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Abstract

Code of project Inn 002/2561
Project name cooling solar cells by using the light reflection technique
Researcher name  Mr.Nattapon Jangjongdee, Mr.Kanapod yodmanee,

Asst.Sompon Bunyasuwanno

Energy is an important factor in human life. Today's energy use is the energy
we use today, most of it is energy. In spite of the rising oil prices, our country does not
have enough oil to meet the demand. So the state has to spend a lot of money on
imports of crude oil, so one way to reduce energy consumption is to use renewable
energy. Based on the geography and location of Thailand. Solar energy is a renewable
energy that is very suitable to use as a lot. Solar energy can be transformed into
electricity. Therefore, this research presents cooling solar cells by using the light
reflection technique. The use of solar cells to convert light energy into electricity. But
because solar panels produce electricity by using only light, the heat that comes with
solar energy is not necessary to generate electricity, but to reduce the efficiency of
solar cells. The temperature increases every 1 degree Celsius. Will reduce the
electricity production of solar cells. In order to increase efficiency, solar cells are
installed inside the shade and receive light from the mirror to reduce the temperature
of the solar cells. By creating a solar protective cover to cover the solar cells in an
indoor area. Install mirror glass Reflection into the solar cell Experiment at 2 meters
using mono-crystalline solar cells. Two panels are used in each of two panels to

compare the results of the experiment. And direct sunlight.

Keywords: solar cells, reflection, cooling

E-mail Address : nattaponnonburi@gmail.com

Period of Project : October 2016 - September 2017
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UszAnSnmusswaduasaiindliwnsuarsundnuanisiauiundua duiniudwinlings
T numaduasenindliunsmansunndnuansiaundingsnunaseindunldusslevinlad
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waglsslniienafissuu  Masunaswuumsludnlungiansieluand (Mojave)  lunasy
updvedide uaglsslwiiead  uaseriing 1wy 1sdlwiuwaduasenfindvurnlnafiaalu
Usemawosuiifioguinaludion  seriadiesiniduuaznounew (Kobern - Gondorf)
vinadagldsuamuduaionnisdorfind  Jssana 1,100 Alated - Falusdeniang

2

Alawnsealy salndhdndewdn 340  Alatna  Lseabndwaawasenindlulsyne
anwesuauanseguuioniunlela (Soleil) IMdwdn 500 Aladnd vunuf 20,000 M58
wng Lsalniwaduaseindlulssinaansgausniias sdlwiwaduatoniindludssimna

a a [~3 %
2m1a Lunu

2.1.5 AngainuaznIsnaInassunaseindludsswndlng

Uizmdm&gﬁagﬁasagm 6-20 @IAWNiE warasiIyn 97-106 erIRzIUDEN
ogludumisniussmanlsfundsnuuaorinddoutnegs Annudumdsnuua sending
Asves Uszmasianussana 17 nguiensnLnsiHau vsaleuwiiy 4.7 Aladnd -
Flusdonsamasdody dranunsaindsunae findfinnasnuuiufiveswsemelne
Womildudesdin  vesiuivanuafagldndanuiisumiifunisidinsiuful sy
7,000,000 #usiod Feaziiuldimdssnunaseniindluussnalveidnenmgafiosimuidy
wiaanasunanaely N1swaItinasuLaseingunldlulsewmdalnelafinisideuay
WamnunegeseLiles ﬁamsﬁ’wmmaé’wmmﬁﬂLLazmsiﬁ’mm%’auﬂamaﬁmwé’qmu
Lase1findlnenuagaruiininisaneiidelaudnsuNauiLasdalasungeanuy
AsENTITIMenmans meluladuas wenden aortunmsAneaniise waznslnihdondn

wisUszimelve Wudu dmsudoya medundunuiasoiinddudayailosdiundAyiiven

Y

[
o =

ANAINNAULEIDITRE Bl Auuriler1eg nrelulssmalneladnrindulasnsuimuilay
AESUNdIU NsEnTIvemans welulafuardsindon Tnsfinsdaruauiidnenin
wasnuLaseindtulvunuuNuing suuaseofindatunsniilgSavih dulud w2527 Tag
Tweluladanamanemuiion Ssudnasaludouiiquiou w.a.2502 fuinduundsdeyad
ddgianifiolivsznoulunmsindeszuundsnuuaseiindlasazlvirseazdonnnuda
Yosuatofindisluseiusiua way ielwiinsiauisyuuwaduateindogeaseds uass
msldognaunsnansanniunelulssme Tainmsisouasimmniiodavindomuunnansasi
Aotestussuumaduasefindimanzan  dwduanzeinmaundeuiuvessemelng

LazdnAIlATINISISINUANLUUNARA I Lasefinduisusnludsenelng Msdangau

waso1nndulgUselovuludsesmaiinistaluassdnuue A9 mimﬁaugmﬁuwé’amu
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AUTU LLasmiLﬂﬁﬂugmﬂuwé’amﬂw% Imamsmuﬂmﬂ?{augﬂLﬁuwé’amumm%ﬁ]u
Igaununldlunisouudeiananisnisinens nsvnindeu  nsndud Wudu dmsu
nszurumaasusuundanulwihlnelfiwaduasenfindsne  aluladdaqiudununs
NamUsEam 5-10 UmseRladnd-talus dedelslannsaudeiuiu nrsuanlnihandhsiu
fudiundeinesssurdld wivziimumunzanlumsldlusuunil wslnadsszuvanvds
Tifhveelulddsssuulnfindsnusasenfindlulssmelnefinisinge  wavldeaus

Uszana 3,734 Aladnd lasdulvgdunisudanssualnilagldszuulszq uumnes

a 4

= 3

2.2 N W) LYaaLEIdINAY
13 a ¢ ' 3 & a a ¢ a a eal

\waauateing vveluanead (Solar Cell) WudaseAugnssunnsdiannseiingd
asvwiedugunsaldniudsundsnunasorfinglmdundenului wudn Mdalin
NaLaIindelivseavinmnsnaniddlninaananlugiwiainaisiu dsaenndos
wazngaslunMshwaduatoingunlindaiasini

waduae1fing fis gunsalilviuthiasundsnunaseindlndundany T
lngldnszurumsinlaliandn (Photovotataic Effect) luansiasiai Ingigaduasoniing

6

zUsEnaUfEanIneiiil P wazansieini N lewwaduaseniing Iasuuasiindsany
wnne  agiliAanisiedeufivesdidnaseudaseluaisiaiath fudu rinsideuse
syineiy IaewonTaduateiing szinnisinavesdidnaseudwhlmaangsuliiily
suuuulrlihnszuanss TnsUndudalunsiazioad (Cel) Fafusuvamanuuaandundany
Ilfhnszuanseiu aeflusulnissina 06 - 07 v vililunisléasedesdiinisde
punsuwaavane fddeiu silildussiuliihfgsduuasmndesnsnszualnil ey
fanunsovhldlasnsderuuiudenisdesuurioounsudndeutiudunsfusdslui
Tuunawaduaseniing luusseuiiluldan faguil 2.1 Famsdewadvaiss dsamfuluun
fusezdondt unagaduaseniing viefisenlunwsingudndenilsin  Photovoltaic

