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ABSTRACT

This paper studies the use of LabVIEW program to analyze an electrical
parameter in solar energy system and wind system. The LabVIEW program with DAQ
is used to analyze electrical parameters, which Data acquisition (DAQ) is used in the
process of measuring electrical parameters such as voltage, current, temperature,
etc. A DAQ system consists of a computer with programmable software, DAQ
measurement hardware, and senscrs such as Current sensor, Voltage divider, Solar
Irradiation Sensor, Anemometer, Potentiometer, NTC Thermistor, Humidity Sensor.
This LabVIEW project is designed to detect the voltage signal, the current signal and
specific parameters of the systems such as solar irradiation, wind speed, wind
direction, temperature and relative humidity, etc. These parameters will be sent to
LabVIEW via DAQ to analyze other electrical parameters such as the electrical power,
the phase shift, the electrical energy, the %THD; to detect fault in the signal and to
record the signal. The result in testing for solar and wind parameter is as accurate as

using referenced measurement instrument.



AnAnssuusznie

sayaniimudadiuil dusvaanliegned saerUine Auugun saidanis
asvdeuuasuAlYUSy IS IwETIaNysal InETIemans1ansd A sugdulm
war Fauuen9sdiivine anzddanidneuis lumueyersiuazvoreunsznandu
e

voveunsEAn ainsm FTull uazsuilurudidondsnuuasimnssums
ﬁaaadwﬁiﬁmmé’uasﬁwLguzuﬂumsﬁﬂmmuﬂ%ﬁ paanautIEmde lunsnUSa
Unusudusalanied

vavaunszAumAiuimnssuliin avivimngsuliih flinsaduayu
fuiesilouaraunsaineaeslunisilassuaudiiald

veveugniiouinAnunnaivimnssulnihmnay dwiuiddalunis
Tassuaudnsale

anvheiivensruveunsvanilion wnsm uasdiinsraaynvhuiilldnanitly
il Arevatvayuuadlimatlalunisvhauiauean

@

AuAuazUsElsvlduRiaiianUIyginusadull ¢

[

AYhveNBULAKENTT AR
Yy

I



sy

Wi

unAngantulng I
UNARENTYID9NG Y I
AnfAngsudsenie n

a15U%y v
GRENGTA Vil
#150N1919 \Y
undl 1 unii 1

1.1 esdusnuazanudfny 1

1.2 Tnqusrasivadlaseny 1

1.3 Y0ULUALALTDNMUUABILATINU <

1.4 fumpunagisnssiduny 2

1.5 Yselowifildsuanmside 4

Uil 2 nuiiitientad 5

2.1 aunmmslwihuasdomvesnsinosaudnuagmalwihiifefos 5

2.1.1 useunsziion (Voltage Fluctuation 5

2.1.2 Iingwsu (Flicker) 6

2.1.3 uswiulilauga (Voltage Unbalance) 7

2.1.4 us39umn (Undervoltage) 8

2.1.5 wsenunu (Overvoltage) 8

2.1.6 useuRNYI9dY (Voltage Sag) 9

2.1.7 usesuiugaedu (Voltage Swell) 9

2:1.8 Fhﬂ’;'mﬁml,ﬁwm%uaﬁn‘i’m (Total Harmonic Distortion 10
2.1.8.1 anufiasieunssuanniueiingy (THDI) 11

2.1.8.2 mufnuiieunssiueniuetingay (THOV) 11

2.1.9 msuUsiaauanud sl (Frequency Fluctuation) 11

2.1.10 Adalwi (Electrical Power) 12

2.1.11 ghulssnauauuinsne lwiauims 13

2.2 Teazidnvaskulluvmund s uyulsululssinalve 15

2.2.1 WHuimuNaandnlnin 20 U (PDP) 15
2.2.1.1 @ AifimsuuuTsusy PDP 15

2.2.1.2 uumuiaswdnlwi e susena w.e. 2558 - 2579 15

2.2.1.3 agUunuiaunidmaniwivesUsemalng w.e. 2558 - 2579 16

2.2.2 WNUBYINYWANY (EEDP) 20



a13iiny(eio)

2.2.3 WNUNAIUINEINUALNULAENEIUYNLEDN (AEDP)
2.2.4 anuMsaindsnunawnurasysemealnegluilogiu
2.3 nwﬁlﬁaﬁquaﬁwuammﬁummu%’aﬁaamw
2.3.1 WAAULAIDTRE
2.3.1.1 nénmsvhenulesiuressyuy
2.3.1.2 W1 En 0 an1EUeesEuy
2.3.1.3 ymsnsasaiunisuanlwviianndsnuiaseniing
2.3.1.4 Jgymuavguassalunisudnlni

2.4 dlusunsu LabVIEW
2.4.1 @Usznaureslusunsy LabVIEW
2.4.1.1 Front Panel
2.4.1.2 Block Diagram
2.4.1.3 lcon way Connector
2.4.2 Sumpunaznszuaunslunsia
2.4.3 nMsAnsosyminmeuiimesingld DAQ
unil 3 nseenuuulUsiunsuLasynaunsal
3.1 wwaAandnildluniseenuuuTusunsy
3.2 myvenuuulusunsy
3.2.1 ¥t Front Panel
3.2.2 dhuidudulusunsy

3.2.3 dumuanlusunsy
3.2.3.1 msSudyaalasld DAQ

3.2.3.2 mssuamlaemsdassdunialulusunsy LabVIEW

3.2.4 @ UYL LARAINANEN
3.2.4.1 nswansenndwmesianieluy
3.2.4.2 Msuanansnvesnsimesianiglusyuu
3.2.4.3 NSuEMINTINLAYAILTIRULAENITLALNaZINE
3.2.4.4 mMsuanansiaanslniuaaga

3.2.4.5 NIWaEAINTINLALAINISIIWas N INHNs LW

3.2.4.6 MIuARINATIARTIUESNeTn
3.2.4.7 msvuiinvoya

3.2.4.8 M3ouUBYa

3.2.4.9 nsuanwadioudlefinanulnund

21
24
28
28
29
29
30
32
32
32
32
33
34
34
34
36
36
39
42
44

44
44
45
45
45
45
45
a7
48
49
49
50
51



M3iy(s0)

3.3 Myiaawsiiwesnie lussuy
3.3.1 myinusenulnii
3.3.2 myianssualni
3.3.3 mymwaniasliuaswaulni
3.4 nmyiaevsfiwesiawslussuy
3.4.1 MyinAmAuLaIaITing
3.4.2 mylarmanuiiauuarianisay
3.4.3 Mgl
3.4.4 msianudiuduing
unl 4 neaesuaznansiiutoya
4.1 MIveABUANLYNFBIYRIYALAS DD TN
4.1.1 maAUiuiieudasduvesyagunsnd
4.1.2 MmamATuiieusa
4.1.3 msvedeuidioideunUaniud
4.1.4 MINAABUIAULYINA1TIA Linear Load tay Non-Linear Load
4.1.5 MansRdoUmmANLAnEULs s uLaT nsvua felin
4.1.6 nsvnaauaun1TULANNG
4.1.7 dhunmsmuauyaieieslodauuuesulat
1.1.8 wans3suiisuaiaiediotnfuieiosianmlntheiindy
1.2 wanVARBIYALATasTTo I TTUUNE I UNALNL
4.2.1 gunsaialilunisnsiadn
4.2.1.1 gunsalasandamminiinesnisaninenia
4.2.1.2 gunsalnsrviamminiinasvnalnin
4.2.2 MveapiaHan INAaDsveaiadediotaioululdfusEUUaSs
4.2.2.1 dudunn
4.2.2.1.1 s
4.2.2.1.2 gamgluaranududuing
4.2.2.1.3 ANUTULENDTTING WSINU NTYUE LASWEIU
4.2.2.2 @010
4.2.3 msagUnanisvaasadeunyainiesdie Inluldfussuumdanunauny
unil 5 d3Unan1Inaae Y
5.1 aguna
5.2 i‘]fymﬁLﬁﬂfﬁuLLazLLufmwuﬁl‘uﬁzym
5.3 Yolausuuy

L@NEN5D19D4

Vi

)
52
52
53
54
54
54
55
56
58
60
60
61
63
75
76
77
78
79
80
81
81
81
81
81
82
82
83
83
84
86
87
87
88
88

89



d13Uny(si0)

ANANUAN
AARYAN n Fayaneils DC uaz AC
ARRUIN ¥ Data Acquisition (DAQ)
AARUIN A AUANYIZIANIZTBIATENEE TN
MARUIN 9 AANEUZIANITVRIRUNTAIANY
NAKNUIN A UNANUIYINNG
manuan a Wanas

UseiRgi ey

Vil

90
91
98
108
123
146
151
153



GURIGTAL

LSIAUNSELNDNWUURBLTIDY
wsesunsEaLuuldnalias

< 4 & o d o d
5UN 2.4 sUrdunilvinenSukuuIURAUEmMALY

u v

= 4 4 P
sUR 2.5 sUpduiluswiuliauna

o

[

SUN 2.6 SUARUNULIIAUAN

4 > ol o -
‘UW 2.7 EﬂﬂEUWﬁLLiﬂWULﬂu

] 8 ]
=1

SUN 2.8 SUAAUNILTIHURNTMAUNLARIINANLRANTDINIGLARN

U

&

1

d

&
P

&

]
=l

SUN 2.9 SUARUNILIINUAUTNAUNANIINANLAANT DN LT

U

b

&

5UTl 2.10 JUAAUTIANLA 50, 150, 250 Hz waszgUARuAsIY 3 Haygyiod

Jd

- ) ¢ a
sUN 2.11 dwlnesuveaansyatin
< a4 A& & Ao o
sUN 2.12 sUpduRsinswUsasuaudiasludn

v

SUT 2.13 sUananmdesinds (Power Triangle)

U

A 1
sUN 2.14 drulsenavauuinsnaeininany
SUN 2,15 aLgas LS InuYdsEuuUaNn

b

&

&

[

[

[

A « al 1
sUN 2.16 walsasussiuvasszuuliaun

.

JUN 2.17 WhvisneunueaySNewaeenu w.a. 2558 - 2579
o @ @ o ) .
SUN 2.18 WhyunekaUsendanaaumuLEueus ndnasu U 2579

1

e

&

&

[
v

&

= @ 1 v @ |
UM 2.20 dadrunslanasnunannuisazinalulad

e

=] Y| | o W ) i a W & a
sUN 2.21 @RFIULAAINITUILUINEINUADNEA NP UIaIUMUSEYI8 (U SIAPaR)

&

“

4 a o du L 3 = &
JUN 2.22 #anN159N91UL U 099 UY DU RALAIDYIRE

Y

sUN 2.23 M1N99LEARINE
sUM 2.24 vdanlpazunsy

sUN 2.25 seuu DAQ UuAd[14]
iﬂ‘ﬁ 3.1 .ﬂ?‘Wi’JlJ"UEJﬂ'i&‘UULLﬁx’i?J’]ﬁﬂFj[lﬂ

&

&

e

“ o 1 ar Q o i
U7 3.2 srednaiuladlnesunsuyeassuunaULa D ing[16]

<

SUN 3.3 AN IUUDITEUUNSNNULENDIARENDZINN1T9D AU
SUN 3.4 NMNSIUVDITEUUNAINUANTILYIINITODNLUL

Y

e

Vil

JUN 2.19 Yunaunswda n1slduagnisundl (gns) wasnudandyddu

S o »

O o 00 00 N =]

10

12
13
13
14
14
20
21
24
24
27
28
32
33
35
36
5
37
38



GRENLTAVCE)

UM 3.5 amsauvedlusinsudioaniuy
SUN 3.6 ULAI9AIUANAEN

q

al ¥ @ a & a a &
sun 3.7 ﬂu"lm']\'ﬁl]ﬂ']wqiqllLm@i%iq‘LU53‘UULL?NE]']'VW]EJ
d 124 1 a 1 = = L
TUN 3.8 VIU']W’NTUﬂ"l‘W']'5’131LWEJ{Q§~{LU'§E‘UUW§NQTU

“

&

&

3

A -3 Lo - a
JUN 3.9 Front Panel vadlusunsudmiunmsinssvidygyo
'3

sUM 3.10 vaenlaezunsuvesiusunsudmiunisinsevideynin

[

a

= o @

UM 3.11 Front Panel wasudonltnosunsudmivaiuSuduluswnsy

sUR 3.12 drupuaulusunsudsiualagnsdnassdyyin

JUN 3.13 dhumuaulisunsudesualaensdiaesdyyn

JUN 3.14 nsuansrnfiveinalviuag gundudyay
d (=3 1 a g o Q/

JUN 3.15 vdenlaezinsumsuansiwisilinasmaluiuassunaudan
A o W |

UM 3.16 NsuwaRInIMAEwInAwdas e
4 3 L7 1

sUf 3.17 vdenlaozinsuniswaninswidamnalwiusas e
= | a ¢

UM 3.18 n1suaninsvuazamnsiwesmelndtsiuanuwla

sUM 3.19 vdonlaazunsuniskandnsiazanisiiwasmelniisiuatua
A = L3 (3 -

sUN 3.20 n15Asviansuadn

sUN 3.21 NsULANYauakUUAIMUATYEEUIIET

u Y

sUTl 3.22 m3sutieya
3UN 3.23 vaanlaazunIun1soy
d d - - -
JUT 3.24 MauansnaiouilainAARAUNR
=] = P = =Y a
5UN 3.25 MsuanwwalmuiaiiamuRaUNg
d »
sUN 3.26 1995 Voltage Divider
sUN 3.27 vloulasusany
sUN 3.28 Current Sensor Arduino ACS712
sUN 3.29 vidaulasnseua Salser MSQ-40 CT
sU# 3.30 Solar Irradiation Sensor ‘g"u DAVIS6450
- & Y ) a ¢
SUN 3.31 vdanlapLknsUNISIRAINE UL ing
UM 3.32 Anemometer 3u DAVIS7911
o & a1 & a
UM 3.33 vdanlaazunsumsinaianuiiaunas fevnisay
= v 4 . o W .
5UN 3.34 2935 Voltage Divider iWoIN15I0AIAUATUNIUIN Thermistor
=] & ar - 4
sUN 3.35 \HULLDIING NN NTC Thermistor

4

5Ui 3.36 vdanlaezunsudmiumsingemad

8

sUN 3.37 WwuwasineuIuduivs HIH 5030
sUf 3.38 vdanlnazunsudnsunisinainutiu

Y

€afy

& e

&

& e & =3

&

& & & e call & e & & & &

&

39
40
40
41
43
43
44
44
45
a6
46
47
47
a8
a8
49
49
50
50
51
51
52
53
53
54
55
55
56
56
57
58
58
59
59



GREVGTAIGRY

Wi
gﬂﬁ 4.1 Ltwuﬁq‘é']"umaumsﬂﬁﬁﬁqm 60
Ul 4.2 29smaneEUmAUTUisuSaTdwesygUnTal 61
Ul 4.3 msveeumAFususaTdLTengUnsal 61
Uil 4.4 theudieuiildanmemasesluibuduiuieulu Labview 63

U

A @ =y @ 1 a a L 14
sUR 4.5 nsmlussiuausunadudunrusdaisuiunsviswunaznseuanuesn 64

q

SUN 4.6 yusnainla V-l Auseiu 220 Taadvas Linear Load A1uBunnaIninIasiie ineneds
64

e

&

U 4.7 yusnaia V-1 Aussdu 220 Taadwes Linear Load futeimpainyaiaiosiiodn 65
guﬁ 4.8 Nﬁﬁmiwmaaumﬁhﬂ%’uLﬁEJU:J;JLWaﬁLﬁﬂmnwﬁauUaamsuﬁ lunsalRload 65
gﬂﬁ 4.9 ﬂ’W‘J‘WfﬂaE)UM’]FII’IU‘%’ULﬁﬂUﬁJ‘uLWaﬁLﬁm}’lﬂﬂﬁaLLUaﬂﬂizLLﬁ Tunsel R load 66
SUT 4.10 spushainia V-l Alusediu 220 Taadiwad R Load 970 CA-8335 Qualistar+ 66
U 4.11 yusinaua Va-la 7usedu 220 Taadues R Load 910 DAQ Uag LabVIEW 67
U 4.12 yusnaimia Vb-ib Aiusediu 220 Tadives R Load 990 DAQ ua LabVIEW 67
U 4.13 syusana Ve-lc fusediu 220 Tasiues R Load 970 DAQ ag LabVIEW 67

SUT 4.14 299smsnadeunAUiuifisusuaiiinaavdiowasnszua Tunsdl RL load 68
SUT 4.15 msvaaouvAUuifisusuiaiAnanvioudasnseua Tunsdl AL load Tnandl
14fievaen Fluorescent T5 uazldUamariunuwman 68
SUT 4.16 sishaia V-l Ausadu 220 Taasieea RL Load 970 CA-8335 Qualistar+ 69
U 4.17 yushana Va-la fusadu 220 Taadues RL Load 910 DAQ uay LabVIEW 69

u q

sUT 4.18 yudaa Vb-Ib flusesu 220 Thadves RL Load 910 DAQ uae LabVIEW 70

q

sUTl 4.19 ysavia Ve-lc fusedu 220 Taasivea RL Load 37 DAQ waw LabVIEW 70
JUT 4.20 2s9smsvaaeuma3uifeussiiaiiAsanvifoutasnssua Tunsdl RL load 70

Y

JUN 4.21 mnegeumaUiuiiisuyuina Afinannudewlaanszua Tunsal RC load vand

e

&

&

lirenasaumnlduaviinuusyauun 10 MF 71
U 4.22 yusania V-l Aiseiu 55 Taadues RC Load 970 CA-8335 Qualistar+ 72
sUT 4.23 yshaina Va-la Ausediu 55 Taswas RC Load 910 DAQ Ua LabVIEW 72
Ul 4.24 yusaa Vb-Ib Aiwssdu 55 Taaduas RC Load 970 DAQ Wag LabVIEW 73
gﬂ'ﬁl 4.25 3Juenana Ve-lc flusastu 55 Taasfuas RC Load 97 DAQ Way LabVIEW T2
SUT 4.26 thasuifusnaduvesndiouasnsuauasussduiildannmsmaaadly (udn

Usuiiieululusunsy LabVIEW 74
gﬂﬁ 4.27 gﬂawsmiwmaamﬁ'aLUﬁ'auLmaammﬁ 5
sUf 4.28 fhagdlusunsuittuinua 78
U 4.29 msmuauyaeosilioTauuveeule 79
sUil 4.30 lnezunsummnaesyaiaiesio Taszuundsnunauny 81
JU#l 4.31 mavaaedldnuuayianaluanmuiiade 82

u



d15UgygU(sia)

Uil 4.32 nsmenuduiusserinmanuiiausune

U#1 4.33 nymanuduiusseningumgil AraAuding A
SUN 4.34 nsmAudunusseniteanuiduLaeefindiunan

SUft 4.35 nsmlpuduiusseninaussiy nssua fual

U 4.36 nymianuduiusseing 4 winiinesveassuy

SUT 4.37 nsmlnuduiudserinaussiulni nssualnd funan
U 4.38 nywimnuduiusseminehidsnuiunan

=] v o ' ) o o w
gﬂw 4.39 NTINANUAUNUSTZNINNAIUSENBUAIINULIEN

& Caft Eah
L. =p.

