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Maneechukate

ABSTRACT

This research is aimed to test the micro renewable energy harvesting
devices for wireless data communication device installed in rural areas which are
difficult to reach for battery changing. A micro hybrid energy harvesting system in this
research included small photovoltaic cell, micro wind turbine and thermoelectric
devices. Electrical voltage from system was measured and power was collected in
battery for further use as energy resource of micro wireless data communication
device. Moreover, the test of 2.5 W and 10 W photovoltaic module was conducted
using solar simulator. The result showed that at solar intensity in the range of 50-
1,000 W/m?, 2.5 W and 10 W photovoltaic produced maximum voltage of 6.15 V and
19.17 'V, respectively. It was found that micro vertical axis wind turbine and
horizontal axis wind turbine in wind tunnel generated maximum voltage of 0.72 V
and 8.76 V, respectively. The results also showed that TEC112710 and TEC1-12706
thermoelectric generated the average highest voltage of 4.69 V and 0.99 V with
temperature difference between hot and cool sides being 45 °C. Power transformed
from devices mentioned above could be used as energy resource of wireless data

communication device without external power.

Keywords :  system, renewable energy, green energy
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dunedeusnldlminusylevilisenin nsiiuneIndsany (Energy Harvesting)

15197 1 Aneamvesnasnunainulasitmineveslsenalnelusuias

USTANNALIU fingnw  Existing W.A. 2551-2554 W.A. 2555-2559 W.A. 2560-2565
W#n wnzdnd  wnednd  wnednd Ktoe  wnzdn@ Ktoe  ngind Ktoe
WaNe1fing 50,000 32 55 6 95 11 500 56
WANUAY 1,600 1 115 13 375 42 800 89
LLW“NWWE?Q‘IEW 700 56 165 43 281 73 324 85
Fua 4,400 1,610 2,800 1463 3,220 1,682 3,700 1,933
fnedianin 190 46 60 27 90 40 120 54
WALV 400 5 78 35 130 58 160 72
lalasiau 0 0 0 0 35 1
39U 1,750 3,273 1,587 4,191 1,906 5,608 2,290
NaUANNSaU Ktoe Ktoe Ktoe Ktoe Ktoe Ktoe Ktoe Ktoe
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finedisna 600 224 470 540 600
WU 1 15 24 35
374 3,007 4,150 5,582 7,433
WamasTanm fudas/  Audes/  Audes/  Ktoe  &1udms/  Ktoe  A1udas/  Ktoe
U U U U U
LONIUDA 3.00 1.24 3.00 805 6.20 1,686 9.00 2,447
lulofiwa 4.20 1.56 3.00 950 364 1,145 450 1,415
lalasiau 0 0 0 0.1 & 124
an.
374 6.00 1,755 9.84 2,831 13.50 3,986
AUABINIT TSS9 66,248 70,300 81,500 97,300
(ktoe)
ANUABINITIENA UMY 4,237 7,492 10,319 13,709
dadunislindsnumyuiiou 6.4% 10.6% 12.7% 14.1%
fing NGV (mmscfd) 108 393 3,469 596 5,260 690 6,090
(ktoe) 10,961 15,579 19,799
Fagiunslandunaunu 15.6% 19.1% 20.3%

A (% (% (% L3 (%
N ATHNAUINAIUNALNULATBUINYNAINTU (2551)
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mqwﬁ LATNIIATIDNET
WAIUAY (Wind Energy)

mMsudandseuliinanaudundnunaunusuiuunisilifdymivauandes
nsenluihiindeldisslovddefiuiivivindnaanszuvaedsnihanunsossudandany
Mnleasioata uenantusinuuaranuanszmusedauindeudnde

wiuaNANsAABUIYBIIARIMATEMAINIINAINLANA TR SRRINYT A
nAvasINALAT NSNSy uYedlan falanldfumnuieuainaseriingfussidvesniny
SeumndalanliviAunnusnariiiisanuwandwesguuginvazaunne1nie ushnla
fiflgaunniigs anunae AL p1MAUTRUTLIasEfTugs druudnniiigu g
AnunaeINAgedslnatimnunud msindeufivesnasinmaiiliiAnnszuaay 91003

LAOUNYBINTELAANITUNRI9UIAY (Kinetic Energy) AATU WA UIaAn nanTunils

MBI (NFUNRUINSINUNALVIULAZDYSNUNAII, 2546; Twus, 2547; lnadad, 2551)

Anagay (Wind Power)

o w e~

MAVBIANAD BRNITIEIUTENINNANIUIAUNLANIINATARDUTNVBINIADINANAN

ASLNUAIRINUUNTINUIINUNNURANI9118U9991N AR DVTINUIBNET AITUIIAIUITD

Asaniasaulaannaunis (1)

1 3
P, = =pAV (1)
2
dlo P, Ao fdvan (w)
P Ao ANURWILULYEIeINA @AY 1.225 kg/m?)
A Ao fuiivthde (m?)

VA9 anusian (m/s)
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Ueneiiniuluinazdeagaainegdivivsnaiuimihdnveduinnmue lngansaesung

nasuivaeluinaansaisuguliannnasnuauntaunis (2)

—y

1’ ajrd Dewan wied
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AN 1 ANUSIAUNLAR UM UNUANTNER

fiun: dan fadn (2551)

1 3
S F’WCp = EPARV Cp (2)
dle Py Ao fMdawesau (w)
C., Ao &uuszansaussouzaasluine

A; Ae dunnaluia (m?)



YUAVBINIAUAY

fiuauansoduunmudnunzuunuuvesteindy 2 uuu fi

1. AafuauLuILnuueY (Horizontal Axis Wind Turbine) iufsuiisiunumnyu
vufienisvesan Inedluimidusdaanniuusay fgunsainuauteidsilumiions
veensehaanseniadetarigunsallasiudsiudigademesnsiinauinnse wu

auNIgUaEARgULLATILD S AviuaukuuknuLuInen tud duiuaniuddad

(Windmills) feiuasludeauny deuldiunsemaiuasiuivauuuunidadnseu

- Black

Y \

mwﬁ 2 Horizontal Axis Wind Turbine

2. fefuauuuILAues (Vertical Axis Wind Turbine) 1 ufaiuauilununyuuas
luiansandunisiadeunvesauluwuinudwilvaiuisasvanluiwisulanniiannmi

AaiuauLuuBAUAsUsEaNS A mlunsildsunasnumddedintunsvenelviivunlng
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13RI UALNRAY (Generator)
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1 <3 ° o
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PN [y
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(Armature) 815uaeasvyuntsluauinwiivindanie (N) wazld (S) vesusiivén
nszualwihildannsuanvesensnaesargnivdeulnduliiinssuanse Tnsresiiumnes
(Commutator) kagiUseau (Brush) 3nngree1swad duAnnsURsuuUaENFusiman

L NALTINUNLLIUITUAIENNTT (3)

N 32
dt
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iwsaenialniinszuanss (Dynamo)

direct current

: north

armature

magnetic field commutator brush
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Time
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WuAuisevreaasasnLilalagyiluiniesnidalwihazUsenaumediudinty 2 @ Ao
1. lswa3 (Rotor) agilvampsniileglusessounnulsines
2. awnos (Stator) Aeluseaaunuamnasiunaln F91NLNUANS ALY
U L2 dl'
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Tswwes asurelaannaunis (4)
n= —— (4)
P

We N Ae dwiuseulunsvusieuni
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wasludidnysn (Thermoelectric)

= v ]

wasludannsn Ae Jaanaiursadsundsuanusoudundsnulndiale Taely

q

ALANAsTEINgAMnTvesadesgn Inedidnnseuaziiumsangeiionmgiigiludage
fiftgamadsniutanyhliAndaluihuasanusidng Seanusotmdaulnihitldunle
Usglewilel

wannsmesludianysn (ugdn, 2553) Usznausae 2 Us1ngnisal e

1. Usingnisaldiua (Seebeck Effect) gnAunulae Thomas Seebeck +Tu

' ¥ '
a a = Y a

Usingnisaiiinduludanauisaasisanuand@ng i lifietuainauwansd19ved

q

gaumniludagls Jsaunsaesuimnuduiusauanns (5)

s=2Y (5)
AT
do S e eduuszAvtdiua
V  fAs adndluih
T feo egungd
AV fa  aranuasdnglnin

a

AT fo eanusnsdngaamgil

U

2. Unngmseainaiiies (Peltier Effect) gnAunulag Jean Peltier 1uusingnisel

Y

[y

nfiendudndiuseninanudouiiiintuluiandunseualuiideudluliias awise

a5 UNYANUAUNUSAUANNTT (6)
Q=I1I (6)

d' & 1 v
dis Q A Anennuseu
I1 @Ae Aduuseanswmawiias

| Ao ANszialniia
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Janwosludianninawisaussgndidudiuilalnikiiuusngnisal@iun Senin
Thermoelectric Generator : TEG drutsngnisalmaifissiuuszandidugaiiauby
139011 Thermoelectric Cooler : TEC 31051891489 Snyder laasutenisaiislugaines
Tudidnvin1 Uszneviuanisadimesludidnuaaiwad Inelugatzgnuszneutuainead
%iin N-Type uay P-Type o619z 1 1wad Wousosyninana 2 wad dreurdusiiiuiuay

U = L4

Usenuanuuukarassswiuesda weduigadunieaeauieuliluaniugunsal

wesluddnyisn lunisuszuszgndldanumesiudidnnin wu Wusmiudalwihainanueu

Tuvieleidesoswd ffuvuadnuuunnnindeuils Jusu

Heat absorbed

Substrates ‘

Themoelectic
elements Metal
interconnects™y electrical

connection

AN 8 Thermoelectric Generator
NAYULEID%RE (Solar Energy)

wduuaeiing fe waanuitinanujiteriundosvesmseniing udods
nsrenasnundilanlusUresninuiounazuas ndaildidundsnuiiaunsadsudy
wiaudy 9 18wy ndsnu wdsewen wdsnunumagns Mufmdsuanieada
(Fossil) Gandanumaniifinandniuariie fuieldsunduanniserindarsinisadna
wadileidorunszuIun1sdunsziuas (Photo Synthesis) waauluguveangany

wavoindiiuselevidouywd dnl wazivy [sednm, 2557)
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= a [ = a v = v a s [ v v 3
‘N‘&IﬂﬁﬁwwU’]ﬂﬂ‘U’]’JQEJﬁLUﬂ’ﬁLUaEJ‘UW&N'WULLE‘N@’WIWEJ&I’WL‘IJ‘NW&\N’TUIWWN’] lnelogas

waeing (Taw, 2551)
Wwaaasa1fing (Solar Cell)