Module (PV) Ingvihefldiseniiuiuwnagaduatoing dupe unevsaluga (Module)
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Cell

Module

A 2.1 Msiwaavae ) duidesiuiululkagaduaseing

¢

2.2.1 NMaLToudBUNIYARLAIDIIAE
wnaaduaIefing luudazins (Module) i azUseneuluieowad (Cell) natey

#r eunsuvIovuruiuneluundleanvad widelefinny el indndounaead
waseind 1 unsenaaglifiemedensliiulussuy mswasiu Sednfudeniunagad
wasiing useiiu n1sdeunwaduatefing uuvounsutiy asfunsifiussdunssdulnih

waziasluil wedrelinulnaslnenseualdriangeanuiasi A i unalsas

AN 2.2 NTABLKALTARLAIRNEG WuLaUNTY
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a YV 1 1 dg (-7 (-] 1 a 1 v QI 49{
NSUADIFOUINAINNTILNG LARDINITHIIAU (V) WINAY ki bansewka (A) WNLTU
HDIRDLUVIUIUY LALLDITIUINVDILAILTN FOAUTIVINYDILHIADLY ALV IAUVDILE
uwsneafutiauveIunesoly Wedoauasuynuraudl Aaunsaiiaisliuinuazaululala
AUl N1560WUUT LSIRUNLAILTIALAY LANTLLAVLNLTUNIUINUIULNITIAG
a s ° v =~ & A v oa | av v
nsalflaziunlgisediagunsallvilnnld Aunszuauinniinszuanliainuug

a - a ' ay v
SAN2 LRI ZPI)) LLNQLﬂﬂjlmﬁqmqﬁﬂﬂﬁﬁﬁgLLU@]LWB{LW

AT 2.3 NMINDUHLTAALENBITINY WUUIUIU

Tuunansdlasnuingunsallviinssuanss sgseylvldiulndinszuanss 24v, 4gv
viaeunnIntuT N waduasenfing deunsazliussduiios 12v lnlidisame s1dudes
duussiulpemaiiuusagsaduaeniing sdefunuueynsy asiilfussuindunusiu
LLmﬁgﬂayﬂim’fﬂﬂ LLsiﬂizLLa%lm'Lﬁm%u‘i%mwiaLmuwﬂﬁﬂﬁmmmms??aammLLmLLiﬂ
Ao AuTUINve INITiEeT wazdiauTeLNTiaes AewfuT uInYeIuRaTiaY vhadu
aulfusaiuiifesnis Seihfivdevesunusnuazunsgareazdutaiisluldng

2.2.3 ¥invaraalaIa1ing

yiavosvaduaeiing  nuluiosmainussmelned 2558  awnsawvdlaidu
2 iinfe Crystalline waz Thin-Film lneiisteazidondell

2.2.3.1 Unwaauaseing Useinnuuuasadalall (Crystalline Solar Cells) 1du

o w

¢ a ¢ a v = =% o o a 1 aa N A I I Y oA
LYAALEIDINNE NETINAINNNANAITNINIUIDIN L¥U Fanau (Si) tUusu %ﬂumaﬂiﬁ/\lﬂ’mawuw

a

FINIWVUTEN VIS (Thin Film) wivsgdvinmanadegaunnidlainnugamniigauasliney

Y Y

Sughuanudngiurenateing i lindsnuindalaneUtesniuuuildauuis Tngws

[

s a 3 a U L3 gj 1 1 a dy
WaALENeTIng wuuAsERalautuluseanidy 2 viinasl
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n) wuulilueSasalad (Mono Crystalline) w3eduiansadalay (Single
Crystalline) \waduasoiing wiind [Wusdandnies Taethdanou (S) lunasuazaned
gaumiigada 1,500 aarn Wioadauviandnvunalugjrouludaiduusuies Tnousauuundn
Aoty azfismunaniuuulndasadalay wiaglindanuliifigedgaidedioutuiuii

AnRe 1eeaslUseansSainussunal 15-20%  Lp991nnNSLSenNAluLAazLeas gzl

2) wuulwansasalayd (Poly Crystalline) wn3etafasadala (Muliti
Crystalline) vouuundnsaa legnitannilouityvduvugweauundnife Tasthdaneu
wvasdlnun i duuianaivaseliduiatng neuludmduunuimesiwaduaseiing wuu
wEnwaw fuszansamiddluinfisniuuulalusiadadnies msenisidendivemdnly
A TIANA1TL IWEJLL'U‘UNgﬂiﬁmﬁ?ufwﬂi%ﬂaulﬂﬁ’lﬁmgﬂLgﬂ"} (Grain)  tHuduiuann
WeikUU Mono-Si az14fl Grain Teswaduwuulnaasanala Insunfazdusz@nsainusezuiu
13-16% 1nglull 2558 igaduateniing wuundnuantuaiidndiuuuianainunniian
wgilsangnuaziidslaihgdladisutuiiuiilunisindslae msfadeiuldfiuiszana
7.5-10 ms1auasaentaing

=

2.2.3.2 WHYAd A1 UsennkuuNauue (Thin Film)  agiianulikasuin

fian vinlranusasusasiianuendudiee laa ilvaunsasulununiiuavuondu

4 ‘:’{ = =) ¥ -] k4 a Y
avees viewheSue flunnyn viseuasnnvaenalniinld awnsaviunaigldgamngiiagalas

@) £

suihlUldiuaunsalluiisine 1w in3esdnae wiinn wiegunsallnihauiadn Wudu

]

=D

[
=) v

wislaidefe Timaslnihdenunlunisinaslidasnn Jevilvseddnuilunisfinnauin
I a U o d' a Y 1A | a U 4 dl' wal %
wililguiundsnulnihandaladedasnituuuasadala Wewnauautilias uasnaudy
ANURNEUYBLEITInY Tneudseandu 3 vliadell
s an . P a a v

n) 9zusNaT3naU (Amorphous Silicon) duUszansnmuseuas 9-11% 14
NURluMIANAIUIELN 14-20 A1919URsARlaIng

%) uanLilesnaglaus (Cadmium Telluride : CdTe) fUsganSamUszaM
9-11% TaunlunsAnasuszanu 12-17 asamasaonlaing

A) AeUilasdunsulatgaiiioy (Copper indium Diselenide : CIS)

(%
a o

AUsEANSAWN Useunad 10-12% TNuNfnssUszannd 9-11 an519unseanlaing
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AN 2.4 URALTAGLEIDTNY TTARN

