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ABSTRACT

This thesis presents a design and construction of measuring and
analytic instrument for wind and solar energy. The design was built to measure
parameter such as wind velocity, wind direction, solar intensity, temperature and
humidity including electrical parameter such as voltage, current and power from
solar energy installing place. These systems was design to measure by using signal
detection device or sensor, working with computer and apply with LabVIEW program
that is worldwide program in measurement and control in engineer. All measuring
parameter and data output can keep for all period of time and were shown in
monitor. The result is useful to analyst for considering and finding properly place to
produce a new alternative energy source. Finally this system can be expandable
function for measuring more parameter and develop to measure electrical parameter

of all alternative energy source.
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agalsAmunismdrauiamaienuaunis (2.1)  duflnnugndes

| v v | = 2 < a d, 4 = =
ADWTNNWBY WU m519N 2.1 Tayannaiiadlu 1 mrlunfudmn 10 undl 91naunisi (2.1)
AANISRiEzint 6.45 m/s wazfvualiANNrLILLLYEIeINA (A density)
1 7 v 1 4 dl 2 :‘ 1 o L7
Wiy 1.24 kg/m’ dmnldiiaranusiauadeimldnnaunisi (2.1) awnsamainids



P ¥ oar 2 Ay o a € v i | W o
udserliviiiy 166,37 W/m” lurazidihmsiesesidoyaluudazdng 10 urfindni
I a 5 ! v o < Yo ow 2 = a & £
Ansauiuie 6 i aglddmdmuadeliviniy 207 wm® Gamsimseideyalaeld
P [ a )& " a
aunsi (2.1) wlenaniiandniiAmaiasyann 20%

M15°99 2.1 Anansdaanlu 1 4alus ifiudmn 10 widl

Time (W) V(m/s) v’ P (W/m’)
10 4.3 79.51 49.29
20 4.7 103.82 64.37
30 8.3 571.79 354.51
40 6.2 238.33 147.76
50 5.9 205.38 127,33
60 ) 804.36 498.70

a 5 U ! | d’ 2 =
AIUUNITIIAIAMS AR As LT zau B sunldnisRansuinnsa
= - -
auaslugaSunsaal

I n
ran [—ZVf] (2.3)

o v 3/ = a 1 P ) '
Fanmnisldiaunisn (1.3) Tun1siansauiatmiSsauaas luse g
= | o P = PRV N I o w a v o w
AIUATTNN 1 ANRNSURAENlNALWIATU 6.94 m/s uwazAnideuadelawintu 207
2 &% | P 2 o v a \ioe '
W/m” aetidlunsmananusiaudsansidaunis (1.3) azlaiafiwaiugngn

2.1.2 53R 9aY
dosnnisssauanuiianiiensweinsaloniatldiduuen fady
\n3eaiamuiay Sumsudsatnaiuuendiy dmsumsnudiionisneinsaloniageanis
AwosauSIaNRIiuadelugis 10 wiil deunisasia vie sewinefauianangs 5 uen
uazdpssnililimlndifsweniigniauiiniuniatiosndt 1 ven Wseaudr “auaeu”
vosmuIaiuazinheiléadailodianfunanemedl
1. uen (Mioludnziasodalug)
LWRSADIUN
Alawnsradalug
Tuddadnlug
Waroud

bl o o



= [ w ] ] i : [ =
A15197 2.2 enuduiussenitahenegildlunisinnuiiau

uan wassedundl | lddetalue | Alawmssledalus | wesiedund
(Knot.) (m/sec) (mph) (km/h) (ft./sec)
1 0.515 1.152 1.853 1.689
1.943 1 2.237 2.6 3.281
0.868 0.447 1 1.609 1.467
0.54 0.287 0.622 1 0.911
0.592 0.305 0.682 1.097 1

2.1.3 1A3893AA5 8y (Anemometer)
Tiadesilofiiunit Anemometer  LASBITAAINLLEIANTERBIS1BTUANT
analdlusserlng Aoavdonfuauaniniosinunuaninadnouetined ﬁaaﬁwmiﬁ'ag
viseenly uaviedesilefnaziasinaunsslunlivhe dufuindasiaazdoinanulags 3

al w o=

tmaammmLiaﬁiﬂmamu'lwmmu

2.1.3.1 in589ian1Saukuuikiunsean Wisaaainuiiauuuuusiy
mmmﬂuuwﬁdwﬁaﬂ wAslaagneasusiugnedszanavihanll vislave viuduuruy
amaaumﬂaauuaamm anunsamyululdnnuiianieay Wellauuvznsuiudivasufiae
AsvANTUALAILLS WesRNTUs N TngsanaLan S FA uLaIna

2.1.3.2 13evipnnuiianuuygndas wissinuuuildnismurasgniag
Fudugniuadmsnan wisadwsine Wuuuugndas 3 luuas 4 Tu Tasendoauilun
Uznzgniaeyhliunurasgniienyu wazdsdygindiuiusevinliiaieaduianiue
AsSIauBnTivil

d s 1 d a v
JUN 2.1 MedrumTesinauiausuugndae (7]
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k4

2.1.33 1p3aednruisauuuuldluin (Aero vane) \wiesinnuuilesd
isaatanuiiiay wasiirnsanludufediu fsussdnunsadeinioadu fiduoed
Tuindmsutaanudian dmsvdnidudedeeissduasiminiduasalddmivn
firmsay Taefindnnisviau Aewleflauuusnsiuieiesda dwiduluiafasmuudids
dunoenukaziansmariaidlay warluvasieaiuiuasoriatesiulumudienig
audananuardsdygneeninifowanuadufirnisingg

f»—*""\

d ol 1 ﬂl s o
JUN 2.2 shethaniarinnnnusauwuuldluin [12]

2.1.4 \w3asindiAmsauviensan (Wind vane)
asaudugunsaiiildnsaafiancan Insesiidnuundugnasiivisiiusuiuay
dloauinuusnzmgnasheziinussndniliingnastlulufiensiiouiam asaudud
vansuuuuAlagluuds ssfidnvazarsasunan viegunsenszuen daumsasiizusis
pdnemanthe maesasduthe wemsiimhitaduliasauiuuaunaoniian esliio
flsfsndnuldsuiretinad winsaufaemuiuuastinaulsvuvie
fensauiuiiowauiiiadraniiduinast Taglifadussmmanduuniing
Toeldfmnmaniesiesanidundn Ao 1uatn 0 aufls 360 asm Fsfimduduasiuagiy

ANSARAILATIIR

d s ! lﬂ‘ U & =
E‘U‘VI 2.3 MBYNLATDIIANANIIANVITDATAN [13]



2.2 LREINAI9IUIINADNAY

aeindildufeufegumgiigauin fivwmdurugud narsszna 1.4
dwilawns gamgilanatsgendr 15 dunadu gamgiifigannuasaunneiniagsniiuy
Aulan 70 wumumwﬂmnﬂam'zummvam‘u nsiaUfAserWaddu (fusion  reaction)
Tnvilognomtihmiiniurdelalnsiaulavasusuiududidsunsoufudanudosndaay
ummasonu wianudulngazegluzuveanisuisednduusimdnluihiiwdsnugenn
fiofedunuan efidunuuuinszarseonainlananiniseniind faseususinang vivld
wituanas naneuSutasiinmeiunazsdnudou Ussinasuimmeiadlawdded

anwarildunaiuinnit 5 Wudwl wazaanasduguidludnnanewudiud

Structure of the Sun

Corona
the upper most part of
the atmosphere. ——
millions of miles thick

\

Chromosphere
an orange red layer of
atmosphere thousands

Of miles thick
Photosphere /
the lower atmosphere
and what we see

Y

a w a ¢
A1949N 2.3 ma%asﬂa\?ﬂqqaqwmﬂ

Core
where nuclear
fusion occurs

Radiation
Zone

| Convection
Zone

5U7 2.4 Sun diagram shows structure and electromagnetic radiation. [15]

o al a o«
savnaulavesneeniing

29AUSENBUMLATYR IR ANE

Mass (kg) 1.989x1030

Mass (Earth = 1) 332,830
Equatorial radius (km) 695,000
Equatorial radius (Earth = 1) 108.97
Mean density (gm/cm3) 1.410
Rotational period (days) 25-36*
Escape velocity (km/sec) 618.02
Luminosity (ergs/sec) 3.827x1033
Magnitude (V,) -26.8

Mean surface temperature 6,000 i
Age (billion years) 4.5

Hydrogen 92.1%
Helium 7.8%
Oxygen 0.061%
Carbon 0.030%
Nitrogen 0.0084%
Neon 0.0076%
Iron 0.0037%
Silicon 0.0031%
Magnesium 0.0024%
Sulfur 0.0015%
All others 0.0015%




2.2.1 msusifadundalan

Uszanes 99% vesndenuiiduinmeniing aveglusasniueniadu 150-
4,000 wilums Fadsnusdananeniingi 9% azeglugiu UV, 45% azagluthuasiin
weadiu (Visible Light) usz 46% ogludiadunsise (R) veswnuanaiuvesndy
wimdnlwih  femgiiestidannaserfinduneiuniioniifidedudushort- Wave
radiation)USunauuasuanlueaniainlasidnsfiisend solar constant diAuviniu 1365
w/m’ Tnsiadeuds Sedrduduanmeenfingiidundilanasgnaandulasiuialanuszann
43% Awdefidulufunssurunisnneg  Tuusserneléiud absorption, reflection uaz
scattering §sddanstlaloian (UV) :naatefing druninazgngandumie Osluussenne
Fuansilaaiesdrlonfudadufaissiauioriigandusdinueaiulfifutiinad
N dhusuasufiganduidinueaiuduiuUhinuiiganduszunndeiundaudinasd
arlsunnd Tuannefiflwennn fadanmeeiinddulngasgnasiouanneuuuvesus
ndugeima  undrfiensazanidanuaraviounduld  Ssdenaaserfindenagnseida
(Scattered) sanlunniiaynmislasfnavdesynialuusseina uisdmvesdadiignnsuide
srpondeIma sndrunilaiasndunndaialan Ysdnnmeeninddlaildidundilanlnenss
151958097 "Sky Radiation” fviu $idanesenfingdsastanuniidnndaialan (Global
Solar Radiation) vzUszneusy $edidanlagnss way SKY RADIATION U3uiaunns
ns¥areveImANueIAaueg Mindlanfigeuddliukidnanduussenimsendt aansu
UIRDIMAAUE U3 AMO (Air Mass Zero) dunairalaniuazlnaidusiunisun Sidvesing
sifianmail 6000K

~— 6000 K black body

1.5
AMO radiation

[

AM1.5 radiation

o
tn

Energy distribution (kWImzfmicron)

0 i i " ' ) A
0 020406081 12141618 2
Wavelength {um)

Ul 2.5 AMO and AM1.5 Energy distribution [15]
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ouasuaniadouiiunfsiulan vismuaduazgngandumely enas
ofindagnansfiswy dosnsasunAUINIMNIINTEIIETBIAIANIIAAUAN AT N
awnafumasinanis vie  AM1 wiilledunusasoriindaglusedudiaruiuimnis
N3E9eUBIAIALEIAA LAY Aasudsldsull luniimadeuwaduasenfindasdonld
awnasuanaeIn1Anilegati wie AML5 Seardidrinaindundsuasnasenfingvi 4s
DINNUNUITIY

2.2.2 WHIULEI11INgRINN1ATITR
nIuNRINGIUALULazYSnENa1nY laandulassnisWauieietis

vV o a

amil¥arnuiduiidnenfinddmiuusamelng el na. 2543 ellisutoyamnud
$efinnoriindfifiniuazidengndeuazanunsoneuaussdonitufesnislufunsive
WauuazUszgnaldndsnunaerindveysemelneg dmsuiaissilofldlunisding
nsefaldud wedesflotnmnuidunaseniing Wunisiasedsinvesnnnudunaseniing
wn3eailonlfiFundn s lufines (Pyranometer) Silagtufinsuimumdsumaunuuay
ausnunasnulding 2 vila fie

1. lwsufiwes 714 Thermomechanical Sensor #SeuuUUBImetallic 34l
sensor uuaulave 2 uau Tesuouniladuden wardnuouniadiuis iedednsoniing
AnnsENULaLAMAzganausdaIeefing uazastedmlduinnituavdu WSITAREINATS
vengsadinam srluduindeuinnilituiindeyaiiuasduasuunsyaunsa Jsiuin
seunsruBnnauiiinIstudaudesyuulvaiu vie ssuuuninilfuunines

2. Iwslufimes A4 Thermoelectric Sensor Wiawuu Thermopile s
sensor vhenelave 2 ¥ia Fadenvaneaesintulasyansdramisyivei iy hot
junction uagdndraniadu cold junction e hot junction gnidneefingnnnsznuay
vildiAnAuLansnssEwinegumnfives junction  veaes wae relmiinusuadoulnd
(electromotive force) tulurtasiisznausielaneiaanainusandaulnifidady
annsniluduamauiweindRnnnsenula

2.2.3 ednsauazisdnszany
Seduaaunniidesasuuilanuisladuassdrufie Ssiinse (Direct Radiation)
wazidnsyany (Diffuse Radiation) $sdnsiasdesasuuiiulaniaglugnuatsisdsiaan
a9 indanaladrefedidnsseibiAnaniidaaudedinguaty aufidnszaneansnids
NNMsuiuInquatineg wuws aseiflutu visena fegidudaouioluiud
vioshilwavinviesih Snvasvesuaunnazimiautuiinainuasisiunszanih Uinusu
vesfsduaunnduviiunasnvesdidnsiasSednsyane
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5U#l 2.6 Direct and Diffuse Radiation [9]

2.2.4 M3TAUTUIUEILAN
Uhinauauaniidesasuuiiulanluusagz fuFendn insolation  adurede
484 In-coming Solar Radiation wie #ld¥afe W/m’ isilélwsueiimes (Pyranometer)
vimihidudueesinuinauannn Insilufivesoy fuufuuauanduingisn Ssash
wihiigandutismneIdueLaaLs 305nm e 2800nm n1sgAnduRInaTIaLYilE
gaumpllveuiuiunastauiy aungiigiiuarfalaowesiulna (nesTuduidass aynsuriy
wanen) dyanaievinnaininsilufiwesasdudnda EMF luszavlalashiai

a &
23 PUNNULASAIUTU

mingamgiinazauiudunsinssduriinuesioulasseunayamuiy
ussene gunsalildingumgifivanesiia 1y Thermistor FIATITUUNYTAIBAIY
AU (Resistance Temperature Detectors: RTD) mesluAuila (Thermocouple) daulu
n1s¥anudiu 14 Humidity Sensor lums¥ammtunasldtusglugnamnssuiiog
e 3 vila fie Capacitive, Thermal Conductivity Wag Resistive nsidenldaudios
finsanaunamnzauildlunisia

2.3.1 mﬁﬂqmﬂgﬁ (Temperature measurement)
gumgitudummsiafiugiuvionsiimesimilsideninisind e
illdusvlovdnuanudosns a1 gamgll (Temperature) wazaaw¥ou (Heat) i
ruminglnaifgsiunn usigumglissuunefisszduvesnnnuiou (Degree of Heat) fio
gampiliduiiunuresnnudou drumnuioununeis Usinamasnumiusou (Quantity of
Heat Energy)
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g ingumnil (Temperature Scale unit)
1) aersulen
2) perwaldyd