13 a & v -d! L% -] . d' [ ¥ L4
AR ITINGAI1991Na13A9FN (Semiconductor) NaunsauyaIng ULl

< v A o 3 a ¢ a v o
undenulni Welkawnnnsgnuvuwasuasenfindasianisadanmeiliihuseqay
Bidnnsaw) Uszquan (La) Jeegneglulasiasnesesns f-10u azvimtnfiasisauulni
meluwadviliiausaiulniiuuunssuanss waduatoindaunsauuinguaunalulad

NSHAALA 3 NUAINING 9

wAluladnSHAn waakasaing

wadlaseAnguianan (Crystalline Solar Cell)

wadwaseNndudafauuis (Thin Film Solar Cell)

NAUNHRITUIN

a a a ¢ A €
AN 9 laezunsumaluladnnsuanaakasaning

1. wadwasofinduiiandn (Crystalline Solar Cell) iugausnvounaluladiwad

(%
v o v Y a

LAIDINAGYINU1INATTAIRIIFIRUTIateia lann Fanau (S) wnadeunsielug (GaAs)

¢ a

waakaseingnuiunandaneuinisndauagldauninian Inswaduaia1indviianan

a 1

lgsuniseensuwaznantundandyd TuszanSnmgaussununisnanigannuluse
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Amdi 10 Crystalline Solar Cell

2. \waauaseindudaflauuis (Thin Film Solar Cell) \ugpiiaasvaanalulad
waduase19ing vu1naisusenauisiiiuaniileinaglia (CdTe) sdieosduiey

wnadeuladdlua (CIGS) fimnduussansnisgandunaingiasannsonanduiauualiden

D AUUNITNENITIAQNNITRTRAND NG TANEN

AWH 11 Thin Film Solar Cell

3. wasuaseinduinddeulinas (Dye-Sensitized Solar Cell) waauaso19nd

¥
=

yinddoulnasgnITouasiaunduluyil a.A.1991 Iag ProF. Dr. Michael Gratzel lngd

) =

PANNITNIUIZARBAUNTZUIUNITAUATILARAIVDINY TUTLANTAINVBIN5IUADY

a Yy aa e

wasuwaslilundsnulniligedia 11.18% fideffefidununisndniioan asiedatily

] f =X & a U a P P
Wuansusenaulanzoanled PUTUUATNUAILINADULAZULANYTNINEN
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A 12 Dye-Sensitized Solar Cell

4. waakaw1ndylinansdunsy (Organic Solar Cell) waduaso1Nnduin
#1389UNTY (OPV) n30UNATITENITaaUaIe1inguuUneaIles (Polymer Solar Cell) 358

waauaserfinduuunaiafin (Plastic Solar Cel) Wugunsaldmiunisivasundsau

Y

wavonfindulunszualnihaialndldTanfwinhuuvarsdunidundudiuusznaulunis

1 I a

Aendunaardwulsey waduaseindyialiigauluSenisudniig s1a1ge annse

Tl ununtianulaaasls

A 13 Organic Solar Cell
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mqwﬁgamuwas‘mas‘ (Boost Converter)

% o 2 [ & A LY v dy =
VANNIIVNUYRIYAARBULIBSNET Aenisuuawseiuliinssuansedigaulaed
gandnAwseauldieidn (Input voltage)

[

@

wseduliinvireen (Output voltage) 9%

v A

dudsznauniddgyveyadaounasinesiinal

1. UaRABULIBTHBS (Boost Converter)

Y

2. fwmtienin (Inductor)
3. 295asdyal (Pulse Width Modulation)
2933YaRAauULIBIAes (Boost Converter Circuit) LUua93sAildd1m5un1sudas

wsedulnflnensen (Output voltage) WAmannitussdulnilavnda (Input voltage)

Joung1995130138n8n8e1emileineamuseau (Step-up Converter) 1I5YARADULIBS

weasazUsEnauaIngunIalueawanias (MOSFET) seleduit (IGBT)

nunaindia (Mode Switch On)

Vi Vowm
—_—
IL o la
— Y Y Y 5 o >
L Dwm et
+

a ¢ ¢ s a ¢a
AN 14 'Jflf\]ﬁamﬂﬂlamafl"]ﬂ"\]iU‘Jamﬂ@un@ﬁl’ﬁ@?ﬂmgaﬁ@smﬂﬂ

Al 14 ladaueiaasnismauvesyadasuiesinesiuannvaindiln (Switch

On) wadnulnihainundedng (vs) azangliluazanegludunioniluszezinamidly

H39381Ma3ndiUn (Switch On) aglagusadulninndimieniagianiiuussiuluiag

W1a9T18 (Vs) mnungusaiuvasnosven
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wunaIndln (Mode Switch Off)

Vi Vowm
I | la
Y YTY Y -
L >

Dwu |
L le

Vs C‘) S ‘X{, Ve . ~C Vy § Load
Q

AMA 15 19TANYAVNNRTYARABULIBIINBSYTAINTUA

n1svinululneg (Mode) f@uanslunnd 15 wasnulniiainumassiy (Vs) was
wadnulninazauegludiniionir asgndawnlviddvanlaendsnulninlasuainds
wilgananannisaenainuliivesiamieni vadaniliasaunainuliluganai
aululnueadndida (Mode Switch On) kazainnsnivanlasunasaulninnumassie
(% 0 =i o dy ! ! (% v (3 ISP
wagnsANeNEurasiumiiendiosdmasonssiulniimssnueidneg (Output) e
U 14 a o gj tdy -] [~ Y o
ngusaiulnimIssuudune (In put) 99NN159119U092995919 2 Tnuailvinlmauladaag
1995YaRABUNIBIINDT (Boost Converter) Aziinsdngndsuliilvnulnanegnaaniian
fauzivnduiialadldldvhnuimusazananuduiuseeinsinnurenvsyaiaey

B5MB3 (Boost Converter) 919 2 iuatisianunsamawsssulniuisentaannaunisy 7

V.
v, == 7
AN (7)
Tned
V, = wssntueswmrasIglninnszuanse (Dc)

= Agleida (Duty Cycle)

V, = LSeAULIANR (Output)

o a & 4

nsmAANmieNEnigavenTyadaeunaiinesilalaauuinisagyde

1 v € 0o o

& & &al a o o w
meluinasyadnsuneimesimwiuaudmasininesnanunasineidalninsesuans
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2
P=PL ®)
Py = VsLg = VgL 9)
__ %
I, = 1-DYPR (10)

nszualihflvaiudunienigegasazsigamidanataisuasnsiasuna

Yaansehalninlutiiaintuinsewa

I =% 41507 (11)
Lmax = q1-py2r " 2 T

V. 1 VDT
I iy = —— 4 =2 12
Lmin = G py2R " 3 | (12)

anufbinszualnihfilwanudmieninluwuusellewazdanduuinadsiuazm
A prigalrnidnganinliiasyadneueswesyiauldlureulunsyniidnun

nszualwihnlvanudiuietinnuusawios

Vs 1 VDT
I e —— A =0 (13)
: (1-D)2R 2 L
o, DU DIR (14)
min Zf
e
Alpony = Yumsthnszua
I max = nssuanlvuruiumtegeEe
ILrmin = nyzuanlvuhudwnteniegn
T = AULIANANY
P, = MAYFI UL NINTEUAYUNLID TN

I, = AwdeveInIzuan naruiLAuYsEY
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MU UNABULIDIIADY

2995NBUTEAULSIAULNATY (Buck Converter)

Unpouesiwmesidunnmeusyauliussiulinsivieaniadniswulnnseuidi
warilewlyi99s LC Low pass filtter n1asiuvieaniiieluussduviseniainuisevgauasi

PnTIN1TANOUA Y UTUNIUNIINARUAUATI AR 10 9BIANDAILERSTUN WA 16

AN 16 1ASIAS199995 Buck Converter

WANNITNIIUY

N1591971409UNABUNBS MO UNLTY 2 PranarfevalyaIntuINTEwa has Uy

fndvgniinsua
YULAINTUINTZUE
VJ. - (}]u - ys)
-
. I VYV >
. -
. + iy, Iy
| A |
o | <+ 7
b — = C
' E71) P;n l R | °
| ' |
| - T |

-

2NA 17 WITFNYAVBY Buck Converterugugaintinnssua

nszwavzlaanurasnenualftrud et lUddvan Tnennsewadiuniaay

! v @ = v Ao v w1 =
Inarusiuiuuseadeaslaaunisiddyawioludl
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vy =V =V (15)
. Vin=V
Aiyon = (“2=2) DT (16)

yl_(yu Va)
+€——————-
+ ——— o—p—y—/"ll’"\r\ .' I +
4 + . o7, 4
| A [
|
Val () 75 =0, c g<
| |
| [

AN 18 2395aNLAYBY Buck Converter YaugaingngniInsewa

Weadntliiinszualaleonazlasu Forward bias NSELaAIUV190NEIUT lAANIUAD

[

Qll o ¥ 1 1 d' f-:! ¥ d' o U r-:’ll
witlgalaegnelllosdsazlaaunisnanAyfeil
UL = _VO (17)

Aij g = —2(1 — D)T (18)
Weenluvruzaniizasfiini1silasunlasueansehanudintdetuivusaing

Unszua uazvazaindngminssua swaunaiu (Alp on + Al o = 0) Favilsd

1A AUNTINITNVYBWSIFUVDIIATHIT

—=0 (19)
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v
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v

]
\
e N I T e

T

|

MWA 19 JURAU L, i wag ic Taanan1ivediiluinsunaouniaiines

NN 19 UndueInszLav1enn (i,) Fwusduniu i awnsarwinldainnis

NILLNDUVDINTTUA i, FIdNNITN (20) way (21)