2.2.4 ANALATYNTULEIVDINITANAIUNIIAAULE DTN
wuarianslunsineunsgaduaceniing dnasgraunndeussansainlunissu
WANULAIDITNAG LAUTAALEDITNE A1U150RAAILAULIUNIN NIVUNEIAITIY VUNaIAT
15999A50 UUNRAIAIDIATTAN Y LAZUUNUAY T IUNUTATUNITADNAAFILNILYAE
P A e oA Y a e v S o v I a % -~
uase1ind deuludunisnasnsofunateiinglanaeniiaiu lngdasliidsgnasne v3e
dwosdulauuadaasenfing wazliasiluaaunnid unieloszimeainiduunniiuly
a 3 N 1 o 4 = v :.’/ IS 1 1 = a
nsfeAslimanzauovh g dendinuasaunaenisllvsgiaindeny  Taguniinig
a & ¢ a @ a a A a T9vw o I3 A ¢ o
AnunsgadLaseiing Tudleslng deunashindlinuntivesunigaduatensing wuly

mavield wazBewinguUszana 10-18 aseniuuulan

= 1%
2.3 NYWYHNITINLASNIIASVIDUVDILLEN
v _ I 6 al a a a
N13azNouYDILay  (Reflection) LUUUTINHNITUNUAIUNITIUREUNFANINNS
d' Aad a ] Y a 44' g% Y v a
\AFRUNTIUSMTEMavaeINa 2 viln lnguasvsindoundoundululufnanfuueaena
\Ainnisasviauauysal (specular reflection)  1Wun1saEviouHIUNTEINL VSoawvioul
auysal (diffuse reflection) @sgayiden ndaidndusoysnendanu Juivsiinvedinans
unasguauinnIsas oy
waraslundsugunds wunmddugurdudiednsniigs 300,000 Alawnssiaiund

| &

WA RAREINNIAIN LT NAATULDINIUTTTUYIR LU hAIN19D1AA SN LU ULAEINA 91U

aaa !

YOIFUEITIN unasnidulanuyedas s 1wy wasainsainnaeali Wusy Wewauafou

Y v

WunguAiurieuazent aswuluduandunss wazanusanzariuingle dngieeuln
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= a 3 1% vgj a [ dyl [ ] 1 1% g I 4 1%
waapdounuludunsslulaiu Sendngiiin daglusdau wiy oanta 11 Wusu duas

v a

A a E% a o b4 A PN 1 &
Lﬂﬁ@u%NWU’J@ﬂU’N%‘U@LLa’JLﬂﬂﬂ’]ﬁﬂi%"ﬂ?ﬂ%@%lﬁﬂ@@ﬂlﬂ lngsoU WWIWLL?NLF’]@@UVII&ILUU

9

(%
& 1 v

v = [y ' 1 a 1 v ! [ PN 1
Eunse Sendnguudn daglusaas wu nszanih nseavly wanaindh usu duingild

q

L = 1

gouliuaaadeuiiiulld 3ondn Sngiiunas iy sfsreunin nszawudonune sy
fngiiunaszasfiounasuisdiuaggand uasunadul v liAsndu nisasfouvaiuas
(Reflection) Wuaufuniannsznuinguasazagviounduldasnaradoniinisasviou
msaTieuromanhliAnpumnnssnufoyiuamnnssnuhiududsandunsean uass
azvieufoyuiluasagiiowihiuiduiiainfunszannguesnisasiioundinin “deiinnis

ALYRULANATILNANNTENUWINA U NASIDULEND”

Reflecled ray

Norlmal
Incident ray |

ANA 2.5 NSEETIDUVDILEULATEINIIU

= -4 1
2.4 nuflulasraulnsaiass agsly
lulasreulnsaaes (MCU) fe gunsalaIuAuvwIaLEn JaUI9AINEINT0T
Aangpdsiuszuuneuiames nslululaspaulnsaaeslasiuendiy, nuleaudn wag
[ = < 1 [ o a & v 25 [y ) v
wosn FadudiulsznaundndrAgyresssuunsuiineasitibisieiu Ineviinisussyuntily
fhdaeniu lasadralaeidly vedulasaaulnsaaesiu aunsawtseanuntodu 5 du

Ty drastalil

2.4.1 mireUszutananans w3ediNe (CPU : Central Processing Unit)
wiigUszutananaly wsedily 1uaneivesnoulnalassusznaunigdins

ddnselindunnueagnigly Jefiusuegie dnthnussuiananuiduasSudsloyals
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2.4.2 %128AUI1 (Memory)

1 [ 1 1 ] I~ 1 o aayyo U 3
NUYAINUINAINNTOLUIDNLTU 2 d79U AD wuwmmmml’;mmmﬂu

[
Y

TUsunsumdn (Program Memory) Wisuiaiieusnsafarivouedesneufinmessialie Aataya
Taq fgniAuliludagldgameluudlidlnges Sndrunisdo mireainudideya (Data
Memory) 1fidumileurunszarunalunisduinvestity uasdudiindeyadansnvas
v uwinnldifldes doyafazmeluadrefuniisaudusu (RAM)  luiades
poufinmesiig 1U widwivlilaseoulnsameiadiln wiheaus doyaasiveiiiu
mieaudnsy Sedoyaremeludoliiflntes wosduddnseu (EEPROM : Erasable

Electrically Read-Only Memory) @ansnsafiutoyaldusilaifiliassfia

2.4.3 daufadanuaunsalnieuan

-

1 a L4 =) s I v A € a
d@udnnenugunIalnieuen wienesn (Port) I 2 dnwavAe wesndunm (Input
A s

Port) uazwesndsdyauvisonasne1dnn (Output Port) dwuiagldlunisiwenseny

gunsalneuen dedndudiundAgunn Tdsuduszninmesndunn Wesudyyiu 0199y
Y a ¢ 4 o ) ¢ s 4' \ a ]
mensneaIng ietluussuianauazddlunasniendng ienanInally N1sAnadINgves

aaaln Wudu

2.4.4 Y2INAUVDIAYYI w3aUd (BUS)

=) £y A

PBIN1TAUNIVBIT YY1 vTeTa ArldunINIsLaniURBudy I MTaLaTENIN

A

Y

Gy nureaudkaznese udnvazvesaredygyiu 1uruninegaialudn

Ly

Lulaspeulnsaiaes lnsuvadudadeya (Data Bus) , Uauenasa (Address Bus) uazda

[J a o a [ I3 Ao o a ] =
AIUAL (Control  BusyNaTNILUAAYQYIMUINAT LUUBIAUTZNBUNEIAYUINDNAIUNRN

[
= [y

\Wesnmsviauniadulumilulasreulnsaees avdusgiun1smmvundanie mindayaya

[
Y

a = = (Y] ) < ) Y 5 | & byl
win1daudgs Jwznsinufagansahlaatudmalnlilasroulnsaiaesaiiny i