L=
3) LAaY

= = —

] b 3
Bailing 12128 {100¢ ]
water i | MEsEais : ----------- t__-373K
Freezing __|432°F _____|1 0°C__ 273 K
water

Fahrenheit Celsius Kelvin

JUT 2.8 nsisuisuainavesieinaamaiisngg [16]

s

w3 uamsaunslunisulamiie Ingumgilacsil

C ARSI N 32
100 100 180

2.3.2 lwu9aiingmugil (Temperature sensor)

1) Thermistor {ugunsaimusumuriiafianunsaasusasuniu
eli3umnufeu Taefidausunussifeunasuulidudadu fugamad
winlu 2 dnvuey fe

Positive Temperature Comitial (PTC) iiuafiafiunfaziimanudiumiue
deldFumnufeussilifiamuiuniugadunudidugamgdl hluldnsmeaeusedu
awfou vievilviAnaufeutufiomuaunistrousssulwilifueaaan Wy 2993
auivansalutfvenniesdulnsvienid (Decaussing coil) Wudu

Negative Temperature Comitial (NTC) Lﬂu‘rjﬁﬁﬁﬂnﬁ%ﬁm’mﬁmmugd
elsisumnuiou manudumuszsias Iaudunsnssssuanufeuileruausysu
ns¥ieu e lunsseenedesdialdnsadunuouiiinanmevinusdatiounduluan
msvhaurenslitferas egunsaivdnagliifnanufeunnauily
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Arauduniunielufiniiuladenisingunniesteuin deded
84 thermistor fia dygyrunine Lidean1sn1381eds uddeidefenritliligniende
wiuey Femmnuduiusvesgamgiifuanudiuniude 1/T = A + BIn(R) + CnR)’
Wumnuduiusuuulidadu Tagazida thermistor adluluaeaadagy

Rref
VoutNref

" \ Rt:Rref

A 4

Vref || A 0.5

Rt VOUI

A 4

T

JUN 2.9 23995983 Thermistor Wazla1vinn (18]

I1N2995793U nsinaglenadia 61 R, fimeglugwlndiAeanu Ry wazas
foe utas dwiu R fidAniseenly Fudulasunilunisldaudainesiealies fnns
mauauaaéﬁa@uﬁunmaq nsmeiwieseiiald Fefeadannanuiinamilviniy
Seaflgesnn insredosiinstauasiuisuifisuuining iensm table look-up Tnevialy
wesfiawmaiinagliilignesntuuin Weldaaaunsaunuiulgdlasasysel dafulumsly
numeiiaweiudasiisfowhnmsiafiemmsalieuiieuadsed aglsin Sl
wiesTiamesiamzunauuy fignesnuuusrlfannsauvuiuld vinldmsldnuazantuinn

L4

= 1Y) a i
JUN 2.10 Wuweiingamgiwuy Thermistor [17]
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2) l?l"aﬁl‘inﬁuqmwgﬁﬁ’wmmﬁﬂumu(Resistance Temperature
Detectors: RTD)

RTD flo duduwesgamgiinldndnnsidsuulasaarudumuedany

U

i umuiURsuasiinanasiiduiunugungl mudunuredansiinty

9

3

=1 ] ) £ o a " i A

il o “dunsyAnsmadsuulasgumgiinvuuuan”(Positive Temperature Coefficient ;
= o af f 1 4 2/ o ;

PTO) familuldlunmsingamgiiludae 270 to 850 °C Tanzfiflanuduniusumizen

finazgnuinanléilutan RTD Tagun@ RTD anansoudseenldnmuiagildvindasioluil

2.1) unwaitdy dewlduuniiga Isawmannidosuiulansiinfa el
Sensitivity 310 wags1AIgNI

400

& 1/

Resistance (Q)

-100

-300 0 300 600 200

Temperature ("C)

g‘dﬁ 2.11 Resistance-Temperature Curve for a 100 {) Platinum RTD, a = 0.00385 [20]

o

2.2) v fleamiunuduwzduiusgs dnasldiumsinaamging
4 A = - =] 1 £ 23
Ag Agnmpiunfazdiauunzuwazendonisldiu

GLASS OR EPOXY!
COVERING TO PROTECT
LEAD WIRES AT
ATTACHMENT POINTS

PLATINUM FILM

WITH CONDUCTORS “a
ETCHED OR OUT
INTOIT

GLASS5 COVERING
TO PROTECT FOR
CONDUCTORS

\CERAMIC

PLATINUM COATED SUBSTRATE
NICKEL OR PLATINUM
ALLOY

LEAD WIRE:

sUfl 212 esdUszneudnuwaEid [11]
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23) infia Wrvgwingamgiige 4 dmnududadush uenanidaiivan
Tavewilndy q Aldvidieuwesgumgi Wy wén vesanen lunisingamgisegunsal
RTD seeld wndsdne (current source) anmauenenavinliinmusoulugunsal iesann
Dudshumudmis widsuwasunugumad)  Fufnarufeudinanafundsend
gaydelaefuuendud IR ¥iliiAe anufiawanslunsingamgil

3t 2.13 Fuwesingumgiinuy RTD [19)

dofvamsldiduesingaumgiinuu RTD
o afigsnn (stable) uazAmugNABIgIIN Walisunuisn1singamaiisae
IFULERIDUY
= [ a % e ' = £ =
e danutulgaay (linear) uInNn31 WUWBYHA thermocouples

Fadvvaimsldidugasinaamgiivuu RTD

e 91 UNINIT thermistors uay thermocouples

o FosmsunasTenssualiin ioswind RTD Taunsaduiiandsldmiloutu
wesludila  Fohlinszualvariuuasiin  selfheating  fatudsdosanusundeud
wnasdelisgawinfieztululilumsingamgflaeld RTD

o seviinstarmenaniuamedaindsiietesiudyaiusuniu

e RTD fiAnusisun Jsdosdosiunazsyisnisideu

3) waslududla (Thermocouple) fnsI3dugaumgisameslufula
Tssairadessutsznausoiduan 2 du vhunanlavesheilniu dedeudaeaeses
Wuaandheiulugy sevsesuvilaieniisessedou iuseudeiildfuanmaiias uax
seededndunilaudeninsessiodu Wuseureildsugumgiisn ssfaussiulnihiulugy
voumesludula LL‘NﬁuﬁLﬁﬁ%ﬂﬁ‘ﬂmﬁﬁm’mﬁﬂﬁ?uiSW’j’Nﬂ’J’mLLGIﬂGI"N‘UENE}iUWQﬁﬁ‘ESHﬁIEI
vaans el dusasnusiimilouqiu TugUuansmsvandaseveaneslududadugumgd
mlduenesnaniunagldhadiime st luiieliiduguiniouds silfueaduilans A
wazlave B sugamgiidilidudaty uiluanudueds wesluguilismaiauseiuiy
LUy



Tavs A Thavitivmes
- — a = » ad
guvinigs & gunim | guvniig lanz A + /0 - BN
— — o Vmj—o-

; A+ Ei +
a0 Tawe B Sooe cu'./ Crx
g 5 . @ - _

# / S
\ S I
soedle lave B
(n wadluduladiaswiu (v) sinlavilmasinusadiu
Tame A QuMgiinn A irﬂsuawqquum
gumpligs 4+ ) + o+ +|
+ +
| X Vm '/
( R2 R3 b
| .
o S WL =
—-T 5 S
—T——" 550 o =Rl Rd
Tave B AIMNDIUAY el
() siolmvified fafivanedugamniion () UsuAngaimglisnle

= ' o v A
JUT 2.14 Msserasiduesinesluduia
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JUN 2.15 Wi ingamafiviin Thermocouple [18]

' a o8 v ' w -1
aglsfinuywives Thermocouple Mvilvignnsenisldaudisad

\Jugeanuanmiy eanlumsuSuusiddnlugagneds
o HAYDITLAULTIAULNANT thermocouple Tald azaglunisy fiadlaav
(mv) wataztadulalashaviasdesldnssuiunswlasdygaldridusuidontoundia

wlaslvieglusuresdyguninea

o Tanlunsasiaunsalfiesdinunings
[ w | oA e I o o ' @ faf o |
o ouwdltuvesAnInlaliiduidunsesldnisusennuainadnsdsinlvll

agantunisidau

16

'
=

e 9A91983Y8e Thermocouple agfigningll 273 wnaiu (gaiBonuisvei)
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2.3.3 anuduluusserne
autuluussenma i mm%uﬁ’wﬁzﬂ (Absolute  Humidity) ¥sunuiie
Yimalledhitusngeglusmeludasssesnailanamids asnsorsaialdlumioe nfuse
gnuiafiues v3ena i mnutuduysel Ae arumuiuiuresledilueinia arady
U5 (Relative  Humidity) #unetia é’ﬂi'lfi'm'sm'mlaﬁ'lﬁﬁafiﬂ%ﬂummmm W
Lﬂsa‘umﬂ‘unuiammmmmuaa"l,v?ﬂua'\mﬂmnwamumﬂmaum fu ﬂmmmmmmﬂiu
vauAndutevay wsoiuesidud

2.3.4 WuiwesinAanutuy (Humidity Sensor)

Wuwesiarmuduillifueglugnaunsuiogiietu 3 vila fo
Capacitive, Thermal Conductivity e Resistive nsfinsdenduwefiiiotluldusie 9
futhy fidsiidesfinnsandeteluil

1) AuLlUE (Accuracy)

2) awanynsalunsTaen (Repeatability)

3) wafissawlugnnaienn 9 (Stability)

4) ANELsalun1svae (Condensation)

5) ATUNUNTURADATIAN

6) WA UarFUAINIwBITUYS (Size & Package)

7) AuANnU (Cost)

UM 2.16 WuiwesTaarudunuua v [21]

2.3.0.1 iugesinnaruiuwuunhdim ( Capacitive Humidity Sensor)
Wuwesinmaudunuuiliada i uduing (Relative  Humidity) Sinsléaufuatng
nhernslugeamnssy Weawnded uidevienaasmsiiand @ uefuuuililasadad
Usznaulumetugiuuiuiiduunsiivhannndises wiswasenled (Metal Oxide) gnI19eg
sewiedidnlasavisans lnsiuinvesiiduunsiindngnindeusedidnlasalansuuyngy
weleafuuazosanaslymanuaiuan Wuweuuuarddnannsonsadumiuiy
duimsluanmuwindenlfifevanfudadu viefimsneuausslfesraududndruinduies
Tnailerenmududininduly 1 iwosidud Aaaglai (Capacitive) flaziudenly 0.2
1 0.5 pF uwesuuumdingnimualifinudnuasiomzAeaduussansgumginida
livialed wignmgiigedia 200°C nsndudanmziiuainaniznisaauuiy azdmy
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solessmevasansniitne lusnefivasainsnevausmaeues Ao 30 #9 60 Jund
dmunsasunlasmnutulutig 63 wWesidud dwiudedesvonduwosuuunudin
FadurnaruRanaiawiriu 2%RH  lugrensildeuntasAiainutu 5%  fe 95%RH
uaﬂmnﬁ%uuﬁa%é‘l’agﬂﬁi’ﬂﬁ'ﬂmmmmmﬁ:}Uixazizwfiwq‘ﬁumumum‘fumm%uﬁ’mws
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gﬂﬁ 2.20 uwosTanuduuuy Thermal Conductivity [11]

2.3.4.3 iuigosaauduiuy Thermal Conductivity \uwosuuuiiiuviin
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flawmasinnndt 200°C uavmueuiinszigeenaninesiamesluuauyassannndy wes
fawmesogluusseinia aAnuuanievesgumgiiveaveiamessansd 1uamiumses
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2.4 TUsunsy LabVIEW

LabVIEW ~ §831191n Laboratory  Virtual — Instrument  Engineering
Workbench  1Julusunsumeuiianmesiiasatunnitedunldludunsiauaziniasiiofn
dmiunumeiidmnssy JafulusunsuitasandosdeTaadousiduiosjoanmi
mnssu fadugauszasindnvedusunsuiifenisdansludunisiauasedediotn ot
Usgdnsaw lufvedldsunsuazUsenaulufefladduiidaslunistauanuie Tsunsy
LabVIEW azifulusunsudssian GUI (Graphical User Interface) Taeisalisndudondau
Thav3addilag uazdnuararvildlulusunsuazitenda A1¥13UN M %39 Graphical
language Lmum'sL°usJuT,ﬂmnswﬂuussmamwmﬂumanummwumu \Wun1¥T, Basic
v3e Fortran Gdlulusunsu LabVIEW azussalusunsusneg 13l Libraries uasifiteridunis
WauegvateUssinnaieiu 1w Signal generation, Signal processing, Filters, @@,
fluadl uavadinAnaniauq yilvisranunsaussandnsldnulfainvans
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\asnTusunsy LabVIEW ld&nuaignisideusuy Block diagram 853ens
daulngfimnuduingeguds Judunisieieshanudlawesiluwanldseluly wasd
wndldidfuneunmsideuivsunsuindeufiandoulusunsy 151ms fezdoadou Flow
Chart Tha$adureu ndtnnsiaaey Flow Chart 3oudosuda Snilui@eulusunsy vl
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W Ssonmavusznavluse alndUn-Tn dude, Yuna seuansaviousiuseigldanunse
myuatedla fvgednunevamin Front Panel

‘ ST O e R T T T . . Efxlu_l

wmfﬁa;m]mﬂjv 38

I 2pr01a 6ass J SMART RENEWABLE ENERGY MONITORING

King Mungkut's Institute Of Technology Ladkrabang

o e s ST
Tempestre
331245 € - : Yo
Humiduty (%) s
68,6481 e |
urrent! Y
Wind Speed 3 ! } » " fr— i
301677 mvs ® o el 1Y g |
e A" ! — |
SARIIINRTY { |
Wind Diecion tie i
173 s 200 S0008 40000 ey, 1201.08 v e
Fir P o T
Solar Radiation (W/m2] \. e o Pommt
97.9497 pe 0]
Energy covit) B covt JSTTRY i e oo

o, v
e s |
[ e |

479523 | 18.4846 j

o ) )
3UN 2.22 anwauyaeanin Front Panel

2. Block Diagram 3guiailou Code w3alusunsuwes LabVIEW &eaz
Usngeglugunean1v G 31 Block Diagram i3y Executable Program Aeanansa
viauldviuit wazdeddussmsuiladeszinansisaeunrfianainveslusunsunaanina
Falusunsuazvhanulddedifiauianalulusunsawvindy uazannsafiazgeaziden
vosnymiananald uazannsauflulignyn vilsinadeulusunsudiedu fsanelu Block
Diagram axUsznaulusiae eddu Arasil Tusunsumuaunsyhaunielassasns luusas
duwaniiazusingeglusuves Block lnasvinmsseany (wire) §1m3u Block Mwuwasdn
faefiu e muadnwasmsivavowesyasenine Block wardy  vilddeyaldsunts
Ussananamufifesnis wasuanswasenuiliungldsaly
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5Ufl 2.23 Shwnizvesi Block Diagram

3. Icon And Connector Wisutailoulusunsudeslulusunsuvdniing U
a8 Icon gnsnedia Block Diagram fawilsiifinisdsdeyaiinuazoandiumia Connector &
Tu LabVIEW 92158071 sub VI @a57@1u150@579 sub VI flazdiutuuyihausediesls

