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ABSTRACT

This paper presents a design and construction of signal detectors for
measuring of current, voltage, temperature and rotating speed of induction motor. In
order to prevent anomalies that may occur on the running 3-phase induction motor,
all signals will have been observed by application of DAQ device, all analog signals
have been gathered, converted and logged into digitized ones and then processed
on LabVIEW software to display and monitor the measured signals. Despite to
monitor only basic motor current and voltage signatures according to other
standards,more advance tools such as FFT could be implemented in order to

monitor some hidden anomalies in the running machine.
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) EXTEANAL WEN

VOLTAGE SOURCE FOR Law
A INTERNAL CONSTRUCTION & QRCAT COPPER DLOCKS

0 TYPICAL EXTERMAL AMMETER SHNTL

FIGURE 918 An Ammeter Usng the Externy Shut,

Uﬁ 2.7 waullimes

d 1 = U o
'L“ULLEIJJNLm@ﬂUGIEJEIUﬂ‘SiJIH?«?’ﬂﬂ‘UﬁWEJ‘V!W?Nﬂ’}‘i‘V]TIUﬂ’Iﬂi" LLEI‘Vll‘ME’fN'I‘L! NBUAUNITIA
ﬂiuLLﬂ‘lJ'lﬂG'IENUWLﬂi@@hﬂ?ﬂlﬁ'ﬂhﬁ\‘ﬂﬂﬂ?ﬂ

= v a s
JUN 2.8 uamagunsldruveniimes

2.5.2.3 upaudiiwad (Clamp Meter)
LﬂumiamaammqlwﬁﬂaﬂﬂumwuqﬁlﬂmmuLﬂamuﬂsmmmqlwﬁw ’Lwaa"i.usﬂwmauwalﬂ
\u Auavuansua vielveglusuveaduteuaniua Tagae £a11500 719 39A N T2 Wl WA
lwa'lmwslﬂamﬁmi's wazwsluglnslaidaesuly wiangan1TvhagesgUnsalluily
Yz iivinisia (i"Lf‘Vll) mﬂanlmmﬂauﬂmmaimuLﬂsammﬂanwwuwuﬂmm%ﬂu
mn’Lumumu‘Lwﬁwma 9 lddvzluszuuuiuenne edesvnaudy UELRRILGHIVERR
seuulwiaelusooud Wudy



17

= € o ¢
JUN 2.9 uraudlimes

= v v Y ga : a = o 1
vsomnnaansalinuuniudiinesldegiignis wazdAudimigyeginen
wannsadielivinwhenldedsnds ussiivsravinmunt sty wasTuvaiieafuid
| e i =l a o - v &
WwhNInTIsangUAmga q Avieduainssuulnildsnde (juusynevluunauil

\Jundnfnueives Kyoritsu)

= o & a
JUN 2.10 mavihewresweaudives

2.5.2.4 Usglovivowunaudimes

whanlfmeslneviluud ssgnuanldrulunmsianszualniluszuulngia
a199 Tngnisdundudfimesivadesfuarginilgosnissa fivgvirlkanursansauan
nsgualiiildaneuananauy waaudiives

luthgluaasifmeslimsimuligamwannalunistald § ifn
nIzuaday (AQuagInnszuanss (DC) uaﬂmnﬁ”uLmé’uﬂﬁma%ﬁ'ﬁmﬂﬂuﬂwﬁuﬁé’aﬁ
Amansalumsin mddlnih (Powen) daririuiadessufinnsy (Recorder) n3aindas
evaaladlay (Oscilloscope) iiteldlunisasiaaey uarlinsesigUundulninlésndqe



18

2.5.2.5 myianszualwilane Hall Sensor

ms’[mwuaaaauamwait.ﬂunﬁ'tw'msa'iﬂmummaqwanmmmaﬂ BTRLPREY
Winveandndusimdniudsuwdasmuszeenig muummmmmmaaaaLsuuwa'sm'LmUu
wueTinn1snsednlaiguiy
wannlginauruuimaniialuudy soadivulreifigniunvuszendldaulunisin
nssualilneiSeoadioninasndiey Iﬂ&JUﬂfﬂLLa'Jﬂ’l'ﬂ‘ULL@MUﬁJLWSS'Jﬂﬂ‘E zhalu9asinadn
quauﬂmmawmaqmmwsmaaunﬁuuLmamﬂmmaaamawmesm'lmmnmmwuma
mmuﬂ-s~LLﬁlwﬁmﬂU’[wmam oF wﬂmnmau'zml,mwanwuiauqmmmmmmw
uiwdnlviih FadusanunsatrauuuimEnianiudle wfaunsafmuaaduainseua
aanulalauiy

‘Uﬂ'i]‘l.lulﬂllﬂ'I‘SNaGlL‘BjuwaiﬂivLLHI’N“N']LL‘U‘UﬁaaﬁLaﬂLwﬂlu‘iﬁﬂaﬂla‘ﬁ‘vfﬂ’lﬂ
wasmeniu ﬁﬁqtmﬂmmmq Tauenszuafusosnend

§1Jﬁ 2.11 WUBsNTELA a3 LAS5-P

Qﬂﬂ‘iUL’EfULQIEﬁﬂ'S“’LLﬁ \UB s LAS5- Puas LEM @rur9ainnszuale
gigm 50A ’Jﬂl@ﬂ\‘iﬂi“LLﬂﬁ]iQLLa ENIZUAREU ‘L%L@?W’V\Iﬁﬂ@ﬂu%ﬂuﬂiuuﬁiu onI1d7U
1:1,000 w318AIMT7 ﬂ’l’]ﬂﬂ‘S“LLE‘I 50A L‘H‘UL‘UQSW?UQ”‘lwﬂi“LLﬂLQWﬂWYﬂ 50 mAdwsunisly
G’mﬂLWEN{]’GUIWLﬂEN +15V ‘1‘1ﬁﬂUL‘HUL‘5E]i LLa‘J‘LﬁLﬁuﬂ?ﬂWLin@\mWiiﬂﬂiukLﬂﬁﬂﬂL‘d’MimN
ﬂﬂ"ls‘iL’ﬁﬂL‘UE}'ﬁWﬂUULE}G mlumwam"wumawﬁ



19

2.5.3 wues ingumgl

w e

1 s S—

P e —
F P d
-
L o k/
v, (-

o
~ | & - g e N
. F 4 . g "
) § ) i " ®
- " = . - - b . pad

= & a
3Un 2.12 wuwetingaumgi

U~
9

y
"

]

-
!
w

"N

N1393529Ingaumgldgunuy m'svdﬁauuﬂmiscﬁ’mmﬁ'ulﬂﬁwmnﬁzg:mmamﬁaﬂlﬂﬁ
dyganinea Tasduiusivgagl fsuuuulng 4 ves wuived agneiu 3 Ul e
253.1  Thermocouple fio qUnsaifngamgilagldndnninudeunyas
amgiiiduusanfeulnii viunanTanedhiidesiniu 2 & wieuseUmededh
et faredunils Fondt "gaguugi’ dauvaredndwunilsdendnl Benda

Y

b

"IND1989" 'mﬂﬁqﬂi‘ﬂqmwgﬁuazqﬂé’wé‘aﬁqquﬁmaﬁ’uﬁ%v‘h’lﬁﬁmsﬁmisLLa Tueas
Thermocouple