D

mmL.%ﬂumiﬂismamaqqmﬂﬂéﬁwﬁmm@ﬂu Wululaspoulnsataasvasawuudisasy

Y

Lo

lugalaglu Tegnasiaunain Controller  ms¥na ARM %83 ATMEL  ¥8five
lulasmeulnsataesuesafiolsnavas Open Source Mianunsaulll Wawseiduaunsalingg
lauagamaansalunisiiiy Boot Loader 1gluida ARM 39il#in1s Upload Code 141
% s o Y d%’ v v Pt v s

fveiaansavilaiiedu uagdulnisiaun Software  ldlunisauauiivesa veq
Arduino fidnwauzilunw C+ Mlusunsuwesiiauduaslunisldnu duesaaunsain

lugawseliiu Fan1e Arduino Sonindu shield WawinAINLEINNTORLY
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m‘wﬁ 2.6 Arduino Uno R3

Arduino Uno R3 A131 Uno 1funwdnna dewvadmils iuvedn Arduino fu
usninAnoonuY dvuin Uszanm 68.6x53.4 mm. 1uvesaumsgiuidesldauanniige
\esaniduvuafiangdmiu nsFufuFeus Aduino wasdl Shields TidenTdauld
1nnitueda Arduino Juduq Meonkuuin lewizainni lagussa Arduino Uno léfinns
fimundosun faus R2 R3 wazjudesiuisuduled Wuwuu SMD Huvedn Arduino 7
iﬁ%mmﬁammﬂﬁqm esansanliung wazdrulnglusian way Library  #i199

WU Support agdnedanuvesaiilundn uwasdefsnedefiensdln MCU degldnu

anunsadenudsuedlddng Arduino Uno R3 § MCU iy Package DIP dayadinnzdasd

A131991 2.2 M5T0YATUNIZYBIUBA Arduino Uno R3

Uledlulasneulnsiaes ATmega328
s enulviiin 5V
soefuNsTeussrulih @uuzi) 7-12V
sosfunsTeusasuliih Jisain) 6-20V
Wasa Digital I/O 14 wasn (1 6 wosen PWM output)
o/ Analog Input 6 WOIN
nszualninelglunsasnosn 40 mA
nszualnisnelglunesn 3.3V 50 mA
fuilusunsunely 32 KB,5008 1418 Boot Loader
Muiusy 2 KB
Nufimheaushanas (EEPROM) 1 KB
AuEAIaca 16 MHz
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A131991 2.2 M15NTRLATUINZYBIUBIA Arduino Uno R3 (4i0)

UUIR 68.6 x 53.4 mm
Smiin 25 N3y

2.5 nufauiunuauiou

[ A

Trguseianninnuaunsalunisaianuauseuldlvidauainduladunisly

q

v )

Fadnsnunilaldine awtuemmideuiitegyimihfidununietesfuilinduuaiuieu
desinuansunilsldadnsunialdazainnisidenldiuauiuiuanufou  Hansanain
Uszdndnmlunisdumiuaiiuiou (A1 R dudreidu a1srauns-saraaiudeing
(Thermal resistance — R value, m2K/W) a@nawni1sdnaauseu (A1 K) dwhedu dadse
WIAT-D9ALAAIY (Thermal conductivity — K value, W/m K)
dnwazvatianauIuiuaudeu  egiifleuesd daduduinvesiiiuiuneyd
fnnautilunisagviounnudou wuulny vunudensauazen twdniun wluss aunse
avanmduldusaglautmionnutu  louf flwsserniadng Sruauunn Saunsneg
sewiaduloui smiuAuinanufeulilediu dadudulonnsssumnanlifiasussnou
YaIUeAUANDd (Asbestos) JeUaansieragunin anunsafuausoulazgaduidss Weuwh

fuauruiuausaulonii wazauisanulnlaanii
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oguItisuwesd Iwaiosaulwu
(Aluminium Foil) (Polyethylene Foam)

Air Bubble Tenro
(Fiber Glass)
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4111509R N NVDIUKUTARLAIRITNELR 28.66-36.59% wazunaflUszAvSnmiuty
7.76-10.05% usidsnuiiisnsiifinsasmugs

4. 5fn3sas AuUTeA, anvne wdassal wazdunut Wudimdn ldidenisidis
UsgAvsnm  waduasoriindlagldansivasuanunfusigatuaiuieuldunasad el
Ansaunsgaduasorfinduundsantiudians melfisadorfindaziianadsuanugluguuuy
#199 fio wuuThly, wuudd uazuuudg LLazﬁ’]miﬂa'aamiLﬂ?iauamuzawuﬁ"sgmwuﬁa
a1 waagURo UssAnBamuuuialuiiin 3.28% wuuiidifiutu 4.79% uazwuufgidiniy
4.06% urgamuiniEmsiiinisasmugs

5. L5501 assaling, aInTal NIUT, HAWAEIA NAFITIU AN IYNIY NBIFTIY
I#donsiuuszansnmesundledneadaundsnlagldszuunmami Ssldvdnmsnidni
sUdeinasuuLEaduAtTing Wleanmufeuninunaeaduatening waziifafuiheg
AU 20cm.  21NSEAUEeBe Tlulasreulnsaresnivnuamuvgiiasla-Un ledusgdinia
naagUReannIngamgiiatld 1n 66°C wde 40°C adliiiifintu 14.7% widamuinisnsil
in5a9nuge

6. uuns ¥178v wazsaiggee aula lalden1s@nwinavesyunssanaziause
UszanSainvesszuuiaduaseniing Tnaifunisiinszanindiflvunalndidseiuunsiwad
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041 AN naagUAe yuiliuszAnsamadianie 61 oem warUszAndamdAuty
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m3dngalassasssuuaemudiwaesldlassasadundnaing sue 1.5
i wredulassadienin 3 x 3 x 3 wns wagiimsfndaUesvla auia 1,500 Fad S1uau
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3.2.2 lnssadnessuuasiouunas
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a

3.4.2 Weulusunsuyninaumgll
#include<Wire.h>
#include<LiquidCrystal_12C.h>
LiquidCrystal _12C lcd(0x27, 16, 2);

#include <OneWire.h>
#include <DallasTemperature.h>
#define ONE_WIRE_BUS 5 //#4fi1 1/O 5
#define ONE_WIRE_BUS1 6 /@32 1/0 6
#define ONE_WIRE_BUS2 7 /@3 1/0 7
OneWire oneWire(ONE_WIRE_BUS); //$ii1
OneWire oneWire1(ONE_WIRE_BUS1); //$ii2
OneWire oneWire2(ONE_WIRE BUS2); //#a#13
DallasTemperature sensors(&oneWire);//@hﬁl
DallasTemperature sensorsl(&oneWire1);//(51";1’71'2
DallasTemperature sensorsZ(&oneV\/ire2);//(51";17i3
float Cetcius:O;//(?f’Jﬁl

float Celciusl=1//ff12

float Celcius2=2://8713
void setup(void)
{

// start serial port

Serial.begin(9600);

Serial.println();

Wire.begin();

lcd.begin();
}
void loop(void)
{

sensors.requestTemperatures();

