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Abstract

This thesis proposes-a smart recording power analyzer prototype (SRPA). The
scope of work focuses on Thaitand’s three-phase power system. The maximum rated
voltage and current up is to 350 Vq,, and 400 A, respectively. The proposed SRPA
composes of the combination of sensors, data acquisition board (DAQ) and LabVIEW
2011 (Student Edition).-The main objective is to use the proposed SRPA as a portable
device in'a commercially high-end, disturbance meter. The SRPA has abilities to
measure, analyze, record and display all kind of numerical data and waveforms both
in real-ime and continuous monitoring ‘modes. A big plus is ‘that the SRPA
functionalities can be remotely controlled and modified for specific needs in the
future. When faults occur in. power system, this device  can be alarm and
automatically save data.in-every event. The measuring capabilities of the proposed
SRPA are voltage (V), current (1), apparent power (S), real power (P), reactive power
(Q), power factor (PF), energy consumption-(kWhr), harmonic distortion (THD, & THD)),
harmonic component (15t—50th), overvoltage and under voltage, voltage unbalance,
symmetrical component and flickers (Pst & Plt). The SRPA hardware configurations
and LabVIEW algorithms will be' thoroughly-elaborated in this thesis. The accuracy
verification process has been strictly done under various controllable conditions by
comparing the results of the SRPA with the standard measuring units in both
laboratory environment and two renewable energy power plants. Experimental
results in the laboratory illustrate that the proposed SRPA is comparable in accuracy
and far superior to several references in terms of functionalities and flexibilities.
Experimental results from the two renewable power plants: (1) a 160 kW-biogas pig
farm power plant and (2) a 1 MW solar power plant demonstrate that the proposed
SRPA is highly efficient and reliable compared to the factory-installed measuring
units. The average percent errors all of experimental results are less than 5%.
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2.1.1 wisimasiug e asums
2.1.1.1 useaulwih (Voltage)
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2.1.2.1 7189IW¥i157ng) (Apparent Power: S)
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2.1.2.2 maalwi193s (Real Power: P)

fa adliiildeass Wy ms duedeudnivuyes nstundeuaeniuudy
fmiraduind (W) wde Aladed (W) Feamseialdaniasiwes (Wattmeter)

2.1.2.3 maslwiuaiiou (Reactive Power: Q)
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viserduradliiigaude T 1wy ndeuitlasiunuivdnvesniouvasifimdoru A
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Q3¢ = 3Vrmslrms Sm(5 - ﬁ) (25)
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useuuaznszualiin Weshouseiiliiuans ssvhliAnnssualnsvuaveinszuaaziuey
fudnunevesduysznawsing iees Sweunsaflasfinnsanauduiusvosmidalnin
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R

NV
A 3 L

(e He: -

suit 2.4 RLC gunsaifugulusasiwit

o W 3 | ' [P L)

R A fadunu (Resistor) Wadinszwalwililvaciu ludnzdulwinszuaadunse
Inihnszuanss ahliiAnnulugdanuieugadeeenly uagdanudunuiaglitue
s i [ | o 2 aada = '
fumnudvesuwnasdny snadlunsalinng 1 enddu nsdiflinseualniiaudge) lvasin

=3 d 4 © 1 o a a o © = o 2
ziiAnasenii Skin Effect s nszuaazluluafiusiiauiinvesduunuiinwnunasvinle
1 | & a = o oo v o o w =
anumuilAgedu lanirmiudge Mdsnundimunui fie MasuisEmIsaeI
v a | » v ¥ ¥ a0 v o o
1416939 Wy asaearusouvesnduin i niuay Aviniiasundsauladndy
@ o o w k1 = ' o w a aa ' =
WAIUANNSOU AdIull 2eSendn fdalninese Adwuledlu Watt



12

0.8 Current @

0.6+
0.4+
0.2+

Amplitude
B R g

0.6
-0.8-

by ]-2 T T T 1 1 1 T
0 0005 001 0015 002 0025 0.03 0035 004

Time

i < s P 9
JUR 2.5 suruuswiuuaenszualwiwdelvandudasiumu

L Ao wnanawienti (nductor) Wefinseudlniiiiuusdmmiian (Fegradulni
nssuaaduiitinaugUlen) Inarw sgRantsinddiliAsndnduininiusouy vaan
nireuliihezgnivasuluidundsuaunuwinannesdiiegseuy wnain ludldiAanns
grydendnusetnila Wesmnlviihnssusaduasiiansgnadu Mduvinuazay vhliia
maaandnduivanisletinasanszua-lvifudimiei luafinuiivge Wedanisngu
fimnnsvetuvasing nsuiavaeglusUamnuuimdnszgnianydeseonin masaulin
wuuil Taennsaterluldeuld Wurfsuillflunsadaususiugn Axsselviuin
wnmnwieih Mdsuiite mdslnisuendin Smhedy VAR (Volt-ampere reactive)

Veltage @
Current

Amplitude
'

0 0005 001 0015 002 0025 003 0035 004
Time

= i @ | = °
JUN 2.6 gUARuusuagnIzudlvifieivanluvnainmieni

C Ao fufiulseq (Capacitor) Usgnaulusedadianivan 2 923190umuiu Tnefans
laBidnedniludnu Unfeelinamudilunsudennszualniiass LiiildAanszudlviiitlva

fu widlefinsUeouusssuiudseanunm wulnihnszuaadugUled auiliiianszualva
é’ s 1 o 2 = =¥ &‘ a a8 =y s 1 é’d
Fu deifinseualiilvaniu szvilRdsauulidduludisarsladidnesn wissulududd

2 YY) o o ) o o v o
azAaye) nudveanuiet fe Wundwuideieaivauindazanludufulses

9
=l

a ﬂg} 1 s U $ CJ 1 o w
WAl szgnagmnduntuszuulugiaiauinzan Sond dddliisueniin i
nieiu VAR iufiy



10

™ Voltage
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2.1.2.4 fiasznauniailniw (Power Factor, PF)

flseneufas Ao Srsmdussrinamansvaalumne Tadduaiiidausing
vl & s L a1 Vu‘; 1 =2
Aaualumiglad-teuuds (@19i0med) Musenaunid cos® -B ) TAldnaus 0 84 1 Tag
a1 = = = 4 = °o = e P =l
fendu 0 Tunsaimeasiimuuiemmmileniwitesadiides waefidndu 1 lunsdifams
firnudumuiissedaiin wilneshlinustesiviimsdumu wazamuvie

AUt Sevialievesfusznaumditisenii 1

B power Factor (Leading)  aeivesnseualiiniwawesvaanseiulnih

" power Factor (Lageing)  awasvainssualiihaumaigesvausanului

" Power Factor (Unity) walgadvesnszualniduiatuivaisasves
useAulnii

2.1.2.5 Usinaimslglni (Total Energy Consumption, kWhr)

UBanaun1sliwii fe frdaladh il idlussesnamils fmbhedy Alatad-dqlus
eyl Tnedeunannmisnuiinaanseudlniiesnsiwing wWu msiwidhendn nrsmih
dugiina uagnsiihuasvads WWusy weseuldiladléddadumiae S walawduiug
fumheseuu Sl 8saunsadnlddie Watthour meter wie kwh meter dudufiwoiin
W&l ldmnutu neflaunsdd [2-3]

W (kWh) = P(kW ) x £(h) 29
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2.2 aunalnWHA (Power Quality)

o a A4 o a o & o < = [ | o !
Aumwmasinih vieni3endui PQ Wumietisesluidewesnuiuninisdiy
d a = ° ~ <4

Inflwesszuuanmslnih wagnsdidiafatymgunsallwiifinisiuRenann wiongn
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a at A 1 1 al 1 o v
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l#in (System reliability) Yagduntan1slifuagdlalninaelvaudfyivlyniies
“qaunmriaaliin’ undu Jlinsyateiuees Nty A, 1980 Wuduw was
& o = < ' P I ) : i da &
JuAsiuEessneneg Adertesiunissuniy (Disturbance) 6199 Ainduluszuului
= | ey 1 oo o avd & v b i = Y o
FesnunmlwihlildGedviudifutesdignneades iy Imnsiifianerewiazdanisiv
4 & e ) = o ) o a aa
BesdegrulussuninnniieedanmsliygmitaeSosueniumiiouluefiaisinun
o af d‘ A o = &/ o o -3 d 19
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1. gunsalliivingg Sawlsensuusiudsuresnuamiviunniigunssifignld
alusfin gunsalafelmisauinniidusznevveshilaslunvagesuasdudiu
Sidnuseindirdsdeladedesuniusieg

2. nsldmmd A iumsiindszansamasuuliindunalviinsyssgndldgunsal
Tmlethareiiisanaeanan viu mavssgndligeusumnuniiseuseine sindleniid
UszdvBamgs mesidumasindaviliiseduenueiintuss uulniingstu vinlvigi
\Rentesfeanduiniinsaniswanssnuraseuulnin

3. GldlninlErunszntnluesamnmlnimngundiluein lilwinlFsudeys
PrensInndu 1y adR iy uaednsdeniaaldnsiisuuseamnminives
szuuliigediu

a. szuulwihinseifulaseeivgdy nreviauianataviegunsalidemediyaln
il o19dwmansenyluaanis

TuﬂisLwﬁlw&}ﬁﬁuﬁmimmﬁaﬁ'umn%u Faastreunensinitldeanngfiueiue
fin fadudemisvesaunniuii il a.e 1998 iisaurdslailiveduldagedanse
Poymdstustlizuuss lutagtuidesnnasdmdinunaunudwldlussuulnig
wndu vilddesding viewmmsguflanansasesfuaanmini deudeudeidfuszuy
wielinnsdsineuasldiniilfegissinmnmn a9l 2.1 wansssianuasdnuaiilunes
Usngmaatluszuulniimids [1, 33]
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Ussiam. suLuY T8I YUIAUTIY
1.0 Transients
1.1 Impulsive
1.1.1 Nanosecond 5 ns rise <50 ns
1.1.2 Microsecond 1 msrise 50 ns-1 ms
1.1.3 Millisecond 0.1 ms rise >1ms
1.2 Oscillatory
1.2.1 Low frequency < 5kHz 0.3-50 ms 0-4 p.u.
1.2.2 Medium frequency 5-500 kHz 20 ms 0-8 p.u.
1.2.3 High frequency 0.5-5 MHz 5ms 0-4 p.u.
2.0 Short duration variations
2.1 Instantaneous
2.1.1 Sag 0.5-30 cycles 0.1-09 p.u.
2.1.2 Swell 0.5-30 cycles 1.1-1.8 p.u.
2.2 Momentary
2.2.1 Interruption 0.5 cycles-3 s <0.1p.u.
2.2.2 Sag 30 cycles-3's 0.1-0.9 p.u.
2.2.3 Swell 30 cycles-3 s 1.1-14 p.u.
2.3 Temporary
2.3.1 Interruption 3 5-1 min <0.1 p.u.
2.3.2 Sag 351 min 0.1-0.9 p.u.
2.3.3 Swell 3 5-1 min 1.1-1.2 p.u.
3.0 Long duration variations
3.1 Interruption, sustained >1 min 0.0 p.u.
3.2 Undervoltages > 1 min 0.8-0.9 p.u.
3.3 Overvoltages > 1 min 1.1-1.2 p.u.
4.0 Voltage imbalance steady state 0.5-2%
5.0 Waveform distortion
5.1 DC offset steady state 0-0.1%
5.2 Harmonics 0-100th H steady state 0-20%
5.3 Interharmonics 0-6 kHz steady state 0-2%
5.4 Notching steady state
5.5 Noise broad-band steady state 0-1%
6.0 Voltage fluctuations < 25 Hz intermittent 0.1-7%
7.0 Power frequency variations <10s
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2.2.1 amedag (Transient)
= = n’s s Q/ -
ApUsngnisainiswdsuutaswesanminiaviaussiusasnazua Tuaviuiiviule
NnanmunAutsesndu 2 Ussian fie BuaddaniuazesaBiandang

2.2.1.1 dudaavang (Impulsive Transients)
v o 1 'Y .- o =W 1 =
AsvuIAnIrLalazuTsduniimaudugain  iAaduludiuiivulelufinaud
a ° vl & o =l & o ' 3 = a - a
wWasuuasmvualilitafienafeaniaifendndsa (Surge) Tawmaiinainiin Feeaiia
IalawpsavTeluusnalndifies wavinlvigunsalluszuuldsumnudemeanusaiuluiuiu
W3 IEEE std. 1159 - 1995 fimsimuprdunadniutisszeznatlifaiuaissuzioa
MUTIAUTUGITU (rise time) AIm15199 2.1
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JUN 2.8 duwasatang

2.2.1.2 eoadiandang (Oscillatory Transient)
Qs as s ' P Y] s 1 o
AEANYMEYRILTIAUVTENTEuaRTIAuilAge  iieduludiuiiviule  laidaanud

= = a o a 1 2 o - a
wWasuudas dnswdasuudasn (Uan au) ﬂaagﬂﬂauamaﬂmﬂ mgﬂﬂ 2.9 @ unaLn9In
mIainfavesgunsailuseuy naviligunsailwiildsuaudene wasawuvesgunsalll
madesanmysefinisgeyiduanutuaniuiafiy 11MsgIUIEEE std. 1159 - 1995 n13uus
=Y = E‘J 1 al 1 =) A at H
Mifneeadianiun1z R AIRINILINLIWLLALYINTEE2IAINITAANINAIND AIn1919T
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7500
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2.2.2 mswAsunUauseiudaesezay (Short Duration Voltage Variation)
Aansidsunlasiuseiuensifuen Aiflssnanisudeuwdasdliiy 1yt
awmdnlngiinnnannzanuiansamslni vilidamanisalussdiunn (Voltage Sag
39 Voltage Dip) k3ssuiiiu (Voltage Swell) uaglwsfu (Interruptions)
RSy IEEE Std. 1159-1995 finsBendeusdiudisnanniuszssnaiiinge
naiuiiviula (Instantaneous) $2vas (Momentary) LLﬁs‘fil'aﬂg' (Temporary) fam13197 2.1

2.2.2.1 ussaunntai (Voltage Sag)
< ' a §f @ = 1 ! !
ABALTIUTIONEE HYU1AaRadTENINN 0.1-0.9 p.u. lutaansenine 10 ms -
- [ n=' = 1 1 a =3 s d = a 1 o t 4 ar
1 min. Asgui 2.10 Tavnaulng ialudumanianinufionsemislui viliuseiudl
AanauvEe 0.2 p.u. veuseuUnd (80% Sag) ludraaan 3 luida duavinliigunsaiitlade
mMadunUnsnuineazyeuvaigln Imsvihnulanaiamianganisina

450
Voltage (Collected)

Amplitude
§ 88 .58 8

p

T

2 3 4
Time (s.)

JUT 2.10 usadumneeEu

2.2.2.2 ussunudaey (Voltage Swell)
AaALsIRURSMmed JuwnaiudusenIng 1.1-1.8 p.u. luthanaisewing 10 ms -
i s A 1 1 a ng s 7 e a 1
1 min. flaguit 2.11 awmmdnlugiasiatufiuwaitlildfinnuiamsommalnilngnss
wseonafinnnistanlwanvuinlugeenainszuy wisiinisremurdmesvunalngdn
o 9 w v = &4 o g w ¢ A\L ' < )

szuu wavilvigunsailasuamundeme vievilligunsal flasienisweunasnudnvue
YoeuvaglniinsinuRanaavIeveAn 1Yy
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&
o

Voltage (Collected) [\

Amplitude
§ 88 .5888

8

T

2 3 4
Time (s.)

=]
[

d o/ =3 ! 0’5
FUN 2.11 UTIRUAULIEY

2.2.2.3 Weustaeau (Voltage Interruption)

N 1 ar ¢ & = ) { i 1 . s a

AaFUsIfUeTSIdIea Aanawmindt 0.1 p.u. Tugesendne 10 ms - 1 min AIgUdl
2.12 fawvfianannzanuiiansawnalifitluszuy ihlvgunsallesiulinisdnieas
wrasaglnenn wanansialdvriszezmdus) Ussann 2 sec INMaihausesilaaa
1o IR TUNAII 8RO NI INTEVUABUTEiin a1 WAL AL nuavinldg Unsail Wil
MgANITINY

Volitage (Collected)

Amplitude

2 3 4 5 6
Time (s.)

U 2.12 Tnidfutnady
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2.2.3 miwasunUauseiudieseseny (Long Duration Voltage Variation)
fomadsunUasrusaiueniidues Aflssesnaniswasuwdasaniiu 1 uidt i

awndlvgiisanmaudsuwlaimaiauinassunslng vildAamvenisaiuseduan

(Undervoltage) k33siuiiiu (Overvoltage) wazlwéiu (Sustained Interruptions)

2.2.3.1 uss9umn (Undervoltage)
= 1 7] ¢ & =l i 1 1 = o=y
ARAUTIURNTIMed Huunanasendn 0.8-0.9 p.u. ludaauundt 1 uiil d
awvgfinTuainuaresnsadndalvanvuinlvgidissuy wisliinslasmundwmeseanan
JeUU waviigunsallasumnudene Wasnnifianisiuniseiiu (Overload) auanasgiu
o 1 1l OI 1 = s i ﬂ’j 14 A
284 NEMA ivualTiilinseiindt 90% wesiidn leeiluansgrufilsunsuasly laognsh
Tdmnnuswuandudaunis

wx 100%
'Y 2.7
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JU# 2.13 usesumn

uennidemveussdulnitian Alilas IEEE Std. 1100-1992 fie n1sanasves
wsestulrihnszuaady o mudmddlnd (50 Hz) Wutiwnamnnnit 2-3 Junit usesiu
Sag tesiidneglunguigmideuseiulriimniduiy uduenuseiu Sag sanlustaminain
feuveussiulitian dwiuamgiviliAatymludewssiulnian aunsaduun
gonle 2 e vy szegvieseriauasiglni (@a1tnislai) fussuuaudiunduld
deraliinussiulniinnaseusgamansinininaininandilifidslniings sansenuan
JymluFewssdulwien dwalifemnusouiiguivinundfiuewedluil vieawnse
denaliszuuauveaineu (Shutdown) 1a usiu
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2.2.3.2 y59Auiu (Overvoltage)

= 1 o/ € 2 =l a & ' i 1 =

AoAuseAueTsidued Svuaiutusening 1.1-1.2 pu. lugsawundy 1 undl
Tewaiadunnaavesmanlvanuuinivgaanainszuy vielinsalndrdwesidn
seuy  visen1sUiuununliautatlivangaudussuy  mavihlvgunsallasuainudeniey
HWIDIAINUIIAUAY  MIUUIMTFIUVEI NEMA (The National Electric Manufacturer’s
Association) #lgdalilulusunsy Tnefuunl3lihiu 110% vesriida Tnognsilimmom
ussruandusEuns

V=V,
%V, = ——21x100%
Ve 28)

g

Voltage (Collected) [/

Amplitude

4 5 (] 7 8
Time (min.)

=4 v a
3UN 2.14 usnunu

uane i lonuuesks iUy mndreds IEEE Std. 1100-1992 91837 ms
vingeiueasdulninszug-ady (AQ) mnuididsing (50 Ho) Trefigatiaainisifiniy
W 1 2-3 Jurdimintyauletiesussiulniuiy Alild Tae 1EEE Std. 1100-1992 &4
wazldruaulousigeruuinussiulii gt fuussiuliinluudas maiios
widunaflnutufite sufamumannvanedusrsnnd miushvasre sl
Lidezfudnvazvesguaiu Failfadnvasnudsudniofatuludinaidueg
(lulasiunit-fiadiundl) uasdnvazidatududrtaiuiug @innieddedia-33uni)
uaﬂaﬂﬂﬁnmsmaqgﬂﬂﬁuﬁLmﬂehaﬁ'ulﬂLLET’.:Lma'ariaﬁ’uﬁmw‘%aa’waﬁé’qﬁmmmnm"m fiuly
3ndhe MemamanvanevesdnuzusiulniuAy Suluiasdessmuniowdnume
yowswulwinAuifinuuandstueenly Moy ussiumiudeudminannssua
Wi (MFedu) Usingauanedanh aeFonin Iinselan (Surge) ussfunsudoudiiin
nnslanvsesndsnulivesTanfiundaulwiiiedanisvead a13ondn
ussulni A udndu (Transient Recovery Voltage) iudu amaiifossuun
wsslwiAussnunfuriiasiig q maeisomanaiimeluladiignianlflununis
Jestuusaduliiiniuusieln faueutiunnsisiutiuesdiegiatuy n1si1 MOV (metal
oxide varistor) fiustagdesiu (Relay Protection) snlglusunistesiunssiuludniu lae
#1 MOV agvimiifiiBsaiun (Diverten)  firmianisivavesnszud wiefiauauisn
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Clamping wsssulninAulaludrsnatdus (W-nszlan, Spike Mo udsusdtiuies) 14
o 5y o a o 3 a 1y
agiaunw ustvnnussulniwiunvsngIudiaunatlunisauig Guail) dh Mov
ﬁ v - a o 'y @ woa ¢ ) ° v o ar
faglasuanudeme (seda) Tuiige wddnludSmddesiuazaunsavimiifidesiy
wsssiulnAuidiaunansfauuldsgnfivsedniam wilumenduiu dussdiuluiy
Wudidnwauznisialudiwiaiduy (Wnselen) drsmddosiuaziinanisnavausienis
Unngaulalilve uazdadlesiuesanunsaldsurmudemelddymmaiunmnim
o w o T - @ @ & A da o & | o v
Ml annmerauaziegsiondunatuayy Juduiissniinudwduegrediasdes
o o e - = ! 4 ° 1 s 1
Fuundnwagvswswulninivesniluriasieg Wweiilugnisnwumenistesiuegns
\inUseavisua lnglinalifnnisiudeuvesdymduiiludnisgydesuuszualagliie
UsgivSnwdwmivanvavesmiaiaussiuliiniy @ausen) awnsadwunld 2 awvm
Inggq fefiu laun nMsifiansnuaneaduazn1sugavieuvedvansessuunuaunlng
nsfaussiuldiuiuem 2 aungdenanill dwanszvulagnsereianuszian Surge
& a = s -
Arrester Visviane (MABUNNIVERATEY UPS, Stabilizer iusiv)

2.2.3.4 ey (Voltage Sustained Interruption)

Aefusaivefidued fananas 0.0 p.u. ludasianiundd 1wl Jeuvefinan
aneanuRansasnslwiluszuuinligunsaldesiufinisdnisasundsdnglvosnans
Walndugaszesenannisicuseslasavesinasunaiiiseeninssuuans e
gamzauRansssmalihteglussuy Wussvilviguasallwimeanisyinen dymides
Insuioiulynmisluruamaniidalui e Ygmiddwalfszuuauldamise
sufunulalagdearaddvsuasnsaliaiumunglads nsgadetasinidluatsdani
naeaRURANEEaNYal nieRsanetheie g Tuffe Liliddduiainasiniie g
syuuuYensT duauaivilviialgminiu aansadwunsenlsegrmannvans 1wy
iw3narudamdalnia(nnstuiiag) Wemevieutaslitudemes goamesnag Aneliida
e iusevuatsdaiddini Wuku dwsunisudledywiludedddiu aanse
siiumsialaonisaagansostndamddvfitluszuua 8 Generator , UPS Wudu

g

Valtage (Collected) [N |

Amplitude

300
200
100

0

-100

200

-300

450

v
3

5 6 7
Time (min.)

5Uii 2,15 Twidiu
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2.2.4 useaulnnliiauga (Voltage Unbalance)

Tnevhlugldgunsailwiivinauma foensldussiulnifissannsinieed
Fussdlihiiisunauazspsiaave s iUyt Fguit 2.16 () wiuld
yuavensssulnisevhealidintu wasuusenitanaasieiy 120 ssrmnaliin
wazidlediouiugadunans vie Sam3a (Neutra) fasdimnuaugadowuiy vilfussfui
anuwaiimwauga uwidwnussduluifaaumalsiauns f5ui 2.16 @) sl
wseduliissrhaaieailiaunatuisunnuagsm dmalirussiuliia Phaseto-
Neutral iinmliaunafumulume laedunnangadunais n drelusgdums n, uny
Famavesnsiiaussiuluiiliauna azvildgunsallwilefinauina wu vawme sl
witlenth, vewmesiuiuaudl fuseavinnanas Fr3adeniy vsongainule Tnedinig
meAusdulnilaunaiuanansafmuinlaan

Maximum deviation fromthe average
Y%Unbalance = i &

x100% (2.9)
Average of the three phase — to— phase voltages ’

Vea

n
/. Van
B Vag A \Vof A
(n) ussruaaaNna (%) wsediuenualsiauna

= & ar
JUN 2.16 wlawesveausssiulninanumea

anvandnvesniinusiulninldauna szifaannsldnssualwihiiliauna
(Unbalance Currents) flaud 15-20 % Ty Fegunsailwilulssgramnssuuenainae
lgunsallwihvdaaaausy Sildgunsallniatialnanuuumaiiededinegluiasie
wu gunsaldine szuuliiiuasadng uewedinade sUnduussiulniTundasinalyl
auna Wuawmliueweslwinteu uazanUszAnsnimnisvhaiuas Wil NEMA fvuali
veweslwinlimsdesgfusuuiidinussdiliaunaiu ussulniliauga Aeusingnian
Fuseshiluiinoia 3 wadidlivihleeirauunnssfuaay (Negative Sequence) 1Anty
Tuszuy sihlieeumasissdiuliivdoyuymalwitiliivindua 3 wia Saazgninesnunlu
sUkuuiesazvetondNTEI NN IR UWERUFRaNINA TTAUMEYIN viseTouaz s
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Fasrdrusznindndeavugignananaisvesuseiy i 3 wla dediadsves
usastulviinia 3 wia Feavmvesuwssiulnitlsiaugainnnnisldiniliaunatu f 3 wa
viensdmnneliliaunaiuszezmeemdanfurussiulniniliaugatasdsmanseny
siogunsaifsiifnnszualvalumetinia ndaulwihgydeiiliesnisléruesgunl
iduas vilimnuansalunslindsnunndiowadinihanasilfisesinusninesy
an1433 v lineweidrgademe auldaugaveswssiulwihdamnsfiervuinves
wsaulritluszuulnih 3 wla Tneudagmediunndafuoenly dufudesinnsandnuoe
yasgUpduussdulniigauie dumvaineliAatagmarsildaugavosussiulnd i
nenuiliaunavesivasluusazivia nadefiiatutuszuvauandgmanuliaugaves
wsesulaiih azvhlfAnmanieuiiguivinundiivanuin auma fegrigu nfeuas
it wewnesluih Sad Fudlwioadanuma Judu masdouiiiniutulnanmeand deiins
vhandiseiiealdfuamudeneld uazasdmansenuiugnidsessuulniludsudaly
muliiaunaveussiulaihddisvinadeyssaniawnsvhauretaieainiliessa
wa Tnglewiymaeiiddida (Ripple) #igetu nidimadrannrussiildauna  Snifnan
Tvarwiln 1 wldluwsiasmialiviniy viellluasvinasunaliaunaidourelussuy viaiin
nnualautaniwesssuulniimnely Wunmsviaures fidusegs ieindssrlealuseuy
TWihvsefinanmstiaussdunn WessuudmihelwiiRnannyussiilsiauna gunsaiitay
s unansgnuanniign Ae wawmafnilani duihliegnislinuresweinesanas iesnin
deauswiuliauna asviliiAanszudlisunalulnnes uasanmoivesusines denavinl
ueweigumgigdusasinmmgads gunsaifesiuneimaiheuildnssuiunidn
neyavein (4]

Watorm Gph

400~

100

Amplitude

1 [}
0 0005 001 0015 002 0025 003 0035 004 0045 005 0055 006
Time

U 2.17 usasiilaianna (Voltage Unbalance)
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Basudly Hreaselihiduuudafamalidawaunaludang useduladilsl
aumaluszuy 3 wallnaden1svinauvesgunaallnih ussdulnildaunafonussdulin
weiazinaliviiu vseyuvewsiasiwavinaiuliwiniu 120 e Wannmsdolvan 1 walu

guudmite 3 wevhlvunausiulivhdusanseyusegunssilnih 3 wlaifinainusesy
TiangaaguUl sl

1. nszuadlwihliaugalunsdldlvandy Anszudlnillaugaszden 6 - 10 wihwes
usasulwitlalaugaviligunsallnituiemfouguiuiiieny nisldruuesgunssiduas

2. \dlegamgiiiinusssiulviliaunaiiies 4% azvinligamal vesgunasilui
Wiatiude 25%

2.2.5 asrusznaulnase (DC offset)
4 7 s
nshiinszuansasnsaiulipssUgdusglussuulnihnszuaaduilunaunainnisly
gunIaliFeanseualuuasIniy (Half-wave Rectifier) iunavinlvitinninuiou wazanige

guideveniiouuatuazenssyibiinn1sunso BN s 1IALA

Voltage IE
DC offset

& s oo
BT =T

Amplitude

0 0005 001 0015 002 0025 003 0035 0.04
Time

= w P}
JUH 2.18 usssiunilusenulnassedu
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2.2.6 AMAALEUENSIeTnTw (Total Harmonics Distortion, THD)

g15ueiin Aedwszneulusudyyrardulsivesdyaavdeuinnanduaulag &
ﬁmmﬁL‘l’flu'i?m'mLﬁmﬂwaammﬁ'wé’nga (Fundamental  Frequency) #2881419u
dulszneuiifmnd 3 whwesmwivdnyaaziFendt ensuedindl 3 (Third Harmonic) Al
4 nmnuiiaiioustiueiingin Ae Snsidiusewinemsiniaewemauiniidsaes (Root-
Sum-Square) U94A1971340ML0d VoEIUYSENBUBSNENN (Harmonic Component) fiusn
o1siduiea vesdiulsznounuAvanya (Fundamental Component) iWuidufosaz
uansluauns [5]

AANIREUNTELag1suaiing I

z;.:z h(rms)

%THD, =Y=22 "~ ,100% (2.10)

1(rms)

AP B ULSIAUENSURTNTIU

z:=2V2"("’“

%THD;, = ) 100% (2.11)

1(rms)

Toedi Vi (rms) : fensiduieaveusiueiueingisuil h
I (ms) : AersiEueausnTEldaiuedna Ui h
V; (rms) : FhmiﬁmammLmﬁu?’immﬁwé’nga
I; (rms). - ﬂ"ﬁ]’l‘%lﬁmL@ﬂ%aﬁﬂixLLﬁﬁﬂﬂﬁJﬁ‘lﬂﬁﬂya

50 Hz‘

P

A 150 Hz'

350 Hz |

o Y ' i v o da a o w o
JUT 2.19 Mpgregurdunssdunfisnsueinddiun 3 was 5
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=l

ms¥arerfueiinluiit fyavszasdiiensdinesssunrugunsiesesuein
winheglusyiula ssiinansenusonsiauesgunsailvindus nisli szfiansanaiiu
quussldnnnsuioudioudeyaiinldfuddfniisey Tiludedmuavdeunsgiusneg 7
WRendies 1wu dedmusnginusisniuedinusziangsia wavgraminssuiidavilnsangyinany
na1unsbeAa (nre. nWu. waz nWa.) w3 NMsEIU IEEE-519 %3 oEngineering
Recommendation G 5/3 \Judusgrslsfmudsfinedeslinuddydusgredafe dos

niuindeyaildmnnsintugnies smedmiunmhluussdiussfuveimiusuuss

2.2.6.1 vanmyinnszuaersiuing

asdmiuianszuasnsuedin  Maluudresldsedu Curent  Transformer
(C.T) lunsdifigaimbunsesafimdslninligadnagls 1. Mduvin curent clamps A§os
Auawllaiay dquﬂiﬂﬁsﬂuﬁzﬁmmﬁuqa zAiMTIanIY C.T. 91969919 transducer
ynsufussdunssnaliimnzauduiedasia Wieen 1. Jumisuaszian magnetic
Wuiefuisesinnsandesruuiudvesdisusie fe Sanlassadiewes CT. 9
anunsnnsauRgulag 2 kHz fouzdidestianensnevateimemuanntn sgadlsa
AUANANMEYRY C.T. Aziinansenumeyuwa (phase angle) MINNI1VUIAVBINITLLUATITUE
an ‘eﬁl\‘]U’Nﬂ‘?&ﬁLﬂuﬁ%ﬁaﬁﬂﬁmiumﬂLﬂ‘i’]xﬁ?’l’m&auaﬁﬂWi’ﬂﬁlﬂLLUUqﬂﬂ‘iifl FIUIN1TDALUY
Feulusunsuuy LabVIEW saensiusianisasindauiiamenisinavesnseuasiiueiin 1y
fiu

