A NS '(" —
s — {&
e E
\. 5 W

; -
Ladlam'bm" |
Diagnostiky,
Fu:-tp'-u:ult,a-lckfrth

Systémi
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Junction Box
Spolehlivé pripojeni
vyvodu FVP

JB3 junction box

° MiStO prO |nSta|aC| Bypass diode — conducting strip
BY-PASS diod fromnm el

suitable suitable
~Connectors; connectors:
SC-C4AF SC-C4AM
SC-C4BF SC-C4BM

SC-C3BF 5C-C38M

24
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Tenkovrstve FVP
. Vyroba celého modulu najednou

. vsechny clanky jsou vyrabény v jedné sérii operaci
. Casto bezramova konstrukce

FVP je sloZen z dvojice skel (nosné a kryci /zadni)

. Automatizované vyrobni linky

. vylouceni rucni manipulace s clanky

27
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Struktura tenkovrstvého FVP

Front Contacts

Front Transparent Solar Cells
Conductor

28
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. Kontakt tenkd vrstva - sbérnice
. Pripevneéni junction boxu

. PrUchod sklem

29
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Automatizovana vyrobni linka
tenkovrstvé FVP

Note: Reference layout only, actual setup may vary.
Blue systems demonstrate possible Nordson applications.

30
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Vnitrni zapojeni FVP
. Napeéti naprazdno jednoho FV clanku asi 0,6 V

Proud nakratko u 125 mm x 125 mm c-Siasi 5 A

. Pz=R?

Snaha o shizeni ztrat - mensi proud, vétsi napéti

— sériové rfazeni bunék, obvyklé parametry 40 V / 5A

31
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Bézny c-Si fotovoltaicky modul
. 60 ¢lanku (6 x 10)
polykrystalicky

. 72 clanku (6 x 12)
monokrystalicky

¢+
L 4
4
¢
L 2
¢
L 2
¢
3
¢
L 2

* ¢ ¢ 4 4 P+ + 4 + ¢ @
b > P+ 6 6 e+ ¢ + 4 ¢ ¢+ <
L R IR T T R TR R e T IR
> & + 4 ¢ 6 * 4+ + ¢ + o
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Syrstéml (1

BY-PASS diody

Activated Bypass Diode Non-Activated Bypass Diode with -10
with 10 amps forward ~ -~ . g volts bias and some reverse leakage
current at 0.5 volts v e -

L £
NEGATIVE / » ; / » ; / < ; POSITIVE
VOLTAGE (-)

VOLTAGE (+)
ﬁ m
Flow

Flow

A Single Solar
Module with 72
internal Solar Cells

2 » .

% ooy ’ There is a bypass
& diode around each

group of 18 cells

Fig. 2.
33
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Princip Cinnosti BY-PASS diod

Bypass Diodes
E::,l E::,I [~-.]
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0 | 10 20 30 | 40
napéti [V]
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Klimaticka odolhost FVP

. Zakladni zaruka na
vykon cca 20 let

. Zkusenosti

u starsich moduld
realné

. U novych
nepredvidatelné
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Priklad 12 let stary FV systém
Table I. Most significant visual defects and percentage of . StFegni FV SYStém

modules and cells affected.

Type of defect (%) Modules Cells v 7
affected (%) affected (%) ° .J |Z n | EV I"O pa
Glass soiling 100 33
Milky pattern 93 13 d 1o
Front grid oxidation 100 100 ° Z rOJ °
AR coating oxidation 100 100 RESEARCH ARTICLE
Cell cracks 60 2.5 . . . .
Hot spots ; 0.2 A.n.alysls of degradation mechanisms of cry§tall.me
Backsheet delamination ; NA silicon PV modules after 12 years of operation in
Frame defects 5 NA Southern Europe
Junction box defects i e T e i S e
Defemive by-pass diOdBS 0 NA Depanamento de Fsica Aplicada I, Unaversidad de Médaga, Lous Pasteur 36, 23071 Malaga, Span
Busbar corrosion 0 NA
Maijor bubbles 0 NA
EVA browning 0 NA

NA: not applicable.
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Zivotnost FVP ovliviiuje
. Poloha zarizeni

. Kvalita provedeni jednotlivych komponent

. Mechanicka odolnost konstrukce systému

39
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Testovani FVP — typoveé zkousky
. CSN EN 61215