Celcius=sensors.getTempCByIndex(0);



sensorsl.requestTemperatures(),
Celciusl=sensors1l.getTempCByIndex(1);
sensors2.requestTemperatures();
Celcius2=sensors2.getTempCByIndex(2);
delay(1000);

/i

Serial.printin(" C ");
Serial.println(Celcius);
lcd.setCursor(0,0);

led.print("A=");

lcd.print(Celcius);
lcd.setCursor(3,0);
//Fi12

Serial.println(" C1 ");
Serial.println(Celcius1);
lcd.setCursor(0,1);

led.print("B=");
lcd.print(Celcius);
lcd.setCursor(3,1);
//§3

Serial.println(" C2 ");
Serial.printin(Celcius2);
lcd.setCursor(8,1);

led.print("C=");
lcd.print(Celcius2);
lcd.setCursor(10,1);
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WAZUN A5 AINANU hazLiBNMa VCC AUNasH 5V wag GND U GND



31
un 4
NAN15I8

unenilifumsiiausnamvagouTaussiuliih Aeanudunas gungifindels
MM sazTouLas waziuToulfisuAussiulilih anuduuas gungdl fndaldainnisiu
waseindlaense nageunlggankatanndvialulunsadalal waslndnsadalall
Tnefiszginaszninangzan fuwaduaseindogd 2 wns

L2

4.1 \w3esiladauazaunsalnldlunimasgau

o ¥

. P3DTIAAIINLTLA
- yatosiunaseindlylaunanisasviou
. YRALVIOUKAIDNTINE

(3 a & A a Y L3 a a (Y L
. waauasoinduinlulumdadalay wazlndasanalall

~ o A W

. YARARIAA AR g

%4 v v A
4.2 NANIINAADIESNDULLEIRIYLUVINUINGY
N1INARBINITALVOULAIIINNTEAN LWANTINTH e dnA1AINNLasInnnTENy
N3¥3N IAAIANUTNRAITHTSlABLAINIINNTALN BUIINNTEIN TRUNYINNTEAINAL DU

W TngunINNTelAgLadl1INNTAENBUIINNTLAN LTHDYAINUANAINYDIAIULTULAY

'
a a

DUNNA NUNANUAIDTINDlABATI LATUNINNTEINFLTIOULES

9 Y



32
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a0 gaunnll QU AALULILEN AALTULES
(ui) finszan Tt finszan Tiria
Q) Q) W /m?® W /m?

0 38.1 35.8 838 656
5 41.5 37.7 1019 792
10 41.6 38.0 1067 824
15 41.7 38.9 1008 831
20 42.3 39.3 1009 836
25 42.3 39.3 1012 836
30 39.0 37.8 1007 842
35 39.8 38.0 1015 845
40 40.8 38.6 1042 890
45 S 36.7 136 111
50 3.3 36.1 990 862
55 38.0 36.5 961 850
60 42.7 40.6 1015 764
65 43.8 40.8 1067 800
70 38.4 38.0 126 123
75 36.5 36.0 212 186
80 37.3 36.5 1051 888
85 40.1 38.8 1023 903
90 41.8 2§, 1021 896
95 41.5 39.8 1022 899
100 42.0 40.0 1014 903
105 41.8 40.2 1003 867
110 40.9 40.2 164 157
115 37.4 36.9 555 510
120 38.2 37.3 864 701
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o Y o N v s A ¢ a a o ¢
$M1319N 4.2 ﬂ']ﬁ')@ﬂ']LLiQ@lu'lWﬁ'] Q'MWQ@J LEAITULVUELEN L"UaaLLaQ@qwmﬁﬂju@IMIUﬂiama\lau

an Sunaslnonse RINENGEATTN
(u¥) WIIU GRIVHR AL WIIAU o | Ay
Tl (°C) WEt Tl (°C) WE
V) W /m?2 (V) W /m?

0 19.5 39.0 560 19.3 35.2 355
5 19.7 38.9 670 19.5 35.5 461
10 19.7 38.8 126 19.5 355 487
15 19.7 38.1 731 19.5 36.3 481
20 19.9 38.2 954 19.6 37.4 694
25 19.9 38.8 964 19.7 38.3 707
30 19.9 39.7 954 19.7 36.7 736
35 19.9 39.7 942 19.8 36.7 137
40 [R5 38.4 557 193 36.2 398
45 19.6 38.5 701 19.4 36.2 527
50 197 38.7 954 19.5 36.3 748
55 19.9 40.6 949 19.8 ) 716
60 19.9 40.5 970 19.7 Sifl} 728
65 19.9 40.5 957 19.7 37.3 714
70 19.8 40.3 891 19.6 36.9 659
75 19.9 399 945 19.7 36.8 714
80 19.8 39.3 931 19.6 36.3 697
85 19.8 391 841 19.6 36.3 626
90 19.9 38.9 901 19.6 36.1 702
95 19.9 39.2 909 19.7 36.1 707
100 19.9 38.9 890 19.6 36.2 693
105 19.9 38.6 912 19.6 36.1 726
110 19.9 39.3 915 19.7 37.6 724
115 19.9 39.4 901 19.7 36.2 689
120 19.7 39.1 774 19.4 37.3 563
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o Y o N v s A ¢ a Y ¢
f1319N 4.3 ﬂ']ﬁ')@ﬂ']LLiQ@lu'lWﬁ'] Q'MWQ@J LEAITULVUELEN LsﬁaaLLaQ@qﬂmﬁJﬂu@Iwaﬂiﬁmalau

an Sunaslnonse RINENGEATTN
(u¥) WIIU GRIVHR AL WIIAU o | Ay
Tl (°C) WEt Tl (°C) WE
V) W /m?2 (V) W /m?

0 22.7 39.8 642 22.1 38.0 404
5 22.6 39.6 624 22.0 38.2 373
10 22.4 39.4 529 21.2 37.8 375
15 22.6 39.4 545 21.8 37.8 375
20 22.7 39.6 669 22.2 37.6 393
25 22.5 41.1 648 21.8 39.0 373
30 22.0 40.6 552 20.8 38.3 336
35 22.5 40.5 629 21.7 38.3 359
40 2205 39.8 602 2189, 37.2 369
45 22.4 39.2 621 21.9 37.2 237
50 22.7 38.2 664 2¥er 36.9 352
55 22.5 38.9 592 21.9 2140 320
60 22.5 39.2 575 219 37.8 303
65 22.6 38.4 584 21.9 Bl 305
70 22.6 39.6 566 21.8 37.5 302
75 22.2 40.1 505 21.7 38.2 285
80 22.4 39.2 531 21.8 37.8 325
85 22.3 CY/.5 458 21.5 36.9 191
90 22.2 36.5 419 21.5 36.3 163
95 22.4 37.0 443 21.0 36.2 174
100 22.4 3if. 1 423 21.4 359 153
105 22.6 37.0 483 21.6 35.8 160
110 22.7 37.5 487 21.6 36.0 166
115 22.5 22 506 21.8 36.7 177
120 22.7 38.0 527 22.0 36.4 226
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a3
unil 5
a3UNan15338 aAUsekauasdalauaLuL