2.2.6.2 vannyinusinugrsiuidng

Tnehluuduedocinregnoanuuuiifieldrulussduusssusuiniy faduddu
myiausfusiuein Meeduussiufingnn faunsofiagdersesinussiu ssmiregadn (bus
bar) futadeainlilaense lunsdinfissiuusaiugstu wdesransosiumiiontausaiu
(Potential Transformer ; P.T.) WiteUSuszsiu wsssu Wamngauiuesesds lulassuiifay
Yoriu P.T. floanuuulshas uardeiiesdesinrsanduiiey fig mInsvausmenIudves
P.T. fesfuazaseunguiisemedmiugunuivesuseiusfustindusiusinag Afeenises
Io §rvrnnrsnevauemataudfIng1s farustiugdiuly feedialdadivals
mamadeuluananduade Tnedhluuda p.T. i edeildnswidenivosudngalndiy
eiiBvEnavinlassaeneluves P.T. denimevauss Jvliaunseasflunmsiuls 3emas
fvuaddiu Alaigannin Wuilddu 1413 Wudu wazneasuliulaneu lunsdfisedu
usaugandaud 69 kv Fuly wifeuvasussfudnlvgjaeiiutszian QVT (capacitor
voltage transformer) usiflasaneaudnuuzyes CVT tugnesnuuusnlifintmmevauesiu
arudldmanefinruivdnvesszuulnih fundamental frequency) fatudsldivansaud
gzt VT wnlddmiuiauseiugsueiln usnanasns U seawe AR iBunIAILE
fanam

iy, SeflauvmegnanslssnsiviliAse Sludndduluseuuiiediatu qunsal
T laiduidadu (Non-linear load) 1wy Bunedines, aeuies wef viogunsaiaind
#1199, wvaeu v (Electric Furnance), winudenensa (Arc Welder)
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wansyny JywansuedniviiliAananssnusogunsailuszuulnieandu 2 nsdl
GD

- vhlgunsallussuuiinsvhaufianaiasenavesrusifuasnssuasfueiiniid
yunuay JUnRudyaleRaiieuly

- hligunsallussuuiiongmisldaudesawiafinnstigaidevns iesaniien
rms YBIUTIFUVIBNTILE qnﬁuﬁlﬁmmﬂﬁhaﬁuaﬁn Y38lNM IV IBVRIUTIAULALN TTUATNS
uailn MAnanersusin Slouuud

2.2.6.3 tymersueiniadwansenusogunsallussuulnsin

1. wavesgnsueiinsleuuudiintulunsdfmnfisTosuudvessruulunsetuaiud
giueinvhliiiansvesrunvemsifiunansgiassueiin Wunaviligunsalldsuanu
Fovneidesnnldunseua wasusaiuiuiiin

2. navaanswissfuedniilmaeglustuudmireuazanedailiiAnmidagadely
ey VirlilseAvsan nisdstigasas oswnnssuaisuedniilieiondisuea veq
NIEUALAE A UMDY

3. waasnsiaeniuelin Triple n @uil 3; 6, 9..) Fneglunguitlichduilugue
(Zero Sequence) usguy 3 Wi & de srsuadinnguiissutuiulneodluameiinsea
ovilvieneinsauraviioutandemalamnlafl niseenuiuusesiu

4. wavednszuagnsuelnyialididvaaidevaeiiivaawazindigyde
AnsENENS (Stray Flux Loss) vosvsiawasfid vty wazvlissavsnmnisluiulvan
vosnsiauuatanasly (derating) waveswsIiUE IR dNIMIMIARM gy denszualnaiy
(Eddy Current Loss) wawiaegeyidesainedda (Hysteresis -Loss) Wity

5. warednIzuasrsualniibiinauisulazaunssnladiannin (Dielectric
Stress) fiufiiAmU T3 wazarvinliihdvewmU@mesvedennIsidanulnd naves
wiwiugndueiindildiamidaydeluan @wes taznannnneslouuudiiang
weSilViAnuenenssuauasusstussuetinvuslvg fulu weanuvaenstelunislde
gpsAUdmeSanunsanusgAn s latasussfuafuelin A dinesiiosnuuuasieain
AnARlAAVUAM AT W M3gIY IEEE Std. 18-1992

6. navasnszuagsuefinvhlminamdeulumindiiuiu vldsnvasnar-nszue
(Time-Current Characteristic) vasfladiUasuly nsdififiMeadsesudniatuiiadozvnnoy
Tunanfifmun dslunsdififhdnalnglinsvanmgazidumauanerfuednlunsdifiina
Azislewuuglaguiu

7. naveserduedinviilinsvihauredadiamanndeuey fuauautinimh muves

U
J Qs

wiln3iad N3y mivessiadyiln Electromagnetic JuagiuAnIzuawazLssiu RMS diu
mavinuvessiaduila Digital YustfiuAusinubanaiu (Crest Voltage) 991nA15 sampling

i . 1 o 5 Y a o o a
WarA529A1 Zero Crossing ANSEUavIausIRuAud Inednvueviivsiadinuianaia
Fatl
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- Wlvnadinmhaudias wievihauied (Pickup Values) igs TngundTiaday
s RTIAduasyhe feEue

- nsdififinseuaeduaiin Triple n wnnesaiilinsasadviuianain (False
Trip)

L3

- yiliiadszeenne (Distance Relay) ¥iaulianann senavasnszuasisuaing
yhliBufuaudifiutuiennadufiuaud Mnsaviedaruindnga

- FlTiadadnuuuninude (Static Under frequency Relay) Sinalandaund
ohlAfianmivRawain

- MbWsadnszuawazusiiuiu (Overcurrent and Overvoltage Relay) vingtu
RewananuAnaLTRTIRGLY

- ildruslunisvsuveSiadviiananng Differential Relay) ¥iaudias

8. WaveInIruhagIsuadnfinanizNUAeAILAINISII N1SARNSZME (Current
Interruption Capadity) 283gUnsalelindifies Aavilveuinresdnsinszuaiisuiviig
di/dt fimgdluvaziinszuatirduaud Wunavibiwasimuraneshisusadnnszuals
dleflensunin fetgmilasiatugunsaiugilddnnssualdiguiu

9. pavesrsuednylifimesTadlni (Watt - Hour Meter) Fallufimesuseiam
uwilendr (induction Disk) ¥in s i fanansld Silasunfinisufunsafinesiuasvh
mMsUSuusisiiesandnya

10. nawassniusindainiesdnslvil ildhadsgdaiiuiy \unahliaTesins
founirund vlueimes wileai mmwmﬁﬂﬂﬂﬂgmifﬁﬁaﬂﬁq (Cogging) Aalaianunsn
amdvuamesld nnamssmawediiniirudadslesia waghliAnn1seeadian
manavedsesdinsliiy Selinadetssansnmuasusslinves ndesdng

11. wavessnsuednyinliAndygansuniu (Noise) luszuudeasiguluszuy
Tnséwsi nanimpienandanavilinnsihnusesgunsalingg Remanaidu gunsaideans,
gunIniszuumuguuardesiu SnvieduiliiAnnsanydowdnu FweglusUvesmiou
wiu deudaslni, uawmasiuibh, anglwih uasiwesfauinines wazdudumalviongnisly
NuresgUnsallivianasine Wusuy

1AsgIu EC uae IEEE  IdMiananieusniuedng: %THD (Total Harmonic
Distortion) tJuduensefumuitsuansueiin Tnewfleuaindnsduseming Arsnitaes
yeamaINidaeIvesduUsEnausueiiniurvesdiulszney arwavdnyaiieuidy
Yovaz Teazusneeniu Amermiiiunszuasniuedingn uarmauisuusuesued
N3

2.2.6.4 wuamilunrsudlydymersuein
a) Uaymensuednlusesus
dwsuilgmenusiniifnluseiui agliianansenusessuuviegunsailuiilag
ssuulihiiitamlusesuiitdhiswdudosihnsutly
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b) Ugymersusinlusziunans
= I = =x ' ¥ a = '
sedilgymiluamaunmininlussuuinniu wifdslineiifetymnqulsswaseuy
=} i o al Ad = 2’; L2 | o I s
winguasallnil uadmiuszuuluihnlins@indadufudsey Weiinisusulgeaid
Usznauiias erafistgvisTawuudninmn ma’mﬂmaLﬂuﬂzywmswmlﬂ mmﬁ‘lwamlﬂ
Thonsasuruin wIsunisvaaiuiulsey mamﬂ"ﬁmﬂmqaﬁniaamaﬂiaaammm
griueiinuisdiuseniy FsastredesiunsiiasTeuwuudlussuulninle
o Ugymansueinluseiuiuuse
dwiulymensueiinfiialusedusuusadu asviliiAnanudsmesuussseseuy
=i=J o u e%’ 2/ [ =3 3 1
wazgUnsalliln lunsdimfadgymssauguns@u szdasinisiesziszuuiniiagn
= d‘ 1 o =% = dl' a‘ o a 1 o a & a
aziden Wevmamguazuvasilliavegisuaiin elazauisamiaunasinudagisuedn
o v o ac o w '3 a ¥ A ad v a '
Adrusunauszuunidala InedsnsiidnensuainTuszuulnvidu fvatedsaeiuy wu
AT IEFINTeUUNETN (Passive Filter), IFn1svsivenseuadqazldsnsaawuuianiin
7 = 1=’l} v o L3 = = a‘ P -] Vo
(Active Filter) uanaindl fadinsntsanansueiin lnamsnandanansenuiotayiliianu
Feveaina1suainld Wy n1sanvuiai navdasladkasiiuruinuadaiaiingaa iy
a w [ & Py - Y o = = = ° v oo
Ane widdn1stalslafgausnsaivinguy arssuulndafinasildsunUasdeaavinlviusua
vesgnsueiinildeulude 33nsanannagliauisaldlédndaly druisnslddinsaswuu
g:; = 7 = 4 1 o -9 & 1 1 s
Wiy dvefraaruisardnsrsuaiinfuiannuwuasiidiatuszuule wiagaalsfniuia
a oM v a o % Ve an ¥ 3 a i o X
nsesvintlagnesnuuvaielgludiiesntuulivindy delidannsaunlvenfueinmingu
v 4d o a [V 2 s i
Manduilayiinisasuwlasseuuls d2umslaaInd1nIaLUuLe ANNRAY 9T NUALTY
3 = L = 1 d 1 d’:’ G'I A o
nszuassetinlunisdaniseninelinfeunssdigseuutiy lnemldudedsuuiauazd
1 = - A L7 7 0‘: =y .73 1 1
luifiusganSnmaadn fdunssuaunmsimsieidyanalihnsunisdenldiSnnsanagly
o w Y ) 1 = al oy
msudlelgmisdaudifgy Welvifssduanusuisuasdnauissuednidoinisudly
Foazhivienansadienlidisnislumsuiluliesngnisuasmnzausialy

2.2.7 Buwasarsuaiin (Interharmonic)
nszuavioussdlwihiifanuddudwunhitlidus wauiduvesmufiyagiu 50

Hz W@y 2.5 Wi w50 125 Hz \Judu Tnsoraiearnmaviaeulnily (Arc Furnace) dnwaiznis

WNauaznansznuIziidnwudwagfvaisuein

| sl
(¥

Interharmonic 125 Hz @

Amplitude
& o o0
el il

-
e

B
L

T

T T T T 1
0005 001 0015 002 0025 003 0035 004
Time

L=

i W aaa & & a
JUN 2.20 ussiulwiiiduwmesensuelini 125 Hz
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= .
2.2.8 Aaausagun (Notching)
a a L = o a v fa o a so a
AuRaUnAmMaksssuliiuuuduamuiifinannisldgunsaldidnnsefindiduiie
& = o ! ] a @ <
nszuagniudgunnmanisluddnmanis wu Intaweslafilagilviianudawnnuas
a5 alden Wunaviligunsalvihoulanain

12
;_ Notching [/~

7 7 7 T T T
0 0.005 Q.01 0015 0.02 0025 0.03 0035 0.04
Time

[ Notching (FFT - (RMS) 1]

= [ aa 4
JUN 2.21 ussiulnilliedusaguin

2.2.9 dryeynausuniu (Noise)
Fygrausunrumsliiininaglugvesnszuasazusafuangunsaidly

Sidnvsetindrds maseatPuvesszuuliiligndes wie wmaeslwiflanansosuniu

nsvihuvesgunsaiidnuseiing wis Asuiawasliviuiawainvseliaunsavheuld

= Voltage @

0005 001 0015 002 0025 003 0035 0.04
Time

o

SUT 2.22 usssulwiidyaasumu

o
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or = y
2.2.10 useAuUnIsIWaU (Voltage Fluctuation)
a A o o=y 1 a 1] g 2ﬂl
wssRunsEeNansaldmdeuladn  nsduudsednetng  wazdrludunves
@ a P | @ Ao g va v A
wsesulni Tnefirmaudaindy 30 Hz dwivanveiviliAnussdiunssiies 119 Nuan1s
yauvalvannldmadd il Wy wivasy wisutoy 1Judu FWaNIENUIIN  wIIAY
o a 1 o & LR ' ] Ek[, v
nseiiau Ndwasaszuuliin wausadunmiiulasaniilarannnisyinauvesdvaniily
1 1 1 a 1 4 as a
wAIdINY MIseuAInsTEllnnsEnsUsTrLdy warsazannlaanaIasialinsensy
. = Y ' s Y] P & . .
(Flickermeter) 5U# 2.23 uansiiegndgyanveiussiunseiiveuslugiuuu Sinusoidal
wa Rectangular #ua1aU [6]

Voltage

EERRRARE

T
Voltage

b8 85 . BB 8¢

o 005 01 15 02 835 B3 635 04  Bas 05 o @05 o1 eis 62 02 03 035 o4 045 05
Time Tiene

(n) Sinusoidal modulation (1) Rectangular modulation

d L7 1 L7 2 dl.
U 2.23 feddynanseiulvnseiiiey

2.2.11 annudlninliasd (Frequency Variation)
d ﬂ 1 1 U U - s 1

nsnrudinilusyuulioihiu 50Hz susraiinannnisdnisagisgussslusyuy
dsnaalnih vidansdalnanUSunauinanseuulddy auiiliesasiidalndmevavel
L) A A o 2/ 1 o L Ad o L7 -7 r
JuauauaayuwUadly ilvinansenulusgrund msussuuninisinauduiusiu

a a

ANMUD WU TanUseLnyaena

. Voltage (Collected) I

Amplitude
(=]
L

Time (s.)

| v o ] &
5U#l 2.24 UmRuLsRuRInSURsULUAIA D
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2.2.12 druisznauananasnislniiigruma (Symmetrical Component)

dausznevannasiunldlunsiinnsiussfuasnszudlwianinaluvaeMidn
szuulaianna Tnsnsdifiszuuaninaauga (Balance system) dhutsznovauanasdFuia
auuazdAuagudlianlugud drunsdszuuliauna (Unbalance system) dauusznay
aunpsasiumaausazadumanuslidurud Tngldnsdredeasdulsenau 3 daw s
szuuliihaasnansaes iU 2.25 (2]

VA 9
e Vao

120030

\ 120 D31

\,L'l \r"b| Ve

& S 2 . S
Positive Scquence Negative Sequence Zero: Sequence

Ui 2,25 dadsenevamnmavnalihanua

drulsznavanuinsainuiauln (Positive-sequence component) Usgnauaag 3
waiae$ (phasors) Affuuiawiniy aiWasiisiy 120 aen

dudsznavaunnsdnuaas (Negative-sequence components) Usenaunig 3
wiga$ (phasors) ~ Afluuimviadu yuiasiady 120 8em uiidwuinansedufu
AUUsENBUANIATAINUWEULN

dIuUsENRUANINATAAUIARAUE (Zero-sequence  component) Usenausiey 3
Wawo$ Afivuiawiiiutasiiyumawiniy (in - phase) Fuuannsni@uduaunis
AR usvasuMsa el

Va = V01+V02+V00 (2123
Vi = Vi + Vot Vig (2.13)
Vf_- = VL‘I+V62+VCO (214)

wardunsalsuduaunisanudunusiunseualduieniu

la = lartaztlao (2.15)
I = lpsHpatleg (2.16)
‘(c = Jrt:l""',c,‘Z'*'[r:i.') (2-17)
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lunsalfiszuvauna (Balance system) dhudsenavausnasadumaauiasadiuie
Aud Srdumud Adunasiumarawes uaasianmusznau 2.26 srunsdszuuldauna

} 74
L

(Unbalance system) @uusznevausasiauiaavuazadiumagudlaiduguddniy
HATIIMHALDT Uanadgun 2.27

Va

120° | 120°

120°

Ve Ve

= 5 Y
FUN 2.26 LansvEnIuIInuTeN s UuaNna

Va

90° 130°

140°

Vv
< Ve

JUT 2.27 uanaiaiwesussiuvesszuuliaung

wansevgeivesdidsznavaninas wldlunisinsziszuulni wu ns
WATIANTEN99T MIBaTeiksiuldanna WWusy
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2.3 mydauazmaiudayamdini

AMsIamalndn vanefe MsuSsusuUSuama i ndasn1siatuUsualnia
o o 2
asgIunimual)

= ar &
2.3.1 wsaediadan1elwnn (Electrical Instrument)
- A W < - A el ¢ ar o & I a o YR A
wsesiladnlvin [WueiesdieNfimudrdguazsndusgededmduralnimvie
AmnsuazgnuuRnundulni esnnieiediealwihanansadanlduselovily
Nuinuaznagey NuaTInde enmadeutipeinvssuulni aresauumvaNUzIIM
v w b @ o | = o o
msldwdanulvvvesihuine e waglssnugraivnssuauneiig 4 insesldlvinlday
QII i - Ll = v 1 1 d 2 L]
Mmlufegvatein uiavellalduunnaieiu gu wasesdiedanssualvin  Sendn
5 a I's - A ar 'Y P & ¢ & v = A @
woudiliwas winllatausasulvy Senladiiwas Wusu Yszinnmasasilatanalinia
aunsantseaniiiu 5 Usenn desalud [7-10]
2.3.1.1 Ysglanias el Salwiusaumiiiasnusuam Wi
Usziamad aslladalniawvsmnumihiladausunamalwida ansawuseanladu
waeiin Aesalul
a (3 § LY i v o E 78 cJtv o
a) woudlwas  (Ammeter) WuspsasdiatalndnldvinngminUsuu
@ =
nsgwaliih fagui 2.28 ()
€ a cd 73 ci v o 27 niq} o
b) lhadiitwas  (Voltmeter) wuwpsasiiatalndaldviandnfiTausuis
Y v pu|
wssmulwily fagui 2.28 ()
a = s wr N v o [y B =
o) Teviufiwes (Ohmmeter) 1HuesasilaTalniaAlgvimiaftauSunumnu
o o a
suyuldi Asgun 2.28 (A)
) &a 3 d as % o 24 Aw = o s
d) 1Rlmes (Wattmeter) DuadesdiotaluiildviminisnuSnaridslni
39 AI3UT 2.28 (3)
Y d U o o IU =3 o L7
e) 13imes (VAR meter) uimdasiiatnlniildvimid iausunadalaiin
1% YY) o
AIUNAU mgﬂ‘ﬂ 2.28 (9)
=X [ a 5 o Y 9 v o -
f Alatarerifiwes (Kilo Watt Hour meter) iuiesasiladalndrildvinniiag
TatFunaumaanulii fesui 2.28 @)
a Y &»L & P A ar o v o v o
g) rsesiiinAudlni (Frequency meter) Wuiesesdiodnlndaldvinndng
L7 = & s s A
Tousunaurnualwihnssuaadu fegun 2.28 (v)
§ L d J ¥ o
h) w3ssdladaauduauiy (nsulator meter) wWuwpasilodalwdrildyin
v do - I o
pAYeaUsunuenuuauulnda mgﬂw 2.28 (=)
o = & W a - @ v o v e
) weSeadiadauSunmnas (Lux meter) tHuadasiladalndrnldvinninite
UTInaumnuduveuasal e fsguin 2.28 ()
5 = v @ aa & " a A W o v o v oo
) wndesiledndaiiimes (Multi meter) Wunsodiotaluialgviuinia
USinalwildvateasne wunszualiiy wsesulndn wazanudrunmiulnda udu
w o
AIgUN 2.28 (1)
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° .\\\\\\M\‘\\u il u:bﬂdg,% / (4 \\“\\\\\\ml]lrr!lu;,/”,//"a
mA

DAGATRON
T3 :

(n) wouTmes

4 as 2 o aa
(a) sl inUTunaas () wisesdloinlaffines

= 4 ar | v o
JU 2.28 Fesiiainluuinumiii
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2.3.1.2 Uszinma sosilainlwiudesuannisiiet
Usznmasadlaalnuusmnuvdnnisinauanuisanusesnladu 3 vis Aell
= a a k=
a) wasesileTalvdwuudidnnsawnaiiin  (Electromechanic Insturments)
) a = s ° = = Y o
wuede  wesesdls Tl ndvdnnisinaulaenisivasuusunalwi e ldmdu
< o Q v § al d { t3 o 1 - ¥ 1
USunaumnana wayvihlidiuedeudl wasuindudaanaindiwriafulugaiuy
ar =
ana sgun 2.29 ()
§ ) aa P & ar i
b) wniesdiatalnfiuuuilnea (Digital Instruments) WuipIesiloTalvdnd
s o sJ = du v o 7] aa ;7
nann1svireulagnisdsulsnalnidialndudyniuidnea  ududanwa
oo Y] v} =
Usinauirimeenuniludiay fagui 2.29 (1)
= A -1 & = P A W
o) isosindalwiuuudaigud (Null Type Instruments) maneiia a3esiiadn
= o o P a o v v . Y a o 1
T AsivannsviulaemsiUSsuiisuUSinaninsinduUsuasedainguan
I & < H v | = | a W o = o
wéh TnedionisfpdugrasioEdadundr daufluansdveaiosin M3aidud) 93
d' 1 & a7 1 1 di al 2/ = = & o ﬂl'
nenAue fregdu wvesinanuiumuliihuuuinalauuiad dagun 2.29 (p)

d at g U
(m) wsesdiotalviuuudaeuy

U

A A = o 1 s o
UM 2.29 piesilednlniuumnamannisvieu



34

2.3.1.3 Ussiamaasfiosnlniudsmurilavaswiiies 57
Usunniadesiletnluiuiinusinvasinirfies Taunsaunvsesnleidu 2 «da
sail

a) sasilofalndinnszuanss (Direct Current Instruments) e 13paile
folniildsaldanzUsinalniinssuansavingu fethasdasdlataliihadad
Toun wordiwesininseuanss Tanfiwosiniinssuanss Wudu ﬁqgﬂﬁ 2.30 (n)

b) inTesfleTalwinnszuaadu (Altemating Current Instruments) waingdia
s asiletalnih e TnlsanisUsunailwihnssuaaduwindu  fethardosiledn

IWAretiatlawn wauliwasininseuaadu ladiiwasludinssuaadu Wuday Ay

1 2.30 ()
4 & . 4 & }
‘i\\\\\\\t\thi ittty ; | 2\\\\‘\x‘.t1\uum| ity f’ !
\\ 1}:"/ ,0 \\\\i\ e -ir{. -
2 /""‘—"\\ !
'ff@ 3 1’...;'\"\. _,/-J":- "‘\\:: l/}'{?:/ [+ ‘

~

' ) a4 ) )
(n) wisddintnlndnszuanss (@) wiadilainninseuaadu

= a A W ' a o
U 2.30 wsasliotnlwnusnundavaslniinia

u

d‘ =5 s ¢ ) [ % d o
2.3.1.4 UsziamaseedoinlWihuemuansaenisuansaausuiodwiiviings e
s!' = -7 HI 1 L7 = A o at
Uszanasasilioalniafiuussudnwaensuaninausinal Wi fvinnisia aunse
wuseanlaiu 3 afia fadl
a s ¥ » . | [ of
a) nsesiiedalifuuu®en (Indicating Instruments) wanede leasinlndh
L7 4 o a 1 A o L7 L7
wanINaNITIneanuIUuEIYIINTIR Willevngainnsianad MsuanINanIsinge
L% =l 1 Q L7 [ dl‘l Ed A‘L é’l 1 ﬂl o
ngaTiudl 1wy vagihnsianssualiiduzasiedeunludrvuana uwdliiongaii
u Al - 4 1 A A L7 1 o 1 = U = L7 1 ﬂl U/
myin Wudiagvgedsuuanauazavinioufindugiuviaiuiuil fegraniosin
a o ' a a Py o A
Infhwilaildun wenfies Tadfimes Wudu dagun 231 ()
Al = @ =2 1 = = s
b) w3efiodaluiruuutufinAn (Recording Instruments) wanedis @saein
I finansnanisineanuilaenisiuiinuSunanineanundunsv fegruaiasin
a Sy & i & a o
wintlaun 1spreinmeiives diguil 2.31 ()
a o 1 5 3 = as
o wssddlaTaliuuuazans (ntegrating Instruments) e 1AT09IR
a Y do & | a v e @ v
T AnansmanmsinlagnsasauUsunal W AindusvueSuduninisinaunseia



e

=he

13}

- v ow 1 < v o Sy oA A w w a as w I3
dquganisin feghaniosilefaviailiunn wissdloTandulniwdanlatndans
= § M o ew a P

Twes viIeTnAtalaN Fsgui 2.31 ()

2 @ =1
(n) Wl talniwuudan

4 a o i
(m) LﬂiaQNaQﬂlwﬂ?LLUUﬂﬁﬂNﬂ']

o < a 1
3‘1]71 2.31 Lﬂ‘iEN']ﬂllﬂﬁ’ll,wdﬁnl[ﬂqﬂl,ﬂﬂﬂwa

2.3.1.5 wimnansaznisiluleny
= s ' ) o i 1 [ a
Uszunmasosdiotaluirnusmudneaensiluldeu ausasusesaniady 2 via

a) snsilataluiuuufnuss (Panel Instruments) anedi w3asilaTalwiing
dldldeu TeensBadadrduniavasgarunulei (Main Distribution Board)
Imaﬁalﬂa:ﬁé’ﬂwmsgﬂmqmeﬁammzﬁfm‘%’uﬂ'ﬁ‘émﬁm‘iﬁﬁ’uwﬁ’a g9t
wefiwesuuufouas adilwesuuufowne viowdesinrnudinuufinuns Wudu
Faguit 2.32 ()

b) w3ssiletaluiuuunnmt (Portable Instruments) wnedie edesiiedn
T flansawmdoudnelvunldetvasaan vazdilldou fegrtu weufives
WwuuAdes (Clamp on meter) wauaandafiines viienineaianines Wunu A
Ul 2.32 (@)

0 wiesdlafalniuuudalfiz (Desktop Instruments) wneds wissilada
Itidisiuunalug ddsdluldewldazmn wanzauniuldludefoins wu
\nFesletagundudaygalnih fimosuuusalfe Wud Faguit 2.32 (m)



iy
ae\ i

d at ﬂ’j o
(@) wsesiladnl A wuunalfy

= d A w 1 o v
5URl 2.32 el inlniwdanumsiilulden
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2.3.2 m3ian Wi (Electrical Measurement)
2 s l'-'i s L2 u
Tumsdudygramaslui Avszneumedygyruveswssiu waznszualnilndundn

% & v @ = e : o ) [
fosinsyrgunsainTadudygraidenis Jadudygyrmueuasn ntudygadildun
L4 1 w o o 5 as aa -3 o o
Wgnszuaunisnsrnialulisunsu Adndudedddyyruninoa vlddedinisudas
a & aa = ca o v o ) o 1
dyruaineutaanilufinea lagaziigunsalivimiiuasdygranisndiA/D
converter ma Analog to Digital converter Tmﬂqﬂﬂimuﬁlzm’mwﬁmmﬂmﬁlﬂmﬂmm
Ay ﬁrmuuavl,t.ﬂa&mmm 'waulﬂLﬂumumm’Lmuuummaamm%wmwuﬂmam
Bit 714 enn1suvasaniiin Digitization wazen Bit Aldlunsivuasiviuszivvesal
aa e = = 2 = 1 . = o = @
AImeanioseaziBaniidiasnisiiunda Bit depth FaduAvsusnauazidunvosdyyiu

- i ; e
MI0IWALLBEAYBINN (Spatial resolution) WuLes [9]

_ ] /D | Computer

y 00101011

! e S 00111011

\/ Yy 10100000

b 10101010

Phy_'su:al Noisy E!E{:tncal Filtered and 8-bit Resolution 00101011

Variable: Signal Amplified Digitized Signal 11101011

. Temperature, Signal
Pressure, Flow,
Position, 8-bit Binary
Velocity, Code
Acceleration,
Force

= Qs aa
JUT 233 maudaedaygannnewiaenidiuninea

a o e 1 a A
nswlasdygrninoutaeniuidneaszgnauarandyainlniiniuaaid
o . = i d\Ly 1 1 o &, o I_aa L7
wWasuwUadly (Data sampling) #silavduiildusazanvziuunilusefurfdneanusedy
= 1 e W i v = 1 o al = 1 aa nl\L!) dl o 2
Wisuwiiussuu bit AlY @annduinnuimiizaunenadneantniiioinlyaienines
v s i 2 ) i | a =y v a
wlandunmldauysaiineaudenniasuiiunudonts wimnguissifulunmilioziin
auraaeaouluniswlainim sibinmRaldainainuduais widguduiuanduly
v & o 2 o o = 1 ) o
wandimilvadenmudissldnmilisvasiBendiieg auysalmviisua wiunuuusiagyinly
nandldlunisussinanannfiusndu anudilunisdudyuiizondt Sampling rate &
' i a = o = = [, . =
wumﬂuqmmmmﬁ (Sample/s) vise Hz Alé mmmaﬂmqmauﬂa (Sampling frequency) ¥
Wingausend1 Nyquist frequency &adiAnyindu 2 wivvesanuddyauduatu el
anunsagadeyamadumnaianivesunduinliimiieududyauduatuld degun 2.34
@ v o = & a | ala akL P 1 =
(n) uansd g IUeUIRBNAUAUY JUN 2.34 (v) Aedyguguniiaunlun1sauuas @ugun
7 1 A 1 1 1 1
2.34 (p) ﬁaaﬁgnunmqmﬁmmﬂumiqumﬂ (NN 2.34 () 8g 10 1)
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12

i Volage [N
0.8+
0.6
0.4-
'= 0.2
ERd
o
5 021
0.4
0.6
03
-1-
-12 T = T T T T T
0 0005 001 0015 002 0025 003 0035 004
Time
2 o Lo
(n) deyuniauaanAUauy 50 Hz
12 1.2+
N - Voitage m
0.87 0.8+
0.6 0.6-
0.4+ 0.4-
£ ez- £ 02
£ of & of
E 02 £ 02
0.4 0.4
0.6 0.6-
-0.8-] 0.8 )
1] -14
-2 = 12 T T T T T T T
0 og0 0015 002 0025 003 0035 004 0 0005 001 0015 002 0025 003 0035 004
Time Time

() é‘l’fgfmmejuﬁﬁmmﬁumseju 400'S/s  (A) Eyanasduitiiamdlunisdu 1,000 S/s

A ) </ s L4 U
JUN 2.34 NTENERIRIMNIINFYYIUAURUY

& v a7 < Py - S Y 2
aginulddmingudynini’d galdannnisguissnuiaindy Jadnsly

: & i ai as = = .
Sampling rate Lguaaamwaqzﬂmgw‘mmasgagmwam AUNEBHVBL Nyquist 13181338
28 ar k7 1 1 < =l v
lﬂ%gawwmmmaqammmmnﬂaq Lmﬁlv‘lummimnuwaavLaamaasﬂma‘uaaﬂmw‘lﬂ
FVUA LN uu‘lumwgummmﬂﬁ sampling rate fivssana 5-10 mwaammaaqam

Yoy L'wa’lﬁlm‘sﬂmawaqﬂiwwmﬂmmmﬂmu [11-13]
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233 mnﬁu%’aya (Data Acquisition)
szuunmaivteya lWunsfiunuradeszideyaiddununaasmidingenans
dnupeNiumeT lagagsinmisldiumeuiumesimlulag 16053933 (Sensor) viwmthd
s & o = 174 at 3 v s
wlasdygramemenwliduuiinumslni udwdasdygratuleglugvvesdyain
Admea WigssuunsuiameTiurerdwITUssenAludn w1931 (Real time) [11]

2.3.3.1 asAUsgnavvesssuUMsAUTaya

USUIUNINIBATN

!

fa5us
L7

.

2esUTuanTwE I

'

daupiuRunsiiudeya
uaziyansenuasuiLAes

!