. Priprava pred testovanim

ozareni celkovou davkou zareni 5 kWh/m?
. nahodné vybrano 8 panell

. pfripojeni pro méreni dle pokynu vyrobce

40
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Vizud!ni kontrola

'

Stanoveni maximainiho vykonu

I

v

Méfeni izolace

. Postup *

Svodovy proud za vihka

testovani ¢ i l ¢

1 modul 2 moduly 2 moduly 2 moduly
. I
V f I d k Méfeni teplotniho
L yS e y koeficientu Test tep!9tnich
v T cykla
1 modul z . 200 cykld -40°C
(kontrolni) tanaoyent a3 85°C ¥
VZ O re k m u S I’ parametru pfi NOCT Odolnost proti Test odolnosti vici
* I UV zéfeni vihkému teplu
v Mé&¥eni parametrd l
Vy h ovet pfi STC a NOCT
T Test 50 Stodow P
> : vodovy proud za
Od m I’n ka’ m n a Méfeni parametrﬁ tepIOthh cyklu vihka
P ofi 25°C 3 200 Wm2 '

T Test teplotnich

nasledujicim slide Test verkouniho cykl i vysoke s mod

relativni vihkosti |

provozu 60 kWhm™ e
T Test mechanicke
Test preklenovacich v > 1modul ztaze
diod (tepelny) 1 modul 1 modul
1 L 1
Test odolnosti proti Mechanicka Test odolnosti
lokalnimu pfehfati odolnost vyvodi viiéi krupobiti

===

\

Svodovy proud za vihka
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Vyhodnoceni testu

. pokles maximalniho vystupniho napéti béhem kazdého testu neprekroci
predepsané meze. Po zméreni sekvence je pripustny pokles 8 %

. zadny vzorek nevykazuje rozpojeny obvod
. nejsou patrny zadné vizualni defekty
. po testech moduly vyhovuji z hlediska elektrické pevnosti

. pozadavky na svodovy proud za vlhka jsou splnény na zacatku sekvence, po
testu odolnosti vUici vlhkému teplu i na konci sekvence

. jsou splnény specifické pozadavky skupiny a VACH se nezméni o vice jak 5
%

. Pokud neprojde 1 panel, jsou méreny 2 nahradni, musi vyhovét. Pokud
neprojdou 2 a vice FVP, cela skupina je zamitnuta

42
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Zkouseni a testovani FVP
. Namet na dalsi prednasku
. Problematika méreni vykonu FVP

. Urcovani pricin havarii a poskozeni FV systému

CVIFrTY Fakults eslektrotechnicks

¥ "»'% Coske vysoke uceni technicke v Prazoe
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O LABORATORY sLUZeyY VEDA A VYZKUM AKREDITACE

Katedrs clektrotechinol © laboraton

be= LIXEsSs

Laborator diagnostiky fotovoltaickych systéma
Strufné o laborato#©l

Laborator diagnostiky fotovoltalckych systeamd, kters je soudasti Katodry cloektrotechno
=slavnostné otevi‘ena 5. istopadu 2010 (fotogaloria). Zabyva =se zejmeana mérani
testaram, ktery umoZiiuje ovartt mimao jiné jrmenovity vwkon modulu, Vedoucol
Ing. Ladislava Carnd. Daldimi zaméstnanct jsou Prof. Ing. Vitdzslay Bend
garanta laboratafe a Ing. Pavel Hrzine, PhD., ktery pracuje jako Mana,

roves je | Jegim
Matraologsrm.

Laboratof ja vywbhavaena profesionalinim flash
poZadaviky na zafizaeni tiidy AA (dla IEC 6090
laboratof | dalsi sluZby a maraeni:

Sun Simulator e, ktary splfiuje
umalam osvatiani. Kroma flash testd nabizi

TOV S00 Croch Pertnar

e D - -
S urdeni parametrd Sldankd, Lanv, Lnic, apod., ‘~— NN Or ks el

Werrbnwsull

rkousky 1zoladni p
termograficka mé
diagnostiky
dinmgnostiku
paradenskda =

Hiavnim cllem laborator® skat akreditac) pro svou Sinnost, kters podpor vérohodnost laboratore.,
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IV

Priste ...
. Fotovoltaické systémy.

Dekuji za pozornost a prosim o Vase dotazy.
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