1. d@5Unan1side

nsiteatuithiauenisangumnliwaduatending lnemadanisasfiouuas ilean
punndlieaduasonfing vlvisaduaseniindiuszavsamifuanniuannsondamdsy
ol lFnndu egnslfruumdudesanlddosieaduaseniindlufindinarouss Tnewad
uasofindaRnndluiufisuifauiutuemiuiou uariuuaofindanmaasiourenszanie

NanIN@eUNUINAIdAsfiazieunnszanlustes 2 luas uasEsiouaIn
nszanvedimamuduuasiosniiuisuuadasnsaads 136 W /m? aunsnangumniliiead
wasenfindliuseana 2 °C ludgnvesssiuliiveseaduasorfindvllaluluniadalatiulng
a3adalayl M3unaslaenseiufisunasanmsazioulinnuunndsveausaduliinus sunn
0.2V Uag 0.8V auaay Tuyaeaadulasiae v aiiugi niasaInnsaeauiniudy
wastiosniiuiituuadaenseUszanas 216 W /m?wag 265 W /m? snugdiu gamgiifuiisy
waslnonsstuguuadiufisunisasviounas Tgumnlunndretulszana 2.7 °Cuay 1.6 °C
puddy ludimresnsanguugliu ufisunmsasfieunasrannsoangumgilduntos

Wesladuegivanimgiioniavesusay Jusie

2. Jaymuazauassn

2.1 mifenusagaduaseiindludisun fleaudouainuasefing Toviilvunuead
wasefindigamgiige Lilduandrafuainiuifuadaenss Ssteanldfinsdausuauiuiy
Audeuisusine edesfulenuieu nausingitannsaangamaliiunsaduase 1ing
adld ani

2.2 NM3¥nas1gaasviauLaaing AflvuniilnginlfiananufanaialuiEeniny
wlwsswetlassadne uazinenszanliudeuse Foldivenaudausidagldiaglasiadaiiinng

PUIUINTVY



a4

3. JolEuaLU

3.1 813finsWeulysunsy dwsuduiinAngamgi Anuduuas wsenulni wuuisealn
Salusth wazannsonarlsidufindnlutianaiideansld

3.2 M¥nszantesfumudousnfins mimaduateningfisunasinnisaseunaaiiels

aunsnangaunilaunniu



45

UIFTUIUNA

A1ERS19158 A IUAALTA LRYAASLIAY, Anwinisanaamniiigaduatonfindaigssuy
SYUIBAINSBUNILBINTA, LASINITIVY @INT.NANLD : ANUNIUNAIUINGIFERS

wazimaluladuiand, nsngiay 2559

(%
an aaa a a o

N3ENA WSy, &3 d3lana, 1nIn wAeAa, Uy Leandn, SIned uydew, n1sAnw

T

saa I o w a

AT UUMNaALaTR TInd NiiNadaiaIn1sHaAlAN, unaaideniain
WA AEINEIANENT U INNFUATUATUNTILIAL

few flsi, 751as Andnda, gvsun Fszadudna, msAnwnsifinaussaurveunaYad
LAIRIARERI8STUUNARLEY, UNAIINITY AP IWENE AusINeTdmans
UATINYIFYAVAIUATUNS

Fuwn mgnaans, anaianl vuned uagdnduiuns Junles, madudssdninmead
w017 la g lTWHUSTUNEANUSDUBLUUTASU, 315E1TUVNINND LA,

Uszaiing yaud uazyBen gauns, massuneenufeuietiniidmasioUsyaniamues
uwslrilalaamdnutiandnifeanazsiinevuesila, ManTinermaniuazinalulad
UNNINYIREUMATTANY, N15UTEYRIVINTUNINGIREUMENTANLIY adsit 9.

Ny AuUs1ad, auvte udassal wazdunun Wusindn, msuiinuszaniaimead
wasefindlneldansiasuanuziusgadunudouliunasad, msuszaivins
wotendsnuuisssmalvg (E-nett) Assl 12

9ls3ny e3saiind, eadnsal weud, HauAosH NAEITIA LALATYIY NBIGTTY, NITLAN
UseAnsnmmesunslvdnsadaundsalngldssvundmi, nerinug umiends
UaATIYEL.

UUAS 1A wagstlggea auls, N13AnyINaTeNNTEINALYBURDUT LANSNINVBITEUY

\wada0Ming, N1sAliunIAUgIRAINaNUNALIY Used1l 2015 Jui 1



Pty y—_A
"

L
l-ﬁ L » -;* L
NS TIRSIR 15—
B R — R —1
- -

:_":‘.‘2‘_":‘;:
OSETRSITUN
W P (< <429>2>14 I
lt é ;“r *-"‘ Bl ."‘T‘T"‘a . f

7

.-"’ F
>
»>




a7

: ::':;ﬁzll:"- .'||;~|| I
©r 4P |: I
< “Ell: - » gd =

e &
'''''''
——— L]

L
N AVATAYAY s W

W) LTI 4y jj

} &
AR AIAAAAL

X
‘L‘

'
.'f '




48

TUsunsuyningaumadl

#include<Wire.h>
#include<LiquidCrystal_12C.h>
LiquidCrystal 12C lcd(0x27, 16, 2);
#include <OneWire.h>
#include <DallasTemperature.h>
#define ONE_WIRE_BUS 5 //#4fi1 /O 5
#define ONE_WIRE_BUS1 6 //#ai2 1/0 6
#define ONE_WIRE_BUS2 7 /@3 1/0 7
OneWire oneWire(ONE_WIRE_BUS); //$ii1
OneWire oneWire1(ONE_WIRE_BUS1); //§ii2
OneWire oneWire2(ONE_WIRE BUS2); //#a#13
DallasTemperature sensors(&oneWire);//@hﬁl
DallasTemperature sensors1(&oneWire1);//(§1"J17i2
DallasTemperature sensorsZ(&oneV\/ire2);//(51";17i3
float Cetcius:O;//(?f’Jﬁl

float Celciusl=1//ff2

float Celcius2=2://8713
void setup(void)
{

// start serial port

Serial.begin(9600);

Serial.println();

Wire.begin();

lcd.begin();
}
void loop(void)
{

sensors.requestTemperatures();

Celcius=sensors.getTempCByIndex(0);



sensorsl.requestTemperatures(),
Celciusl=sensorsl.getTempCByIndex(1);
sensors2.requestTemperatures();
Celcius2=sensors2.getTempCByIndex(2);
delay(1000);

/i

Serial.printin(" C ");
Serial.println(Celcius);
lcd.setCursor(0,0);

led.print("A=");

lcd.print(Celcius);
lcd.setCursor(3,0);
//Fi12

Serial.println(" C1 ");
Serial.println(Celcius1);
lcd.setCursor(0,1);

led.print("B=");
lcd.print(Celcius1);
lcd.setCursor(3,1);
//63

Serial.println(" C2 ");
Serial.printin(Celcius2);
lcd.setCursor(8,1);

led.print("C=");
lcd.print(Celcius2);
lcd.setCursor(10,1);
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aNfnnuasa Arduino UNO R3

Arduino Uno

R L Y

A b
.-

Arduino Uno R2 Front Arduino Uno SMD Arduino Uno Front Arduino Uno Back

Overview

The Arduino Uno is & microcontroller board based on the ATmega32B (datasheet). It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, & 16 MHz ceramic
resonator, 8 USB connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to suppart the microcontrolier; simply connect it to 8 computer with a USB cable or power it
with & AC-to-DC adapter or battery to get started.