&

&

X1

82
83
83
84
8d
85
85
85



A15URYM1579

L 73
U
A15199 1.1 Mynrudnddudunauvesnsyinusyariinug 3
A157197 2.1 nsaulTEIIMNSERaUMTIUDNEIVa wiy PDP2015 Tutl 2579 16
A U « 2/
ANTI9T 2.2 ANEINTIANLG NS kN UsEIwA 18
o @ ) o
AN 2.3 LEUNAIUINS N TUNALNULAENEIUNI9LEan (AEDP) T 2579 22
d ar L2 1
ANT19N 2.4 ANEATWWEIUNARNUUTELANAINE 26
AN51991 2.5 WRsNIsanasuNISHARLNANI N NS ULase iR 30
= @ ' a o & A 5
1357199 2.6 auuauuaaumswmaumlﬂﬁw (Feed in Tariff, FIT) 30
ol @ | ~ o A
A15197 2.7 atuayudufinsasudeliiih (Adder Cost) 51
A15197 2.8 aguddnnnnuluLabVIEW 34
AT5197 4.1 MSUIADRSIEIUIINNITVNAD U DIVL DL UBINTL WA 62
= | 'Y & a‘ly v W
A1519% 4.2 NMINIALTAULD I NREWEN AN ULBLUAILTINY 62
= 1w | v v v % )
AN5I99 4.3 A19RSIAINTLAINNISNNaDIR ML DLUAaINTEIALAE VI DLUAILTIAU 63
A 1 d @ af A L7 b4 -
M157199 4.4 ':n.p.lﬂ'wL‘NﬁVIU‘»JVIﬂRﬂﬂLﬂ‘iE)si'Jﬂ@’NmLLaﬂUiLLﬂiu LabVIEW %84 R Load 66

A 1] d a <t A s 4 -

AT 4.5 yusranantufinaninesingsdawaslusunsy LabVIEW ¥83 RL Load 69
A13197 4.6 sdneantuiinaniaTesingeBuaylusunsy LabVIEW 484 RC Load 71
l:l 1 ni @ o n" o ¥ - @ [ =
ANTN 4.7 guenananvuiinanaiesingnduas LabVIEW vadluan R vdwuiiey 74
A13197 4.8 sinanantuiinainiaiesingeBauay LabVIEW weslvan RL wdsliuiigu74

d 1 d‘ L7 = dl a’ 8 = f Q.
A13197 4.9 yinaantufinaIneIesinenedaay LabVIEW vasluan RC nassuiieu7s
AN5199 4.10 ANudnRanduILLaLsWesSsuBuRUALRATUAN A 76
= i a e s - A W oA @ o RS
A15199 4.11 AMN913003 Linear Load vasalaIesiladniisuiuiniesingneds 76
=] ' a ¢ : s A v - ) P o v oA
A15197 4.12 AMN3035 Non-Linear Load vesgalasesiioinfisuiueieindsds 77
=] | a & ¢ a ' d &4 v - Y | )
A19199 4.13 asuaranuraeuasuelinluudasiavesyaniesiieinifisuiuiniesin
51994 77
i Y oAy | o - A e a A
AN5197 4.14 YofdaidsTening DAQ way LabVIEW fuwe3asiledanislniiefindu 80

Xl



PR
uni 1
UNn

1.1 anuduauazannudrfy

Tutagiuvssnalneiienudomisldndcnulmihmntuaieday 4-5%
il wei. 2573 Tnondseudnlngfiananfwsssunidundniidndaugaiodovay 70
FFdmnusnduiissdoddndinunaunuitoses fuanudesnstélwih fdiudu nnsld
wErunauny svdisannisianuaznsiididomdsinisssmauasiaunseae
arudsslunisdantdemdafondnlviivesusema Tneiidmanefiagldndeau
watefing ndsauh wdsuan fredann Fassa thunldluniskanlvimaunufing
sssuild Fsduiliiiuimdinusaieriindilundinuitazornuurdmdsnuiiiioghsld
ﬁi’ﬂﬁ'@5ﬂ'ﬁgqﬂs::mﬂlwaﬁuagﬂuqﬁmﬂﬁmmzam‘h‘w%’Uﬂﬁﬁm&?awﬁamut,tmmﬁmé 800
nisnuuatoinduihniseanuuulusunsudmiumsiauarins e slnasaeieg [1]

dmsunsnsantadmsiimesineesssuueilaeiluiuldindesdieva
Mineavieauaanlunisnnainduaielefisenguardunuuin o dumisay (on-site
measuring) oruRnunftiaduluszuuieiediomdriiliauisavenldinineslstuiu
seuu warlslamnsavenlddndumuiinundviials Savsdslifiniisarusrdmsuiiv
Ansiiweiieitethluinseidely fiddydidsaunuazentasinisiuiiduteu
gnsionIsleau

nugradrsduIaduiiniinguidelimauAniiosiilusunsy LabVIEW an
sonuuuLApafiotad nsdinesnaalniadragisududentslduvesssuundany
wasenfindannszerlng wiewiiihdeyamdtunniinseiindanuiiaunileqvdolivas
uhlatgmlunsdiifanufiaunfidetulussuusadinsesnuuuiriosdelifinuaganlu
msldnuuazanusatuiindoyasiegieiuiuliluadddelulsdndey

1.2 InquszasAvadlaTNIy

1.2.1 ¥imsnulusunsu LabVIEW ileransanuuuuagiamn gngunsainsivin
fyand inTzving wag Juiinarwisdineasansgnaliila wiu wsedu nssua (a3 wasi
Usgneumdadunu

1.2.2 vin1suiuusuaeAmuluTungl LabVIEW wasl) 2557 vaaanuideiies
n1sAnwIlUTWAsY LabVIEW dmsunasaunawnulutnisdinen 2557 Tvlluszansamuas
wflasn Ny

1.2.3 annsodeulusunsunsiinionIuny DAQ(Data Acquisition) Iilusesunile

1.2.4 FnwearufiadeunadiihammiimefiquarsUunaudygali

1.2.5 WnlUsunsy LabVIEW snldadeiuszuunis wdalwihanndsaunasending



1.3 YauLvaardan muaradlaseenu

1.3.1 ¥nsdnwnisldanulusunsy LabVIEW uagamsimasiiendas

1.3.2 Anwnasgiudeatumsfinesnalai IEEE 1159-2009

1.3.3 L?Jﬂuiﬂil,t,n‘mnsﬂﬂﬂiumﬁLﬂiwzﬁm‘%auLﬁﬂué’nwmwaqgﬂﬂﬁuﬁmmm uae
Ansdinesanee IiensavapuaugnivesiUsunsy udduhuaildudiasizilag
Wisuifeutuafiduaildanmags]

1.3.4 Tadaussdussuunasnunaidonlaennainuasinssianisdivas
veadayay 1N DAQ (Data Acquisition) wisiilmasaenand laua wseu nszua fas o
Usznaundhdiamulanieansluii usy

1.4 FunounazdsnsRiuay

1.4.1 Anwndeyauazanuifeiisaiulusunsy LabVIEW dmsumdanunauny

1.4.2 finwmsguiiiorfestumafinesmslviuasnsdesruundaanu
uwaveinduaznasnuaNngsEuunIn

1.4.3 Anwinsiduazmannsviauveslusunsy LabVIEW

1.4.4 FeulUsunsuns iin dwmduiarmisdimesnialwihvoandsnunaunu

145 ﬁnnﬂiﬁamaﬁwmqﬂmﬂi DAQ (Data Acquisition) Wialdfauiundssu
nauny waztihdeyaiidluiesei

1.4.6 nadaU WATILN wazwilauFulTaseuy

1.4.7 ayunan1svnapanazdnviUSaaniinusaduanysnd
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1.5 Useleauitlasuainnisidy
1.5.1 ansovmulusunsy LabVIEW iveldlunisiauazimsevdygyin

way emniweinelihanndsnunmerinduasndsnuaula

1.5.2 annsaldlusunsy LabVIEW teldlunslinsesiuamsmadaunmniv
v sndsumaunulifianuisiueuasianugnisanniey

1.5.3 Wumsusgndaaildsne TnsmsannisliiniesioTasinag fifsags

1.5.4 feyailldanmsfinyiedannsoululfidutoyasrdmeiy
wdsunauny uazduuselonilunsinwdesesluauidedeluluewen
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2.1 aunmmdlviuaziomvamnsiinesnusnuuzmsuiiiieide [3]
Hagtiuand aauamidslidi (Power Quality) (2] Wudiyadeoslu
Fewatrmnuiiuminisinglnihvesssuunnmsiiing wagnsdhefetaymaunsallwing
nMsiuianan vianganisiauangldlnin faiuldindionvesiriiamaw
frdslihszuinamsiniuasdldnazyaidunsdiunndretuly wilupuduaiudadl
muvneRetudsionuvesnmnwindelwih aamesguana IEEE 1159-2009 44
aumngvesann il Ao auAnuMEnsTuALSIY LavAmRvesuraIT gy
anmzUndlidvinligunsallihimsinuianaiavseiinnisidevig

2.1.1 usedunssiion (Voltage Fluctuation)

usadunsiiley e nswdsuulasweussiulninesidueadilaiu +5%
(0.95-1.05 p.u.) swvuiusruuuazuuulsisodias unensienadentt Flicker e Ilngwdu
Wy Msveuveanvasulnia (Arc Furnace) vldAanisnewiudivaenin

o ey e ey oo
0 005 01 015 02 025 03 03 04 045 05 055 06 065 07 075 08 085 09 095 1
Time (min)

= 4 ala @ - |
gﬂ‘ﬂ 2.1 Eﬂﬂﬁu‘lﬂMLLNQUﬂESLWBNLLUU@@LUBQ



TSR B B B S R R R SO
015 02 025 03 035 04 045 05 055 0.6 O,
Time (min)

= 4 da W = e
JUN 2.2 UnduTTiusiunseiauwuulidello

2.1.2 Wnzw3u (Flicker)

ngwdu Ao wmnsaiiinveusdianuidnlunisuesitliaiiansvesssiv
waainremasnlnFauinninnisidsuulasvesainud mwmmumvaemcﬂmwaamlw
nenduld Ivinewiuarduagfuauiauagalnud A11NAAIALARBUNIIATUTBILBLNETA
(Amplitude  Modulated) avsfululugnuvaznisiiutusavanasvesmauausadulniily
Uk Ssauginelifnauaaaedoulud nenridnlugsninanuamhauses
Ju (Pump) wazimmaelniih Hudu

I:| |||||| DO
0 I]{IZS I:IUS IJU'.'E EII DIE UiE 0175 0.2 0.225 025 02?5 03 0325 Dfﬁ 0375 04 042‘5 045 0175 05
Time (min)

'
=

JUT 2.3 sUnduiiilngnIuwuugUaduled
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E
A E
g-a.z-:

042
0.6
087

i
124

N S P L LT L LB R P PP Y S R P R E R T E T P P T T R P FT T R T
0 0.025 005 0075 01 0125 015 0175 02 0225 025 0275 0.3 0325 035 0375 04 0425 045 0475 05
Time (min)

< o o = 4 oS o
JUN 2.4 gunaunilwngnwIunuuguedudvies

2.1.3 usssulauaa (Voltage Unbalance)

fio wsafuresvuy 3 iafluwauansnedulaiiiu 3% vediyuasuluan
120 89 anmuldaugavuinvaslmanusasina aunsaimunlaandnsidnves
perUsENBUEIPUAU Vneg (Negative Sequence) faasfusznaua1fuuIn Vpos (Positive
Sequence) Aa3U

Time

P~ | 4 oo @ '
EUW 2.5 Eﬂﬂauwmt,i%ﬂuluam}a



2.1.4 useaunn (Undervoltage)

=l ]

Aansifiausadiunnunnndy 10% @ulvajasiiregiszann 0.8-0.9 p.u)
Wunauaiundt 1 wndl wu nsdavivremdendatlignees nsifuaiesdnsvuining
viamsinsaivuszquunsivgeenainszuulni dAdwinliidumenisfio “lvan” wie

“Brownout” {Wunaviligunsailasumnudenie eeinn1siunssiu (Overload)

P PR R R B VAR P T AT T A T P P B o R P I By R
0 02 04 06 08 1 1.2 1.4 16 1.8 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5
Tme (min)

JUT 2.6 gUARuRTuTIFuAN

2.1.5 useauiu (Overvoltage)

FonisAanssiuiuninndt 10% @nilvgeeiidegiiuszaim 1.1-1.2 p.u)
Hunamunuiunt 1wt fewnnsvaninanaualugesninnszuu dwidldidumnans
fio “mAv” Wunavligunsaldenedominusfuiu

T P T T R T P P PP P S T oy R T P R T TR v
1 1.2 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 S
Time (min)

=S

=l P YR
JUN 2.7 sUmduniiusenuLiv



2.1.6 k3IAUANYINHY (Voltage Sag)
LsefuRNT 9L viSei3undnednedn Voltage dip Ao wsauensidueatioun

anadegsening 0.1-0.9 p.u. udanasening 0.01 & 1 il dwlugiinduiuinaiifia
ALEANTeli Aegun 2.8 viluseduiidnanaaviio 0.2 p.u. v84uIITUUNR (80%

sag/lutaanan 3 mu

1.57

127
13
0.8
0.6-
o 047
0.22
0:
0,22
0.4
-0.67
082
i
127

T e

O O O R U O T P N R R O I R e
0.097357 0.4 0.6 0. 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 4B 5097357

Time (min)

JU#l 2.8 gUAduNTussTuRNYIEUTIARINATLAANT DI LN

2.1.7 ussduifiugasau (Voltage Swell)

LsauiuTaedy fe uswuandisueaivuaiiuiuseing 1.1-1.8 p.u.
Tuthanasewing 0.01 fs 1 unit faguit 2.9 dlngesintuiunadililfiinenufianses
nalnilagnse wieeraiinanmsvanivanvuinlugesninnszuuviednistesiiiuusey
yunalvgihszuy wavilvigunsalldfumnmdene vievilvigunsailsionsiAsundas
AaddNwIEYBae IS OuRaNaAvTENgANTINY

e e )
0 02 04 06 08 1 1,2 L4 16 1B 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5
Time (min)

JUT 2.9 sUmRuNTusuAuTIsEuRAnInAURANTBIN v
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2.1.8 AAufiniisug1susiingau (Total Harmonic Distortion)

guniin (4] Ae drnusznaulugudyaaniuled (Sine wave) vosdynias
iauunanduaiulag Fadiaudidudwiudiviivesanuindnya (Fundamental
Frequency Tuszuulihussmalnedien 50 Hz) 1 enfuedindrdudl 3 Sanaudidu 150
Hz s1suefindsudl 5 faanudidu 250 Hz Wusu navesandueinilesiuiuiudygn
Auivanyafmenisuun (Amplitude) uazysiva (Phase Angle) Vil aiiindud
mmmﬂﬁlaulﬂLLasﬁgﬂﬁzgzyﬂmﬁﬂu (Distortion) WWandanmndulsd Wunadaeinnisld
gunsaivszandilidudadu ildgunsallussuulnihiinisinuiionain wasiiling
wentvesesueinivunanweaasshlwgunsalifinnsdnsatule

Amplitude

PR S

Ampltude

30 360 3 20 & ) S

T T e e R T R T R T
03 &0 00000 T 020N MR
Time

SUT 2.10 guAdufiraw 50, 150, 250 Hz uazguRAWTM 3 dyayod
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2.1.8.1 MuRaREUNTERaauaiing Iy (THD)

Amplitude (pu.)
o

e
3
|

6 8 10 120 140 160 180 20 200 20 260 280
Frequency (Hz}

JUN 2.11 awnasuvesansuain

- 2
\jzh: 2'hrms

%THD, = x 100 % (2.1)

Il,rms

p) lhms  AB A1 rms YBINSEUABITUBTNAAUA h
Ao A1 rms YeInTRaNANUIVaNYa

ll,rms

2.1.8.2 AURALNEULSIRUESHOTUNTIN (THDV)

P EB=2 V.’:t?,rms
%THD, = +—x 100% {2.2)
, V1,7'ms :
Wi Vime #8 A1 rms 9894 390uUsnsualina1fud h

Vims  £8 A1 rms vausasiuinnuiivanya

2.1.9 MsuUsiUaEuAMUAMATINTN (Power Frequency Variation)

MsulsAsuauiimdsini de Usngaisalfinuiivesseuulnih dan
Wasuluanaruiund 50 Hz Wusaieeinnsviauvesiianatnveaadestiialiii
vwnlmywiedinisvaresniinszuy ilidnssnudemsvinuvesgunsallwiiditinmsyhau
FuiusAuanudszuuliin Wy wdesnalwi
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|

157 {
1

1

L B R R R R R AR AR A T e T A R R A R e A o R A B T
0097357 0.4 06 08 1 12 14 16 1.8 2 22 24 26 28 3 32 3.4 36 3.8 4 42 44 46 48 5097357
Time (min) |

'
q

= ol =y = o w
JUR 2.12 gumdundinisuundaguaudiaalih

2.1.10 MaslnA" (Electrical Power)

wsoenidu 3 du [5]

1. fdslwirusng (Apparent Power: S) Aerndslnihiisaliifulsasude
Tuan oy Tad-wend (VA) vi3enlaliad-uond (kVA)

2. A&alni1e3s (Real Power: P) flardslusiniildsnusse wu nstuindou
a9 nstuiedeuvesanenuliudu vthoduiad (W) vienlatng (kW) dednsnsaald
NIRRT (Wattmeter)

3, Adslniiaiiou (Reactive Power: Q) Aowdsuiildlunisadis
aunudianduidsiiihiliansnsaildusslowild viormdslnifigydell wu
wduilarhuunundnvemdoudadiniwier Air Gap vesdusnduuewmes
(Induction motor) \ugu Swhedu 13 (van wioAlain$ (kvar) Fsaansataldanng
dmes (Var meter)

Tneraslnivismaiiansnsafualdanaunsasludmusdu

S = Vemslyms = W (2.3)
P =Vl €080 (2.4)
Q = Vimslrmssine (2.5)

4. Ardusnaurdalviih (Power Factor) Aeftatiivandaindeulwiing
eliUselonivioinnsimnuaieiuanavasdnuimuaiigosnisansyuulndhial
faust 0-1 filewiniu 0 wansilusesfinnuguiennumieriifissediufion uazinia
Ju 1 wanenlweasiinnudmumuiiseesiafion

Power Factor(P.F.) = % (2.6)
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kVAR (Apparent Power)
KkVAR (Reactive Power)

PF =cos @

kW (Real Power)

gﬂﬁ 2.13 gﬂammﬁ'wﬁwé’a (Power Triangle)

2.1.11 dausznauauuinsnnalnviauma

drlsznevanunaniunldlunmsliesgiussiunagnszualnianualuy
yaurfiinszuulilanga Inonsaifiseuuauinaauga (Balance system) dulsznouainnng
drdumaauiazaiuinagudiandugud diunsdlssuuliauga (Unbalance  system)
dulsznevauinsafumdauiazdnuaguilidugud Tnldnisdredvesdmdseney
3 g Fessuulwihaumaanunsaesungldfeguil 2.14

Vo2t

Vcl

Q) (@) (@
g‘uﬁ 2.14 duusgnevauinnsnniviiava

do  (n) Aedulsznevauuinsaduiauln (Positive Sequence)
(v) AedulsznavauNInsanunaau (Negative Sequence)
(A) Apduussnavaunsafumanud (Zero Sequence)
drudsenovanuinsaisuiwauln (Positive-sequence component)
Uszneudie 3 Waeed (phasors) Afawiainiy yuainsiy 120 9eA
drulsenavanuInsainuwaau (Negative-sequence  components)
Usenoudae 3 wlawes (phasors) Aiflouiawindu suwasafu 120 sem wdlldduimanss
PufvdiulsEnauaLLIATETULNEUIN
dauusznovanunsafuinagud (Zero-sequence component)
Usgnaudae 3 iawes dvunawiniu uasilysawihiu (in phase) feduannsnidoudy
TR T SRR R B
V, = Vo + Vg + Vo 2.7)
Vi = Vo -+ Wz + Vi (2.8)
Vo=V + Ve + Vo (2.9)



14

wazanursaeuluaunisanudunusaunseualiaiudontu

[a = Ial + laz + lao (210)
Ib =Ib1 +Ib2+1b0 (211}
IC = Icl + Icz + ICO (212)

Tunsdlfisruvauna (Balance system) dauuszneuasunsaRUINAAULAY
avumagudiiandugud drunsalssuuliauga (Unbalance system) daudsgneuausnns
Sduimaavuazddumanud i dumusdaiunammummanaweiuansdssui 2.15 uas 2.16
Eseumguvesdulsynovanes wldlunsimsgissuulvih Wy nslined
A138M9es MIBATIELsTUlauga [Wusu

r’(n’ I/(.' A

T

Y

v,

= W o I's ) '
JUT 2.15 lawgasuseiuvassyuuanna JUN 2.16 ilagasuswiuvasszuuliauna
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2.2 ygazdavadwnundiunaunasnunyuisululsanalny

2.2.1 wrunmiunindwdalia 20 U (PDP) [7]

Power Development Plan : PDP wsaukunaufiaenisuanlvinves
Usemelng uusuiisosfuulovneaiuaiannuiuaamsiundanuluinvesnssngs
& WeduusndamlninluszezenlfifsmedensiamUssmanimaduiasugha
TGERAGH

uwy POP tuurunsveemaimsndalniiuayssuvaslniivessamalu
owan 15-20 U luukufsnanagseymmennsninudeanisndalnih Sedaudfasionns
29UKY PP sinnswennsaianudsansiivhiiaugnaesuazusludi sgildnisamulu
nsveneidenisaninfiiiiesesfuanudesnisininiliiud voglussduivmnyas
wenanil avsryiddasamslsdliiinualvgiilddemadiesssund dufuwasdundes
Tssmsvunauinuasndnun aiiuszuu Cogeneration wasndsumyuiiou Weindsild
lumswan Msveesyuuddliih Usstnanistuamunmseseiidimndalnwiiuagssuy
dalvifh wansznuAlwi wazU3unumsudesim3sunszanainanansnaaluin Wusu

(6]

2.2.1.1 @uvAfin1sUFuUTIUNY PDP

AazaynssuNIsNEInTalLasdaiunuRui Swdnlufvesusunaladl
nsfisandaiuuianidedalnivessamalneyalnl esinuunliunsvened
massgRavesinefiuiudmn wazunumsamu Tassadifugiu madouneigune sk
AW EUNISNgUTEYIANAT SR8 UTEU (ASEAN Economic Community: AEC) 1ud
2558 dsazdwademsldinihussusanalnelnesau fady  Sedlnnadaviunu PDP2015
felvaemndaaiunradesnisldinihiiosfintu nssnsamdanu  I§nansoulkuyson
MnasuiaYd Tnedavindu 5 unundn laund

(1) wnuRmuidmanlnihvesUsemelne (Thailand Power Development
Plan: PDP)

(2) WueUSNENASY (Energy Efficiency Development Plan: EEDP)

(3) WNUWRLINSRUNAUMULASNAIY  Maden (Alternative  Energy
Development Plan: AEDP)

(@) wwunsIainesssuRves ng

(5)  wwuvimsdanmsthifudomnas el msdnihusuysannisndany
WA way wnuiuiawdnlwivesssivalng we. 2558 - 2579 (uwu PDP2015)

2.2.1.2 Wnuiau A asmdnwiwesUseina wa. 2558 - 2579

aufinassiulounginiiundeeuini Tasiuamisnnsdavumuiam
fndandn T 1./, 2558 - 2579 (Power Development Plan: PDP2015) wasiadnyiumy
u5nY Wi (Energy Efficiency Development Plan: EEDP) Wagdnvinunuwaumeg s
NALNULEY WAIUNILLEDN (Alternative Energy Development Plan: AEDP) Taonndog

Yu doudloTun 15 Suanau 2557 nws. lewiuraunsaunIsInviuausangn Tnatiaudn

o

L..E
She
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1. fuaruiuAmIawd ey (Security) mawmmlﬂﬁw’lmwmwamamm
foensld T waldidewdmarnuans sufilianumnzauioanaindeainns
fondaumdsialavianiannifuly

2. fuiAsgRe (Economy) desmilsfasuyumswanluihilvanzay uay
Fflams 1Hlnihedneiiuszdvnmlunaasusiosneg 3. dudanndon (Ecology) Fosan
wansenuilinfudaadounazyuay laslanie vvanglunisanduiuie
asuoulpeanledseniiendnlnih

2.2.1.3 aydunuimunidandalniwesUssimelne we. 2558 - 2579

lun1sdavinuny PDP2015  Aae@anAa eanuiAmn 1N sHAMUILATYENI U84
Uszna B¢ daviuazussnamsiaedninauanenssunsiauinsiasvgiasasdny
Wi @a) 1 aenisalinasinsdulamaasvgiassesenifesay 3.94 et uarlu
AIUVBINTYIAUINTAY uundsuiifesdes madmanisiindsyansameuusueysnY
Wiy avdanalrinnsldlnd anasUszune 89,672 drumiae (Gwh) Tull 2579 uenvint
Falunuirumdsnunaunuiay  wdsumaden wumswaumdsnunaunulifuaiu
Fnonmluusaziiug lasesinisduaiy nswanliihaniemasey Faua wasfedanm
B mEsUaWIUBLY Wy ay wasenfind wiouvetsszuudsiniuarszuusvne i
94 3 M3l Isesfunsdaass wdsnumaunudusieiuil paonsuimussuy Smart
Grid Wietheifiulseansamlunisuden ihanndsnunauny anuleviedanaaldtivue
nsauUszanaunsdndiunsldidomaanes wnu POP2015 Tl 2579 #ail