Imax =1+ =2+ {21 - D)1} 20)
Ai Vi 1 (V,
lmin =1, + 52 ="2-2{2(1- D)7} o)

A1 Manian (L, ) 9993995 Buck Converter @aunsad1uanlaain

aun15i (21) NI i n = 0 BWIARIUIUIAT Ly, 9RINENNTTN (22)

Linin {%} (22)



22

AV

23

a M . ) & ¢ s
AN 20 gﬂﬂauﬂizLLa Ic LLaZLiIINU vy Iuaﬂ'ﬂiUﬂﬂauL’JaﬁLmai

WueiuszaonadusuYIsendzduiusivszaonadunselafiiudniulsey

AanandlunIng 20 Fsvuavesaiuuszgaiuisamuamalanad

\esann AQ = C. AVO war AQ = 1 (Z) (ﬂ) _ T.Aij,

2\2/\ 2 8
(23)
o g w T.Ai
Vil AV, = —=%
8C
e AV, 1-D) 1-D
Ity VO = 8(LC fg e C = A(T)z (24)
0 g 8(V—0)Lf
i AVy/V, Husasnsziilouussiuveeniseuduld
F Huirdaindeesdintadnnsedndlunes [Hz] (F=1/T)

aeg13lsfAnuen L way C Nazldasalunas mssiAganIAawale lngane L 9

wTAITUAGINT Ly 110077 10 ilagUsEa0
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Subrahmanyam et al. (2012) ¥IMn19WaIUTEUU Hybrid Solar-Wind System R
Fuszuundaliihfinaunanumeluladndsnuuaeniinduasndnuauddosu Tneaos
sruuReTUIUE IR UsTUUaEd@UIn 120 VAC eszuunanlniiingsnunaserindaznan
Ifnszuanse (00 wsedu 12 V uazgnusulmdulniiinssuaadu (AQ) dve DC/AC
inverter 7ilnszuavI09nUUU 1 Wdvu1n 120 VAC wazssuudsiunannszualiiimdsau
andunuugnindauuaniifianugazivu 183 wes dnluinvestaiugnainsainaivon
1‘1/\1LUa%ﬁﬁmmwumuqmazﬁﬁmﬂﬂLm LLﬂuﬂJaﬁaﬁugﬂsiaL%’ﬁﬁ’ULﬂ%@ﬁﬂLﬁ@lWﬁﬂﬁﬁ@&ga
gunIalAUANLSIFU (Regulator) LLazqﬂﬂszﬁmu@maumiﬁwmuimwﬁm-ﬁassumﬁa

]
av a [ 1

Tuiafan1sugwsniuiidanlasndensgunsalsig 9 szuundaliiwuunaunaIuves

q

RUIHULAAIAININN 21

Phato-oltaic Pannels

{:\ 120VAC
Y

Wind Turbine ‘
Generator Load
ts DC/AC
& A g o o O s ALY Y
rwverter Filter Yy
=
Instrumentation Fanel

j’
DC extemal
e

Amd 21 szuu Hybrid Solar-Wind System

Fiun: Subrahmanyam et al. (2012)

Fadaee and Radzi (2012) lasiuriudeyaingifiussuundalningsnunaunuwuy

NaUNE1U (Hybrid Renewable Energy System: HRES) WU U Stand Alone laguusnu

[y

nnUsrasAnisidavesseuy Jadideliinauenisldundandsnunaunumdn o 3 Yssian

§ v o a

A9 LRTAALAIDNNAG NIRUALNARNTE LA WA ILAZIAT DI UARLYALYDNAINALNY F1U1T0



24

SRR AR ARgTIUNUN T LALNAAN TS WA LN

PV Plant —
A
|
! B —>| Transh Lok ]
; Wind " AC/DC/A iy m“:"“ l ’l
|
1 = S :
® '
|

! Baery ® e (
: - Y [
l ——————
I em= oy :[ Controller ]- A

AN 22 WHURINSTELRaad ke RngTIuiUNiuauNannsEwa b

ﬁu’lz Fadaee and Radzi (2012)

szuukanlWiInauraualuladnasuasefinduaz na s uauLt e fulagv
gosszuvaggnuUaanszualnihiindsladulnihnssuaadu (AC) siawdiuszuy AC BUS Lile
deaidmilaudaslniiuazanglilnan (load) szuuilazfnaigunsainiugun1TvinaIuYes
gunsaling q Tussuundalniilaesudyarnanudendasiiiiednsiensinalnihnsads
s a A Y] o A a o L = v ¢
n1sy1sakusmasivedesiunisidenenainiugunsailunsal Over Load n1sldunawad

a & 1 v v v a < & 494} a
LLﬁQEJ’WIG\EJi’]?.JﬂUﬂQVmalINﬁ@]ﬂi%LLa‘l‘W‘WWLLaSLﬂ’iENEJUG]@L%&L‘?IQLW&QVIWLWIU

O -! Batteries DC load

Photovoltaic C':roe [
panels ;9' J
DC DC
Rectifier AC AC Inverter

Wind Turbines

Diesel/gasoline gen.
ACload

AN 23 LRURINS YRR WA AR ST NN UNITUALNANN S LE TN

LALLAS DAL UAALYALTDLNAINA LN

‘17'||m: Fadaee and Radzi (2012)
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SEUUNARM NN HNAUHNE 1 UNATULATNS I ULAIDITING WANTUAULALLATDILUN ALY
dy a ¥ ¥ U L3 a 6 [ o a
DN AINANULINA8 T ULALTEUUAA LAY AN g WAz NI uanaznanlNdNsELanse (DO)
wazdnglidugunsallufiinszuanss mindidenisudniuniiudeanisveanaselnii
n3zuanss (DC load) nszuanndnliazasadiguunmaniananduliinssuaadu (AQ)
Winanelwiuniseluinnseswaadunnu (AC load) TUUMLLAEINULASBIUUA ALY ALY DLNAY
nawnuagyiumvaiulunsevinudisiaudesnisldliings Ingluialaainases
Audalnihilgsuriduduniaseudnwaitamdmannuasidulwiinsewaadu wnidanis

a o ¢ a o ) A a 1% =

NARINIATEIBUALAUAINABINTYRIN s E TN STuaady nIzuaindnlassgnuuandy
Wi nszwansaiavsanunnesnsaanelrnunse NS Lan TNy

ugTn wazamy (2553) lawauanisldmesludidnninauiusisnosuuilugIuves
Usingnisaldiualaglonaanuanudounmaondunssuiunisnda 1y Ausauein
yolawn NTEUUMIAILS o UNT O UNSBLNITEUIANNSDUVDILATRIEUA T Tundany
Inhdneliiugunsaldsdyarauuuliane uenmloanmsldndsnuainiuamesnigludi

=

gUnsaludifinsagrufes uananazamuisadneignislduvessunnaivazdsldidu

[ 6 1w =

wnasdnglidrsesnsalnviinisiasununnesini InslidesUngunsaidedgy gy &

S188LDYAVDITEUUAIT

1. wesluddnnsn (Thermoelectric) agsinisulasainusautundanulni
Tlonsanu v, 939 0-3 V

2. 33995 Low-Input Voltage Boost Converter ag#i1n1siinwsaiuanldusediu

V, 81 5V

'
IS o

3. Wesnwseau V, geilansnuluiazinlulgauimesinisiiuwsanulag
39393 High-Efficiency Boost Converter W AlALSIAY Vo 71 12 V
4. Switch l@anunasIeenlUdRINLREII18910 Thermoelectric Generator

[y

%39391N Battery iiednelnlvidugunsaldsdyayns (Wireless Device)
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AN 24 HANTVAADUMAINIUEIANAVBINAT

11 QT wazAuy (2553)

N15NAFRUNIULDIANA tnen15UouUAILIINY V, Nuanened iy 3 Afe Vo= 1V
Vo= 2V uag Vs = 3V arnduiiinisusuiiindidevaanisdiueidnaliuinduausinlv
L3O IINRLA1aAAY LienTIAERUNaN1TSNYIANSEAULTIULAM aguladnAnseud 1oy

WUUTHUNUANLTINUBUNATIATU TUABAT |,y ILHANGITUNUUTITUDWNG V;
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60
- | | |
E 50 |— V=12V
i o /
2 30
z
o 20 2
: o
E 10
"': 0 ---""""......I.l.I
-

0 5 10 15 20 25 30 35 40 45 50
Differential Temperamre dT - (°C)

a a & a s
ATNN 26 NﬁﬂqimﬂaaULW@ﬁMaLaﬂWiﬂLf\]ULuaLiLmai

7 unT9 wazAnE (2553)

NansVadgeuN1ssemesBdnyinTivinsyareuneswes lngldnesinddnyan
F1UIU 4 WY Weaziauiivwn 50x50 mm desunsuudilouninuseuliinnai1agumngl
0-50 °C W38 uULlguseEninanan 19Ul dT wazAINTZRE |, 24ulAd1A 1,
WAsuulawnunaring dT wagasasyanounesiwoszduinuuasdenssualdmaumnanis
gaumngil 8 °C

Jugsujinda et al. (2012) lavinn193delagnisasisuuuinaosiiuaunanniuasy
Anwmannisinuvesisiuaundalii lngldluinvaduaesvuaduriiuaudnalsuin
12 cm Aranda 2,880 RPM luduridnauinluteiuauaaniasiuinlwihadaulas
9INUBLABSNAAUIZUIBDINIATEY CPU UotnosUsznoumewdinannsinssuaniduriy
Aunans 30 mm Anuduautuivn 70 mT luinaw 7 Tu durugudnansiomn 74
mm BUAATULNUNANYBINITIUANNLUARTUIARIANBAIUDT 40 J1UIU 550 FOU NUT
desandsiuaiminanduiuiavesanyszana 8 am SnsiAnmiEvesan 7.14 m/s il
fAauauviyy 855 RPM uazusinmyuseuvaainvibinaussiulninssuwaadu 4.9 V uay
nszud 17.52 mA ntiansidsenssuaasdsulilihnssuaaduliidunszuanss 3.60 v

haznIzLd 14.90 mA
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b)Wind turbime