2.5.3.2 Resistance Temperature Detector (RTD) fla ﬁatﬁumas‘qﬂmqﬁﬁ
lndnnsidsuuiaseimuduniuedans Farnnuiumufnaneiidufiua
Mgl mudunmuvedlanediiutuil 3undn “ﬁuﬂszaw‘éﬂniLﬂ§UULaﬂaqqquﬁu:uu
uin” desilldlunsiagamgiluta -270 to 850 °C. Yamihinunldos Bulansiita

AUNMMUTUNIEAT 1 wnafitdh, siamy way Snda

gﬂﬁ 2.13 Resistance Temperature Detector (RTD)



20

2533 Thermistor 1Ju gunIalAuf U uiaflanusaasuAai 1y
Frumuiilelasuaudeu Iﬂ&mmﬂfmumummvLﬂasmmamuﬂmﬂumLau nugamail
w2 dhwaue Ao

Positive Temperature Comitial (PTC) \u wfinflunfivziiraudiuniudi
Luaim‘uﬂ'amsaumm’lwmmmmmumuawumumm‘uqnmmJ iluldnsiaseusedu
AT wsam'lmnﬂm'uﬁawuLwamumuﬂ’ﬁmﬂmmulwﬁﬂwﬂwma’m LU 2995819
auwimindaludRveundossulnsvimia ( (Degaussing coil) tHusu

Negative Temperature Comitial (NTC) 1Wuwiin wﬂﬂmavmmmmumuaa
deldsuaudey A INAUNIUAZH IR 'memun'rsmwaaumwmaumaﬂwﬂmvmu
MIVINY 1 '[uw-as*umaLﬁmwF\Iﬁimmwﬂmmaumﬂmnﬂﬂﬁmmuumﬁauﬂaulﬂam
ATV DAY maqﬂﬂsmwamﬂummmﬂmeumnwmulﬂ

2.5.4 wuwasinanusiseu

el & as
JUN 2.14 wuwesinmuiiseu

'iw*uumswwmwuwaim'mwmmmaaulm LUUE)‘UﬂiiuﬂLL‘LJaQﬂ'Iﬁ
a339dumAdoulu Sudyaralni ImamlﬂmuwaimmwmmLﬂaaulmu 3
Usginmfe

2.5.4.1 Passive infrared sensors (PIR) \uiduigasisuninuseuainsiene
Woidoul Lifinsudesndanueeninannduie s

25.4.2 Ultrasonic uiduiwesifinisusesndusanileiineonuiuas
nsIvinmsagviouesniudle inqaaui

2.5.4.3 Microwave {Wuiduwesninisusssadululrnivesninuazasiada
nsazviouvesnauile Taqindeud



21

2.5.0.4 Tvundryaauewing ansadenidanly 2 wuy de

L. deydnwal H (HIGH) e w1Anmluasdn 0 maagﬂuﬂmfnvﬂﬂm WAy

L81 WW mﬂuamﬂ 1 mamswwmmmaau‘lmlm

2. dyanwal L (LOW) wuiei mewmmuaafaﬂ 0 Luaaﬂ'luan'n sUNA way
wiwmlugnaduaein 1 aduiu o athssaiflea(pul Widousodmsuldauiivommn 1. 91
ides (+) dwsusielidoeusedy +3.3 fia +5 Taadl 2. vu0wn (OUT) dwiusieidnfuen
dunavadlulasneulvsiaes 3. vinsrl () dwdusensns o Taadise) ilemsraduniny

wasulwile
2.6 53UU DAQ VUG

2.6.1 NMTWTINVBITLUU DAQ UuABNRIADS
3¥UU DAQ vumaufiimes ﬂaﬂiumumﬂumiaﬂumacymmwmlwﬁmmmlﬂamulﬂu
wmammmuuﬂammmaimanmm WATIA Tanfy wsau,amwama”l,wuaanmmﬂszmﬂ
Tun1sadne Vi vesusiasuenwairdy dsszuu DAQ uuReuRImesziiduUsznavey 4 diy
mufiufe 1) duvesuvasdygy I 2) dugisauad 3) dugunsal wae 4) duveswenduas

Signal
Signal > —| Data Acquisition
Conditioning

A 4

Computer

=
JUn 2.15 ‘quUﬂW‘iﬂ'l\ﬂu‘US\‘JE}‘lJﬂim DAQ UuADLNIANES

dygraiisrinenssndudygraeundon (110 wie d-20ma) ute

L

) aa o5 A | v | ¢
YYuRInea Misazananduees ey maniargnaeanedilludiuvesensous

= =Y e’nl U 4 agm & n; o o s U ni

fianvselindfiSundn Signal conditioning FargvimhilTulssdgyaalivnsauneufiay

2

a) L3 1 (] at g c&' . o

InmegunIal DAQ sielu dmiusiauas DAQ uuuRuguIzaunsaadya uu TSN
1 " = 3 ¢ o Q’:' - sal (3 =l a )

ogluthe +10V winu Seendausiiosgnindeuuneuiamesiitladnined uasiuonnaindy

v

d =l 3 o a o ]
MBLUMeLNALI TS UNAIUNTEUU 1Y LabVIEW



22

2.6.2 Uasdmy eyl wiy

ammﬂmmﬂw%wmmmmu Fawmasiulinovazunnnidadyyiumie
PNGuLYes mamcymmmummumLLammUsmmmamamw&uaaaqmw LWUNITIA
gauupiiaemailudwles vde RTD, mMyTausssumelvanad, nsinuasienlfidugesd
«aa'luwamt.tmamfmmamaaﬂﬂvmaaﬂﬂuﬂadlmﬂuammwmtmﬂulwﬁwmaaﬂﬂsm Signal
conditioning ﬂaummawuﬂ*iﬂaaaﬂnsm DAQ Immwutianwmmmman‘;rg'lfuﬂiymm
w3997 Voltage source Bauvsnanifuassviln laur uANd Yy 1L UUABN TR
(Grounded source) uazuuulisansnf (Floating source) wsedulnfingy Voltage source
Fauvseaniuanvin laur WWBRE Y IRUUABNT1IR (Grounded source) wavuuvlilse

nIMA (Floating source)

T

—  Ground Ground

=
‘LI‘VI 2.16 LLWﬁQﬁﬁgmﬁMLt‘UUWﬂﬂi’l?ﬂua”LLUUIEJC‘]E]ﬂTI?ﬂ

2.6.3 msUTuRunmdtygy1as (Signal conditioning)

L‘Lluqﬂ.lnsmaamwmu’mﬂiuargfym’lummvamammmaaﬂﬂm DAQ
wielildnamsinfifissnsuasaonfomns sty Faguunsal Signal conditioning Tagvialy
Ao Ampli-fication , Excitation , Bridge Configuration , Filtering
%”umaumﬂmaqa‘@mmmﬂamﬁamﬂuﬁ%maa