A19197 2.1 nseuUsEInMNsERdIunsIidemAues uwu POP2015 Tull 2579

¥ - U 2557 U 2569 o U 2579
UsLnNNIBoLng P 5 .
Ussunusasay Uszunusagay Usyaunmusagay
FolviAnaati
, 7 10- 15 10 - 15
FN9UTEIWNA
puduwalulad
- - 20 20-25 20 - 25
avon (Saudnlus)
WA UAYULI Y
o 8 1020 15~ 20
(Funaeun)
MY I5UUR 64 45 - 50 30 - 40
tAdes - - 0-5
fiwa/anaumn 1 . -
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1. anmunmaglu
®  AUABINTITINAN
Tud 2557 mmmaqmaﬁwaﬂwﬂﬂmaﬂ (Peak) YDITHUU NI mmmmmuwm'
1/1 23 Wwngu 2557 1ian 14.26 . i 26,942.1 Wnginn wamwnu 37 5 peraldud m:u‘uu
InAmFEINIINGalNHgeaat 2556 wiriu 344.0 wngind duduAndusenas 1.29
o aswanlnih
 Auiou fureu 2557 MdwEnlvihsvesUsvmelve Wity 37,612
wneaduenlmdumdwdalvfhanlsadidiusann Firm (ussuu nvin) 310U 34,668 1
neded SUdelnihan SPP Non-firm S1uau 915 wneded Sudelndhaan VSPP $tuau
2,029 winz¥nd TnefiswaviSuadail

wUamnuUsennlsani

- WAIMNUITOUTI 21,145 wngind Soway 56.2
- WAIANNITOU 7,538 nying Souay 20.0
- WAL B Y 8,476 Lunzing Soway 22.5
- Fafuufia n3eseuniea 153 Lunging Soway 0.5
- awaadoulsdlvenade 300 wneng Souay 0.8

591 37,612 Wneing

wUamuEAR LW

- . 15,482 Wn¥ing Sovay 41.2
- onvuselug (1PP) 13,167 wunzing Jovay 35.0
- @NYUsIELEN (SPP) 4,530 wneding Soway 12.0
- lNYUTLENNIN (VSPP) 2,029 wnging Soway 5.4
- FolvifdnaUszne 2,404  Wwnzing Soway 6.4

521 37,612 Wnsinm

® syyudslvisin

saunssiulnhuesgiulussuvdelniives awa. Uszneusae 500 Ala
Thad 230 Alalaad 132 Alaliad 115 Alaliad war 69 Alalaad finud 50 B9 lae o
Audiou funey 2557 aeddliiinfimnueniiedy 32,526.99 299s-Alawns wendusey
WS4RU 500 Alalian 4,167.17 2993-Nlalns wseiu 230 Alalan 14,605.12 2935-NlalUAs
wseru 132 Alaliad 8.70 29as-Alalums usewwu 115 Alalaad 13,703.93 2995-Alawwns
W5t 69 Alaliad 19.00 1995-Nlalums wazuseiu 300 Alaliasd (HVDC) 23.07 2993-
Alans wavduuandiniussgaueanyin. SyusteAY Shury 213 @andl Useneuduannil
T usege 500 Alaliad d1wau 11 an1iaailliiussge 230 Alalad dwau 71 and
wazan1iflwfiussgs 115 Alalad $1uau 131 andl wediimwanunsolumsdiolaii i
vslaunas) S2uay 88,461.44 winelraduosuys

1439009



18

2. MINYINTAIAUADINS LN

nsiavihAmeInIainusan1sigini1vesUsene ae. ladnvinuszana
nawnltiunivenedmassygiassezend (GDP) U 2557 - 2579 fruadsiesay 3.90 Aol
Tisnsnsifiuvesssrnaedsosas 003 el wariinsuszendldunuoyintindaany
(EEOP) Tnefidhmneannisldwdeandlaidin s ¥ 2579 Wiy 89,672 dvune savild
AIITUINTOUVDILHUNRU TN ITUNA RN ULATNAWIUNIBEDN (AEDP) §115Un1ANITHER
Tlud 2579 Fsagimdamdnlnihanndsnumyuisudissuudng 19,630.4 wnynd
Amennsaianadesnmsinihdldlunnsdaviuau POP2015 lesumnavesunueyn¥ndany
AL URAIUINA R TUNAWULAE WA IUNIRABNua? Tutael 2557 - 2579 museanTs
wislihswavsvessumalishmsiulnedeiosas 2.67 wed Tl 2579 Amensal
AMUABININF I ULNANTINGNT (Energy) uazndalningeangns (Peak) ¥pausuinall
AsEANa 326,119 aumig way 49,655 wneind mudu

4‘ 1 € v
A19790 2.2 AneInsaIANAeI s iniveUssina

PDP2010 Rev3 PDP2015 WasuuUas (%)
waslndn 5 . WA naalwna WA
WA, Wil | wasluingegn
geen - s Il ego Tnil
Yy (A1uwae) (lnzann) " 3 o oy v ‘
(LungInn) (Auwe) (wnzana) (@unuae)
2559 31,809 210,619 30,218 197,891 -1,591 -12,728
2569 46,003 304,548 40,791 67,629 5,212 -36,919
2573 52,256 346,767 44,424 91,519 -7,832 -55,248
2579 = = 49,655 326,119 = =

3. WM sIainusuRaiuidsdnndvesusenelnen A, 2558 - 2579
(PDP2015)
g nw. iletuil 15 &wen 2557 leldanuiureuwuamislunis
SavhunuRmuEanlriheesUssmnelng (PDP2015) Vil
1. WinnuddfuanudupmessyuulniiivesUsyme Walvilanusiuag
AsBUARUITsTUURARIAIN sruuddivih wazssuusmhelnihseui
2). ulsnemsnssnedemds eanmnudesnsfieiademadwislain
Wil
« annsRanAesssuAudomaman
« Wudndunsudnlnianlssinidudiulagldinaluladayenn
« SamlrihannsdsUsemalidinudesar 20 vasiawanlnirluszuy
- duasunsanli NNt uley
« dpasslsslnvhduadesivatoununuid
3). fdanAelnihdnses (Reserve margin) laidndndesas 15 wesnay
Aoensnadlviihgagn
a). wlevrwgnanlnienyuswlvg (IPP) wazdndnlvilnonyusiodn
(SPP) aw‘hLﬁumwmﬁigcgwaﬂiﬂwﬁwLan“ﬂuﬁﬁ*‘ﬁagﬂﬁu (Commit) a7




19

4. unuwauniamanininvesUsemalvg (PDP2015)
9INANYRFINTIGY wnuianni Swdaluivessenalve we. 2558 -
2579 (PDP2015) agulalaedauyduded Woduumuluans 2579 asfifdamaalviie
and 70,335 wnzind lagUsenoumeidmdalninlulagiu a AUl 2557 Wiy 37,612
wnzded Mdwmdaveslsslniiiluisn 57,459 wngdnd dnsuanidandelsaluiiaiag
viunone Tugael 2558 - 2579 413U 24,736 winying

o ar a

Aaandnlfilusiall 2558 - 2579

- Mdanaalvdn o Suanan 2557 37,612 WwWngine
- mawan v us Tudael 2558 - 2579 57,459  wnginn
- fdwdslvhiivaneanainszuu Turasd 2558 - 2579 24,736 Lwngiad
- sidsanlniieEy o dud 2579 70,335  LINLIRA

fasanivsilvg Tudhetl 2558 - 2579 winfu 57,459 wWnying
wonauUszLAnlsalniin Aadl
Tsalamdsnumyuisy 21,648 wnging

- Tudsvine 12,105 unzind
- FolwiteiaUszne 9,543 Lunzind
Tiq‘lwﬁwwé’ﬁ’uwuﬁunﬁu 2,101 wnying
Tsslilamuwoisdu 4,119  wngiee
Tsslwndenusousiu 17,478 wnzingd
Tsalvnasanusou 12,113 wngine
- Tsslotenudiw/anlua 7,390  Lunging
- Talwiniiedes 2,000  wneing
- Tsalwvhieiuuna 1,250 wngina
- golwinsnsUsne 1,473 wnging

i

5 57,459 LunzIng
ALLLITISNSTaYUNY PDP2015 Alaanuddnyfuaanusiuassyuuliy
Tnelsasounqussuundnlnfin ssuuddnil warssuudiminglwihseud SsRonsaniui
filemauariinnudesgs desdalwihsuduuinunie Jeiosan Tu 2 fud

5. WHUNRIUIsTUUE LN
Tasensuazunuaruiauszuudsiing nun. azddunisly
F2I8AULHLPDP2015 Usznaudae Tasanisaneg deil
- Tassnswannszuvaslnih ieaussaudeanisldlniiiudusuou 9

1Asams

- Tasamswannszvudsiiiieaiuanuduasssuulni Suau 7
lnsams

- Tassnsufudganazveneszuvddniniidesanineuengnisldnudway
51A59N13

- Tesamssruvdslviiiinsessunsiloudolse Wi $1uru 9 lasans



20

- Tasans@eulosseuvdaluiiiiseninalseinawuussuusassuy (Grid to

Grid)
- Tasamswaunszuulasstelvinausnnds (Smart Grid)

2.2.2 UHUBYSNYWASIY (EEDP) [7]

aasgidadiuiluswaniywiFessamaanu msutddminensndsny
serinadsena JynAsieden wasmsidsuidasanmgionnadaduranisvesnisnds
warlinda sndudymilizianuguisidduiasdmanssmudonunminves
Ussanau wazarmanusalunisudeiudanseginethaandod s weyindwdsnu 20
O (na. 2558 - 2579) davintulasdriineuulsueuasunundsnu nsensmdsany ned
Srnuszasdiei] 1) Wormuatmeniseyinindauessamalussesdu 5 Y wavsvoy
gm 20 U Inedathanmnuduvesmsldndsnu (Enerey Intensity : E) asdoray 30 Tl
2579 dlaifleuivll 2553 FalunmeumdiuvesUszma (mndeutazluih uazluse
AAAsegRaninisldndaanuann liud amevudsningnannssy A1AB1ANSESHY Lazae
tuedends  2) ilervusgvseanfuazuuimalunsdaaiuniseydnendsen uagli
vssaumneniseynindsnudidelinude 1) suisimumnasnisuazuiunuiody
nsoulumsdavhudfiRnansdadiuniseyindndinuresiisnuiie Mfeides

200,000.00
182,700 ktoe

180,000.00 =
?J\; 51,700 ktoe

SO 160,000.00 HB85% 44,059 ktoe
!

= E15% 7,641 ktoe
=2 140,000.00

a('

= 000 ktoe

W= 120,00000 -

=
B

2 100,000.00

Z

3

£ w0000 - gL

&

=

= 60,000.00

o

g

= 40,000.00

=

20,000.00

261

U 2.17 WvsnausueySnEwasu w.A. 2558 - 2579 [7]

iorhmuauuaulsutsuazuuamemIsudunisfiunseusn sna s ures
Ussinaluseorend nsensrsndarnlinumiunaueyinunds 20 U (we. 2554 - 2573)
TnsUsuAugiunasanuigiudug Iaenndostuarudesnislélniuazanudoenisld
ihffudewmaduswanlronsuiuidhmneduinrasandunsliwduasiesas 30 Tu
U wa. 2579 ifleifousull 2553 wioUssunm 56,142 Wudufisuwiniiuiu (ktoe) udisle
frsaniivgu ¥ 2556 enandunislindanuanainnd 2553 udUseanm 4,442 ktoe
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Fafumsaniueludaed wa. 2558 -2579 audumsudndusnsnmse wielfiAneug
Ussufandsnuasuaudmunednussunn 51,700 ktoe nedszanmiovas 15 1udunis
annsianasulnidadu 7,641 ktoe %30 iU 89,672 dumnuae (GWh) wazUszana
Sovay 85 Wudiunisannisidndeauainufou Anlu 44,059 ktoe

60,000 -
50,000
40,000 -
whwune i
et U58-79 aAAuiau
30,000 ;
56,142 ktoe Uszndiaiiu 44,059 ktoe
51,700 ktoe
20,000 -
10,000 -
analvidh Ml
7,641 ktoe = 89,672 GWh
0

d @ o o @ <
JUR 2.18 Whuunenausendandsnumuunuayinendanu U 2579 [7]

2.2.3 WNUWAILIWERUNALNULAZHAIIUNLEaN (AEDP) [7]

nsgnsranassulatuuamig wasdafionsunlunisdaviunuimuIngasnuy
NALNULATNEIIUNIGGan (Alternative Energy Development Plan: AEDP) il

wdumaden” "wiunawny’ wisumgudew’ Awisneg meandiFy
dranfiununlussuuinivessemalngodramandodldls wifuyuniswdslniives
wdaunadenueiadsdisaganidununsnanliihedsslniimdnussamdug o1
wu Tsslvifhenuiumelulafiavenn Tsslihfesssumnd Tsslifindad Juneu Sallade
dfedrmilsiidwaliusamalnsdniudostuuiosannslindunumadende Daym1
amandeuiifunliusniuiusuiownannfedounsyan (Greenhouse Gas: GHG) R
dndlvalie Sremniueulnoenled (CO2) Suinannsyurunisdunuventomdoada Tl
Tarlugnamnssudszavla Tiiugnanvnssundnlvin idesendadoinasmeada 1lu
Womamanlunisuannszualii fafy fsuraudavatodaumensulunasdnduume
AEDP TidugUsssuanntuiiomstnlugdnuansuous (Low Carbon Society) wagifu
wuvedrevesdsmulaniindniwssmalngindulsanaiiianusiuliiinasldndany
yawnu Tngliinslivdnumadeniunsudnlniiuiy Sendonsnsgdlaliingiu
Folwihaannmentu svozusn fnrsimuadauiiusaniudeliin (Adden dmsumsiu
Folnfhannndsaumaden Mlilnamuauladusuiwnndrdnilassmsnaalniilii
nstudrfoaausvielniudnisiviingieg Jegdusgseniraddsundawnnsnsgslae
dufunisamuarnamensulfiuwaufuanunsaifusafudeliindy  Feed-n
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Tariff  (FiT) Tagviousiununswdnlnihoemdsumpiioundazsliauniu uazdmun
nseUsEEzINNSUTe IFildatan

Tuefin unuianmamdalviivossumelng wa. 2555 - 2573 (PDP2010
atuviuugedsdl 3) WResanmuulsvisdasiunsudslifionndsumudoures
AA3g uuHY AEDP Fafinsaunisdndiunusenined 2555 - 2564 (evauvundsaudile
nieumaameada Sovay 25 Tu 10 9 uenani definsiensinansemuamdsnulii
sofldlnivesnu AEDP Tiegluinaminamusnssumsulovendsnuuiend (nwe.) 16l
anudiueuld uduiiid iy demnidutiadusuddifauleamuidudaunn il
AnmsiuTuremdsnumaunuluunsituil vndnannnniutvaneiisinuely vhlid
Jymguassalunisiuiuey dswanszvuiidlumsduiunsiosanneuiudolniuay
Anunsouvassruulnih

dmsuulsveduasunisndalwiianndsnunyuisuvesniasglutagdu
(2558) sjautiuluiinisudledymdsaudausa 1iun Jymvezqueu uaziandnmaoldnie
nsinwns Sadumaliinnsdaasumsnanliiiainvesguu $aa warfedanm 1y
wan laefignseanslunisduasundsnudanim laun wisenuinues Fuia uaving
Fanm (dududunsn Fsfnenmauvdelutiagiy aunsondalwiianuey1d Snusvuna
500 wngdng wavandimnalasnuseanal 2,500 wngdngd wavinsusyauausiudy
Wlguie  Zoning U99NSENIAINBASIAZANNTAL ﬁa:ﬁaamﬂﬁmﬁuﬁwaﬂqna”aml,azméu
uaifisnandniudendsn 3.5 fudeliie® u 7 dusdelssed deanusaiiudneniw
Fomdadondaliiiilgsn 1,500 wneind uwidedddosinandn (Productivity) Ad 1
duduanidunsedugld dwiuuuntnamsdnassuiinunissdaliihismaluladwdany
naunudseiansneg Wudsiuiiseniniauazsedmin (REZoning s1edawin) saufisns
wasuwaunaluladwdanunaunulueuieaiiensasannsaudedulifunsuanlifiain
LNG paanaumsdaaiunsudsliniiianisasgueuiiduudauarmaannisindindan
9nweada il sgimsitudadaunisnissdnlaihdendenumauruaniagtuiisesay 8
Jufosas 20 vesiumumnusesmsivismvessemalul 2579 Tapesdifdwdnlnii
IINNENNUNLURBUTINVINAY 19,634.4 WinzTan

i 3

M990 2.3 LHUNRIUINEITUNARNULAENANIUNIGEaN (AEDP) U 2579 wuhe : wneing

=l = 3 O ar ’o‘ = ﬁ’]q ‘ﬁ‘ﬁ
U WENDINAY | Wadad | Wadun vy VW | @ 394
PANTIW | WAMNIU
2557 1,298.5 2245 | 3,0484 | 657 | 2,541.8 | 3115 - 7,490.4
2579 6,000.0 3,002.0 | 3,2824 | 500.0 | 5,570.0 | 600.0 680.0 |19,6344

Tunsdaiuauiauiidwdnlwiiveslssinalng w2558 - 2579
(PDP2015) Y3anaunissudelwihanndsnumadenduiinaudidy fufunisnuinuay
AEDP Wluiduduwilsves PDP2015 Seduiu Tnefuuafnfiasiinewmdnnguiiug sy
sruulihunyssgndvinunu AEDP namfieszuulWihidausenousiy ssuundalni seuy
dalvifhh uagseuusnielnih fedinsidoudefatunun seuundaliihazdondalniitig
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szuvddlwihludaszuuswiglwindedelninliuddlélihsedesdely udiosinns
dsduvaslsdlaimd o

Tuvrsiuil Fudeudefuszuusmineliinlaenss iogglwiliuigls
Il warurataanadgldliindanudeinmsinihdeonimddluihiinanld ezl
Aanszualninlvadounduidnunszuudelii szdsmadenusiuasszuuliiiluounen
Tavsau fedfu Feduundaflagivuadiinunaifsturesdsslnihndanumuiouluuay
AEDP Tataefinnsanaindnenindnusiae dail

1. dngamidsiufin s numuio vie ssuundaliih Wums
yaainsalumstadneamnswaslnianmdnumudedluwariuiiin Voo
Tadnaiifdnenwnisudalni ieldmmuauuamansiaunl iy auvieduyiimmunds
T uassrozalunisiauadneamduiue iesesfuuiuramdslnfiifenand ds
mhenuiiigadesd nsuimuImdanunaunuuazeusndndanu () Wugiuiaveu
auiung

2. Fnuawszuvdslih Wunismidnauannsalunisiudousunaunds
Il finanldauudazantdlniusegs eldfmundugadenlosssuvddiniueanis
Widhendnuissandlng (k) Tasaruausalumssudaliihanwdenumuioly
usazanflwfiiusegeinnsananuinuanudeanisinihaesuiazandlniusagadue
wazUsnamssudelnihiifleguialussuy ileannugndslunisdsdngininsewianni
I seaaves nviw.