AN 27 druusenauvesnsiuay (@) luanes (b,e,f) fuiuay

LazlaULUBLIINGS (C,9) 29as58InIELa (d) viaenlu
;5978 LAy TuLe (2556)

nanIsIveiennsteuanisseyniig 0 cm a1ne3eaiaudensinnuSian 8.40
m/s silfaiuasmay 906.76 RPM eideuiwiuansonly 4 cm aniedesiiiau Jasas
mFianld 7.55 m/s fafuanagmsu 871.46 RPM Weimnuiisauuazidslniinfiin
sonnlU@eudunswildmuning 28 agldidlonnusianfindulninfisseonuias

WnTududunse duasluihandsladudndiuleensatuainuisiau

“©
250
b g » c curont ,,'
£ . — e~ acvoltage /

g 200 %’ & efficiency /
£ - /
S— <l ]
5 150 2 /
g & /
2 100 £» '/
.; .’./. s -"":.
'3 .’.’ : 0 | 7'.
2 50 "/.« § it .’;',l'
w ot ... £ ;_.,.-,l e e O e e @ e e

o »7 E 0

% ]
3 ‘ s 6 7 ] o) 9% . . ) T * o
(a) Wind speed (m/s) (b) Wind speed (m/s)

WA 28 (a) AmNAURUSSEUINIALSauLazAds Wi N iuaL
(b) AnuFLRUSIEMIeANLSIan nszualwinssuaadu

wssnulninnselaadulazUsEaNS N mwesnaiuay

fian: Jugsujinda et al. (2012)
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597y way Tty (2556) lavinnisideieladiannsnlussuuAuieIndsaudinsu
wuigaslualdanslagyinniseenuuunadouiau1gUnsallAuigIna9Iunaein
n15AaUlMINEILIRTI AN TNAINUL e el uFwues lualSane s aun S Ty

LURLADS

AINDIN micropelt.com

‘"“I*" a

Power Management Microcontroller

W T m
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Sensor

PUN: 5978 way JuYe (2556)

Mslandsnuveuasiunliavausamuiulaseaunisn (7)

T T
— 1 1
Ian_Z FXI + 1_2 F >(Isleep (7)
i i
44' T & a ¢ a ell I
e T, fe wavgunsaiuslaanseuaade 1
P fo seunawimuadmsunisnisinnisuslng

9 NIzuanuilnavalz Sleep Mode

o))y

sleep

|an Aa  nsuslaewasluseu P,

W9NA1504189 Characteristics of Energy Storage Devices WuU31 Supercapacitor i
UsAnSnmananusiauInasnuiguiuaundunn sesasmnae Lithium ion (Li-ion) uag
Nikel Metal Hydride (NiMH) #0915 Uk UseENTAINLATAUINAIIUADVUIALA?

Li-ion tvisngauiian



31

100

—

—m— Super cap simulation
—mr—  Supar cap exMparimant
20 = Lithium simulatian
—&— Lilhkam experimeant
—e2— KihiH simuilation
—i— R axparrimeest
= i

\
—
‘-‘._‘H‘L

Charge/discharge efficiency (%)

L

200 1850 160 1< 120 100 a0 S0 0
Charge / discharge current {pasad

AW 30 NsneaeUUsEAnSAInveaunsal

PUN: 5978 way TuYe (2556)

Tabassum et al. (2015) ladnauenisesnuuunaziinsgvivialuinisiuauwuin
Framuusnssvesiaiuauunuis Sundluinuazenuiilumanguuendu 3 wuy
wuudl 1 Tusinduou 2 Tu vivhewivegiifendadundeasiag 180 esm seu
WU
wuudl 2 luiindiuau 2 Tu vidhenanadinduseudiea Tusinsnuuuyingm 90
a3m fuluas
wuuit 3 luadruau 3 Tu ¥insne Galvanized Iron Sheets Tusinsigm 60 o

IDUNNUNHU

Blade-1 Blade-2 Blade-3

d’ v d‘ Y d‘ ! U
il 31 Tusiaflasunisesniuuiuanmaneniuy

f31: Tabassum et al. (2015)
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ayunavnnisvageuluglusdanvasluindaius 3 wuu n1sdsuulaininus,
YBIANIIN 2 m/s 84 4.4 m/s AuaNazinnuiiaEIay 3-4 m/s kagaIunsnasia
sl nsidsuudaswemmdsnulniduegiuanuiian Wuil dmtdnuas

AN50NLUUTUNAAILAAILUAINT 32 WAy 33

300
— 250
E
(=5
E 200
B
glﬁd} —#— Blade 1
= —l—Blade 2
= Ty
:.=. e Blacla 3
= s

0

1.5 15 is 4.5
Wind speced [ m/sec)

a < o ' nl' <
AN 32 ﬂ’)’mLi?iﬂﬂ'ﬁ%lqlu‘UEN&LUWﬂ@]@ﬂ’ﬁLU@EJULLU&Q‘ZJENWJ’]QJLTH%J

fi31: Tabassum et al (2015)

4.5

3.5

2.5 —#—Blade 1
—il—Blade 2

Power (W)

1.5
—ai— Blade 3

0.5

1 2 3 4 5

Wind speed (mfsec)

AN 33 ANudURUSTEMISaunletuALSau

f31: Tabassum et al (2015)
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MnuitedamnsnasUldimaluiadeiiduiuaudnansuiadnazmnsudae
mnuiigauatussdauazndsanliihfisniluiasualngdsliusedauasndsnuluig
1NN

Nizetic’ et al. (2016) lévinnsnageunisiiindszdnsamussuniwaduaioring
Tngsznianufeutesumagaduasefing Ineldasdilunsdanuhiumiuasdumds
YoIuNLTadLAIingnTouty onsiaaeunisszuisauieuiidinanansenuie
UsgAvBammaianuvesunawadiaseindiszdunnuiduresisduaseniindgaan Toune

(%
v a 1 Y

WAALAIDINATUUIA 50 W INLNIEARLAIDINASLD897IUN 17° WIAANUNINUA 20 9

3

v
a 6 v v W

YUILFUHIAUINAN 4 mm AUNTVBIURILTAARAIDTIndAnRTIdniuYeiY 150 mm
$1UU10 H1 FUNSWBILHUTAGUAID AT AAGITIBANUILIA 80 mm §1UIU 10 %2
wsautilusie 4.8 bar gamgiitiede 17 Snsinslvavesth 144-225 Uh nieaoulutas
11.00-14.00 U. riauﬁ’]mimaa'uLLmL%aéLLaaaﬂﬁméﬁqmmﬁgqqmLQ?%&J 50 ®HIINNTT
naaeudanutnisdundiuagdiundivsiLneaduaioinduds guvgiuniead
a0 Tindanadads 30 LarUsEANEANYDILNILTARLAEAAGIRNTY 2% 910 13.92%
W 15.92%

Moharram et al. (2013) ¥1A5L iU sEaNS AT UYDIRILIAS et Tindee
11555 UI8AINS U NI INUNILTARLAIITNE Tneadi swuUs1aemngindIansion)
A1ALATlUATTITUIEALS DU ILRATRA LTINS wazTnIsadeURIEAIETEY
Wilneingaumgiivesuns JnsmundunaseriindiinnnsenuussuasSndridsliigsgad
90NNUNILTASLAITAE WioldRuamUssaniamusiunswaduasonfing n13szuiy
AuSouTesIEULILINIAaeY 7 Afe adtay 5 unil Inefinsfurasmafuteyandaas
15 Wit Tudayd 1 fgueu uozday?l 1 NINNIAN W.A. 2012 Fausinan 11.30 - 13.40 u. 19
Snsmslmavesin 29 Umin nudmn 9 5 uiiivhnsssunenuieugumgiianansaanad
10 wazUsEaAnEnmueuNITad LAt indiindudy 0.5% a1n 129% 1Ty 12.5% Tagld
UsinanhilanasildanansothlUldlufiuiineaunauumasin wy dsemaluwamziansie

Snvadudunisyinanuaze1nntlNLTad a1 ing leanaie

(% 1%
(Y

Choi (2014) AT ldnsIUsuieussrinunawaduasenfindiandsuuinuas
VuuAUTAeUSI U BN AEaNSHER LR 100 KW wag 1 MW tiednsizvinisuaa i
nwaakasa inglsaluinvuin 100 kW TEuasuuin 240 W 91u7U 414 Wia 9101809
Hapcheon arlsslinARassuuRiuAuILIn 1 MW Iunsuun 250 W S1uau 4,000 L3

a ° ° = A o = o Y o a A ¢ a
L@EN'V]']&J}I 30" 970N Haman ‘I/IEJE‘Jj%NﬂL! 60 km %QNV’YJ']@JLﬂJ@JiQﬁLLaQ@qVIWSLLaSQﬂJﬂQN
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TndiAseiu vin1siinsedt Buanifieunuansiug 2012 - unsiau 2013 TnglifnTuiilis
waauan Tdszuziialun19iATeR 185 day AM&INISHARILIA 100 KW 2119 Hapcheon
LaEASINITHARIUIA 1 MW 91ALE99 Haman azanunsandnlnilla 421 kwh/day wag
3,486 kWh/day ansa16u Tsslnliiisaesiimndansnandisnaiu mdsnisuaaluiiandios
Haman A8 935.9 kWh/day gnudadlviiu 99.36 kwh/day iitelivinfuidsnisads i
9niles Hupcheon #ififdanisudn 99.36kwh/day nuiinisudalniivedlsslufiiauin
100kW uay 1MW iU 17.6% wae 15.5% nuddu Samaneanuinlsslndinuuin 100 kw
finmauutigien 13.5% gandlssbiihaue 1 Mw fiRnmauuiuiy wazannsiUseuiiou
WU uRaasuasindfinnfeuntivssansaan 11% %qqmdwmsam&y’wuﬁuau WAy
nAFeUMIARAALIINAISIaNTienaTinelasadsvesmsinRaunii nuiussauitenaay
Antuiiuliinadelnssadrevesmsinreuni