FanAwsldUszulanan1snauiimas

JUT 2.35 laezunsunisvheuvessguunisiiudeys

o o o e

o ° 1 o I
JUN 2.36 wanalmazunsunisvinnulesduvesssuunafivioya efidwudfy 4
d1ufe

. Transducer/Sensor/Detector

= o o a ¢
UM 2.36 sUsuuvasTzuumMaiudoyalaeldpanfumes
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1) dumsnnvindygyimuninienin (Transducer/Sensor/Detector)
ﬂig & s a o o YV =Y U <
Tuitlagldin193u (Detector) #3U3 (Sensor) 3o AuuUasuIum (Transducer)
ieuUasuSunamsmenwindudyaiamialin

2) dnuTuanmwndmyga (Signal conditioning)

Iudauﬁﬂmﬂuﬂﬁﬂ%’wqaQmmwwaﬂé’rgﬁymiﬂﬁﬂﬁmmﬂdauﬂwmi’ﬁli’ﬂﬁfgfg’!m
‘Vl’Nﬂ'WEJﬂ'TWﬂ’Iiﬁ"ﬂSﬁdﬁfgfgﬂmﬁiﬂlﬂgﬁdiuﬂiﬂﬂuﬂ’liLﬁU“fJ’E)%;JIa wasnsideusietuneyiumes

Tnewihfiuvesdind Ao nsvensvunedygia Wesndyy udnlvgildann
drunmmnaiadyaramenieaiwasivunadyyiuiiunn Useunn fadlad) wadind
fyusuniuanurasyin m‘lmmazycmﬁuwmlﬁimﬂmmLLaV“Lummmq

uaﬂmﬂuuaa%sﬂiuamwam@maﬂﬂumﬁLLUaaammmlwﬁﬁﬁlu‘mas"luwmm
AuaeAnglnila ’meag’tugﬂﬂuaammmNﬂnélwﬁ’uwammswaqafgmuwmuu’lmﬂu
dyerauAdnea 1iu msuvasAnszualii 4-20 mA 3ndansiasuglviduanusinedng
nszuanss 0-5 V ilumu

3) dumugunsiiueys wensiieuderiuaeataties (nterface board)
dunamusnniudeya tazmaideudefureninmediaziiog 2 wuu A
wuniadoy weewuuidaudanieuen Tasfluuumsadsuasinaeunaientensreneios
Aeuames FsAaden1ula PO daunsidleusientsuanaglinasadoarsuinsg liud
wesnaynsu RS-232 Waspwuy IEEE 1284(wafniaTosian), wasmuunu IEEE 488 vidotia

GPIB saufiadanuu VX

Tneludumuvnunisiivieya uagifonretunauiamesi arafwmuslsivhuihd
DENLALT sBUINNIN Lﬁa%'uﬁflﬁ’mﬁwut,l.ausﬁanﬁunm , Ay IMLaUE AN ANA SU
A IUAIREABUN, dimdyauRlnealR N kagiinTiuInnuvsediuna

4) gandwisnlglunisUssananateya (Application software)

' =1 ¥ o o ¢ ¢ o @ s ¢

dullastuiunsiaungendusinelylugaUssasdla Tnglunisimugenduases
Ansaudediia 3 Usznishe

a wa : < - ¢ & w ¢ e

1. szuulfuiinisildluniasreuiunesinderuazmnlunisiauigendwisunn

DLERTEN
A k%4 '3 (3
2. antergluntatisulusuny waznisldvansiwig
3. AUENNIATUlATE I NYINAWIT hazeniauas
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o as g e
2.3.3.2 anwazaggaluszuumaiudeya
P 21 o & i = & = A o
welihelunishanudila ssisuiisussuumaiivdeyailuwmiiouvienns
A idnd visluwmansadamaniidefidunalaqdadunnivaent wwladeya
& u = 1 aa s 1 o ar
IANK 5 anwaEAD AdnIurAInea(State), ansaiu (Rate), seaudgy gyl (Level),
i = @ =
suARU (Shape) wagA il (Frequency content) wanasiagui 2.37
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Iridmuideanisuding Save to Disk wdanm Connect Wagufl 3.41 udazwindusagud
3.42

P Document URL
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wiidlesnnlusunsufigdavianunsavhnisuaulfuanangluedoailesanlais LabviEw
License dfufiwosi) ﬁaﬁumqﬁﬁ’ﬂﬁﬁﬂﬁﬁﬂﬂmﬂm TeamViewer 1nUszgndiieilusunTa
LabVIEW E"I’lu'ﬁﬂﬂ’lﬂ’ﬁﬂ’a‘Uﬂui‘”H"Iﬂﬁ‘lﬂL‘Uuﬂu ‘[ﬂa‘nﬂaumma1amﬂﬁaamm-mﬂwﬂuuawm
ma‘[ﬂﬂluw.ﬂummﬁﬂmﬂsu LabVIEW ifigauavinisindalusunsy TeamViewer sigedinios
wdwhnsdeusedulasriussuudunedidin é‘fqgﬂw 3.43 uaz 3.44 [32]

&

Remote control | presentation

Wait for Session- e Creds Sééériér'r--

Please tell your partner the following - Please enter your partner’le in order
ID and pasmord if you are waiting. . 4 o create. asession.

TEEEOE  ATISEAL TR

= v Py |
sUf 3.44 wihgedlavinmsamulusunsunulusunsy TeamViewer
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at ol u: J &5 97,
Tutagiunauism National Instruments Mdurdiweslusunsy LabviEw 1éiinns
WauneUndnduluiletio viasyuy i0S wag Android Imeildedn Data Dashboard for

LabVIEW firfhdsimiuneg fasuil 3.45

Data Dasnboard Dema L]

5Ud 3.45 shaghalusunsw Data Dashboard for LabVIEW
\WesenuaUnaLaTy Data  Dashboard for LabVIEW fdswautey ddmvideld
a ) . = o 1 @ =
weUnaadu Teamviewer fidsnsnmivanlaluilefieiuiusmaaey fsgui 3.46 amnse
| | I i v (- | € o o
WeineA1AIY  Front -Panel uuilofia wazgmuaumsaaduagla deidussloniduaui
Ao vinamnsiiweinelviluszeslng

P~ = | [T Y] ' 3
UM 3.46 Wweumeniulieforulusunsy Teamviewer
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3.2 n1seenuuuYngUnsal

¥
Y

Wedesnsimindygraanssvulwihauma duiudefigagunsainlddu

3
Synaussdunaznszua Tnsyagunsaififesimassnuuuiited
1. yampuUaussdiu (Potential Transformer)
2. yansiauUasnszud (Current Transformer)
3. 2993lesiuusduiiu (Zener Diode)
Tnenhapaunsaiiideudetureufivstihdygyiondt DAQ snifusioans USB 91
DAQ Wendeffupauiumesifiewidygiauinszsigelusunsy LabVIEW ﬁma@'ﬁmﬁﬂﬁ
Weuld ﬁ%ﬂﬁlﬁlum‘iaaﬂLLUU‘QﬂqUﬂiﬁﬁLLﬁL‘tLN‘tJﬂ’IWﬂ’ﬁL%laﬁJGia‘QﬂqUﬂ‘iﬂj fannil 3.47 uas
3.48 AUEAU [17-18]

3.2.1 gavisiautasusasu 3.2.2 gpvitiawuanssud

(Potential Transformer) (Current Transformer)

. L

3.2.3 295U AN Y
(Zener Diode)

p ¥
JUN 3.47 mumauﬂ’ﬁaaﬂwwﬂqﬂﬂmﬁ

220V S0Hz

A

B

C

C.T. P.T.

(| T A
| Ea | GD Overvoltage Protection Data Aquisition Computer & LabVIEW
: O T 1 2 2 Program
I L A |
i < P

] < ' ¢
JUN 3.48 wnunmnsiyeuneyagunel
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3.2.1 yandlauuaauseiu (Potential Transformer)
wiouvawuseuiléifunieuuauin Isolated finanlay THAI TRANSFORMER
COMPANY LIMITED i Ratio wihifu 800/16 V fiagudl 3.49

3.2.2 yavdlauUanseus (Current Transformer)
nifoutainszuafililunmstad 3 vuna lnsuravednsmnefunsiaaufnaue
nszudlusguulnihivhnista Savis 3 aueiOumiouames SALZER 3 Ju Idur
B CP-62/WS §I Current Ratio 19U 50/5 A ¥fin Wound Primary CT class 0.5 «u
viioudasnszuavunidnnzfums inluandidftanszualiann eansedn
suRdurasnszuannivaniuldosignies iy MU 350 ()
" MSQ-40 if Current Ratio Wi 20075 A w179 41x10 mm. thusfaudainssuana 3
# wdafauuuesaudnIseRaf NIy 1 Q auuiuda Secondary veawsie
wlasnszud vilveminsadaussiuiiiimuinfunssuaiignuuatesninls fagud 3.50
()
" TP-58 3 Current Ratio Wil 400/5 A 9U1@ 50x80 mm. class 0.5 unsiautas
NIZUARUL Spilt core fianunsalathvemidioutasnszuald vlsiluadeeiy
anelwléiine fagui 3.50 (A)



Tnedi

= £y
3UW 3.50 vusuUasnseud

(n) CP-62/WS, (1) MSQ-40 wag (A) TP-58
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3.2.3 29953INWNTEAULTIAUL (Zenor Diode)

= | o o ) 1 a | a o 9 v

1199910 DAQ fthsussnuiatuisasulaluiu 10 Taadt nszwalaliiu 4 mA vinls
2 o = a £ vaos o a v O Yo o <@ [T @
spaihsasireelesiulaily DAQ liuussiuiiy Aulumedavhisldayninsesiostuy

L) a A 2/ ” o g L2 4
usssuiuiusenaulusie Zener Diode auaiiia 10 Thad wag dadumiuauis 1 ko lny
o A 0’5 U a = si' o & qr
Ussnauidunnsnugufl 3.51 mﬂuuﬁaanuvmqaiﬁamuLLsamumumsumﬂ‘muqm
o ) £ 2 oA o ) 2 ar
wilpulawuswuuasvileudasnszua Inglvill Input 6 ¢ Wesuussdunganioutasusasu
o I A o & L W a o

wazvifouuasnszuaudil Output senliuansumiiethludensisiu DAQ faguit 3.52

Tranformer
R 1kQ
800:16
AVAVAY,

AC @ Zener Diode

d = o/ s =3
3UM 3.51 uaninseenuuutasdesiuussiuiiu

= @ v a ¢
JUM 3.52 veastleafiuuseiuiuieaaauysel
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dlevhnseenuuugagunsalléa 3 wuu mniuihnisdeudegunsalfommadniy

DAQ uazneufmeSAiflusunsy LabVIEW §agufl 3.53 Fadenmusunmitléoaniuuld (u
71 3.48) Tl

= A peuimesAitUsunsy LabVIEW

B B: USB DAQ-6212

" C vileuuadusesiu

" D: vifouwUaensua Ju TP-58

B E 999NN TEAULIIIY

P | o ' '3 2
U 3.53 mnmsfensevesyrgunsaiilfeeniuy

d3Uuni 3 mssanuuulusunsuuasyngunsal

Tuunilfinauafinseonuuvresiesietaflléuauslumidts Tousniuaes
diufe sanuuulUsunsubageanuuuyagunsgl niseenuuulUsunsuldvinisesnuuy
wihselanunsadeansivilfnulfielidudou Tnisuanminimesiauaz iz ld
sanunluglresiiavuasnin drwniseenuuuyegunsal azuszneulume 4 dw fe (1)
vifoudadussi (2) vifoutasnszua Mdfudnaranssiusaznseualuseuu (3) yataaiu
usesuiu +10 Taavt iletiesiugagunsallailitAnemnandens uay (4) USB-DAQ 6212 74
wasdygrueufondudyyaninea neuiuinisdeusefuneuimesdilévinnns
senuuulusunsull Tngludiuvemanismaassveariesiiotn svauesoluluund 4
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RNANTINA &N

4 9w &t oA A ° [ v o vy o & o
wWelviyagunsaiimanindetieuazansahluldnuldaie fiaviduinimeass
v ot o 1 AQJ - 1 ) L4
wagnagaumNgNABdvesgngUnIaingInin lnethmiialdannsiesgddmisfines
= =l 4 o v oa i o o
malnilugagunsalluilSouiisuainigiu uazinsesind1adedneg luusazideves
Y L5 ] 2 1 o =2 o ar
aun el Wedilusunsuuazyagunsailinnugndsusiud3ahlunaaeunisiana
a a & w P
Iihluanuiiads lnstuneuntsnaaentulusmu Flow chart fguil 4.1

v L

4.1.1 msmAwianmdurasgaginen 4.21 manasRUIUEINTIA Basic Linear Load

4.1.2 mamAuiyuiiaiiasnuioulaanszug 4.2.2 mevasauivdeyauuusaiiasiy Non-Linear Load
4.1.3 ATI9RaUWIEIUNISYINIUYET Zener Diode 4.2.3 nmaRaLIAANKRABULSIALLALNs suAmFaaiin
4.1.4 meRAdgRMTUNIuTINIAIIn DAQ 4.2.4 mananeudiaAtuuilaus i

4.2.5 menagnudianfsunlasanad

4.2.6 mavagauLile Open Circuit 1 198 uaz 3 v
4.27 mewAnusaraiialuamfiu RC usz R
4.2.8 msvaaauwIATNgNAnsnalinszwiu

]

:

ﬂ'i'Wﬂil‘U%lN‘m <

ATTEBUATIUGRADS

4.3.1 vagsumsianulsslnilmatnudang
4.3.2 nadaunsanuauanines 3 old
433 nagaufumsingunsaimalniihsineg

&

[s4 mFonongmmneciutasiamd st
l

dyunanInAfes

d s ll:; =
JUN 4.1 uamnsuruistunaunsufiRnu
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4.1 nesauANNgndasvasyngunsal

ievngrgunsalnnaiauariinsgsidmisiimesmalainuse neudegunsal
wiiouvasnszua nifeuUaiseiy uazrsaslesiunssiuiu Tnowlioudanszuauazviie
wasssduasdszneulufsunuminuazunmnsiuaunn ildAansgyideivnainsy
ownannssualvaiu dnirgagunsailuldlaglildutloalulusunsuneuszyinly
Ansfiwedmilifinssdulifiruerainadeuluannaie dunsesteafuusediuiug
wUszneusheisumutasdiueslalen dufudeuiivzthyngunsshnldiuasdonins
yaseufiomAuivesyngunsaiturion

4.1.1 mamAuidnsduvasyngunsal

¥n1smAIrINeaIaRA e ure B LUt guanazusauUatusefuLR el
wsfivestialatimgnisdlaslunismasamneudialfuvsshelnihasasesn
wilouwdauseiu uazvilouwlasnszud liluandunasavnldammanowuuants vinisdeu
uwsssulninlisulvannaanlWilssfunsesiu 25, 50, 75, 100, 125, 150, 175 wag 200 Taad
tufinArnsyuaadefilinnuesuuendfunssuanailfainuioutanszuansanna
uanefen3en 4.1 alddamadnlvivamiioutanseia Tu MSQ-40 eauwla Faansredl
4.2 dunmAungasduvewmlisiuatwsiunviuulioundiouUasnssualneAusesiu
i dnnanuafilinnuieuUassunasmsnsdiulmivemiioutasusaiutianuna
uanssAnT el 4.3 Lag 4.4 ausdy agnuirwiildlnlesduiansd 6.5 War3U9es
MINAABULARIAITUR 4.2

4.2 wansIsnsmAnuidndiuvesyagunsal

-l
=5



a5l 4.1 Aussdiuenmeanuadildnulieutainseua fu MSQ-40
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Input Primary Current Secondary Current
Voltage A B G A B C
25 0.6000 0.560 0.6000 0.0123 0.0125 0.0127
50 0.7400 0.7900 0.8100 0.0174 0.0174 0.0178
75 0.9500 0.9600 0.9900 0.0215 0.0217 0.0223
100 1.1400 1.1500 1.1800 0.0255 0.0259 0.0267
125 1.2500 1.2700 1.3200 0.0284 0.0289 0.0297
150 1.3800 1.4000 1.4600 0.0317 0.0323 0.0332
175 1.5000 1.5200 1.5700 0.0344 0.0350 0.0360
200 1.6200 1.6200 1.7300 0.0371 0.0377 0.0389
m3eil 4.2 Adanduliivewsisiuasnseuariaaine Ju MSQ-40
Piffse T Y -5 N\
Input Voltagé ¥ & : .
25 48.78 44.80 47.24
50 45.40 45.40 45.50
H 44.65 44.24 44.39
100 44.70 44.40 44.19
125 44.01 43.94 4a.44
150 43.53 43.34 4397
175 43.60 43.42 43.61
200 43.66 q42.97 44.47
\nde 44.79 44.06 44.72

31Tl 4.3 Aussiuemmansiaitldanviisudatusaiy

Input Primai"y' Current Secondary Current
Voltage A B G A B &
50 1.029 1.020 1.016 1.029 1.012 1.016
100 2.044 2.040 2.045 2.040 2.040 2.040
150 3.059 3.054 3.056 3.060 3.050 3.050
200 4.078 4.102 4.104 4.080 4.100 4.100
250 5.108 5112 5.114 5.110 5.110 5110
283 5783 5,793 5.811 5.780 5.790 5.800




l:J 1 L 1 1 2/ Lr 3
A1319% 4.4 ﬂﬁ@ﬁl'ﬁ'\ﬁ?ﬁlﬁu‘ﬂaﬂwummﬁﬁLL'S\‘iﬂ‘lJ’b’Nﬁ']ﬁJLWﬂ
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 Phase
Input Voltage . : _ .
50 48.60 49.04 49.20
100 48.92 49.02 48.90
150 49.02 49.11 49.08
200 49.04 48.75 48.73
250 48.94 48.90 48.88
283 48.93 48.85 48.70
\ndt 48.91 48.94 48.92
A15197 4.5 Adasdnlnlvemiontanszuanasvdaulasiseuiily
/7 e o dudluliaunsy
Phase A PT S K CT
/| ActualRatio | NewRatio ' | ActualRatio | . New Ratio
A 50 48.90 a0 44.79
B 50 48.94 40 44.06
50 48.91 40 44.72

i v € o ¥ s ] ] =
nnammadeulumamAwivesyagunsalvinlildmdnsidiulniniunisned 4.5
; o 1w y = v oy ar o A 9wl dou vy 5
Faazihadnsdulumstlldudrlulusunsy fsgui 4.3 wieliriidaldinyagunsaidl
ANNQNABLGIINEUNTY

e
DAQ Assistant ——-ﬂ—-&_
Q. olsas _ R
T R
45,9446 15
[44.08 | |

ﬂi I ¥ 1
JUN 4.3 unudunidnduadulysunsy
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4.1.2 madufyunanifiaanudoulainssug
= 1 1 o o e v =t = v v
WesanAmuiananduiinlaannyagunsailunsdaldinamdudafiuniy
o ot v oo =i ° =l J I
Aumusynsniudniulsey wasdunueynsufudauvieni daueanndeuluile
= v 1 oaw v a Y P = v o 1 v A
WiguiguiuAmiuinlavinesadalaalaunanininisnedl 4.6 Ssdesyhnismauiiiveli
do o=y sl v a & = " a =4
yulanduiinlannyagunsaiiinnugnieswnndulasiisuiisuiiuesadaladlaudeay
4 1 el v o =3 a ¥ s 1 1 d LT
wuhdwudlmiideninnavesnaniiuie 9 e WewiAudrvznuiarusiuantuiin
1% st 1 v v 1 ale = a -3 @ =
InanyagunsaiimlnaifesiuantuiinldanesadalaalausnTuuans faansai 4.7

d 1 { s L7 o
A1519% 4.6 Aausaanvuiinlanauiinisudly

Input Phase Shift (degree)
Voltage Rload  aeesiseSewRC ] oad RL Load
%)) Scope. | LabVIEW Scobé sy LabVIEW Scope | LabVIEW
50 18.00 2N 32.40 37.83 48.00 59.10
100 18.00 26.39 32.40 34.28 36.00 46.08
150 18.00 26.04 28.80 32.55 32.40 38.14
200 12.00 25.76 28.80 31.48 25.20 32.44

= 1 o e o o
AN5197 4.7 Anusnaviantuiinlendsyinaswnly

input! 5| PR e 1/ (Phiase Shiftldegrear o T, |

Volta‘gé wed 1 ‘Rioad T RCLoad % Bl RL L;'oad
(V) | Scope | LabVIEW | Scope | LabVIEW | Scope | LabVIEW
50 1800 | 1847 | 3240 | 2883 | 4800 /| 50.10
100 1800 | 1739 | 3240 | 2528 | 3600 | 37.08
150 1800 | 1704 |- 2880 | 2355 | 3240 | 29.14
200 1200 | 1676 | 2880 | 2248 | 2520 | 23.44

wiannimsudluyguiamraiifaanudieutainssuanuinlenageuiulvan R
uag RL wamusnuwasEieeadalaalauiasynaunsal LabVIEW fimnalndifgsunnnan
Funireuhnauily Tasyuildlunisuife -9 sam muguil 4.4

Error Phase A

= v a a 2
5UM 4.4 umuAwiyuianifinanmifeudainszuaaslulusunsy
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4.1.3 ATIAFBUMEIUNNHINNUVBS Zener Diode

wasinwsziuussiulaelifiueslalenivdosgseminaumadsdnglniiiuinandeas
vhmthisnunsesuusasulineined

1. Tvanwdsuiufensuanesnivisu

2. usstuvaunasiglniiliingd wWasuuasuiszasneiudie

3. gamglivensasAsy

nnnseunssiufrdunalifidfisduides qaznuiusaduiue szt
InfAssfuussiuBunmiteuliivan sudeliiudnlng 10 hiaaenuiussfusuednaoe
fifsniussfusudunmdntesuazifoussiudunmiintugendt 10 Trad 2sfinefnwm
sysuusiusueinaliiiriaci (iiiy 10 volt) edesiulaliigunsal DAQ Wudsme
uilugreussiudunaifidunnnds shadasiiudusefue dnmasdaeiniusiudunn
nnviliAsruaaaedsufaiugunsiuiiiiigavesdiueslalondesunnliiu 8
has danuanismaassdilfvansinesinyssiuussduiiannsavhauldgndes uams
MI9ISMSYAEOURIIUR 4.5 (n) uae (1) TaemsrwanTnaaeIn1 BN LTReE
weslelonuanunizei 4.8

UM 4.5 uaniaeInsvaceu

o 1 ) v . P = v a
319 4.8 AusiuewpTliIN Zener Diode WloAsuusisuduns

Input _ itpu Vbtf?;e(V)
Voltage (V) 1 2 3 4 5 6
29 2.85 2.85 2.85 2.85 2.85 2.85
6.0 6.05 6.05 6.04 6.03 6.03 6.01
£2 7.23 7.24 1.23 7.23 T.23 7.22
8.3 8.03 8.04 8.06 8.03 8.04 7.98
9.1 8.37 8.35 8.36 8.36 8.38 8.32
12:3 9.11 9.09 9.11 9.11 9.12 9.04
15.0 9.48 9.45 9.47 9.48 9.49 9.39
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NNNIegeUNUIIguNIINuTestuelalanifidnuwseAunsaiuladnaliivinfu

o a = H cJ U e 1 a L 3 a e
usshuBunRABtINTLTIRUBUNAlILAY 7.2 Vims iawiiu 10.18 Vpeak Falulumudife
vesiueslaleatlitiuies

4.1.4 M3aadUQINTUNLAIIAIIN DAQ

Tunsuvasdyarundygraesundeniddudygradineaduardosasiui
wUasdya DAQ %‘qmngﬂﬁ 4.6 (n) \JuABn136e1993/U DAQ Mi3endn Differential wda
DIFF ﬁamﬁﬂe’[’nujfy,mﬁ‘mmﬂu,asmawaaLLwﬁﬁﬁmmwmlﬂlﬁﬁaﬁ’uqaé’wﬁﬂmq Tunissie
Fygnauuu DIFF agvhldiutesdyagraduymanasliaunsoldldifivindafon Faee
Ténastonuu DIFF Mudyagnainszualuiiiny msedyanaussuannsaldnsndsuiy
olagldnsseuuy Referenced Single-Ended w3e RSE muitlénaniluuvmgued diuves
nMstanseuaazsesd g 1 es 1 Tevin sewisthauvesdenseuanaznsn
2799 DAQ uar3uil 4.6 (v) uas (r) \Huiinsdafdmmusgnuineusedfuniuens
weflnvesuseiuuanseud aeliingedsgunauituiinliezdudsudl 4.6 (1) udnevhnisde
Fiuudeenuhainsaandyanausumuiiistuld ildeauiadiounseuawasusdy
grfueiniidanas uasguriudyaaildifilmgniosnniudiaisuisutusuatuen
|38 Power Analyzer PZ-8000 uanwdiagUil 4.6 (a) uag (a) muddu
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Signal Source DAQ Device

Al

Al SENSE

Al GND
i

FOROGAMD
o BH 1eapk Tover:

2O10/12720 1910544

JUN 4.6 nsandygyiisuniu

nl 1 aa 1 o
Tned (n) 2199371308 DAQ (%) wag (A) IN1TMDMIRTUNIY
(@) wansnaayyIunauunly () wanensmdyyrunrduily
() JURRUAYYUINLATES PZ-4000
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4.2 HamMMAaRIvaItngUnsal

viwnyagunsalnsiaiauasiiesgimmmiivesmalniifiadedu Wvhnsusle
dnsduvemlaulainszuauazilouUamseiu saufauna Tllaugndeusiuguaa A
vhmsvaaedludiuresnmsTamsfinedsne vesmuammiliih ienssaeumiugndes
godlusunsuitlévinniseanuuy fualuil

4.2.1 NMVAFBUYALYINNTTIA Basic Linear Load

maveaedasnisldvaniiudadu @edussnourduidu 1) lufidesld
waeswnlfilulvanseuuuanfaumaiionsisaouiifiddauss nourdauviniu 1 videlal
Ingvinnasdaunsssiulniauis 100 TadlriulvaaudrtuiinAusesuladia nszualnia
maslihusng mdsluihede Adsiialiounasfussnauindsanniedes Power Meter
PX120 nnqunil vaugiatufiduiindwisdinesiialdannlusunsu LabvIEW se Tneaeas
ninmaeskazgUAaUTEsliinanualunsd Basic Linear Load ausauansdegudl 4.7
() U (¥) Aidwy dumwsdinesituiinldnaen 5 wilnanadmnsned 4.9 8 4.13

Volt

(n) WITNIHDIVARLTIEY () UPAUMIIUENIWE
= ) 4y
JUN 4.7 Lannssmsveaeuiulvaaviaeal Ivamdadu)

' a cad o <o = LY
ﬁ'l‘a"lﬁﬁ 4.9 AMNTIURDIVIVUNINANN Power Meter PX120 Lﬂ%‘ElULWEJUﬂUﬂ’H]']ﬂIUiLmiﬁJ
=
LabVIEW 1v381 17.00 u.

Reference* LabVIEW Data %error
Parameter

A B c A B € A B @

V 101.50 | 101.80 | 101.50 | 96.37 | 98.16 | 97.56 | 5.05 | 3.57 | 3.88
I 1.71 1.75 1.74 1.75 1.72 1.74 234 | 1.71 | 0.00
5 . 173.70 | 177.30 | 171.70 | 168.65 | 169.28 | 170.23 | 290 | 452 | 0.85
P 174.00 | 177.10 | 171.50 | 159.60 | 162.50 | 162.20 | 8.27 | 8.24 | 5.42

L) 0.00 0.00 0.00 | 50.00 | 40.00 | 50.00 - - -
PF 1.00 1.00 1.00 0.94 0.96 0.95 | 6.00 | 4.00 | 5.00

*Power Meter PX120
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cl 1 - ‘d L7 =f = L2 1
1971499 4.10 ATWITIURDINVUUNNAN Power Meter PX120 L‘l.]%EJ‘UWIEJUﬂUﬂ'W’IﬂIﬂ'iLLﬂ'iN
LabVIEW #inan 17.01 .

L Reference* LabVIEW Data Y%error
A B (& A B C A B c
V 100.50 | 101.90 | 101.60 | 96.28 | 98.27 | 97.66 | 4.19 | 356 | 3.87
| 1.71 1.74 1.69 1.74 1.72 1.74 175 | 1.14 | 295
S 17450 | 177.30 | 171.70 | 168.20 | 169.50 | 17040 | 3.61 | 4.39 | 0.75
P 174.80 | 177.39 | 171.48 | 159.20 | 162.80 | 16250 | 892 | 8.22 | 5.23
Q 0.00 0.00 0.00 50.00 | 40.00 | 50.00 = - -
PE 1.00 1.00 1.00 0.94 0.96 0.95 6.00 | 4.00 | 5.00

ﬂll 1 =Y t‘nl o =2 = s 1
A1519% 4.11 ANISIERBSNIUUNNDIN Power Meter PX120 wWisuiisuiuA1anlusunsy

LabVIEW #laa1 17.02 4.

Reference* LabVIEW Data %error
Parameter [— e e T T B

AT B-WevianNNe <l AN B | ¢
V 1 101.00 | 102.20 | 101.60 | 96.45 | 98.39 | 9785 | 450 | 3.72 | 3.69
i 1.71 1.70 N3 1.74 182 1.74 LYo R235 | 057
S 175.00 | 173.74 | 175.77 | 168.70 | 169.90 | 171.00 | 3.60 | 2.21 | 2.71
P 175.00 | 173.67 | 17557 | 159.60 | 163.20 | 163.00 | 8.80 | 6.02 | 7.15
Q 0.00 0.00 0.00 | 50.00 | 40.00 | 50.00 - - -
PF 1.00 1.00 1.00 0.94 0.96 0.95 6.00 | 4.00 | 5.00

l:l. 1 = fd LY U 1
A5199 4.12 AWAsEmesNUuUinann Power Meter PX120 wW3sumeuiua1anlusunsy
LabVIEW #ivaan 17.03 u.

. S Refeﬁ_rghce*. - 'I_abVI[.E-\.f._\or Data %error

A B & A B (& A B &
V 101.30 | 102.20 | 101.50 | 96.53 | 98.49 | 9793 | 4.70 | 3.63 | 3.51
| 1.71 1.71 1.69 1.75 1.72 1.74 233 | 058 | 295
5 174.1 | 17476 | 171.54 | 16890 | 170.20 | 171.10| 298 | 261 | 0.25
P 1755 | 17465 | 171.40 | 15990 | 163.40 | 163.10 | 8.88 | 6.44 | 4.84
Q 0.00 0.00 0.00 50.00 | 47.00 | 51.00 - - -
PF 1.00 1.00 1.00 0.94 0.96 0.95 6.00 | 4.00 | 5.00
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A15197 4.13 MwsfimeiAivufingin Power Meter PX120 wWisuiipufusanniuswnsy
LabVIEW #ivaan 17.04 .