& w v a 4 F A a % S
intulunendnn RIS IAausadisulusunsududuliuuiedonldau Vi i
3 ' v X d oqa A a 1 v & o = al
\WgasInauNtnl #9ild Vi iislsusneumindnatelu sub Vi T famsideuly

anwaztisenindu Module

= O

1 -

d LI
3U# 2.24 Icon wag Connector MUARIU

ﬂ’]'i’]s‘!ﬁ 2.4 duusznauwaslusunsy LabVIEW

LabVIEW Iﬂmn'suﬁugﬂu il

VI Program flUsuNIUuaN

Function Function HaridudnSaguitasrstusniulusunsa

Sub VI Subroutine Tsunsugesiignionldlaelusunsuman

Front Panel User interface ﬁauﬁﬁﬂﬁaﬁucﬂ%
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2.5 gUnsnl Data Acquisition (DAQ)

LabVIEW 1Husenuaiilasuanufenduaghannlunuiiesdeaiumsia
dryqial vide Data  Acquisition (DAQ)  @efluszlemflunenndiedunsiauaznisuans
Fyaau, msifiutiufindaya, memuay, wazgmvaaey Wudu dluiifisnanhensauasidn
wlduu LabVIEW iiensinenduaaiassumanndueivansvis Iﬂ&msﬂdnﬁaﬁug'm
nuinsudasdyrusswinendeniuiinea welhAsendilalunsidenldmsuiud
wazdediinluneeriauad vudeiinaifisulvsunsumuauusasileiduvesgunsnd DAQ

Aulusunsy LabVIEW Zsanunsavinisvaaesls wiihazlifigunsel DAQ Ay

NI USB 612

sl 2.25 dnunseesgunsal Data Acquisition(DAQ) [3]

2.5.1 MWTINYBIEUU DAQ UUABUNILADS
58UV DAQ UuAaufLmes Aonszuiunstunsenumdyaiumielnfiiugs
thlAullumbeauduneuiamesitenisin Sinsest Safiv visuanwaseluiuey
Auinguazasdlunisadis Vi wssusazuenndindu §9seuu DAQ  vumeNfinmeiasdl
daudsznovey 4 drudleiufie 1) dauvesuvasdyyi 2) dwesauss  3) drwgunsel
wae 4) SIVTENALIS

Signal

A 4
\
4

Signal » Data Acquisition Computer

Conditioning

al o a ¢
EU‘W 2.26 igUUﬂ']'iﬂ']\ﬁu‘fJ@QQUﬂifﬁ DAQ UUABNNWILHDS
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SUN1 2.27 unasdyinuuusiansmnataziuuldaensnd muddu [3)

2.5.3 mM3uTuunweeyya (Signal conditioning)
Jugunsaliaduivimthiivsudaaalimnzaunouiadegunsel DAQ
e lildnan1sTaiismswardasndounnd iy fsguunsal Signal conditioning Taevily
0] Ampli-fication ,Excitation ,Bridge Configuration ,Filtering
5’umaumsLLﬂaqﬁcquzumnamé‘amﬂuﬁ%maa
Tugunsal DAQ eeildesdmiuindnygineunden u3e Analog input Feay
Tadyanalutag +10v msthdyarneuidenduneglunsuiamesieadunesuunuuy
fanealnuardesriugunsaiiasdynniiFondt Analog-to-Digital converter (ADC) @4
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1. Sampling nszurumstiluniswdsudyyineundenidudunsiu

o 2 <, v aa Ay o A Y aa | a a ' .

seillaslinarsidugavestoyafiinoanlinailosnieisnsdudygrniiFonit Sampling
MednsIA Bansdudyaransau gefldanasguiasnuinumindu yilifuaiy
azidoavondunwlalndiAssiuaduuindu anaudalumsgudygyranionin Sampling

rate Hwheidugasedunil (sample/s) 3e Hz

&
d

2. Resolution Tum3n1s Sampling Asmsdudaayramauwnuiiai(unuuau)
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2.5.4 Uszanvedssuunsindugyin
. - = o A o 1
1. Differential %38 DIFF ABNITINFYUIUNVIUINLAL VIR UVDILNEN
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2. Referenced Single-Ended %3 RSE Aonisindyayiauiiauiu AIGND 34
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E‘Uﬁ 2.29 MyInda e UY Referenced Single-Ended [3]

3. On-Referenced Single-Ended 38 NRSE 1uszuuiindeiu RSE wld
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MUX

CHiOFgess==
CH2+0————03 Instrumentation
CHl+6—+—31— 0 Amplifier

~ +

L ]

. -

CH15+0———1——0 | Vi

AISENSE ©
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3.2 N199RNRUVVUNLN Block Diagram
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Hum Date Time Wind speed(m/s) Wind direction Temperature(C) Humiduty(X) Solar radiation(W/m2) ~
] 127372557 7:22 1.754 S 27.012 5.803 117.600 10.821

1 12/3/2557 7:27 1.087 S 27.473 73.082 127.726 06.868

2 127372557 7:32 1.841 S 27.782 71.299 158.973 08.053

3 12/3/2557 7:37 1.660 S 28.032 69.820 178.605 09,356

4 12/3/2557 7:42 1.647 S 28.384 68.984 193.481 11.128

5 12/3/2557 7:47 1.964 S 28.530 68.492 201.257 14.317

6 12/3/2557 7:52 2.146 S 28.189 70.134 197.224 16.279

7 12/3/2557 7:57 2.244 S 28.133 70.544 189.359 22.361

8 12/3/2557 8:02 2.050 SE 28.127 70.912 155.572 20.518

9 12/3/2557 8:07 2.096 SE 28.822 66.020 300.710 33.732

10 12/3/2557 8:12 2.2719 5§ 28.915 65.624 279.979 35.714

11 12/3/2557 8:17 2.298 S 29.560 62.511 341.139 47.3e5

12 12/3/2557 8:22 2.494 SE 29,855 65.561 271,194 42.4e9

13 12/3/2557 8:27 2.325 SE 28.792 68.054 213.017 36.250

14 12/3/2557 8:32 1.968 5 29.173 65.647 283.984 50.890

15 12/3/2557 8:37 1.978 S 30.345 58.128 424.985 75.948

16 12/3/2557 8:42 2.208 S 30.762 55.945 457.9e9 86.011

17 12/3/2557 8:47 2.31 S 30.482 58.112 402.597 81.921

18 127372557 8:52 2,115 § 30.527 58.231 351.496 76.302

19 127372557 8:57 2.339 St 30.747 55.966 517.998 106.060

20 12/3/2557 9:02 2,309 S 31.570 51.861 582.482 120.129

21 12/3/2557 9:07 2.163 S 33.204 47.326 624.786 128.297

22 12/3/2557 9:12 2.299 S 33.113 47.599 666.841 132.634

23 12/3/2557 9:17 2.348 S 32.145 52,331 442.934 98.449

24 12/3/2557 9:22 2,343 SW 31.961 52.789 557.148 124.635 &
< - >
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Num. Date  Time Wind speed(m/s) Wind direction Temperature(C) Humiduty(%) Solar radiation(W/m2) Voltage(V) Current(A) Power(W)

0 12/3/2557 T:30 1.841 5 27.782 71.299 158.973 8.053 0.353 2.854
1 12/3/2557 7:35 1.660 5 28.032 69.820 178.605 9.356 0.431 4.031
2 112/3/2557 7:40 1.647 5 28.304 68.984 193.481 11.128 0.464 bilr3
3 |12/3/2557| T:45 1.964 S 28.530 68.492 201.257 14.317 0.488 7.019
4 12/3/2557 T:50 2.146 ] 28.189 70.134 197.224 16.279 0.498 8123
5 12/3/2557 T:55 2.244 5 28.133 70.544 189.359 22.361 0.590 13.273
6 12/3/2557 8:.00 2.050 SE 28.127 70912 1hh.572 20.518 0.595 12.243
7 12/3/2557 8:05 2.096 St 28.822 66.020 300.710 33.732 0.688 23.274
8 12/3/2557, 8:10 2279 S 28.915 65.624 279979 35714 0.708 25512
9 12/3/2557 8:15 2.298 S 29.560 62511 341.139 47.305 0.801 37.990
10 12/3/2557 8:20 2.494 SE 29.055 65.561 271.194 42.400 0.755 32,501
11 12/3/2557 8:25 2325 SE 28,792 68.054 213.017 36.250 0.709 26324
12 [12/3/2557| 8:30 1.960 5 29473 65.647 283.984 50.890 0.827 44.398
13 |12/3/2557 8:35 1.970 S 30.345 58.128 424,905 75.948 1.015 78.095
14 12/3/2557 8:40 2.200 S 30.762 55,945 457.909 86.011 1.095 95.228
15 12/3/2557 845 2.291 S 30.482 58.112 402597 81.921 1.055 88.784
16 12/3/2557 8:50 27115 S 30.527 58.231 351.496 76.302 0.994 77.909
17 112/3/2557| 8:55 2.339 SE 30.747 55.966 517.998 106.060 1.194 126.997
18 12/3/2557| 9:00 | 2309 S Binb [0 51.861 582482 120.129 1.264 151.984
19 112/3/2557! 9:05 2.163 G 33.204 47.326 624,786 128.297 1339 171.846
20 12/3/2557 9:10 2.299 S 333 47.599 666.841 132.634 1.360 180.381
21 12/3/2557| 9:15 2340 S 32.145 92,331 442934 98.449 1.184 120.757
22 12/3/2557| 9:20 2.343 W 31.961 52.709 557.148 124.635 1.300 162.957
23 (12/3/2557| 9:25 2.130 S 32.361 52.765 456.912 112017 1.218 139.064
24 112/3/2557| 9:30 2.331 SE 31.480 54515 413518 109.256 1.233 136.049
25 112/3/2557| 9:35 2248 S 32.835 49.939 647,737 136.332 1381 189.064
26 12/3/2557 9:.40 2495 S 32811 48.197 672,901 139.992 1.384 193.787
27 112/3/2557, 9:45 2.260 S 33.697 46.403 701.435 142350 1.343 191.196
28 12/3/2557 9:50 2363 Sw 3551 45,727 726.497 144.076 1.398 201.427
29 112/3/2557 9:55 2.103 S 34.389 43.865 707.490 143.113 1.389 198.870
30 12/3/2557 10:00 2.159 S 34.791 42.653 739.749 144,992 1.422 206.202
31 12/3/255710:.05 2512 SE 32.967 47.292 728512 142851 1.397 199.818
32 12/3/2557 10:10 2321 SW 33.407 47.956 648.242 134.543 1.366 184.921
33 12/3/2557 10:15 2391 5 34.449 43729 864.010 151.273 1427 215.860
34 12/3/2557 10:20 2.164 5 35.306 43,838 738771 143.082 1.362 195.507
35 12/3/2557 10:25 2.452 S 34.860 43.306 853.596 150.724 1.439 216.909
36 12/3/2557 10:30 2.454 S 34464 42.504 834.615 150.633 1.407 211.963
37 112/3/255710:35 2.219 S 35.210 41626 825.943 150.284 1.414 212502
38 12/3/2557/10:40 2473 SE 34.149 43.640 833.245 151.070 1436 216.932
39 112/3/2557 10:45 2,113 SE 35.882 40.441 842911 151571 1.430 216.808
40 12/3/2557 10:50 2.459 S 34.236 44.140 872.717 152547 1410 215.017
41 12/3/2557 10:55 2.265 SE 34,673 43.401 843.601 150.778 1.420 214.158
42 12/3/2557 11:00 2.305 W 34.865 44.920 843.017 149.008 1.406 209.744
43 12/3/2557/11:05 2.424 i 35272 43.122 841.722 146.734 1.390 204.937
44 12/3/2557 11:10| 2.407 SE 32926 49.539 468.205 | 126363 1.309 166.170

12/3/2557/11:15 2352 S 35537 41.898 958.364 156.325 1417 221522

B
w
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Num. Date | Time Wind speed(m/s) Wind direction Temperature(C) Humiduty(9) Solar radiation(W/m2) Voltage(V) Current(A) Power(w)

46 12/3/2557 11:20 2.403 S 34.222 45,131 682.223 143.606 1371 197.575
47 12/3/2557 11:25 2343 5 35413 42.530 872.262 152,323 1411 214.839
48 12/3/2557 11:30 221 W 35.364 44.173 672.044 140.638 1.370 193.318
49 12/3/2557 11:35 2.075 SE 35.619 42.744 787.764 144.148 1.360 197.051
50 12/3/2557 11:40 2355 SE 35390 41912 954.666 153.848 1.418 218.184
51 12/3/2557 11:45 2449 SE 35.263 42.897 868.831 151.332 1.390 210,677
52 12/3/2557 11:50 2713 SE 34.633 43724 880.542 151811 1.436 218222
53 12/3/255T 11:55 2279 S 34661 45.329 677.416 143.807 1.402 202.427
54 12/3/2557 12:00 2316 S 34.649 46.798 685.126 140.206 1374 194.047
55 12/3/2557 12:05 2.479 SE 34.940 43,060 674531 143.346 1.370 197.063
56 12/3/2557 12:10 2.268 SE 35293 42.484 943.541 154.753 1.420 219.776
57 12/3/2557 12:15 2.593 S 35884 41.465 898.671 153595 1.406 215.930
58 12/3/2557 12:20 2.500 S 36.047 41456 962.845 154.887 1.446 224.007
59 12/3/2557 12:25 2215 SE 35.207 42.750 788.887 146.685 1.408 207.302
60 12/3/2557 12:30 2.007 5 36.632 40.362 926.740 154.334 1422 219.424
61 12/3/2557 12:35 2.369 S 36.780 40.405 782.743 148.201 1.382 205.127
62 12/3/2557 12:40 2.336 S 36.080 41,031 775.540 149.283 1.389 207.673
63 12/3/2557 12:45 2.294 . S 36.790 40.220 757.849 146.636 18379 202523
64 12/3/2557 12:50 2,052 W 36.130 40.451 773.302 149.086 1.396 208.511
65 12/3/2557 12:55 2334 S 35,939 43.122 762278 149,584 1.392 208.339
66 12/3/2557 13:00 HE31 SW 36.440 40.832 897.726 154.291 1371 211.502
67 12/3/2557 13:05 2228 SW 36.909 40.040 819.403 151.281 1.368 207.030
68 12/3/2557 13:10 2.165 SW 34.736 45.686 492.293 133.066 1.327 177.382
69 12/3/2557 13:15 2.402 W 36,229 42.753 687.609 149.223 1.382 206.448
70 12/3/2557 13:20 2,356 5 35551 42,015 717.484 147.602 1.385 205.589
71 12/3/2557/13:25 2.235 W 37.022 41.408 750.239 149.008 1.384 206.439
72 12/3/2557 13:30 2,092 SW 38.242 38.230 863.151 153.226 1.392 213.324
73 12/3/2557 13:35 2.251 S 38.204 36.661 856.485 152.091 1.402 213.190
74 12/3/2557 13:40 2.330 w 36,545 42.106 570.231 138.982 1371 190.975
75 12/3/2557 13:.45 2330 Sw 37438 40.626 663.941 144.854 1.385 200.948
76 12/3/2557 13:50 2.219 SE 35347 43912 631.575 144.935 1.388 201.218
77 [12/3/2557| 13:55 2473 SwW 36.203 43,547 811.767 153.308 1422 218.087
78 12/3/2557 14:00 2.230 SW 36.391 43527 590.715 137.283 1.292 178916
79 12/3/2557 14:05 2.504 w 35.638 46.088 560.437 142.388 1.365 194.915
80 12/3/2557 14:10 2501 S 35.320 44.257 702616 149.202 1412 210.996
81 12/3/2557 14:15 2.258 5 E 36.699 41.608 737.743 151.636 1.428 216.619
82 12/3/2557 14:20 2363 S 35.256 45.735 543.981 135357 1339 182.477
83 12/3/2557 14:25 2427 w 35.294 47.460 603.930 144,736 1.364 197.856
84 12/3/2557 14:30 2,028 SW 37.023 43,716 693.474 151.043 1.414 213.856
85 12/3/2557 14:35 2462 W 36.305 44,027 696,836 150.685 1319 207.904
86 12/3/2557 14:40 2.247 W 35.947 44.640 582.487 143.329 1.361 195.957
87 12/3/2557 14:45 2.402 S 36.128 42.567 691.438 151,317 1.357 205.362
88 12/3/2557 14:50 2275 5 36.935 42.236 616.180 147.495 1.387 204,733
89 12/3/2557 14:55 2,308 S 35.878 45,197 521344 141.062 1.340 190.155
90 12/3/2557 15:00 2.300 Sw 36.034 44,967 519.745 140.080 1.338 188.801