3. dnanmszuudmiegini Wunisfiasananummngaussnindiunu
audesnisinihvesdlilnihuasusinumsiudondslnihinanlflusazandnglvi 3
nszangeginUszve wiidosarniogiy ndenuildarnndrnunyuiisuiisinigandi
wdswildnlslifvdnvesssuulnin devimamdslnwihindaldthnnnitaudesnis
T luasiudmalmAnnszudlnilvadon Famnilumslvadeusingasielninings fu
anugadeszuuliinazinldundn uddelaiilunisluadeusingadiglaindilugy
szuvdslviitn Ssnsdedraseninanillniiusageues nw. fszozmslnaminnisseyma
szninegeanglvivh dawaliAnaugadeluszuuliiiuinnd egrslsinuanugaydalu
spuuliihiiAedudy Beanndulwihindalfanmdnumuiouddnengs fududs
msiinmsuimsdansidliiAnmgnsainszualwiihlvadoudandn arnmhedifades
Taonss Fsiide mslaihunsvans uagasluihaugiini

ogslsfiany wummenisfudelianndsnumuudeuluowan Tudad
AudAayegnsdadenisussgndlduny  AEDP BHTiUszAvEnm Fediosdimbeauiidian
frfunsanfiunisaneg Widulunuue AEDP wasitimnefirvunly nanfie dadnau
AuzAssUMsAAUAInIsNd (ddheu nan.) Wudiuliaveu sauludewuanianisuiu
wwu AEDP  videnmgesfivaninszuulniivesysena 1iu USunumuneansiniives
UsvnanUAsuuadly Usinamssugelwihshnindhmnedidmuel3lussy Gudu Soann
afiunislimunauy AEDP Amanidlaiaaentuadldaduanudanulunmsiaulasins
Tsalwimdsnunyuideusas Bunuvegeiitvesdenulanlunsdaaiunisnanlufiiain
iy uisusioly
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2.2.4 anumsaindsunaunuvasusandlngludogiu (8]

T 2551 Ussmalnefimslandanudeandudtusiuiay 81,958 fwusy
Wiuahiuiudu (ktoe) Tneiisnafintuaiodosas 11 seudl 2531 Fa¥ 2551 (Uil 2.17)
vuriUSamdsruiReinansUssna iy 68,655 Musuifleuviniidudu deda
Hudesay 59 vesUsmunslindnuimune duyadiidu 1.2 Suduum

Mo w £ v
100,000 Wanunslwisemanam
< nunalndTaia (i)
A PRnunTIeinwia s

80,000

60,000

klce

40,000 i i

20,000 T A

SUR 2.19 Ystnanisndn msliuarnisunds (and) wdamudemndeddusy
anunsainahiuiiiingsdy wasdTnudisesihduvedananasetig
serflossznaufuulovienisdaasundsnunaunuedguiaednsieadslandnsulizunn
nslindsumaunilulssmaivgsduegdaides Tnelull 2551 Smsldndenumauny
WAy 4,237 Wududteuyininduiu Aadudesar 6.4 vesUfinunslindsnuduaadie
Tnoifududesay 29.5 9101 2550 wasumauuiwaNT#Uselmifuosnaundvans Hud
Fananilugllnii uazarufou S1uau 3322 Wuswisuihididuiu
sosasnldun Aefanwidlugdiwihuazanuiou lulefwauasienuea muddy

WA 1ing

W s 01
3 Wi TUAY
3,321, 18.4% M o 0002
[ joraen
252.6, 6.0%
B lulofiwa iz T mdavi
197.6, 9.4% 15,049
EGRER NI
| Rty

gﬂﬁ 2.20 dndumsldmdsnunaumuusasinelulad mie: fusufisuwiniiiubu (koe)

Asiiudndiunsldndsunaunuiivdosay 6.4 vesUduunsldndeu
Tugaievdowinty 4237 Wuduisuinhiuiu dsaliusemalneannsoanmsiid
wdauldAnluyaaszann 99,500 Suun wazdidieasdiinanisddesfiadeunszan
g3 13 Sruduandveulavenledifivuwi §anisvenesegrwnnvemdsnunawnudung
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1970 ulgnraunaziasgunsdiaindsnumaunusyaunniissuialddiiuoginied
oA

1. wmsnisdasunssnungsudev/uleuy

W sudoviuiolifiharndudnlvihoundnuasauiudnun (PP way
VSPP) miﬁmuﬂmmgmﬁmwaﬁamwﬂsﬂﬂaaL‘ﬁa HATLENIUDA

2. 1m3n15plamenunI sy

1#un nismusdauissaudelniinonwdssumyudeu (Adeer) n1sli
Rufrenidesriulasmatumudou msl¥duativayuiioannisznisamuiudunisda
mnawumammawmmvmLaimmmwu’lulﬂwmsausﬂwwaamuuauwawwmLmu
(ESCO Fund) msdaBslimaentuianlasmsmunalansiauifiazern (CDM) N5ty
smsmsnBifteanyuidudu Tiud anduselenianangnssunmsdaadunmsasu (BON uag
nsdnassauysznalinhsnunaigandunsimulassnsfiendmiunaiaunlae
ANty esnifedasiumsresyyinanesnu TN atemEY

3. YININTALATUNTIE AU LGS

Spuraldaduayusuuszanadunsfinwuasdaviunuiseimuinazanse
paonILnIN1sBeulsunedeg fevdaasuliiinnisldndsnumguiouniuield
annsaussqhmnemautladgmiundanuresUssmaildimual iufssuyssinallu
AsiveuazimusumeliaLaznuduasuuacase Iuimheny andumsinw uag
3AM3A1eY neflinddonaslassnsilinansuunuduerludand vduazansaly
Wawsiesenliiinnastiuluzusisy

4. 1195N15TUTIALALNITUTLVEFURUS INEUNTDIAAIN MRS 1Y
AUV

Ssuraldaiuayuavuszanalunissussduarnsuss o duningunsosn
AN WAMUNS R TUNALNY Weaadnddnlimnaediunserinfennudfyemdny
nauny adsanandeiuliinamuiumamuluianisiundinunaun Uszsnouiuanly
wEsnumaunueg el ez ATy

A masunewneeUstmalnauasidvimi S6ed

1. Yadudfyfindnsunmsiaundsunaunuessandlng

wiseudutadodrdyladovidumsiuindounssgiavesssma duwals
Ussinalngliannsandnidenisaiannuiunmamdaanumuglufunisimummadiu
wisvghvaghedituld duiulumsaieenuiunsiundanulifulssmalnody mswaun
werumaunudusumsdddueghannuuamanis il Jadeddyindnsunisiuun
wdsuveszinalneysznavlumeaudndulunisdaund mdsuliismeseaiu
FesnsvesUseva anvgaNaNyTaivesuvamsanunaunululssne anusiunmdiy
nduwazasuivlumsannansenudennvlaniou Tnefiseanduadtelud

(n) ausndulunisdamuramdsnulifisamenoanudsinisvesssme

nauufgIun1saeefiresnudesnslindanutugainsvessyme
sywill 2552-2554 wihifudesar 2 waesaudl 2555 80 2565 wiriudosar 3 duwald
Uummslindanutuaaievesusemalul 2554 wihiu 70,300 Fusuifisuwhiuiesas
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3 danaliuunaunmslindanudugeinsvesussmalud 2554 Wiy 70,300 Fusiudfiouih
drifuiu U 2559 Wity 81,500 Wuduieuvinisiuiu wasll 2565 wihifu 97,300 Wusiu
Wouwinhsuiu ednalsinn sannanisinenuiinskaandeuainund sl
Usenaseudna® 2552 90 2565 hifinsiBsuudasntiegiiuinntn dadudedienna
'57L@u&'mﬁwu%mmwﬁqmumﬂLquIuUizmmﬁ'ama‘uaummméfaaﬂﬁwé’muﬁﬁuqvﬁu

(v) AgauaNyIalvetLaINa L UnALNUluY sEIne

PINMIANBISIVTIULAL A1 A neA NS unaunululsevalng wuin
Uizmﬂlm%’@lﬁé%ﬂwixmﬁﬁﬁﬁ'ﬂUmwmaﬁmwé’amwwLmuaeﬂuwé'uqa \fesann
Usenalnaidudsemamnuynsnssudfindnnan1an1sin¥mnsI1uIuLIn YR anud
oA TIIMILUsTUNaRAAINsINERTEsduLd e wg i Rn TR UL anHEAnd sy
ydana fetinmsauluadulefiwatasieniues uenainiddaldndulssmnalnediil
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2.4.1.2 Block Diagram
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2.4.1.3 lcon ay Connector
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Input Primary Current(A) | Secondary Current(A) Actual Ratio
Voltage(Volt) | 4 B C A B r A B C
20%(d4v) 0.74 | 0.72 | 0.73 | 0.0167 | 0.0162 | 0.0159 | 44.670 | 44.815 | 46.352
30%(66V) 0.90 | 0.88 | 0.88 | 0.0199 | 0.0193 | 0.0188 | 45.628 | 45.958 | 47.074
40%(88V) 1.05 | 1.03 | 1.03 | 0.0228 | 0.0219 | 0.0218 | 46.491 | 47.032 | 47.248
50%(110V) 1.18 | 1.16 | 1.15 | 0.0270 | 0.0280 | 0.0274 | 43.926 | 41.429 | 42.226
60%(132V) 1.30 | 1.27 | 1.27 | 0.0300 | 0.0310 | 0.0291 | 43,567 | 41.129 | 47.121
70%(154V) 1.41 | 1.39 | 1.38 | 0.0330 | 0.0291 | 0.0289 | 43.000 | 47.801 | 48.062
809%(176V) 1.52 | 1.49 | 1.48 | 0.0360 | 0.0380 | 0.0320 | 42.390 | 41.528 | 46.500
90%(198V) 1.62 | 1.59 | 1.58 | 0.0380 | 0.0380 | 0.0330 | 42.737 | 41.895 | 48.030
100%(220V) 171 | 1.68 | 1.67 | 0.0401 | 0.0383 | 0.0360 | 42.843 | 43,942 | 46.611
110%(242V) 1.81 | 1.77 | 1.76 | 0.0420 | 0.0400 | 0.0370 | 43.935 | 44.250 | 47.784

el ' @ 13 M v 3/ )
AN5197 4.2 MsvnAusssuRnRaET IdanvsauUasus ey

Input Primary Voltage (A) | Secondary Voltage (A) Actual Ratio
Voltage(Volt) | A B C A B c A B &
20%(44V) 441 | 442 | 455 | 0.898 | 0.908 | 0.921 |49.109 | 48.678 | 49.403
30%({(66V) 665 | 66.1 | 67.4 | 1336 | 1.343 | 1.359 | 49.701 | 49.218 | 49.595
40%(88V) 88.4 | 88.2 | 89.1 | 1.797 | 1.798 | 1.801 | 49.193 | 49.055 | 49.473
50%(110V) 110. | 110. | 112, | 2.225 | 2.242 | 2.265 | 48.958 | 49.063 | 49.448
60%(132V) 132, | 131. | 133, | 2,690 | 2.681 | 2.695 | 49.108 | 49.086 | 49.351
7096(154V) 154. | 153. | 154. | 3.138 | 3.126 | 3.143 | 49.076 | 49.008 | 49.284
80%(176V) 176. | 175. | 178. | 3.592 | 3.570 | 3.606 | 49.109 | 49.020 | 49.529
90%(198V) 198. | 196. | 200. | 4.010 | 3.980 | 4.040 |49.476 | 49.447 | 49.678
100%(220V) 220. | 217. | 221. | 4450 | 4.400 | 4.460 | 49.438 | 49.409 | 49.664
110%(242v) | 242. | 240. | 244, | 4920 | 4.860 | 4.920 | 49.329 | 49.444 | 49.695
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A1519% 4.3 A19RT1AIUNLAINNITNARDR ML BLUAINTELARAL DR UL TIAY

Vuidtsuilulflugaietesdotn
Phase Current Transformer Voltage Transformer
Nameplate Ratio | Actual Ratio | Nameplate Ratio | Actual Ratio
A a0 43.935 50 49.349
B 40 43978 50 " 49.143
C 40 46,700 50 49.490

nnan1snageulumsndiuifisuresgagunsaiinlilasnsidiuainnis

a i 4 o 1 as 1 3 £ s 1 9 a

NAABIINNTIN 4.3 Fazthadasdnlumsndlulduiuiisuamlulusunsy LabVIEW ds
UM 4.4 Wwelidinldnnyansesdiodniinnugndeauasuiuguniy

e

»
: 49.249 o
DAQ Assistant :

— 13,935 o—

data b
149.143;——4%

_JL..

T e .
Egﬂl—-—---—_._ﬁb—-

= o 1 @ aly v ] )
JUN 4.4 shanuuideuiildainnisneaedldiduaniudeuly Labview

4.1.2 MsvUTuLN UL

gagunsaifisinasemyuinaiiululdfe wiouwaussfuuazmiioulas
nseud  osonuseneulUisunuminiazunainsiuaunn  denaaeulasnistou
usediulihmdaadeiunsioudasuseunagniowvainssus Flvaniléidunaoninld
(Linear Load) WlawIeuifisusmuilanisiudunnaniaiediolndnads (CA- 8335
Qualistar+) uazteWinmINYALAToilTn (DAQ uay LabVIEW) ilaldnsmiussiududums
Hudyanadedseswuihilifisusnsminssuaiuendnaiduiitauaiudouuady
faguil 4.6 uay 4.7 uwinsussiuduewnaliifsyusana Ssaguldimleulanseua
whiiuifinadouua




64

Inpul Valtags (V

€ 0005 1] a0ts o 0ozs om 0o (1]
Tema(s)

JUN 4.5 nemlussdumudunailudyaraddaiisuiunsnusduiaznsvuasuean

U E T Peako SRV Peaks = 2088V
_UM U7A Peak-=-L805A  Peskt = 241A
0 : = ]
n 1 1 : 12
//'T“‘\\ : |
b i . u
; \ :
/ \
168 7 ¥ v i1
\
/ \ .
#f- ; i
- \ | A B
’ LY 71
o 7
10 k! d T
" AN b A ‘
; o 24
N A
2 i : Lsy
" "
Hpessy L
18121225 5007z

= i = o 3 . v oa 4 A v oy a
31]'11 4.6 yugnavla V-1 Niseau 220 T’Jﬁﬂ%q Linear Load muauwmmmﬂ‘saqua’ma’mad

3



Waveform Graph Phase shift A I"T"’j Sine _ j

350

Amplitude

[
0.65 . 0.67 X K 0.1
ALeTimers o e

a [ af @ & . o ¢ a A ar
JUN 4.7 yuenawle V-l iusadi 220 Liadved Linear Load dute1dnaangaipsosdiain

fify Sehmamenuiudioussaiifnmnmiouwasnssud e
mamanvuiinldanyainiesiiotrlunsdl R Load, RL Load waw RC Load fmupain
indeuluidlewisuifieutuaiiduiinlfaniaiesiiodndneds (CA-8335 Qualistar+) lnegy
rasmsnaaeulunsiaznsdlfegud 4.9, 4.15, 4.21 Awes V- Aiuseiy 220 Tradluusiagnsl
wansldfemsedl 4.4, 4.5, 4.6 uargUuansuamaniduduwnniATesiand9Bauans
I¢ieguit 4.10, 4.16, 4.22 sudrdulvasuazodnmIInYAATeaileTalunsel R Load uans
FasUTt 4.11, 4.12, 4.13 audrduiia n3dl RL Load uansdaguil 4.17, 4.18, 4.19 sugdndu
wla uagnsdl RC Load wanaiagudl 4.23, 4.24, 4.25 sudduirla

Chauvin ,(,'I LabVIEW
.r:\ ‘\-_./ r':'\
| |
| o |
\ N L) AN
N /“'*/: : T 4 Y (-'T :.'
!,\’)] (") : | E B :I
\_4 /,x t PTEi Pﬁf_/} H
h % ) 1
Vﬂphnse l ! i3 | | R Load
(~0) | PT I |
7 ! NN !
| J ) |

P

JUN 4.8 1sasmsvaaeumaTuiisuyuianiinnudowdasnszua Tunsdl R load



TETET S rEEEss,

Y

SRR TIA Iz Esaa—

<l i v Al { a W =
U 4.9 mnageumaTuifisuyaaninainuiaudainszua lunsd R load

A ! d' O af { @ W a
M99 4.4 yusaanduiinanaesing1sdauaslusunsy LabVIEW 984 R Load

66

Input Voltage
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Phase shift(Degree)

CA-8335
Qualistar+

DAQ and LabVIEW

CT(A)

CT(B)

CT(O)

55

0

-17.582

-15.416

-14.093

110

-17.4%90

-15.133

-13.244

165

o

-16.966

-13.542

-13.543

220

()

-17.230

-12.494

-14.598

D

-17.079

-12.273

13573

Wavefom
Cate x3Es
Tree 15:13:5.309

q
Vurd 0.2%
Arb

Shase Angie AL41
| Phase angie A242
Phage Angle A3U3
Phase Angle V142
Prase Angie V24
Phase Angle V341
Phase Angle V143
Phase Angle A1-AZ
Shase Angle A2-43
Phass Angle A3-A1
Phase Anglz A1-A3
Phase Angle U142
| Phase dogie U243
Phase Angle U341
Phase AngeU1-U3
Phase Angie V141
Phase Angle VA2
Phase Ange V343 OF

7

Begas

PV EEREEEEEY I
EBEEERREIER

voh?

3UT 4.10 sshaiia V-1 Fiusedu 220 Taasiees R Load 910 CA-8335 Qualistar+




A P S 1 e Phase shift & [-17.23 sine  EREE ]

SUT 4.11 yusinala Vol flusesiu 220 Taasivas R Load 970 DAQ Wae LabVIEW

L]

Wavetarry Graph Phase shift B |]-12.494 sine  EREE 1

Phase shift ¢ ] -14.598 | sine RS 1

SUM 4.13 yusinauia Vele iussdu 220 Taasiwes R Load 970 DAQ Wiy LabVIEW



68

Chauvin E\T‘ LabVIEW
™ e i
\/ o—1,
SERORIET A cr |
BV i i 2
3phase | T I i RL Load
o | D
7 i Yo i b
W (_/ L |

a | W o= o - 3 al
JUR 4.14 29smImedeumAaUTuiisusaaiiinnieuUainszua lunsd RL load

A N AR LB, TR P LSO i i ol T
e U ————

A ! L =i al' a L =l
JU# 4.15 nsvedaumAUSuiigusaniinanudeudasnseua Tunsil RL load
Inanfildronaan Fluorescent T5 wazldUaaasunuwman



69

M1 4.5 susaseAvuiinaniaTesing19daarlusunsy LabVIEW ved RL Load

Phase Shift{Degree)
CT(A) CT(B) ale;
Input
Voltace
(/o) CA-8335 DAQ CA-8335 DAQ CA-8335 DAQ
Qualistar+ | LabVIEW | Qualistar+ | LabVIEW | Qualistar+ | LabVIEW
55 - - - - - -
110 - - - - - -
165 50.00 30.42 49.00 29.00 50.00 30.59
220 63.00 41.97 60.00 42.54 60.00 40.95
242 64.00 43.88 63.00 46.93 62.00 44.74
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< 1 v o o = 2 =
sUN 4.21 manageumamuTuifisusuinaiinanuiowdasnszua Tunsal RC load

Inandildronasneniduazdnivussquuin 10 UF

M13797 4.6 yuranaituiinainiaIesindsdawaziusunsy LabVIEW ves RC Load

Phase Shift(Degree)

Input
Voltage CT(A) CT(B) CT(C)
(Volt) CA-8335 DAQ uag CA-8335 DAQ way CA-8335 DAQ way
Qualistar+ | LabVIEW | Qualistar+ | LabVIEW | Qualistar+ | LabVIEW
55 -12.00 -28.20 -11.00 -26.592 -11.00 -25.28
110 -16.00 -31.589 -16.00 -31.032 -15.00 -28.25
165 -20.00 -34.230 -159.00 -33.492 -19.00 -31.65
220 -22.00 -35.669 -22.00 -35.302 -21.00 -33.07
242 -24.00 -37.909 -23.00 -36.592 -23.00 -35.49
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Phase Shift(Degree)
HpUEVOURSE | cronsss DAQ and LabVIEW

(Volt) .

Qualistar+ CT(A) CT(8) CTO)

55 0 -0.642 -1.060 0.304

110 0 -0.525 -0.840 -0.704

165 0 -0.864 0.031 -0.251

220 0 0.886 0.901 0.350

242 0 0.725 0.957 0.670

= | Y | o v a L)
A13199 4.8 yusaantuiinanasesingedauay LabVIEW vadlvian RL nassuiieu

Phase Shift(Degree)

TP CT(A) CT®) T
Voltage
WVolt) CA-8335 | DAQ and | CA-8335 | DAQ and | CA-8335 | DAQ and
Qualistar+ | LabVIEW | Qualistar+ | LabVIEW | Qualistar+ | LabVIEW

55 - - - - - -
110 - - . - - -
165 50.00 45.86 49.00 43.794 50.00 41.005
220 61.00 60.52 60.00 56.720 60.00 57.890
242 64.00 61.62 63.00 60.880 62.00 58.820
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A1540 4.9 yuswantuiinanieTesing1edanay LabVIEW vaslvan RC wialsuiiioy

Phase Shift(Degree)

Input
CT(A) CT(B) CT(Q)
Voltage
(Volt) CA-8335 DAQ and CA-8335 DAQ and CA-8335 DAQ and
Qualistar+ | LabVIEW | Qualistar+ | LabVIEW | Qualistar+ | LabVIEW
55 -12.00 -10.94 -11.00 -12.82 -11.00 -11.47
110 -16.00 -14.33 -16.00 -17.26 -15.00 -14.44
165 -20.00 -16.97 -19.00 -19.12 -19.00 -17.84
220 -22.00 -18.44 -22.00 -21.53 -21.00 -19.26
242 -24.00 -20.65 -23.00 -22.82 -23.00 -21.68

nuanseasdlunsUTuisugung nuluwadmsulnanyind

uansinussiiyudaadiiaiy waslunsmaaesdeluagldaUiuidisunuavesinananu

ATUNIY

= < o
4.1.3 nMvadaualasuLUasnun
WearmInsisasugainIesiieinfivhniseenuuuiuniuansnsonsaduanudsuilag

Anudlaasauaziinnugnees Adivinsnaaesfeldflaidusuuaisneslunisaiedyy o

Tendlsidannuiianeg lumsiasunlasaud i laesuainanud 50 Hz, 150 Hz, 1 kHz,

1.5 kHz aufla 2.5 kHz uagyhmsduiinAranudiigainIeslainuansen daenuinaannud

niudinliannyegunsalsdalndifesiumanudanilaidunuueisnes uanifmisnd

4.10 megﬂ'm'imimaamﬁaLUé’&JuLLUaammﬁuamé’dgﬂﬁ 4.27

=l - i o
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A1574% 4.10 Anuda e TuuLaLswasUSsusuiuaudiUuiinle

Function Generator Frequency (Hz) LabVIEW Frequency (Hz)
50 50.01
150 150.00
1000 100.04
1500 1500.01
2500 2501.39

4.1.4 N1SMAGUVLIINTGIA Linear Load uag Non-Linear Load
o v oa Y 4 v v oa . ] o «
nadoulngyniATale InBUUATEIINE 198 (CA-8335 Qualistar+) Musasiu 220 Taan 50

= =i o = o w
BSnlasdinanisnadoudnised 4.11 uag 4.12 suaeu

P ' s ¢ . - 4w oAl o P v Y o~
M13149% 4.11 AIN1513LD9 Linear Load VDIYALATDIUDIALNYUAULATDIIND WD

Linear Load
Bapsragtion Phase A Phase B Phase C
CA-8335 | DAQand | CA-8335 | DAQand | CA-8335 | DAQ and
Qualistar+ | LabVIEW | Qualistar+ | LabVIEW | Qualistar+ | LabVIEW
V(V) 220.80 220.90 218.20 218.18 22210 221,73
I(A) 1,121 1.665 1.690 1.603 1.676 1.730
S(VA) 380.00 367.16 369.10 351.22 372.8 284.44
P(W) 380.00 366.37 369.1 251,22 3728 384.21
Q(VAR) 2.80 0.024 3.30 0.000 3.00 0.230
PF 1.00 0.9997 1.00 0.9998 1.00 0.9996
THDV(%) 1.40 1.534 1.50 1.519 1.50 1.538
THDI(%) 1.70 2.100 1.70 1.875 1.60 1.816
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a | a s . a A v oa Y] < o Y oa
AT 4.12 A543 Non-Linear Load VNYALPIDIUDIAVIYUNULATDNIND DS

Non-Linear Load

. Phase A Phase B Phase C
CA-8335 | DAQand | CA-8335 | DAQand | CA-8335 | DAQ and
Qualistar+ | LabVIEW | Qualistar+ | LabVIEW | Qualistar+ | LabVIEW
V(V) 220.30 220.38 219.50 219.54 222.10 222.27
I(A) 0.430 0.392 0.398 0.364 0.405 0.402
S(VA) 93.91 85.00 87.41 79.64 89.85 88.68
P(W) 43,11 43.67 42.32 43.50 42.90 45.20
Q(VAR) 83.93 74.72 75.95 6113 78.64 72.98
PF 0.457 0.482 0.492 0.523 0.485 0.511
THDV(%) 1.50 1.512 1.50 1.542 1.50 1.483
THDI(%) 2.40 1132 10.90 12.01 10.10 12.12