Tugunsal DAQ veildosdmsuiadyy meuden nde Analog input &1a
ey ndlutag 10V nmahdygueundendrunegluresiumeifoaiunefuumuuy
MinoalatagsesugUnsiwlasdyg aiiSeniy Analog-to-Digital converter (ADC) &4
Wunszvaunslunisihrmedinea@ i wuusiin midsuwuuieuden @il

o W\ o o = o &
91M) @uwxﬁﬂ']iﬂiumqﬂninﬂumimﬁfg@mm L



23

2.6.3.1 Sampling ﬂssmum'iﬁtﬁumiLuﬁaué’frgaymamﬁanﬁgﬂugﬁuﬂmw
mmuaa’tmmmﬂuﬂﬂwawauammaaﬂmaLuaammﬁmiammmmmwmw Sampling
fudhsai Bamsdudyyranaiy ﬁmvﬂ,mmﬂmmmakumuumﬂw lsiiumy
azWeavendunsmldlndifssduatuanniy Asialumsdudygrausendt Samplingrate
fimielugereiund (sample/s) 3o Hz

2.6.3.2 Resolution luns Sampling F']E]ﬂ’liﬁﬂjﬂﬁyty’l{uwl\‘!LLﬂULLG]mWSUtLﬂu
mwwvmuﬂwaaammm nmmmmmiﬁm‘uunu Wewasulhidurmandneadieiznis
Inrmadoniunioas Fonduneuiiin Quantization e Digitization Faziusgjfupu
azduaues ADC 5153?11'13151::Lﬁ'ummnﬁmminm:}%%’Uﬂ"nimé'tmuﬂawmssﬁué’fyzywm
sundenlaziBuntetu (rwazideaves ADC AT IUTR)

2633 Range Aomsfmuaaunslutunaunisyi Digitization n1564
Range mevmmmmammargimmmﬂLaﬂimm wilsannsatndyoradifounfusedu
Range #imal3le dwsugunsal DAQ veustlilanunsausuds Range ¢ uenwileann
UM £10V

2.6.4 Uszianuessyuumsindy g Lﬂmmmmsiaﬁfgcgmﬁaaaﬂszmwﬁiﬁ
NENUINET AD floating source AU grounded source mamm""luﬂ’ﬁmaawmﬂuaﬂﬂ'sm
DAQ fumnsnefumumumngause lunsdifigunsal DAQ lallétidmy isolation il

2.6.4.1 Differential (DIFF) Aon1siadyyiafivivinuazsiauyeiunas
dyqyalddlavetugnsredln q wunsag silunm Ingisnagsiaviuinvesdygyialuiides
CHx+ WawaufYes CHx- Tneit AIGND (@analog input ground) AansTRYBITEUUNITIA

CHO o———0—0—
CH2 o—nw—— Instrumentation
. Amplifier
CH1 o F—=0 s
- _;_\\
[} ‘\.\
(] o >
° o ///
CH150———TC\rH T | Vi
; i l | l
AIGND o——— —_— T RSN SRS .

UM 2.17 m3¥adeya iy Differential

fala . o 1 )
Tunmidugunsaliill analog input §1uau 16 Yo msdedyayuluwuy
o v & o I al o = = Il A =
DIFF agvilviviieduiudesiiannsaldldifenionis fe 8 doe fe CHO & CH7



24

2.6.4.2 Referenced Single-Ended (RSE) ﬂaﬂﬁ'mazyfgmwunﬁmaunu
AIGND ﬂuﬂmﬂuﬂmawaa Immwvmammﬂﬂawaqafgzy']mlﬂwaaq CH, UagmuauYeInn
Foes2miuil AIGND

Instrumentation

B r\,ﬂrtrjlplifier
CH2 4 1 i |
f J I ! o ] —I 5
| &
LI ol |
l 1
" AIGND

‘Uﬁ 2.18 MyINFYYIULUU Referenced Single-Ended

at =3 Ad ¥ 1 I o s
lunmwiliugunsaldauduiil analog input 16 989 wivns3alulvun RSE
4 o v o ue"/’ i
Feazvihlviinanunsaindyaaldiommn 16 doq
<= | w et
Lﬁwswﬁmammmaazyfymmu grounded source gAY wwszlunig
AensRdy It iUnIIdsEUUSe egs liiAadymnsdguls

2.6.4.3 Non-Referenced Single-Ended (NRSE) 1{uszuuilndrefiu RSE us
vldqnenedatiu AISENSE (analog input sense) wnu d3lalldnsnast waeinglniinilanifes

A}

wRNAN9IU AIGND #7g

. MuUx
CHO+o———0—0— |
CHM4+0———— o | Instrumentation
CHl+o— | ~ | .-\f‘mpliﬁer
.  — e
'Y | | | S
| | | Mo
. | o y N
. | il | -_,/’f/
| | - L~
CH1S+0————t—0 ™0 . | Vi
| = W | |
AISENSE o— —_— .

gﬂﬁ 2.19 MY IULUU Non-Referenced Single-Ended



25

figunsalunefuviiuiisestumssudyyiadulnum NRSE Inedgunsaldl
Y09 AISENSE Auansiranunsaialulvanile

TnaquudusdiBnsredyyaiomamnguuuudienn usordiurwuuiily
wugdslénanluud LLawmLmuﬁ‘l,aiﬁmﬂﬁé'wﬁeﬁm"'nL*‘f}uéfaqﬁaﬁ’aﬁwumuluuaalﬂm
AIGND Tneiadumuiianansalduuin 100kohm 9uds 1MOhm (v3oAnuussunm 100

Wiesduiunudesumadysy o)

Floating Signal Sources
(Not Connected to Building Ground) Ground-Referenced Signal Sources

Examples: Example:

* Ungrounded thermocouples * Plug-in instruments with

*  Signal conditioning with isolated non-isolated outputs
outputs

Analog Input Mode | + Bautery devices

Differential (DIFF) Signal Source NI USE-6008/6009 Signal Source NI USB-6008/6009
LAl P :
ST D>
i GND :
Referenced
Single-Ended (RSE)
Signal Source N USB-6008/6000
‘Al I E
oo
T J

Ground-loop potential (Va = Vi) are added
to measured signal.

d aa| U o/
3UN 2.20 Wnssiodyyu



26
2.7 TWsunsu LabVIEW

LabVIEW  eeu131n Laboratory  Virtual  Instrument Engineering
Workbench muIU'ﬁLmimammmmwaﬁwumLwau';m'l‘fr‘lumumsamt.avmiawam
E!’iﬂiUQ'lU'ﬂ’Nﬂ’lUimﬂﬁﬁJ ﬂmL&Juiﬂ'sl,m'suwasmmaqmmmLauau%ﬁwawguwmﬁma
AINTIN mauuam':.livaqﬂmaﬂmaﬂﬂmnmuﬂams'«ammﬂumumﬂﬂLta”mmumm ag13
Usednsan 'lum‘umiﬂmﬂsmmjivnaul‘umﬂﬁonﬁuumjwiumimmﬂma TUsunsy
LabVIEW au1iulusunsulszian GUI (Graphical User Interface) Tnis1lisndusaaioy
Thav3ardalaeg wardnwaznwildlulusunsuasiFonda A1913UN W 939 Graphical
language Lmuﬂmwu‘[mLmimﬂumimamamsmumanummwumu VU1, Basic
w38 Fortran d4lulusunsy LabVIEW a¢ ussgluswnaueneg 1ily Libraries wariiftafdunas
Vi’le’luaﬂwa’mﬂivmwﬂ’wﬂu LY Signal generation, Signal processing, Filters, @i
RIL R Lsavﬂmmmamsauq mbisaunsaUssendnisldanddvannmans

losnniusunsy LabViEw lédnwazmadeuwuy Block diagram mamni
mu’twfyummﬂumaagum NLU‘Hﬂ'IN’lFJW«J”W]ﬂ?'11.|L°2JWIQLLaxuﬂlﬂwaW‘L‘Uﬂalﬂlﬂ ey
mmﬂmlmmwmaummauiﬂsi.mimnnaumvquwsgmiu iAsfiaeeadou Flow
Chart ’Lmaﬁauﬂau waamnmwaau Flow Chart Sufosudn Jeilueulusunsy vl
finuaganuniy Wunsandumeunisyaasluldunn