Usznfing uaz YT (2556) LAANYINAYDINITIEUIEAIUTOUUURINUILHID
Uszavsnmuesundtnlalianidn FaldvinmsvageusonsviutihuuRomiussnlaliandn
2 ¥in fio wnsrdnudnifedddnouauin 40 W uavukivdinezuosilavuin 40 w Tuusay
nManaaeuUsznaulufeunsauny Aaunaiininuluanizuni uagukimadaey Aounad
Rnsaszuusiuti andeyanud tharusaangaugilumsmanuresunddifuegied Tae
MNMIAaeUTeskkITlaNEnAedaneuLazunssinaraosilady QUNNTVBIUNINAFDUI]
AranadilonFouisuiuuninIUANIMAAY 12,52 Lay 17.65 AMNAIRU UALIINN1TaN
M TaHIMEITN T VLT e srdluLiarNMIAae UNUINENasaUTEAVT AW
Tunsmanuvosss WeSeuilsuyssanSnmsgnitauNInTUANLAY LRI NARBY NUTILK
NAFOUINNTVAADULKITEANENIAEI3Ane Az inesesHalandsvasUsyansnm

PALYVUAINU 10.05% WA 7.74% Auasu
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4 ad a o
QUﬂiﬂJLLaz'Jﬁﬂ'ﬁ'lﬁlﬂ
gUNslluNITNATBULHILYATUA DS

WASBINLEALES (Solar simulator)
= o a ~ au o v A A a & a ~
WWIRIN L IALaIN LY luwItedldienadaulse NS nnue wwaaka o Rngluns el
AU ULAILANANTY TA8LATRINEALEIAINAIAILTUSUASUAIANILTU LA LA 1LY

0 - 1,000 W/m? danii 34

AN 34 eSeInlawas (Solar simulator)
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LHILAA ARG
& A 6 A e A Y] A 6 & ) a v
WHaRAdRENeTIng Ao gUnsalflufsundsuasanngidundanulnii Tuauide

Ul waabaI NP IYRANANTIN YUIA 2.5 W wag 10 W f9AINA 35

e Y

r

AN 35 WwAALAIDNNRGIUIN 2.5 W wag 10 W

1AT99INYUNNAUUUBUNTIA
wseringaungiiuusunsusalddmsuingamiiveunseaduateringivey sz

Usganiaimveduraniana1n Tunuideliinsesingaumgiluuusunsusndvie VICTOR su 3038

aunsadngaumaiilugae -30 99 350 °C fanwi 36

AR 36 1ATEYIRgMUNILUUBUNSIIA Bvie VICTOR Ju 3038
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wiasinAanutudideniing
w3oaTaAIAudLSidefindlddnsuinamdsnuainuasonfingluniag W/m?

ieUszifiulsyavsnnresunswaduasonfindildlunismeaeu lusuisedldiniasine

Anudusdendingdve PROVA u 210 fidousesinunesv RS-232 loiiudoya fennd

37

i1

PV Analyzer

AN 37 TweTIANEIULANDTIngEie PROVA U 210

aUnsalluNT SN UAIMIUANIUINTA

+ A
NIAUANVUINIILUING

[ N S av &g (Y N o v
fauanvuindunildlunuideiduivivauniununyuwagluindaainiunis
wisunvesaulukulIsu Foiliaiuisasuaulusuisiulayniianie dvuianiuazas

WINAU 8 cm ar 10 cm ANUAIRU AININA 38
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AN 38 AIVUNUTUINILUIAY

NLANYUINTILUIUDU
fafuanvundnwveudldlunuidetiludvwiuauwuy 3 Tundununguauiuiv

Aennavesaulpeiluindusifiaindulsan Jvu1ande 10 cm §anInwi 39

ﬂ. U A‘
AN 39 NINUAUTUINDILUIUBDU

13
alusAay
¢ & a o v X A a
glusdaunlilunisnaaeulaginiseenuuuiazinars@uiiionaaaunisudn i
Yo aiuaNIwIndY Tvunanthdaninaagaaindu 0.25 m augnanauslinmadiaug
U1nNn190enveeglieAauiyiniy 1.20 m niedvesglusfaufnnsyainaudvie CNDF vu1n

0.2 m sauanslunni 40
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A 40 glusdauldlunisnaseuitiuatuwIndl

aunsailunisnageaumasludianasnnasludiangsn

TuuAdeildmesludidnasngu TEC1-12710 Faausaldeundssuausoudy
nasulninldlagldnnnuunniesseninsgumgivesinuiounazauiu lnedidnaseus
Wunanandgamgiaeludaniigumgisniuuianrilifadilniiuazanusiedng

Feanusaunasulninnlaunltuselesula fanng 41

o

awil 41 wesludidnaingu TEC1-12710
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\nsaslinnuieu
TunideilldiaTedviaiuseuuuy Hot Plate 8% Ok Well Feanunsausuamumngil

voaunusauliviaraszaulunislianuseuduiuiouvesmesludidna3ngu TEC1-12710

e dauSunalniindaldanmesludidnisamgisuiousns q fu fdunmi 42

Awi 42 eseddyimnugennuy Hot Plate e Ok Well

21925YaABULIBSMBS (Boost Converter)
luriideilldeenuuuisasyarsunesinesiveldlunisusuussiulnihainumesdng

In91uau 2 Stage law 2995 Boost Converter Stage 1 93USUTEAULTIAUVUTI9IN 0.9-5 V
Tdusswsindu 5 V iiiedsludsaeas Boost Converter Stage 2 @afintiniusunsenulniia

90 5 v Wi 24 V sield 29asyaneunesnesnldluanuided uansdsnmd 43 uay 44

N |
AT

AM#l 43 23995 Boost Converter Stage 1 wuukUaadu 5 v
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AW 44 2993 Boost Converter Stage 2 wuuwdaadu 24 v

w3negnglnihnssuanss (DC power supply)
Tusuddedldinsesdelniinnszuanss (DC power supply) %o KEITHLEY
U 2231A-30-3 lunsdnenszualiinlviiuisasyaneunesinesiienaasunisinauyes

2995090817 LASDIINANNT ARSI UNWI T TLARIFININA 45

amdl 45 w3esineliiinszuanss (DC power supply)

f9e KEITHLEY u 2231A-30-3



a2

in3asiiadnuasduiindeya

LY

Admoasianiimas (Digital Multi-meter)

lunuideilldfdneadafiivesdvie UNIT Ju UT55 Tunisiaainseualiiiuay
wsasulnA AT uanvuInInazinesludidnnsnuanls waznszualiiiviosnves

1995Yanaunesivnes Adnealafilmesnidlunuidetuandaning 46

AN 46 AImeadantmeasdvie UNI-T Ju UT55

A5D9IAAIULSIAL
Tusuidedldinsesinnnustaunuuluingve AH-4223 TunisiaAiAusIau
a dy I3 d' LY Q‘ 3 d' o
gamall uarAudu neluglusdauiieldlunsnageuiiuauundani 2 wuu w3eein

ANULSauTluUITetnansInng 47
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NN 47 1AT99TRAUSIaN AH-4223

1A384 Oscilloscope
Turudeilldiases Oscilloscope 8% RIGOL $u DS1102E lunisdnussiulniives
J9ATYAADULIDIADT uazaa1e 9 MNeItenunIsnAaay 1A3es Oscilloscope Mgl

RUIVYULLAAINININN 48

)

Al 48 1309 Oscilloscope B9e RIGOL §u DS1102E
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luguideilainnisneaaugunsalfenaeig q vasszuuiuifeandsnulausa
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dmsvaunsaldearstoyanuulsaemawinsusuulann wnagaduaefing faiuauuwn

371 wesluBLanasn 199syarsuesines lnewlainisneaeuaunsaliio WieUedszUUESY

€

o

u‘ﬂ%uq@ﬂﬂiﬂjﬁﬂﬂﬁl’]’lmﬂﬂizﬂ@UL‘fJ‘lJiBU‘ULﬁULﬁﬂ?Wﬁﬂﬂ’]ﬂl@U%ﬂéfULLUULL@%VT’W’]?V]@?{@U

)

szuusall Ingaeddeillonvmeanseandu 5 Mnaasy fadl

N

MINAET 1 MINAAOULHITAS AT

MIVAEeIT 2 MINAAEURITUANILING?

MIMAaesdl 3 MInedeuUesluBIENA3

MINAaesd 4 NSNAFBUINATYAABULIDSIADS

MIMAaesil 5 MInadeusTUUsTUULAUIAEmawuleuiadmiugunsaideans

ToyauuulTangmasisuuwuy

N15NAaBIN 1 NSNAFDULNILYAALERTINE

o
a U (3

1. ARAILKITAALAIDINNGIUIN 2.5 W AuLeTaanwilawad (Solar simulator) A%

4

AUSUNTNAFD UL TR LAY
2. YsuArmuusIdendindsiane 50 100 200 300 400 500 600 700 800 900
way 1,000 W/m? auaidu e dnaussdulninnunsasaduasenfinduanlalulnazainiig
Y v a a &
Wi ringnlvlunsmadeu
3. PN UMt ILAENEIWNLYAa ka1 TINEAILLATEINUNILUUBUNTILIN
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NAUANBUILNUAY AAUANLUILNUUDIY

se8g (M) AuSauade wsaa Ul AULSIAULRAY k59U lnAN

(m/s) \ade (V) (m/s) \ade (V)
0.4 3.32 0.78 3.38 6.05
0.8 3.28 0.57 3.34 5.81
1.2 3.23 0.54 3.29 5.58

3.4
3.38
3.36
3.34
. 3.32

33
3.28
3.26
3.24
3.22

3.2
0 01 02 03 04 05 06 07 08 09 1 11 12 13
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o
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P i < = ] =
AR 75 AAuSIanedsveInsnassluLaas Neulunsnnans
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1.2 14
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6.1

5.9

m/s)

=

ATTHIRLRGRE (

5.8 e

5.7

5.6

5.5
3.28 3.3 3.32 3.34 3.36 3.38 3.4

USUALAUUAY  eseeeeses Linear (fisfuauuuasnuuay)

AR 77 Anusauninasenssiulnivesazdeuluniseaes

0.9
0.8 R
0.7 ’

m/s)