4.1.5 NSATAVEDUNIANAMUAALN Y UL S ULAZNTEREITUDTN

WavedgauNYaAsailaiaieaniuuiuinalinsansivingriteinld egna

gnfes JieTevieninelinvesussiulaznszualagly RL Load 9InMslATssinavesens

vednanyeedesilodn (DAQ and LabVIEW) wWisuiftsufuindesindisds (CA-8335

Qualistar+) MElUsunsy MATLAB 3gnuanuAniNeuasuatinluwmazinaialnaiAeaiy

HANTIATIZYLARILAGINNTNT 4.13 uargUT 4.28, 4.29, 4.30 MmudWUHE 1NKANIS

nIvdauLanIliiuMAIANURATBULTIRULAEN SELas SUatinvagalAs aelladalinany

gARBILIUEN

P 1 = A ¢ = ' d A o o Y a4 v
f197190 4.13 a?‘uﬂ'\ﬂ’mﬂﬁ\lﬂkwtﬂluﬂq53~|QUﬂ1ULLf"]agLWﬁ’U93‘(2@tﬂﬁaﬁua?ﬂLWﬂUﬂULﬂi@@?@

91494

Total Harmonic Distortion(%)

Phase
CA-8335 Qualistar+ DAQ and LabVIEW
A 1.4122 1.4576
B 1.3513 1.6576
& 1.5720 1.5049
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4.1.6 Msnagaudiunstuiinug

daunrstuiinnatezdnstuiindoyanisiunisifinesieqldediof
UsgAvBnmdsieliadeyanemnsfime sfituiinldumdanieutuseninslusunsy
MATLAB wag LabVIEW sfudulunisnsinaeumdnmfiniiisuussfunasnszuaesuod

Ny wudidienueanndouintudniosusdredinasineeusuls

S P o~ [

” v

A < D E F G H |
1 Time Solar Irvadiation (W/m2) Ambient Temp.(C) Outdoor Humidity (%) Wind Speed (mfs) Vdc ldc Input power Irradiated Energy(KWh)
2 4/15/1615:28:15.580 625.751259 45.717775 32705494 0.455265 34.4681 8.81091 303.695193 6.25751259
3 4/15/1615:29:15.580 625.744259 45.720154 32.299295 0.511181 33.4365 8.5807 295.489259 15.919595
4 4/15/1615:30:15.583 625.741259 45.776871 31.806579 [ 34.4681 B.77803 302.56161B 26.338759
5 4/15/1615:31:15.580 625.544328 45.907753 32177456 1.320609 34.4681 B.67916 299.160894 36.766236
6 4/15/16 15:32:15.580 625.347196 45702879 32.057417 o 34.4681 B.44915 291.225871 47.177028
7 4/15/1615:33:15.580 625.150464 45.725982 31.440797 0.85916 34.4681 BR.B438 304828767 57.570103
8 4/15/16 15:34:15.580 625.544128 45.685425 31.794%08 0.448074 34.4523 B.2B471 785.427215 68.053634
9 4/15/16 15:35:15.580 625.741259 45.584944 31.707051 1.133101 34.4839 B.5BO7  295.B95625 78.503482
10 4/15/16 15:36:15.580  625.150464 A5.767639 32.148292 0484299 34681 BG4GAB  298.02731% B8.837677
11 4/15/16 15:37:15.580 625347396 45.825628 31.750997 0.92457 34681 BRA7665 305.962342 99.298108
12 4/15/16 15:38:15.580 636.645159 45. 761675 32.236213 043363 34.4049 R 25187 283.903368 59.066124
13 4/15/1615:39:15.580 625.150464 45.580397 31077522 0.953675 344835 R2BA71 285.688731 120.093833
14 4/15/16 15:40:15.580 6247566 45.673904 32038605 0.750606 344681 B71225 300.294469 130.431665
15 4/15/16 15:41:15.580 433535665 45.613884 31637982 0.471811 22.6523 584514 132.405726 97.743182
16 4/15/1615:42:15.580 624 7566 45.244026 3203794 0.445677 344839 B.61359 297.029719 151.269322
17 4/15/1615:43:15.580 609.592837 45.255418 31.750578 0 34.5312 854781 29516634 157.758715
18 4/15/1615:44:15.580 624 362736 45.468866 32.609006 0.766635 34,4996 851493 293.761855 170.934365
19 4/15/1615.45:15.580 6247566 45.678521 31.492702 0.461171 34.4681 B.87669 305962342 181.454433
20 4/15/16 15:46:15.580 624.165804 45.696983 31686839 0.860288 34.4839 B.67936 299.297907 191.685099
21 4/15/1615:47:15.580 624.953532 45.55399 31826954 0.362608 34.4839 B.28471 285.688781 202.332045
22 4/15/1615:48:15.580 624.165804 45.466324 31.496036 1.09753 34.5154 B.77803 302.977329 212.500775
23 4/15/1615:49:15.580 610.183633 45.413599 31121522 U] 344819 B.54781 294.761532 217.899636
24 4/15/16 15:50:15.580 275.59627 45806664 30899514 0.499887 7.3365 4.01493 29.45548923 103.009867
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#15199 4.14 YafvaLdusEring DAQ way LabVIEW futasesiledavialnieiindu

RIGOL
o DAQ and
W0 CA-8335 Qualistar+ | Oscilloscopes
LabVIEW
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4.2 HansNAaBIYALAIETia TnTEUUNA S TUNALNY
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Humidity Sensor (HIH-5030) ]_

[ Solar Radiation Sensor ]7 ? y
! }
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[ NTC Thermistor Sensor }_—> | == } ———

AMwsmasnaelvin ]_ DAQ (Data acquisition) Computer and Program
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AC Current (A)
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Time Solar Ambient Qutdoor Vdc Idc Input
Irradiation | Temp.{(C) | Humidity power
(W/m2) (%)
15:28 | 625751259 | 45717775 | 32.705494 | 34.46807 | 8.810914 | 303.695193
15:29 | 625744259 | 45.720154 | 32.299295 | 34.4365 | 8.5807 295.489259
15:30 | 625.741259 | 45.776871 | 31.806579 | 34.46807 | 8.778026 | 302.561618
15:31 | 625544328 | 45.907753 | 32.177456 | 34.46807 | 8.679363 | 299.160894
15:32 | 625.347396 | 45.702879 | 32.057417 | 34.46807 | 8.449149 | 261.225871
15:33 | 625.150464 | 45725982 | 31.440797 | 34.46807 | 8.843802 | 304.828767
15:34 | 625.544328 | 45.685425 | 31.794908 | 34.45228 | 8.284711 | 285.427215
15:35 | 625.741259% | 45.584944 | 31.707051 | 34.48386 | 8.5807 295.895625
15:36 | 625.150464 | 45767639 | 32.148292 | 34.46807 | 8.646475 | 298.027319
15:37 | 625.347396 | 45.825628 | 31.750997 | 34.46807 | 8.876689 | 305.962342
15:38 | 636.645159 | 45.761675 | 32.236213 | 34.40493 | 8.251823 | 283.903368
15:39 | 625.150464 | 45.580397 | 31.077522 | 34.48386 | 8.284711 | 285.688781
15:40 | 624.7566 45.673904 | 32.038605 | 34.46807 | 8.712251 | 300.294469
15:41 | 433.535665 | 45.613884 | 31.637982 | 22.65228 | 5.845138 | 132.405726
15:42 | 624.7566 45.244026 | 32.03794 34.48386 | 8.613588 | 297.029719
15:43 | 609.592837 | 45.255418 | 31.750578 | 34.53121 | 8.547812 | 295.16634
15:44 | 628.362736 | 45.468866 | 32.609006 | 34.49964 | 8.514925 | 293.761855
15:45 | 624.7566 45678521 | 31.492702 | 34.46807 | 8.876689 | 305.962342
15:46 | 624.165804 | 45.696983 | 31.686839 | 34.48386 | 8.679363 | 299.297907
15:47 | 624.953532 | 45.55399 | 31.826954 | 34.48386 | 8.284711 | 285.688781
15:48 | 624.165804 | 45.466324 | 31.496036 | 34.51543 | 8.778026 | 302.977329
15:49 | 610.183633 | 45.413599 | 31.121522 | 34.48386 | 8.547812 | 294.761532
15:50 | 27559627 | 45.406664 | 30.899514 | 7.336498 | 4.014925 | 29.45548923
15:51 | 623.968872 | 45.707409 | 30980325 | 34.48386 | 8.745138 | 301.566095
15:52 | 624.559668 | 45.452614 | 31.413265 | 34.49964 | 8.317599 | 286.954177
15:53 | 624.559668 | 45.594215 | 31.424488 | 34.51543 | 8.547812 | 295.031404
15:54 | 624.165804 | 45.736351 | 31.623969 | 34.51543 | 8.745138 | 301.842197
15:55 | 618.651708 | 45.742144 | 31.268594 | 34.49964 | 8.646475 | 298.300307
15:56 | 322.662994 | 45772256 | 31.559795 | 4.476498 | 3.130721 | 14.0146663
15:57 | 473.512849 | 45.771013 | 31.185323 | 20.48386 | 6.149149 | 1259582826
15:58 | 620.424096 | 46.025024 | 30.455885 | 34.48386 | 8.843802 | 304.968376
15:59 | 621.999552 | 46.004463 | 31,124875 | 34.51543 | 8.5807 296.166536
16:00 | 624.165804 | 46.02042 | 30.769144 | 34.49964 | 8.646475 | 298.300307
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16:01 | 623.77194 | 4590217 | 30.723002 | 34.51543 | 8.646475 | 298.436801
16:02 | 624.165804 | 45489372 | 30.419644 | 34.53121 | 9.00824 | 311.065459
16:03 | 460.515341 | 45.172652 | 30.59522 5.499642 | 3.443802 | 18.93967812
16:04 | 320.693675 | 45.094211 | 30.951595 | 11.46807 | 5.778026 | 66.26280663
16:05 | 608.680829 | 44.966041 | 30.813394 | 34.46807 | 8.646475 | 298.027319
16:06 | 604.897725 | 44.832829 | 30.634339 | 34.46807 | 8.514925 | 293.493021
16:07 | 624.362736 | 44.720076 | 31.288129 | 34.56279 | 8.778026 | 303.393041
16:08 | 623.77194 | 44.653911 | 32.505335 | 34.59436 | 8.646475 | 299.11927
16:09 | 421.916681 | 44.459362 | 31.238122 | 24.56279 | 6.482037 | 159.2168877
16:10 | 624.165804 | 44.208577 | 31.353241 | 34.59436 | 8.679363 | 300.256998
16:11 | 624.7566 44085072 | 30.681571 | 34.64172 | 8.909577 | 308.643035
16:12 | 609.313038 | 44.113182 | 31.96126 34.57857 | 8.889577 | 307.3888783
16:13 | 624.953532 | 44.13581 | 32.404746 | 34.6575 | 8547812 | 296.245831
16:14 | 623.77194 | 44.347141 | 31.383193 | 34.64172 | 8.613588 | 298.389466
16:15 | 624.559668 | 44.573038 | 32.002112 | 34.64172 | 8.679363 | 300.668037
16:16 | 624.165804 | 44.690718 | 31.904716 | 34.61014 | 8.712251 | 301.532258
16:17 | 623.575008 | 44.854961 | 32.60603 34.64172 | 9.041128 | 313.200177
16:18 | 623.77194 | 44.892722 | 31.837719 | 34.62593 | 8.909577 | 308.502388
16:19 | 624.362736 | 45.008051 | 32.519222 | 34.62593 | 8.613588 | 298.253491
16:20 | 624.953532 | 44.982276 | 31.939907 | 34.64172 | 8.975352 | 310.921606
16:21 | 327.980155 | 44.967351 | 32.424817 | 11.45279 | 5.278026 | 60.44810228
16:22 | 623.378076 | 44.928168 | 32.254428 | 34.64172 | 8.514925 | 294.971609
16:23 | 619.439436 | 44.758171 | 31.749873 | 34.62593 | 8.909577 | 308.502388
16:24 | 621.999552 | 44.669295 | 31.910073 | 34.62593 | 8.810914 | 305.086089
16:25 | 624.7566 44.653472 | 31.961661 | 34.61014 | 8.942465 | 309.499988
16:26 | 212.775 44527154 | 30.984922 | 3.372786 | 2.637812 | 8.896775384
16:27 | 625347396 | 44.616261 | 32.229467 | 34.62593 | 8.679363 | 300.531024
16:28 | 624.362736 | 44.607899 | 31.969745 | 34.62593 | 8.5807 297.114725
16:29 | 624.559668 | 44.624165 | 32.525272 | 34.6575 | 8.745138 | 303.084659
16:30 | 624.7566 44.761064 | 32.289054 | 34.64172 | 8.778026 | 304.085893
16:31 | 625.150464 | 44.769767 | 33.165596 | 34.64172 | 8.547812 | 296.110895
16:32 | 623.378076 | 44.729363 | 31.327081 | 34.62593 | 8.679363 | 300.531024
16:33 | 624.165804 | 44.759707 | 31.681246 | 34.64172 | 8.745138 | 302.946608
16:34 | 624.559668 | 44.697153 | 31.805099 | 34.6575 | 8.843802 | 306.504073
16:35 | 624.7566 44.801094 | 31.834018 | 34.67329 | 8.745138 | 303.22271
16:36 | 623.968872 | 44.895373 | 31.650632 | 34.62593 | 8.876689 | 307.363622
16:37 | 624.362736 | 44.781181 | 31.813019 | 34.6575 | 9.172678 | 317.90212
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Time | Va,RMS | la,RMS | F(Hz) P.E. ° i Q %THDv | %THDi
(kVA) | (kW) | (KVAR)
0.608 | 229.354 | 0.291 | 50.004 | 0.799 | 0.067 | 0.053 | 0.040 0.182 | 13.862
0.609 | 228.891 | 0.302 | 50.003 | 0.851 | 0.069 | 0.059 | 0.036 0.135 | 11.931
0.610 | 228.831 | 0.318 | 50.003 | 0.891 | 0.073 | 0.065 | 0.033 0.196 | 14.670
0.610 | 229.261 | 0.283 | 50.002 | 0.849 | 0.065 | 0.055 | 0.034 0.172 | 10.270
0.611 | 229.507 | 0.289 | 50.005 | 0.803 | 0.066 | 0.053 | 0.040 0.152 | 12.071
0.612 | 229.166 | 0.295 | 50.004 | 0.874 | 0.068 | 0.059 | 0.033 0.221 | 13.030
0.613 | 229.265 | 0.286 | 50.001 | 0.734 | 0.066 | 0.048 | 0.045 0.201 9.184
0.613 | 229.563 | 0.299 | 50.003 | 0.823 | 0.069 | 0.056 | 0.039 0.188 | 12.093
0.614 | 229.360 | 0.297 | 50.003 | 0.778 | 0.068 | 0.053 | 0.043 0.217 9.837
0.615 | 229.209 | 0.294 | 50.001 | 0.752 | 0.067 | 0.051 | 0.044 0.200 9.358
0.615 | 229.567 | 0.302 | 50.003 | 0.875 | 0.069 | 0.061 | 0.034 0.230 | 12.435
0.616 | 229.568 | 0.303 | 50.004 | 0.847 | 0.070 | 0.059 | 0.037 0.174 | 12.029
0.617 | 229.019 | 0.296 | 50.004 | 0.703 | 0.068 | 0.048 | 0.048 0.186 9.313
0.617 | 229.161 | 0.294 | 50.003 | 0.814 | 0.067 | 0.055 | 0.039 0.234 | 9.939
0.618 | 229.566 | 0.301 | 50.005 | 0.797 | 0.069 | 0.055 | 0.042 0.190 | 12.659
0.619 | 229488 | 0.280 | 50.004 | 0.776 | 0.064 | 0.050 | 0.041 0.184 | 8.433
0.619 | 229.143 | 0.302 | 50.004 | 0.818 | 0.069 | 0.057 | 0.040 0.193 9.669
0.620 | 229.497 | 0.302 | 50.006 | 0.832 | 0.06% | 0.058 | 0.039 0.205 | 11.714
0.621 | 229.723 | 0.294 | 50.003 | 0.739 | 0.068 | 0.050 | 0.045 0.183 9.826
0.622 | 229.213 | 0.293 | 50.004 | 0.865 | 0.067 | 0.058 | 0.034 0.230 | 14.881
0.622 | 229.111 | 0.293 | 50.004 | 0.825 | 0.067 | 0.055 | 0.038 0.228 | 12.064
0.623 | 229.424 | 0.299 | 50.002 | 0.776 | 0.069 | 0.053 | 0.043 0.184 9.226
0.624 | 229.342 | 0.296 | 50.002 | 0.862 | 0.068 | 0.059 | 0.034 0.199 | 11.020
0.624 | 229.073 | 0.298 | 50.006 | 0.850 | 0.068 | 0.058 | 0.036 0.161 | 11.615
0.625 | 229.286 | 0.302 | 50.005 | 0.814 | 0.06% | 0.056 | 0.040 0.224 | 11.120
0.626 | 229.551 | 0.296 | 50.003 | 0.786 | 0.068 | 0.053 | 0.042 0.206 | 14.120
0.626 | 229.097 | 0.290 | 50.002 | 0.740 | 0.067 | 0.049 | 0.045 0.181 9.596
0.627 | 229.078 | 0.290 | 50.005 | 0.726 | 0.066 | 0.048 | 0.046 0.154 | 16.205
0.628 | 229.484 | 0.295 | 50.001 | 0.764 | 0.068 | 0.052 | 0.044 Q.171 |[:12319
0.628 | 229.236 | 0.293 | 50.003 | 0.797 | 0.067 | 0.054 | 0.041 0.196 | 10.296
0.629 | 228935 | 0.301 | 50.002 | 0.803 | 0.069 | 0.055 | 0.041 0.182 | 12.187
0.630 | 229.091 | 0.279 | 50.004 | 0.792 | 0.064 | 0.051 | 0.039 0.200 9.515
0.631 | 229.440 | 0.302 | 50.004 | 0.848 | 0.069 | 0.059 | 0.037 0.192 | 16.370
0.631 | 229.167 | 0.299 | 50.003 | 0.726 | 0.068 | 0.050 | 0.047 0.168 | 15.389




95

0.632 | 229.009 | 0.284 | 50.005 | 0.807 | 0.065 | 0.052 | 0.038 0.191 | 10.717
0.633 | 229.299 | 0.294 | 50.004 | 0.788 | 0.067 | 0.053 | 0.042 0.197 | 8.554
0.633 | 229.325 | 0.286 | 50.004 | 0.820 | 0.066 | 0.054 | 0.038 0.199 | 8.908
0.634 | 229.195 | 0.292 | 50.003 | 0.765 | 0.067 | 0.051 | 0.043 0.194 | 14.181
0.635 | 229.298 | 0.298 | 50.003 | 0.864 | 0.068 | 0.05%9 | 0.034 0.198 | 13.266
0.635 | 229.727 | 0.300 | 50.002 | 0.848 | 0.069 | 0.058 | 0.036 0.13¢ | 10.811
0.636 | 229360 | 0.297 | 50.004 | 0.823 | 0.068 | 0.056 | 0.039 0.179 | 14.520
0.637 | 229.269 | 0.295 | 50.004 | 0.758 | 0.068 | 0.051 | 0.044 0.231 | 13.454
0.638 | 229.603 | 0.298 | 50.003 | 0.664 | 0.068 | 0.045 | 0.051 0.180 | 12.200
0.638 | 229.541 | 0.306 | 50.001 | 0.878 | 0.070 | 0.062 | 0.034 0.171 | 11.045
0.639 | 229.108 | 0.283 | 50.006 | 0.777 | 0.065 | 0.050 | 0.041 0.185 | 8.608
0.640 | 229.165 | 0.289 | 50.006 | 0.783 | 0.066 | 0.052 | 0.041 0.188 | 11.500
0.640 | 229.707 | 0.295 | 50.002 | 0.734 | 0.068 | 0.050 | 0.046 0.202 | 10.749
0.641 | 229.322 | 0.293 | 50.006 | 0.778 | 0.067 | 0.052 | 0.042 0.201 | 10.019
0.642 | 225.084 | 0.309 | 50.004 | 0.745 | 0.071 | 0.053 | 0.047 0.184 | 12.133
0.642 | 229.463 | 0.293 | 50.006 | 0.828 | 0.067 | 0.056 | 0.038 0.191 [ 15.361
0.643 | 229.553 | 0.300 | 50.005 | 0.706 | 0.069 | 0.049 | 0.049 0.232 | 11.374
0.644 | 229.062 | 0.313 | 50.003 | 0.745 | 0.072 | 0.053 | 0.048 0.173 | 15.232
0.644 | 229.229 | 0.304 | 50.003 | 0.803 | 0.070 | 0.056 | 0.042 0.199 | 10.490
0.645 | 229.495 | 0.295 | 50.005 | 0.888 | 0.068 | 0.060 | 0.031 0.215 | 8.087
0.646 | 229.127 | 0.297 | 50.003 | 0.807 | 0.068 | 0.055 | 0.040 0.196 | 11.398
0.647 | 229.050 | 0.305 | 50.005 | 0.798 | 0.070 | 0.056 | 0.042 0.182 | 10.122
0.647 | 229.521 | 0.288 | 50.003 | 0.876 | 0.066 | 0.058 | 0.032 0.173 | 8.899
0.648 | 229.205 | 0.291 | 50.004 | 0.836 | 0.067 | 0.056 | 0.037 0.175 | 11.133
0.649 | 229.097 | 0.304 | 50.004 | 0.729 | 0.070 | 0.051 | 0.048 0.191 | 12.389
0.649 | 229.229 | 0.300 | 50.002 | 0.658 | 0.069 | 0.045 | 0.052 0.171 | 14.908
0.650 | 229.449 | 0.294 | 50.006 | 0.823 | 0.067 | 0.055| 0.038 0.137 | 12177
0.651 | 228.961 | 0.279 | 50.003 | 0.839 | 0.064 | 0.054 | 0.035 0.179 | 12132
0.651 | 229.058 | 0.290 | 50.002 | 0.768 | 0.066 | 0.051 | 0.043 0.158 | 12.220
0.652 | 229.512 | 0.296 | 50.003 | 0.780 | 0.068 | 0.053 | 0.042 0.180 | 11.441
0.653 | 229.161 | 0.308 | 50.003 | 0.832 | 0.071 | 0.059 | 0.039 0.236 | 16.989
0.653 | 229.012 | 0.299 | 50.005 | 0.720 | 0.069 | 0.049 | 0.048 0.211 | 12.006
0.654 | 229.293 | 0.285 | 50.003 | 0.728 | 0.065 | 0.048 | 0.045 0.199 | 10.096
0.655 | 229.244 | 0.295 | 50.003 | 0.791 | 0.068 | 0.053 | 0.041 0.196 9.772
0.656 | 228.786 | 0.293 | 50.003 | 0.787 | 0.067 | 0.053 | 0.041 0.199 | 9.219
0.656 | 229.013 | 0.304 | 50.003 | 0.770 | 0.070 | 0.054 | 0.044 0.152 | 12.526
0.657 | 229345 | 0.311 | 50.004 | 0.789 | 0.071 | 0.056 | 0.044 0.198 | 11.472
0.658 | 228.904 | 0.296 | 50.003 | 0.756 | 0.068 | 0.051 | 0.044 0.172 | 11.312
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0.658 | 228.893 | 0.300 | 50.003 | 0.868 | 0.069 | 0.060 | 0.034 0.180 | 11914
0.659 | 229.351 | 0.295 | 50.005 | 0.790 | 0.068 | 0.053 | 0.042 0.184 | 13.004
0.660 | 229.143 | 0.305 | 50.001 | 0.836 | 0.070 | 0.058 | 0.038 0.182 | 16523
0.660 | 228.881 | 0.296 | 50.005 | 0.787 | 0.068 | 0.053 | 0.042 0.206 | 9.053