The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip.
Instead, it features the AtmegaltU2 (Atmegad8U2 up to version R2) programmed a< a8 USB-to-serial
converter.

l Bevision 2 of the Uno board has a resistor pulling the BU2 HWE line to ground, making it easier to put
into DFU made.

| Bevision 2 of the board has the following new features:

e 1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other néw pins
placed near to the RESET pin, the IOREF that aliow the shields to adapt to the voltage provided
from the board. In future, shieids will be compatibie both with the board that use the AVR,
which operate with SV and with the Arduino Due that operate with 3.3V. The seécond one is &
not connected pin, that is reserved for future purposes.

e Stronger RESET circuit.

e Atmega 16U2 replace the 8U2.

"Uno® means one in [talian and is named to mark the upcoming redease of Arduine 1.0. The Uno and
versian 1.0 will be the reference versions of Arduino, moving forward. The Uno is the latest in 2 séries
of USB Arduino boards, and the reference model for the Arduino platform; for 8 comparison with
previous versions, see the ind=x of Arduino baards.

Summary
Microcontroller ATmega32s
Operating Voltage 5V

Input Voltage (recommended) 7-12V
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Input Valtage [limits) 6-20

Digital 1/0 Ping 14 (of which & provide PWM output)

Angleg Input Pirs &

D Current per [0 Pin 40 ma

oL Current for 3.3V Pin 50 ma

Flash Mearmory 32 KB [ATrmeqad28) of which 0.5 KB used by boatlaader
SRAM 2 KB [ATrmegalll)

EEPROM 1 KB (ATmeqaile)

Clack Spesad 16 MHz

Schematic B Reference Design

EAGLE files: prouine-una-Bey3-reference-desion zin (NOTE: warks with Esgle 6.0 and newer)
Sehematic: arduing-u M—RE\-’l-Ed‘IEI‘MI:iI:.EF

Mote: The fArdwing refersnce ﬂEﬁg‘n AR s B .ﬂull‘l'bl‘.'gﬂ, 168, ar 328, Cwrent modals uge an
ATmesad28, but an Alrmeqad is shewn in the sehematic for reference. The pin configuration is identical
an all thres Processors.

Power

The Arduing Lino can be pawered via the USE connection or with an external power supply. The power
source is selected autormatically.

External {nan-USE) power cén came either frorm an AC-to-DC adapter (wall-wart) or battery. The
sdapter can be connected by plugging & 2.1mm center-poditive plug into the board's power jack. Leads
frarm & battery can be inserted in the Gnd and Vin pin headers of the POWER connectar.

The board can aperate on a0 extermal supply of 6 to 20 volts, I supplied with less than 7V, haweer,
the 5V pin may supply less than five valts and the baard may be unstable. IF using rmore than 12V, the
valtage regulater may averheat and darmage the board. The recommended range & 7 ba 12 volts.

The powsr ping are a5 follows:

s WIN. The input waltage to the Arduing bosrd when its using an estérnal pawer source [as
oppased ta 5 volts from the USE connectian or other regulated power Source). You can supply
valtage through this pin, ar, if supplying voltage via the power jack, sccess it throwgh this pin.

= EW.This pin cutputs & requlated SV fram the regulstar an the board. The board can be supplied

with power either fram the DC power jack (7 - 12V), the USB connectar (5], ar the VIN pin of
the beard (7-12V). Supplying voltage via the SY or 3.3V pins bypasses the regulator, and can
darnage your board, 'We don't advise it.

AVE. A 3.3 volt supply generated by the on-board regulator. Maximurm current deaw is 50 mi.

GND. Ground pins.

Memaory

The ATmegal2B has 32 KB (with 0.5 KB weed for the bootloader). It alse has 2 KB of SRAM and 1 KB
of EEPROM {which can be read snd writter with the EEPROM lihrary).

Input and Dutput

Ezch of the 14 digital ping an the Una can be uded be B ingut or sutpet, using pinModer),
digitalWrite!], and digitalResd() functions. They sperate st 5 volts. Each pin can provide ar receive B
maximurm of 40 A and has an intemal pull-up resistor (diseonnected by default) of 20-50 kOhms. Tn
addition, sarme ping have sperialized functione:

« Serial: 0 (RX) and 1 (TX). Used ta recsive (RX) and trangmit [T TTL serial data, Thess pire
are conneckad bo the carregpending ping of the ATmegaiU2 ISE-ta-TTL Serisl chip.

s  External Interrupts: 2 and 3. Thess pine can be configured to trigoer an inksrrupt on & low
value, a rising or falling edge, or a8 change in value. Ses the attachinberrupt() funetion for
datails,

= PWM:3 E 6 9, 10, and 11, Provide 8-bik PWH subput with the snalegWritel) functisn,
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+  SPI: 10 (S5), 11 (MOSI), 12 (MIS0), 13 (SCK). These pins suppart SPI communication
using the SPI library.

«  LED: 13. There is & built-in LED eonnected to digital pin 13, When the pin is HIGH value, the
LED is on, when the pin is LOW, it's off.

The Una has 6 snaleq inputs, labeled A0 threugh &S, sach of which provide 10 bits of resslution (ie.
1024 different valuwes). By default they messure frarm ground ba 5 volts, theugh is it pedsible ta change
the upper end of their range wsing the AREF pin and the anelesReferancel) function. Additionally, some
pins have spesialized functionality:

+  TWI: A4 or SDA pin and AS or SCL pin. Suppart TWI communication using the Wire library,
Thera arée & M.IFHE of other pil‘l!- an the board:

+ AREF. Refarance voltage for the analoq inpute. Used with analoqReferencel).
-

Reset. Bring thig line LOW to resat the micracantraller. Typically used ko add & redet button to
shields which block the one an the board.