2.7.1 gudsznouveslusunsy LabVIEW

IU‘SLLﬂ‘SJJﬂL“UEJu?Ju:J’]ﬂ’JEJ LabVIEW 15192138077 Vlrtual Instrument (V1)
Lwﬂyaﬂwmumlﬁngmwauaumawawmnﬂﬁ OF muauﬂutmamamaaﬂmmmq
sy dmsvdinusenauras Vi wUszneulUmeduddyaudu fe

2.7.1.1 Front Panel favLUumuﬁLﬂﬁam‘ssvmwmﬂﬂu‘[ﬂmmu %39138n7
User interface "Lﬂsmlﬂfﬂvmaﬂwmvmuauﬂwm{]mmaaLﬂiamamaaﬂnmﬁimmmuﬂ 19
'mmq U §ee1m9zUsznaulude angUa-Un ,Yude, June %auamwamaummmmmﬂn
awsaimunedld fMeodednynguami Front Panel



27

Date / Time | [15/52015 40606 |

o ) v
JUN 2.21 anwazwemti Front Panel

2.7.1.2 Block Diagram \U3guiailou Code v3alusunsnued LabVIEW dae
Unngegluguvesniwn G & Block Diagram Gaei iy Executable Program ABa11150
yngulasiui LLawﬁaﬁ'SnUsvﬂ':'sm‘iaﬁamﬁmﬁmnaaummﬁmwmmaﬂﬂmnimaamnm
Falusunsuazyhaulddoslaifinuionaralulusunsuwinty LLavmm'mm"mwa"Laam
YDIMNURANAIA LS LLﬂuﬂ’!iJ’l‘iﬂLLm?Jlmﬂﬂ%ﬁl lvnsdeulusunsusety mmsﬂ,u Block
Diagram azUsenaulusme Haddu Areedi T:UiLm'iuﬂ'mﬂumimmumaiﬂﬁaiw Tuwsiay
mummuavﬂﬂngaa’lusﬂm Block 1513gvinssinane (wire) mwiu Block iy auidn
PRt Lwanmumaﬂwmvmﬂwa%wamaivmw Block wantiu vilvideyalasunis
Useanananuiifesnis LLayu,amwaaanm’lmncﬁ‘lﬁmalu

M

g )
r gl
. )
DAQ Assistant

data L4 v

g} B>t

Maximum

| | poiz |
Stati r L= )
| [>—' Signals R

Maximum ¥ [ e il

[ RMS =t liZs] |

- Max 2

=
Statistics2

Signals Rms 2

Maximum | ==

AMS »—p!’t’z'a'l!i

Il |

e Mlx3

| e
Statistics3

Signals Rrms 3

RMS

il

o

55

ﬂﬁ 2,22 anwugupvi Block Diagram



28

2.7.1.3 Icon And Connector LU%‘HULaﬁauTUsaanﬁaﬂ’luTUiLLﬂ'swé’ﬂﬁ’a61
. v o oo | e v '

1 T Icon azmneiis Block Diagram wmilaiinsdedeyaduazeantinunie Connector
#lu LabVIEW 92138091 sub VI @aisnauisaag sub VI flagdudunviaiusediesle
& o 4 o & = 2 o
Mnuulunendnisidoanis L'i'lﬁmm'mt%uiﬂmﬂ'::uauauwumme‘%‘aﬂimm VI k51
o | - v o - | 1 o o a
tneaINauInG Fmild Vi s wdeunndeunthiinaredy sub vi 1y Fan1suiieuly

7
anwazilisanindu Module

=

=)
JUn 2.23 weIm3U Icon wag Connector

A157497 2.1 duusznauvalusinsy LabVIEW

LabVIEW Tsunsuiug | wiil

VI Program A lUsunsuman

Function Function ﬁaﬁé‘fuﬁw‘%‘ﬂﬁuﬁa%’n%umﬁ’uws wnsu

Sub VI Subroutine Wsunsudasiignienldiaslusunsuman

Front Panel User interface ﬁ’mﬁlaﬂﬁiaﬁmﬂ'ﬁ

Block Diagram | Program code nsisusuduneuvedazlUs LS wnTY




UNA 3
ANF9DNLUUNISVNAADY

T,ﬂ'swumﬂumsaammumsaquaLtazmsuniuﬁ'i,«mammamuvm"m 9 U4
wawmafnilea 3 g ‘[ﬂemmLLUmmﬂafytymawmaamﬂuafgfy’lmmwaaﬂa Data
acquisition (DAQ) Taeldlusunsu LabVIEW senuwuumiinisudninasssynii Front Panel
Feazusy znaulUMmenNTIuALAYB LTI ULASN SELaRS 3 wa mumamwﬂmmumwmﬂiau
/e szuulaeiuuanslugui

LabVIEW
i Voltage Sensor = s A
rocessing

) Current Sensor DATA -
Acquisition Display
{DAQ USB- Wtoris

Monitoring
6009)

. Tempurature Sensor

DATA
RPM Sensor Ly
Record

A o
JUN 3.1 ssuumsvhaulag s

MNFUA 3.1 azamnsautamsvhauldbivun ¢ doy

L wuleesuseiu nazua gumgl wazABLIITUILadyy10adg DAQ

2. gunsal DAQ erfudygranduuasulasdygralvaunsaruilely
Tsunsu LabVIEW 'I¢f

3. eonuvukar T idyyinlulusunsy LabVIEW  uansdnging « 7
foanstumih front panel 18

o W oer v o &
4. ynmstuiindeyairinlevianualuguuuures excel



30

3.1 99NLUUYULYDS

3.1.1 WueeTInwsIsy

UM 3.2 wiouuasuses 220/6 v

220/6 V

‘gi%_‘;?

d a a
JU¥ 3.3 29sisueesiauseiu

<l < ) % a a v 1 v vy o
NFUN 3.3 Wondasussiumnmeiuyisaiiudisve R Usuailfials
ausauivan v lemudesns

3.1.2 Wuweasinnszud

P
3UN 3.4 Clamp Sensor 100 Ag..