Reference* LabVIEW Data Yerror
Parameter :

A B C A B € A B €
\" 100.20 | 101.20 | 100.60 | 95.86 | 97.76 | 97.12 | 4.33 | 339 | 345
| 1.68 1.69 1.69 1.74 152 1.74 | 357 | 1.77 | 295
S 17270 | 171.03 | 170.01 | 167.20 | 168.20 | 168.90 | 3.18 | 1.65 | 0.65
P 173.00 | 171.24 | 170.28 | 158.30 | 161.60 | 161.10 | 849 | 562 | 5.39

Q 0.00 0.00 0.00 | 54.10 | 46.80 | 51.10 - - -
PF 1.00 1.00 1.00 0.94 0.96 095 | 6.00 | 4.00 | 5.00

FNHANINARBITAUIENUTIAMWI TSIV UTin i1 ngagUnsainsas ailad
v at 1 s ¥ o 4 1 1 e
Tndidesfiu widlidefianaraiinsmariusiiwespinasenitaussuuaznseua sy
nsnaaasnIn NYIn Basic Linear Load &iusznauidemisinmingy 1 vieiwaved
wsenuuaznzuailalieniu uishyalusunsunduium i Wave @ mvisaes il
! dﬂ} L ] = Vas o = o s U 1
nirialatimnuiiawann megEavindailuuiudsuiluniseenuuuiiivsunsusely
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- Y .
4,22 mwﬂaamﬁm'fas&aLmumammnu Non-Linear Load
4 o = at 1 o - -
WoYIN158UEUIIN1TYINNIUVEN High performance Electronics Ballast tHuly

auaUn Fwihnstanisdwesmslnilunsdilfvandulrulnouuuaslddaaasmiy
High performance Electronics Ballast ¥4 Kraft lag$ulusunsuiedmfiutoyansluity
pana 24 T2lue wudrfinswasunlasesiaddndudy 3 seeiu Tawa 0.23 kW, 0.17 kw
d. s - ﬂll d. -3 ar A v
wag 0.14 kw Failulumunassuvestaaadiaiad Afdalnihazanasienaildinuuiy
& o e a = : 1 a o o a e o
I Tngrasivimvegeuuanssissun 4.8 daumwisfiwesidamslwiiitudinldfdan
=3 1 o w 7] = ] 1 = & 2 ar =
whenszninmdsliihiunanemivagainuasiesenisieseiiausauansldfgun
4.9

= 7 4
JUN 4.8 uaRN199INIVAEBUAY Non-Linear Load

0‘25 e p————— S - e i
.
M iestagy
L |
0.2 +— ¢
‘
0.15 -+
|
{
|
‘
OMOVOAMOVIITNODOOMOYUOOMNPYLOOMOUSTMNOULOaaNULOOAOCNOGOOTNOYONLL O
SC88ZITNRANAITERISFSEBHE2JRANKBLLE
EYRIB8TRE8TRI8YRIETRECEN2CEN2cEmecY

4.9 wanansmnaslwinduiinle

2
=0
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J = :? F =1
4.2.3 MINASEUMIANAMURAINEULSIPURaNSLaaSuatin
enageuIgagunsninginuaginssiamisfiweinisiiiauisansiain
ansueiinlistegndes Ininsieseiensuedinvesussiunasnszualneldlvanlaulnaun
Mdvaaradeiia High performance Electronics Ballast 9949 Kraft 99nnsiasigsiensued
e; 124 & oy o = . |
nvedlaulnauunldvaaiadsidnnselindmelusunsunalinuSoufivuiuiaias Power
Analyzer (PZ4000) 9zWUIMAINMRAAINIULIIAULAENSELaTsuaTinsualavInaass
- o v o ) W e a 3 a 2 s =
w3eadiAlnatAeariu lngruiniigurenssfuaniueinminazansanansldfisgui 4.10
1 = A‘ 3 = s d

(n) waz (v) @HuANURANBUNITUEEINBUNTINATUARIAIFUN 4.11 (n) wae (v) TaeAdu
AALEUYRILTIAUEsUaTingINIETAMINTIAINRAEUNSEuds S uefins Iy

OR0GAUA

R & 1 7 'IUR]}](

U1 List  sewswmm wwsms [ 1 LISE  sssensn

HAf (1 Or. ULUT  HAfL[#]

PLL  CH1tU1) A Zo
Freg 43.990 Hz 100.00 0.01 0.00

8.86
0.04

(n) )

10Apk

wrmwe [ § LiSL w=menn wesww [ 1 LiSl =esus

or. il Hdfrz]  Or. 1Al

CHLU1) 1.169 — - e

49.970 Hz 1.100 99.16 z Q.009

3 0.102 9.16 # 0.004

0.052 4.70 b 0.863

6.01% 1.32 0.005

0.808 2 0 0.607

0.018 o Z 0.6885

0.099 . 0.663

0.621 87 5 0.007

0.012 i 0.003

0.008 8.?75 20 0.662

0.812 rrd 0.9006

0.006

Hthf1

1thr1

ULifl 9

Itif1 3 3 s 3z 0.9095

hur't .40 ¥ J 0.080 8.02 0.984

hefl .90 0 Ak Z 0.2 1.12
)

© Ithdl  12.94

I -1 —

topped 50 2010-12-2619:02:13

(n) ()

5UT 4.11 (n) wamern THD, :nTUsLATY (3) Wanarn THD, 91NLATBIPZ-4000
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4.2.4 MmvaseuiieAsunUasesy

wievhnsmsieasuingagUnsaianunsansiafunsudsunUasvesuseiudunald
sgrmmiilagimsmaasstounsaiulniidudunadiesuealitulnandoussefu
uswiu 22 Tradoudla 286 Taad Fs1nmantsmeasseznuiniiousedulnidunmiianiisdy
yagunsalamisansisfunisiasunlasvesussfusudunalilasdaunaléangy
ﬂé"ué’ﬁymmﬁﬁuﬁﬂ‘lﬁmwhuwﬁulﬂﬁnﬂa%gﬁmLtamﬁﬁ'gﬂﬁ 4.10 (n), (@), (M) wag () du
Aussiue i ituiinlfdewSsuioutiueiounoiime fifogasnuinmifl i
TndResfunanafaned 4.14

Per Unit% '
Vbpu  Vcpu

1 [0.6950

(m) (9)

= P = a
3U% 4.12 nsveaeudlelUfsunsenu

=

P v o § a ! o o
Taei (n) wanINIMUTIAUTN 0.7 Wesyiln (1) ATIFuR 0.7 Wesyiln

o
=

ot A LY ! . A
() wamenIHUTIRUT 1.0 Wedyln (1) Awsedui 1.0 Wedyiln

R0



d i ar (3 | LA o a
A1597 4.14 Ausssiuewneidudinliussuieuusaiudumnn

%

VoLfageinpm Per-Unit Va Ve Ve
22 0.1 21.22 22.65 21.92
44 0.2 44.44 44.73 44,71
66 0.3 64.59 66.70 66.57
88 04 85.93 88.36 88.42
110 05 108.05 111.34 111.14
132 0.6 128.35 131.27 131.91
154 0.7 150.26 153.95 154.97
176 0.8 171.29 176.14 176.46
198 0.9 191.95 196.99 197.70
220 1.0 215.09 220.34 220.85
242 14 235.53 241.78 242 .57
264 1.2 256.64 263.72 264.25
286 1.3 278.35 285.93 285.60

VNN TNAABIUATNG 4.14 WU TuTIduinds 198 Taavi wie 0.9 Wesyile
ilvinaaaln Under Voltage Antinae Main monitor Anlw druiusesuuinnit 242 Taan
e 1.1 Wesgila vlvinasaln Over Voltage ivinaa Main Monitor fiall Faduluanu

1155 |EEE std. 1159-1995

4.2.5 MvesauliplUAguLUaRINE

= © ' = (3 = & P eli) -7

WeinsassgeulgIiAs e iimeinliinaiwlivainsonsiadung
Wasuulasesnuidlfasauaziinnugnias dsvhnimasssfeldilaidunuainnesly

2/ at 27 I i § a a
nyaddyguledlisiaauddieg luniswasuaadladlagduainaiud 50 Hz, 150
o L T o w Y v G
Hz, 1500 Hz, 5000 Hz Jufia 10000 Hz wahvhmsduiinFianudinsiaduldaingagunsal
= ! ¥ dd e & L3 = o o o
Farznuhmanuanduiinlannyagunssiasiidmssiuiuanudiudsusadluaunis
o/ A GII a A | IU — &

Jumnunvesgunsaliliiduinuiiesnes uansiansien 4.15 uaznwauandudinldain

yrgunIniuanessgUn 4.13

= a = P~ w dd o =y
AN3149N 4.15 LLﬁVNﬂ?quﬂauﬂﬁLU?EJUL‘V]EJ‘UﬂUﬂ'J']SJﬂWUU%ﬂIﬂ

Inverter Frequency(Hz)

Data Frequency(Hz)

50 50.09
150 150.01
1500 1506.29
5000 5042.40
10000 10179.80
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(n) ()

Toei (1) 50 Hz, (1) 150 Hz, (A) 1500 Hz, (3) 5000 Hz waz (3) 10000 Hz

s = VYo o 9 v P = R ' Y o Vv v ¢ v [y
enanstiluenarsianulidmsumsldanuienisdnwwingu lueygalmhlulddsylesiamunism

v
Y]

Lidnsdilagvieau dnvivnuilvidaulasilent wagfasdaBadudvesenasynasaninisualuly
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d o
4.2,6 NMINAFBULLD Open Circuit 1 e wag 3 w4
Wensrvgeuingagunsalanuisansadivdyyiuldaideiinimaassdey

wsasuliihawaliiulnaninesiad1nees Magnetic Contactor Aouazsihulvian 91nduvh
n13 Open Circuit 1 Waag Open Circuit 3 wagnudndleing Open Circuit 1 @ gU
ﬂﬁué’zgzymﬁmm%’u‘lﬁ%Lﬂuﬁqgﬂﬁ 4.14 waziile Open Circuit 3 wagUndudayg
asaduldvefudegud 4.15

T R T
43.81 41815131

gﬂﬁ 4,15 u,amn'i'twé’fgzmmﬁumsﬁ Open Circuit 3 &
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4.2.7 msmanuinamailsanidy RC uas RL

Tumsmenusaasgwinayuveussdulniuasnszudlwituitonsissouiyuves
wsssulwinBumaiuyuvenseualwivioyuvesuseiuluidmihgueesnssualwivde
yuveuseslwindwiamvesnseudlnit Supiiinduftastustifudnuurvesinaniniy
fhdumu (R) fawdleni (L) dediudsey (O Welvanu R yuvesnszuaazdumany
yuvesuseiu delvamu RC yunseuanstmiiyuussiu wazilolvamu RL yunseuase
dmdmdauusaiy 9nmsveaaesisrnuitgeaduitudinladuluaumgul Tnevinnsg
mmdrannidsunsuUSsuilsurugndesiuesadlaalauiiu uansiagui 4.16 (n)
uay (1) Welvandu RC uargUil 4.16 () wae (1) Weluamidy RL amdduaeiduiaile
In&ifieiu wazAmsfimemaluihiituiinlfidelvandu RC uay RL wansmun1sed
4.16 uae 4.17 muanu

£ B 0.66uY

rghude

E BBREGa.usl

§

i

i

\ iz

WA \

fl"l‘.‘ tf \

oorga SAIEET W e a

e e :

@ $a 2o o 0
QA 1£35 bk

AT }

Uppll)= 11.6U

(m)
A =) = o 1
3UN 4.16 Wsgugunsmidy g unawe

P~ ) =i @ ¥ o & 2
el (n) wananTndyaainsaduldangagunsaliislvandu RC
@ = o v =
(@) wanansmdgyganinsadulianalaudielnamdu RC
s =!' a 14 L3 ﬂd
(A) wansnTdyyIasndulsnyagUnsaldelvanidu RL
s o [ k9 Al I
(@) wamnsmdygranasadulannalaudiolvaslu RL



P 1 a & | o o
A15199 4.16 s fweimslwiadudinladislvasdy RC
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V | S P Q PF
50 1.18 60.10 59.40 8.00 0.99
100 1.71 172.30 171.70 17.20 0.99
150 2413 321.2 320.6 26.40 1.00
200 2.48 497.00 496.40 35.60 1.00
a15197 4.17 swsfwesmslwihiicudinlgdleTvandy RL

V ] S P Q PF
50 0.82 41.30 20.60 35.80 0.50
100 1.37 137.00 96.60 97.20 0.70
150 1.84 278.10 218.60 170.90 0.79
200 ¢.21 443.50 369.90 243.50 0.84
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4.2.8 MminasaunAUgNdasYaslnnsEniy

ynsmsIndeuA I IgNdaIvessevaUes azisiudivesluTunsuAildRmunTy
Tagninan Pinst wae Pst Maldandygrafisaesainaunsd ¢ Sadudyarafediidl
AANENT 50 18909 vuraussRuriy 1 Fedyraliimsuiouslamseiy AUU
Wwhitu 40% inwi 8.8 185ad Tuguuuy Rectangular Taguansguvesdayanaisgud 4.17
FelunsmeapsathaiialaluSsuiisududmageuves Flickermeter AManAsgIU IEC
61000-4-15 [6] Fasguuilvhmsnedeude 230 V finrwd 50 Hz

u(t) = 1xsin(2z50¢) x {1 + (-i%% X %signum[sin(2ﬁ8.8t)])} @.1)

LR PN NE RSN W R L R lql

IEIZZZZZZZH:ZEZZﬁ:3(::::Z:ZZﬂ'Z:ﬂ'::ﬁ:::::::::::.‘ﬂf:'&;""_"

Voltage normalized

J 5 Ay 4 R

S T L I I N B e T O L R

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.

Time

gﬂﬁ 4.17 FyanuussfudifinsudsuuUatuuy Rectangutar
AU/U = 40 9%, 8.8 Hz, 17.6 changes/second

4.2.8.1 W5euigum Pinst AUs9IgI

WmsUTeudiouds Pinst max AaleEetiAALE wagAuseRunsTien aud
seyliluansnadt 1 uae 2 Tusmsgiu IEC 61000:4-15 Minduthedifalfinussuieutusn
Pinst,max U9A35 U adieiviiiu 1 wagAawuRananfivensuldie 8% 1nwanis
naaadlunTil 4.18 wuiheh Pinst AlTiATuewsuls



| 1 . S a o
15199 4.18 WisuwWigue Pinst MIAleNULIRTSIU
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Sinusoidal Modulation Rectangular Modulation
Hz Pinst Pinst
Y%error : %error
Reference | Proposed Reference | Proposed
6.5 1.000 1.024 24 1.000 1.012 1.2
7.0 1.000 1.029 2.9 1.000 1.022 2.2
8.0 1.000 1.022 22 1.000 1.012 1.2
8.8 1.000 1.024 24 1.000 1.019 1.9
10.0 1.000 0.954 45 1.000 0.969 3.1
11.0 1.000 0.988 12 1.000 1.015 1.5
12.0 1.000 0.985 1.5 1.000 0.982 1.8
13.0 1.000 0.956 4.4 1.000 0.972 2.8
14.0 1.000 0.972 2.8 1.000 0.976 2.4
15.0 1.000 0.993 0.7 1.000 1.002 0.2
16.0 1.000 1.002 0.2 1.000 1.020 2.0
17.0 1.000 1.012 i 1.000 1.006 0.6
18.0 1.000 1.010 1.0 1.000 1.013 1.3
19.0 1.000 1.016 1.6 1.000 1.017 1.7
20.0 1.000 1.016 1.6 1.000 1.014 1.4
250 1.000 0.981 13 1.000 0.972 2.8
255 1.000 1.015 25 1.000 1.009 0.9
—

ELmnEII!HIIIHI
o

Frequency (Hz)

R L R T L S T T T T T T T A e B e o i B e R s
7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

P 1 = o
JUN 4.18 wan1svinaeensifieudn Pinst fuamsgu
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4.2.8.2 WSguiilgua Pst UsasgIu

ymsiSsuidieuen Pst Taelddynn Rectangular Aifintsdeuudas aumsned
4.19 Tunnsgu Feaglien Pt winfu 1 wagoygnlifienauRananaldliiiu 5% e
AsIvEBUMINgNAD BTN snIUTEEdy

= | oo ar
AN51997 4.19 WSsuiegua Pst mﬂlﬁﬂummgm

Rectangular Change per minute | % AU/U Pst %error
1,620 0.407 0.968 5.2
4000 2343 0.988 1.2

Feannsvaaesnuiilsunsuiianavhmsasedlinnseniuldegugnieuasld
Nl
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4.3 Msnagaun1sineuvasyagunsalivaaIuinaess

= [ 2/ a wa v = L 4 o 2 [ v o o o

dievhmsvedeuluiesfiRnisuddsliasuinaiesTailldvhniseenuuulutaty
szuuliihluaniuiads fe Tssliwdrudunauaznisnsivaeuamnmmsiives
a 13 I3 < v o o o w
BuLasmeITUIA 250 KW LienTIvdeuANgniBdLasnsUful Auiisnatsuauniosin

4.3.1 nasaunsianulsslndmdssudua

dlofudt 30 uns1eu we. 2554 Isbhgagunsailuamatasmisiimesmaludily
asTnilsdliiimdinudana Swminusduy Fegmelunsudemy Tnsyavesans
wmidfntifnfeudnhfefidaldlutuauuefismedfsuil 4.19 (n) Fussiulnitiinga
aegnanelifulnanilegneluvniudsmy Insueisnesiiléd Name Plate fi

Measurement Model: DEEP SEA ELETRONIC DSE 7520
CT: Ratio- 1 250/5 CT: Ratio 2 200/5
Generator AVR: Mx341 KVA: 140.0 Hz: 50
PF: 0.8 RPM: 1500 PHASE: 3 Volt: 230/400

o = o o @ v . . . i s
INNsIAEEUN1TYIUaTe Taethyagunsailuvinisiaiig Main Distribution Board fiegy
) at = =
# 4.19 (v) lneiinaSouliieudsmis g 4.20 fis 4.24

WwinnannnIninveyaans

a
(n) MAUA

| o = 5 - 1 & v . :
(m) wspariudalninanglulssluidasne (1) N3HEYAQUNTRINTINNIUAIS

=

= 1Y) = @ a <
JUT 4.19 Tsdlwihwdsnudinag fwiausmiugs
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= ' a el s == o . . . ; - YR
A1319% 4.20 A siwesnduiinaing Main Distribution Board wWigusieuifuAiain
a
TUswnsU LabVIEW #fian 16.48 .

o Reference* LabVIEW Data
B & 3phase A B G 3phase
Vrms 237 238 236 - 237.81 236.02 235.30 -
Irms 88 87 99 - 138.21 89.02 104.18 -
S 21.2 21.1 239 66.6 24.64 20.87 24.41 69.94
2 17.2 17.8 19.8 54.3 23.51 20.06 23.07 66.65
Q 124 12.3 13.6 3t.5 -1.38 577 -7.98 -23.36
o 0.81 0.85 0.84 0.87 0.95 0.96 0.94 0.95
Freq. - - 5 50.07 - = = -

*@ Main Distribution Board

= | a o e =2 SN ¢ Y 1 w
M50 4.21 AmnsdiweiTuiinaind Main Distribution Board wWisuiflsufiudiain
Tusunsy LabVIEW #vaa1 16.53 .

“Reference* " © - “LabVIEW \Data
Parameter . i e8! PO Beaed % 5 1
_ Be” g0y / TophaseRs WA B G 3phase
Vims 243 242 241 - 238.10 23641 23582 -
Irms. 91 90 99 - 121.88 « 89.10 102.14 -
5 22.1 21.7 2138 67.6 22 781 20,857 (2309 67.73
P 3 “: 177 18.3 19.8 55.5 21.67 2005 2264 64.36
8§ 2.1 o 12.0 37.8 7405 -6.07 -7192  -2290
PE 0.8 0.83 0.82 0.82 0.95 0.95 0.94 0.95
Freq. - 2 z 50.06 - - - -

P> i o a’:il @ =f kg - o . " = =l 7] 1
AT 4.22 AWITIUABINUUTINGING Main Distribution Board tUssumgunumann
=
TUsunsu LabVIEW #aan 16.58 U,

- Reference* s LabVIEW Data

B ¢ 3phase A B € 3phase
Vims 201 241 239 - 23867 23716 23635 -
Irms 86 87 95 - 12094 8692 9942 -
s 212 232 228 62 2207 2048 2338 6594
2 170 177 192 543 2134 1996 2248  63.79
Q 11.6 116 127 358 562 -458 640 -1844
PF 081 085 084 08 096 097 09 096

Freq. - - - 50.02 - - - -
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P ' a cal v =2 2 . L. . = YR
A13197 4.23 A5 inesiiuiinang Main Distribution Board wWiguiiguiiusan
o
TUswN5U LabVIEW fvian 17.03 u.

e Reference* LabVIEW Data
B C 3phase A B & 3phase
Vims 241 241 240 - 239.25 23764 237.11 -
Irms 95 92 100 - 136.22 10599 11949 -
S 22.6 225 24.8 721 2744 2508 2824  80.76
P 18.6 19.2 20.5 57.7 26.63 24.58 27.21 78.43
Q 13.2 12.9 14.3 413 -6.58 -5.01 -1.53 -21.65
PF 0.80 0.84 0.82 0.83 0.97 0.97 0.96 0.97
Freg. - - - 50.06 - - . -

o 1 a e w 27 1 v y ’ = as 1
713197 4.24 A5 RlmesNUUTINeINg Main Distribution Board wWiguiiguiiuaan
=
T5unsu LabVIEW 7@ 17.08 u.

‘Reference® " LabVIEW Data
Parameter: / e s B ; .
P 4 AB el 0 [ I3phaseend GASEI L Ps C 3phase
Vims | | .239 239 -~ 238 123709 23525 23505 -
Irms 85 87 94 - 12278 90.24  -100.16 -
S 20.7 20.9 2.5 64.4 22.98 2112 23.44 67.54
P & 175 18.8 19.9 5H19 22.01 20.49 22.58 65.10
Q _ 11.5 11.8 12.8 36.0 -6.58 -5.09 -6.27 -19.13
PE \ 0.82 0.86 0.85 0.84 0.95 0.97 0.96 0.96
Freq % - - - 49.99 - - - -

*AYBUNE A NRAYYIASUNIY FUNNIINAIAIUNINYEIgUnTAl Zener Diode vgnan
NI

NnuamsneassnuAialdnnyagUasailume A faweamedeuluidle
WisuiflsuiiuA1ang Main DistributionBoard (MDB) 1ilesansewinanisiiumada
fumuiesswinsnsmiveanszuanga duriiialdanyngunsalua B uas C asiien
TndiAafiuAiiduiinléand MDB  usfienasiimauianainunn easanmourinis
nageulsraulymlunsedessioutasnseuaiiy MOB yhiviesndosrumionUainseuad
Anfiug  MDB Bnadainli suafudyg ueruinruiiadeuainiidedudly saudenns
sonuuulUsunsulunsutudslailéfarléd Front Panel wuustuil wlewudymilnisginsi
Fuilusunssnusuuindmnyimsnageud



4.3.2 VAgaUNISIANUdULIDSAas 3 W
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ihyaguninilunmaseuguammeiviivesduisiimesouin 250 kW vosuiem
DASS Tech ju DSP-33250K wiunnudarwunnndieusioseuulasstngluil i w.a.
2555 [34] dmiuianliiiseianilddunefinesvasnislifingiananiell eesld
sesfumsidleusialwihilldanlsdlrih leafiadidrfussuulrfiufuvesnisinih diels
gudmlaiiedn (SPP) fudnlnihewnadnun (vSPP) videgldlud AilBunefimeddmsu
svuurdalwihannndunusasenfindiiiedeurafuszuulassdrelni (Gridconnected
Inverter) Widundninasiuaz Foulalunsdmmdunesinessaufstmunnisuuamlunis
nnasudunedines eliiuleidunefnefmdilidedousefuszuulniud e
Uaensguatlidwmansenusegunsallwiilussuuves avn. saudedldlnihee [35-45]

vmsnageulnglindnulwinszuanseiildanleariivad dddunednes
(Inverter) fifousafiulnaasnislaii (Utility Grid) Lﬁﬂﬁﬂﬂﬁt.ﬂ%amﬁamﬁa@fu, AU way
yuwla Mntudunasmedfasinisuadlnihnssuanseilssuoendulninsuaadu ui
ﬁiﬂﬁlﬂgﬂiﬁaﬂﬁqm‘%ﬂﬂﬁfaﬁﬂ (Point of common . coupling) NAUYINN1TIANTEUALAY
usaulniiaansia Uil 4.20 inwhnstufiniaanaanasguiinsiiidesnisdy
seeziam 23 Hilus Tasnrsdendaeiesiaiterhnsmaasuduly fsuil 421 uagguil
4.22 ugng Front Panel lumih Main Monitoring aaigvimsinduiiesines

Power

quality

PEA Utility Grid

A

CHAUVIN
ARNUOX

Three-Phase incoming from e

Data Logger via NI
LabVIEW Software

.

.

'\
Solar Module in a 1 MW Solar Farm

>
>

ac

»
»

a
o
=

&C

»
. 4

= a rs Fs
3U# 4.20 laezunsunisvageudunedines
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Utility Grid
3-Phase

Measuring Terminal

A
PV e B
Modules 3Ph [ &= Load
Simulator /\/ n
Source Inverter

Under the Test

Power Quality Analyzer KMITL
CHAUVIN ARNUOX 3945 Power Quality Analyzer
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4.3.2.1 Yoyanly
a) seAukseauldaIu
1) szauussauldauunfives nin. Usenaumieusasiu 115 KV, 69 kv, 33
kV, 22 kV, 380 V way 220 V
= £y L7 d‘ 1 £ 23 ni
2) Tuanmzunfuazaniizgnidu wseiulvi o ALTeNAD FADLlEU
IaliPumaun1sei 4.25

d e e A 1 = =
A5197 4.25 ssiuuseiuliih o eaeudeluanizUnfuazanizqnidu

< - ANzUNA AMEgNIAY
FEAULINIAU : s ; A
AGIER AFER Angegn AFEN

115 kv 120.7 109.2 126.5 103.5
69 kV 72.4 65.5 75.9 62.1
33 kV 34.7 313 36.3 29.7
22 kv 23.1 20.9 24.2 19.8
380V 418 342 418 342
220 Vi 240 200 240 200

DUIOTIABTTINITNNFAUTRANLSIIUT 220 Vrms

b) sesuaAldy
AUt gauUndlussuulddiues na. Wity 50 Hz fetiuazdesiinng
= ' y a v oY P
ruANAME 1 Iatieusefusyullasaelni Tegluinast 50405 Hz

4 o Y a Y 5 & O v o
diavhmaiamsdweiussiueiiBueauazaulinasn 2 9alus wdnhun
< = 1 ar = a =
WRAsR A7 4.26 WudlsutazaRtegluaanzdniniu JUN 4.25 ugng
Front Panel vesusssuuazamdlubaazia 3UM 4.26 Loz 4.27 uanausadulii
= & | s & a d”
onfidueatazadvaanuialaandunesinesi

= @ ¥
AN5197 4.26 HANSYINADULIIFUWALAUDLFITY

Wan13 WNEanN13

Voltage L Frequency e
Vo 221.2818 V 4 Freg-A  50.02040 Hz v
Vi 213.0141 V v Freg-B  50.02042 Hz v

Yo 227.6526 V v Freq-C  50.02034 Hz v
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4.3.2.2 mahaulanuszuulasedielni (Utility compatibility)
a) #13uaiin (Harmonic)
dunefimefardedliaiussduuasnssuasnsueiindedgszuulasse
I AuTnsiia auas1efl 6.27 wazansnedl 4.28 wilTasina oy
wsesiugniuetn (THDY) agdoalaitiu 4.0 % veussiuRnndunesines way

AsTWAaNsURNn (THDI) aesaslaiiiu 5.0 % Yoenseuatinndunesines

= ] a o W o
M990 4.27 Naﬂ’ﬁﬂﬂﬁaUﬂWﬂqquNﬂLWEJULLiﬂﬂugﬁlgﬁJSUﬂiqu (THDv)

v nafnsnld Nams
THDv 03100 (%)
A (%) B (%) C (%) AU
Total 4 1.109 bl 1.238 v
0dd 3 4 0652 0.853 0.951 v
Even 1.75 0.615 0.528 0.641 v

‘:‘ 1 =Y 4 & o .
AT 4.28 HANTNARBUATAINRANBUN SELdgsualing Iy (THDI)

a1y L e  uamseld | X | wans
.~ | Aedfe (%) ' . N
ssuaiing | 47 el lonrce) T \ o) o cion), YL wesau
Total Hétmoniq Current Distortion (THDI) /B ' '
50 (. ik 1,852 2.038 v
Odd Harmonics - - A o 3
3.9 Lolll X 1528 1,646 £.705 v
11154\ 2. 2@ ooz 0111 0.097 v
e bt AR 0.128 0.117 ¥
2333 NN Be> | | 00ds 0.046 0.046 v
Even Harmonics &, ; _ 2 o
2-8 1,0%0 0.692 0.823 1.000 v
10-32 0.5 0.073 0.075 0.072 v

PNANTNT 4.27 uar 4.28 snuIAImLRnfBus s uelinT LISy
waznsewadaldidufisenud ana Tesmuals gﬂﬁ' 4.28 uag 4.30 LAAIANAIU
Anieussesuuaznszuasdueiingn muilusunsuldduiinly Tnedsanlvidudine
N9 30 3undt Wuszezoan 140 undl gﬂﬁ 4.29 uaz  4.31 udmsaanuves
duUsznauLTRulanTzuaasuedin
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Phase A Phase A (Magnified)
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A 1 = Y L7 - o ar i =4
AN5199 4.29 AANURALNEULSIAUESUaTiNgIN (THDY) a16udl 0 89 50

Phase A Phase B Phase C
THDv = 1.109 % THDv = 1.161 % THDv = 1.238 %
Fundamental voltage = 222.3529 V Fundamental voltage = 220.5696 V/ Fundamental voltage = 223.714 V
Order % Order % Order %
0 -0.059 0 -0.034 0 -0.044
1 99.994 1 99.993 1 99.992
2 0.126 2 0.178 2 0.326
3 0.447 3 0.585 3 0.467
q 0.053 4 0.041 a 0.041
5 0.518 5 0.533 5 0.719
6 0.017 6 0.047 6 0.030
7 0.259 T 0.241 7 0.227
8 0.024 8 0.037 8 0.030
9 0.270 9 0.261 9 0.262
10 0.029 10 0.026 10 0.024
11 0.060 11 0.119 11 0.084
12 0.016 12 0.042 12 0.036
13 0.055 13 0.230 13 0.189
14 0.017 14 0.024 14 0.029
15 0.118 15 0.113 15 0.057
16 0.020 16 0.017 16 0.055
17 0.071 17 0.121 7 0.077
18 0.038 18 0.027 18 0.060
19 0.111 19 0.063 19 0.104
20 0.205 20 0.239 20 0.144
21 0.068 21 0.062 21 0.096
22 0.308 22 0.152 22 0.255
23 0.041 23 0.126 23 0.099
24 0.204 24 0.046 24 0.292
25 0.113 25 0.137 25 0.123
26 0.248 26 0.319 26 0.201
21 0.048 27 0.078 27, 0.034
28 0.301 28 0.147 28 0.227
29 0.113 29 0.116 29 0.072
30 0.049 30 0.036 30 0.044
31 0.207 31 0.233 31 0.256
32 0.054 32 0.036 32 0.031
33 0.099 33 0.061 33 0.089
34 0.042 34 0.050 34 0.036
35 0.045 U35 0.049 35 0.048
36 0.054 36 0.080 36 0.062
37 0.105 37 0.112 a7 0.112
38 0.072 38 0.031 38 0.019
39 0.060 39 0.066 39 0.038
40 0.035 a0 0.048 a0 0.068
a1 0.066 41 0.049 41 0.057
42 0.035 42 0.058 42 0.081
43 0.201 a3 0.173 43 0.207
a4 0.034 a4 0.052 a4 0.032
45 0.069 45 0.094 45 0.087
as 0.044 a6 0.064 a6 0.020
a7 0.150 ar 0.112 a7 0.064
ag 0.064 a8 0.047 ag 0.089
49 0.173 49 0.171 a9 0.130
50 0.026 50 0.075 50 0.035




= 1 a & a | 3
M13199 4.30 mﬂmuwmm&mnizuaaﬂs‘uauﬂiau (THDi) anaus 0 814 50
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Phase A Phase B Phase C
THDI = 1.689 % THDI = 1.852 % THDi = 2.038 %
Fundamental current = 293.6981 A Fundamental current = 292.9899 A Fundamental current = 292.0833 A
Order % Order % Order %
0 -0.015 0 -0.022 0 -0.017
1 99.986 1 99.983 1 99.979
2 0.680 2 0.806 2 1.086
3 0.908 3 1.046 3 0.799
q 0.126 a4 0.162 q 0.161
5 1.044 5 1.213 5 1.368
6 0.019 6 0.040 6 0.056
7 0.646 7 0.360 7 0.625
8 0.018 8 0.031 8 0.038
9 0.051 9 0.125 9 0.092
10 0.009 10 0.011 10 0.020
1 0.052 11 0.037 11 0.058
12 0.011 12 0.030 12 0.005
13 0.043 13 0.091 13 0.073
14 0.013 14 0.016 14 0.017
15 0.023 15 0.052 15 0.027
16 0.016 16 0.020 16 0.018
17 0.108 17 0.086 7 0.063
18 0.008 18 0.011 18 0.007
19 0.104 19 0.092 19 0.098
20 0.017 20 0.016 20 0.017
21 0.013 21 0.027 21 0.016
22 0.037 22 0.033 22 0.036
23 0.023 23 0.013 23 0.023
24 0.048 24 0.038 24 0.043
25 0.028 25 0.025 25 0.015
26 0.021 26 0.028 26 0.014
27 0.007 27 0.027 27 0.016
28 0.008 28 0013 28 0.016
29 0.017 29 0.015 29, 0.024
30 0.007 30 0.005 30 0.009
31 0.020 31 0.018 31 0.022
32 0.008 32 0.012 32 0.014
33 0.008 33 0.009 33 0.009
34 0.010 34 0.011 34 0.009
35 0.018 35 0.016 35 0.008
36 0.006 36 0.007 36 0.008
37 0.016 37 0.009 37 0.008
38 0.006 38 0.008 38 0.004
39 0.006 39 0.008 39 0.014
40 0.011 40 0.010 40 0.009
a1 0.009 41 0.013 a1 0.007
42 0.007 42 0.004 42 0.008
43 0.018 43 0.003 a3 0.016
44 0.013 aq 0.016 a4 0.014
a5 0.008 a5 0.009 45 0.014
46 0.010 a6 0.013 a6 0.009
47 0.008 a7 0.017 a7 0.012
48 0.016 a8 0.003 48 0.017
49 0.010 49 0.009 49 0.007
50 0.006 50 0.010 50 0.009
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: & o A Pst
A B C
1 0.713071 0.713557 0.594461
2 0.711079 0.739709 0.649592
3 0.753080 0.808523 0.687583
4 0.765918 0.828795 0.747895
o 0.783501 0.824979 0.768276
6 0.801529 0.852412 0.792119
7 0.777594 0.873960 0.807134
8 0.778187 0.870042 0.799721
9 0.747501 0.818809 0.745646
10 0.766290 0.847025 0.749343
11 0.783852 0.839550 0.784600
12 4 0.752517 0.802587 0.753183
13 0875196 0.923289 0.880405
14 0.780823 0.810495 0.798523
15 0.748621 0.798057 0.761330
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o a o
A1nuUNn

A1 Plt

A

B

c
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3Ui 4.35 Arlwihnssuamseiildindunedines

AnlWnanszuanse WBuAUANR :
W& = 2 NaNITNAGDU
(A 2ULI931083 (%) :

A -0.0756 0.018 % v

B -0.0759 0.018 % v

¢ -0.0823 0.019 % v
‘5:; Phase A
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nageunstosuiledunesinesldfumuinunivesdyin Tneldm
Relay test w84 Omicron CMC 256plus Tunsdedgyarafinunfdihddunesines
WeliBesludunesweivhyumunaiiléimun
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Load