91 12/3/2557 15:05 2.246 S 36.380 42.868 625.768 150.035 1.422 213.304
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Num. Date  Time Wind speed(m/s) Wind direction Temperature(C) Humiduty(%) Solar radiation(W/m2) Voltage(V) Current(A) Power(W)

92 |12/3/2557|15:10 2.354 SW 34,702 47.052 512.690 140.803 1310 194.709
93 |12/3/2557|15:115 2.121 SwW 36.699 42,487 587.690 148.360 1.401 207.813
94 12/3/2557 15:20 2212 S 36.301 43.006 526.704 139.465 1.367 192.505
95 12/3/2557 15:25 2181 W 34.704 48.567 429.881 130.249 1311 173.144
96 |12/3/2557| 15:30 2215 S 34.668 46.213 534.740 146.378 1.419 207.849
97 12/3/2557 15:35 2.402 SW 35.483 45,152 508.831 143,691 1.360 195.631
98 12/3/2557 15:40 2514 SwW 34.447 48.343 426.226 133.619 1.302 174.947
99 12/3/2557 15:45 2.265 SW 34930 46,890 472.523 141.245 1371 193.729
100 12/3/2557 15:50 2.480 SwW 35.134 45.582 465.518 140.460 1.571 193328
101 |12/3/2557 15:55 2502 SwW 33.515 50.349 362953 123.208 1272 158.821
102 12/3/2557 16:00 2423 S 33,165 51.625 316.110 113.064 1.218 140424
103 12/3/2557 16:05 2431 SW 33674 49.955 378.157 127958 1311 169.402
104 12/3/2557 16:10 2426 SwW 33,702 50.547 361.060 127.241 1.340 170.507
105 12/3/2557 16:15 2.459 SW 33.367 51,673 342.989 122,062 1,293 158.057
106 12/3/2557 16:20 2.181 Sw 32.898 52343 265.648 97.883 1.128 113.997
107 12/3/2557 16:25 2.103 S 33.859 49.669 312945 113.246 1.180 133618
108 12/3/2557 16:30 2{532 S 32.854 52.234 299.478 110.064 1.225 134.972
109 12/3/2557 16:35 2.088 S 32521 52.224 274,750 100.812 1172 118.328
110 12/3/2557 16:40 2417 SE 32,605 52.657 265.772 101.139 1.130 111512
111 12/3/2557 16:45 2.242 S 32556 52.666 250,124 89.605 1.120 100.455
112 12/3/2557 16:50 2285 S 32.185 53.987 230911 79.826 1.040 83.132
113 12/3/2557 16:55 2427 SwW 31.589 55.856 folardicod 70.273 0976 68.651
114 12/3/2557 17:00 2.263 5 31.467 56.308 197.155 62.049 0.892 55.469
115 12/3/2557 17:05 2.405 SW 31524 57.147 180.489 53.659 0.876 47.047
116 12/3/2557 17:10 2.408 S 31.078 58.701 162.560 44.751 0.768 34,364
117 12/3/2557 17:15 2.292 SE 30.908 59.213 143.933 85719 0.737 26.406
118 12/3/2557 17:20 2018 SwW 30.646 60.423 126.448 26.941 0.597 16.202
119 12/3/2557 17:25 2.132 5 30.275 62.045 106.099 18.968 0.549 10.442
120 12/3/2557 17:30 1974 Sw 30.017 62.655 91.736 14.492 0.459 6.691
121 12/3/2557 17:35 2290 SwW 29.736 63,953 78.260 9.771 0.414 4.111
122 112/3/2557 17:40 2342 S 29147 67.258 56.395 5.988 0.303 1.817
123 12/3/2557 17:.45 1.890 SW 28.918 68.495 48.414 5.030 0.269 1.366
124 12/3/2557 17:50 2370 S 28.754 69.065 40.588 4,337 0.210 0914
125 12/3/2557 1755 2,055 S 28.533 69.628 32776 3.785 0.168 0.645
126 12/3/2557 18:00 2.078 5 28392 70.217 25678 3352 0.156 0.526
127 12/3/2557 18:05 2.189 S 28,268 70.969 18.950 3.010 0.161 0.489
128 12/3/2557 18:10 1.827 S 28,013 71929 12.648 2751 0.101 0.280
129 12/3/2557 18:15 2.249 S 27974 C 72761 7.194 2520 0.065 0.168
130 12/3/2557 18:20 2.198 S 27.848 73.642 3.829 2.362 0.063 0.153
131 12/3/2557 18:25 2.089 S 21713 73.370 1.687 2.255 0.049 0.115
132 12/3/2557 18:30 2.165 S 27.648 73.176 0.466 2.186 0.064 0.141
133 12/3/2557,18:35 1.549 S 27.420 74.169 -0.178 2.158 0.043 0.097
134 12/3/2557 18:40 1.837 S 27379 74.691 -0.430 2145 . 0.060 0.131
135 12/3/2557 18:45 1572 S 27.264 74.620 -0.500 2135 0.056 0.124
136 12/3/2557 18:50 1.656 W 27.289 74.556 -0.522 2.137. 0.042 0.095
137 12/3/2557 1855 2.008 SW 27.211 74.185 -0.520 2.136 0.039 0.087
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Num. Date  Time Wind speed(m/s) Wind direction Temperature(C) Humiduty(%) Solar radiation(W/m2) Voltage(V) Current(A) Power(W)

138 12/3/2557 19:00 1.808 SwW 27.102 74.410 -0.522 2133 0.059 0.128
139 12/3/255719:05 2113 S 27.144 74.108 -0.522 2,135 0.031 0.068
140 12/3/2557 19:10 2.194 S 27.222 74.061 -0.508 2134 0.030 0.066
141 12/3/2557 19:15 1.662 SE 27.136 74.603 -0.543 2137 0.018 0.041
142 12/3/2557 19:20 1524 5 27.028 74.539 -0.517 2137 0.027 0.059
143 12/3/2557 19:25 2077 SE 27.089 74,759 -0.554 2128 0.018 0.044
144 12/3/2557 19:30 2.065 5 27.219 74,181 -0.524 2.135 0.035 0.077
145 12/3/2557 19:35 2313 S 27.223 74.737 -0.532 2:135 0.055 0.119
146 12/3/2557 19:40 1.888 SE 26.995 T5.275 -0.516 2.132 0.014 0.034
147 |12/3/255719:45 2.102 S 27,045 75.895 -0.465 2135 0.052 0.113
148 12/3/2557 19:50 1.868 SW 26.875 76.613 -0.489 2136 0.020 0.049
149 12/3/2557 19:55 1155 S 26.600 78.112 -0.556 2.130 0.035 0.077
150 12/3/2557 20:00 1.835 &3 26.420 79.110 -051% 2129 0.023 0.052
151 12/3/2557 20:05 1.495 S 26.292 79.105 -0.519 2.116 0.046 0.100
152 |12/3/2557| 20:10 2153 o 26.326 79.523 -0.516 2.136 0.050 0.109
153 12/3/2557|20:15 2.000 SE 26.283 79.697 -0.545 2.133 0.047 0.104
154 12/3/2557 20:20 2.025 SE 26.259 80.630 -0.526 2,151 0.021 0.048
155 12/3/2557 20:25 1.983 5 26,230 81.003 -0.541 2.182 0.060 0.130
156 12/3/2557)20:30 1.704 bE 26,169 81.339 -0.513 2140 0.040 0.090
157 12/3/2557 20:35 1331 E 25,957 82.449 -0.543 2.134 0.023 0.053
158 12/3/2557 20:40 1.918 SE 26077 83.045 -0.562 2.134 0.059 0.130
159 12/3/2557 20:45 1.813 SE 26,058 83.653 -0.522 2.129 0.056 0.122
160 12/3/2557)20:50 1.529 SE 25943 84.025 -0.525 2.132 0.021 0.049
161 12/3/2557/20:55 1,694 SE 26,365 84.387 -0.558 2130 0.014 0.034
162 112/3/2557 21:00 2,149 SE 26.581 84.694 -0.524 2132 0.045 0.098
163 12/3/2557 21:05 2.198 5 26.549 84.825 -0.509 2.185 0.068 0.148
164 12/3/2557 21:10 2292 S 26,617 85.405 -0.505 2132, 0.025 0.057
165 12/3/2557 21:15 1.982 S 26.492 85.945 -0.529 2.130 -0.001 0.000
166 12/3/2557 21:20 1.886 5 26.454 86.122 -0.508 2.129 0.020 0.046
167 12/3/2557 21:25 2274 SE 26.703 85.809 -0.523 2,139 0.040 0.090
168 112/3/2557 21:30 1.909 ) SW 26,502 85.800 -0.524 2.135 0.038 0.085
169 12/3/2557|21:35 1974 s 26362 86.085 -0.386 2154 0.042 0.087
170 12/3/2557 21:40 1.450 SW 25.650 85311 -0.559 2.139 0.043 0.097
171 12/3/2557|21:45 2,296 S 25,797 86.434 -0.564 2,139 -0.003 -0.002
172 12/3/2557 21:50 2:113 S0 25,735 86.939 -0.558 2133 0.041 0.091
173 12/3/2557 21:55 1.682 SE 26.290 87.852 -0.598 2137 0.020 0.045
174 12/3/2557 22:00 1.932 SE 26,263 88.719 -0.606 2133 0.048 0.104
175 12/3/2557 22:05 1.954 SE 26,137 88.827 -0.607 2132 0.009 0.024
176 12/3/2557 22:10 2,225 SE 26.324 89.118 -0.581 2127 0.028 0.062
177 12/3/2557)22:15 2.074 S 26.245 89.063 -0.607 2.130 0.088 0.190
178 12/3/255?.22:20 2.016 S 26.258 88.353 -0.584 2131 0.023 0.051
179 12/3/2557 22:25 2.250 S 26.401 87.645 -0.573 2.128 0.078 0.168
180 12/3/2557 22:30 1.972 S 26,208 87.729 -0.597 2128 . 0.057 0.126
181 12/3/2557 22:35 2.101 S 26,243 87.775 -0.601 2133 0.072 0.156
182 12/3/2557 22:40 2.155 SE 26.275 88.349 -0.619 2131 0.043 0.094

183 12/3/2557|22:45 1.644 S 26.064 88.804 -0.586 2.151 0.019 0.037
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Num. Date  Time Wind speed(m/s) Wind direction Temperature(C) Humiduty(%) Solar radiation(W/mz2) Voltage(V) Current(A) Power(W)

184 12/3/2557 22:50 1877 ) 26.020 89.382 -0.597 2.135 0.032 0.073
185 [12/3/2557|22:55 1.982 5 26.022 89.456 -0.615 2127 0.047 0.104
186 12/3/2557 23:00 2.140 S 26.179 89.433 -0.582 2125 0.025 0.056
187 12/3/2557 23:05 2.128 S 26.111 89.951 -0.586 2129 0.053 0.114
188 12/3/2557 23:10 2.106 5 26.197 89.858 -0.605 2.126 0.001 0.005
189 [12/3/2557|23:15 1.729 SE 26.107 90.053 -0.594 2.135 0.021 0.049
190 12/3/2557 23:20 2129 S 25954 90.814 -0.596 2.129 0.015 0.035
191 12/3/2557| 23:25 1.508 S 25955 90.493 -0.597 232 -0.017 -0.031
192 12/3/2557 23:30 1021 SE 25862 90.629 -0.603 2.130 0.031 0.069
193 12/3/2557 23:35 2210 SE 26.073 90.178 -0.596 2127 0.046 0.102
194 12/3/2557 23:40 2313 S 26,142 89.467 -0.590 2131 0.030 0.070
195 12/3/2557 2345 2.374 S 26,151 89.106 “0B75 2132 0.064 0.142
196 12/3/2557 23:50 2177 S 26.098 89.200 -0.579 2128 0.032 0.071
197 12/3/2557 23:55 2.050 S 25.999 89.258 -0.585 2152 0.051 0.112
198 13/3/2557 0:.00 2.055 S 25,055 88.987 -0.599 2133 0.040 0.088
199 13/3/2557 0:.05 2.168 SE 26.065 88.919 -0.571 2.131 0.016 0.037
200 13/3/2557 0:10 2.065 S 26.191 88.762 -0.581 2132 0.041 0.090
201 13/3/2557 0:15 2231, Sk 26,129 89.265 -0.573 2,126 0.010 0.026
202 13/3/2557 0:20 2.198 S 26.068 89.336 -0.560 | 2124 0.043 0.094
203 13/3/2557 0:25 2217 X 26.158 88.842 -0.586 2128 0.061 0.133
204 13/3/2557' 0:30 2160 S 26.203 88.641 -0.597 2133 0.008 0.020
205 13/3/2557 0:35 1.884 S 26,052 88.510 -0.576 2,122 0.023 0.052
206 13/3/2557 0:.40 2116 SE 26,037 88.909 -0.597 2.130 0.048 0.104
207 13/3/2557 045 2.130 SE 26.087 88.885 -0.586 21132 0.013 0.031
208 13/3/2557 0:50 1.916 S 25912 89.449 -0.608 2127 0.022 0.052
209 13/3/2557 0:55 2011 5 25926 89.187 -0.601 2.128 -0.008 -0.016
210 13/3/2557 1:00 2.156 SE 25.973 89.388 -0.577 2126 0.026 0.060
211 13/3/2557 1.05 2213 SE 25.907 89.691 -0.606 2125 0.012 0.027
212 13/3/2557 1:10 2.064 S 25.935 89.651 -0.585 2132 0.065 0.141
213 {15/3/2557| 1115 2.026 SE 26.033 89.314 -0.575 2.126 0.039 0.085
214 13/3/2557 1:20 2.187 SE 25,965 89511 -0.608 2.128 0.050 0.109
215 [13/3/2557] 1:25 2.167 SE 25958 89.710 -0.604 2139 0.051 0113
216 113/3/2557 1:30 1.970 S 25.854 90.165 -0.618 2130 0.016 0.039
217 |13/3/2557| 1:35 2.190 SE 25.909 90.343 -0.604 2124 0.029 0.066
218 13/3/2557 1:40 2.246 S 25,992 90.005 -0.621 2123 0.017 0.041
219 13/3/2557 1:.45 2.141 5 26.014 89.774 -0.601 2125 0.011 0.027
220 13/3/2557 1:50 1.605 S 25,843 90.270 -0.604 2.126 0.031 0.069
221 |113/3/2557| 1:55 2.126 SE 25917 90.670 -0.609 2.124 0.029 0.055
222 13/3/2557 2:00 2:255 S 25950 90.005 -0.606 2.118 0.008 0.020
223 |13/3/2557| 2:05 2.120 5 25937 90.031 -0.594 2118 0.022 0.050
224 13/3/2557 2:10 2122 S 26.001 89.968 -0.611 2123 0.021 0.047
225 13/3/2557 2:15 1975 S 25.926 90.060 -0.608 2125 0.018 0.042
226 13/3/2557 2:20 2073 SE 25.930 90.616 -0.647 2124 0.029 0.066
227 13/3/2557 2:25 2.045 5 25926 90.749 -0.640 2.116 0.028 0.064
228 13/3/2557 2:30 1.549 S 25975 90.259 -0.611 2122 0.010 0.028