31

a

3.1.3 wuwesingumnail

3UT 3.5 MCP9700 touigosImgamadl 40 - 125°C

MCP9700
T ¥ %
o b =
v Ve

=Y

al o
JUN 3.6 19sieume s ingungll

3.1.4 wuwesinmusIseu

gﬂﬁ 3.7 TCRT5000 wuosinanusisay



+5V Vot 45V

o fa
JUM 3.8 1959ueesianuEisey

3.2 M52 UUTUSHASUNSLENINE
3.2.1 NIDBNWUUNUID8 Front Panel

P v =
JUN 3.9 nunveuanan 1

32



Date/ Time | |14

WA |

King Mongkut's Institute of Technology Ladkrabang

Monitoring  Tahle Cantrol

| Monitoring  Table Contral | system

52
[21083 121800 30 |
|21m36” | 21601 1
21836 | 2160
[ 21858

v <
g‘U‘ﬁ' 3.11 vIBuAAINGY 3

33



34

3U 3.12 wheuanwail 4
ﬁ]'mg‘tl“fi 3.12 L‘fJugiJ‘Um Front Panel ¥®8411198 Monitoring , Table
Control Wag System auasulae Monitoring 9zt Graph Wag Meter Wiouansfuuy
real-time @ Table Control \umsuansranuumsaiteliamnsagenitkiuuld daw
gavhelumiwes System sziflunsruaunmsvihoussuulags
3.2.2 NM380NLUUNEIAD Block Diagram
1. MyIAugIY

R phase
> [
S phase
(AL
T
K 458 T Ph,
L | ase
gl a
-, 6208 & &
. ) Vit max
DAQ Assistant =
data 1P e 13 tatistics3 ’»m|
e 61.33} i
63.64 Filter Voltage
» Signal
Filtered SiEmI v
stop
I O

3Uil 3.13 Block Diagram ms¥nuseduvesiusunsu LabViEw



35

e/ @ kg da o & s v a a ) v
m3iauseu [dvseudasiiidn 220/6 v wliussiumeimiegiivonu R

7 1 p 3 & I d] s — “a L
Uuenla WlA v, eglugas 0-10v ifesarnsaveeDaq ( Data Aquisition) Sunmlagaan

10 V ansagguasasiénnguil 3.3

Volitage :

JUT 3.14 Front Panel veausedutis 3 wia

=l . S &
93U ¥ Block Diagram MdeutuuuTusunsu LabViEw TasTusunsuae
YY) =4 v ¢ o o o % ¢ v g v
Y ININ DAQ Feasld V), veswewedndlonit 3 wla vunadsiledduusudils

v o a o/ d
lAr1a3edagua 3.14

= i a v awu o oo v
TN 3.1 ansridisudisumussiunndudgugiifuuseduiidhgunsel DAQ

e Voltage DAQ (V) j
R 5 i R 5 ¥
1 41.8 41.3 43 0.659 0.662 0.66
2 80.3 78.5 80.9 1.272 1.262 1.246
3 120.3 118.7 120.6 1.909 1.914 1.88
a 160 157.8 161.2 2.539 2.5488 2.494
5 200.6 198.5 200.1 3.187 3.203 3,12
6 2204 217.9 222 3.497 3.515 3.428

= o @
VINATITNN 3J.ﬂ7313ﬂ%1ﬂ1@ﬂﬂﬂﬂ7ﬂ

Viiosom
Usunil
A=—=2

(3.1)
VDAQ



36
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TWsunsu Excel Tagaztuiindmn q Auagilusunsuieuey uansizegroweddusunsy

Excel flagufl 3.25

Filename File Format

i Desktop\labviewhwistmsi, - ) Text (LYM)

c
wnwia\measurement.adsc ) Binary (TDOMS)
) Binary with XML Header (TOM)
& Microsoft Excel (dsx)

¥ Lack fite for faster access
Segment Headers

#: One header per segment

Gine header anly

No headers

I 1f 2 file 3 e X Value (Time) Columns
& Rename exi _» One column per channel
Use nest available filename @) One column only
Append to file () Empty time column

Gverwrde file

(® Save to series of files (multiple files)

Sattings...

File Description o
Advanced... |

I oK Cancel Help

JUM 3.24 mareailandu Write to measurement

m » e Sy . iEE ; =5afl . . +9 ;% msdanluvy Saqluuy &
- 4 B IU = K EER EF Humuahinn B oW enndoule ~ s - o
L . S | . sl — - e
| Mi6 -
IS A Al 2 KT ) F I R

1 Tme Vr Vs vt R Current S Current T Current Temp mm

2 13/5/2011 21:30 221.89  219.3912 221.5675 1.240552 0.055007 0.045309 31.41541 1466.64
3 13/5/2011 21:30 221.875 219.4173 221.5199 1.232621 0.05482 0.045417 31.36049 1466.038
4 13/5/2011 21:30 2219232 219.4029 221.509 1.23552 0.054527 0.045255 31.38778 1466.574
5 13/5/2011 21:30 221.8897 219.3576 221.4883 1.233579 0.054729 0.04528 31.35408 1467.959
6 13/5/2011 21:30 221.8897 219.3576 221.4883 1.233579 0.054729 0.04528 31.35408 1467.959
7 13/5/2011 21:30 221.8811 219.4206 221.436 1.22789 0.054666 0.045365 31.33952 1466.04
8 13/5/2011 21:30 221.8919 219.4243 221.474 1.229785 0.054601 0.045529 31.37202 1468.684
9 13/5/2011 21:30 221.8856 219.3972 221.4734 1.233361 0.05466 0.045565 31.34453 1466.812
10 13/5/2011 21:30 221.8856 219.3972 221.4734 1.233361 0.05466 0.045565 31.34453 1466.812
11 13/5/2011 21:30 221.907 219.447 221.4124 1.228197 0.054744 0.04509 31.34384 1465.341
12 13/5/2011 21:30 2219717 219.4401 221.4389 1.245878 0.05449 0.045028 31.36394 1466.081
13 13/5/2011 21:30 221.7141 219.2258 221.2428 1.396893 0.054877 0.045311 31.31557 1452.82
14 13/5/2011 21:30 221.3349 218.8607 220.9163 1.90469 0.054784 0.045468 31.31694 1403.91
15 13/5/2011 21:30 221.3349 218.8607 220.9163 1.90469 0.054784 0.045468 31.31694 1403.91
16 |13/5/2011 21:30 221.0905 218.6439 220.7114 2.361868 0.054832 0.045325 31.30296 1364.055
17 13/5/2011 21:30 220.9409 218.4925 220.5516 2.750934 0.054923 0.045396 31.27637 1330.421
18 13/5/2011 21:30 220.9106 218.3709 220.4777 3.022582 0.054729 0.045486 31.29995 1304.274
19 13/5/2011 21:30 220.9106 218.3709 220.4777 3.022582 0.054729 0.045486 31.29995 1304.274
20 13/5/2011 21:30 220.9261 218.3696 220.4808 3.071564 0.054816 0.045463 31.28321 1300.285
21 13/5/2011 21:30 220.9339 218.3454 220.5082 3.106643 0.054796 0.044882 31.30082 1297.07
22 13/5/2011 21:30 220.9504 218.3406 220.5437 3.138351 0.054515 0.04514 31.27404 1293.777
23 13/5/2011 21:30 221.0057 218.346 220.5889 3.105842 0.054777 0.045361 31.28861 1297.081
24 13/5/2011 21:30 221.0057 218.346 220.5889 3.105842 0.054777 0.045361 31.28861 1297.081
25 13/5/2011 21:30 221.0394 218.3949 220.6541 3.075756 0.054802 0.044942 31.31848 1299.376
26 13/5/2011 21:30 221.1111 218.3883 220.6714 3.094515 0.054261 0.045405 31.3063 1298.096
27 13/5/2011 21:30 221.0902 218.3795 220.6858 3.097652 0.054471 0,045278 31.30658 1299.729
28 13/5/2011 21:30 220.9856 218.3014 220.6448 3.061954 0.054466 0.045223 31.30541 1303.077

i ol PP St AR S e B el et A
M4+ W] Sheetl ~Sheetz Sheet3 .~ f3. A {1 M

d a ] = o =R 1 v
JUN 3.25 Meegrewedlusunsy Excel Aillnmstudinanly
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NI USB-6009 (Dev. 1)