0.6
0.5

=

0.4

s uai (

0.3
0.2
0.1

3.22 3.24 3.26 3.28 3.3 3.32 3.34

o  Asiuaukuaenuds TuaLuaunuds)
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M990 3 Naved AUl TINas 198 IRy

NSNAFRUMBsLUBLEANNSN

TEC1-12710 TEC1-12706

pasnsgamgll () uswiulid (V) wadnegamgli (O wssauluith (v)

0 0.01 0 0.01
> 1.15 5 o1
10 1.87 10 0"
15 2.53 15 o
20 291 20 0.38
22 3.6 25 0.49
= 3.75 30 056
= 4.03 35 o
o0 4.34 40 s
<3 4.69 a5 000
6
5 Lant
L ]
I
’ . )
N e
£’ P
1 | - ...0
@ @@ P
........... .'A.
0 @-- [ WL @t @ o
0 10 0 i, . )
-1
naensgaumgi { C)
® TEC1-12710 ® TEC1-12706
......... Linear (TEC1-12710) sesseeees linear (TEC1-12706)

A 80 ussaulviiinasiegumgiineaiu
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TugufeunsussnuuumdnuasduduldesWidudaoinimgumgiivies Mgeidounnsuu
wanduilifuiumesTudidnednusznaudnegiamanuilagliiniesiuiintoya (Data
logger) FLUKE 2638A HYDRA SERIES Il han1snagaul9asinesiudidnasnlasidunis
Wisuiisumnuuaninsgumgiuazussiulniilusasilifinasuazvaziiinanuansd
571971 4 uaz 1wl 81
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wazwsanu i luvuenliilnanwaziilvan

a ay < 1 a [ 1Y (% =
PUNNU  JUNHUNTUU  NAANYUNNA LL’Nﬂuﬂlmﬂ&lﬁﬂ‘Viaﬂ (mV) ussnuUEilvan

(oC) (oC) (0C) (mV)
35 30 5 32.2 6.83
40 30 10 61.5 8.95
a5 30 15 83.2 10.63
50 30 20 105.3 12.48
55 30 25 132 15.1
60 30 30 141 18.8
65 30 35 173 20.5
70 30 40 198 23.2

75 30 a5 232 26.3
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HAN1INAFUINRTYAADULIDTADT

luruidellagyinisneaaeuiansyansunesinainiddmiumuussiulniiienis
lvldusglevilaginnimaasuieas 2 vlla Ao 1) 1995yaRULIBSAeS input 0.9 - 5V
wlaadu 5V uaz 2) 29asyanouiesives input 2-24 V udaulu 24 V dan i 83 uae 84

Inen1snadevisasazidulunulaezunsunening 85

AWA 83 193TYARBULIBSLABS input 2 to 24 V
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+ + +
Low-input Voltage high-Efficiency
Input 0-5v _] Boost converter v Voltage i Output 24V
> T (CES301) ) Boost converter < —
(MT3608)

x
2R 84 laagunsuNISNAERUINDS

nsnaaeuazldin3es Dc power supper Duunasinlialunisteddiiindigoeas
Gudusaus 1 v 8 5 v Iagld R daduniu % 5% Hulvandiass MHdmesuvuidy 2 dlu
MsnszLaBuNANaznIEuaednRlud output 19 iedesalaufiveslunisinduseiului
101, IENANTNAAEUNITYARBUIIBSIABS input 0.9-5 V wlandu 5 V uansfannd

86-90

1v

Output Voltage (V)

0 0.5 1 1.5 2 25 3 3.5 4

Output Current (mA)

AN 85 wamsmaammmamuna%ma% input 0.9-5V

wlaadu 5 V nsdlldussiudunm 1V



Output Voltage (V)

Output Voltage (V)

2V

®
L ]
o
)

2 4 6 8 10 12 14

Output Current (mA)

AN 86 WANIIVAADUINATYAABULIDEAET input 0.9-5 V

wlaadu 5 V nsdlldussiudunn 2 v

3V

2 - 6 8 10 12 14 16

Output Current (mA)

AW 87 HANITNAABUIATYARDULIDEAES input 0.9-5 V

wlaadu 5 V nsdlldussiudunn 3 v

18

16

20
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Output Voltage (V)

Output Voltage (V)

4v

5 10 15 20 25 30 35 40 45 50

Output Current (mA)

AN 88 WANIIVAROUINATYAABULIDSADT input 0.9-5 V

wlaalu 5 Vv nsdlldussiudunn 4 v

5V

10 20 30 40 50 60 70 80 90

Output Current (mA)

AW 89 HANITNAAOUIATYARDULIBEAES input 0.9-5 V

wlaadu 5 V nsdlldussdudunn 5 v
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HAN1IVAFRIUINRTYAABULIBTABT input 0.9-5v
ABNU9ATYEABULIBEABS input 2 to 24 V
wlaudu 24V

HANIIVAABUINATYAABULIBSABS input 0.9-5v fHBMU 1935YaRBULIBSMBS input

2 to 24 V wlandu 24 V daiinussiuemaluldaulunisinifundanunanidening

90-91

30
25
20
15

10

Output Voltage (V)

9 10 11 12 13 14 15 16 17

Output Current (mA)

AN 90 WANISVARDUINATYAABULIDIAET input 0.9-5v
fofu 1ITYAABULIBIIMES input 2 to 24 V

wUandu 24 V nsdlussdudunn 1V
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2-24V
30
25
=
& 20
(1]
=
0
= 15
=
-0
o
510
O
5
0
7 8 9 10 11 12 13 14

Output Current (mA)

AN 91 WANIIVAADUINATYARBULBILAET input 0.9-5v
fofiu 1ATYAABULIBIAES input 2 to 24 V

wlaadu 24 V nsdiussiudunn 2-24 V
NANISNAGIUWMBSIUDLANYNSNNIAISIUAULKILIAALEIITANE

NUATBLLAYINNSNAABUNSHAR INANSIUAUTERINILHUY AR LAID AR WAL L NDS -

SANNINIALYIINITARAILN LN DS IUBLENNINAIUS DU IAUA UM A VDI ATA R WEID NN E

(%
Y

oY UAMNTIUIINLNILTAR AR TInS AN AU U LKW B EnSnazlivinn1sAnd s
Heat sing Yinn1snaaaulugi9iian 6.00 U. §i 17.00 W. NA1ANLNS@ndlug29 0 -
900 W/m? FaNan1sNaaaunuIAIsadainglut1999nanlaiunsayinliinf nam19ue

a v F% v I 1 6" a « a v 1) [ 14 1 6"
amﬁﬂllﬂ’]UTWULL@ZW’]ULEJU“UQQLLNULV]I’]'ﬁIlIE]Lam/l'iﬂlﬂgx‘iﬁjﬂﬂimﬂm 10 °C RISAVIRIGEEY

9 Y

a &

didnninarunsandnlnihndadrausisdndgegauseunn 660 mv uagliAinszuagaas
Uszana 0.1 A Tuvagifeniuunagaduaseingaunsondnluihndernnusiisdndgean
Uszanal 5.4 V uagliAinszuagegaussuna 0.6 A TIHAN1INAGBUTEUUAUAEINA WY

U ! U dl
AINAIILAAIAININN 92
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3150INANISNAABY

NNaNIINAdeUTEUUNUNEINGaulauadmsugUnsaldeansteyawuulians
maedukuuluanddeinuimsldtevivanrundmauuinuaiulazinuuougnIEEs
TihlaldAdnidesnluiuineaeulaninuindeuiisiausraureudiaidslimune iy
M duszuuiuiemndsuduuuull Tunisndudunislduiumesludidnninsiudy
1935yanouIesnasaunsandnlnihniivssiulnilinuiidesnisuazarunsaldvisa

el v & oA a & 1 ad a 13 s
LURLAaT3 A TueE19R KaXAINNITNAADUANAIMNUWBSTUBLANYIINWALIATYAADULIBSIABS
] 1Y) I3 a 6 v a v v = P 2
Sufuuraraduasofindlinanimnaaliiilaniudenisdaunseasulditssuuiiviie,
wasulausanusznouanuiumasluBiannin 1995YaABULIOTABS LaTWNITAE
waefindvuadnanunsaldiduundmdwnulingunsaldearstoyawuul faneiawnnfngs

a [y Y 1 a
Tudunsiunslalluegnem
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AyUNaN1TILUAUBLEUBLUE
dyunan1Innay

NANSANYINISNAROUTZUULAULA NS 1 UNALNULUURAURETUULUINDY TABuy
mMsneasseandu 3 @undn Ae 1) NMIeFeUUTEANS N NVRLTARLEIRTIAY 2) NSNAdaU
UsgAnSanveseiuay way 3) nisnadauuseanSainveanasludian nsn lngaiunse
asunantmnaesldfail

1. 91NN1INAADULHIYARRAIDTIRgIUIR 2.5 W nazawin 10 W Taenisldiades
Aullauaanie Solar simulator lunsmedeuuNswaduaseIfing aziinsTnmauuLasd
A9 U L%llél’lflLL@' 50 100 200 300 400 500 600 700 800 900 1,000 W/m? Lardnisin
ussiuliiheirdesiinosiandsnuuasenfing §u PROVA-210 wuileaduaseniinduun
2.5 W Ingn1snadeuUssAnsnminavaduaso1indinian iwaduaso1fing vun 2.5 W i
NadaUTAIdLLEY 100-600 W/m? d1u1sananusesuliiineds 6.15 V d1uisad
uasefindauin 10 W lnsnsnaaeuunawaduasefingiinnian waduaseniing vuin 10 W
finaaoufianudunas 100-600 W/m? hlidiussansamnisnanuseiulniineds 19.17 v

2. Mnmamadeuiwiuauisasszluuy iielinaaungluglisdausiaedlusnm
AUEIaNAs Rszozaneteiuani 0.4 0.8 1.2 m nud1 9NNITNAEBUAITUANLLIAS
favuauLuIueY MAFpUNTTINLYBIARIFULIY WUl iuaLILIueY anusandnluih
1§ Tunsagszoznisiadsiuaufisses 0.4 m inuidianiade 3.33 m/s nanusssuln
WAy 6.06 V fisvz 0.8 m fimnuidiauads 3.3 m/mdnussiulniildads 5.81 V uasil
syur 1.2 m finuidiaueds 3.29 m/s nanuswulninlfiade 5.58 V assasnie fuiuay
L anansondnuseuluiinlg luudazsyeznisndafuauiisser 0.4 m fiarugia
WA 3.32 m/s nanusseulntieds 0.78 V fiszes 0.8 m finmudiaueds 3.28 m/s wan
wseulniede 0.57 V wazfiszey 1.2 m fimudiauads 3.23 m/s nanusssulndade
054V