0.661 | 229.398 | 0.302 | 50.003 | 0.759 | 0.069 | 0.053 | 0.045 0193 | 15617
0.662 | 229.528 | 0.302 | 50.002 | 0.739 | 0.069 | 0.051 | 0.047 0.216 | 13.036
0.663 | 229.221 | 0.299 | 50.006 | 0.764 | 0.069 | 0.052 | 0.044 0.194 | 15.195
0.663 | 229.215 | 0.305 | 50.003 | 0.773 | 0.070 | 0.054 | 0.044 0.183 | 10.306
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Time | Wind Speed (m/s) Time | Wind Speed (m/s)
20:09 | 0.455265 2044 10

20:10 | 0511181 20:45 | 0.791867
20:11 | 0O 2046 |0

20:12 | 1.320609 20:47 | 0.483908
Z20:13 |0 20:48 0.977554
20:14 | 0.85916 20:49 0

20:15 | 0.448074 20:50 1.313754
20:16 | 1.133101 20:51 | 0.489871
20:17 | 0.494299 20:52 | 0.459976
20:18 | 0.92457 20:53 1.146074
20:19 | 0.43363 20:54 | 0.295694
20:20 | 0.953675 20:55 | 0.845216
20:21 | 0.750606 20:56 | 0.484229
20:22 | 0471811 20:57 | 0.424506
20:23 | 0.445677 20:58 | 0.595061
20:24 |0

20:25 | 0.766635

20:26 | 0.461171

20:27 | 0.860288

20:28 | 0.362608

20:29 | 1.09753

20:30 | O

20:31 | 0.499887

20:32 | 1.266943

20:33 | 0.485518

20:34 | 0.528556

2035 |0

20:36 | 1.246611

20:37 | 1.789101

20:38 | 0.493436

20:39 | 1.693256

20:40 | 0.502036

20:41 | 0.440395

20:42 | 0.440395

20:43 | 0.625369
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DAQ

DAQ (Data Acquisition) #® s¥uU DAQ Wumsifiusiusiuiasisidayasss
TumAdeneaedingimeansiasnaap U unaInAnINTaunnkazU sy ansHan
peufiumef lnafimuuandsanaussuunonfime i luaseid Hardwarefiawite
ATIVFUFYYINNMNBAWITINGIFERS 017N guMll ANURUOINTA e 891N
via Wiy wlanddsvuumeniumefduguuuuludnunedygnamalni whdssuu
ONRIADIHIU Software Ussgndfiwmunmunndnunzvesidonanosiug ludnwue
AT ( Real Time ) Fsluafindnlfidussuuiamsinnzasasiumudsuana llawnsald
numAvnUITEBUlE fdaiisaiigann wiheeuaunsovesnenfme fduyanaly
Haqtiu vssneutumslinuiiietuves SoftwaressuuufiimslusnuasAduiulainie
nsiln YildnsUssgnaitorhaeufiameduillunudu Data Acquisition Hiianduly
Isfeehalgsenn uarlaundesiafuininenmany inidonnasuayimng iiewmun
sruUNURaNaldieann Hardware way Software 11udnu Data Acquisition Aisll¥iden
nIngvanvAekan azanansaldnunuiilalagdnlvg vilvsmszuulegsiud

Alias waslilssavinalunisvaulszmadanalulaglaandi

1. .msidfaude DAQ fu galusunsa
nInsas Driver lWsunsufiwuusingu DAQ su NI USB-6212 aalusunsu NI

MAX Juivinnsdindsie Version 15.0 anduvimsidalusunsulagadng icon vedlusunsy

Measurement & Automation ﬁagﬂ‘ﬁ' 9.1
NIMax, exe!

31]“7{ 9.1 Icon Ya4lUsunsU Measurement & Automation [17]
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ni.com

Measurement & Automation Explorer

W7 NATIONAL
4

INSTRUMENTS

E‘Uﬁ 9.2 1W1lUsunsa Measurement & Automation Version 15.0 [17]

‘d U i 4 v 1
WIDMNTUSWNTU WA IENUNTNIANS NI USB-6212: "Dev 1”7 Measurement &

= g o ~ ~ L3 4
Automation Explore 9nduvitn1sanvaeuanuRaunfvesyngunsal Ineidenil Self-Test

Uu Toolbar vadlusunsy faguil ©.3

Fle Edt Vew Tods Heb
| Configuration

4 £ My System
[ Data Neighborhood
4 B Devices and Interfaces
4 I NI-DAGmX Devices
o
I NI USB-6212: "Sim"
1+ PX1 PXI System (Unidentified)
1 44 Scales
I &5 Software
© ({flf Iv1 Drivers
» £ Remote Systems

v

O NIUSB6212: Devl’ - Measrement & Automation Explorer

=1 [
[ Properties X [y seif-Test B TestPanets... | “Qy Reset Device " |52 Hide Help |
| Name value & pack 3 &
| [ Serial Number Ox147E6EE
| NI-DAQmx Device
| Basics

What €o you want to
do?

PRun the NI-DAQmx
Test Panels

PRemove the device

PView or change
device properties

= Attibutes I' DEVEEHDMHI & Cahbrmonl

U 4.3 wilssvedlUsunsy Measurement & Automation [17]
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PMNUUILUTINUENAN Success Juun fagun .4 FaudadnlifinauRaund

Antufugngunsal vieawnsaldnulauni

-

Success (=3

The device has passed the self-test,

P ¥ d 5
SUN 2.4 mheadlaninsnsivaeuyagunsel [17]

U

wagdinmsnaaeuusiaztasguniallai Test Panels vy Toolbar lu
TUsunsy Measurement & Automation wlang Test Panel walr9gwuiuntndaldnagou

YosgunTaln1agfagun @.5

Test Panels : NI USB-6212: "Dev1"

Analog Input. | Analog Output | Digital /0 | Courter 10 |

Channel Mame Mazx Input Limit Rate (Hz)

Devl/ai0 - 10 1000

Mode Min Input Limit

On Demand - -10

Input Configuration

Differential -

Amplitude vs. Samples Chart Auto-scale chart [

Value 1,73

[ Help ][ Close ]

3‘Lfﬁ 2.5 WR19Y84 Test Panels [17]
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nseuseyagunsaiiulusuAsy LabVIEW anynsavinldlaaiien DAQ

Assistant a1nfunction Palette Ineldan Express >> Input >> DAQ Assistant ﬁﬂgﬂﬁ 9.6

{1 Functions  Qusearch|
Express »

|
|
i Sig Manip DAQ Assist Instr Assist Instr Drivers

| Favorites | r@a £
| User Libraries i-—-——-

\

| S
Select a vI... ‘

|

&

Simulate Sig Sim Arb Sig Acquire Sound

&a”

— _
Read Meas File  Prompt User File Dialog

|
|
|
|
L.

K

gﬂﬁ 9.6 DAQ Assistant 310 Function Palette [17]

ilaldian DAQ Assistant uenagUsngutinang Crate New Express Task #agufi 2.7

T — — ]

f Creafé Newr Ex.press Task...

NI-DAQ P s
DAQ Assistant

i Acquire Signals i

Select the measurement type for the
task. @ Generate Signals

A task iz a collection of one or more virtual
channels vith timing, triggering, and other
properties.

To have multiple measurement types
within a2 single task, you must first create
the task vith one mezsurement type. After
you create the task, click the Add
Channels button to 2dd 2 new
measurement type to the task.

3‘1.]171' .7 Weie Crate New Express Task [17]
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a =l

yntwhmsdendyyadunail Acquire Signals viaashediyayauo1ving

L 9

b

#1 Generate Signals 9ntduvihnsiRonYoadysy1uves DAQ Aaguil v.8

e

Create New Express Task...

. = NATIONAL
mlnsgﬁu INSTRUMENTS"

- WH Physical |
Select the physical channel(s) to i )

mdd e aRe L aslc: Supported Physical Channels
If you have previously configured | 4 Devl (USB-6212) "
global virtual channels of the I
same measurement type 2z the | |
task, click the Virtual tab to zdd | ail
or copy global virtuzl channels to ai2 |
the task., When you copy the ai3 |
global virtual channel to the task, |
it becomes = local virtual ai4 -
channel. When you add a global ais b
virtual channel to the task, the = i6
task uses the actusl global 2]
virtual channel, and any changes ai7
to that global virtuzl channel are : a8
reflected in the task. ’

ai9 i
If you have TEDS configured. ail0
click the TEDS tab to add TEDS i1
channelz to the tazk, A

ai12 |
For hardware that supports i13 w |
multiole channels in a task, you < d
can select multiple channels to

add to a task at the same time. <Ctrl> or <Shift> click ko select multiple channels,

(<Back][ 1= | [ Finish | [ cancel )

¥

SUTl 0.8 Henvosdiyeyieues DAQ [17]

U

Wlenalu Finish wiagduminang DAQ Assistant Li#evinnseiaan Sampling
i | A ad o | Al
Rated 1984 Samples to Read waxafos Rate (Hz) Tauflsmsidenisnisiteunefives

. . QlJ, o I o al
Terminal Configuration 9nuUuyINMINAYL OK A93un 2.9
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(3 Express Task | 2 Cwoetianoiumn‘

oy o = e T e T @1
B oW + X l G?,}
Run Add Channels  Remove Channels Hide

-

()12 5]

Chck the Add Channals buiton
(+] to add move channek to
the task.

~

Triing Settings
AcquistionMode
N Samples

tetate| 22| " | Voltage Input Setup

i
[E Settings | £ Calbration
Siaral Tnput Rarge
Sealed Units
Max 10 - - —
: vols -
Min | -0
Termingl Configuration
Diferential = E
Custom Scaling _
o Scale > 1 @&
Samples to Read Rate (Hz)
[+l 100 1k
=

Fsack

Measuring Voltage

Most measurement
devices are cssigned for
meazuning. cr reacing
voltage. Two commen
voltags measurements
are OC snd AC.

OC veltages sre uzaful
for measuring =
phenomena that change |
slovdy vith ime, such s
temperature, cresiuTe.
or strain.

AC voltages on the
nﬂ!r_hln:. are
wavaforms that
constantly increass, |
cecreasze. and reverse
pelarity. Moat poverings |

calivar AT voltaga
~
B ¥

Scalad Units is the units
used

gﬂﬁ 2.9 %1198 DAQ Assistant [17]

Y v . ] P @ v o @ as i
NUUAENITETN Block Diagram sinaeiiverinunlgvinanuiudaya it

nnyagunsalla

(¥ Z ) B g Ty Y o N o AR, A
3 Untitled 2 Block Diagram *

R T AT 5 TR T

File Edit View Project Operate Tools Window Help

BT] &[] [9][55] ol [15% momionroe <] B[] [©57]

5|

I M~ 3l
> »
DAQ Assistant
data

‘Waveform Graph
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2. uasd syl
Fyaammidlnihivarosuiuudumasseeiaazinanddsdyguvidonn
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fandnyanueundenasioagnuuadluiludyauussiulnidegunsal Signal
conditioning AeuftvzeuAdegunsnl DAQ lnsisavdenuvasiiindyy ey
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3. nMsUTuauAIWHIN (Signal conditioning)
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2. Resolution Tun1s Sampling Aan1sgudyeyIaumIwniIal (Wnuuau) us
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Feismstiadmeationtunioas Sendunsuiin Quantization e Digitization axduetiu
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owndenliozidond iy (muazideaves ADC Aeduaudn)

3. Range fenTatvunaanuniislutuneun1syi Digitization N13%a Range
uwavavansonTe ad nvuadnldd uwiliaunsetedgadiionfussiu Range
fRalAlE dwiugunsal DAQ unfuarlilannsaufuss Range 18 uonmile 91munmAsgIu
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4. UssinnuedssuunsIngyyu

1. Differential w38 DIFF Aen15indnyanadiviuinuasiauteunas
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Instrumentation
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s

gﬂﬁ 2.13 NM3Indegy LUy Referenced Single-Ended [23]

3. On-Referenced Single-Ended %38 NRSE \Wussuufiednetu RSE usld
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NI USB-6212
16-Bit, 400 kS/s M Series MIO DAQ, Bus-Powered

® 16 analog input (16-Bit, 400 kS/s)
® 2 analog output (16-Bit, 250 kS/s); 32 digital I/O;
two 32-bit counters
® Bus-powered USB for high mobility; built-in signal connectivity

® Nl signal streaming for sustained high-speed data streams over USB; OEM
version available

® Compatible with LabVIEW, ANSI C/C++, C#, Visual Basic .NET, and Visual Basic
6.0

® NI-DAQmx driver software and LabVIEW SignalExpress LE interactive data-
logging software

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 I/0 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 not 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
more 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-DAQmXx driver and measurement services software provides easy-to-
use configuration and programming interfaces with features such as DAQ Assistant to
help reduce development time. Browse the information 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.
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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 without programming. In addition to LabVIEW SignalExpress, M Series
data acquisition devices are compatible with the following versions {(or later) of NI
application 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

Corporation.



Specifications Summary

General

Product Name

USB-6212

Product Family

Multifunction Data Acquisition

Form Factor

USB

Part Number 780107-01
Operating System/Target Windows
DAQ Product Family M Series

Measurement Type

Quadrature encoder , Voltage

RoHS Compliant Yes

Analog Input

Channels 16,8
Single-Ended Channels 16
Differential Channels 8
Resolution 16 bits
Sample Rate 400 kS/s
Max Voltage 10V
Maximum Voltage Range -10v, 10V
Maximum Voltage Range Accuracy 2,69 mV
Maximum Voltage Range Sensitivity 91.6 MV
Minimum Voltage Range =200 mV, 200 mV
Minimum Voltage Range Accuracy 0.088 mV
Minimum Voltage Range Sensitivity 4.8 NV
Number of Ranges a4
Simultaneous Sampling No

On-Board Memory

4095 samples

Analog Output

Channels 2
Resolution 16 hits

Max Voltage 10V
Maximum Voltage Range -10v, 10V
Maximum Voltage Range Accuracy 3512 mVv
Minimum Voltage Range -0V, 10V
Minimum Voltage Range Accuracy 3512 mV
Update Rate 250 kS/s
Current Drive Single 2 mA

111



112

Current Drive All 4 mA
Digital I/O

Bidirectional Channels 32
Input-Only Channels 0
QOutput-Only Channels 0
Number of Channels 32,0,0

5U .1 fuvitls PIN 989 DAQ §u 6212 [24]
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15. GENERAL SPECIFICATIONS

15.1. HOUSING

Housing rigid shell overmoulded with a yellow thermo-adhesive elastomer.
Connectors 5 voltage measurement sockets.

4 special current connectors (automatic recognition of current sensors).
one connector for the specific mains power unit.
one connectar for the USB link

one connector for the 8D memory card. This connector is located in the battery compartment on the

back of the C.A B335.
Keys function, navigation, and mode Can be used with gloves on
Metal ring located on the back of the C A 8335, used to padiock the device
Stand to hold the device in an inclined position.
Battery cover to access the battery, on the back of the instrument
Dimensions Overall: 200 mm x 250 mm x 70 mm.
Screen: 320 pixels x 240 pixels; 118 mm x 90 mm; diagonal 148 mm
Weight 1950 g (with battery)
15.2. POWER SUPPLY
15.2.1. MAINS POWER SUPPLY
Type specific extarnal mains power supply unit: 800 Vius, category IV — 1000 Veus, category Il
Range for use 230V+10% @50 Hzand 120V £ 10 % @ 60 Hz,
Meaximum input power 65 VA

15.2.2. BATTERY POWER SUPPLY

The C A 8335 can be used without a connection to mains power The battery also makes it possible to use the Qualistar+ dunng
power outages

Battery 8 NiIMH sterage cells.

Capacity 4000 mAh nominal.

Nominal voltage 1,2V per cell, or atotal of 9.6 V.

Life at least 300 charge-discharge cycles,
Charging current 1A

Charging time approx. 5 hours

Service T* [0°C;50°C)

Charging T* [10°C; 40 °C].

Storage T* storage < 30 days: [[20 °C ; 50 °C).

storage for 30 to 90 days: [-20 °C ; 40 °C]
storage for 90 days to 1 year: [-20 °C ; 30 “C]




15.2.3. CONSUMPTION

At 50% luminosity 320 mA
In display-off stand-by mode 130 mA

15.3. RANGE FOR USE

15.3.1. ENVIRONMENTAL CONDITIONS

15.3.1.1. Climatic conditions

The following chart shows conditions relating to ambient temperature and humidity

Y%RH
4
|
05 !
85
751 1 = Reference range
| 2 = Range for use
| 3 2 4 3 = Range for storage with batteries.
1 4 = Range for storage without batteries
45|
|
|O1
[ 1 i
L A »C
-20 0 20 26 35 425 80 70

Caution: at temperatures above 40 C, the device must be powered by the battery alone OR by the mains power unit alone use
of the device vith both the battery AND the mains power untt is prohibited

15.3.1.2. Altitude

Use [Om ; 2 000 m]
Storage [0 m . 10 000 m)

15.3.2. MECHANICAL CONDITIONS

Under IEC 61010-1, the C A 8335 is regarded as a PORTABLE DEVICE (HAND-CARRIED)

Operating position: any position

Reference position in operation: on a horizontal plane, resting on its stand or lying flat

Rigidity (IEC 61010-1): force of 30 N applied to any part of the housing, the device being supported (at 40°C)

Fall (IEC 61010-1): 1 m in presumed worst-case position; the requirement is no permanent mechanical damage and no func-
tional degradation.

Tightness. IP 50 as per NF EN 60529 A1 (IP2X electrical protection for the terminals)

15.3.3. ELECTROMAGNETIC COMPATIBILITY
15.3.3.1. Immunity as per IEC 61326:1-2006
B Immuntity to electrostatic discharges (as per [EC 61000-4-2)

1 level Seventy 4 kV in contact
Requirements CRITERION A
27 level Severnty 8KV in air

Requirements. CRITERION A

B immunity to radiated fields (as per IEC 61000-4-3 and IEC 61000-4-8)

Severity 10Vm*
Requirements: CRITERION B (influence on the THDA + 2 5% for the standard cument system and + 5% for the Rogowski

current system|
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lenmunity to rapid transients (IEC $1200-4-4)

Severty 2 KV on vollage inputs and power supply
1 KV on curent input

Reguirements  CRITERION A

Immunity to electric shocks tas per IEC 61000-4-5)
Severty. 2 kV on voltage inputs in differential mode

1 kV on voltage inpute n commen mode
Reguirements.  CRITERION A

Conducted RF nterference (as per IEC 61000-4-6;
Severty. 3V on voltage inpuls and power supply
Hequirements. CRITERION A

Vohage interruption (as per IEC 81000-4-11)

Severity 100% loss over one penod of the power supply

HReguirements  CRITERION A

15.3.3.2. Emissions as per IEC 61326:1-2008

Class A equipment

15.4. USER SAFETY

(') Caution: the aesigned voltage and measurement category of the 'device + current sensor” system may differ from those of

Application of safety rules as per IEC standard $1010-1 (protective impedances on voltage inputs)

Poliution type 2
Installation categary IV* and service voltage ﬁf')f)_\."nm
Double insulation on I/C with respect ta earth (- symhiol)

Double inaulation betwaen the voltage inputs and power supply and the other /O I‘Eeymbon_

Indoor use

the device alone.

= the use of AmpFLEX™ or of MiniFLEX or C ciamps keeps the "device + cument sensor” system at 600 V category IV or

1300 V category 11,

= the use of PAC. MNS3, MNOZA, or EEN clamps downgrades the “device + current sensce” system to 300 V category IV

or 600 V category Il

= the use of the 5 Aadapter unit downgrades the "device + cument sensor” system to 150 V category IV or 200 V category

.