See alse the mapping between Arduine pins and ATmega328 ports. The mapping far the AtmegaB,
168, and 328 is identical,

Communication

The Arduing Una hes & nember of Facilities far communicating with & computer, another Arduino, ar
ather microcontrollers. The ATmegaiz8 provides UART TTL (5] serial communicatian, which is
available on digital pins O (RX) and 1 (TH). An ATmegalfBU2 an the beard channels this serial
cormmunication over ISE and appears as a virtual cam port b software on the cormputer. The "16U2
firmware uses the standard USE COM drivers, and no external driver is nesded. However, an Windows,
a inf file is required, The Arduino software includes & serisl manitor which allows simple textual data o
be senk to and fram the Arduinag board. The RX and TX LEDS on the board will Rash when data i€ being
transmitted via the USBE-to-<erial chip and USE connection to the cormputer (but not for serial
eammunication on pins 0 and 1).

A SoftwereSeris) library allows for serial comrmunication an any of the Une's digital pins.

The ATmeged2E alsa supports [2C (TWI) and SPI communication. The Arduino saftware includes &
‘Wire library to simplify ute of the I2C bus; see the dotymentation fior details. For SPT cormmunication,
ue the SPI library .

Pragramming

The Arduing Una can bé pragrarmmed with the Arduing software [download). Select "Arduing Una fram
the Toals > Board menu (accarding to the microcontroller on your board]. For details, see the

and
The ATmega32B an the Arduine Uno comes preburned with 2 bootioader thet allows you ta uplead new
code ta it without the wse of an external hardware programemer. Tt cormmmunicates using the original
STKS00 protocol (eferance, C hesdar hleg).
You can also bypess the boatloader and program the micracantraller through the ICSP (In-Circuit
Serial Programming) header; see these instructions for details.
The ATmegal&U2 (or BUZ in the révl and rév2 boards) Rrmware $ourcs code is svailable | The
ATmegalGUZfEUR is loaded with & DFU bootloader, which can be activated by:

«  On Revi boards: eonnecting the salder jumper on the back of the board {rear the map of Ikaly)
and then r&ﬂ‘jl‘lg the BUZ.

& On Rey2 or later boards: thers is 8 resistar that pulling the BU2/16U2 HWE line to ground,
making it easier ta put inte DFU rmods.

You can then ute Atrnel's FLIP software (Windows) or the DFU programrmer (Mac 05 X and Linux) to

Ioad & new firmware. Or you can use the ISP header with 8n external programmer [overwriting the
DFU bootloader). See this user-contributed tutorial for more infarrmation.

Automatic (Software) Reset



Rather than requiring & physical press of the reset button before an uplaad, the Arduing Uno is
designed in a way that sllows it to be resst by saftware running on & connected computer. One of the
hardware flow control lines (DTR) of the ATmega8U2 16U2 is connected to the reset line of the
ATmegad28 vie & 100 nanofarad capacitor. When this line is ssssrted [taken low), the reset line drops
Isng enaugh b resst the chip. The Arduing softwane uses this capability to allow you to uplosd eode by
simply pressing the uplaad buttan in the Arduine envirsnment. This means that the bootlaader can
have & shorter timeout, a5 the lowering of DTR can be well-coordinated with the start of the upload.
This setup has sther implications. When the Uno is cannected to either 8 computer running Mac 05 X
or Linux, it resets each time a connection is made to it fram software (via USE). For the following half-
sernnd or so, the bootloader is running an the Una. While it is programmed to ignore malformed deta
[i.e. anything besides an upload of new code), it will intercept the First few bytes of date sent to the
board after & connection i opened. IF a sketeh running on the board receives one-time configuration ar
other data when it first starts, make sure that the software with which it communicates waits a secand
after opening the connection and befare sending this data.

The Uno contains a trace that can be cut b disable the auta-reset. The pads an either side of the trace
can be soldered together to re-enable it. IS labeled "RESET-EN". You may also be able to disable the
aubo-reset by connecting 8 110 ohm resistor from 5V bo the reset line; see this forpm thresd for
details.

USB Overcurrent Protection

The Arduing Una hes a resettable polyfuse that protects your computer's USE ports from shorts and
overcurment. Althaugh mast computers provide their own intemal protection, the fuse provides an extra
Ieyer of protection. IF more then 500 maA is applied te the USE port, the fuse will automatically break
the conmection until the shart ar everdoad B remaved.

Physical Characteristics

The maximurn length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB
connector snd power jack extending beyand the farmer dimension. Four screw holes allow the board to
be attached bo & Swrface or case. Note that the distance between digital ping 7 and & i€ 160 mil
[0.167), not an even multiple of the 100 mil spating of the other pins.
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Model No. ED75-6M ED80-6M ED85-6M

Product Warranty 10Years
Power Warranty 12 Years of 90% Qutput Power, 25 Years of 80% Qutput Power

Electrical Data at STC

Maximurmn Pawer (Pmax) 73 Wp 80Wp 85Wp
Voltage at Maximum 181V 18.2Y 184V
Pawer (Vmpp)

Current at Maximum 2147 A4A 4624
Pawer (Impp)

Open Circuit Voltage 71V 23V 24V
(Voc)

Short Circuit Current (1s¢) 4384 4664 49A
Panel Efficiency 145% 155% 16.3%
PowTelr Tolerance +3% £3% +1%
(Paositive)

Standard Test Conditions (STC): air mass AM 1.5, irradiance 1000W/m-, cell temperature 25°C

Electrical Data at NOCT

Temperature 47 a7 47°C



Thermal Ratings

Operating Temperature
Range

Temperature Coeffident
of Pmax

Temperature Coeffident
of Voc

Temperature Coeffident
of lsc

Maximum Ratings

Maximum System
Voltage

Material Data

Panel Dimension (HAW/D)
2]

Weight

Cell Type

Cell Number
Glass Type

Glass Thickness
Encapsulant Type

Frame Type

-40-85°C

04 %~C

0.353%7°C

0.6 %/°C

600V

T70x67030 mm

kg
Manocrystalline
36
Tempered, Low Iron
3.2 mm
EVA

Anodized Aluminium Allay
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Model No. 80W 18V poly-crystalline solar module

Product Warranty 3 Years
Power Warranty 10 Years of 90% Qutput Power, 20 Years of 80% Output Power

Electrical Data at STC

Maximum Power (Pmas) 80 Wp
Voltage at Maximum 18y
Power (Vmpp)
Current at Maximum AMA
Power (Impp)
Open Circuit Valiage 21V
(Vac) I
Shart Circuit Current (Isc) 459
Panel Efficiency 7%
Power Tolerance

+55%
(Pasitive]
Power Tolerance 5y

(Negative)
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Material Data

Panel Dimensian (HW/D)
g

Weight

Cell Type

Cell Size

Cell Number

Glass Type

Qlass Thickness
Encapsulant Type
Back Cover Type
Frame Type
Junction Box Diodes

Junction Box Protection
(lass

Connector Type
Cable Crosssection

Cable Length

510x1000x%25 mm

6.2k

Polycrystalline

136156 mm
30

Temnpered, High Transmittance, Low Iron
3.2 mm
EVA
TPE
Anodized Aluminium Alloy

3

P67

Tyca Solarlock
25 mm?

800 mm
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