229 113/3/2557| 2:35 1.788 £ 26.076 89.724 -0.590 2.123 0.039 0.086
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Num. Date  Time Wind speed(m/s) Wind direction Temperature(C) Humiduty(%) Solar radiation(W/mz2) Voltage(V) Current(A) Power(W)

230 13/3/2557 2:40 1.627 S 26.012 89.804 -0.611 2.124 0.024 0.057
231 13/3/2557 2:45 1.892 SE 26.124 89.465 -0.590 2.118 0.012 0.032
232 13/3/2557 2:50 1.901 SE 26,022 89.541 -0.604 2.119 0.009 0.026
233 13/3/2557 2:55 2.132 SE 25.994 90.005 -0.606 2.108 0.014 0.036
234 13/3/2557 3:00 2,081 S 26.117 89.846 -0.601 2.119 0.028 0.066
235 13/3/2557 3:05 1.774 S 26.004 89.943 -0.594 2,121 0.023 0.055
236 13/3/2557 3:10 1.698 S 25841 90.284 -0.642 2118 0.034 0.079
237 13/3/2557 3:15 1578 SE 25972 89.144 -0.646 2121 0.041 0.089
238 13/3/2557 3:20 2414 S 26.260 88.395 -0.624 2.124 0.060 0.130
239 13/3/2557 3:25 2.073 SE 26,374 87.602 -0.635 2.119 0.019 0.043
240 13/3/2557 3:30 1.966 SE 26.202 87.974 -0.615 2.122 0.017 0.038
241 13/3/2557 3:35 2.015 S 26277 87.737 -0.648 2,125 0.045 0.099
242 13/3/2557 3:40 1.584 S 26.307 B7.359 -0.642 2.127 0.029 0.065
243 13/3/2557 3:45 1911 ) 26.221 88.055 -0.638 2.126 0.041 0.091
244 13/3/2557 3:50 1.943 SE 25,980 89.034 -0.643 2127 0.069 0.150
245 13/3/2557 3:55 2.045 SW 25,866 89.396 -0.644 2123 0.054 0.118
246 13/3/2557 4:00 1.879 SE 25.754 89.760 -0.635 26123 0.044 0.098
247 13/3/2557 4:05 1.912 SE 25009 90.437 -0.640 2.124 0.054 0.121
248 13/3/2557 4:10 2.048 58 25,685 90.851 -0.632 2123 0.034 0.074
249 13/3/2557 4:15 | 1.837 SE 25.630 91.015 -0.643 2 123 0.049 0.108
250 113/3/2557' 4:20 1.756 S 25.442 91,926 -0.635 2128 0.078 | 0.169
251 13/3/2557 4:25 1.941 S 25.466 91.397 -0.640 2,118 0029 | 0068
252 13/3/2557 4:30 1591 S 25.375 91,741 -0.648 2.1249 0.041 0.091
253 13/3/2557 4:35 2.060 S 25333 92.269 -0.658 2.122 0.068 0.148
254 13/3/2557 4:40 1.877 SE 25.437 91.796 -0.650 2.126 0.027 0.062
255 13/3/2557 4:45 1.668 SE 25.448 91.664 -0.635 2.130 0.044 0.098
256 |13/3/2557 4:50 1.287 S 25.289 91.719 -0.652 2.126 0.009 0.024
257 13/3/2557 4:55 1.756 SE 25,303 92.225 -0.672 2114 0.041 0.090
258 13/3/2557 5:00 1.950 SE 25.266 92.100 -0.638 2122 0.044 0.095
259 13/3/2557 5:05 2.174 SE 25.387 91.399 -0.649 2.120 0.057 0.124
260 13/3/2557 5:10 1.689 SE 25345 91.280 -0.671 2.1 0.024 0.053
261 13/3/2557 5:15 1.782 S 25522 9139 -0.642 2.116 0.040 0.087
262 13/3/2557 5:20 1522 S 25.157 91.947 -0.661 2.116 0.031 0.069
263 13/3/2557 5:25 1.226 SE 25.084 92.197 -0.660 2123 0.041 0.091
264 '13/3/2557 5:30 0.969 5 24,919 93.461 -0.636 2127 0.053 0.116
265 13/3/2557 5:35 0.504 SE 24.898 93.203 -0.671 2112 0.073 0.158
266 13/3/2557 5:40 1.110 5 24.801 93.762 -0.661 2,128 0.034 0.075
267 [13/3/2557 5:45 1471 SE 24,938 94.667 | -0.669 2.116 0.055 0.120
268 13/3/2557 5:50 _ 1.368 E 25.051 94.733 -0.659 2417 0.052 0.113
269 13/3/2557 5:55 1.361 SE 24.848 25,581 -0.641 2,116 0.028 0.063
270 13/3/2557 6:00 1.865 SE | 25.160 95.055 -0.640 2115 0.036 0.078
271 13/3/2557 6:05 1.697 SE : 25.146 95.483 -0.535 2122 0.028 0.065
272 13/3/2557! 6:10 1.668 E 25215 94.608 -0.189 2.143 0.088 0.193
273 .13/3/2557 6:15 1.902 SE 25275 94790 | 0.716 2.185 0.012 0.030
274 13/3/2557, 6:20 1.230 SE 25,192 94.735 2.254 2268 | 0072 0.168

275 113/3/2557 6:25 1.479 SE 25114 94.939 4.448 2.380 0.044 0.111
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Num. Date  Time Wind speed(m/s) Wind direction Temperature(C) Humiduty(%) Solar radiation(W/m2) Voltage(V) Current(A) Power(w)

276 13/3/2557 6:30 1412 S 25211 94.897 7.485 2,530 0.084 0.217
277 13/3/2557 6:35 1.015 S 25332 93.739 11.340 2,660 0.099 0.267
278 13/3/2557 6:40 1.658 S 25.642 93.035 12.566 2712 0.110 0.303
279 13/3/2557 6:45 0.609 S 25.964 91.472 13.978 2.747 0.093 0.263
280 13/3/2557 6:50 1.509 S 26.082 90.959 19.120 3.006 0.118 0.358
281 13/3/2557 6:55 1417 S 26212 89.950 27.305 3323 0.136 0.458
282 13/3/2557 T:00 1.200 5 26.403 88.980 29.852 3.490 0.157 0.551
283 (13/3/2557| 705 1.965 SE 26.380 89.761 35.853 3.958 0.208 0.827
284 13/3/2557 T7:10 2,033 SE 26.484 89.557 50.704 4616 0.244 1.128
285 13/3/2557 7:15 1.526 SE 26.703 88.424 55539 4.889 0.286 1.402
286 13/3/2557 7:20 1.774 SE 27.013 86.485 73.867 5821 0312 1.827
287 13/3/2557 T7:25 2.006 SE 27427 84.048 107.333 8.146 0.352 2.897

288 '13/3/2557 T7:30 2.006 S 27.817 80.829 101.214 8.075 0.394 3.178
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INSTRUMENTS 1800-345 555

asean@ni.com

VNATIONAL e

NI USB-6212
16-Bit, 400 kS/s M Series MIO DAQ, Bus-Powered

* 16 analog inputs (16-bil, 400 kS/s)
+  2analog outpuls (16-bit, 250 kS/s); 32 digital /O, two 32-bit counlers
*  Bus-powered USB for high mobility: built-in signal connectivity
* Nl signal streaming for sustained high-speed data streams over USB; OEM
version available Yars.,
= Compatible with LabVIEW, ANSI C/C++, C#, Visual Basic .NET, and Visual
Basic 6.0
*  NI-DAQmx driver software and LabVIEW SignalExpress LE interactive
dala-logging software

Overview

The National Instruments USB-6212 is a bus-powered USB M Series multifunction data acquisition (DAQ) module optimized for
superior accuracy at fast sampling rates. It offers 16 analog inputs; 400 kS/s sampling rate; two analog outputs; 32 digital /O lines;
four programmable input ranges (0.2 to +10 V) per channel; digital triggering; and two counter/timers.

The NI USB-6212 is designed specifically for mobile or space-constrained applications. Plug-and-play installation minimizes
configuration and setup time, while direct screw-terminal connectivity keeps costs down and simplifies signal connections. This
product does nol require external power.

The USB-6212 also features new NI signal streaming technology, which gives you DMA-like bidirectional high-speed streaming of
data across the USB bus, For mare information about NI signal streaming, view the Resources tab.

Each module features an OEM version. Check the resources tab or use the left navigation to get pricing and technical information.

Driver Software

NI-DAQmx driver and measurement services software provides easy-lo-use configuration and programming interfaces with features
such as DAQ Assistant to help reduce development time. Browse the infarmation in the Resources tab to learn more about driver
software or download a driver. M Series devices are not compatible with the Traditional NI-DAQ {Legacy) driver.

Application Software

Every M Series data acquisition device includes a copy of NI LabVIEW SignalExpress LE data-logging software, so you can quickly
acquire, analyze, and present data withoul programming. In addition to LabVIEW SignalExpress, M Series data acquisition devices
are compatible with the following versions (or later) of NI applicalion software —~ LabVIEW 7.1, LabWindows™/CVI 7.x, or
Measurement Studio 7.x. M Series data acquisition devices are also compatible with Visual Studio .NET, C/C++, and Visual Basic 6.0.

The mark LabWindows is used under a license from Microsoft Corporalion.

Specifications




Specifications Documents

+ Specifications
» Data Sheet

Specifications Summary

General

Product Name

Product Family

Form Factor

Part Number

Operating System/Target

DAQ Product Family

Measurement Type

Isolation Type

RoHS Compliant

USB Power

Analog Input

Channels

Single-Ended Channels
Differential Channels

Resolution

Sample Rate

Max Voltage

Maximum Voltage Range
Maximum Voltage Range Accuracy
Maximum Voltage Range Sensitivity
Minimum Voltage Range

Minimum Voltage Range Accuracy
Minimum Veltage Range Sensitivity
Number of Ranges

Simultaneous Sampling

QOn-Board Memory

Analog Output
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USB-6212

Multifunction Data Acquisition
uUsB

780169-01 , 780107-01
Windows

M Series

Quadrature encoder , Voltage
None

Yes

Bus-Powered

16,8

16

16 bits

400 kS/s

0V

-0V, 10V

271 mv

118 pv

-200 mV , 200 mV
0.089 mV

5.2V

No

4095 samples



Channels

Resolution

Max Voltage

Maximum Voltage Range
Maximum Voltage Range Accuracy
Minimum Voltage Range

Minimum Voltage Range Accuracy
Update Rate

Current Drive Single

Current Drive All

Digital IO

Bidirectional Channels

Input-Only Channels

Output-Only Channels

Timing

Logic Levels

Input Current Flow

Output Current Flow
Programmable Input Filters
Supports Programmable Power-Up States?
Current Drive Single

Current Drive All

Watchdog Timer

Supports Handshaking /10?
Supports Pattern /0?7

Maximum Input Range

Maximum Output Range
Counter/Timers

Counters

Buffered Operations

68

16 bits
10V
-0V, 10V
3.512 mv
-10V,10V
3.512mV
250 kSls
2mA

4 mA

32

Software

1L

Sinking . Sourcing
Sinking , Sourcing
No

Yes

16 mA

50 mA

No

No

Ne

0Vv.525v

ov,38Vv

Yes

Yes
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GPS Synchronization Ne
Maximum Range aVv,525V
Max Source Frequency 80 MHz
Pulse Generation Yes
Resoclution 32 bits
Timebase Stability 50 ppm
Logic Levels TTL

Physical Specifications

Length 169 cm

Width 94cm

Height 3.1em

/0 Connector Screw terminals

Timing/Triggering/Synchronization

Triggering Digital

Pricing

Credit card payment will be billed In USD, which is subjected 1o the prevailing bank exchange rate. Price does not include custom
dulies and taxes.

NI USB-6212 Complete Package
Each NI USB-6212 requires:

NI USB-6212 Software

Roll over icons above to learn why you need each item in the package.

NI USB-6212 and Accessories

Hardware Subtotal: = 37,800

NI USB-6212

Screw Terminal Connectivity QW 35,800 each
780107-01

Mass Terminal Connectivity ~ QW 0 35,800 each

780169-01

Recommended Accessories




Connectivity Accessory - Qty 2,000 each
USB-621x Accessory Kit -
779807-01

Optional Accessories Hide

USB/PCMCIA Cable Strain Qty 1,800 each
Relief for Laptop - 777550-01

Rugged Carrying Case for Qty 5,600 each
Portable Instrumentation -
780315-01

DIN Rail Mounting Kit - Qty 1,000 each
779689-01

Compliant Calibration for NI Qty 8,700 each
Data Acquisition Hardware -
960462-03

Software

Software Subtotal: 0
Note : You should only purchase this deviee without software if you already own compatible application software. [View Full List]

LabVIEW Full Qty 30,000 each
Development System for

Windows (English) , 1

year SSP - 776670-35

LabVIEW Application  Qly 31,900 each
Builder for Windows -
776675-35

Change Software
Learn about all compatible software and get recommendations based on your needs.

Estimated Shipping Days: 10 - 15
Package Price: = 37,800

Add to Cart >>
Request Quote

Save for Later

You need software lo interface with your hardware and to collect, analyze, present, and store your measurements. This board is
compatible with a variety of programming languages, including LabVIEW, C/C++, Visual Basic, and .NET. LabVIEW provides the
easiest integration with all of your NI hardware and is recommended to maximize your hardware investment.

You have selected Thailand as the country where you will use the product(s) (change).

Services
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Extended Warranties

National Instruments designs and manufactures all products to minimize failures, however unexpected
failures can still occur. Extended warranties provide a fixed economical price at the time of system
purchase, covering any repair costs for up to three years. In addition, they offer the following benefits:

+ Significant cost savings compared to individual repair incidents
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= Fault location, diagnoslics, and repair by NI any time the system product fails
+ All parts and labor costs covered as well as any adjustments needed to reslore the hardware to manufacturing specifications

For more information about your warranty options:

+ Learn More Aboul Warranty Services |11 WW.NILEOM, Wi y |
* Talk to an Experl About Extended Warranhesl y plop Vind STA(docum r 1,
= View Warranty Repair Policies | ) Vit by rej im

Calibration

NI recognizes the need to maintain properly calibrated devices for high-accuracy measurements. NI
provides manual calibration procedures, services to recalibrate your products, and automated calibration
software to calibrate many NI measurement products.