Omicron CMC 256plus
(Relay test)
Measuring Terminal

A
PV — B
Modules 3Ph C
Simulator NS n

Source Inverter

Under the Test

Power Quality Analyzer
CHAUVIN ARNUOX 3945

KMITL

Power Quality Analyzer

35U 4.36 29ansnaaevgunsaitlosiu

a) nyUasiuussiumuazussuLiy (Under and Over voltage protection)

a & & o ' | ar ol
UL D9MBsITARIUan199seenanssuulaseTe Wi ansesul Wiqf

é 1 = 1 d o ‘J u a D.
Iteuse Hraglutnnseyld Tunisd 4.35 wanwmantsvaaeumsiasiuusaiusi

LAZLSIALLNY

= as v e o a
A1319N 4.35 LLﬁﬂ\‘lNﬂﬂ"ﬁVlﬂﬁﬁUﬂ'l‘i{]ENﬂULL‘iﬁﬂuﬂWLLﬂ%LLiﬂﬂuLﬂu

A ’. mqﬁ‘ﬁﬂﬁ r ) rjﬁ'_lﬁiﬂﬁ (5) nans

b 1 nmua (s) A G\ B C yagau
V < 50% 10.30 0.065 0.065 0.065 v
50% <V < 90% | .2.00 0.160 0.160 0.160 v
90% < V < 110% bl yemsuuseilos 4

LUURatdayd

110% < V < 120% 1.00 0.140 0.140 0.140 v
V 2 120% 0.16 0.065 0.065 0.065 4

= s =
JUN 4.37, 4.38, 4.39 uag 4.40 wamdynIun15Uan199588NINTEUUIE
BIIRUA AL LIIAULAY




Amplitude(V) Amplitude(V) Amplitude(V) Amplitude(V) Amplitude(V)

Amplitude(V) Amplitude(V) Amplitude(V) Amplitude(V) Amplitude(V)
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Grid Line 3-Phase 40%

0.35 04 045 05 055 a6 065 o7
Time(s)

gﬂﬁ 4.37 nsdesiunsau (V < 509%)

Grid Line 3-Phase 80%

A

Y &Y e

BTN RS HORTNONS

035 a4 045 05 055 06 085 o7

Inverter Output 3-Phase

035 04 045 05 055 06 065 o7
Time(s)

31Jﬁ 4.38 Mstasfunsaius (50% < V < 90%)



Amplitude(V) Amplitude(V) Amplitude(V) Amplitude(V) Amplitude(V)

Amplitude(V) Amplitude(V) Amplitude(V) Amplitude(V) Ampiitude(v)
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o3 035 04 045 05 055 06 065 o7

Time(s)

U 4.39 mstlaafiuussiuiiu (90% < V < 110%)

Grid Line 3-Phase 120%

3 035 0.4 045 0s 055

Phase-C Inverter
1000 T T ! T T T T

1000 i i 1 i | i
03 035 04 0.45 05 055 08 065 07

Time(s)

U 4.40 mstlesfunsediuifiu (v > 120%)
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b) nstlestumudduazaimdiiu (Under and Over fi
JuneswesivdetUaneasesnainsyuulaseingniianegly 200 fad3u i
dlemnuidifigadousiedialyioglutg 49.5-50.5 Hz n137197i 4.36 wanaenfiuiinlé
MNMIVAERUL

= W o o a
1517 4.36 wanian1Ivagaun1TUesiuAI A LA AR

| wvengedn | vanlumsuaaidnld (ms)
4 | aanuzlu : - .
AMuA Tums NANIS
M3
(Hz) Uan A B G nasau
nAsau
(ms)
47.0 Uan | 200 125 120 120 v
48.0 Uan | 200 125 120 120 v
49.0 dan | - 200 125 120 120 4
49.2 | Vam |- 200 145 140 140 v
49.4/ Uan |- 1200 145 140 140 v
49.6 Ve | 8ieni \ ; \ v
49.8 v | vy : 0 - v
50.0 ' | vhew | e o - _ : v
502 | v | i - = > v
50.4. ¢ | e NN 7 [ n v
50,6 Uah| * [* (200888 145 140 140 v
50.8 am | 200 145 140 140 4
51.0 | Yam | 200 125 120 120 v
520 | van - 200 125 120 120 v
530 | an 200 | 125 120 120 v




128

o mslasdunmsneliiwuuszuuluiuenlan (Anti-slandin
wisldliAnnisteliwuuszuulndiuenlaalusaefissuulaseng i
Laifiln Widunefwesuamaaseenanssuulasstglnfianslunaiiidvun Tneuvs
susgRuTideusatu ssuuves nva. Wiaiiaannenissslnwuusendidase s
n15AA99TA8lY 0.35 Uil gi]‘?i 4.41 Jursasildmaaeunistesiunissrelaiia

P o 8/ ¥ Pe|
wuuszuuliiwenlan a5 437 wanwanialdnnnisnageud uasguil 4.42
uandtyuniala

Omicron CMC 256plus 3 phase Passive Load
and > 25% of inverter rated
Inverter e P
-TM 160 provided by clien!
Source Under the Test Programma 0
uces To Utility Grid
i i -~ v _ ity
Modules /'T{h/ = 'O Y 2 3 .
3phV|  |3phA 3phv| [3phA 1phA

Power quality analyzer LabVIEW Program
Chauvin Armuox 3945

l:i a I
U 4.41 nsasnsvegeumitesiunisdnelvihuuussuulniuenlan

A57190 4.37 wananan1snadaunistesnunisnginiwuussuulniuwenlan

| g | raidald
seauwsey | lunisuaa | S A5 i §
3 : ‘Tl g A 8 (§11BY . YO 4 AU
1 (6,2 N [ / N
22 kV 0.35 0.100 0.100 0.100 v




129

Anti-islanding Mode-1 (Grid <= 50%)
Grid Line 3-Phase
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I. Emergency light SAFEGUARD model EL172P — Dichoric Halogen 2x50W Duration 2 hrs.

Voltage of Emergency Light Halogen

15

Voltage (V)

o= —
00:00:00 00:41:40
Time (HH:MM:SS)

01:23:20

d 1 1 1 1 d 1
E‘U‘Vl 4.44 ‘EQQL’JﬁW'LUﬂ'ﬁ?IS\??n'NLLUUC‘]@LU'EN’HE]\‘I?U Dichoric Halogen 2x50W

Manual

Manual
/ . °C 114.0

01/12/2012

= o Y . ' i
JUN 4.46 suviinuagdmuuuveaviaaalwiu Dichoric Halogen 2x50W
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Il Emergency light SAFEGUARD model IPL127-212 LED — LED NICHIA 2x3W Duration 12 hrs.

Voltage of Emergency Light 3Watt

15 T T T i
——
10~
)
]
=]
E
£
5
0 1 i ! |
00:00:00 02:46:40 05:33:20 08:20:00 11:06:40

Time (HH:MM:SS)

4 1 1 1 ] d 1
JUN 4.47 YrsiailunsdedainwuudaLisIve 43 LED NICHIA 2x3W

Manual Manual

°C 330 : °C | 36.0

L

e 0/11/2012

=] 1 s : a "/ 4 a
gﬂ‘lﬂ 4.48 ANANENTINGUNNNIINIAIDY Fluke Ti10 Thermal Imager

291172012

4 v | ’Eu :
JUN 4.49 snumiuaziuuuvevaenliiu LED NICHIA 23W



133

M. Emergency light SAFEGUARD model IPL127-212 LED — LED NICHIA 2x9W Duration 4 hrs.

Voltage of Emergency Light 9Watt

15 T T T T T T T ]

Voltage (V)

| 1 ! {5 1 I 1 !
00:00:00 00:41:40 01:23:20 02:05:00 02;46:40 03:28:20 04:10:00 04:51:40 05:33:20
Time (HH:MM:SS)

d 1 1 ! i d 1
JUN 4.50 93s0alun13desarinawUUABLEBIYE5U LED NICHIA 2x0W

Manual

°C 38.0

01/12/2012

d 2 ) b4 !
UM 4.52 Amuniiuagamiuurasviaanlniu LED NICHIA 29w
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V. Emergency light SAFEGUARD model IPL127-212 LED — LED NICHIA 2x12W Duration 3 hrs.

Voltage of Emergency Light 12Watt

15 T T T T
101
g
@
o
8
s
5l
0 | f I i !
00:00:00 00:41:40 01:23:20 02:05:00 02:46:40 03:28:20

Time (HH:MM:S8)

U 4.53 Grsalunisdesainauuudeiiosvedqu LED NICHIA 2x12W

Manual Manual

°C 37.0 °C 42.0

01/12/2012 11:16:49, 01 /12/2012

A L4 £ 74 Y ]
JUT 4.55 AuniiuagAmIuNTaviaonlngu LED NICHIA 2x12W
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SRPA
Power Meter

PX 120
Power

Analyzer
Fluke-438 |
Yokogawa
DLM2054
PQ Analyzer

Chauvin

P3945

‘Basic Parameter Measurement

Numerical: V; I, S, P, Q, PF, Freg

| Power Consumption (kWhr)

Waveform Capturing: V, |, Faults
Continuous Measurement

Data Storage

PIR[EIE RS

o

0
WYY

<

SN0O0

NSN00 XN

Power Qualtty Measurement’ and
‘Faults Detection

THDv, THDi

Flickers : Pinst, Pst, Plt
Frequency Fluctuation Detection
Voltage Fluctuation Detection
Voltage Unbalance Detection
Symmetrical Component

Transient Voltage and Current

SRR s

o X

OO0

NN

O X

Special Features

Automatic Fault Events Record
Automatic Fault Data and multi-cycles
waveform Record

Customizable Features

Networking support

On-line Monitoring

SN N NN
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LabVIEW

LabVIEW  g@u191n  Laboratory  Virtual  Instrument  Engineering
Workbench  gwnemuinulusunsuiiaiandesfiotmatiouaidluiesujiinsmis
Jenssu fabugausrasivdnvasnsvhaureslusunsuifensdanisludunisiauay
\n3eeileTn egnilvseavinm Fudulusunsuussian GUI (Graphic User Interface) e
auysal dudeilisuludoadou code ierdlng iy wasiidAgdnvazanwildly
TWsunsuifisezidenindy AzUam w38L38n8neg194910191 G (Graphical Language)
?ﬁwsLmumnﬁmﬂﬂmmmﬂumiﬁﬂaEi’mﬁﬁ'lﬁ:ut.ﬂsﬁ’ummﬁugw iU C, BASIC 3@
FORTRAN dhegunmwiedadnuaiionun Sautinluidestusemsduauiunsdadey
viadeulusunsuting uddlesduirsiunslilusunsutudasmasnudn LabviEw dileu
gganuazausaanialun1ssulvsunsrasidlauiniasenizlunuidsulusunsa
oufiumesitedensefugunsaldug wielilumsinuasnisrauay  LabviEw Tngléfinag
v33qlUsATuEIUNIN W3e Libraries lidrgunsainisideusreazidu DAQ  (Data
Acquisition), GPIB (General Purpose Interface Bus %%aﬁauwﬁ’lﬁi'%’ﬂﬁ'ﬂu%ja Hewlett
Packard Interface Bus, HP-IB), wainaynsal w5e Serial Port Lﬁ@lﬁﬁﬂﬁiﬂﬁuaﬂﬂmﬁﬁﬁamu
doyanuuaynIal (Serial Instrument) 'mmams*amsuwuauaﬁlmmmamama6] wonNndl
Tu Libraries L‘Iﬁa’muﬂ\‘l‘lﬂﬁﬁﬁlﬁﬂﬂ‘dﬂﬂ"l‘i‘v’lﬂﬂ’]uwﬁ"lﬂmﬂﬂ‘lﬁmﬂﬂ‘i“ﬂ’liwu signal generation,
signal processing, filters, a8, AyAfn waz ﬂfummamauﬂ muu LabVIEW Favilvinisia
waznsltiniesilofmnaeiuFosisatiiinn Tay  LabviEw  ezderlusunsulasende
sUnm endendnmsviuseasissfisfavdsnismunuvinliigldaunmnesniuusuuuy
TUsunsupuitflld desnsménmssananuteeoniiu 3 a':;u’Lsz] b

1. Acquisition ﬂwﬂumumwaua (Input) mmﬂﬁunmaaumﬂuaﬂmmvw Tu
e nevitunes Imﬂ"uauawmaikuawq £1N9NNTEA DAQ (mmuazyfgmmqlwﬂw ),
IMAQ @wudeyauszinnzy) vie GPIB (Fmsumiunuiniesiiotn)

2. vivnfilasuteyaudharsagsinu Hendy Analysis vie Iinseiyadazuaniua
TusuidldauausadwanaunudoinlduaslFouls

3. Presentation iz MsuaamalugUuuuidiuyselovdsedliny Tnserauansu
winvenaNiAed 19y DMM. (Digital Multi-meter) Lansnalanzdyaaiinlalaela
Fndudpsirruduiusiunat vie Osclloscope wansnavasdayafiduiusiunamie
spectrum Analyzer ﬂzLLam’lugﬂmmﬁw?amsﬁuﬁaamrnflummwmﬁwﬁ'aaga’luaﬁmﬁaﬁ

Virtual Instrument (VD)

TusunsufliBoutuulng LabVIEW 15198380 Virtual Instrument (V) iwstednwessdi
Unngmaenwidleglélfauasmiautuieiesdieniegunsaimmaimnssu lusmeideatu
ndanvesgunsshiadioustavariuanduneviaumes flefdy, Subroutines Tusunsaman
wiloufunw il dwdu Vi wiliqeeuseneusediuuseneufiddyauduie



147

1. Front Panel vi3oniiiln axludiuilddernufusewinglifulusunsy mied
fipuSon user interface) Tnvilaesidnuazwilousuntiinvesauedasilonioqunsaii
Tushumstane W Taemluazuszneuie alndUadn, Yudn, (una seuaninanie
windiigldamnsatimue dufudmiviiduinstunisiBeulusunsuyssian Visual
wavaneasazidlagmnuendt Front Panel daziiouatiowdu GUl veslusunsuvie Vi
thutes dnwauwves Front Panel uanstugusisludl

~ Date/Time|

g‘dﬁ 1.1 Front Panel

2. Block Diagram \ielimnuidladiety 1s1en9me Block Diagram Wiy
wileuu Source Code vi3slusunsuvas LabVIEW. @sUsingineglusuvesniv G 3
Block Diagram i fle3 iy Executable Program Asenansatazsinaléiud uasdonsn
Ussmsnilefifie LabVIEW  egfinnsasavdeumnufianainveslusunsumasaiian vilk
Tusunsuagrhnuléfdeidlslifideiananslulusunsuviniulaedldaunsoflazg eaziden
vesrwiawanauandliiuldaaenia vilinmdeulusunsutiusetuunn

dhuusznaunely Block Diagram TazUsznaudie ferdu drasil Tusunsunuax
mavhauvelaseadns ntuluudasdumant Snsunngluguves Block wegldfuns
sioane (wire) dmFu Block wmnzamdndneiu e musdnwagnisivavesdoyaseming
block ity viliideyaldsunsussanananuiifosnis uazuanwmaoenuili ufld
sialy




Dats -
B o o haso H
] = = KT ] sa
[5witch sm-Dso| ﬁﬂ o o
s EM »
1 E>m Phase Shilt A
Swilch SmDAQ 1| %7 -
>0 g B E
P = o R
s 1000 | X
; A B> TE
| Trus = DAQ L

Fabe 7|

Voltage - Curent a

B

‘‘‘‘‘‘ 0EL

5
gﬂﬁ 1.2 Block Diagram

3. lcon Wag Connector lU3suaiioulusunsugos Subroutine lulusunsuundviag
Ul icon agnaneiis block diagram ﬁawﬁaﬁﬁmida‘ﬁaaﬁlaﬁlﬁuazaanshumq Connector
slu LabVIEW 151921380 Subroutine $147 subvi Tedvesmsdeulusunsudieniw G 7
ais1ENINs0as VI fardaduailiiondisitesfetiedase anlumendnmnis

=3

a o4 & A = o = v & v A o
WQQﬂ"ﬁL’i']ﬂﬁqll’ﬁﬂL’UUuiﬂiLLﬂﬁuaU'UUll"leaLiﬂﬂi’d'ﬂu VI b A8 T 1NYUN D URUIUNALH

= o A g i o A’ 1
il VI Mswalsudunounatestu subvl W ns@suludnwasfiiswionin Woudu
module

3k A

A4

9 o ) o oA
dmiudnuazialuved lcon uag Connector azuandluguil n.3 Lsagiiuinden
1o | e A o 1 . v &
weindluguves Connector 1snagnyiniivessiedeoyaniofifenda Terminal Usingliiii

Ata (3]
D-TRIG

P11

TTTT

g
/ .
lcon Gonnector

= @ o
3UM n.3 anwagimiluves Icon wag Connector
o as 1 P @ =1 ' { £y

AFmviangnlgiuly LabVIEw  desnazuandisandsilgnuluniwinisliou
) ) ¥ o & A vy a g o @ o €1 nblu
TsunsudmisderglUluvanegi deuieliginguld LabviEw wWilatiadwvisneg ld

& o Aly ' &

Tulusunsuitugume W aunssfilduanssaludl



149

a15197 n.1 fnvilaly LabVIEW

X g
LabVIEW Isunsuivugu vl
Vi Program flUswnTuiaN
s o A ¥ dy al
Harduduiaguiiadiduundiu
Function Function TUsunsutiugy sin, log 1Wu
f
' =
, Wsunsugesngnizenlilay
SubVl Subroutine o
TUsunsunan
» 1 AQ 1 L7 E 74
Front Panel user interface dufinsefiugld
, NMsiPBuR TR EUY T
Block Diagram Program code . 2
arlUshATUAIUATIY

anudefovas Wsunsy LabVIEW
TUsunsuudaglusunsutugaiaiiinglseasdlunisdnviduegisutuey waed
[} ﬂi 1T a E.II o u 1 1 u ¥ 1
YOUTIVRR LU Aetumnisdilusunsusminanlinsaivinguseasd vieeguen
YDUVIUNISNITU mﬁﬂwz‘l,:jamﬁa'l‘ﬁ'ﬂﬁdwﬁaEiwqdqﬂwﬂﬂiLLﬂsuﬂ’u‘Lﬁ
LabVIEW  fvuifzany Tnagaussasandnudl u3Em National Instrument Ldi3u
W lusensunagthuldnusyuuiaiasdiadandaudielunis@eulusunsutaziandy
- ' w a 2 | 2 o o E
wieazaelunisiamnsdennssuliinniga wenzdeauduuiuisn National Instrument
a‘ = vV ar L = 1 ar c‘ nl £ a
L‘ma'mﬂ'ﬁwamqﬂﬂm‘iﬁmﬂumi'mwmmnﬁu LailaiuSennEuAuINaINNISHER Software
r o 3 e s o L7 A k24 EJ
Jundn dauashifindndmiviadeinsagldvselesiggaainlusunsy LabVIEW Aok
2 -] ;24 ﬂl Y & A o -
deensziideyaainnargueniaiesreniunes whunluatesiieinismlinsenideya
Uszanae uanwmanaslunanensalldlussuunuausnluifmeneuiiames
) v & o | a ¢ a
Jolaisugigaued LabVIEW feniswengnninlilaTesneuiinneivasiilosi
a & o ] o v il o
fu LabVIEW uaw gunsalifiousiaienisiiudeya (Data Acquisition Card) Wieunse
- - =Y & 1 & I~ = & (N &
wWasumIssrauiamesdiuyeravens inaigliueiasdisinluvatesuuuy lddasituy
Oscilloscope, Multi-meter,  Function Generator, Strain Meter Thermometer e
dl A w oa a P o 6 w o o o ) a a
iwsesilotndue muiiisndesnis lwsausoldreniameslumsinisinlazipissilain
v v =2 & = = o = A W o a .
Ieetanieene Fegailieanduiuivesde iwiesliotaaiiousss (Vitual Instrument) uae
74 k74 £ 74 & a 1 ﬂ’j = 7 4
dalaisumienisldguniniaiaunadtude Virtual Instrument aunsauTuidsuli
a Y ' Py = I I = M o1
wingaufunisidauvesdldudaznguld lnenisideu Vi TAdulumudaanisiduisaanlal
gaenin
v aal =t o4 [ - & o a A& v 24 v o
Jamanusznisndlalunisuiisvainisidrauimasiluinsasiliainnfe arwisaldvi
\Ju Data Logger ua¥ PLC (Programmable Logical Controlled) leinw5auriu dslagunfiue
r 1} d = L = 5 é’ E 7 $ 7 1
sruumuauinazliifllueiesiioTrasstuitugnu wie Data Logger uwifaziiudoyald usinns
ﬂIJ o s ¢ o d 1 ﬂIJ
dansvhaufivgunsalidu selimugentunisdinisunn
nanlavaguifieninisndl LabVIEW, aeuiiawmeiuas DAQ Card (M3838UUNNT
aloa o d A 0 o § = a i ' ' @
farofoaTouy GPIB %50 Serial Port #4588 uAuasALRANANIZNERD LUABNAT



150

v a A w oA a v v v <
wenanseaiedesleinaiioudielduinuie winisideadl Transducer MiunzauUsznau
1 = & A v
aging Feyailiosfedeivaslusunsy

DAQ, GPIB and Serial Communication

TunudumsiauaziaiosloTamsienssy wwdseneumetunsuvionszuiums
Tovdng awddused

1. Sensor - Transducer mthildsutsngnisainesssueivdeuinmueig
e Andliifuuiinamalniifiamsansiaduld Wieadu nszua arusedng
usamdoulii vdemudunlnda

2. Signal Conditioner yhwmiiufuudsUSinadygraildanduil 1 Wiwwe
Usinawednuwasfunzeay wssduanailéndusoud 1 tu oaflvunsliimngauvie
iy usunmumnniunifasiluleseiluviuils

3. Data Acquisition ¥iwiiiussanautaniumnevsawasudyyaludnvas
Analog Whnegluzuves digital signal iteustlemilunismumieuaglilunisauny
winflves DAQ board e1vasidiunisaudaaa analog (A/D Conversion) n13a3 &y
duuiaan (D/A conversion) L‘UEJuLLﬁuEl’IUE‘KQﬂJ’]m \Weudoamiaiu Transducer

Laﬂaﬁmqt,au@misﬂ*uumaum 2 4ag 3 919383 IALI Signal Processmg uayly
vensdifiduaadlinamnnsiaty wmnflvunefoensansoiasslideinstunaunis
USuanmdyense Signal Conditioner Adula

nsRnseTEI AeNRAesLAY Transducer Sududosddgdmiunsuiunedlag
Uniudn anunsnflasfadedeansfuaunsaintsusnlélaenissiiu Input/output Board (/O
Board) 3% I/O board Hasiinansuuuuduuuiiddnuazanisadourelagiiudmdwes
LabVIEW Iéfuitas Useneushegunsninseluil

1. DAQ Board

2 GPIB Board

3. Serial Interface

DAQ Board
TnouUnAud1 DAQ Board LHugunsalivay Aoluilfifummspuiiadunfureufiunes
dwduveiaussiavilagiifraavansuion fdnuarnshaufiomasuandaiutiim i
fudnuiazuiteenuuuin deddyiindeadalaluidosduiffolalddn DAQ Board naLUY
zmzanfuNIsinausudy LabVIEW viasus agndlsfinny fanisumelulainszaon
inddaummsainnseseléld DAQ Board #inArlasu3d National Instrument Fafu
DAQ Board nuuufisfiagazanunsayinnusiuiu LabVIEW Téegnautiuey

§m3u DAQ Board firdnlneiudnlalginaglianunsaviusandu LabVIEW 1¢ us
137 DAQ Board TinnTnefnanTeButiusrannsavuimiy Labview Idfdeiled
Driver vesgUnsaitu ilelldeudandy Labview  Iwidumindy dedumnding



151

a v ¥ oa ) ' . lg o ' ) o o] 2
U3EMANER DAQ Board uliill Driver lga1usauiu LabVIEW 11l t5ne1adnluiinzdes
\Weu Driver Juias $935n158AUT g ienuagidaauin

2 = w a 2/, 1 d Y <t
nsidienld DAQ Board MmsnzauiununazldielnluseidAyunnussnisnils
A g | 1 o U o s 1 s
Wiz IAvenATesistazildsuntatliagrunnmnisinmuadediiawand1siuesnly
wj'u dM31N93uNdudI9E74 (sampling rate) Iwiudesiu-didyga (VO channel) w3s
Jun Iﬂﬂﬂﬂﬂi’lﬂ’w’e}ﬁ DAQ Board findnlngu3sv National Instrument mvmwmagivmw
$700-2000 muaaﬂummmaqmi Fadusenitiuingann 51e19asld board fisimgnadnil
NNEWARTIERY LLﬁI@WﬁlﬁluﬂJﬂfgW]L‘iENﬂ’]‘ﬂ‘ﬁd'\u‘i’lﬂiﬂl} LabVIEW
i1Mvee DAQ Board Hagyimsfinrelagnseiu Transducer #49193z01ugUNT0l
Signal Conditioner visalaifilsimuaudntu uonwidleanduudnsliswludedigunsal
d v i 1% d A W = a =t & v & &
suinluntsaiuaiesdieinalioud’y Fageuilugalaiuieures DAQ Board WA

¥ | 1 5 | v di 13 1

WIDEHTINNG WAENININIZNAKNIUNITTeIATsdaIna U tau1nuiy 1319gnanaiie DAQ
] = = q’j = P~ i =% - _aga
board atiwazidaatnaTmilaluunina1ifia Data Acquisition Hardware

GPIB
General Purpose Interface Bus +¥un1svumedeyassvulmiffsldumuion whe
Wunialaeudsn Hewlett-Packard RausiUaemaisse 1960 uazldianounseiy
1§3U3NA3§1u97N Institute of Electrical and Electronic Engineer (IEEE) 1ud 1975 daraun
Sinfulude IEEE 488 standard
UseasAusnaes GPIB Aslilumsmunuiriesiiednlagasufiaiaes sgslsinn
UszasdldivAsunadlutnad Taenisih GPIB inldmunnuasindessuinsreuiames
fefuviesevinsreniiwed fu scanner viowadeslotads lussos 1:2 ¥ firuuistae
wulATednasiamesuNTELE GPIB Anuilugunsahinasgiuveaaioudn
GPIB \unsRnseuutbmifiaunsndonregunsainasdudiiftu GPIB Port Aaufen
1¢ Tngaunsadtegunsailigeds 15 du Tnald bus fissiadien lfisendn wastlasiy
Foatharaluns set gunaal) daudorauq fl
= derhudeyameTBuuuwu Adaas 1 byte (8-bits)
®  Hardware i]a‘,l,{‘]uﬁ}'ﬁ'mﬂ’m%m Handshaking, timing uagduq
" Fasimsduiudeya 800 Koytes/sec viaunnnin Fatfuingrunnidledisudiu port
Wuum
= (ddda ASCl lunishndouazdu Snvaneusens

¥ e 1 ¥ I ¢ o n: 1 ¥

fayaiinaenvasdedn 6 mndwendl GPIB Port #alluseAvinmaiuiinarinuainag

= <4 o g 2/ L a g v [ k d? vl
fisAgnunnvseandfindumisuiunsuiuneiudl vhlusaedesds DAQ Card anlden

ﬂl A 7 g 1 o = = 1 QJ
gamsdeudlalududuusnie GPIB Port ldanunsavinlvireuiinwmeddnsdelasnsaiu

a0 i 1 ] s d ! :’I
Transducer 16 GPIB Port 9zilunmsdasiasemivaeuiamesiugunsaind GPIB Port witilu

= e P o = [v) | ;
Fgunseifidl GPIB Port Aasivegfidinasilugunsalussinniaiesiieinigu Oscilloscope,

U



152

Multi-meter §a1fiu Actual Instrument egudn Fatfuntsdsrudeyedadudoyafieels
Beudosuin mmzuuwedosiiemaiuesiissuu Sienal Processing agludesauiasud

aglsfimunsil LabVIEW Amviafugunsaidulagriiunia GPIB Port 1¢ @nwnsnvia
Tisranusadiudndnmusaaiosilonss uazanunsaeildaniaiesileluldnrunu
gunsaldue seneuimeslidnie

Serial Communication
Jofvd Serial communication HIUN4 Serial Port vizeneainaynIuAAaIIAIgN
2 - [y e Y] ° & [ )
waeiesediounnineldldqunsaithiluniasgiu dnvaznisviniuvewesnizadeiu GPIB
Port IfisusdsiutayauuuaynIy uazldnsinisdsdeyandindy danesalaeldunigu
& a 1o o o 1 a & o cala -
RS-232 e RS-485 uan1sfiasiadayadsiewisenintreuiiwesivgunsaininesnile
e
P Asl B N ) ' & 1 ) a ¢l o
LabVIEW & subVi Aldlun1sinseseninggunsaliingg dumeniimesiaunsaden
o - ) ) 1 ¢ a ¥ o w
nldulaviuiinasnis Set Up ieadipasiinnugientiseniigunsaluuudug dedidmgsn
2 = o s B > o 27 I &
feafimudnlanu Baud Speed, Parity, Stop Bits tagaue \Uudu ed1elsAnuiuuiltdui
o o A ¢ ' s
GPIB Port Agiinulusnasguuazidunuine invunlatudnliumiin
U 2/ o = a  a 1 £ 74 dl
NENAYTIMNWAINITINAULY LabVIEW. ezdivszdninngeaavininaildiienis
a 1 @t A‘J & s ¥ = 5 &’ v 1 =f 1 2 s
Ansiaiursostioinlaenss winluns@eulusunsuduiugiusnelilandninishuldiv
e & = A o 3 = 97, T Y ol .
gunsalduq Anu n1lisw VI Tuilesdu glapnafianuidningeedn #e9andn icon waz
1 ' P s ) al v oo I
FEUUAILANAINY IINuBuAfssvilauiulUssuMA8e WU waaRInTsaldvinuduiag
7] LY = g ¢ 1 o k24 2/,
flusalusknsuwazn1sleuluswnsuiugnuudl 1eenuiinista LabviEw Tuldaulalad
ANUELINE T ARLAY
AUIN15V84 LabVIEW
LabVIEW.  §fiqaffiaduludl 1983 Tnentaussn National Instrument lAi5un1s
o a =l P Y <l P
AuAeITuISNsIazannIsERazaT tunssulusensuialglusudussuueIaelle
T Fadugaisuveanuimiudanisasae LabVIEW waasannastdiaavie 3 U 1Tul 1986
a w v o . ' a 2 as = s . o
U3svlaUdey LabVIEW version 1 gaaiaiiialdfiumeufiawmes Macintosh wintiy inge
v dl . i P T 2 2 ) P o
wi3bAS9 Macintosh  agluiudldegreandrevnslusuaiunisinvaspiosiaTania
a as o o a s a . Y] [y
AFINTIH ANWARNITIUMENTMANdYaLATas Macintosh winzaufunsusegnaldiv
walulad
ahluu o s a aa = AML [ H 1= a P2
4y LabVIEW dwisuszuudfinsdunlaild cul dulifiaumunsaunaglaiu
o - P | = v 7 =
LabVIEW  dfatjudmiuinosnpufiamaddiuynna 19 NI Jedesselviinalulad
seuUUfURn1s GUI veuaTes PC wiowderou 39 NI Adesseaunsevisszuuufifinag
Windows Usgaunadnsanslusumaluladuaznisnain
Tu® 1990 ms NI lsiszaunadnialunisui LabVIEW version 2 sangnann lngld
Jiuunuazi@euszuumuanlnidnivue aiumiuugiivegldau lnsanignsideu
L . P o P
Compiler - vl sieuvesiusunsusaas@u vaflsufunisdisusieniwidu



155

Nugu 1 C wazdaidlomaluladfussuuufiives PC fimmamauiilduiu cul
MIUENIalanER LabVIEW for Windows uag LabVIEW for SUN wigeanalull 1992

winduuisnAldiauTsunsulimneaufumalulaiidiuty musives
SEUUABUNILADS gﬂuwﬂﬁﬁﬁmsﬁsﬂﬁauuﬂaﬁlﬂv&u LabVIEW & 3U Windows NT,
Windows 95 51aifln15a419 version Inal iledaszuunagmadeulusunsuliiagmnuiniy
paeRaUANINIAeIs U URTalingY Wty wiewvadeilerdusineg wielhmneanty
nsldsuanndu vennilsadrelusunsufiaansavhauuussuuudRnisduildlfideu
vuszuUURTANTIULE Taeidaan LabvIEW 3 Tull a.a. 1993, LabVIEW 4 Tull a.a. 1996
uazengn LabvIEw 5 Tl ae. 1998 Fudulusunsusgauasienansyniosoumudnuns
nsvhsnvesTusunasily Version 5 4

Tuthgiutl Labview Hulvsunsuftfonld dusgrenireensidlunanisiine 3de
wagluninsgnamnssuieldlussuumsmuuenlut® Smindinuidwesmlusunsy
yashunsauaziniesilen LabVIEW s1vasiiiummaunisvasuils

Software

= Protocol savlumagnamnasy LabVIEW fianmsafindedsansldst pL Bve
BN9% WAL SCADA LabVIEW fianunsadildwiloulusunsu SCADA aly way
U3 NIZIll PLC v89mutedwngan

" A uenunsalunisvin Image Processing Mvihlaldus Image Processing luvissnann

" gunsofadediu Database UIRTEILTAMINISATUANATSeLAUTUSLTY MS-
OFFICE waedu9lu windows

" Jugpnvannvanedemnuanansanmundfanasiviililssauiiléfie LabViEw
Fuhlvinasdavi Applicationthe wasitnia§alusies Turnsfilusunsuduqlifinsy
Idavuani

nsusvgneldan

finsussendldamdulaigiusit NASA, Boeing wazduquiiuslulssaugaamngsy
futiidu Minibea, Western digital, Seagate Juyeliitueslsfiaunsalfinies
ARLIMES Wie PLC duu, Andedeans, TaAn LabVIEW annsanluthenuldiamun

¥
156319 VI 1Uaeau

AT LabVIEW ARadaenis VI Avntihfivaniavasssnulu fAe A, B niau
5 v & L7 @ L7 5 s o k2 -] o e L
JaLANIHAENS C 2anN1awlname AINudNsIRoIN1sAAe VI Ivhaunis A+B = C n155U

| o . | 2 v, . =

ANdLauINNINeDaERalY Control MU Numeric d1uns wandwaazmadld indicator 7
Numeric

@ : 1 7] - L7 . & ?}O .