80
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16. FUNCTIONAL CHARACTERISTICS

16.1. REFERENCE CONDITIONS

117

This table indicates the reference conditions of the quantities to be used by default in the charactenstics indicated in § 16.2 4

|Parameter

Reference conditions

Ambient temperature

23:3°C

Humidity (relative humidity)

[45 %, 75 %]

Atmospheric pressure

[860 hPa ; 1080 hPa]

Phase-to-neutral voltage

[50 Vanes ; 1000 Vaus] without DC (< 0.5 %)

Standard current circurt input voltage

[30 mVeoss | 1 VRis] witheut DC (< 0.5 %)

(FLEX type cument sensors)

(Except FLEX type curant sensors) . g'; o :Vmﬂ = 80 mVhu
=1 (L i 9,
Rogowski current circuit input voltage [.” 3730%“;‘ I: ;; ??n‘évn;“;.i“:lu:;ogot Efz: (<05%)

B 300 Arve < 11.73 mVaus to 50 Hz

Frequency of electrical network

S0Hz+0,1Hzor60Hz £ 0,1 Hz

0’ (active power and energy)

The values of A _
are given in the table
below

Fhass shift 90" (reactive power and energy)
Harmonics <01 %
Voltage unbalance <10 %
Voltage ratio 1 {unity)
Current ratio 1 {unity)
Power supply Battery only
Electric field <1Vm-1
Magnetic field < 40 Am-1
Current sensor Nominal RMS current
{except FLEX) A DAl
C clamp 1000
PAC clamp 1000
MNE3 clamp 200
E3N clamp (10 mV/A) 100
MNO3A clamp (100 A) 100
E3N clamp (100 mV/A) 10
MNS3A clamp (5 A} 5
5 A adapter 5

16.2. ELECTRICAL CHARACTERISTICS

16.2.1. VOLTAGE INPUT CHARACTERISTICS

Range for use:
0 Ve

0 Vawme to 1000 Vaws AC+DC phase-to-neutral and neutral-to-earth
to 2000 Vave AC+DC phase-to-phase

(on condtion of compliance with 1000 Vrie with respect to earth in Cat |1}

Input impedance
Admissible overload 1200 Vres constant

2000 Vious for one second

969 k2 (between phase and neutral and between neutral and earth)
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For ULK Sales

'l
RIGOL '5“{'? L”QNIC

Data Sheet

DS1000B Series Digital Oscilloscopes

DS1074B, DS1104B, DS1204B

Product Overview

DS1000B serles oscilloscopes are designed with
four analog channels and 1 external trigger
channel, which can capture multi-channel signal
simultaneously and meet industrial needs.

The powerful trigger and analyzer abilities make
it easy to capture and analyze waves. Clear LCD
displays and math operations enable users to

view and analyze signal faster and more clearly.

Applications Easy to Use Design
® Electronic Circuit Design and Test @  Built-in help menu enables information getting
® View Transient Signal more convenient
® Manufacturing Test and Quality Control e Multiple Language menus, support Chinese &
® Education & Scientific Research English input
® Industry Control e Support U disk and local files storage
® Design & Analysis of Mechanical and ® Waveform intensity can be adjusted
Electrical Products ® To display a signal automatically by AUTC]
® Pop-up menu makes it easy to read and use
® Provide a key measure, a key store/print
shortcut keys
Main Features
® Four analeg channels, 200MHz maximum @ Enable to measure 22 types of wave
bandwidth, 2GSa/s maximum real-time parameters and track measurements via
sample rate, 50GSa/s maximum equivalent cursor automatically
sample rate ® Unique waveform record and replay
® 5.7 inch, QVGA (320x240), 64K colors TFT function
LCD and LED backlight source technology ® Fine delayed scan function
enable the wave displays more vivid with ®  Built-in FFT function, hold practical digital

lower power dissipation and longer life filters

® Conform to LXI consortium instrument ® Pass/Fail detection function
standard class C, which enable to create ® Math operations available to multiple waves
and reset testing system fast, economically ® Powerful PC application software UltraScope
and efficiently @ Standard configure interface: USB Device,
® Abundant trigger types: Edge, Pulse Width, Dual USB Host, LAN, support U disk storage
Video, Pattern and Alternative triggers and PictBridge print standard
® Unique adjustable trigger sensitivity enables @ Support for remote command control
to meet different demands
Aug. 2011

RIGOL Technologies, Inc.



Specifications

All specifications apply to the DS1000B Series Oscilloscopes unless noted otherwise. To meet these
specifications, two conditions must first be met:

® The instrument must have been operating continuously for thirty minutes within the specified
operating temperature.

® Must perform Self Calibration operation, accessible through the Utility menu, if the operating
temperature changes by more than 5°C,

All specifications are guaranteed unless noted “typical”.

Technical Specifications

Acquisition

Sample Modes Real-Time Sample m Equivalent Sample
2 GSa/s (half channel 2

Sal e 1 GSa/s (each channel) 50 Gsajs’

Averages A waveform will be displayed one time while all the channels finish N times
sample, N could be selectable from 2, 4, 8, 16, 32, 64, 128 and 256

Inputs

Input Coupling DC, AC, GND

1MQ+2.0%

Input Impedance

The input capacity is 18pF+3pF

Probe Attenuation
Factors

0.001X, 0.01X, 0.1X, 1X, 2X, 5X, 10X, 20X, 50X, 100X, 200X, 500X, 1000X

Maximum Input
Voltage

Maximum Input Voltage of the analog channel:

CAT I 300Vrms, 1000Vpk; transient overvoltage 1000Vpk
CAT II 100Vrms, 1000Vpk

RP2200 10:1, CAT II 300Vrms

RP3200 10:1, CAT II 300Vrms

RP3300 10:1, CAT II 300Vrms

Time Delay between
Channel (typical)

500ps

Horizontal

Sample Rate Range

3.655a/s-2GSa/s (Real-Time), 3.655a/5-50G5a/s (Equivalent-time)

Waveform
Interpolation

Sin{x)/x

Record Length

Up to 16k samples for half channel*!
8k samples for each channel

1ns/div~50s/div, DS12048

i::';‘l'“g wpaed 2ns/div~50s/div, DS1104B
(Sec/div) 5ns/div~50s/div, DS1074B
1-2-5 Sequence
?;Eg%;ﬁ::fmy +50ppm (any time interval =1ms)
Delta Time
Measurement Single: +(1 sample interval + 50ppm x reading + 0.6 ns)
Accuracy >16 averages: +(1sample interval + 50ppm x reading + 0.4 ns)
(Full Bandwidth)
Vertical
A/D Converter 8-bit resolution, all channels sample simultaneously
Volts/div Range 2mV/div-10V/div at input BNC
Offset Range +40V(245mV/div~ 10V/div)
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£2V(2mV/div~245mV/div)
70MHz(DS1074B)
Equivalent Bandwidth | 100MHz(DS1104B)
200MHz(DS1204B)
70MHz(DS10748)
g?ﬁ;ﬁ‘g 100MHz(D51104B)
200MHz(DS1204B)
Selectable Analog
Bandwidth Limit 20MHz
(typical)
;ﬂn'j:?:g"_g’;m <5Hz (at input BNC)
Rise Time at BNC <1.75ns, <3.5ns, <5ns,
(typical) On 200MHz, 100MHz, 70MHz respectively

DC Gain Accuracy

2mV/div~5mV/div: +4% (Normal or Average acquisition mode)
10mV/div~10V/div: £3% (Normal or Average acquisition mode)

DC Measurement
Accuracy Average
Acquisition Mode

When vertical displacement is zero, and N 216:

+(DC Gain Accuracy xreading+0.1div+1mV)

When vertical displacement is not zero, and N =16:

+[DC Gain Accuracy x(reading+ vertical position)+(1% of vertical
position)+0.2div]

Add 2mV for settings from 1mV/div to 200 mV/div

Add 50mV for settings from >200mV/div to 10V/div

Delta Volts
:‘easurement Under same setting and condition, the voltage difference (& V) between any
ccuracy e "
(Average Acquisition two points in the waves coming from the average of more than 16 waves
Mode) have been acquired: +(DC Gain Accuracyxreading + 0.05 div)
Trigger
Trigger Sensitivity 0.1div-1.0div (adjustable)
Internal 16 divisions from center of screen
Trigger Level Range EXT +1.2V
EXT/5 £6V
Trigger Level Accuracy | Internal +(0.3div x V/div)(+4 divisions from center of screen)
(typical) applicable for | EXT +(6% of setting + 40 mV)
the signal of rising .
and falling time >20ns | EXT/° 10 setting + 260 mN)

Trigger Offset

In Normal mode: pre-trigger(storage depth/(2xsample) rate), delayed
trigger 1s

In Slow Scan mode; pre-trigger 6div, delayed trigger 6div

Trigger Holdoff Range

100ns~1,5s

HF Rejection 100kHz +£20%

LF Rejection 10kHz +20%

?;;:‘:;;l L When input signal frequency >50Hz
Edge Trigger

Edge Trigger Slope | Rising, Falling, Rising + Falling
Pulse Width Trigger

Trigger Condition

(>, =<, =) Positive pulse, (>, <, =) Negative pulse

Pulse Width Range 20ns ~10s
Video Trigger
Video Standard Support for standard NTSC, PAL and SECAM broadcast systems.

Line Frequency

Line number range: 1~525 (NTSC) and 1~625 (PAL/SECAM)
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Pattern Trigger

Pattern setup

I

HLX 4 %

Alternate Trigger

gg?‘c':: €, CHz, Edge, Pulse Width, Video
Measurements
Voltage difference between cursors (AV)
Manual Time difference between cursors (AT)
Reciprocal of AT in Hertz (1/AT)
Cursor Track Voltage value for Y-axis waveform
Time value for X-axis waveform
Auto Cursors are visible for Automatic Measurement
Vpp, Vamp, Vmax, Vmin, Vtop, Vbase, Vavg, Vrms, Overshoot, Preshoot, Freq,
Auto Measure Period, Rise Time, Fall Time, +Width, -Width, +Duty, -Duty, Delay A—B#,
Delay A—B%. Phase A—B# ,Phase A~Bt

Remarks:

[1] Half channel indicates selecting one of the channels in CH1 and CH2, or in CH3 and CH4.
[2] Thisis the highest specification, the specific specifications are as follows:

DS1204B:
DS1104B:
DS1074B:

50GSa/s
25GSa/s
10GSa/s



General Specifications

_Display
Display Type 5.7 inch. (145 mm) diagonal TFT Liquid Crystal Display
Display Resolution 320 horizontal xRGBx 240 vertical pixels
Display Color 64k color
Display Contrast (typical) 150:1
Backlight Brightness (typical) 300 nit
Probe Compensator Output
Output Voltage (typical) Amplitude, ~3Vpp
Frequency (typical) 1kHz
Power Supply

Supply Voltage

AC, 100~240 V, 45~440Hz, CAT 11

Power Consumption

Less than 50VA

Fuse 2A, T rating, 250 V
Environmental
) Operating 10°C~ 40°C
Ambient Temperature Non-operating -20 C~ +60°C
Cooling Methed Fan force air flow
. +35C or below: <90% relative humidity
il +350C~ +40°C: <60% relative humidity
Operating 3,000 m or below
ARihide Non-operating 15,000 m or below
Mechanical
Width 325mm
Dimensions Height 159mm
Depth 133 mm
) Without package 3kg
et Packaged 4.3 kg
IP Protection
IP2X
Calibration Interval

The recommended calibration interval is one year

122



AAKUIN
AuANBIRNIE YRR UN TRl



wllegro

ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Features and Benefits

= Low-noise analog signal path

= Device bandwidth is set via the new FILTER pin

= 5 ps oulput rise time in response to step input current
= 80 kHz bandwidth

= Total output error 1.5% at Ty = 25°C

Small footprint, low-profile SOICE package

= 1.2 m& internal conductor resistance

= 2.1 kKVRMS minimum isolation voltage from pins 1-4 to pins 5-8
= 5.0V, single supply operation

* 060 1o 185 mV A output sensitivity

= Output voltage proportional to AC or DC currents

= Factory-trimmed for accuracy

= Extremely stable output offset voliage

= Nearly zero magnetic hysteresis

= Ratiometric output from supply voltage

TUV Americs

Cenificate Number

usvos 05 54214010 O us
us

Approximate Scale 1:1 ﬂ

Description

The Allegro™ ACS712 provides economical and precise
solutions for AC or DC currentsensing inindustrial, commercial,
and communications systems. The device package allows for
easy implementation by the customer. Typical applications
include motorcontrol, load detection and management. switch-
mode power supplies, and overcurrent fault protection. The
device is not intended for automotive applications.

The device consists of a precise, low-oflsel, linear Hall circuit
with a copper conduction path located near the surface of the
die. Applied current flowing through this copper conduction
path generatesamagnetic field which the Hall 1C converts intoa
proportional voltage. Device aceuracy is optimized through the
close proximity of the magnetic signal to the Hall ransducer.
A precise, proportional voltage is provided by the low-offset,
chopper-stabilized BICMOS Hall IC, which is programmed
for accuracy afier packaging.

The output of the device has a positive slope (V1)

when an increasing current flows through the primary copper
conduction path {from pins 1 and 2. to pins 3 and 4), which is

the path used for current sampling. The internal resistance of

this conductive path is 1.2 m€ typical, providing low power

Toss. The thickness of the copper conductor allows survival of

Continwed on the next page ..

Typical Application

2ps vioutf-
3 ACST12

3\p_ FILTER

Aie- GND

Application 1. The ACS712 outputs an analog signal, Vgyr
that varies linearly with the uni- or bi-directional AC or DC
primary sampled current, |, within the range specified. Cp

is 1 i for noise

, with valuas that

depend on the application.

ACS712-DS. Rev 15
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor 1C
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Description (continued)

the device atupto 5 - overcurrent conditions. The termmals of the  The ACS7121s provided nasmall, surface mount SOICS package
conductive path ure electrically 1solated [rom the signal leads (pins ~ The leadframe is plated with 100% matte tin, which 1s compatble
S through 8) This allows the ACST12 to be used in applications W ith standard lead (Pb) free printed circuit board assem bly processes
requiring electrical isolation without the use of opto-isolators or  Internally. thedevice 1sPh-free, except for flip-chiphigh-temperature

other costly 1solation techniques

Ph-based solder balls, currently exempt [rom RoHS The device 1s
fully cahbrated prior to shipment from the factory

Selection Guide
T Optimized Range, 1, | Sensitivity, Sens
Part Number Packing® (*C) Al (Typ} (MVIA)
ACS712ELCTR-05B-T | Tape and reel, 2000 piecesireel ~40 lo 85 £5 185
ACST12ELCTR-20A-T | Tape and reel, 3000 piecesireel ~-401o 85 220 100
ACS712ELCTR-30A-T | Tape and reel. 3000 plecesireel -40 10 85 130 €6
*Contacl Allegro for addilional packing options
Absolute Maximum Ratings
Characleristic Symbol Notes Rating Units
Supply Voltage V & v
Reverse Supply Voltage Ve -01 v
Output Voitage Vienr 8 Vv
Reverse Cutput Voltage Ve 01 v
Output Current Source houttsouce 3 mA
Output Current Sink L 10 mA
Overcurrent Transient Tolerance I 1 pulse. 100 ms 100 A
Nominal Operating Ambient Temperature T Range E —40 to 85 °C
Maximum Junction Temperature T {max) 185 b
Storage Temperature Teq 65 to 170 °C
Isolation Characteristics
Characleristic Symbol Notas Raling Unit
Dielectric Strength Test Voltage® Vise CRNH e D o R aReRouR AN 2100 vAC
Werking Voltage for Basic Isclation Vi, | renisng st oo parUL- s s [vDCorv,
Warking Voltage for Reinforced Isclation Vier | or einforced (coubie) Iscialion por UL standard | g4 | vDC or v,

* Allegro does not conduct 60-second testing. It is done only duning the UL certification process

Parameter Specification
CANICSA-C22 2 No. 60950-1-03
Fire and Electric Shock UL 60950-1:2003
EN 60850-1:2001
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

COMMON OPERATING CHARACTERISTICS over full range of T, C- = 1nF and V.- = 5V, unless otherwise specified

Characteristic | symbol Test Conditions [ Win T Typ. | Max. | Units
ELECTRICAL CHARACTERISTICS
Supply Voltage Ve 45 50 55 v
Supply Current [ V-- =50V, output open - 10 13 mA
Qutput Cepacitance Load Cooawn  |VIOUTto GND - - 10 nF
Qutpul Resistive Load R 2 |VIOUTto GND 47 - - kQ
Primary Conductor Resistance v |Ta=258°C - 12 - mQ
Rise Time 1 I = l.(max), T, = 25°C, C,, ;= open - 35 - us
Frequency Bandwidth f -3dB. T, =25°C, I; Is 10 A peak-lo-peak - 80 - kHz
Nonlinearity Eine Over fuli range of I - 15 - %
Symmetry E-. |Overfullrange of I 95 100 102 %
Zero Current Quipul Voltage Viuio |Bidirectional |, =0A T, =25C - VD 5‘ - v

Cutput reaches $0% of steady-stale level, T =25°C. 20 Apresent

Power-On Time I on lesdame - 35 - us
Magnetic Coupling- - 12 - G/A
Internal Filter Resistance Reint) 17 kQ

Device may be operated at higher primary cument levels. |- and ambient, T.. and internal leadframe temperalures, T, provided thal the Maximum
Junction Temperature. T (max), is nol exceeded

1G=01mT
Ry 4,1, forms an RC circuit via the FILTER pin

COMMON THERMAL CHARACTERISTICS!

[ Mo | Two Max Unks
Operaling Intemal Leadirame Temperature | T, [E range [ =0 [ - 85 °c
Value Units
Junction-to-Lead Thermal Resistance- R.y |Mounted on the Allegro ASEK 712 evaluation board 5 ‘CW
Mounted on the Allegro 85-0322 evaluation board. includes the power con- #
Junction-to-Ambient Thermal Resistance Ry sumed by the board 23 W

'Additionsl thermal information is avallable on the Allegro websile

“The Allegro evaluation board has 1500 mm- of 2 oz. copper on each side, connecled lo pins 1 and 2. and to pins 3 and 4, with thermal vias conneci-
ing the layers. Performance values include the power consumed by the PCB  Further details on the board are available from the Frequently Asked
Questions document on our websile. Further information about board design and thermal performance also can be found in the Applications Informa-
tion section of this datasheet

% otrewt Eon
Y AL A
My, LLC 08 8534000 wevw abeyror
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Xx05B PERFORMANCE CHARACTERISTICS! T, =-40°C1085°C C: = 1nF and V.- = 5V, unless otherwise specified

Characteristic Symbol Test Conditions Min, Typ. Max. Units
Optimized Accuracy Range I= -5 - 5 A
Sensitivity Sens Over full range of Iz T.=25C 180 185 190 mVIA

Pezk-to-peak. T. = 25°C, 185 mV/A programmed Sensitivity,
Mo Vi C: = A7 RF. Coyy = open, 2 kHz bandwidth = 2 i mv
Ta=—40"Cto 25°C - -0.28 - mvFC
Zero Current Output Slope AViaung T.=5Cl150C = 508 — G
T.=-40"Cto 25°C - 0.054 - mVIASC
) A
oSy Slops S N =35Cte 150G — [-ooos| - MVIATC
Total Cutput Emmor Ercn l.=t5A T,=25C - 1.5 - %

Device may be cperated at higher primary current levels, |,. and ambient temperatures, T, provided that the Maximum Junction Temperalure T,
is not exceeded

Percentage of |, with | = 5 A Output fillered

X20A PERFORMANCE CHARACTERISTICS! T, =—40'Cto85°C. C; = 1nF. and V. = 5V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range I; -20 - 20 A
Sensitvity Sens Over full range of I T,=25°C o6 100 104 mV/A

~ |Peak-to-peak. T. = 25°C, 100 m\/A programmed Sensitivily. - =
Hise Vicziee) [, = 47 nF. C.yy = open, 2 kHz bandwidth " mv
T.=-40"Cto 25°C - ~034 - mvViFC
K
Zero Current Outpul Slope AViuriay T.=%Clo150C = 507 = mUFC
Sensitivity Si sSeni T.=-40"Cto 25°C - 0017 - mV/AFC
vl 13 l

hy Siep T.=25'Clo 150°C - =0.004 - mV/ASC

Total Qutput Ermror- Eror l-=220A T,=25°C - 215 - %

Device may be operated at higher primary current levels, |, and ambient temperatures, T,. provided that the Maximum Junction Temperalure
T.(max). is nol exceeded
“Percentage of I with I = 20 A Output filtered

X30A PERFORMANCE CHARACTERISTICS! T, = —40°C1085°C, C; = 1nF. and V. =5V, unless dherwise specified

Characterislic Symbol Test Condilions Min. Typ. Max. Units
Optimized Accuracy Range | -30 - 30 A
Sensilivity Sens Over full range of I, T, = 25"C 63 66 69 mV/A

|Peak-to-peak. T, = 25°C. 66 mV/A programmed Sensitivity, _ _
e Vit F) |g, = a7 oF. C.. ;= open. 2 kHz bandwidth 7 m
T.=-40"C 1o 25°C - -035 - mv/~C
Zero C t Output Sio AV i
RIS Eip0ne i 5C10150°C R ECE VT
40°C to 25°C - 0.007 - mVIAFC
Sensitivity Sl ASen
ensitivty Siepe reens 5CIo 150°C T [wwz| = | mviarc
Total Output Emor- Ejor p=$30A, T,=25"C - 1.5 - %

'Device may be operated at higher primary current leveis, I, and ambient lemperatures, T, provided that the Maximum Junction Temperature
T {max). is not exceeded
Percentage of | with | = 20 A Oulput filtered




ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor I1C
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Characteristic Performance
I. =20 A, unless otherwise specified
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor 1C
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Definitions of Dynamic Response Characteristics

¥ib
Necltyp ) - 4 Yec
Vout

S . . " 20% Vo
Power-On Time (tpg). When the supply is ramped to its operat-
ing voltage, the device requires a finite time to power its internal
components before responding 1o an inpul magnetic field, R

i

Power-On Time, Ly, . 1s defined as the ime it takes for the output
voltage to seltle within ¢ 10% of its steady slate value under an
applied magnetic fiekl. after the power supply has reached its
minunum speeified operating voltage. V..(min). as shown in the
chart at nght.

1,= ime at which power supply reaches
minimum specified operating voltage

t,= lime at which cutput voltage setlies
within £10% of s steady state value
under an applied magnetic fisid

Rise time (1,). The time interval between a) when the device
reaches 10%0 of its [ull scale value, and b) when it reaches 90%0
of its full scale value. The rise time to a step responsc s used to
derive the bandwidth of the device, in which (-3 dB) - 0.35 1,
Both 1, and tyg gp e are detrimentally affected by eddy current
losses observed in the conductive IC ground plane,

Power on Time versut External Fiker Capacitance
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HIH-5030/5031 Series
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Honeywell

HIH-5030
o

HIH-5031
& %

Low Voltage Humidity Sensors

DESCRIPTION

The HIH-5030/5031 Series Low Voltage Humidity Sensors
operate down to 2 7 Vdc, often ideal in battery-powered
systems where the supply 1s 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 (Oniginal Equipment
Manutacturer) users

Direct input o a controller or other device 1s made possible by
this sensor's near linear vottage 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
production calibration costs.