3. ANSNAADUVDUNDSLUDENNSNNIE@ULUY taganASadkantUasunusau

'
[y =

w¥eun1snaaeuiinasiisgaumMiinfiu 5 10 15 20 25 30 35 40 uaz 45 °C MWW F

a [

wssnulninfimesudidnnin (TEC1-12710) nanlnfinligegainuinasnvaungdviiu
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45°C usasulwilede 4.69 v drumesludidnnIn(TEC1-12706) anunsanusasiuludile
geanoginainagamniivindy 45°C wssdulwiiiade 0.99 v

4. MInaaevsITyansuneiinenlddviuiiuussduliinientsinluld
Usgleailaeviinisneasuisas 2 vlia Ao 1) 299syansunesines input 0.9 - 5 V ulaudu
5V uay 2) 1993yaneunesiaes input 2-24 v wlandu 24 V wuinsasisasauuudivi
Aseenuuvatsafinuseiulniiainmesludidnninldgameiaziinsuifalsidy
LuRmevesszUURUAT MG s AU Ul

6"

5. A1SNAERUNITHAA WA INAUTE NI ILNILYAR LA NS LAz S IUBIANNSN

a

198NN AARILAULN DS BLANNSNAUS DU UATUNEIUD LN TR S L ARSI fiDSUANY

[
Y

Souanunawaduaseindlaefisnufuresuiumesludidnn3nazliviinisings Heat sing
Wnsveaeuluginaan 6.00 w. 53 17.00 w. fidannudussderiinglugae 0 — 900 W/m?
é?far;JaﬂWimmaauwudﬂﬂ'ﬂ%’qﬁawﬁmé‘lmﬁ'wéﬁ’qﬂa"nmmiaﬁﬂﬁtﬁmmmaaiﬂwaqQmmﬁﬁm%”m
wavAuduretkumesTudidnninligeanusyuna 10 °C iliunumesludidnyinanunsn
wAn vl AiTAAussfndgegaUsEana 660 mV wazlidnssuagegaszanm 0.1 A ly

YR INULRIEARLaIndanusandn i ndAnuaeindgegaussanm 5.4 V uag

A nseuageaeszann 0.6 A
¥
Jarauauuz

1. ASIATINISNAADULYAR LEIBINASNAINULTULAININSTTIUIR NaluTuNvaadn

TUsela wardunasindwannn WeazairuisatiuUssuisunuaAINlnaINNISNAEaU LD
MUsEANTNMNATIEA

2. msiin1svaaeuisiuay AUANMINSITNYIA NsEAuAINgana1eiy Welild

Y] A v a P Y a o ~ v a ¢ o

naunlaansssufuldusslevilaasanganisinismaasunisldnuaswesgunsaing
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ANS9NUINT 1 WANISVIAERULAALAIDANS YuIm 2.5 W

80

NSNAFULYAALEIDINNY YUm 2.5 W

AUTULES (W/m?)

39Ul (V)

gauugiintiune  (C)

gaumniiviasuns  (C)

50
50
50
50
50
100
100
100
100
100
200
200
200
200
200
300
300
300
300
300
400
400
400
400
400
500
500
500
500
500

5.806
5716
5.786
5.78
5677
6.038
5874
6.027
6.022
6.017
6.326
6.298
6.291
6.285
6.277
6.247
6.241
6.23
6.218
6.212
6.146
6.142
6.136
6.129
6.124
6.085
6.082
6.072
6.067
6.062

34.2
34.5
34.7
35.1
35.2
36.2
36.3
36.7
36.8
37.2
37.8
38.2
38.2
38.5
38.9
44.8
452
45.6
45.7
46.2
54.2
54.8
54.9
55.2
55.7
58.8
59.2
59.9
60.5
60.7

325
32.4
327
33.1
332
35.2
35.4
35.8
36
36.3
37
375
375
373
37.8
43.9
a4
44.6
44.9
4538
52.2
52.6
53.6
54.2
50.4
57.8
58.1
58.8
58.9
59.4




AN19NUINA 1 (FD)
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ANSNAFOULYARWEIDNNNY VUM 2.5 W

AUTULES (W/m?)

wsaautnAn (V)

gauuiintiung  (C)

gamniividsuns  (C)

600
600
600
600
600
700
700
700
700
700
800
800
800
800
800
900
900
900
900
900
1,000
1,000
1,000
1,000
1,000

6.087
6.071
6.061
6.043
6.028
5.933
5926
5919
5914
5.908
5.928
5.907
5.891
5.881
5.866
5.803
5794
5.789
5783
57177
5.786
5772
5.762
5.755
5747

65.6
65.8
66.2
66.9
66.9
68.3
68.7
69.4
69.7
69.7
74.2
74.8
75.2
75.7
75.9
75.8
76.2
76.7
76.9
77.5
77.6
77.9
78.2
78.6
78.9

64.7
65
65.3
65.7
65.8
66.5
67.4
67.7
68.2
68.4
72.8
72.8
73.5
74
74.4
75.1
75.3
75.8
75.9
76.2
76.5
76.7
77.4
77.8
78.2
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ANTNNUINT 2 man IV UUTEANEA NN uANLLILAULBUNTZ Y 40 cm

NaN1SNAFRUUTEANS AWV INTUANLUILNULaUNISEEE 40 cm

waaii 1 waai 2 a3
usspulvdn  annustan useaulndn AAEIAY usspulvdh  Auaau

V) m/s V) m/s V) m/s
8.35 3.8 5.48 3.1 8.67 3.9
7.97 4.2 5.53 3.8 7.68 4.4
1.67 4.2 5.42 3.8 7.94 4.4
7.94 4.2 5.23 3.8 8.17 4.4
8.01 4.2 5.14 3.8 1.57 4.4
5.61 2.3 0 0.4 5.83 3.7
4.96 2.9 0 0.5 5.9 33
5.24 2.8 0 0.5 6.17 3.3
5.53 2.7 0 0.5 6.11 3.3
5.44 2.6 0 0.5 6.8 3.3
7.44 1.7 53 2.1 8.44 4.3
7.48 2.7 5.09 2.9 8.16 5

7.56 2.3 5.68 3.2 8.58 5

7.69 2.6 5.78 3.3 8.7 5

7.25 2.8 5.55 3.3 9.01 5
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ANTNNUINT 3 wan 1IN UUTEANSA NN TUALLLILAULBUTNTZYY 80 cm

NaN1SNAFRUUTEANS ANV INTUANLUILNULaUTISEEE 80 cm

waaii 1 ol 2 wnail 3
usspulwdr  AadnuEau w39AU WA AAEIaY wI9AUINHN AuLEIaY
V) m/s V) m/s V) m/s
8.68 4.4 6.5 3.9 7.74 4.3
8.51 4.5 6.38 3.8 7.66 4.7
8.76 4.5 6.92 3.6 7.82 4.6
8.72 4.4 6.18 3.6 7.97 4.6
8.78 4.4 6.08 3.6 8.05 4.6
6.11 3.4 1.32 1.8 4.91 2.9
6.03 3.5 1.27 1.6 4.62 3.3
6.06 3.5 1.16 2 4.56 3.3
6.11 3.5 0.88 1.5 4.63 3.3
5.98 3.5 1.04 1.6 4.86 3.3
6.9 3.9 4.99 3 5.81 3.4
6.81 3.8 5.48 3 5.43 3.5
6.39 3.7 S 2.9 5.05 3.6
6.3 3.7 5.49 2.9 5.4 3.6
6.61 3.7 5.46 2.9 5.69 3.6
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ATNNUINT 4 NanIIVAERUUTEANE AT UALLILAUUOUNTZYE 120 cm

WNaNISNAFDUUSEENTAINVDINIRUANLUILNULDUNSZEE 120 cm

waafi 1 waafl 2 waaii 3
w39AU WA AuLEIaY w39AU LW AALEIAY usepulndn  adnuEau
V) m/s V) m/s V) m/s
6.37 3.7 6.02 3.3 5.75 3.2
6.62 3.8 5.9 3.4 5.82 3.7
6.89 3.8 5.82 3.5 5.79 3.7
6.9 3.8 5.51 3.4 5.84 3.7
7.03 3.8 5.72 3.4 5.92 3.7
6.56 3.2 1.62 5 4.69 3.4
6.62 3.5 1.59 1.6 4.8 3.5
6.52 3.6 1.82 1.7 4.72 3.5
6.44 3.6 1.61 1.8 4.68 3.4
6.49 3.6 1.62 1.5 4.5 3.4
7.09 3.7 6.05 3.1 5.86 3.4
6.96 3.7 6.12 3.2 5.8 3.5
6.88 3.6 6.1 3.3 5.79 3.6
7.11 3.6 6.24 3.2 59 35
7.04 3.6 6.17 3.2 6.02 3.5




ANSIHNUINA 5 NANISNAADUUTZANTNINVDINIUANLUILNUAINTEEE 40 cm

NAN1SNAFRUUSEANSATNYBINIUANWUILNUAINTZET 40 cm

waaii 1 o 2 wnil 3
w39AU WA AuLE2aY usspulwdn  awdaan  useaulddh anuSoau
V) m/s V) m/s V) m/s
0.57 2.1 0.89 2.7 1.08 3.9
0.61 2 0.8 2.8 1.3 4.6
0.69 2 0.83 2.9 1.24 4.6
0.66 2 0.78 3 2.28 4.6
0.62 2 0.74 ”) 1.22 4.6
0 2.7 0 1.2 1.19 4.4
0 2.8 0 1.1 1.32 4.4
0 2.7 0 1 1.23 4.3
0 2.8 0 0.9 1.19 4.3
0 2.8 0 0.8 1.15 4.3
0.64 4.4 0.89 3.2 1.37 4.4
0.61 3.6 1.02 3.2 1.34 4.4
0.71 3.7 0.96 3.2 1.39 4.4
0.67 3.7 0.85 3.2 1.36 4.4