» Learn More About Calibration Services

Training
NI training is the fastest, most certain route to productivity with NI tools and successful application
development,

* Learn More About NI Training and Certification
* Find a Course Near You and View Schedules

Repair Services

Return your registered product under warranty at no additional labor and parts cost. NI offers fault location,
diagnostics, and repair any time the system fails as well as any adjustments needed to restore the
hardware to manufacturing specifications.

* Learn More About Repair Services |11 v Mgty

" Conlact NI to obtain a Return Material Aulhorlzallcn (RMA) form and shipping instructions.
uIBNice me)

. Vrew your RMA supporl request status online. |1+ r &l

* Register your product |

Technical Support
ni.com/support [0 1

Resources

Additional Product Information

* Manuals (7)
+ Dimensional Drawings (2)
* Product Certifications

© 2012 National Instruments Corporation. All rights reserved.
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Anemometer

For Monitor and Wizard Stations

The anemometer includes both wind speed and wind direction sensors. Rugged components stand up to
hurricane-force winds, yet are sensitive to a light breeze, Includes scaled stainless-steel bearings for long life. The
range and accuracy specifications have been verified in wind-tunnel tests. Digilal filtering, with time constant
as specified below, is applied to wind direction measurements,

General

Sensor Type
Wind Speed. .......... s Solid stale magnetic sensor
Wind Direction Wind vane and potentiometer

Attached Cable Length . 40' (12 m)

Note: Cable lengths longer than 140" (42 m) between sensors and consale may artificially limit wind speed readings. That is, beyond thal length, maximum
recordable wind speed decreases as cable length increases. For example, with a length of 140' (42 m), the maximum recordable speed excoeds
175 mph, Al 240' (72 m), however, the maximum recordable speed drops 1o less than 140 mph. Below that upper limit, however, the anemonicter's
accuracy Is not affected.

Cable Type 4-conductor, 26 AWG
Connaclor .o vy viivas ol vl o i v Mo N Modular connectar (RJ-11)
Recommended Maximum Cable Length ............. 140' (42 m) Sensor to Console
Material
Wind Vane and Control Head. . . ............... UV-resistant ABS
Wind Cups: 47 .. . .. commmwor .} i v S ¥ Polycarbanate
ANSHGIEEF AT o 5 5 vovvwof Bow via sl ... Black-anodized aluminum
16,1 T[N (P— N7y S Y, Wil 18.5" long x 7.5" high x 4.75" wide (470 mm x 191 mm x 121 mm)
Walght 8. e+« o oo vvincnnas S o7 S0 < B0 i 45685 101,.330 REY

Console Data

Note: These specifications apply to sensor output as converted by Davis Instruments weather station consoles

Range
Wind Speed (large wind cups) (See Note 1)....... 1to 200 mph, 1 to 173 knots, 0.5 to 89 mis, 1 to 322 km/h
Wind Direction ... 0° to 360" or 16 compass points
Vidlpiesass (SN [RF S O VOO0 O A N S 0 to 1999.9 miles (1999.9 km)

Accuracy
Wind Spaetl & St ML . . Pt S . A +2 mph (2 kts, 3 km/h, 1 m/s) or +5%, whichever is greater
Wind Direction .
Wnd GUR. ey v BTSN o LA

Resalution
WV SplRe o ovhoo T . NG 1 mph (1 knot, 0.1 m/s, 1 km/hr)
WVind. DIYBEREN- & oo 0% Tt dbrlees Bt o fL s 5 x Tt o § 1% (0° to 355°), 22.5° between compass points
b e s} PR 6. 0 NI, .\ PUSHI, i 0.1m (0.1 km)

Measurement Timing
Wind Speed Sample Period .. . ................ 2.25 seconds
Wind Speed Sample and Display Interval. ... ..... 2.25 seconds (Monitor & Wizard)
Wind Direction Sample Interval ... ............. 1 second (Monitar & Wizard)
Wind Direction Filter Time Canstant (typical) ... ... B seconds (Monitor & Wizard)
Wind Direction Display Update Interval .......... 2 seconds (Monitor & Wizard)

"’”-'I/ Davis Instruments 35 v Ave., Hayward GA 94545.2778
ot (510) 732-9229 + FAX (510) 670-0539 + sates @ davisnel.com = www davisnet.com
DS7911 (Rev. G, 2/26/13)

DaVis!

13



WeatherLink® Data

Note: These specifications apply to sansor cutpul as logged and displayed by the WeatharLink.
W BPORH. v s s SV N e Average during archive interval
HIGHWINESPamd o s Fa s i T b aimne s Maximum during archive interval
WINd DIFGEHON. . . b v e i beennbiom e mnssismm a s Dominant wind direction during archive interval

1] e Y G e o A A A S SR S Wind speed contact closure te ground
Red. Ground
Green ., . Wind direction pot wiper (20K potentiometer)
ORI 5 50008 s o b 4T B e et p o Pol supply voltage
Sensor Output
Wind:8paud iiviiyinmins oo oy o i 1600 revihr = 1 mph
V = P(2.25/T)

V = speead in mph
P = no. of pulses per sample period
T = sample period in seconds

Variable resistance 0 - 20K(); 10K() = south, 180°

Package Dimensions

Package Dimenslons
Product # b8 A Package Weight UPC Codes
(Length x Width x Height)
17.50" x 5.75" x 2.50"
7911 (445 mm x 146 mm x 64 mm) 1.7 lbs. (.7 kg) 011698 79110 1
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BCcompaonents

Product specification

NTC thermistors, accuracy line

2322 640 6....

FEATU RES

* Accuracy over a wide lemperature
range

+ High stability over a long life

+ Excellent price/performance ratio.

APPLICATION

* Temperature sensing and control,

D ESCRIPTION

These thermistors have a negative
temperature coefficient. The device
consists of a chip with two tinned solid
copper-plated leads. It is grey
lacquered and colour coded, but not
insulated.

MARKIN G

The thermistors are marked with
colour bands in accordance with
Fig.1 and Table 3.

MOUNTING

By soldering in any position.

1998 Sep 04

QUICK REFERENCE D ATA

PARAMETER

VALUE

Resistance value at 25 °C

3.30Q1t0470kO

Tolerance on Rps-value

+2%; =3%; £5%; +10%

Tolerance on Basas-value

10.5% to +3%

Maximum dissipation

500 mw

Response time

1.2

Qperating temperature range:
at zero dissipation; continuously

-40to +125°C

at zero dissipation; for short periods €150 °C

at maximum dissipation (500 mW) Dto55°C
Climatic category 40/125/56
Mass =0.22¢g
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BCcomponents Product specification

NTC thermistors, accuracy line 2322 640 6....

MECHANICALDATA

Outline

For dimensions see Table 1.

Fig.1 Component outline 2322 640 6.331 to 6.474,

Table 1 Physical dimensions for relevant type; see Fig.1

H
CODENUMBER Boax d b ,:‘, His o L " Tosi
2322 640 ..... (mm) (mm) (mm) (mm) (mom ) (mm)
MIN, MAX.
6.331 to 6.474 3.3+0.5 | 0.6 +0.06 ¥ 2.0%1.0 6.0 24 £1.5 2.54 3.0
6.338 to 6.221 5.0 0.6 £0.06 1.0 4.0 6.0 2415 2.54 4.0

1998 Sep 04
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Product specification

NTC thermistors,

accuracy line

2322 640 6....

ORDERING INFORMATION

Table 2 Code numbers and relevant packaging quantities

TAPE AND REEL TAPE AND REEL(
BU LK ¥
PARAMETER le pitch 2e pitch
2322 640 6.... 2322 640 ..., 2322 640 3.,
Quantity 500 1500 per reel, 2 reels per box 1500 per reel, 2 reels per box

Note

1. The maximum number of empty places per reef shall not exceed 0.5% of the total number of components per reel. No
more than three consecutive positions may be vacant.

Table 3 Rps-values, catalogue numbers and coding

R CATALOGUENUMBER 2322 640 6.... CO."DURCO"E
[Q!' Baygys-VALUE (see Fig.1 and note 1)
Ryx 12 % Rye £3% Ryy 5% Rag E10% 1 1 [
33 2880 K £3% 4338 6338 3338 2338 orange |orange |gold
4.7 2880 K+3% 4478 6478 3478 2478 yellow |violet |gold
6.8 2880 K £3% 4688 6688 3688 2688 blue grey gold
10 2990 K £3% 4109 6109 3109 2109 brown | black black
15 3041 K £3% 4159 6159 3159 2159 brown |green |black
22 3136 K £3% 4229 6229 3229 2229 red red black
33 3390 K £3% 4339 6339 3339 2339 orange |orange |black
47 3390 K £3% 4479 6479 3479 2479 yellow |violet |black
68 3390 K +3% 4689 6689 3689 2689 blue grey black
100 3560 K +0.75% 4101 6101 3101 2101 brown | black brown
150 3560 K £0.75% 4151 6151 31561 2151 brown |green |brown
220 3560 K40.75% 4221 6221 3221 2221 red red brown
330 3560 K+0.75% 4331 6331 3331 2331 orange |orange |brown
470 3560 K £0.5% 4471 6471 3471 2471 yellow |violet |brown
680 3560 K £0.5% 4681 6681 3681 2681 blue grey brown
1000 3528 K +0.5% 4102 6102 3102 2102 brown |black red
1500 3528 K £0.5% 4152 6152 3152 2152 brown |green |red
2000 3528 K +0.5% 4202 6202 3202 2202 red black red
2200 3977 K+0.75% 4222 6222 3222 2222 red red red

1998 Sep 04



BCcomponents Product specification

NTC thermistors, accuracy line 2322 640 6....
R CATALOGUENUMBER 2322 640 6.... CorenRean s
t;)'; Byaya-VALU E (see Fig.1 and note 1)
Ry £2% Rys £3% Rys T5% Rys H10% 1 ] i
2700 3977 K+0.75% 4272 6272 3272 2272 red violet |red
3300 3977 K +0.75% 4332 6332 3332 2332 orange |orange |red
4700 3977 K +0.75% 4472 6472 3472 2472 yellow |violet |red
6800 3977 K +0.75% 4682 6682 3682 2682 blue grey red
10000 3977 K £0.75% 4103 6103 3103 2103 brown |black |orange
12000 3740 K £2% 4123 6123 3123 2123 brown | red orange
15000 3740 K +2% 4153 6153 3163 2153 brown |green |orange
22000 3740 K +2% 4223 6223 3223 2223 red red orange
33000 4090 K £1.5% 4333 6333 3333 2333 orange |orange |orange
47000 4090 K +1.5% 4473 6473 3473 2473 yellow |violet |orange
68000 4190 K £1.5% 4683 6683 3683 2683 blue grey orange
100000 4190 K £1.5% 4104 6104 3104 2104 brown |black |yellow
150000 4370 K +2.5% 4154 6154 3154 2154 brown |[green |yellow
220000 4370 K £2.5% 4224 6224 3224 2224 red red yellow
330000 4570 K £1.5% 4334 6334 3334 2334 orange |orange |yellow
470000 4570 K +1.5% 4474 6474 3474 2474 yellow |violet |yellow
Note

1. Dependent upon Ras-tolerance, the band IV is coloured as follows:
a) for Ros £2%, band IV is coloured red
b) for Rgs 3%, band IV is coloured orange
c) for Ras 5%, band IV is coloured gold
d) for Rys £10%, band 1V is coloured silver.

1998 Sep 04
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Product specification

NTC thermistors, accuracy line

2322 640 6....

Ry value and folerance

These thermistors have a narrow tolerance on the B-value,
the result of which provides a very small tolerance on the
nominal resistance value over a wide lemperature range. For
this reason the usual graphs of R = f(T) are replaced by
Tables 5 through 17, logether with a formula to calculate
the characteristics with a high precision.

Formulue to determine nominal resistance values!!)

The resistance values at intermediate temperatures, or the
operaling temperature values, can be calculated using the
following interpolation laws

(extended “sicivnari and Wan*):

A+B/T+C/T+0/T°

R (T) = Ry xe 1)
Ao 2B oY
T(R) = (A1+BtlnHre'+C,ln R+ Diln H,e) @)

where:

A, B, C, D, Ay, By, Cq and Dy are constant values
depending on the material concerned; see Table 4,

Rrar I8 the resistance value at a reference temperature (in
this event 25 °C).

T is the temperature in K.

(1)Formwlae numbered (1) and (2)ure interchangeable with
anerrorof max. 0,005 °C in the range 25 °C to 125 °C and
max. 0.015 °C in the range =40 °C to +25 °C.

1998 Sep 04

Determination of the resistance/temperature deviation

from nominal value

The total resistance deviation is obtained by combining the
‘Rgs-lolerance’ and the ‘resistance deviation due to
B-tolerance'.

When;
X = Rgs-tolerance
Y = resistance deviation due to B-tolerance
Z = complete resistance deviation,

X Y
. =|[1 A _ o
then: Z [( +10 x(1+ﬁ 1]x100/n
orZ=X+Y.
When:

TC = temperature coefficient
AT = temperature deviation,

y AT Z
then: AT Tc

The temperature tolerances are plotted in
Figs 3,4, 5,6, 7T and 8.

Example: at 0 °C, assume X = 5%, Y = 0.89% and
TC = 5.08%/K (see Table 12), then:

5 0.89
= 5701498974 1009
Z [4[1*-100} x[ +100] } *100%
= [1.05%1.0089 - 1} x100% = 5.9345% ( ~5.93% )
T=2. =383 _4 167 5¢ (=1.17°C)

A NTC with a Rgs-value of 10 k2 has a value of 32,56 k(2
between —~1.17 and +1.17 °C.
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Product specification

NTC thermistors, accuracy line 2322 640 6....
Table 4 Paramelers for delermining nominal resistance values
Bisss-VALUE 0 B ¢ D Ay 5, ¢y D,

(K) (K) (10%KY) (10°KY) (1073 (LOTKTY) | (107¢K™) | (1077K™)
2880 -9.094 2251.74 220098 | -27.4482 | 3.354016 | 3.495020 | 2.095959 | 4.260615
2990 -10.2296 | 2887.62 132336 | -25.0251 | 3.354016 | 3.415560 | 4.955455 | 4.364236
3041 -11.1334 | 3658.73 | -102895 | 0.516652 | 3.354016 | 3.349290 | 3.683843 | 7.050455
3136 -12.4493 | 4702.74 | -402687 | 31.96830 | 3.354016 | 3,243880 | 2.658012 | ~2.70156
3390 -12.6814 | 4391.97 | -232807 | 15.09643 | 3.354016 | 2.993410 | 2.135133 | -8.05672
3528 ~12.060 3.688 ~0.076 -5.915 3.354016 | 2909670 | 1.632136 | 0.719220
3528 -21.095 11.930 -265.139 248.120 | 3.354016 | 2.933908 | 3.494314 | -7.71269
3560 -13.072 4.191 ~-0.472 -11.993 | 3.354016 | 2.884193 | 4.118032 | 1.786790
3740 -13.897 4.558 -0.983 ~7.522 3.354016 | 2.744032 | 3.666944 | 1.375492
3977 -14.634 4.792 -1.153 =3.73 3.354016 | 2.569355 | 2.,626311 | 0.675278
4090 -15.532 5,230 -1.605 -5.414 3.354016 | 2.519107 | 3.510939 | 1.105179
4190 -16.035 5.459 -1.811 -3.328 3.354016 | 2.460382 | 3.405377 | 1.034240
4370 ~16.872 5.759 -1.943 -6.869 3.354016 | 2.367720 | 3.585140 | 1.255349
4570 -17.644 6.023 ~2.032 ~7.184 3.354016 | 2.264097 | 3.278184 | 1.097628

1998 Sep 04
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HIH-5030/5031 Series
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Honeywell

HIH-5031
it

HIH-5030

Low Voltage Humidity Sensors

DESCRIPTION

The HIH-5030/5031 Series Low Voltage Humidity Sensors
operate down fo 2.7 Vdc, often ideal in baltery-powered
systems where the supply is a nominal 3 Vdc.