Wi numeric w@iuiy lagisidandinaulnsawuu numeric A 910 Numeric >>

Humeric

do

i Y] I -
Numeric Control LLﬂmmgﬂﬁ .4 haziln9
¥ 23]

5 e y iro o
Harduugen 1 Tunthaeudenlnesunsy figui n5

aslu Front panel udgusing




154

»

b, Y0 Vi L O 5 e |
P o \ / Ly e .
U .5 Front panel i1 Numeric Control uaganduudenluiesas Block Diagram

o

5 o ﬂ’; s = = s ‘; o a e 1 o o
NUUING1DNATIEMTU Numeric  control  8nanilsdniudiands B undmsu

Mumesric

s ) 2, . a i ° o

Naaws C tuwsn 214 indicator laadaniduudan Faandufvinnisiuasu label

& . E . v o2 W w aa | A A
999914 numeric control wag indicator IhluMSnwsNIAMNNUILYY A, B waz C wwan

o L4 Aﬂ! o = A 23 A

Wswnsuazvinoulimduniuaunts A+B = C Failalaenisaand label wdnddowdu
o w o v ' & o 2 . .
fdnuwsndoans seluidanilendunisuanldain Functions>> Numeric >>Add



gﬂ‘ﬁ .6 Numeric Control Wag indicator

el 23 pliabirmionandnliiums S 4 e
F R gou o] Gpactn Jyrle WP Ueb() -
(@] o[mife | 8] ¢ f 130t ApplcatonFork —/~

§'Llﬁ 1.7 Wandu Add 910 Programming

ntuendu Add Turneliluntisevdenlnezunsy #esidudiuveinisdeu
5 o dl 1 1 5 L2 v
Tsunsuvausy ntwinisanaieleusieseninuienyiaun Wgaisnudussidoud
=
JUN 8



156

Eile Edt View E;o;ect Qper&e Tools Window Heip ; .
Bl ¢ M Bl [ e

,.g - -“ y‘ iR S ' e s A‘\ J’ - —.I o~ A ,»I. S - ’.'.
37U n.8 %199 Block Diagram dioeuseansszvinuieniiouios

' a a ¢ X a o v o
Wwindl 1s1agle v mﬂ%%ugmum Tae VI fladnelusunsuiiviasndiuan A uag B

woaglirsadndidu € nissulsunsufieausndndy Run v3e (D] seutitassinmsuan
T Teedldanunsan/Aeunlasraas A uas B léanasulnsa A uas B Fsanunsaldray
todldlapnsvie nisnaleumanlignasandaneulna ndu save TaelddeTusunsu
31 “simplevi” Taglunthae Front panel Tutsannsannusadiuidu eliifinay
meuuATd Ry ARemamnuss ieliiAamandoudnasldsn vie Wigldamudlals
vuiilusunsuiivihfiesls saedredu nisld “+7 wazs =" hildgudadilaviuiidl
TWsunsaviwihivanavaessuoy



157

ﬂ’l‘igﬁiﬂ'mﬂ'illﬁﬁﬂﬂ‘iﬂﬁﬁlﬂﬂﬂﬂﬂﬂﬂaﬂ@i@ 30 AR Cr+R  Tagisianunsa
[T, 4 ¥ o \ Cas o ) : PR - o
nnaaesy “simplevi” laviudl wiaufunaaeaufeudt ves A uaez B ieguadns C vy
o_ o o W R v @ iy ./ a f;»] A" D v o o
Wiunsufdsiuey lerew 122 azwdeugyiiudu "™ waemindeanisliveanisiu A
2 a o I ) - ot 5 a g )
zABIAANAYy STOP ® uimouiimsiulusunsy azfsdufededadon vio sou
o @ WY nﬂ 2/ 2 %1 ot 1 o
Wen wnseanlilusunsuanusaiulidaiiien fessonden TUsunsuazsusiowlies
Tvmndl nMsdleudiauaunssuy wumsld While loop dwandluidadaly

WY While loop
87 as 2/ 1 1 P 3 v @ d o v o
PN eeINITlUsunsuaIunTasulaeg1meiiias duisldudenaiviiniiag
paulnsani1siu lawduunnisld While loop  &sfimumungandunis “Sulusunsuly
' P P Y P a1 a °
aundrsnuteulanmmgafigndes” Reulanmmgafiiienaaziiseinnisvhoauvesddsunsy
e vIenmssuAmdNgldnu wWunsnaduendnnisiteu udien While loop Tu

e

LabVIEW agldlomeuly Whieloop 91n Programming>> Structures>> While loop Tu
ol RO 1N (T 1NF#iS MRS AR A AN IS LI AR A1 i:,, QR NNDMENEL AR ARIRIL 117
TWsunsuiiu Text viavaneazld “While” war “end” Asevdiuvadlusunsudidesnis



158

v¥o While [HoulalTusunsal end 3301518 While loop Tu LabvIEw figenasléuden

[l

2 1 al o f 1+
while Loop psauatll Tudruvdeniisdasnisiiumerlunis@sulusunsy Text HuLod 9

k.

a 1 -3 ¥ d
Fonsld whie Loop Ty VI leanngud n.10

| £ Functions

Measurement IO

[}
| |
| Instrument /O il
| Mision and Motion '
| Mathematics '
| Signal Processing )
| Data Communication 2 < 3
| Connectivity - |
| Control Design & Simulation. - AN
' SignalExpress ()

e e

4 e i ~

Signal Analysis Output: |

i oY o % *"" [ty
g SIS o P K
L Aol  eaCennl) ool
| Addons | i

| Favorites
| User Libraries

-

-ﬁﬂ-ﬁ-éﬁtamming , . B ;
D"; _wmph,  ®2 1
! E“ L ~{] Struchures
Structures - N T
e ‘: ! L
; . o H, D&
. Numetic - Fartoop..  Whieloop  Timed Structu,
; @‘ﬁ [ Ry . EFEER -
1 i b | & X Ix) i
String - | Case Structwre. Event Structure  MathScript

| Flat Sequence - Stacked Sequ... Formula Mode

¥ B = ano |
el

Application €., Diagram Disa... ‘Conditional Di... Feedback Nods

t
#
§
I "‘ ».:_: 'm:n %
i r ! ) ~d [x]
g m , -
$
]

&

Report Gener... Shared Variable LocalVariable  Global Variable

it

gﬂﬁ .10 N15t8en While loop



159

i

Y T AN s eeeE

Ui n.11 midld While loop

a o 1 | e ° 2 s i
walugufl n.11 dwnedr winislailddeulvnsvganisyina ity while loop

“= a 3 ¢ a
uiash wifin AuRanaIn v3e Eror muuﬂmﬁm‘laaau@ geamnnisaanidilug
o a n‘!’ é’ﬁ P s -
LabVIEW 9zuaauiuanaved Error iiindulag. Eror lunoudfiniizilaaandiuaniieu
. a P & @ vas o P £
Loop condition Ikandfiae wu Sellasunsfvuadeuly wihveuans Error 9z
=l =1 1 | | o - 4
aglunwdl 9 maudly Error 4 fifiesudld Control ifouanadeulun1svin While loop 34
= 1 = 1 -7 A e E
wudenifulunafaddesdiude Stop #ildan9n Control>> Boolean>> Stop
v o z ] o y :
Button #idlu Am#l 10 nduwnfszanuien Fulu Boolean U awnludiu
§ w4 a o .
Y84 Front panel winanagli@eusianueulvenidnnisyic While loop



i Ttems with errars : u :
T simple.vi 'Ju

1 errors and warnings

Yhile Loop: conditional terminal is not wired

-
@ Block Diagra.m Errors s

The conditmr—uéi l:.ermn;;s“n;? wn'ed to aﬁ
gsuch as a button or the result of a comparison,

ithing and must be wired to a boolean data source » |

Téxt Inds
' User Controls
| Select a Control...

Text Button

|«

gﬂﬁ n1.13 Stop Button

Graph Indicat. 1 Toggle Switch

- Slide Switch

Toggle Switch  Push Button

QK Button

cancr |

Cancel Button

i
gd
s

Slide Switch

Stop Button

160




161

ﬁ‘ﬁ‘\%@@gﬁgg_%‘?w e o S————
= § oy ! h a d :
U .14 simple.vi 13l While loop #fiteulun1svgn

& ) s @ / - 1
wirilisfaglalusunsunisuaniianinsndy Feufosudn dlanaldu @ﬁ%ﬂﬁﬂg
£ -

o oA | & _a .67 o P &
mytusiadior I3y quniezenian 52 vie stop 1O vuy dunaluguil n.14 du
3zUsngifivdennisiuiainisyieuly while loop se Inedfidgydnwal vesileidy

vaenilu vdenilléiunan Function>> Programming>> Timing>> Wait until next
= o v o ] ' i ) ° oA

ms mutiple awgiigedlduiiendaiarifiedn lu While loop duagyiawseliessn
1 ot 1 1 L l’. o A’ A

loop wily loop dalulaelifivasvegain Faevhlilusunsuiietaanves CPU iinfiau
= o 2 Py v Y a1 & | |

Lifialuvineudu Thies fuims 9efidautein1smiAImuIaIaIveInITIuLiag

2 & [ 2 =) o) 1 det w9 & o) E = 1 a _ aa <l

loop shensisnanilaan mslddunndumanddiviondu 2 Tnefiviie Jadiund

& U,
TUNLIBAIUIT L5I09AT LT

= = a | & 1

FAVBUUUYAUADN N UUNATFIU 1T
I a aa =l ! = @ a °

nsvailum 200 Tadunil reudl loop daluaziFuyineu



] a v o o IR A = & i v o 1% ¢ v v
nansiiluenarsnanulidmsunmsldnuienisfinwwingu leygnlmhlulduselesimunism

Lidnsallagmsdu nvinulilidaudasilon uasdesdsdediudivadenaisynasaninisluly



163

DAQ

mailausie DAQ Au yaTusunsy

¥n1sas  Driver TUsunsufluuuinAu DAQ  Ju NI USB-6212  Felusunsu
Measurement & Automation ‘q'uﬁﬁwmiﬁmﬁgqﬁa Version 4.6 mintwimslialusunsulag
AAnTl Icon vaslUsunTH Measurement & Automation ﬁ'\igﬂﬁ 2.1

2
Measurement &
Butomation

o )
M v.1 lcon W@4lUsensy Measurement & Automation

2

T o NATIONAL
Copyright ©1995- b INSTRUMENTS

gﬂﬁ 9.2 \UsHNSU Measurement & Automation Version 4.6



A o [ v
LlI'E!L‘ll'liﬂ'iLLﬂ‘SNLEﬂ?Q%WUﬁuqﬁ?Q NI

v P
UU Toolbar vealusunsy Aagu 2.3

USB-6212:

“Devl”
5 ¥ o a a a
Automation Explorer anntiuvinsnsiaaeuruiinUndvesyngunial Ineiiond Self-Test

164

Measurement &

44 Scales
b5 Software
i 1 Drivers
3 Remote Systems

B U5B:6212: Devi” |
B9 NIUSB-6212: "Sim"
o PXI PYI System (Unidentifiad)

r Emglﬂ DWRMB;%\CMME

13

= R )
:
i -QPrq:;eftles F50 - [EsefTest B TestPanels... 3 Reset Device * (52 Hdereb |
- [ Data Neighborhood | Name Yolue 5 2]
; =] 5erial Number OX147E6EE
“ EWWL’W’““ i NI-DAQmx Device
4 ml NI-DAQmX Devices Basics

What do you want o

do?

PRun the NI-DAQmx
Test Panels

PRemove the device

MView or change
device properties

= ' B
sU#l 9.3 vl winvedusunsy Measurement & Automation

NNUUILYIINUUIIL Success Auu AIFUN 2.4 Bawdailadlinuinundiia

4
o

Jun

vyngUnInl visoaansalteulaund

(et AT )

The device has passed the self-test,

= il ¢
UM 0.4 el NIN1IRTIvERUYARUN T

v o ] ' P
wagfuinisvagouusasdaigunsallaf Test Panels uu Toolbar lulusunsy

- A ar o 1 i e/ 1
Measurement & Automation wiana Test Panel Wa29gWUNUNUNANNEVNAADUTD
1 [ o
gunIalineg Aaguil v.5



o ' & @ o =
nsipudegagunsaliulusunsy LabVIEW anunsavialalaeiSen DAQ

1A Fuction Palette Toeidan Express >> Input >> DAQ Assistant ﬁﬁg‘dﬁ 2.6

- +[] Functions | % Q Se;a;clﬁi
Express : >
[T AR5 ¢ . e L DS
, i l—% W ‘_—L WH‘E, ,} sl i e F- .
! | B ey '{H Input
| Input , S
i N
SigManip | DAQAssist  InstrAssist  Instr Drivers
Favorites !EE ] { |
gunnr t E
User Libraries L_.lg.ﬁ @
| Select a¥I... Sirmulate Sig Sirm Arb Sig Acquire Sound
21 87
' Read MeasFile  Prompt User File Dialog
U 9.6 DAQ Assistant 310 Fuction Palette

Auto-scale chart {7

= o L)
3UN 9.5 U NTBY Test Panels

165

Assistant

d o . v U2 @ =
Waidian DAQ Assistant Wa29sUT N 1uuee Crate New Express Task auguvl 4.7



NI-DAQ Tistrumenrs-

DAQ Assistant

|18 aAcquire Signals i
Select the measurement type for the 11 i #
task. |1 @ Generate Signals
A zask iz 2 collection of one or mare virtual i
channals with timing, triggering, and other
properties.

To have multiple measureamant types
vithin 2 =ingle tazk, you must first creats
the tazle vith ene measuremant tyoe. After
you create the tazk. dick the Add
Channels Sutton to add 2 new
mezasurement type to the task.

Eﬂﬁ 9.7 MW Crate New Express Task

& o | Y @ =
Generate Signals 9nuuINIEaNtasdyInves DAQ AFUN 2.8

;'"'-physaul ?

Select the physical channel(s) to
| add to the task. {

. Supported Physical Channels
b a . Devi (USB-6212)

If you have graviously configurad

lobal victual ghannsls of the |
zzme measurement tyoe a3 the
task, dick the Virtual ta5 tc sdd
or copy glebalvirtual channals to
the task. When you copy the
global virtual channelte the tasks |
it becomeas a local wirtual ¢
thannel. When you adda glebal
virtual channel to tha task, the
tzsk uses the actuzl global
virtual channel. and any changes
to that global virtual channel are
reflected in the task.

SE A B T

BT

il

]
|
|
|
1
;

ELELEHLER

©

If you have TEDS configured,
click the TEDS tab to add TEDS | sill
channels to the task, 14 .
ail2
3il3 |

For hardvare that zupporte
multiple chansels in a task, you
can select multiple channels to !

add to a task st the same time, «Ctrl> or <Shift> dick to select multiple channels,
v

|
|
i
,
]
s
4
i
o

(cBoek] 1o

gﬂﬁ 9.8 \Fantasdmyyiuved DAQ

166

& o a = ; | = Y 3 =
mﬂuummitﬁaﬂﬁmz‘g']mauﬂmm Acquire - Signals MI8AIIIAYNYIULDINNAN



167

d 1 s 4 5 v 1 & d‘ o n’.’r U 3
WaNAYN Finish HAI92YUNUIAN DAQ Assistant LWaVIN1979AT Sampling Rated

P ' = S ac = o .
Y1984 Samples to Read uaz¥®d Rate (Hz) FIDIN15LE@DNTTNSITOUABNIYRY Terminal

. 3 o 1 o =
Configuration 91nuuvIN1INAYN OK AS3UN 9.9

|08 Fiw +

e add

it s ; :

= 1~
‘ g o . }
IS petaw 3] | Voltage Input Setp
| [ settrgs | £_calbration |
| s !
Sigred Inpust Rarge
B
2 e e —
s
[}
| B Terminal Configuration
I | Cickthe Add Charvess button | o el
i ()0 add more channeks to J Custom Scaling
Yy i oS>
w =3
v~ Tng Seltings.- £ A e 'y N
Acquiskion Mode L ] o & SamplestoRead
| N Sammples -V B o / FRGWS 3

1 OC veltsges are uzaful
i | for measudng
1 ghencmana that change i"{

—— @ RE'.

Measuring Voltage

Most measurament
devices are designed for | |
maszuring. or reading, | |
voltags. Two commeon e |
ol messucemants |4

are CC anc AC.

il

slowly with Ema, suchaz | |
temperature, sressure, |
cr ztrain, 4
AC weitages, on tha

cther hand, are

vaveforms that

constantly incransa,
cacreaze, and reverse | |
pelarity. Most pamedines [
daliver AC valtage.

G

Scaled Units iz the units
usad.

) v _ ' a o v o o e a
NnuAa3aaing Block Diagram siveepiieriwldvhaiufudygairiuaings

gunsaila

gﬂﬁ 2.9 vitinaa DAQ Assistant

. i T . Z LT

o At

a

U 9.10 vhn15idiey Block Diagram Taefudiygnasdunmann DAQ



dgj 1 d’ Y o U ¥ dl = 1 3 1 Y o £ 6 v 1%
nansiiluenarsnanulidmsumsldanuienisfinwwingu leygnlmhlulduselesimunism

Lidnsallagmsdu nvinulilidaudasilon uasdesdsdediudivadenaisynasaninisluly



169

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

® 16 analog input (16-Bit, 400 kS/s)
B 2 analog output (16-Bit, 250 kS/s); 32 digital ey
I/0; two 32-bit counters :

B Bus-powered USB for high mobility; built-in
signal connectivity

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

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

®  NI-DAQmx driver software and LabVIEW Signal Express 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 1/0
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-DAQmx driver and measurement services software provides easy-to-use
configuration and programming interfaces with features such as DAQ Assistant to help
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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.

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
[ R Y SRS O G ————— B A _ O\ W VERVCUNERE S S W i ———— I S G Gh W e ]

Generatg-;' L

Product Name USB-6212

Product Family Multifunction Data Acquisition
Form Factor uss

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
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Maximum Voltage Range -0V, 10V
Maximum Voltage Range Accuracy 2.69 mV
Maximum Voltage Range Sensitivity 91.6 pv

Minimum Voltage Range

-200 mV, 200 mV

Minimum Voltage Range Accuracy 0.088 mV
Minimum Voltage Range Sensitivity 4.8 v
Number of Ranges 4
Simultaneous Sampling No

On-Board Memory

4095 samples

Analog Output

Channels 2
Resolution 16 bits
Max Voltage 10V
Maximum Voltage Range -10v, 10V
Maximum Voltage Range Accuracy 3512 mV
Minimum Voltage Range -10V, 10V
Minimum Voltage Range Accuracy 3.512 mV
Update Rate 250 kS/s
Current Drive Single 2mA
Current Drive All 4 mA
Digital /O, - _ = .
Bidirectional Channels 32
Input-Only Channels 0
Output-Only Channels 0
Number of Channels 32,0,0
Timing Software
Logic Levels TTL
Input Current Flow Sinking
Output Current Flow Sourcing
Programmable Input Filters No
Supports Programmable Power-Up States? Yes
Current Drive Single 16 mA
Current Drive All 50 mA
Watchdog Timer No
Supports Handshaking 1/0? No
Supports Pattern 1/0? No
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Maximum Input Range 0Vv,525V
Maximum Output Range 0v,38V
Counter/Timers

Counters 2
Buffered Operations Yes
Debouncing/Glitch Removal Yes
GPS Synchronization No
Maximum Range 0v,525V
Max Source Frequency 80 MHz
Pulse Generation Yes
Resolution 32 bits
Timebase Stability 50 ppm
Logic Levels TTL
Physical Specifications =
Length 16.9.cm
Width 9.4 cm
Height 3.1 em

/O Connector

Screw terminals

Timing/Triggering/Synchronization .« =

Triggering

Digital
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2. Metrix - PX120 Power Meter

For measurements on-site or in a laboratory, a new concept: the digital

power meter.

DC or AC TRMS networks: balanced
single-phase (PX 110) or three-phase
(PX 120)

Voltage, current,
active/reactive/apparent powers and
power factor measurements

High degree of sensitivity

Simple and quick implementation
with direct access keys

Numerous automatic functions:

current range switching, HOLD, filtering, starting current, etc.

Excellent readability: 3 quantities displayed simultaneously with a digit height
of 14 mm

Digital transmissions protected by infrared communication interface

Mains power supply (optional)

Technical characteristics, | > KA N & ]
Network type single-phase and three-phase 3 balanced wire (T3FE)
Number of counts 3 lines of 4 digits (14 mm)
Bandwidth DCto 1 kHz
| Active powek N\, %3 . MW W m, 2V ASSL S Sy
Range 10Wto 1 kW =1 kW to 6 kW
Resolution 01W-1W
Basic AC/DC accuracy 19% R + 2 digits / 2% R + 3 digits
Apparent/reactive power
Range 10* to 1 k* — 1k* to 6 k*
Resolution / Basic accuracy 0.1* - 1* / 2% R + 2 digits
| Power factor
Range 1.00
Resolution 0.01 /7 3% R + 2 digits
Voltage
Range 0.5 to 600 V RMS
Resolution 100 mV
Basic AC/DC accuracy 0.5% R + 2 digits / 1% R + 3 digits
Input impedance » 1 M@
""Culrfént” = T Sy SR S
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Range

10 mAto2A-2Ato 10 A RMS

Resolution

1 mA—-10 mA

Basic AC/DC accuracy

0.5% R = 2 digits / 1% R =+ 3 digits

Starting current

Range

5A - 65 A (peak)

Resolution / Accuracy

100 mA / 10% R + 2 digits

* Apparent power = VA — reactive power = VAR — In three-phase, the measurement is only exact

for sinusoidal signals.
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3. Power Xplorer - PX5 Power Quality Analyzer
The PowerXplorer™ PX5 integrates the most
advanced feature set available in a power monitoring POWERXPLORER
instrument, with an easy-to-navigate, color graphical £
user interface. With high-speed sampling and data Power Quality Analyzer
capture (1 microsecond/channel), this 8-channel
workhorse simultaneously captures and characterizes
hundreds of parameters, using a range of standard

and customizable operating modes. The unique
measurement capabilities of the PowerXplorer
include capture of low-medium-high frequency

transients through peak, waveshape, rms duration

and adaptive high-speed sampling, as well as power
measurements to clearly characterize non-sinusoidal
and unbalanced systems:.

Specifications

_ Measured Parameter

(4) differential inputs, 1-600 Vrms, AC/DC, 0.1% rdg + 0.05% FS, 256 samples/cycle 16 bit ADC

(4) inputs with CTs 1-6000 Arms CT-dependent, AC/DC, 0.1% rdg + CTs, 256 samples/cycle, 16 bit
ADC

1 MHz High Speed Sampling, 14 bit ADC

Frequency Range, 10 mHz resolution, 15-20 Hz, 45-65 Hz or 350-450 Hz

Phase Lock Loop Generator trackmg, Standard PQ mode
' Monltorlng/Compll : :

IEEE 1159

IEC 61000-4-30 Class A

EN50160 Quality of Supply

Current Inrush / Energization

Voltage Fault Recording

Long Term Monitoring w/min/max/ave

Continuous Data Logging

Power Quality Triggers

Cycle-by-cycle analysis

256 samples/cycle; 1/ 2 cycle RMS steps (1)

L-L, L-N, N-G RMS Variations: Sags/swells/interruptions

RMS Recordings V & | (32 pre-fault, 10K post-fault cycles)

Waveshape Recordings (32 pre-fault, 10K post-fault cycles)

Low and Medium Frequency Transients -V & |

High Frequency Transients - V & |, 3% FS trigger (1)
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Harmonics Summary Parameters

Cross trigger V & | channels

RMS Event Characterization (IEEE or IEC)

Transient Event Characterization (1)

Distorﬁon/Power/Energy

W, VA, VAR, TPF, DPF, Demand, Energy, etc.

IEEE 1459 Parameters of distorted and unbalanced

Harmonics / Interharmonics per IEC 61000-4-7

THD/Harmonic Spectrum (VW) to 63rd

TID/Interharmonic Spectrum (V1) to 63rd

Flicker per IEC 61000- 4-15 (Pst,Plt,Sliding Plt)

Crest Factor, K Factor, Transformer Derating Factor,

Telephone Interference Factor

Unbalance (max rms deviation) & sequencing components

5 User Spec Harmonics or Signaling Frequency

Vector/Arithmetic/Coincident Parameters

Available Lahguages

English, French, Italian, German, Spanish, Swedish

General Specifications .

Size (HxWxD): 12" x 2.5" x 8" (30cm x 6.4cm x 20.3cm)

Weight: 4.2 pounds (1.9 kg)

Operating Temperature: 0° to 50° C (32° to 122° F)

Storage Temperature: -20° to 55° C {4° to 131° F)

Humidity: 10 to 90% non-condensing

System Time Clock-Crystal controlled-1 second resolution

Charger / Battery Eliminator: 90-264 VAC 47-63 Hz

Display: LCD color touch screen

Memory options (must have one): 32M-128M removable compact flashcard

Optional Accessories .

Current Probes: An extensive selection, including:
®  Model TR-2510A 0-10 A; up to 0.47" conductors
B Model TR-2500A 10-500 A; up to 1/8" diameter or 2.5" x 0.2"conductors
B Model TR-2520A 300-3000 A; up to 2.56" diameter or 1.97" x 5.3" {bus bar)
¥ Model TR-2019B 1-300 A; up to 2.0" conductors (requires 116002-G1 adapter)
B Flexible probes: ranging in current from 30-6000 A, 24", 36", 48"
B Hall Effect Probes for AC/DC applications, 150 A or 1500 A

CT Cable Adapter (CA4300LEM)

Voltage Cable Accessory Pack (VCP4300)

Soft Carrying Case (SCC-4300)

Field Replaceable Battery Pack (BP-PX5)

External Battery Charger (XBC-PX5)

Reusable Shipping Container (RSC-4300)




178

Weatherproof Container (NEMA4300)

Lockable Portable Case (LPC-4300)

Portable Field Printer (PFP4300)

Communications Interface:
B RS232 FiberOptic Adapter {(COMM-RS232)
B USB FiberOptic Adapter (COMM-OUA)
¥ LAN-FiberOptic Adapter (COMM-OEA)

DRAN-VIEW software: Runs under Windows 98, ME, NT, XP

NodeLink® with download, setups and meter

CD-ROM Training Program

1) PX5-400 samples at 32 samples/cycle, 1 cycle steps at 400 Hz.
Certain parameters measured at 45-65 Hz range only.




4. Fluke 43B

The Fluke 43B has been designed and tested in
accordance with the following standards: ANSI/ISA 82.02-
01, EN/IEC 61010-1:2001, CAN/CSA-C22.2 No0.61010.1-04
(including approval), UL3111-1 (including approval) Safety
Requirements for Electrical Equipment for Measurement,

Control, and Laboratory Use.

Function Specifications
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For all specifications, probe specifications must be added.

Electrical functions

Specifications are \_/:al,i_bij- for signals with a fundamental beﬁVéi_eﬁn;_,AO and 70 Hz.

Minimum input voltage

4V peak-peak

Minimum input current

10 A peak-peak (1 mV/A)

Input bandwidth

Volts / Amps /Hertz -

DC to 15 kHz (unless specified otherwise)

Readings

V rms (AC+DC), A rms (AC+DQ), Hz

Voltage ranges (auto)

5.000 V to 500.0 V, 1250 V (1 % + 10 counts)

Current ranges (auto)

50.00 A to 500.0 kA, 1250 kA +(1 % + 10
counts)

Frequency range
B 40.0to70.0 Hz

10.0 Hz to 15.0 kHz
B (0.5 9% + 2 counts)

CF Crest Factor range

Power (1 and 3 Phase, 3 Conductorbalanced loads)

1.0 to 10.0 (5 % + 1 counts)

Readings

Watt, VA, VAR, PF, DPF, Hz

Watt, VA, VAR ranges (auto)
B when selected: total (%r)
B when selected: fundamental (9f)

250 Wto 250 MW, 625 MW, 1.56 GW
B (2% + 6 counts)
B (4 % + 4 counts)

DPF
B {0025
B 0.251t00.90
B 0.90to 1.00

0.0 to 1.00
B not specified
= +004
B +003

PF

0.00 to 1.00, + 0.04

Frequency range
B 40.0 to 70.0 Hz

10.0 Hz to 15.0 kHz
B +{0.59% + 2 counts)

Harmonics

Number of harmonics

DC..21, DC..33, DC.51

Vrms/lrms fund. £(3 % + 2 counts), 31st +(5 % + 3
counts), 51st +(15 % + 5 counts)
Watt fund. £(5 % + 10 counts), 31st +(10 % + 10
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counts), 51st +(30 % + 5 counts)

Frequency of fundamental +0.25 Hz
Phase fund. +3° ... 51st & 15°
K-factor (in Amp and Watt) +10%

Sags & Swells

Recording times (selectable)

4 minutes to 8 days, endless (16 days)

Readings
BV rms actual, A rms actual (cycle by
cycle calculation)
&  \/rms max, A rms max

BV rms min, A rms min

B (2% + 10 count

B 4(2 % + 10 counts)s)
B 4+(2 % + 10 counts)

Cursor Readings
BV rms max, A rms max
BV rms average, A rms average

BV rms min, A rms min

B +(2 % + 12 counts)

B +(29% + 10 counts)

B 3+(2 % + 12 counts)

Transients
Detection of voltage transients > 40 ns
Useful bandwidth input 1 (with test leads TL24) | DCto 1 MHz
Reference signal
After START, the V rms and frequency of
V rms, Hz

the signal are measured. From these data a
pure sinewave is calculated.

Detection when transients exceed specified
voltage level (selectable)
Voltage levels

20 9%, 50 %, 100 %, 200 % of reference signal

Number of transient memories (temporary)

a0

Cursor reading
Vpeak min, Vpeak max at cursor

+ 5 9% of full scale

Inrush Current

Current ranges (selectable)

1A,5A,10A, 50 A, 100 A, 500 A, 1000 A

Inrush times (selectable)

15,5s,10s, 505, 100 s, 5 min

A peak max at cursor 1

+ 5 % of full scale

A peak max at cursor 2

+ 5 % of full scale

Time between cursors

+0.2 % + 2 pixels)

Input Impedance

Input 1 1 MQ // 12 pF (+ 2 pF). With BB120: 20 pF + 3
pF

Input 2 1 MQ // 10 pF (+ 2 pF). With BB120: 18 pF + 3
pF

Horizontal

Time base modes (selectable)

| Normal, Single, Roll
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Ranges (selectable within modes)
B |In Normal
B In Single shot
B In Roll mode

B 55to 20 ns/div
" 5stol Ms/div
B 60stols/div

Time base error

< +(0.4 % + 1 pixel)

Maximum sampling rate
B 10msto60s
B 20nsto 10 ms

" 5MS/s
" 25 MS/s

Trigger source (AUTO, 1/2 AUTO, MANUAL)

Input 1 or Input 2

Vertical

Voltage ranges

®  Trace accuracy

5.0 mv/div to 500 V/div
8. (1% + 2 pixels)

Bandwidth input 1 (voltage)
®  excluding test leads or probes
B with test leads TL24
| with 10:1 probe VP5100-R (optional)
B with shielded test STL120
(optional)

leads

B Lower transition point (AC coupling)

B DCto 20 MHz (-3 dB)

B DCto 1 MHz (-3 dB)

®  DCto 20 MHz (-3 dB)

B DCto 12.5 MHz (-3 dB)
DC to 20 MHz (-6 dB)

B 10 Hz (-3 dB)

Bandwidth input 2 (current)
B with Banana-to-BNC adapter
B Lower transition point (AC coupling)

B DCto 15 kHz
" 10 Hz (-3 dB)
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5. Yokogawa Power Analyzer PZ4000

Wide measurement bandwidth (DC, up to 2 MHz)

Accurately capturing of input waveforms using high-speed (maximum 5 MS/s)
sampling

Voltage and current waveform display and analysis functions to enable power
calculations on fluctuating inputs

Harmonic analysis (up to 500th order) and Fast Fourier Transform (FFT)
functions to enable high-frequency power spectrum analysis

Simultaneous measurement of many channels using multiple units and
external trigger function

Environmentally friendly design based on YOKOGAWA’s “Guidelines for
Designing Products for the Environment” and “Criteria for Environmental

Assessment in Product Design.”