0.72 3.7 091 3% 1.34 4.4




ANSINUINA 6 NANITNAADUUTZANTNINVBINIRUANKLUILNUAINTEEE 80 cm

NaN1SNAFRUUSEANS ANV INIUANBUILNAUAINTZEL 80 cm

o 1 waai 2 a3
usspulvdn  AduSaau w39AU WA AAEIAY wI9AUIWHN AALEIaY
V) m/s V) m/s V) m/s
0.54 4.6 0.59 3.5 0.8 4.3
0.51 4.6 0.66 3.5 0.78 4.8
0.49 4.7 0.55 3.5 0.64 4.9
0.5 4.7 0.58 3.5 0.82 4.9
0.48 4.7 0.6 3.5 0.68 4.9
0 2.7 0 1.4 0.65 3.1
0 3.3 0 1.5 0.71 3.1
0 3.3 0 1.4 0.68 3.2
0 3.3 0 1.4 0.65 3.3
0 3.3 0 1.4 0.66 3.3
0.74 3.8 0.42 2.9 1.02 3.1
0.68 3.8 0.44 2.9 0.81 3.5
0.72 3.8 0.63 2.9 0.83 3.5
0.74 3.9 0.55 2.9 1 3.5

0.75 39 0.61 29 0.92 34




ANSIHNUINT 7 HANISNAADUUTLANT NI NUDINIFUAULUILAURINTEEE 120 cm

INNISNAFIVUSLANTNINVBINIAUANLUILNUAINTZEE 120 cm

waaii 1 waai 2 wnail 3
w39AU WA AAEIAu w39AU LW AnuEan  useeulndn  ednuGaau
V) m/s V) m/s V) m/s
0.68 3.3 0.45 3.4 0.51 3.7
0.7 3.8 0.48 3.7 0.58 3.7
0.71 3.8 0.53 3.7 0.52 3.8
0.69 3.8 0.51 3.7 0.53 3.7
0.66 3.9 0.5 3.7 0.46 3.7
0 3.6 0 2.3 0.68 33
0 3.6 0 2.2 0.71 3.4
0 3.6 0 2.1 0.76 3.5
0 3.6 0 1.9 0.82 3.6
0 3.6 0 1.9 0.81 3.6
0.84 3.0 0.9 3.3 0.62 3.5
0.8 3.8 0.92 3.4 0.69 3.4
0.82 3.7 0.91 3.5 0.71 3.4
0.87 3.7 0.87 3.5 0.73 3.4

0.88 3.8 0.89 3.6 0.69 34




ANSINNUINT 8 NANISNAFDUNTNAADUNDSIUBIANNSA
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NSNAFRUMasIUBEANNSN

wiasludidnnsn TEC1-12710

woasludidnysn TEC1-12706

Naf1egauugil ( °C)

wsaau i (V)

naf1sauudll (°C)

wsaaulnda (V)

0 0.01 0 0.01
5 1.15 5 0.12
10 1.87 10 0.2
15 2.53 15 0.3
20 2.91 20 0.38
25 3.6 25 0.49
30 3.75 30 0.56
35 4.03 35 0.67
40 4.34 40 0.8
45 4.69 45 0.99
ASINUANT 9 HaMIVIAaeUIsITYARBUIesmesnsalldussiuBuNm 1 V
Twad  nszuaduwm  Adeduwn WA nszuadwe  Laadeawn  A1&9sueIune
duna Vv I (mA) P(mW) RQ I (mA) V (V) P(mV)
1 22 22 o0 0.5 5.1 2.55
1 38 38 2000 2.5 5.08 12.7
1 40 40 1820 2.8 5.08 14.224
1 43 43 1620 3.1 4.99 15.469
1 a5 a5 1500 3.4 4.6 15.64
1 a6 a6 1200 3.5 15 5.25
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MTNKUINT 10 HANMIVAADUNATUAABULBIIMEINIElTUTIiuBUNR 2 V

Tad  nszuaduwe  Mdduwa van  nszua@dnwe Tadiowe  AMdeaueIng

dunn Vv I (mA) P(mW) RQ I (mA) V (V) P(mV)
2 16 32 oo 0.5 5.13 2.565
2 25 50 1500 3.5 5.1 17.85
2 28 56 1300 4 5.1 20.4
2 30 60 1000 5 5.08 254
2 33 66 820 6 5.06 30.36
2 40 80 620 8 5.03 40.24
2 55 110 390 12,5 4.7 58.75
2 60 120 350 14 1.9 26.6

MINEUINT 11 HAMIVAADUIATYAABUNBIINeINTalTuTIAuBUnNn 3 V

Twmd  nszuaduwm  Adeduwn e nszuadwe Liadleawn  A1&eeueIune

dunn Vv I (mA) P(mW) RQ | (mA) V (V) P(mV)
3 5 15 oo 0.5 5.15 2.575
3 16 48 1000 5.5 5.1 28.05
3 18 54 820 6 5.08 30.48
3 21 63 620 8 5.04 40.32
3 26 78 500 9.8 5 49
3 a1 123 300 16 4.7 75.2
3 a7 141 150 19 1.9 36.1
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MTNKUINT 12 HAMIVAARUNITYAABULBIINEINIEldUsIiuBUNn 4 V

Taad  nssuaduws  MaWuwe  wae  nszuaendwe Daadieawm  MAIWDINA

qunn vV | (mA) P(mW) RQ I (mA) vV (V) P(mV)
4 2.5 10 o0 2.5 5.2 13
4 19 76 500 10 5.12 51.2
4 23 92 400 12.5 5.08 63.5
4 30 120 300 16 5.04 80.64
4 a4 176 200 26 4.9 127.4
4 56 224 100 36 4.5 162
4 65 260 80 45 22 99

MTNRUINT 13 HANTNAFBUNITYARBULIBSMINTALTUTRUBUNR 5 V

Tiad  nszuaBuwn  Maduwe waa  nszuadnwe Tadiown  AMdeaweIng

dunn Vv | (mA) P(mW) RQ | (mA) V (V) P(mV)
5 2 10 oo 5 5.53 27.65
5 30 150 300 17 53 90.1
5 42 210 200 30 5.14 154.2
5 80 400 100 55 5.05 277.75
5 110 550 75 70 4.7 329
5 125 625 50 85 22 187

MTVHUNT 14 HANITNABUNATYAABULIDSABS input 0.9-5v By 2ATYaAULIBS

was input 2 to 24 V udaudu 24 V nsdusesiudunm 1V

Twad  nszuaduwm  Maduwn  Waa  nszuaedwe Liadeawn  A189ueIune

duwa Vv I (mA) P(mW) RQ I (mA) V (V) P(mV)
1 0 0 30000 9.3 24.9 231.57
1 0 0 25000 115 24.5 281.75
1 0 0 20000 13.1 24 314.4
1 0 0 15000 14.6 239 348.94
1 0 0 14700 15.6 22 343.2
1 0 0 12000 16.5 5 82.5
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MTNNUINT 15 HANITNAFBUNITYAABULIBSHABT input 0.9-5v HBfU 1ITYARULIDS

W3 input 2 to 24 V wlawdu 24 V nsdlussiudunm 2-24 V

Tad  nszuaduwe  Mdduna van  nszuadnwe Tadiown  Adesnuweng

qunn vV | (mA) P(mW) RQ I (mA) vV (V) P(mV)
2 0 0 30000 7.5 24.9 186.75
2 0 0 28000 8 24 192
2 0 0 26800 8.5 24 204
2 0 0 25000 9.5 239 227.05
2 0 0 20000 11.7 235 274.95
2 0 0 15000 13 5 65

ATIHUINT 16 HANITNAFDUNDSIUBEANINATRITIUAULKLTAALEIR RS

Time Pv(A) TE(A Pv (V) TE (mV) T, (O T, (O Naf19gungll I, (W/m2)
06.00 u. 0 0 0 0 20.9 20.8 0.1 0
06.30 u. 0.1 0 1.9 98 215 21.4 0.1 10.05
07.00 u. 0.12 0 2.65 100 219 21.7 0.2 24.71
07.30 u. 0.28 0 2.83 110 226 224 0.2 54.23
08.00 u. 0.29 0 38 150 23.8 235 0.3 257.85
08.30 u. 0.32 0.05 4.2 200 25 24.7 0.3 348.61
09.00 u. 0.38 0.06 45 600 36 31.8 4.2 459.84
09.30 u. 0.45 0.07 a7 615 a5 39.1 59 437.35
10.00 w. 0.5 0.08 a8 655 54 49.5 45 639.66
10.30 w. 0.54 0.08 5.26 635 61.4 54.8 6.6 747.72
11.00 w. 0.56 0.1 5.28 655 64.9 57.2 7.7 790.07
11.30u. 0.52 0.08 5.32 650 65.9 55.8 10.1 805.22
12.00 u. 0.51 0.08 5.28 649 64.4 54.7 9.7 772.99

12.30 u. 0.5 0.08 5.35 643 60.1 54.6 55 804.62
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AN19WNUINA 16 (919)

Time Pv (A) TE (A) Pv (V) TE (mV) T, (© T, (O waﬁheqmwgm In (W/m2)
13.00 u. 0.51 0.08 534 639 60.3 53.1 7.2 822.68
13.30 u. 0.49 0.08 53 645 59.9 54.1 5.8 749.73
14.00 . 0.45 0.07 4.9 620 57.7 49.8 79 449.27
14.30 u. 0.4 0.07 4.32 612 53.2 47.1 6.1 576.5
15.00 wu. 0.36 0.06 4.12 609 49.3 45.6 37 526.56
15.30 u. 0.3 0.05 4.14 607 a5.7 44.1 1.6 424.95
16.00 . 0.29 0.05 a4 615 42.1 38.3 3.8 231.72
16.30 u. 0 0 a4 612 39.8 36.5 33 169.92

17.00 wu. 0 0 0 613 37.4 35.3 21 80.61
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