1. Current sensor W R : Channel : A0

2. Current sensor Wa S : Channel : All

3. Current sensor tWa T : Channel : Al2

4. Temperature sensor : Channel : Al3

NI USB-6009 (Dev. 2)

5. Voltage Sensor i R : Channel : AlO

6. Voltage Sensor W& S : Channel : All

7. Voltage Sensor g T: Channel : Al2

8. RPM sensor; Channel: Al3
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S — |
Timing Settngs
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DC voitages are useful
for measuring
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AC voltages, on the other

hand, are waveforms
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)
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specifias the number of
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d 5 | e/ L. s L3
JUN 4.3 msdsAsuweiniudygynvesgunsal DAQ (Dev 1)

| (@Back | oA
' Measuring Voltage

s
HideHelp|



47

l‘, o o 3 i — R e

< |
[ Run  Add Channels Remove Channels i "fj’jﬁdg il
[3 Express Task | & Connection Diagram [Feack iy A

=il
| Measuring Voltage

Most measuramaent

{ ' ' ' ' ! ! ! ) [} ! L} ! ! L) devices are designad for
10 20 30 40 S0 60 7 80 90 100 110 120 130 140 150 160 170 180 190 200 measuring, or reading,
Time volt-gq Two common
| m: rgmen
Firanh L e e AutoScale Y-Axs 4] Vv | are DC and AC.
- DC voltages are useful
Configuration | Triggering | Advanced Timing | Logging for messuring

phenomena that change
| slowdy with time. such as
| temparature, pressure,

nannel »L‘“,-:r

[ + XS s | Vokage Input Setup or strain.
b AC voltages, on the cthar
ﬁ Settings hand, are vaveforms
S Voltage that constantly increase,
T Vol | Sonal Inout Rance decresse, and reverse
[ Vol g | i o Scaled Units polarity. Most powerlines
| tage | Max 1] —— | delivar AC voltage.
| ‘ Volts [
| { Min 10
| \
I |
| |
E ! Terminal Configuration |
} Cick the Add Chamels button | Differental v o .
(+) to add more channels to i1 Custom Scaling kdl
! the task. | <No Scale> v 2 |
1 s Min is the minimum

v |
‘ value axpected from

| your measurement after
scaling.

Timing Setbngs
Acquisition Mode Samples to Read Rate (Hz)
Continuous Samples v X 10k

d 5 | & ol
JUN 4.4 msdsAriunedniudyqnvesgunsal DAQ (Dev 2)

4.2.3 nsuaasnan1siauaguiindeya

4 o ) a o i o a}lvu v
Wehnsiulusunsuivimsesnuwuuasiinisusssnanadygyuildsudiun

'
=2

A U L7 1 L7 - ¥ o vq’j
iensTauasdufinuaresen usei , nzua , Rom uazaamail Pavinsesnuuul ity 8
NIHAMINATDIUTUNTUILUARINAUUILA Front Panel w99lUsunsy LabVIEW fildeaanuwuu

Hﬁaguﬁ a5 ,gﬂﬁ 4.6 LLangﬁ 4.7

4.23.1 MSLAAINANITIA YBIWITIHNDTANNY F9N1TuanINaULMn
Front Panel TUsunsu LabVIEW



48

n.-:h‘r.wmsm ‘

‘o ¢ MKing Mongkut's Institute of Technology Ladkrabang

Monitoring  Table Control | System

Voitage ETTE Moo Goen
i .

Phase R

Phase §

Phase T

ﬂ‘ L4 a at
JUN 4.5 MNDNENLARINANTTIR

A v LY o
NFUA 4.5 wihaevanuaninan1sinussnaulusiae
L7 d d o o al  as
1. Date/Time dunsuansiuinaziiavnsigunsaingiaindideinuas
o a8 124 1
Uufinnadeyaog
2. Voltage Wunsuaninansinsefunssfuvesawmedvaauma Usenau
Tuehe il R wia S wia T Tnsanansauansualdifudaalaiedn Rms uag AMax uae
annsouananaluglreansmiladndie Tnsuammaniansm Voltage
3. Current Wun1suaninan1s InsefunTeuanaInamasvisang Usenau
LUsie e R wia S wla T Tnganunsanansualadudavlévan Rms uag AMax uaz
annsauananaluzuveansmladndie Tnsuanmanians v Current
4. Rpm Wunskanawanistnanusisevveswawesluniieves seuse
i I & e I3 ] a2
W7 ansauansrLluiiwostazanusauansadunsimussanusiseu
w1 a ¢ v o d
5. Temperature LUunisind1vesgumgivesnamasannsouandldviaa

= ! 2/ % L] ay v L
Wuwedlufwes dilldannste uazannsathailldanmsinnuandugivesnsiins

= aV w 1
Waguwlasvesgumgiiladneae



49

4.232 nstuiinea dauvesnistuiinuassiinisduiindeyadminiines
| & a a @  of T
7119 wagariinisasAlndnaeduiin deyanistuiinuailulva .ot v3e Excel uayvagdinig

wansdoyalulnadeyauaznsmlumirveuaninanisduiin

130135 | B
14548 ||
143422 |

aLes |

= ) el o
JUN 4.6 nvekanINanInvuinlakagns

e v v o e v ! 3
Q']ﬂEUW 4.6 “quaLLﬂﬂqNalu‘lﬂu’]u"ﬂgl:l:ﬂﬂqNaﬂquUWﬂ“Uaﬁﬂa ﬂ’lia’m‘aaﬁ‘,}a

wagnTMuanIHatoyATIN Feuseneuluie

1. Table control umsenisuansuarfilaainnisialagiamniudy

k%4

pyAkaLLARINaN1lUTWNTY LabVIEW

2. Waveform Chart WunsuaninisinAveueimessianuaiilaiinis
752970 Teien Awsanulnin 3 wa Ansewalddn 3 wia ﬁnqmugﬁmama% WaZAIANLS

TaUVRUBLADS



50

Date / Time (155201530608~ |
King Mongkut's Institute of Technology Ladkrabang

Monitoring = Table Control = System

s

=i v o
E‘U‘W 4.7 MUNBUARITEUUNITVINULRS I

‘J o s
MNguR 4.7 Wumivemsuansszuumsvaunisasietauameslagsay

= a [ ar ] 2
RIBLINMINITATIVINL AN IIN1TNI9TUYDIND LW@%UHMUW%OLLHWQ W&

4.3 Nan1NNao9

= Y] i I a dwo d  w @ w4
A19191 4.1 NamS“ﬂﬂ?{aUu‘HﬂulWﬁ'1LU%‘EIULﬁﬂUia’M?ﬁuﬂ?ﬁ]i@ﬂ?ﬂiﬁ%‘mLﬂiammﬁlﬂumﬂ

leinnsuseananaruluswnsy LabVIEW

Tafiwes (V)