Sensor input module enables evaluation of motor efficiency and total
efficiency.

Voltage input Current input

Input type Floating input
Resistive voltage divider Direct input: Shunt input External
input: Resistive voltage divider
Rated values Direct inputs: 30, 60, 120, 200, Direct input 0.1,0.2,04,1, 2, 4,
300, 600, 1200, 2000 Vpk (1000 5A 10
\rms) Apk (5 Arms)
Direct input 1, 2, 4, 10, 20, 40,
20 A 100
Apk (20 Arms)
External 100, 200, 400, 1000
input mVpk (500 mVrms)

253751: Combination of direct input 5
A and external input

253752; Combination of direct inputs 5
A, 20 A, and external input
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Input resistance

Input resistance: Approximately
1 MW Input capacitance:
Approximately 5 pF

Direct input 5 A: Approximately 100 mwW
+ 0.07 pH, Direct input 20 A:
Approximately 11 mW + 0.02 pH
External input: Approximately 10 kW

Instantaneous
maximum allowable
input

(1 second)

Peak of 2000 V or rms of 1000 V
(whichever is less)

Direct input 5 A: Peak of 30 A or rms of
15 A (whichever is less) Direct input 20

A: Peak of 150 A or rms of 40 A
(whichever is less) External input: Peak
and rms of 2 V or less

Continuous maximum
allowable input

Peak of 2000 V or rms of 1000 V
{whichever is less)

Direct input 5 A: Peak of 10 A or rms of 7
A (whichever is less) Direct input 10 A:
Peak of 100 A or rms of 30 A (whichever
is less) External input: Peak and rms of 2

V or less

Continuous maximum
commeoen mode voltage
(50/60 Hz)

600 Vrms

Common mode
rejection ratio

Voltage input shorted and current input cpen
10 Hz < f < 1 kHz: + 0.005% of range or less

(600 Vrms) Other cases: Design valug, + ((maximum range rating) / (range rating) x 0.0002 x f) %
of range or less (f is in kHz)
Input terminal type Plug-in terminal Direct input: Large binding post

(safety terminal) External input: BNC

A/D converter

Simultaneous voltage and current conversion, 12-bit resolution,
maximum 5 MS/s sampling rate

Line filter

Available cutoff frequencies: OFF, 500 Hz, 20 kHz, 1 MHz

Zero-cross filter {for HF
trigger and frequency
detecting for averaging)

Available cutoff frequencies: OFF, 500 Hz, 20 kHz

Range switching

Available settings for each element: Manual, Automatic, Remote Control

Auto-range function

Range up: When input peak exceeds 80% of range rating
Range down: When input peak falls to 15% or less of range rating

Frequency measurements.

Measurement type

Reciprocal

Measured parameters

Voltage and current values of all installed power
measurement modules {only channels set to SYNC
source during harmonic analysis).

Maximum display

99999 (2.5000 MHz max)

Accuracy

For observation period of 2 ms or longer

10 Hz £ f < 10 kHz +0.1% of rdg + 1 digit

Assumes sinewave with input of at least 15% of range;
5 cycles or more within observation period; and
measured frequency no greater than 1/2.5 of sampling
rate.

Frequency measurement filter

Set using zero-cross filter.
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Harmonic measurement

Measurement type PLL synchronization
Measured frequency range Fundamental wave frequency range of 20 Hz to 6.4
kHz

Measured function items:

U, P, S, Q| f(between V and A) for each order, fU, fl (phase difference for harmonic
component relative to fundamental wave), |Z], Rs, Rp, Xs, Xp,

TOTAL U, |, P, S, Q, L (S calculation possible), and f

U, |, and P harmonic distortion factor of each order

U, |, and P THD

PLL synchronization frequencies

UTHF (voltage telephone harmonic factor), ITHF (current telephone harmonic factor),
UTIF (voltage telephone influence facter), ITIF (current telephone influence factor), HVF
(harmonic voltage factor), HCF (harmonic current factor)

Set record length 7 Same as normal.

FFT data points 8192
FFT analysis data starting point in acquisition memory
can be set as desired.

FFT processing word length 32 bits
Window function Rectangular
PLL synchronization options Either external clock or voltage/current in all installed

power measurement modules can be selected.
External clock can also be used without PLL. When this
is done, the fundamental frequency is 1/4096 of the
external clock.

PLL synchronization filter Set using zero-cross filter.

Anti-aliasing filter Set using line filter (fc = 20 kHz)

Relationships between sampling rate, window width, and number of analysis orders

s Maximum Maximum number of analysis
Fundamental frequency Sampling Window :
. number of orders with accuracy equal to
(Hz) rate (Hz) width )
analysis orders - | normal measurement accuracy
20Hz £ < < 40 Hz fx 4096 2 500 ‘ 50
40 Hz £ < < &) Hz fx 2048 4 500 50
80Hz £ < <160 Hz fx 1024 8 500 50
160 Hz < f < 320 Hz Tx512 16 200 25
320 Hz < f < 640 Hz fx 256 32 100 25
640 Hz < f < 1.28 kHz fx 128 64 50 10
1.28 kHz < f < 2.56 kHz fx64 128 30 10
2.56 kHz < f < 6.4 kHz fx32 256 15 -

Note 1: Hysteresis is applied across each of the above fundamental frequency bands.

Measurement accuracy Accuracy for bands where normal measurement
accuracy is not applied: Add [0.001 " f " (order
number)% cof reading] (design value) Where f (in kHz) is
the frequency for that order.




6. Three-Phase Power Quality Analyzer PowerPad'" Model 3945

Feature

True RMS single-, two- and three-phase measurements at
256 samples/cycle, plus DC

Real-time color waveforms

Easy-to-use on-screen setup

Automatic current probe recognition and scaling

True RMS voltages, amps and power

Display and capture voltage, current and power harmonics
to 50th order, including direction, in real time

Capture transients down to 1/256" of a cycle

Phasor diagram display

Peak voltage and current

Nominal frequency from 40 to 70 Hz

VA, VAR and W per phase and total

kVAh, kVARh and kWh per phase and total

Neutral current display for three-phase

Crest factors for current and voltage

Transformer K-factor display

Power Factor, displacement PF display

Captures up to 50 transients

Short-term flicker display

Phase unbalance (current and voltage)

Harmonic Distortion (total and individual) from 1° to 50"
Alarms, surges and sags

Records date and characteristics of disturbances
Immediate printout directly to a printer

Screen snapshot function captures waveforms or other information on the display

Optically isolated RS-232 communication port
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Includes DataView" Professional software for data storage, real-time display, analysis and

report generation
EN 61010, 600V Cat. lll



Specifications
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Model

Sampling Frequency

256 samples per cycle

Data Storage

4 MB partitioned for waveforms, transients, alarms and

trend recording

Voltage (TRMS) Phase-to-Phase: 960V Phase-to-Neutral: 480V

Current (TRMS) MN Clamp: 0 to 6A/120A or 0 to 240A g
MR Clamp: 0 to 1200Aac, 0 to 1400Aac 4

Measurement Range Resolution Accuracy

Single-Phase RMS Voltages 15 to 480V 0.1V +0.5% +2cts

Phase-to-Phase RMS 15 to 960V 0.1v +0.5% +2cts

Voltages

DC Voltage Component 15 to 680V 0.1v +1% +2cts

Single-Phase Peak Voltages 15 to 680V 1V +(19% +5cts)

Phase-to-Phase Peak 15 to 1360V jAY +(1% +5cts)

Voltages

Frequency (Hz) 40 to 69Hz 0.01Hz +0.01Hz

Current Probes (Arms)

MN Clamp 0 to 240A 0.1A +(0.5% +2cts)

SR Clamp 0 to 1200A 0.1A +(0.5% +2cts)

AmpFlex Probe 10 to 6500A 0.1A +(0.5% +1A)

Active (Real) Power (KW) 0 to 9999kW 4 digits (10,000ct) +1% +1ct @ PF 20.8

Reactive Power (kVAR)

0 to 9999kVAR

4 digits (10,000¢ct)

+1% *1ct @ PF <0.8

Apparent Power (kVA)

0 to 9999kVA

4 digits (10,000ct)

+1% x1ct

Power Factor (PF & DPF)

-1.000 to 1.000

0.001

+(1.5% +0.01)

Active Energy (kWh) 0 to 9999MWh 4 digits (10,000ct) +1% +1ct @ PF 20.8
Reactive Energy (KVAR) 0 to 9999MVARK 4 digits (10,000ct) +1% +1ct @ PF <0.8
Apparent Energy (kVAh) 0 to 9999MVAh 4 digits (10,000ct) +1% +1ct
Unbalance (V & A) 0 to 100% 0.1% +1% z1ct
Phase Angle (V-A, A-A, V-V) -179° to +180° g +2° +1ct
Harmonics (1™ to 50™) 0 to 999% 0.1% +19% +5cts
F=40to 69 Hz

Total Harmonic Distortion 0 to 999% 0.1% +19% +5cts
(VBA)

K-factor (Akf) 1 to 99.99 0.01 +5% +1ct
Flicker (Pst) 0.00 to 9.99 0.01 -

Power Source

9.6V NIMH rechargeable battery pack
AC supply: 110/230Vac +20% (50/60Hz)

Battery Life

=8 hrs with display on; <35 hrs with display off (record mode)
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“Data Acquisition System and LabVIEW Program in Being a Smart and Low Cost
Three Phase Disturbance Measuring Unit”, the International Conference on
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“A Smart Recording Power Analyzer Prototype Using LabVIEW™  and  Low-
Cost Data Acquisition (DAQ) in Being a Smart Renewable Monitoring System”
the IEEE Green Technologies Conference, Denver, USA, April 4-5, 2013.
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Data Acquisition System and LabVIEW program in being a smart 3-phase disturbance measuring unit
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Abstract

This project presents the use of LabVIEW (Laboratory Virtual
Instrumentation Bngineering Workbench) and digital signal data
recording equipment as a smart measuring unit. The main objective is to
apply LabVIEW in analyzing the 3-phase paramecters in general power
system during both normal and faults conditions. This device is not only
capable of displaying the real-time measuting parameters and their
waveform, but also capable of recording the presented valucs in any
kind of storage devices in order that they can be further analyzed using
the other intelligent tools. It also has potential to be portability and
remote accessibility through the network in the future. The verification
results in both laboratory and fieldwork at biomass power plant with
160 kW generator shows that this device is highly efficient and reliable.

Keyword: LabVIEW, the three-phase fault signal
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Actual Ratio New Ratio
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1.0 1.0 1.0 0.94 0.96 0.95
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Data Acquisition System and Labview Program
In Being a Smart and Low Cost Three Phase Disturbance Measuring Unit

CHOMPOO-INWAI, Chow' and MUNGKORNASSAWAKUL, Jade®

12 Electrical Engineering Departmeni, Faculty of Engineering, King Mongkut's Insiituie of Technology Ladkrabeng (KMITL),
Bemgkok, Thailand

Abstract

Nowadays. to indicate the power quality problems, a number of pricy disturbance meters are being used in major areas of
Thailand. This article proposes the combination of a low cosl dala acquisition board and the LabVIEW-algorithm program as
an altcrnative for a commercially high-cnd disturbance meter, The main goal is that the newly proposed sct of cquipment has
not only the ability lo achieve the same funclionalilies and accuracy ol the currenily used disturbance meter, bul also the
advanced [eatures supporting Thailand’s fuiure smart pgrid svstem. The proposed device is capable of measuring and
monitoring in both system operating conditions and whon faults occur. The cxamplces of paramcters which can be measured arc
vollage (V), current (1), real power (P), reactive power (QQ). apparent power (8), energy consumplion (kWhr), power [actor
(PF), Harmonics distortion (TEC61000-4-7. TEEE1159-1995), over and under voltage, svmmetrical and unsymmetrical faults,
vollage unbalance, Sag. Swell and Flicker (TEC61000-4-15, TEEE1159-1995). Tn this paper. the designing process. Lhe
hardwarc management and the LabVIEW algorithms are cxplained. The verification processes worc strictly donc under various
controllable condilions by comparing the resulls of the proposed sel of equipment with the slandard measuring units in both of
the laboratory cnvironment and in the rcal powcer svstem ficld. The cxperimental rosults in the laboratory illustrate that the
proposcd sct of cquipment is far supcrior to the reference ong in terms of functionality and accuracy. The cxperimental rosults
in the real [ieldwork at the 160 kW biomass power plant compared (o the [aclory-insialled measuring unit demonstraie that (he
proposed device is highly cfficient and rcliable. The average percent crrors compared to the reference measuring units arc Iess
than 2%.

Keywords: Power gualily (PQ. Flickers, THD), Data acquisifion sysiem, LabVIEW program, Real time monitoring

1. INTRODUCTION

Power quality in thc power system has long been an
imporiant issue in (he power generalion, {ransmission and
distribution sysiems. Especially, today’s trend of having all
kind of rencwable/alternative cnergy sources comnccted to
the existing grid system, the importance of understanding
and being ablc to monitor and analyzc the power quality of
the system is double its roles. Another big issue (hal is
coming in g very near future is called Smart Grid system
which refers 1o an improved eleciricity supply chain that
runs from a major power plant all the way to inside vour
home. The basic concept of Smart Grid is to add monitoring.
analysis, conirol, and communication capabilities 1o the
national clectrical delivery  systemn to  maximize  the
throughput of the system while reducing Lhe energy
consumption. The Smart Grid will also allow utilitics to move
electricily around the syslem as elficiency and economically
as possible. Tn order to do that, a number of devices that arc
capablc of monitoring, analysis, control and communication
all in one functions are mandatory. The adequale amount and
capability of the Meter Data Management System (MDMS)
server is also a must. The major problem that comes along is

that (he limit of such a device (hat have all the mature
technologics to do so. Another important issuc is that the
price of loday’s smari-enough devices is quile high Lo be used
inmany of the cxisted gencrally-small systems.

This rescarch proposes the usc of a combination between the
low-cost data acquisition sysiem and a commercially used
LabVIEW'™ programn in being a smari and low-cost three
phasc disturbance measuring wunit. The proposed sct of
equipment is able to do all the funciions needed 10 inlegrale
to the cxisting systems and the future Smart Grid simpler
and cheaper. Later in this paper, how il was designed, how il
works, the verification, the experimental results and the
conclusions will be presented

2. PRINCIPLES AND BASIC THEORIES

Three main parls are elaborated here. The [irsi one is the
introduction o the LabVIEW™ program used in this work
from National Tnstrument Company. Then the basic of data
acquisition system and devices will be introduced. The third
part in this section brielly discusses all (he power qualily
paramcters somchow arc mentioned in this paper.
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2.1 LabVIEW™ program from National Instrument®
T.abVIEW™ i3 a comprchensive development environment
that provides engineers and scientists software and hardware
integration and wide-ranging compatibility. LabVIEWT™!
creates programs, user’s inlerface and algorithms using a
eraphical language instead of text code in traditional
programming like Pascal, C++, Asscmbly or TAVA [1-3].
The user’s interface past is called the Front Panel and the
programming parl is called the Block Diagram as can be
seen in Figure 1.

Front PFanel - User Interface

e E3LabVIEW
;

Block Diagram - Program Logie

Figure 1. Examples of the LabVIEW™ program mferfuce

2.2 Data Acquisition System

Data acquisition (DAQ) is the process of measuring an
electrical or physical phenomenon such as voltage, current,
temperature, pressurc, or sound with a computer. A DAQ
system consists of sensors, DAQ measurement hardware,
and a compuicr with programmable software. Compared W
traditional measurement systems, PC-based DAQ systems
cxploit the processing power, productivity, display. and
connectivity capabilities of industry-standard computers
providing a more powerful, [exible and cost-c[ective
measurement solution (see also Figure 2). [4-6]

Computey

[ oesagi | ] sk
frey p & B g
& )

Aghy L pLa i Apgioste
Carmenmr

Weag Sarwrs

(a) Data Acquisition System

(b) USD DAQ

(¢) PXI
Tigure 2. Tixamples of data acquisition system & devices [6]

(d) CompactRIO

2.3 Related Power Qualily Parametlers

Power quality is the combination of voltage quality and
current quality. Voltage quality is concerned with deviations
of the actual voltage from the ideal valtage. Current quality
is the equivalent definition for the current [7-9].

2.3.1) Three-Phase System Voltage Most power gystcms
consist of three phases. In normal operation, the system
voltages should be almost balanced. The ideal voltage is a
sinusoidal voltage wavetform with constant amplitude and
constant frequency, where both amplitnde and frequency arc
equal to their nominal value. All contents throughout this
work will be based on the 220 V..., 50 Hz system.,

July 8-12, 2012, KANAZAWA, JAPAN

2.3.2) Three-Phase Systemn Current The ideal current is also
of constant amplitude and frequency. Tn normal operations,
the current frequency and phase should be the same as the
[requency and phasc of the voliage.

2.3.3) Three-Phase System Apparent Power (S: VA) is
mcasured in Volt-Ampere (VA) and is the voltage on an AC
svstem multiplied by all the current flows in it. Tt is also can
be think of as the vector sum of the active and (he reactive
power—Power lriangle. The formula of the system apparent
power can be derived as in Equation (1).

Sp = Wl 26 (1)

2.3.4) Three-Phuse System Real Power (P: Waft) is
measured i watts (/) and is the power drawn by the
cleetrical resistance of a gvstem doing uscful work.

B, =3, .. co80 2}

2.3.5) Three-Phase Systemt Reactive Power ((: Var) is
measured in volt-amperes reactive (}4R). Reactive Power is
power stored in and discharged by induclance i.¢., molors,
transtormers and solenoids.

@, =3V, 1,56 {3)

2.3.0) Power Fador (PF) 1 the ratio between the
applicd real power and the apparent power.

PF =cosf = T )
S'jd’
2.3.7) Total Fnergy Consumption (KWhr)is a unit of energy
equivalent to one kilowatt (1 kW) of power expended for
onc hour of opcration time.

Kby — KW < hy (3)

2.3.8) Three-Phase Synunetrical Component, The method
ol symmetrical components is a way o deseribe unbalance
in voltage and current in a three-phase system. A balanced
sct of three-phase voltages only containg a positive-sequence
component. The negative-sequence voltage is an indication
of thc amount of unbalance in the system. The prasence of
zero-sequence voltage indicates a connection to earth.

2.3.9) Voltage Unbalance is dug o unbalance in the load
currents and unbalance in the supplying network The load
unbalance is partly dug Lo the natural variation between (he
single-phase loads in the three phases and partly due to large
individual single-phase loads [ 10]. (See also Table 1)

2.3.10) Sag-Swell Voltage sags are usually associated with
system (aulls bul can also be caused by switching of heavy
loads or starting of large motors. A swell is defined as an
increase in rms voltage or current at the power frequency for
durations from 0.5 cycles to 1 minute, "I'vpical magnitudes
are belween 1.1 and 1.2 p.u. [7]. (See also Table 1)
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Table 1 Categories and typical characteristics of power system
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electromagnetic phenomena
v 2 ‘I'ypical voltage
Categories I'yplcal duration magnitude
Voltage unbalance steady state 0.5-2%
Vollage Sug 0.5 gycles-1 min 0.1-09 pu.
aniaﬁe Swell (1.5 cycles-1 min 1.1-1.2 p

2.3.11) Total Harmonics Distortion (THDi, THDv, Total
THD) The THD is a commonly used power quality index to
quantify the distortion of a wavefarm. The THD is defincd
as Lhe relative signal energy present al non fundamental
frequencies | 11].

2.3.12) Flicker, phenomena characterized by rapid voltage
fluctuations mainly comparing with a light flicker. Figures
3(a) and 3(b) show examples of flicker signals caused by
sinusoidal and rcctangular voltage fluctuations in a 50 Hz

(b) Rcetangular modulation
Figure 3. Voltage flicker signal of AU/U — 20 %, 8.8 Hz

(a) Sinusoidal modulation

In order to determine the flicker data from any sinusoidal
input signal, the recommended block of operation az in
IEC-61000-4-15 are used here. Such a block can be seen
from Figure 3 below.

Block 1 b ™
W o8
Demedulator 3 tt'[: 3 peroe
”") witksquaring o I :
multiplier e The
34
Thigh Pasy Filter & 1ow Pags Filter
Block 3 Block 4 Bloek 5

204 t squaring | | [ l! Pinst Statistical P
wrultiplicr i Processing Fir
118

Weighting Filter

Rraln Revpone
Figure 4. TEC. 61000-4-15 flicker meter functional diagram

From the block diagram in Figure 4, there are only three
important and interesting output paramseters: (1) the
instantancous flicker scnsation (Py,) which is used for
accuracy verification, (2) Short-term flicker evaluation (Py)
and (3) Long-term flicker evaluation (Py). All three of them
can be determined using the proposed set of equipment.

3. PROGRAM AND DEVICES DESIGN PROCESS
This section mainly explains how the LabVIEW program

inferface was designed including the program structure and
the program hierarchy (Section 3.1). In addition, the details
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of cach device used in this proposed sct of cquipment will be
illustrated (Section 3.2).

3.1 LabVIEW Algorithms

The program hierarchy as shown in Tigure 5 represents all
the sub-block diagrams in this work. It contains three main
parts: (1) the input voltage and current acquisition part, (2)
the general power and energy caleulation part and (3) The
power quality computational part. All the parameters that
can be determined are shown in Tigure 5.

‘The program hierarchy as shown in Figure 5 is used as a key
concept to design the block diagram and front pancl scctions
in LabVIEW programming. The user interface in this work
is divided into 4 main parts as shown in Figure 6.

Program
Pruvess

Power

Quality

RS

Values Frenquency Shift

_r_'__ el _[__.-:——,__,:..-—5-%—,"'.—’ "»-..._,,_“
Symmetrical| | Veltage i Sap
Component | |Unbalanee | Swell

Haurmonic| | Flicker

Figure 5. The proposed T.abVIIIW™ program hierarchy

i Program Design

| } } 1
l Canlrol I Monitoring Data Report

Display Collection
Figure 6. Front panel design in this work

3.1.1)  Conirol Section User can choose between two
modes of operations: one is the simulation mode used in the
accuracy verification process and the adding/cditing function
process. In this mods, all parameters in the three-phase
system can be simulated and adjusted. Another one is the
measuring mode designed to be used as identical as the pricy
disturbance meter (see Figure 7).

() Input selection {b) Simulation signal control
Figure 7. Control section front panel
3.1.2) Real Time Monitoring Section Thsplay All the
real-time acquiring signal will be shown in this multiple-tap
panels I'ioure 8(a) and 8(b) represents just some of them.
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(a) Three- pi:ﬁse display (b) Harmonic display
Figure 8. Examples of the real-time monitoring display

3.1.3) Data Collection Section All measured parameters
both in normal system operation and when fault occurs will
be stored in the text file format called =.lvm (T.abVIIW
measurement file) as shown i Figure 9. A number of
paramcters and the frequency of acquiring data can he
manually set in the block diagram by user as needed. One of
thc advantagc of a *.lvm filc is unlimited storage data,

i" Per——— ;.-‘
e i

( a) Data co]lecﬁuﬁd y
Figure 9. examples of the dala collection front panel

(0" lymfile

3.1.4) Report Exporting Section User is able to export the
interested graph and raw data acquiring by the proposed
system via the exporting part as bitmap/jpeg/PNG tigure or
as the raw text file data *.lvim as many time as he/she want.

3.2 Moceasuring Devices Used in The Proposed System
The measuring circuit configuration in this system is very
simple. Potential transformers (1) and current transformers
(CT) of any desired raled power are connecied lo the
incoming fransmission line at the point of operation. The
sigmal [rom the PTs and CTs will then be transferred as
inputs of the DAQ at the input terminals. The acquiring
signals [fom the DAQ will pass into the LabVIEW program
to computed all the desired three-phase system parameters
including the power quality as illustrated in Figure 10.

220y S0 Hr

C.T

=
=

.
3

Data Aq.dsson

§

Tigure 10. Measuring circuit configuration in this work

Compulet & LabVIENW

=t

gt

1]
1

3.2.1) Currently-Used Data Acquisition Device As shown
in Figure 10, the DAQ deviee used in this proposed work is
the 16 Bits NI-DAQ), Model: USB-6212, with 16 Analog
input tcrminals, Maximum Sampling Frequency is 400 kS/s.

3.2.2) Background Noise Suppression Method This
process is done by connecting the very low resistance value
to the ground terminal of the DAQ. The experimental results
confirm the significantly-reduced of the background noise
when acquiring the signal (see Figure 11).
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Figure 11. The background noiss suppression method

3.2.4) Potentinl Transformer and Current Transformer
The PTs and CTs are used to step down system voltage and
system current levels to be suited with the input terminal of
the DAQ.

4. EXPERIMENTAIL RESULTS

This section mainly elaborates the experimental process and
resulls 1o insure that the proposed sel of eguipmenl is
accurate and liable enough to be used in the real small power
system. A variety of experiments are presented here starting
from the calibration then the various load experiments will
be done. Many comparisons with standard equipment are
also donc and illustrated in this scction. The cxperimental
results confirm that the proposed set of equipment is
maorc-than-cnough accuratc and liable, also has a big
potential to be used in the future to come.

4.1 PTs and CTs ratio calibration All the PTs and CTs
uged in this work are not identical. The main goal of this
process is to determine and define an individual correction
factor to each PTs and CTs hefore using in the actual
measuring unit to assure the accuracy of the proposed set of
devices.

42 Mecasuring Experiment with Lincar Loads

This experiment sct up as shown in Figure 12(2) and 12(b).
The electrical load in this case is a number of incandescent
lamps. The experimental resulls are shown in Table 2. The
average % Error in this case is less than 2%. The reference
measuring unil is the Powerick-PX 120 power meter.

Menvaring nnh

f
2OVaa S e - |
pliase 7= 1 | b
- il S ¢
]
|

{a) Test circuit
Figure 12. Experiment with the Linear and Non-Linear loads

Table 2. Measurement values from a linear load case

Parameter
v I S P Q PF
Ref, | 1013 1.7 1741 17353 0.0 1.00
A Proposed. 995 1.7 1692 1687 0.0 0.99
% Error 1.7 0.0 2.8 2.7 0.0 1.00
Rel. 102.2 1.7 174.7 1746 0.0 1.00
B Proposed. | 1014 L7 1722 1719 0.0 0.99
% Frror ¥ 0.0 1.4 1.5 0.0 1.00
Ref. 101.5 1.5 171.5 1714 0.0 1.00
C Proposed. | 100.9 1.5 1711 1691 0.0 0.9¢
% Krror 0.5 0.0 0.2 1.3 0.0 1.00
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4.3  Measuring Experiment with Non-Linear Loads
This cxperiment also sct up as shown in Figure 12{a} and
12(b). The electrical load in this casze is the electronic
ballasts and a 230-watt-street-lighting lurninaire. The results
are showm in Table 3. The average % Frror in Hhis case is
lcss than 1%,

Tuble 3 Meusuremen! vilues [orn a won-limear Toad cise

Farameier
v 1 4 -} Q PF
Rel, | 2211 Cs 2004 1395 124 CES
A Prupused. i e B0L: 2302 175 C5s
" Fror N7 GG 03 Ne L) [«
el PENA [ “O&8 1255 2 [ 192
B Proposed. i 25 200 237 0 C5a
by Errox LG ol 0! 20 c.3 1.C1
Ref. | 230.¢ CS 22007 1280 3 058
C Propwsed. | 2é2.: s 2007 170 (.58
4y Error Ly gL 03 e 3] CLC

4.3 Symmetrical Components & Voltage Unbhalance
This test iz donc to verite the tunctionality in dotermining
the symmetrical component ability by feeding the talanced
and unbalanced three-phase wvoltage te the lvads and
connecting the proposed equipment in the svstem. The
experinental resulls coulimo thal when the Teed-n syslemn
volluge 1s bubmeed bere will be only posiive seguerice
valucs appcarcd without the negative and zero 3cqucsice
componcnts, But whent the fecd-in system  voltage is
unbalanced the negative and zero sequences component will
appear  in the front _panel of the propesed  system.
Adhtionully, when leed-m vollage s unbalinced as showo
in Figure 13(b, the proposcd system front pancl will active
the alarming indicator as canbe seen in Tigure 13(d)

b Tintalanee solt

o v
Htsge  Cuming g

age

E

eiInactive alatrnir g signal (13 Asctive zlamirg signal

Figure 13. voltage unbalance test

4.4  Antomatic Fault Fvents Recorder

This featwre of the propesed system will be heneficial in the
case bl we ward Lo morator e system conlinuously for 4
long period of brue. Whenever lmlts occur m the svslern,
the designed program will generate a single data logger file
to store all the information related to occurring faults: the
occurring time, the duration of faults, type of faults and the
fanlts clearing time. The example is shown in Figare 11,

Tigure 14, Automatic data
vecoriling when Gl oeenrs
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4.5 Huwrrnonies Dislortion Measursoent

The proprsed system is able fo acquire and store harmonics
information up to 50 order (this Timit can be improve nsing
the higher resolution DAQ). The verification is done by
comparing the harmenics measuring results with the power
analyzer Yokokawa PZ4000. The experimental results when
connected to the 250 Watt electronics ballast load at full
rated power (repeat the test 10 times and compute the
average valuc) is that the THDv is deviated by ~22% trom the
reference as can be scen in Figure 153 and the THDI is
deviated by --1.8% foro the reflerence.

1t

a1 THbY from LabVIEW

(b)Y THD v from PLAGD0
Figure 15. TIIDv Comparisens between the propeosed system
and the PZ4000 relerence

4.6  Flickers Measurement

The main goal of this test is to verity the program accuracy
when there 3 u [icker mpul sigoal pussed Umough the
svalern. The test 15 strictly dooe by comparing the Fuosl, Pst
and Pt mentioned in Section 2.3.12 with the recommended
tesr ceondition according 1o the TRO-610G0-4-15 standard.
Teeding in the simulation zignals of various amplitude and
frequency  such that the Py should be unity, The
computational results and percontage of oror from the
proposcd systern arc shown in Table <. It can be scen that in
Lhe case of smuscidul mmodulalion Mcker Lhe weerage ermor is
Jewy thun 290 und for (he case of reclunguluc modulaton the
average perecntage of arror 13 even lower. The similar stops
are @pplied Lo venly the Povalue. The resulls wre shown m
Fible 5. The average percenbaze of error 15 2%

Tuble d. Compimis on 'F'f,m vidlue with stomdard

5 Stmusvidal Mo lation Rectangmiar Mudsiation
-
Pinst Yaprynr Pia sanrrnr
65 L4 34 [IGE 12
83 o 124 14 1017 13
130 G 754 44 i) 25
150 C.373 ] 1.003 02
00 1€ 181 14
350 1.2 0572 2z
333 1.2 1003 Pl
Table 5, Cowparision Py value with standard
o SmCinu R & AP Por Henmy
Change pey minsiie
1,520 0407 3243 32
4000 Z 343 bR 12

5. THFE FIFL.D TEST RESULTS

Aller bemng mlensively ovestgaled m e luboratory, the
proposcd device ig brought to the ficld tost to assure the
capabilities and fimctionalities of operations. The selecred
sile 1s the doroesbic wurmal farn (pig farind with 130 LW
Ringass-hype generator in Pracheenlnwi province, Thailand.
Al this sile, o grid-tded aulonaic tansler swilch ype ain
distribution board (ATS-MDB) is presented so that the farm
will be assured to have the electricity all the Lime even when
the source of renewabile energy Toms the fun s mudeguale.
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5.1 System Configurations
Figure 16 illustrate the methane-gas-type generator with the
rated power output at 130 kWp which was used in this test
The specification of the generator is shown in the nameplate
as in Table 6. The proposed system in this experiment is
connected to the existing system and start measuring and
collecting power flow data for 4 weeks.

Figure 16. a 130 kW methane- eratai used in this test

Table 6. Nameplate of Eenerator

Measuremeni Model : DEEP SEA ELETRONIC DSE 7520

Generator AVR Mx341
CT: Ratio 1 25045 KVA 140.0
CT : Ratio 2 20045 PF 0.8
Hz 50 RPM 1500
PHASE 3 Volt 230/400

52 Measuring Results

The measuring results as mentioned in Section 5.1 are
shown in Table 7. The results from the proposed set of
equipment are comparable to the real-time data displayed at
the front of the main distribution board (MDB) of the
existing system. The average %oerror using the proposed
equipment is less than 2%. The big advantage of the
proposed system is that all the data acquired from the field
test can be stored and exporting for further analyzed and
planning.