The HIH 5030/5031 complements our existing line of 5 Vdc
SMD (Surface Mount Device) humidity sensors. SMD
packaging on tape and reel allows for use in high volume,
automated pick and place manufacturing, eliminating lead
misalignment to printed circuit board through-holes.

The HIH-5030/5031 Series Humidity Sensors are designed
specifically for high volume OEM (Original Equipment
Manufacturer) users.

Direct input to a controller or other device is made possible by
this sensor's near linear voltage output. With a typical current
draw of only 200 pA, the HIH-5030/5031 Series is ideally
suited for many low drain, battery operated systems.

Tight sensor interchangeability reduces or eliminates OEM
produclion calibration costs.

FEATURES

i

The HIH-5030/5031 Series delivers instrumentation-quality RH
(Relative Humidity) sensing performance in a competitively
priced, solderable SMD.

The HIH-5030 is a covered integrated circuit humidity sensor.
The HIH-5031 is a covered, condensation-resistant, integrated
circuit humidity sensor that is factory-fitted with a hydrophabic
filter allowing it to be used in many condensing environments
including industrial, medical and commercial applications.

The RH sensor uses a laser trimmed, thermoset polymer
capacitive sensing element with on-chip integrated signal
conditioning.

The sensing element's multilayer construction provides
excellent resistance to most application hazards such as
condensalion, dust, dirt, oils and common environmental
chemicals.

Sample packs are available, See order guide.

POTENTIAL APPLICATIONS

+ Operates down to 2.7 Vdc, often ideal in battery-powered
syslems where the supply is a nominal 3 Vdc.

« Tape and reel packaging allows for use in high volume pick
and place manufacturing (1,000 units per tape and reel)

* Molded thermoset plastic housing

Near linear voltage output vs %RH

Laser trimmed interchangeability

Low power design

Enhanced accuracy

Fast response time

Stable, low drift performance

Chemically resistant

Industrial

« Air compressors

« Battery-powered systems

» Drying equipment

* HVAC (includes air conditioning, air movement,
thermostats, humidifiers, de-humidifiers, humidistats,
enthalpy sensing)

+ OEM assemblies

« Office automation equipment

= Process equipment

+ Refrigeration (includes bulk and transport systems)

* Telecommunications cabinets

* Weather stations and meteorology equipment

Medical

= Hospital air compressors

* Infanl incubators

¢ Microenvironments

» Sleep apnea equipment

e Treadmill stress monitoring equipment



HIH-5030/5031 Series

Table 1. Performance Specifications (At 3.3 Vdc supply and 25 °C [77 °F] unless otherwise noted.)

Parameter Minimum Typical Maximum Unit Specific
Note

Interchangeability (first order curve)

0% RH to 10% RH, 90% RH to 100% RH -7 - 7 % RH -

11% RH to 89% RH -3 - 3 % RH
Accuracy (best fit straight line) 11% RH to 89% RH -3 - +3 % RH 4
Hysteresis - 2 - % RH -
Repeatability - =0.5 - % RH -
Settling time - - 70 ms -
Response time (1/e in slow moving air) - 5 - s =
Stability (at 50% RH in 5 years) - +1.2 - % RH 1
Voltage supply 2.7 - 5.5 Vdc 2
Current supply - 200 500 LA -
Voltage output (1st order curve fit) Vour=(Vsueecy)(0.00636(sensor RH) + 0.1515), typical at 25 °C
Temperature compensation True RH = (Sensor RH)/(1.0546 ~ 0.00216T), T in °C
Qutput voltage temp. coefficient at 50% RH, 3.3V - | -2 - mVvi°C -
Operating temperature -40[-40] See Figure 2. | 85[185] °C[°F] -
Operating humidity (HIH-5030) 0 See Figure 2. 100 % RH d
Operating humidity (HIH-5031) 0 See Figure 2. 100 % RH -
Storage temperalure -50[-58] - 125(2567] “C [°F] -
Slorage humidity See Figure 3. % RH 3
Specific Notes: General Notes:
1. Includes stress outside of recommended operating zone. * Sensor is ratiometric to supply voltage.
2. Device is tested at 3.3 Vdc and 25 °C. » Extended exposure to 290 % RH causes a reversible shift
3. Non-condensing environment. When liquid water falls on of 3 % RH.

the humidity sensor die, oulput goes tc a low rail condition ~  Sensor is light sensitive. For best performance, shield

indicating no humidity. sensor from bright light.
4. Tolal accuracy including interchangeability is +3 %RH. CAUTION

Q (tﬁ&;&?}:‘h?t “

£SD SENSITIVITY:
CLASS 3A

2 www.honeywell.com/sensing
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Low Voltage Humidity Sensors

Figure 1. Operating Environment (Non. densing environment for HIH-5030 catalog listings only.)
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Figure 2. Storage Environment (Non-condensing environment for HIH-5030 catalog listings only.)
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HIH-5030/5031 Series

Figure 3. Typical Output Voltage vs Relative Humidity (At 25 °C and 3.3 Vdc.)
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Figure 4, Typical Output Voltage (BFSL) vs Relative Humidity (At 0 °C, 70 °C and 3.3 Vdc.)
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Low Voltage Humidity Sensors

Figure 5. HIH-5030 Mounting Di ions (For reference only. mm/[in])

e I 4,17 0,05
1,78 [0.164 +0.002)
(0.070] | 2,27 +0,05 2,67
¥ > F“ [0.090 £0.002] [0.105]
A DAL W A_¥
£_071 X
[0.028] 0,41
" [0.016]
8,59 0,05 T
[0.338 £0.002) \'
0,525 1,22
[ l 1 [0.048]
-ve ve 254 __l_
OUT [o 100] e
262C10 5
3x 0.38 [0.103] 2,95
le-|  l0.018] B
10 050] 254
[0.100]

Figure 6. HIH-5030 PCB Landing Pattern (For reference only. mm/[in])
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HIH-5030/5031 Series

Figure 7. HIH-5031 Mounting Dimenslons (For reference only. mm/[in])
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Figure 8, HIH-5031 PCB Landing Pattern (For reference only. mm/[in])
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Low Voltage Humidity Sensors

Figure 9. Tape and Reel Dimensions (For reference only, mm/[in])
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Figure 10. Typical Application Circuit
+Ve Supply Voltage (3.3 V)
HIH-50XX QuT Voltage Qul
Minimum
Load
ov

ORDER GUIDE

Catalog Listing | Description

HIH-5030-001 Covered integrated circuit humidity sensor, SMD, 1000 units on tape and reel

HIH-5031-001 Covered, filtered integrated circuit humidity sensor, SMD, 1000 units on tape and reel

HIH-5030-0018 Sample pack: covered integraled circuit humidity sensor, SMD, five units on tape

HIH-5031-001S Sample pack: covered, filtered integrated circuit humidity sensor, SMD, sample pack, five units on tape

ADDITIONAL HUMIDITY SENSOR INFORMATION

* Product installation instructions

+ Application sheets:

Humidity Sensor Performance Characteristics
Humidity Sensor Theory and Behavior
Humidity Sensor Moisture and Psychrometrics
Thermoset Polymer-based Capacitive Sensors

Honeywell Sensing and Control



HIH-5030/5031 Series

Low Voltage Humidity Sensors

A\ WARNING

MISUSE OF DOCUMENTATION

* The information presented in this product sheet is for
reference only, Do not use this document as a product
Installation guide.

= Complele installation, operation, and maintenance
information is provided in the instructions supplied with
each product.

Failure to comply with these instructions could result

in death or serious injury.

WARRANTY/REMEDY

Honeywell warrants goods of its manufacture as being free of
defective materials and faulty workmanship. Honeywell’s
standard product warranty applies unless agreed to otherwise
by Honeywell in writing; please refer to your order
acknowledgement or consult your local sales office for specific
warranty details, If warranted goods are returned to Honeywell
during the period of coverage, Honeywell will repair or replace,
at its option, without charge those items it finds defective. The
foregoing is buyer's sole remedy and is in lieu of all other
warranties, expressed or implied, including those of
merchantability and fitness for a particular purpose. In no
event shall Honeywell be liable for consequential, special,
or indirect damages.

While we provide application assistance personally, through
our literature and the Honeywell web site, it is up to the
customer to determine the suitability of the product in the
application.

Specifications may change without notice. The information we
supply is believed to be accurate and reliable as of this
printing. However, we assume no responsibility for its use.

Sensing and Control
Honeywell

1985 Douglas Drive North
Golden Valley, MN 55422
www.honeywell.com

Mar 2010

A WARNING

PERSONAL INJURY

DO NOT USE these products as safety or emergency stop
devices or in any other application where failure of the
product could result in personal injury.

Failure to comply with these instructions could result
in death or serious injury.

SALES AND SERVICE

Honeywell serves its customers through a worldwide network
of sales offices, representatives and distributors. For
application assistance, current specifications, pricing or name
of the nearest Authorized Distributor, contact your local sales
office ar:

E-mail: info.sc@honeywell.com
Internet: www.honeywell.com/sensing

Phone and Fax:

Asia Pacific +65 6355-2828
+65 6445-3033 Fax
Europe +44 (0) 1698 481481

+44 (0) 1698 481676 Fax
+1-305-805-8188
+1-305-883-8257 Fax
+1-800-537-6945
+1-815-235-6847
+1-815-235-6545 Fax

Latin America

USA/Canada

Honeywell

009050-2-EN IL50 GLO Prinled In USA

@ 2010 Honeywell Intemational Ine. All nights reserved.
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Solar Radiation Sensor 6450

Vantage Pro2™ Accessories

The Solar Radiation Sensor, or solar pyranometer, measures global 5
radiation, the sum at the point of measurement of both the direet and ;
diffuse components of solar irradiance. The sensor’s transducer, T §
which converts incident radiation to electrical current. is a silicon

photodiode with wide spectral response. From the sensor’s output voltage, the console calculates and displays solar
irradiance, It also integrates the irradiance values and displays total incident energy over a set period of time,

The outer shell shields the sensor body from thermal radiation and provides an airflow path for convection cooling of
the body, minimizing heating of the sensor interior. It includes a cutoff ring for cosine response, a level indicator, and
fins to aid in aligning the sensor with the sun’s rays. The space between the shield and the body also provides a run-
off path for water, greatly reducing the possibility of rain- or irrigation-water entrapment. The diffuser is welded to
the body for a weather-tight seal; it provides an excellent cosine responsc, The transducer is an hermetically-sealed
silicon photodiode; the included amplifier converts the (ransducer current into 0 to +2.5 VDC. Spring-loaded
mounting screws, in conjunction with the level indicator, enable rapid and accurate levelling of the sensor. Each
sensor is calibrated against a secondary standard which is calibrated periodically against an Eppley Precision Spectral
Pyranometer in natural daylight.

The Solar Radiation Sensor is included with the Vantage Pro2 Plus and is optional on the Vantage Pro2.

Please refer to the WeatherLink* for Vantage Pro” and Vantage Pro2"™ specification sheet for optional data logging
and charting capabilities available for this product.

General

Operating Temperature . -40° to +150° F (-40° to +65° C)

Stafagp Tepipgratu@ 8 .. F70 300 % b 08l ¥ -50° to +158°F (-45° to +70°C)

THBNSOUCERE e <+ v o + + 5 PRI« Wi VB < Silicon photodiode

Spectral Response (10% points) . cv v v v vr i oun. 400 to 1100 nanomelers

Cosine Response
Percentof REAUIRG &frirrerirrid. . AN 4, ¢ 13% (0° to £70" incident angle); +10% (+70° to #85° incident angle)
Percent of Full Scale ... 2% (0" to £90%)

Supplied Cable Length «owan s can v v v vaancoaany 2'(0.6 m)

Cable Type .. ... . vwiv s e vue e tn s e v wen o 4-conductor, 26 AWG

Connector Madular RJ-11

IO Specifications
Brann Wil .. oo s il Moo ety Output (0 to +3VDC); 1.67 mV per W/im2
Red & Blackwires . . .....ooneiniivnenrinann Ground
YElloWhwWIre . oo oo levcs b oo o P - oA +3 VDC £10%; 1mA (typical)

Temperature Coefficient . ... ... .. #0.067% per °F (+ 0.12% per °C)
Referenca temperature 77'F{25°C)
Correction per degree above reference temp. . . ... -0.067% of reading per °F (-0.12% per °C)
Correction per degree below reference temp . . . . .. +0.067% of reading per °F (+0.12% per °C)

Housing Material™,. S . .. 8l wme cviavi . P00, 0 UV-resistant PVC plastic

Dimensions (Length x Width x Height) Lo.. 2,00 x2.75" x 2,25" (51 mm x 70 mm x 57 mm)

'y £-1e || CRPRPRMRRPPSPI., W, RPN « A I 0.5 Ibs. (226 g)

DS6450 (Rev. F, 12/10/10)

1
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Vantage Pro2™ Accessories

Sensor Output

Regolbamant VIR s i it il e i s v s 1 Wim?

27 T U S S R 0 to 1800 W/m®

P OB e onscn im0 S BN o LS RS +5% of full scale (Reference: Eppley PSP at 1000 W/m?) plus
45 W/m® per 100' (30 m) of additional cable

7 LS T M e ST S e N R up to 2% per year

Update Interval . .. ... ..o 50 seconds to 1 minute (5 minutes when dark)

Cosine Response (typical)

10 — ——

09 |- - S S

F s b = = = Reading
08 [~ / ™
07 ¢ N,
06 = s \
05 f— Fi \
04 f— A
03 i A

- i \
02 / N
01 -, \

THEQORETICAL and MEASURED RESPONSES (normalized)

o AR EAW ... TR 7 .\ T
80 B0 0 B0 SO 40 MW W W 0 W 0 I 40 K 0 W 8 W
INCIDENT ANGLE

Connections

Yellow
+3V

Green
Amplifier F——————— QOulput

Red
: Ground

Black

Package Dimensions

Package Dimensions
Product # Packa ight UPC Cod
Fosud {Length x Width x Height) R IED y o

6450 (1526612:":1‘:1'525;; = il 91bs (.5 kg) 011698 00240 5

Daws’}""”f *Davis Instruments s nibio ive. Hayward, CA 94545.2778 USA
ll"”” (5100 732-9229 . FAX (5101 670.0589 . sales@gdavisnel.com . www,davisnel com
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Current Sensor: ACS754xCB-050

The Allegro ACS735x family of current sensors provides cconomical and

5 precise solutions for current sensing in industrial, automotive, commercial, and
communications systems. The device package allows for easy implementation
by the customer. Typical applications include motor control, load detection and
management, power supplies, and overcurrent fault protection.