TUsunsu LabVIEW (V)

|

R 8 T R 5 T
41.8 41.3 43 a1.7 413 42.42
80.3 785 80.9 80.12 9.2 80.45
120.3 118.7 120.6 120.3 119.5 121.1
160 157.8 161.2 161.5 159.6 161.3
200.6 198.5 200.1 202.1 199.7 201.7




51

:I 1 (7] U 1 =Y EJU é -l s s 1 b2
A5197 4.2 f1 Error vpawsssulwiUSsuiisuseinsanassiiialdanesesiletatuaila

nnsUszIRanar1uluswAsY LabVIEW

A1 error (%)

R S T
0.24 0 1.35
0.22 0.89 0.56
0.00 0.34 0.41
0.94 1.14 0.06
0.75 0.60 0.80

A =l 1 1 - d 7] Ed L v 1 d
A5199 4.3 wanisvegeunseialwiUTeudsusenineeiasandalaanniaiesiletaduai

Taann1sUsranananulusunsy LabVIEW

waudines (A) TUsunsu LabVIEW (A)
0.40 0.40
0.60 0.62
0.80 0.80
1.00 0.98
1.20 1.18

o | <l ol | | a aa < v w1«
A15199 4.4 A1 Error vaenseualniuSeudisussnineanassminlannaiasdleTaduanle

NMSUSEHIANREULUTWATY LabVIEW

A" Error (%)

0.00

233

0

2

1.67




= ) a el a | | a adwuyy d A o oW
A131490 4.5 NﬁﬂqiﬂﬂﬂﬁUﬂqiqWQmmqmtﬂiﬁ]‘ULWUU55ﬂqqdﬂ']"ﬂﬁqvnﬂlﬂ‘ﬂﬂlﬂl,ﬂ‘saﬁllaqﬂﬂ‘U

AflannmsusEnanarulusunss LabVIEW

wasluiiwes (°C) TUsunsy LabVIEW (°C)
26 26
275 28
30 29.8
32 32.4
35 36.2

o ' o | ! a ado & < v o i v
A1979% 4.6 A1 Error YesgamgiintTeuiisusewinaaiaiinlaanedesiie Tatusiildan

mMsUszanananuluswnsy LabVIEW

AN Error (%)

0

1.81

0.67

1.2

3.42

= ) & ¢ el P | | a doyywy
#1319 4.7 Nﬁﬂ"liﬂﬂﬂ@Uﬂ?Tﬂﬂﬂ?qﬁJLi:ﬁ@u’ﬂﬁl\nﬁjLC‘]@?LU?B‘ULﬂﬂUigwqqﬂﬂqﬁ]‘iﬁﬂQW‘lﬂﬂ’?ﬂ

< & W ow I '
Lmawmﬂnumﬁlﬂmﬂﬂﬁﬂismawamuwmnm LabVIEW

Tachometer (Rpm) TUsunsu LabVIEW (Rpm)
1500 1498
1472 1472
1430 1430
1321 1314




53

= ' o < a | I a dw v
f197190 4.8 A1 Error ﬂ']'i"?ﬂﬂ?"lﬁJL%’]'i@U?Jﬂ@ﬂJﬂLﬁaiL‘U?EVUL‘WEI‘U“JS‘WT]\?ﬂ'ﬁ‘liﬂﬂ'}ﬂlﬂﬁﬂﬂ

4 A o oo ) |
Lﬂi@ﬂﬂa']ﬂﬂUﬂqmﬂﬂ'}ﬂﬂqiﬂi&'i}?ﬁwawq‘lﬂaﬂ‘ﬂmiu LabVIEW

M Error (%)

0.13

0

0.52




o
unis
dyluazdalauauue

5.1 diquna
= = L7 L ¥ o k7 d ¥ - 1

Tutiggrinusatuiildvuavenisldiunissdiedn wisfinessanenves
uewmeimunisUseyndaldeenuas Ineldlusunsy Labview Faddnvinlivinisesnuuy
TWsunsulvfinisnserdgygrmannfmnadudisgudninnussinanansouiuianinaniy
NN ADUANNDS

ad A w d\lye & & ° v v a Y

sruuAIeladnnlavinniseanwuutuniuy ausetnlulgaulaass Tuau
mMyiadmniinetinegie Ausdu Anssudlwi dgamgll was amdaseu Fesunw
' i ° a A e o ° ¢ o g v
Anqmaniianunsaiiluvsneumsinsauniiiefiadsmieniuaunsiinuveswemessiudiald
w1 o & [ | a o ar v & °
Tadmnsilwmednly deyadegivhnisialdduaggnihuiuanmawuy Real Time uu
IDABNRAMDS HIUNIVUN Front Panel 484 LabVIEW &slevinniseanuuunnliilidnwuzia
A o o v -l o w ° DX o \ [ [y a o w a e
loduiumidnmeasissien Mligewieyaauningmdeyaldiednnideyaiiviinig
s ue‘." at =R 1 1.3 d L3 ¥ o Y 1
Taldiudagniufindluguuuuvedlng Text () Falwadanunsadluilalulusunsusineg

| . A o 1 %)

LU Microsoft excel WWBNNITRUYBYS

1NN1INRaesinAT nszualviin usedulni audaseu uay gl

o A W o =l o | o v as ¢ o al e

sruuimtesliedadasiinnudanguge annsmiluldlaiuiesuames wia9950uq il
i o L3 v 1 o v £ 23 % v d '3 (K7
Awswesilananiun vlwagamnlunisidau InglaissuFunldeununsalniofanduaes

Tusunsu LabVIEW Tunsia Sntadiadimunesindm Ansadne wangiunisiniuldau

5.2 dyniliAntuuazuuamensuiletlaym

1. Wesnnnlusunsumsvharuvesgungal DAQ Snfludoshaudunesiames
Jadesdndunionouiiumesliluilinsdantsta lhdssonsgymeiiesdans
gguALIABEATINARUNIYIUTaslUsunsuRaeanan welinisihusiiiudeluogi
Beuiey

2. fodrfavasmsfaruseiu eawnislinmiaudasivih Afffa 220/6 v ¥i1
Tansnsadarnusssulninlfanzusaduainy



55

5.3 madluuszgndldanuase
Luaamnsuummammmwlmmmiaaﬂquuummamwauaa NG UHRED
lduszendldldvaneey Iﬁ]EJE!’]JJ’I?Q‘UTULﬂﬂﬂuﬁ~?ﬂ‘?]'uﬂ’liI‘lixﬂ’l‘lJ‘?J’eNIlJ'iLLﬂ‘iﬁﬂWlaaﬂL’Ja’l
Lwaqmaamiqﬂnsmwa:‘;awummmnmwuagnm1umzuﬂ1ﬂ‘u laemieng aeldamlunis
WA WS
5.4 msAnwralusunan
Tudruresnisariafadimisfimesnaglafi ssvuiAIesiletaiiviinas
aaﬂLLUUuu%vmmmmqmﬂm’lmv ~'l.ﬂamaqLﬂumﬂsaﬂﬂim’lmmadmﬂmmLLUU
wireless  vlliannsadeauuulyansla WAalinIsAnwnasFauUanasiiududite

g = o @ e [ 3 o Voo I a o
WGMU'?‘UW’{O’WWLLaSﬂﬂmﬂiﬂiUﬂﬂﬂaQﬁlmu‘iﬂHﬁimﬂﬁﬂumiﬂﬂtﬂﬂﬂ'l”liJLLﬁﬂG]']\ﬁ]’lﬂVlﬁJ‘U’}EJWﬁﬂ



[9]

56

LONENSD1994

=l

wigialuyad Iavugad “nrsadressuudnlulifidqe LabVIEwsaufdussuy
DataAcquisitionias MachinneVisioond@m3ugi3usnu”,2553

Chien-Lung Cheng, “Automatic Testing System Based on LabVIEW for DC Motor
of Portable Washing Machine,” IEEEXplore., 2008, pg. 489-493.