Table 7. Measurement valuesin the field-test

Vrms  Irms S P Q FPF F

Ref. | 2390 850 207 ~17.0 118 082 499
A | Proposed. | 2366 864 205 168 117 082 300
Error 09 1.7 0.9 1.2 09000 02

Ref. | 2390 870 209 174 113 0382 499
B | Proposed. | 2357 852 201 169 108 083 500
% Error 1.3 2.1 3.8 & 44 1.21 0.2

Ref. | 2380 940 224 185 126 082 499
C | Proposed. | 2349 940 221 182 125 083 500
% Error 12 0.0 1.3 1.6 08 121 0.2

Ref. | 2386 836 644 559 360 082 499
3-ph | Proposed. | 2376 882 637 549 356 0.83 500
% Error 0.4 04 1:1 1.8 1.1 1.21 0.2

6. CONCLUSIONS

It is clear from the laboratory-experimental results that the
proposed prototype of a smart and low-cost three phase
disturbance measuring unit works exceptionally well. The
experimental result in the real ﬁeldwo?l‘c) also confirms the
performance of the proposed unit is highly efficient and
reliable. The average percentage errors of all aspects
compared to the reference measuring units are less than 2%.
The proposed unit also has many significant advantages over
the standard disturbance meter e.g. the portability, the cost
effectiveness, the ability to expand the storage capacity, the
upgradable speed, the better and limitless resolutions,
real-time-remote-controlled and monitoring capabilities. The
proposed sets of prototypes are now being tested under the
operating condition in one of the solar plant micro-grid site
in Thailand.

July 8-12, 2012, KANAZAWA, JAPAN

Since this research is still in the middle state of being the
complete work in the near future. The further development is
that to re-arrange the acquired and stored information to be
in the standard format ie., “IEEE-11593 Recommended
Practice for the Transfer of Power Quality Data”. The
information in the future-but-soon-to-be-done standard
format should be ready for the online transfer via the internet
access and for the future to come Thailand’s smart grid
system.
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A Smart Recording Power Analyzer Prototype Using

LabVIEW™ and Low-Cost Data Acquisition (DAQ)
in Being a Smart Renewable Monitoring System

CHOW CHOMPOO-INWAI
Electrical Engineering Department, Faculty of Engineering,
King Mongkut's Institute of Technology Ladkrabang,
Ladkrabang, Bangkok, TITAILAND.
chowchompoo@me.com, chompooc@gmail.com

Abstrac—Nowaduys, (o indicale the qualily of Thailund's
existing power system including the newly-installed distributed
renewable energy sources, 4 mumber of pricy power qualily
analyzers are being used in most areas. This article proposes an
alternative of such equipment called a smart recording power
amalyzer prototype (SRPA) using a comhination of T.abVIEWTM
algorithms and a low-cost data acquisition (DAQ) device. The
newly-proposed set of equipment mot only has the ability to
achieve the same accuracy and functionalities of currently-used
power amlyzers, bul alse has the advanced features supporling
Thailand’s future-to-come smart grid system. The proposed
SRPA is capable of simultaneous monitoring/recording both
numerical data and waveforms in normal system operating
conditions and when fault occurs e.g. voltage, current, frequency,
real and reactive power, apparent power, energy consumption,
power factor, barmenic distortion, voltage/frequency fluctuation,
voltage unbalance, sag-swell, symmetrical components, flickers
and many kind of faults detection. In this paper, the SRI’A
hardware comfigurations and LabVIEWTM algorithms will be
thoroughly elaborated. The accwracy verification process has
been strictly dome under various controllable comditions by
comparing the results of the SRPA with the standard measuring
units in both laboratery environment and two renewable energy
power plants. Experimental results In the laboratory illusirate
that the proposed SRFPA is comparable im accuracy and far
superior to scveral refercnces im terms of functiomalitics and
flexibilities. Experimental results from the two remewable power
planis; (1) a 130KW-biogas pig farm power plant and (2) a 1MW
solar power plant demonstrate that the propesed SRPA is highly
efflicient and reliable compared to the faciory-installed measuring
units. The average percent errors are less than 2%. The proposed
SRPA also has the ability to be set up as a metwork which will be
poicntially heneficial for a foture smart grid/miero grid online
monitoring system.

Index Terms—Pawer Quality, LabVIEW™, Data acquisition
(DAQ), Total Harmonics Distortion (THD), Flickers, Smart grid,
Renewable monitoring system (REMS).

L. INTRODUCTICN (HEADING 1)

Power quality measurement and monitoring in the power
svstem has long been an important issue in the power
generation, transmission and distribution systems. Lspecially,
today’s trend of having all kind of renewable/alternative energy

JADE MUNGKORNASSAWAKUL
Electrical Engineering Department, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang,
Ladkrabang, Bangkok, TITATLAND.
jed kittv(@hotmail.com

sources comnected to the existing grid system, the importance
of understanding and being able to monitor and analyze the
power quality of the system is double its roles. Anather big
155ue coming In 8 very near [uture 1s culled smart gnd system
referning Lo an improved elecincily supply chain that runs rom
a major power plant all the way to inside ours heme. The
principle of a smart grid system is to add a smart monitoring,
smart control and smart communication capabilities to the
existing grid system to maximize the throughput of the system
while reducing the energy consumption. The smart grid will
also allow utilities to move electricity around the system as
efficient and economical as possible. In order to do that, a
number of devices that are capable of doing multi-functions
monitoring, analysis, control and communication all in cne
funetions arc mandatorv. An adcquate amount and capability of
the Metering Data Management System (MDMS) is also a
must. The major problem that cames along is that the Timit of
such a device that have all the mature tachnologies o do so.
Another big issue 15 thal the price ol loday’s smarl-enough
devices is guile high to be ulilized in many of the exisling-and-
generally-small syslems.

This research proposes the use ol & combination between a
low-cost data acyuisiion (DAQ) device und v commercially-
used LabVIEW™ program in being a smart renewable
monitoring system. The praposed set of equipment is capable
of doing all the functions needed by utilities and users in the
existing power systems and the future smart grid communitias.
Laler in this puper, how il was designed, how 1l works, the
geeursey verilication process, the experimental results and the
conclusions will be presented.

II. REL ATED PRINCIPLES AND BASIC THEORIES

Four main parts are elaborated here. The first part in this
section briefly discusses all the basic power system parameters
somehow are menbioned m Uns paper. The second ane
mentions the power quality parameters. 'Lhe third cne is the
basic of data acquisition devices and system. And the last cne
15 the miroduction o the NI-LabVIEW™ plallorm used in this
work [rom Nutional Instrument®.



A. Related Basic Power System Parameters

Power quality is a combination of wvoltage quality and
current qualily. Vollage qualily is concerned with devialions ol
the actual voltage from the ideal system voltage (in Thailand,
the 220/380V 3-Phasc-4-Wire svstem is now being used). The
current quality is an equivalent definition for the current [1-3].

1) Three-Phase System Voltage (Folt): Most power systems
consist ol three phases. In normal operation, the system
voltages should be almost balanced. The ideal voltage is a
sinusoidal voltage waveform with constant amplitude and
constant frequency, where both amplitude and frequency are
equal Lo their nominal value. All contents throughout this work
will be based on the 220/3R0 V, 50 1z system.

2) Three-Phase System Current (Amp): The ideal current is
also of constant amplitude and frequency. In normal operation,
the currenl [requency and phase should be the same as the
frequency and phase of'the voltage.

3) Three-Phase System Apparent Power (S): It is measurcd
in Volt-Ampere (VA) and is the voltage on an AC systom
multiplied by all the current Mows in il. Il can also be think ol
as the veclor sum of the aglive und the reaclive power in the
power triangle. (see Fig. 1) The formula of the system
apparent power can be derived as in Equation 1.

Syp= Wl (1}

RWT PR

S - Apparent Power
(VA)

Q- Reactive
Power (VAR)

P = Real Power
W)

Fig. 1. A general power (angle in a Dree-phase syslem

4) Three-Phase System Real Power (P) is mecasurcd in watts
(W, Watt) and is the power drawn by the elecirical resisiance
of a system doing vseful work.

Py =31, cos8 (2

3) Three-Phase System Reaciive Power ((J) i3 measured in
Volt-Amperes Reactive (Var). Reactive Power is power stored
in and discharged by inductance i.e., motors, transformers and
solenoids.

sin & (3

&) Power l"acior (P[7) is a rulio between the applied real
power and the apparent power.

Q=31

Rt rmy

PF —cos@ — -1—D—3—"3- (4
85,
7) Total Energy Consumption (kWhr) is a unit of energy
equivalent to one kilowatt (1 kW) of power cxpended for one
hour of operation time.

W hr =KW x hr (S
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B. Related Power Quality Parareters

1) Total Harmonics Distortion (THDi, THDvj: The THD is
a commonly used power quality index Lo quanlify the
distortion of a waveform. It is also defined as the relative
signal energy present at non fundamental frequencies [4]. It
can be derived from Equation 6.

"

7

s

WTHD, - 12— 100,23, 4,...n
|
o
%l1ID, - [” =100,i—2,3,4....n (6}
1

2) Flicker, phenomena characterized by rapid voltage
fluctuations mainly comparing with a light flicker. Figurc 2
shows examples of flicker signals caused by sinusoidal and
tectangular vollage Muctuations in a 30 11x system |S-7).

T
AR

gy

ebiE . Luss s

ia) Sinnsoidal modulation (b) Rectangular modulation

Fig. 2. Voltage flicker signal of AU/L = Z(%, 8.8 Hz
In order to determine the flicker data from any sinusoidal

inpul signal, the recommended block of operation as in 115C-
61000-4-15 will be used. Such a block can be seen in Fig, 3.

Block 2

2 i

afi) Demadulator s ]
t with squaring I
multiplicr . e [17

(X3
Tigh Pass Filter & Low Tass Filter

Block 1

Block 3 Block 4 Block 5
20 || [ Squaring Pinsr_| | statistical e
E | \ I || multiplice - 'I‘n:rr“:ng Pit
58 &
Weighting Filver Brain Respone

Tig. 3. IEC 61000-4-15 Micker meter imclional diagram

From the block diagram in Fig. 3, there are only Lhres
important output paramcters: (1) the instantancous flicker
scnsation (Piy) which is usced for accuracy verification, (2)
Short-lerm [licker evaluntion (Py) and (3) Long-lerm [licker
evaluation (7). All three of them can be determined using the
proposed sct of cquipment.

3) Three-I*hase Symmetrical Component: The method ol
symmetrical components i a way to describe an unbalance in
voltage and current in a three-phase system. A balanced sct of
threc-phasc  voltages only contains a positive-scquence



component. The negative-sequence voltage is an indication of
the amount of unbalance in the system. 'The presence of zero-
sequence voltage indicates a connection to earth.

4) Voliuge Unbalance is ducd o cithor unbalance in the
load currents or unbalance in the supplying network. The load
unbalance is partly dued to the natural variation between the
single-phase loads in the three phases and partly due 1o large
individual single-phase loads [7-8]. (See also Table I)

3) Sag-Swell: Voltage sags are usually associated with
system faults but can also be caused by switching of heavy
loads or starting of large motors. A voltage swell is defined as
an increase in rms voltage or current at the power frequency
for durations from 0.5 cycles to 1 minute. I'vpical magnitudes
arc between 1.1 and 1.2 p.w. [1]. (See also TableT)

TABLE l. TYPICAL CHARACTERISTICS UF POWER SYSTEM FAULTS

Categories Typical du?aﬁu?x T{?‘{:;:. i\;‘:l(;:ge
Voltage unbalance steady state 0.5-2%
Vaoltage Sag 0.5 cycles-1 min 0.1-0.9pa.
Voltage Swell 0.5 cycles-1 min 1.1-1.2pa.
C. Data Acquisition (DAQ)

DAQ hardware acts as an interface between a computer and
signals from many kinds of sensortransducer. It primarily
functions as a device that digitizes incoming analog signals so
that a computer can interpret them. A general DAQ system
consists of (1) sengors/transducers, (2) DAQ hardware, and (3)
a computer with programmable software. Compared to
traditional measuring systems, PC/Laptop-based DAQ systems
exploit the processing power, productivity, display, and
connectivity capabilities of the PC/Laptop providing a more
powerful, flexible, and cost-effective measuring solution. The
three key components of a DAQ dsvice used for measuring a
signal arc the signal conditioning circuitry, analog-to-digital
converter (ADC), and a computer bus. Many DAQ devices
include other functions for automating measurement systems
and procosscs c.g.. digital-to-analog converters (DACE) to
generate Tow=power analog oulpul signals, counler, timer,
digital T/0) and digital pulses [9-11],

kg 4. Exsmples of DAQ deviees fom Nabional Inslrument®

203

D.NI- LabVIEW ™ Platform

TabVIEW™ is a comprehensive developing platform that
appliss a graphical language inslead of lext code in raditional
programming i.g., C, Pascal, JAVA [9-11]. It provides a wide-
range of compatibilities and flexibilities e.g., the design,
control and a variety of test systems. One big advantage is that
it provides some virtually-measuring devices for testing the
under-developing svstem to avoid risks of damaging the
expensive and actual system. In this platform, a computer with
LabVIEW™ program is needed to control an operation of the
DAQ from processing, visualizing and storing data.

‘I'wo main parts that need to be designed and customizable
are (1) the user interface called Fromt pamel and (2) the
graphical language code called Block diagram (see Fig. 5).

() Front punel exumple (b) Block disgramu exumple

I'g. 5. Cxamples of the LabVICW™ program

L. HARDWARE CONFIGURATIONS

‘Ihe hardware configurations set up i this work is very
simple. Potential transformers (PLs) and Current transformers
(Cl's) are connected to the DAQ. 'The analog signal from the
PTs and CTs will then be transferred as inputs of the DAQ. The
digital signals output from the DAQ will then pass mto the
LabVIEW™ program to be processed. Specifications of each
device in this set up are elaborated as follows: (see also T'ig. 6)

Fig. 6. The proposcd SRPA hardware configuration

A. PCLaptop with already-msialled LabVIE v

In this work, the laptop Make: Dell, Modsl: Ultrabook-XT'S
with Intel Quad-Corc i3 processor has been used. A hard disk
size of this laplop 1s 500GB wilh 2GB inlernal memory. A
TabVIEW'™201 Tversion was installed in this faptop. In fhet,
any version of the LabVIEW™ newer than the LabVIEW™ 8.5
should be able to compile the proposed SRPA algorithm.,



B. NI-DAQ Model: USB-6212

As shown in lYig. 6, the 1DAQ device used in this work isa
16-bits DAQ, Make: NI, Model: USB-6212, with 16 Analog
input terminals. The maximum sampling frequency is 400 kSis.

C. Potential Transformers (P1s)
Three of a single-phase 1"’ is used here. Each of them has
the I'[' ratio of 2000716, 50/60Hz, 2.0kV and BIL=15kV. The

PTs are used Lo slep down syslem vollage levels Lo be (L with
the input terminal of the DAQ. (See Fig. 6C)

D. Current Trangformers (CTs)

Three of an IEC 60044-1 Class 0.5, make: SALZER,
model: TP-58 current transformers are used in this work. The
C'T ratio of each 1s 400/50A. Each C1 burden is 5 VA, 30/60
Hz, 0.72/3 kV. {See also Fig. 6D}

E. DAQ system protection

Due fo the limitation of the DAQ’s input terminal al 10 Vi,
the protection circuit is needed to prevent the damage to the
DAQ. This is donc by connecting two bi-dircctional zenor
diodes in (he measuring circuil belore the inpul terminal of the
DAQ. When the input signal is greater than | 10 Vp, it will be
clipped at the peak to be at exactly 10 V. If this circumstance
accurs, the SRPA softwarc will alarm to indicate that the
measuring result is inaccurate. (See also Fig. 0E)

F. Background noise suppression circuit

This process is done by connecting the very low resistance
value 1o the ground terminal ol the DAQ. The experimental
results later in this paper confirm the significant reduction of
the background noisc when acquiring the signal (Fig. 7).

Sgna Source DAGDCe |
N—CsT
e
e/ = o
W\ & LT
S04 aIsENSE
f—jinm

Ing. 7. The background noise suppression method

IV. NI-Lapvisw TM ALGORITIIMS

A. The proposed SRl program structure

The program structurc as shown in Fig. 8 summarizes a key
concept to design the mwti-tap front panels and biock
diagrams in LabVIEW™ programming. The user interfaces in
this work can be divided into 4 main parts as follows:

Labview™

Program Structure Design

¥ Y
| I 1 }
Z @ ®

., : Dala Legger,
10 Sorko Multitap Awomatc Fault
Real-ia Mentiofing Cetection & Alam e S

I9g. 8. The proposed 1abVIiW™ progmm structure
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1) FO Control
Users can choose between two modes of operations: one is
the simulation mode vsed in the accuracy verification and the
adding/cditing function process. Another is the moniforing
made which is designed 1o direclly acquire the input signals
from the DAQ (see Fig. 9(a)). In the sinmlation mode, the input
signals will be Técncratcd from the internal function blocks of
the LabVIEW ™ program itsclf and are customizable by users
e.g., input voltage, current, frequency. phase angle etc. In the
monitoring mode, the acquiring signals from DAQ will be
processed in the default multi-tap front pancls explained in the

following section.

=

U

Simulation < DAQ /O E § ool
o

i S0l

() Imput selection () Simulation signal control

Fig. 9. Control section front panel

2) Multi-tap reai-time monitoring
All of the real-lime acquiring signals will be shown in the
proposed TabVIEW™ multi-tap front panels. Fach of them
represents one or more measuring features and they are well
organized in order Lo be convenient for even rookie’s users.
Tigure 10 shows examples of how each tap looks like.

ER e e
(G el W S Bt
o p'F:'-‘_r’E:‘: i

Adrda
P
Fi it e

(d) Symmetrical component tap

() THD monitering tap



(f) Flickers monitoring tap

(g) Fault event recording tap

Fig. 10. Examples of multi-tap monitoring front panels

3) Automatic fault detection, alarm and record

This feature takes advantage of an infinite customizability
of the proposed SRPA. It is far superior to others existing
measuring devices since it is able to continuously menitor and
record all the faults data such as time of fault events, faults
numerical data and faults waveforms. Furthermore, the
proposed SRPA shows the alarming signals when fault occurs
as an LED lamp in the main monitoring tap (Fig. 10(a), (g})).

4) Data and Waveform logger, save and export

All of the measuring numerical parameters, waveform data
and faults-event data from either normal system operation and
when fault occurs will be stored in the Comma-Separated
Values (CSV) file format called *.csv as shown in Fig. 11. This
type of file format can easily be opened in any kind of
spreadsheet program like Excel or computational program like
MABLAB™ or Mathematica'™, The advantages of this file
format are simple, post-process capability, unlimited storage
capability and very common in many engineering fields.

Fig. 11. Example of the * csv file format from the proposed algorithm

B. Work-flow Diagram of the proposed SRIPPA

Figure 12 illustrates how the proposed SRPA LabVIEW™
algorithm works. It is closely related to the program structure
shown in Fig. 8. The process starts from letting any users to
choose between the two modes of operations: the simulation
mode and the measuring mode in section one. Then the digital
power signals will pass through the digital signal processing
block to be computed and displayed in each of the multi-tap
front panel. The relevant power parameters including the power
quality parameters will be continuously monitored. The
automatic fault alarm and recording features will start working
where there is any kind of unusual signal coming through this
block. In the last section, all the data will be continuously
saved to the *.csv file format and can be exported to do any
kind of post processing techniques.

205

Start
Choose mode:
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Simulation & Real-Time
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Fig. 12. Work-flow diagram of the proposed LabVIEW™ structure

V. EXPERIMENTAL RESULTS

A. Accuracy Verification in the Laboratory

Three of many laboratory-based experimental results are
presented here, The main purpose is to verify the accuracy of
the measuring results of the proposed SRPA in terms of both
numerical measuring data and waveforms. Only the certified
measuring unit has been chosen to be a reference. The
acceptable percentage of error allowed for each test
configuration is set to be less than 2%. Each test configuration
has been done several times. The data presented m Table II
and Table III in this section are the average values computed
from multiple experiments.

1) Experiment with Linear and Non-Linear Loads

The electrical linear load in this experiment is a number of
incandescent lamps shown in Fig. 13(a) and (c). The measuring
results are shown in Table 11. The average error in this case is
less than 2%. The electrical non-linear load in this case is the
250W electronic ballasts and a 250W street-lighting luminaire.
The results are shown in Table III. The average error in this
case is less than 1%. The reference measuring unit is the
Powertek-PX120 power meter.



(¢) Experimental setup (d) Experimental setup

Tig. 13, Txperimental configurations with the Linear and N on-Linear loads

TABLE II. MEASURING RESULTS FROM A LIKEAR I OAD CASE
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TADLE IV, TTARMONICS DISTORIIONS COMPARISONS BETWERN
FOUR MEASURING LNITS

Measnring parameters

5 P Q

¥ I (kVA) (kW) (ivar) PE

Ref, 22110 10.70 137 236 015 100

A I’rnpnsed. 231335 10.75 23793 23730 01465 100
%o difl 0.11 047 038 D64 -235 =

Ref. 223,10 10.90 243 243 011 100

B Pruposed. ekl | 1097 24497 34473 01095 100

% difl 009 064 74 0,50 043

Rl 221.20 11.10 346 2.45 (R 1.00

C Proposed. 221,54 1.1 24513 2.4588 9.1100 1.00
e difl 0.15 0.08 024 0.27 084 -

'TABLE 111, MEASURING RESULTS FROM A NOX-LINEAR LOAD CASE

Measuring parameters

. 5 r Q
y ' ava oW avey T
Ref. 23210 512 114 .99 .56 0.7
A Proposed. n 513 11400 0.9915 D.3643 DREY
% diff (14 020 833 .22 068 (1]
Ref 219.00 f12 112 .08 0.55 087
B Proposed. 21935 5.1% 11297 09873 0.5489 0874
% dilT .16 59 .73 121 071 046
Rel, 22050 108 140 (.96 034 087
C Proposed. 22135 s.02 1112 0.9545 23818 DRSR
Y% diff 039 0.80 119 0.96 151 023

2j Harmonics Distortion Measurement

Since the numerical measuring of three-phase parameters
has been insured from the previous experiment, this test setup
will be done only on a single phase system. The experimental
sclup can be seen in Fig. 14, Two types of loads in this sclup
are incandescent lamps and a 0.5mH inductance connected in
series and operated at the 220V,. nominal voltage The
verifieation process is done by comparing the harmonics
distortion measuring results of the proposed SRPA with (1)
Fluke 43B power quality analyzer, (2) Yokogawa mixed signal
analyzer, Model: DIM2054 and (3) Chauvin power quality
analyzer Model: P3943. The experimental results illustrate that
the THv read from SRPA deviates from other referencey less
than 1% and 17/Dj read from SRPA deviates from others less
than 1.3% (scc the crample of THD{ comparisons in Tahle TV).
Figure 16 illustrates sach order of 7H1¢ comparisons in details
from fundamental to 50" order.

i Ed it §
= 3 g
o, Descriptions £ ¥ ;52 s E"‘égﬁ
S E 2 E E 5 &85
1 % THDw 1.4107 141 142 1.40
2 % THDE 2.2963 230 .29 231
Tig. 14, Tixperimental setnp for the test
Phasw A (Ragnified)
iy ) \ | |mmPoposcasrea |
4k | B Fluxe438 I
\ G | I Yokogawa-DLM2CE2]
£ o [T Chasinpagas |
£
(s i
o Mul_N. < R R - R T L IS I
] 5 “0 15 Ee) 25 ES 38 an a5 =
Harmonics Order

Fig. 15. THPi Comparisons between the proposed SRPA and other references

3) Flickers Measurement

The main goal of this test is to verify the SRPA’s accuracy
where there is a [icker inpul signal through the system. The
test is strietly done by comparing the P, P. and Py mentioned
before with the recommended test condition according to the
IFC-61000-4-15 standard. Feeding in the simulation signals of
various amplitude and frequency such that the F,; should be
unity. The computational results and percentage of error from
the proposed SRPA are shown in ‘lable V. It can be seen that in
the case of sinusoidal modulation flicker the average error is
less than 2% and lor the case ol reelangular modulation the
average percentage of error is even lower. The P, and Py
compulations can be done using the values of Py, as stated in
the standard.

TABLE V. COMPARISION I’y VALCE WITH STANDARD

Smnsoidal Modulation Rectangalar Vodulation
=i (] e,
6.4 1000 1014 e 1.000 1.012 iz
8.8 14600 1010 1.2 1.000 1011 it
13.0 1000 0.996 Gt 1,000 0992 o8
150 1.000 0997 A 1.000 1.002 %]
20.00 1000 100G '3 1.000 L0641 72}
250 1.000 0992 G5 1.000 0.994 -0
33.3 1.000 1003 'K 1.000 1003 0.3




1. On-site Test Resulis at the 1301 Bio-gas Pig Farm

Aler being inlensively investigaled in the laboralory, the
proposcd SRPA is brought to the ficld test to assurc the
capabilities and funclionalities in the field of operations. The
first selected site is a pig farm with 130 kW Bio-gas diesel
generator in Prachinburi provinee, Easiern part of Thailand. Al
this sclected site, a grid-tided antomatic transfer switch main
distribution board (ATS-MDB) is prescnted so that the farm
will be assured to have the electricity all the time even when
the source of rencwable energy from (he [arm is disappeared.
The ATS-MDB has its own measuring unit to moenitor the
power consumption flow in and out from the farm and the
wlility grid. Since the ATS-MDB has been installed adjacent o
the generator; therefore, il is a very noisy cnvironment in the
main control room (see Fig. 16). The proposed SRPA was set
next 1o the existing ATS-MDB in such a room.

Fig. 16. A 130 kW Bio-pus pig farm power plant in the lesl

Anolher goal of this st is 1o investigalc whether the
SRPA is able to work in such an extreme environment, The
data collection has been done for 6 hours of operations. The
mecasuring data from ATS-MDB has becn mamually monitored
and recorded cvery 100 minulcs then manually compuled the
average values. The measuring data from proposed SRPA has
been automatically monilored and record every 1 second
Table VI presents the average values [rom six-hour measuring
rcsulis comparisons between cxisting ATS-MDB and the
proposed SRPA.

TABLE VL MEASURING RESULTS IN THE BIO=GAS Plir EARM FLELD TEST
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C. On-site Test Resully al the 1MW Solar Farm

The second selecled lest sile is a IMW solar farm in
Lampang province, Northemn part of Thailand. This test has
been done during the solar planl commissioning process
before connecting to Thailand Provincial Electricity Authority
(PEA) grid sysicm. The measuring procedures follow the PEA
rcgnlation for renewable cncrgy intcrconnection revision 3-
2012. There arc five of 3-phasc-type 250kW inverters at the
site and each of them needs to be tested separately. At the site
(he proposed SRPA and (he power analyzer power pad
Chauvin-Armox P3945 are pamllel connected together. They
are sel to measure al the poinl of common connection (PCQC)
between a single 250kW solar inverter and PEA grid network,
Figurc 17 below illustraies (he iest configuration. The main
purpose is to see if the output power of each inverfer satisfied
the aforementioned PEA regulation. The (est resulls from this
setup clearly show not only (hat the proposed SRPA yields the
rclisble basic-paramcters measuring performance in the test,
but also that it can be very beneficial for the special features
test e.g. the anti-islanding protection (see Fig. 18), the syslem
recovery lime and etc. (see Table VII [or selected test resulls)

Fig. 17. The solar farm on-sits test configuration

TADBLE VIL. Ak EXAMPLE OF A SINGLE 2505 W LN VERTER IN A 1MW SOLAR
FARMTHEST RESLLTS

Via. S 3 P Q T
i) £V (K¥4)  ®W)  (kVan) {I1z)
ATS-MDEB 239 170 4065 WAS 19.30 0.38 48

A Proposed. $es 1728 a8 3603 12.35 .58 0
Y Jill -1.00 1.67 0.65 .76 0.26 a1 020
ATS-MDB 239 174 41.59 3701 18.9% 0.82 09

B Proposed. wpry 1M g7 %7 186l 0% 50
Y diff -054 045 098 77 -1.84 0.22 0.20
ATS-MDB 23% JEH 4474 W37 2135 0.88 4y

C Proposcd. 2349 RS 4433 a2 2090 a8 50
Y diff -1.30 0383 4% .14 166 34 120

The measuring results from the proposcd SRPA arc
comparable (o the real-time data displaved at the (ront of the
ATS-MDB of (he ¢xisting systom. The average corror using the
proposed equipment is less than 2%. The big advantage of the
proposcd system is that all the data acquired from the ficld test
can be stored and exporting for furlther analyzed and planning.

3: v Deseriptions The propased SRI%A m';&;‘:f;";;;“
Y W s s w2 | p i s
2 “““"""('l.‘\'"x:f-k“'_’::""' W) o5z 2o2r 2si3 | w85 w20 2818
3 Pominal Irequency (Hx) s001 001 000 | S002 S04 50.02
4 J-Phasc Appareut Power (VA) 8545 6756 6653 | GRA1 TSI &85
5 3-Phusc Reul Power (KW) sERY 66.43 a5.13 a1 ol 85,18
6 | 3PhascReactivePower(VAR) | 1399 7380 7360 | 1365 1344 1334
7 Systom Pewer Facter es7s e 097 | 098 098 Ows
8 THDY (%) 1209 112 1238 | L1z 131 134
9 THDI (%) 1534 157 246t | L85 189 236
10 DCCurrentInjection (my) | -74.7 749 23 | e e -s40
Pd | esor gy uzes | okr 095 ome
1 Flickers (Max)
m | ams  asss erw | 0 0 om
1 Waveform captare Yes (vultipls cyeles) Yes (Single cycls)
13 Coutinmons recording period Lvery | secand Lvery | minuts
14 Sumpling Rale (¥/5) 50.000 23500
15 At Isbmdiny detection Yes A
16 Faults recor diug event & data Yos Partial

* {wtomatic colculation from every 10 minute set Qf'?sz data for «f hetirs
*8 Aol ecdeudation from every 10 minute set of Pyt Jata for 4 hours
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Fig. 18. Waveforms example capturing from SRPA when the grid line is
disconnected to test the anti-islanding mode of the solar inverter

D. Key feature comparisons

Since there are many experimental results that have been
completely done but cannot be shown in this paper, this section
will summarize key features of the proposed SRPA compared
to others measuring devices available in the Energy System and
Tllumination Research Center (ESIRC), Faculty of Engineering,
KMITL, Thailand (see Table VIII). The comparison clearly
states that the proposed SRPA not only has more capabilities,
but also has higher flexibilities of expanding or adding new
features in the future.

TABLE VIII. FEATURES COMPARISON BETWEEN THE PROPOSED SRPA V3
OTHER EXISTING MEASURING DEVICES

5
. 3. 8a 8% i8 Lo
No. Desired Capabilities E& ® g §3% 38
£ §E a""‘é =A wé“'
£ g
1.  Basic Parameter Measurement
- Numencal: V.1, S, P, Q, PF, Freq v v v v v
- Power Consumption (kWhr) v O (o] (o]
- Waveform Capturing: V, I, Faults v (o] (o] e}
- Continuous Measurement v v (o] v
- Data Storage v v e e
2. Power Quality Measurement and Faults Detection
- THDv, THDi v v v
-  Flickers : Pig, Py, Py v O v
- Frequency Fluctuation Detection v
_ Voltage Fluctuation Detection )
(Over/Under/Sag/Swell)
- Voltage Unbalance Detection v
-  Symmetrical Component . o] v
- Transient Voltage and Current 4 (o] o]
3. Special Features
- Automatic Fault Events Record v v
_ Automatic Fault Data and multi- v
cycles waveform Record
- Customizable Features v v [o]
- Networking support v
- On-line Monitoring (e}

v"— Direct measurement and display capability, O — Indirect capability
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V1. CONCLUSIONS

It is clear from the experimental results, both in the
laboratory and in the field-site test, that the proposed SRPA
works exceptionally well with highly efficient and reliable
performance. The average errors compared to any kind of
standard references are less than 2%. The proposed SRPA also
has many significant advantages over the standard references
e.g. cost effectiveness, customizability, expandable storage
capacity, portability, upgradable speed and resolutions, real-
time remote-controlled and monitoring capabilities and more.
One set of the proposed SRPA is now being tested under the
operating condition in one of the micro-grid sites in Thailand.

Since this research is still in the middle state of work
completion in the near future. There are still plenty of rooms
for improvements. One of the near future developments is that
to add feature of acquiring data from SRPA to be in the
standard format i.e., “IEEE-1159.3 Recommended Practice for
the Transfer of Power Quality Data”. The information in the
standard format should be ready for the online transfer via the
internet access. One possibility is to add the new feature to
support the remote control and monitor via a smart phone or a
tablet PC. Another possibility is that to utilize the satisfied
LabVIEW™ algorithm from this work in a form of embedded
system with higher grade of equipment to be more reliable for
the future-to-come Thailand’s smart grid system.
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