Package CB-PFF

The device consists of a precision, low-offset linear Hall sensor circuit with a
154y copper conduction path located near the die. Applied current flowing through

2 3 this capper conduction path generates a magnetic ficld which is sensed by the
integrated Hall IC and converted into a proportional voltage, Device accuracy
is optimized through the close proximity of the magnetic signal to the Hall
5 transducer. A precise, proportional voltage is provided by the low-offset, chopper-
stabilized BICMOS Hall 1C, which is programmed for accuracy at the factory.

Package CB-PSF The output of the device has a positive slope (>V/2) when an increasing
current flows through the primary copper conduction path (from terminal 4 1o
terminal 5), which is the path used for current sensing. The internal resistance of
this conductive path is typically 100 p, providing low power loss. The thickness
of the copper conductor allows survival of the device at up to 5x overcurrent

2 conditions. The terminals of the conductive path are elcetrically isolated from the
sensor leads (pins 1 through 3). This allows the ACS75x family of sensors Lo be
used in applications requiring electrical isolation without the use of opto-isolators
5 or other costly isolation techniques.

The device is fully calibrated prior to shipment from the factory. The ACS75x
family is lead-free. All leads are coated with 100% matte tin, and there is no lead
inside the package. The heavy gauge leadframe is made of oxygen-free copper.
Features and Benefits

+ Monolithic Hall IC for high reliability

+ Single +5 V supply

24 * 3 kVgys isolation voltage between terminals 4/5 and pins 1/2/3
Pin1: VCC Terminal 4: 1P+ + 35kHz E:?andmdth
Pin 2: GND Tarminal 5 | 1PL + Automotive temperature range
Pin 3: VOUT « End-of-line factory-trimmed for gain and offset

« Ultra-low power loss: 100 pQ internal conductor resistance
« Ratiometric output from supply voltage

« Extremely stable output offset voltage

+ Small package size, with easy mounting capability

* Qutput proportional to ac and dc currents

ABSOLUTE MAXIMUM RATING

Supply Voltage, Ve
Reverse Supply Voltage, Vi
Output Voltage, Vg o.oo.
Reverse Qutput Voltage, Ve
Qutput Current Source, loyrisource
Output Current Sink, loyysing -

: = Applications
Operating Temperature, +  Automotive systems + Servo systems
Ambient, Ty, L range .... + Industrial systems + Power conversion
Ambient, Ty, S range .... « Motor control + Battery monitors

Maximum Junction, Ty

Maximum Storage Temperature, Ty .. Use the following complete part numbers when ordering:

Part Number Signal Pins Terminals Ambient
ACS754LCB-050-PEF Formed Formed
- ACS754LCB-050-PSF Formed Straight -4010 150°C
: ACS754LCB-050-P55 Straight Straight
TOW Amyaon ACS7545CB-050-PFF Formed Formed
C Us Certificate Number: AC57545CB-050-PSF Formed Straight ~2010 85°C
UBV 04 11 54214 001 ACS7545CB-050-PSS Straight Slraight

McioSystems, nc.

el LY
ELLE ] L ]
ACS754050-DS, Rev. 3 £ _ﬂj]e m“"- oo droei 1 TR
L/ ¢ |
K »
-
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Current Sensor; ACS754xCB-050

Functional Block Diagram

+5V
Torminal 5 g

o G e Pnf___  , Wy .
: 1
H 1
{ 1
i 1
' ]
: Voltage |
! Regulator :

i
i L—-—b To all subeircuits = !
’ :
| !
1
' is Ivour

o% 2 Out iy
£ 3 i Ve :
A e OaWF

A B L
I
1

[ can | |coomen [orea

Trim Control

Terminal 4

Ll TS
‘..l MNerthoast Cuol,
ACST754050-DS, Rev. 3 uae -ﬂjl e oblvorriemioipnor (606)853-5000

qg:_u_ [ m:ms,mmq Inc.



Current Senso

: ACS754xCB-050

97

ELECTRICAL CHARACTERISTICS, over operating ambient temperature range unless otherwise stated

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Primary Sensed Current lp ~50 - 50 A
Supply Voltage Vee 4.5 5.0 5.5 Vv
Supply Current lee Vee = 5.0 V, output open 6.5 8 10 mA
Qutput Resistance Rour loyr = 1.2 mA - 1 2 o}
Qutput Capacitance Load Cloap VOUT to GND - - 10 nF
Qutput Resistive Load Rioan VOUT to GND 4.7 - - k2
Primary Conductor Resistance Rerimary | lp = £100A; Tp = 25°C - 100 - [1le}
Pins 1-3 and 4-5; 60 Hz, 1 minute 3.0 - -~ kV
PERFORMANCE CHARACTERISTICS, -20°C to +B85°C, Ve = 5 V unless otherwise specified
Propagation time terop Ip = 250 A, Ty =25°C - 4 - us
Response time tresponse  |lp = £50 A, Ty = 25°C o 12 - us
Rise time G Ip =50 A, Ty = 25°C - 1 - s
Frequency Bandwidlh f -3dB, Ty = 25°C - 35 - kHz
S Over full range of |, T4 = 25°C - 40 - mV/A
PRI iy Y 378 e 20 | mviA
i -to-peak, Ty = 25°C,
Neiw Vst | co sarmaller. =5 N% | ™
Nonlinearity Ein Over full range of Ip - - 1.5 %
Symmetry Esy Over full range of Ip 98 100 102 %o
Zero Current Qutput Voltage Vourigy |1 =0A, To=25°C = Vee/2 - \4
Electrical Offset Voltage v I=0A, Ta=25°C -10 - 10 mV
(Magnetic error not included) o5 1=0A —20 - 20 mv
Magnetic Offset Error lerrom |1 = O A, after excursion of 100 A - +0.1 +0.30 A
Total QOutput Error = Over full range of I, T, = 25°C - +1.0 - Yo
(Including all offsets) 14l Over full range of I ¥ = 15.0 %
PERFORMANCE CHARACTERISTICS, -40°C to +150°C, V¢ = 5 V unless otherwise specified
Propagation time tproP Ip =250 A, Ty = 25°C - B — Hs
Response lime tresponse  |lp = 250 A, Ty = 25°C B 12 - Hs
Rise lime i lp = 250 A, Ty = 25°C - I - Hs
Frequency Bandwidth f -3dB, Ty=25°C - 35 - kiz
= Over full range of |p, Ty = 25°C A 40 - mV/A
i NS EVerfalltangs ol 36.0 = 428 | mviA
~to-peak, Ty = 25°C,
Nl A it | A = - e
Nonlinearity = Over full range of Ip - = +1.8 %
Symmetry Esym Over full range of Ip 98 100 102 %
Zero Current Output Vollage Voutigy  |I=0A, To=25°C - Vee/2 - \
Electrical Offset Voltage v I=0A, Ty=25C -10 - 10 mV
(Magnetic error not included) SE 1=0A ~35 = 35 mv
Magnetic Offset Error lerrom | = 0 A, afler excursion of 100 A =) +0.1 +0.40 A
Total Output Error E Over full range of Ip, Ty = 25°C - +1.0 - %
(Including all offsets) 19T [Qver full range of Ip - - +9.9 %
3
115 Northeasi Cuto. Box 15098
ACST754050-D8, Rev. 3 Wertmsier, Massachusetss 016150006 (508) 535000

iAllegro-

e

- MicroSystems, Inc.



98

Current Sensor: ACS754xCB-050

Definitions of Accuracy Characteristics

Sensitivity (Sens): The change in sensor output in response to a 1 A change through the primary conductor. The sensitivity is the
product of the magnetic circuit sensitivity (G/A) and the linear IC amplifier gain (mV/G). The linear 1C amplifier gain is trimmed at the
factory 1o optimize the sensitivity (mV/A) for the full-scale current of the device.

Noise (Vygige): The product of the linear 1C amplifier gain (mV/G) and the noise floor for the Allegro Hall effect lincar 1C (=1 G).
The noise floor is derived from the thermal and shot noise observed in Hall elements. Dividing the noise (mV) by the sensitivity (mV/
A) provides the smallest current that the device is able Lo resolve.

Lincarity (Ey 1x): The degree to which the voltage output from the sensor varies in direct proportion to the primary current through
its full-scale amplitude. Linearity reveals the maximum deviation from the ideal transfer curve for this transducer. Nonlinearity in the
output can be attributed to the gain variation across temperature and saturation of the flux concentrator approaching the full-scale cur-
rent, The following equation is used to derive the lincarity:

100

l“'[A gain x % sat (Pout_full-scale amperes — Your ) ”
2 (Pout_half-scale amperes = Vour) )
where
A gain = the gain variation as o function of temperature changes from 25°C,
% sat = the percentage of saturation of the flux concentrator, which becomes significant as the current
being sensed approaches full-scale £1;,, and
Voul_full-seale amperes ~ the output voltage (V) when the sensed current approximates full-scale 21,

Symmetry (Egyy): The degree to which the absolute voltage output from the sensor varies in proportion to either a positive or nega-
tive full-scale primary current. The following equation is used to derive symmetry:

Vout_+full-scale amperes =~ ourno)

Vouray = Fout_~full-scale amperes
Quiescent output voltage (Yourg): The output of the sensor when the primary current is zero. For a unipolar supply voltage, it
nominally remains at V/2. Thus, Ve =5 V translates into Voury = 2.5 V. Variation in V1) can be atiributed to the resolution
of the Allegro linear 1C quiescent voltage trim, magnetic hysteresis, and thermal drift.
Electrical offset voltage (Vg): The deviation of the device output from its ideal quiescent value of V2 due to nonmagnetic causes.

Magnetic offset error (Ipppoay): The magnetic offset is due to the residual magnetism (remnant field) of the core material. The mag-
netic offset error is highest when the magnetie circuit has been saturated, usually when the device has been subjected to a full-seale or
high-current overload condition. The magnetic offset is largely dependent on the material used as a flux concentrator. The larger mag-
netic offsets are observed at the lower operating temperatures.

Accuracy (Epgp): The accuracy represents the maximuim deviation of the actual output from its ideal value. This is also known as the
total ouput error. The accuracy is illustrated graphically in the Output Voltage versus Current chart on the following page.

Accuracy is divided into four areas:

* 0Aat25°C: Accuracy of sensing zero current flow at 25°C, without the effects of temperature,

* 0 A over temperature: Accuracy of sensing zero current flow including temperature effects,

¢ Full-scale current at 25°C: Accuracy of sensing the full-scale current at 25°C, without the effects of temperature.

e Full-scale current over A temperature: Accuracy of sensing full-scale current flow including temperature effects.

ACS754050-DS, Rev. 3

s o 115 Norhosst Culof, Box 16036
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Current Sensor: ACS754xCB-050

Output voltage vs. current, illustrating sensor accuracy at 0 A and at full-scale current
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Etot (% of 50 A)

Typical Percentage Error versus Ambient Temperature

- Mean

e + 3 Sigma |
s - 3 Sigma

ACST54050-DS, Rev. 3
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Current Sensor: ACS754xCB-050

Definitions of Dynamic Response Characteristics

Propagation delay (tprop): The time required for the sensor output to reflect a change in the primary current
signal. Propagation delay is attributed to inductive loading within the linear IC package, as well as in the induc-
tive loop formed by the primary conductor geometry. Propagation delay can be considered as a fixed time offset
and may be compensated.

Primary Current
/" Y

I{%)
80
Transducer Outpul
I
1]

0 T
=+ |— Progagation Tima, 1,

Response time (tresponsg): The time interval between a) when the primary current signal reaches 90% of its
final value, and b) when the sensor reaches 90% of its output corresponding to the applied current.

Transducer Oulpul

|
|
.-..—.ILW.._ Response Time., Irpsponse

Rise time (t,): The time interval between a) when the sensor reaches 10% of its full scale value, and b) when
it reaches 90% of its full scale value. The rise time to a step response is used to derive the bandwidth of the
current sensor, in which f(-3 dB) = 0.35/t. Both t, and tyzsponsg are detrimentally affected by eddy current
losses observed in the conductive IC ground plane and, to varying degrees, in the ferrous flux concentrator
within the current sensor package.

perg " Northooat Culof: Box 15036
ACS754050-DS, Rev. 3 * ':glle ’0% ot oot VSIS (5081555000
T Cniy

CTTH R u MicroSystems, lnc.
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Standards and Physical Specifications

Parameter Specification
Flammability (package molding compound) UL recognized to UL 94V-0
UL60950-1:2003
Fire and Electric Shock EN60950-1:2001
CAN/CSA C22.2 No. 60950-1:2003
Creepage distance, current terminals to sensor pins 7.25mm
Clearance distance, current terminals to sensor pins | 7.25 mm
Package mass 4,63 g typical

Step Response, |p = 0 to 50 A, no external filter

G ps DL
1 3lomv O

2 490mv OC 3
3.2 vouy
fe.82voc }

ACST54050-DS, Rev. 3

i
2BV s Y
£ L
4 /\—— ACS754 Output (mV)
£ A S50 i : Lol .
e
Applied Step (A)
S N, == 2 .
L |
1 f H
| |
| oA 1
1 BS/s
3 uc 2.84 v
STOPPED
115 Narthoast Cutoff, Box 15036
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MRSy stoins, oo,
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Device Branding Key (Two alternative styles are used)

ACS Allegro Current Sensor
754 Device family number
T Operating ambient temperature range code [L. or S]
';gg;;; cB Package type designator
YYWWA 050 Maximum measurable current
¥E Manufacturing date code: Calendar year (last two digits)
ww Manufacturing date code: Calendar week
A Manufacturing date code: Shift code
ACS Allegro Current Sensor
754 Device family number
ACS754 i Operating ambient temperature range code [L or S)
TCB030 B Package lype designator
L.L 050 Maximum measurable current
YYww o, L} Manufacturing lot code
Yy Manufacturing date code: Calendar year (last two digits)
Wi Manufucturing date code: Calendar week

ACST754050-DS, Rev. 3

-

"
Ty

016150056 (506) 853-5000

@ 115 Northoast Cutol, Bor 15006
%m L Woronster, Massachusets.
Y £
¥ 3 s MicroSystems, Inc,
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Package CB-PFF
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Current Sensor: ACS754xCB-050

Package CB-PSF Package CB-PSS
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Allegro MicroSystems, Inc. reserves the right to make, from time to time, such departures from the detail specifications as may be required 1o
permil improvements in the peyformance, reliability, or manufacturability of its products. Before placing an ovder, the user is cautioned 1o verify thar
the information being relied upon is current.
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Smart rencwable energy monitoring system
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Abstract

This thesis presents a design and construction of measuring
and analytic instrument for wind and solar energy. The design was built
to measure parameter such as wind velocity, wind direction, solar
intensity, temperature and humidity including electrical parameter such
as voltage, current and power from solar energy installing place. This
system was design to measure by using signal detection device or
sensor, working with computer and apply with LabVIEW program that
is worldwide program in measurement and control in engineer. All
measuring parameter and data output can keep for all period of time and
were shown in monitor. The result is useful to analyst for considering
and finding properly place to produce a new alternative energy source.
Finally this system can be expandable function for measuring more
parameter and develop to measure clectrical parameter of all alternative

energy source.
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2.5 Data Acquisition(DAQ)
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