FEATURES

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 hydrophobic
fitter 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 multiayer construction provides
excellent resistance to most application hazards such as
condensation, dust, dirt, oils and common environmental
chemicals

Sample packs are available See order guide

POTENTIAL APPLICATIONS

= Cperates down to 2 7 Vdc, often ideal in battery-powered
systems where the supply 1s 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

« Infant incubators

= Microenvironments

* Sleep apnea equipment

s Treadmill stress monitoring equipment

LI R B )



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 -2 - 3 % RH
Accuracy (best fit straight line) 11% RH to 89% RH -3 - +3 % RH 4
Hysteresis - 2 - % RH -
Repeatability - =05 - % 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 27 - 55 Vdc 2
Current supply - 200 500 pA -
Voltage cutput (1st order curve fit) 3 1=(Vaee . )(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, 3.3 V - -2 - mVFPC -
Operating temperature -40[-40] See Figure 2 85[185] “C[°F] -
Operating humidity (HIH-5030) [} See Figure 2 100 % RH 2
Operating humidity (HIH-5031) 0 See Figure 2. 100 % RH -
Storage temperature -50[-58] o 125{257] “C[F i
Storage humidity See Figure 3 % RH 3
Specific Notes: General Notes:
1. Includes stress cutside of recommended operating zone s Sensor is ratiometnc to supply votage

2. Device is tested at 3.3 Vdc and 25 °C

3 Non-condensing environment When liquid water falls on
the humidity sensor die, output goes to a low rail condition -

indicating no humidity.

4 Total accuracy including interchangeability is =3 %RH

2 www honeywell. com/sensing

Extended exposure to >90 % RH causes a reversible shift

of 3% RH

Sensor is light sensitive For best performance, shield

sensor from bright

light.

9 w““
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Honeywell

Low Valtage Humidity Sensars

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

Figure 3. Typical Output Voltage vs Relative Hum idity (At 25 °C and 3.3 Vdc.)
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Figure 4, Typical Output Voltage (BFSL) vs Relative Humdity (At 0 “C, 70 “C and 3.3 Vdc.)
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BCeomponents Product specification
e e T e e e e e

NTC therrristors, acauracy line 2322 640 6....
e e e e e e i i s e e i

FEATURLS

» Accuracy over a wide temperature
range

» High stability over & long life
s Fxcellen price/peformance ratico.

APPLICATION

» Temperature sensing and control

DESCRIPTION

These thermistors have @ negative
temperature coefficient The device
consists of a chip wath twe inned solid
ropper-plated leads, 1Uis grey
lacquered and colour coded, but not
insulated

MARKING

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

MOUNTING
By soldenng in any position,

1998 Sep 04

QUICK REFERENCE DATA

PARAMETER

VALUE

Resistance value at 25 °C

1.3010470 k2

Tolerance on Rog-value

1% +3%:; t6%.; +10%

Tolerance on Bzpyo-value

10.5% 1o 3%

Maximum dissipation

500 mwW

Response time

1.2

Cperating temperalure range
al zero dissipation; continuously

-A01to +125+C

at zero dissipation; for shot periods £150«C

at rnaxirnuen dessipation {500 in'W) Oto55°C
Climatic cateqgory 4012556
Mass ~0.22 g
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Product specitication

NTC thermistors, accuracy line

2322 640 6....

MECHANICAL DATA

Outline
T
N
H CoRer
Fer dimenciors ses Table 1
Fig.1 Componem outline 2322 640 6.331 106 474,
Table 1 Physical dimensions for relevant type, see Fig.1
H,
CODE NUMBER | By, d (mm) Hz max L P Tonax
2322 640 ... (mm) (mm) (mm) (mm m,
MIN. MAX. . s
6.331106.474 3.320.5 | 0610.06 - 2.0+1.0 6.0 24 2.54 30
6.338106.221 50 0.6 10.06 10 4.0 6.0 24 1 2.54 4.0
1998 Sap 04 3
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Product specitication

NTC thermistors, accuracy line

2322 640 6....

ORDIRING INFORMATION
Table 2 Code numbers and relevant packaging quantities

BULK TAPE AND REEL'" TAPE AND REEL'"
PARAMETER 1e pitch 2Ze pitch
2322 6406.... 2322 640 4.... 23226403....
Quannry 500 1500 per reel. 2 reels per hox 1500 per reel, ? reels per box

Note

1. The maximum number of empty places per ceel shall not exceed 0 5% of the Lotal number of components per reel. No
more than three consecutive positions may be vacant

Table 3 R..-values, catalogue numbers and coding
Ras B VALUE CATALOGUE NUMBER 2322 6406.... (5;?::2”;‘:‘:3:1)
) 25155 i
Ryg 22% Rzs 13% Rzs 15% Rz, 2109% I n I
3 2880 K +3% 4338 6338 3338 2338 orange | orange | gold
4.7 2880 K +3% 4478 6478 3478 2418 yellow |violet  |gold
n.B 2880 K +3% 4683 6688 3688 2688 blue qrey gold
10 2090 K +3% 4109 6109 3109 2109 brown | black black
Th 3041 K 3% 4154 61aY 3159 2159 brown | green | black
&2 3136 K L3 4229 6229 3229 2229 red red black
33 3390 K +33% 4339 6339 3339 7339 orange | olange | black
47 3300 K +£3% 4479 h479 3479 2479 yellow [violet | black
68 2200 K £3% 4685 6680 3680 2680 blue qrey black
100 3560 K +0.756% 4101 G101 3101 2101 brown | black brown
150 3560 K £0.75% 4151 6151 3151 2151 brown |qreen | brown
220 J560 K £0./5% 1221 6221 3221 220 red rad brown
330 560K £0.75% 4231 6331 433 233 orange |orange | brown
470 3560 K +0.5% 4471 6471 471 2411 yellow  [violet | hrown
680 3560 K £0.6% 4681 6681 3611 2681 blue qrey brown
1000 3528 K £0.5% 4102 6102 3102 2102 brown |black |red
1500 3528 K +0.5% 4152 6152 3162 2152 brown | qreen | red
7000 3578 K +0.5% 47207 K202 707 7207 red hiack  |red
2200 3977 K £0.75% 4222 6222 3222 2222 red red rad

1998 Sep 04
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Product specification

NTC thermistors, accuracy line

2322 640 6....

CATALOGUE NUMBER 2322 6406....

COLOUR CODE

?(25 Bjs/p5-VALUE {see Fig.1 and note 1)
Ry, =2% Ry 13% Ry 5% Ry =10% I n mn
2100 3977 K +0.75% 4272 6272 3272 2212 red violal red
3300 3977 K10, /5% 1332 6332 3332 2332 ofange | orange |red
4700 3977 K 10.75% 4472 6472 3472 2472 yellow |violet |red
6800 3977 K +Q 75% 4R87 ABR? i6a7 2602 hiue qrey radl
10000 3977 K £0.75% 4103 6103 3103 2103 hrown | black orange
12000 3740 K £2% 4123 6123 3123 2123 brown |red orange
15000 3T40K 12% 4153 G153 3153 2153 brovn |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 2413 yellow |violet  |orange
6/ 000 4190 K 11.5% 4RRB7 6683 683 7683 hluse grey OFAnNge
100000 4190 K £1.5% 4104 6104 3104 2104 brown | black | yellow
150000 4370 K 1255 4154 6154 3154 2154 hrown | green yellow
220000 4370 K 12.5% 4224 6224 1224 2224 red red yellow
320000 4570 K £1.5% 4334 6334 333, 2334 orange | orange | yellow
470000 4570 K £1.5% 4474 6474 3474 2474 yallow |violat | yellow

Note

1. Dependent upon Ros-tolerance. the band IV 1s coloured as follows

a) for Rog 2%, band IV is coloured red

bl for Ras 3%, band IV 15 coloured crange

) for Rag +65%, Daned IV i colours gohl
d) lor Rzg 210% band IV s coloured silver.

1998 Sep 04

138



BCcomponents

Product specification

NTC thermistors, accuracy line

2322 640 6....

R value and tolerance

These thermistors have a narmow tolerance on the D-value,
tha result of which provides a very small tolerance on the
neninal resistance valug over a wide temperature ranne. For
this reason the usual graphs of R - [{T) are replaced by
Tables 5 through 17, togather with a tormuila Lo calculate
the characterstics with a high precision

Formulae to determine nominal resistance values(?

Ihe resistance values al intermediate temperatures, or the
opwerating temperaliee values, can be caleoliated tsing 1he
following interpolation laws

extended ‘Stemhart and Hart"):

PO LTRVIE,
R(T)=R”|XGA+E‘I+“" +D./T ﬂ]
R : R s Ryt
TR =|A;+B,Ins—+C,In">—+D,In"—— 2,
: ) [ ) ‘nRral ln ch—" In R";r] (]

whera:

A, B.C,D, A By C- and D, are constant values
depending on the materizl concerned; see Table 4.

K is the resistance value al a reference termperature (in
this event 26 ~C).
T is the temperature in K.

(1)Formulae numbered (1) and () are interchangeable with
an error of max. 0.005 “C in the range 25 °C to 125 “C and
max. 0.015 °C in the range 40 “C to +26 °C.

1998 Sep 04

Determination of the resistance/temperature deviation
from nominal value

The torzl resistance deviation is obtained by combining the
Raoe-tolerance and the ‘resistance deviation dug Lo
B tolerance’.
Whan:
X = Ry:-tolerance
Y - rasistance deviation due to B-tclerance
Z - complete resistance deviation.
M X Y
then: Z = ;(1 + —)x(1 +—J—1] x 100%
L 100 100
orZ=X+Y.
When:
TC = temperature coeflicient

AT = temperature deviztion

then: AT = T—%

The temperature tolerances are plattod in
Figs 3 4,56, 7 and 8.

Example: a1 0 C, assume X = 5%, Y = 0.89% and
TC = 5.00%/K (see Table 12). then:

z 7{[14%] x[‘T '%]’1}“00%

= {1.00x1.0089 - 1} x100% = 59345% ( =593%)

Z 593 ;
- £ 9295 7 °C (w )
AT 2os 1167 °C(~1.47°C)

A NTC with a Rzr-value of 10 k(2 has a value of 32.56 k(2
netween -1.17 and +1.17 °C,
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Product specitication

NTC thermistors, accuracy line

2322 640 6....

Table 4  Farameters for determining nominal resistance values

Bissas-VALUE A B c D Aq B4 Cy D4

(K) (K) (10°K?) (10%K3) (109 (10K | (108K2) | (107K )
2880 -%.004 225174 | 229098 | —27.4482 | 3354016 | 3495020 | 2005950 | 4 260615
2940 =10.2296 | 288162 132336 —20,0251 3.354016 [ 3415560 | 4955455 | 4.364236
3041 -11.1334 | 365873 | -102805 | 0516652 | 3.354016 | 3340290 | 3683843 | 7.050455
3130 -12.4493 | 4702.74 | —402GB7 | 31.9G830 | 3.35401G | 3.243880 | 2.658012 | -2.7015G
3390 =12.6814 | 439197 | —232807 | 1509643 | 3.354016 | 2993410 [ 2135133 | -0.05672
3528 12.060 3.688 0075 5915 3.354016 | 20609670 | 1632136 | 0.719220
3528 -21.095 11.930 -25.139 248120 | 3.354016 | 2.933900 | 3.494314 | -7.71269
3560 =13077 41N 04727 -11 €93 3 354016 | 2884193 | 4118032 | 1 786790
3740 -13.827 4.558 -0933 -1522 3.354016 | 2.744032 | 1666944 | 1.375492
3977 ~14.634 4.702 -1.153 -3.731 3.354016 | 2669355 | 2626311 | 0.675278
4090 =15.532 5.230 -1.605 -5414 3.354016 | 2519107 | 3510939 | 1.105179
4190 -16.035 5.459 =191 -3.328 3.354016 | 2460382 | 1405377 | 1034240
43100 16.8/72 5. /59 14943 6,462 3.354016 | 2367720 | 3.585140 | 1.255344
4570 ~17.644 6.023 -2.032 -7.184 3.354016 | 2264097 | 3.278124 | 1.087623

1998 Sep 04 7
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Solar Radiation Sensor 6450

Vantage Pro2™ Accessories

The Solar Radiation Sensor, or solar pyranometer, measures global
radiation, the sum at the point of measurement of both the direet and
diffuse components of solar irradiance. The sensor’s transducer, .
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-
ofl path for water, greatly reducing the possibility of rain- or irrigation-water entrapment. The dilTuser is welded 1o
the body for a weather-tight seal; it provides an excellent cosine response. The transducer is an hermetically-sealed
silicon photodiode: the included amplifier converts the transducer current into 010 +2.5 VDC, Spring-loaded
mounting serews, 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 ta the WeatherLink" for Vantage Pro” and Vantage Pro2™ specification sheet for optional data logging
and charting capabilities available for this product

General

Operating Temperalure -40° lo +150° F (-40" to +65° C)
Storage Temperature -50" lo +158°F (-45° to +70°C)
Transducer . Silicon photodiode

Spectral Response (10% points) 400 to 1100 nanometers
Cosine Response

Percent of Reading 43% (0° to £70° incident angle); +10% (£70° o +85° incident angle)

Percent of Full Scale
Supplied Cable Length
Cable Type
Connector .
110 Specifications
Green wire
Red & Black wires
Yellow wire .
Temperature Coefficient
Reference lemperature
Carrection per degree above reference temp
Correction per degree below reference temp
Housing Material . . Wit 8
Dimensions (Length x Widlh x Height)
Weight

$2% (0° to £80°)
2'(06m)
4-conductor, 26 AWG
Medular RJ-11

Qulput (0 to +3VDC). 1.67 mV per Wim2
Ground

+3 VOC £10%:; 1mA (typical)

+0.067% per “F (+ 0 12% per °C)

T7°F (25°C)

-0 067% of reading per *F (-0 12% per "C)
+0.067% of reading per °F (+0 12% per °C)
UV-resistanl PVC plastic

200" x275 x225 (51 mm x 70 mm x 57 mm)
0.51bs (226 g)

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

1

142



143

2
Vantage Pro2™ Accessories

Sensor OQutput

Resolution and Units. . .. . ... .. B 1 Wim'

Range 0 to 1800 Wim’

Accuracy ¥ +5% of ull scale (Reference: Eppley PSP at 1000 wim’) plus
45 W/m* per 100° (30 m) of additional cable

Drift A x G § 2 up to 2% per year

Update Interval . . . . . 50 seconds lo 1 minule (5 minules when dark)

Cosine Response (typical)

FIRTS Ju——
g o ,,’ "‘\ - Cosine
a8 ) N, = = = Raadinv
£ 5 //‘ \_\ Ready
g g P \
g L » 4 N\
= 7 5
8 o5 / p.?
o N
A 4 N\
g i _,” LY
? = -'i \
=2 / \
3 M/ \
; 01 N
2 ol . . .
E wom 3 TR o ono® 80 9
INCIDENT ANGLE
Connections
Yellow
l— +3V
N
Amplhier e Output
Red
Ground
Iack

Package Dimensions

Package Di i
Product # i ot Package Weight UPC Codes

(Length x Width x Height)

600" x 4 25" x 3.25"
8450 (152 mm x 108 mm x 83 mm) 91bs (.5 kg) 011698 00240 5

DB S e e oot A
1] (510) 732-9229 . FAX (510)670-088% . sples@daviinetcom . www davine! com



Anemometer

For Monlitor and Wizard Stations

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

General
Sensar Type
WindSpeed........ . . . L....i0.0.. Solid stale magnetic sensor
Wind Direction Wind vane and potentiometer
Altached Cable Length . .. ... ... .. .. ........... 40'(12 m)

Nule Catle lenglhs longer (han | 40° (&2 rri) between sensors and consule may arlificially il wind speed readings Thal is, beyond [hal lenglh, maxirmum
recordable wind speed decreases as cable lenglh increases. F or example, with alength of 140" (42 rr, the rmaximum recordable speed exceeds
175 mrph At 240' (72 rri), however, the maimum recordable speed drops 10 less than 140 mph. Below that upper limf, however, the anermomaer's
accuracy is nol affected

Cabla Type TR “iveevee... . d-conductor, 28 AWG
Connectar Madular connector (RJ-11)
Recommended Maximum Cable Length . ........ 140° (42 m) Sensor to Conscle
Material
Wind Vane and Control Head. . .......... UV-resistant ABS
Wind Cups ........ . . ... Polycarbonate
Anemomelter Arm. ... e Black-anodized alurminum
DIMEBIMORE v cm e vl s WSS R R 18.5% long x 7.5" high x 4.75" wide (470 mm x 191 mm x 121 mm)
WV oo o s i i A S T T 21bs. 15 oz. (1.332 kg)

Console Data

Note: These specifications apply to sensor output as converled by Davis Inslruments weather station conscles

Range
Wind Speed (large wind cups) (See Note 1) 110 200 mph, 1 to 173 knots, 0 5 to 89 m/s, 1 to 322 km/h
N DIEMEHON o araveive v an wo s sreimian e i 0°to 360° or 16 compass points
Wind Run D10 19399 miles (1929 .9 km)
Accuracy
Wind Speed +2 mph (2 ks, 3 km/h, 1 m/s) or £5%, whichever is greater
Wind Direction +7°
Wind Run +5%
Resolution
WiNH BEaedhc v i o « o v DETVEERTEATS 1 mph (1 knot, 0.1 m/s, 1 km/hr)
Wind Direction 1°(0° to 355°%), 22 5° belween compass points
WINY RUR i st el das o 0.1 m (0.1 km)
Measurement Timing
Wind Speed Sample Period .. ... ... . ..... .. 2.25 seconds

Wind Speed Sample and Display Interval . ... . 2.25 seconds (Monior & Wizard)
Wind Direction Sample Interval e . 1 second (Monitor & Wizard)
Wind Direction Filler Time Censtant (typical) . ... .. 8 seconds (Momlor & Wizard)
Wind Direction Display Update Interval 2 seconds (Monitor & Wizard)

mm ”/ Davis Insframsents ::: vak ave. Haward, CA 545452778
1l [510) 732-9229 « FAX (510) 670-0589 . sales@davisnat.com « www.davisnet.com
DS7911 (Rev. G, 2/26/13)
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WeatherLink® Data
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Note These specifications apply to sensor output as logged and displayed by the WeatherLink
Wind Speed . Average during archive interval
High Wind Speed Maximum during archive interval
Wind Direction Dominant wind direction during archive interval

Input/Output Connections

Black
Red
Green
Yellow

Sensor Output

Wind speed contact closure to ground

Ground

Wind direction pol wiper (20K(2 potentiometer)
Pol supply voltage

Wind Speed

Wind Direction

Installation Options

1600 rev/hr = 1 mph
V= P(2.25/T)
V = speed in mph
P =no. of pulses per sample period
T = sample period in seconds
Variable resistance 0 - 20K0; 10K = south, 180°

Package Dimensions

Package Dimensions
Product # Package Weight UPC Cod
rocue (Length x Width x Height) s T i
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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LabVIEW For Modern Solar Energy System
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Abstract

This paper studies the use of LabVIEW program to analyze
an electrical parameter in solar energy system and wind system, The
LabVIEW program with DAQ is used to analyze electrical parameters
such as voltage, current, temperature, etc This LabVIEW project is
designed to detect the voltage signal, the current signal and specific
parameters of the systems such as solar irradiation, wind speed, wind
direction, temperature and relative humidity, etc. These parameters will
be sent to LabVIEW via DAQ to analyze other electrical parameters
such as the electrical power, the phase shift, the electrical energy, the
%THD; to detect fault in the signal and to record the signal. The result
in testing for solar and wind parameter is as accurate as using
referenced measurement instrument,
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This paper studies the use of LabVIEW program to analyze an
alectrical parameter in solar energy system and wind system. The
LabVIEW program with DAQ is used to analyze electrical parameters,
which Data acquisition (DAQ) is used in the process of measuring
electrical parameters such as voltage, current, temperature, etc. A DAQ
system consists of 3 computer with programmable software, DAQ
measurement hardware, and sensors such as current sensor, sclar
Irradiation sensor, anemometer, potentiometer, NTC thermistor and
humidity sensor. This LabVIEW project is designed to detect the
voltage signal. the current signal and specific parameters of the
systems such as solar irradiation. wind speed, wind direction,
temperature, relative humidity, etc. These parameters will be sent to
LabVIEW via DAQ to analyze other electrical parameters such as the
electrical power, the phase shift, the electrical energy, the %THD; to
detect fault in the signal and to record the signal. The result in testing
for solar and wind parameter is as accurate as using referenced
measuring instrument.

Jnteducien,

In general, the measurement and analysis of electrical parameters
for solar system or wind system may use traditional measuring
instruments such as voltmeter and ammeter, but these traditional
instruments have high cost and are unable to display faults in the
signal. 5o, we have designed measuring instrument kits to detect the
electrical signals, which the designed instrument kits can measure,
analyze and record data for solar system and wind system. Moreover, it
can also record data in both waveform graph and numeric data which
consist of voltage. current. frequency. real power. reactive power
apparent power, power factor, harmonic distortion.

Halodeln,

The measuring process consists of two parts; First, the solar
system measurement used sensors i.e. solar irradiation sensor, NTC
thermistor. Wind system used anemometer, NTC thermistor, etc. The
meter one and meter twa in each systems will receive parameters such
as voltage, current and frequency. Second, both of these systems send
parameters to LabVIEW program via DAQ to analyze for the other
electrical parameters such as the electrical power. the phase shift, the
electrical energy. the %THD. etc. The data is recorded in excel file
format. which is shown in the waveform graph, This designed LabVIEW
program can detect and record a fault in the signal. Moreover, It is
designed to alert when a fault is detected.
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‘Thep ! that we have designed is shown as a picture.

Resula

- Accuracy Testing and Validating

The reliability and accuracy validation includes the test of current
transf s, potential transformers and overvoltage pratection, The CTs and
PTs consist of core and coils that can cause eddy current losses, so the
calibration is needed before the practical use,

- Results from measuring in Linear load and Non-Liner load

After the calibration for the designed LabVIEW program. The results are
shown as below table.
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- Results from measuring in renewable energy systems

The electrical. solar energy and wind energy parameters are measured
again for verification and the results assured that the calibration is done
correctly and the program can measure effectively.

== .

In summary, the designed measuring instrument can record and send
real-time data to LabVIEW via DAQ to analyze parameters. The result is as
accurate as using referenced measuring instrument. The advantage for this
designed measuring kit is its ability that is better than oscilloscope, its
capability of recarding various parameters and effective analysis.
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