R.S.Huei, “LabVIEW 7.1 Express Chart Controls Application-Automatic
Measurement and Hardware Application”, Chwa Books Company, 2005.
R.S.Huei, “Automatic Measurement System LabVIEW”, Chwa Books
company,2002.

S.J.Shie, C.C.Chen, “LabVIEW Application - Automatic Measurement and Remote
Monitoring”, Chwa Books Company, 2002.
Available:URL:www.eci.ox.ac.uk/pvcompareweb/Sunlight.htm

Available: URL:http://hallencodersensorbme3.blogspot.com/2011/07/hall-sensor
html

Available: URL:http://eakkaphop0140.blogspot.com/p/blog-page 29.html

Available: URL:http://thaisensormodule.com/index.php/light/pirsens1

[10] Available:URL:http://ardnarong.igetweb.com/index.php?lite=article&qgid=4264645

[11] Available: URL:http://www.thailandindustry.com/guru/view.php?id=1319&section

=9&rcount=Y



NMANUIN

57



AANUIN N.

o

ayavasgunInl NI-DAQ USB6009

58



o9

B R S N L e e T e R RN D A g B R
USER GUIDE AND SPECIFICATIONS

NI USB-6008/6009

Bus-Powered Multifunction DAQ USB Device

Francais Deutsch 2R e fmor

ni.com/manuals

This user guide describes how to use the National Instruments USB-6008 and National Instruments
USB-6009 data acquisition (DAQ) devices and lists specifications.

The NI USB-6008/6009 provides connection to eight single-ended analog input (AI) channels, two
analog output (AO) channels, 12 digital input/output (DIO) channels, and a 32-bit counter with a
full-speed USB interface. Table | compares the devices.

Table 1. NI USB-6008 and NI USB-6009 Comparison

Feature NI USB-6008 NI USB-6009
Al resolution 12 bits differential, 14 bits differential,
11 bits single-ended 13 bits single-ended
Maximum Al sample rate, 10 kS/s 48 kS/s

single channel”

Maximum Al sample rate, 10 kS/s 48 kS/s
multiple channels (aggregate)”

DIO configuration Open collectort Each channel individually
programmable as open collector
or active drivef

* System-dependent.
+ This document uses NI-DAQmx naming conventions. Open-drain is called open collector and push-pull is called
active drive.

NATIONAL
INSTRUMENTS"



Figure | shows key functional components of the NI USB-6008/6009.
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Figure 1. NI USB-6008/6009 Block Diagram
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Safety Guidelines

Operate the NI USB-6008/6009 device only as described in this user guide.

& Caution Do nor operate the NI USB-6008/6009 in a manner not specified in this document. Misuse
of the device can result in a hazard. You can compromise the safety protection built into the device if
the device is damaged in any way. If the device is damaged, contact National Instruments for repair.

A Caution Do nor substitute parts or modify the device except as described in this document. Use the
device only with the chassis, modules, accessories, and cables specified in the installation
instructions. You must have all covers and filler panels installed during operation of the device.

A Caution Do nor operate the device in an explosive atmosphere or where there may be flammable
gases or fumnes. If you must operate the device in such an environment, it must be in a suitably rated
enclosure.

Electromagnetic Compatibility Guidelines

This product was tested and complies with the regulatory requirements and limits for electromagnetic
compatibility (EMC) as stated in the product specifications. These requirements and limits are designed
to provide reasonable protection against harmful interference when the product is operated in its
intended operational electromagnetic environment.

This product is intended for use in industrial locations. There is no gnarantee that harmful interference
will not occur in a particular installation, when the product is connected to a test object, or if the product
is used in residential areas. To minimize the potential for the product to cause interference to radio and

© National Instruments Corporation 3 NI USB-6008/6008 User Guide and Specifications
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television reception or to experience unacceptable performance degradation, install and use this product
in strict accordance with the instructions in the product documentation.

Furthermore, any changes or modifications to the product not expressly approved by National
Instruments could void your authority to operate it under your local regulatory rules.

Caution  To ensure the specified EMC performance, operate this product only with shiclded cables
and accessories.

Caution  This product may become more sensitive to electromagnetic disturbances in the operational
environment when test leads are attached or when connected to a test object.

Caution Emissions that exceed the regulatory requirements may occur when this product is
connected to a test object.

Caution Changes or modifications not expressly approved by National Instruments could void the
user’s authority to operate the hardware under the local regulatory rules.

Unpacking

AN

The NI USB-6008/6009 device ships in an antistatic package to prevent electrostatic discharge (ESD).
ESD can damage several components on the device.

Caution Never touch the exposed pins of connectors.
To avoid ESD damage in handling the device, take the following precautions:
*  Ground yourself with a grounding strap or by touching a grounded object.
*  Touch the antistatic package to a metal part of your computer chassis before removing the device

from the package.

Remove the device from the package and inspect it for loose components or any other signs of damage.
Notify NTif the device appears damaged in any way. Do not install a damaged device in your computer
or chassis.

Store the device in the antistatic package when the device is not in use.

Setting Up the NI USB-6008/6009

5

5

Complete the following steps to get started with the NI USB-6008/6009.

Note For information about non-Windows operating system support, refer to the Getring Started
with NI-DAQmx Base for Linux and Mac OS X Users document available from ni . com/manuals.

L. Install the application software (if applicable), as described in the installation instructions that
accompany your software.
Install NI-DAQmx .

]

Note The NI-DAQmx software is included on the disk shipped with your kit and is available for
download at ni . com/support. The documentation for NI-DAQmx is available after installation
from Start»All Programs»National Instruments»NI-DAQ. Other NI documentation is available
from ni.com/manuals.

! NI USB-6008/6009 devices are supported by NI-DAQmx 7.5 and later.

NI USB-6008/6009 User Guide and Specifications 4 ni.com
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Install the 16-position screw terminal connector plugs by inserting them into the connector jacks

as shown in Figure 2.

1
2

Overlay Label with Pin Orientation Guides

Screw Terminal Connector Plug

3  Signal Label

4 USB Cable

4.

Figure 2. Signal Label Application Diagram

Affix the provided signal labels to the screw terminal connector plugs. You can choose labels with
pin numbers, signal names, or blank labels, as shown in Figure 3. Choose one of the labels, align
the correct label with the terminals printed on the top panel of your device and apply the label, as

shown in Figure 2.

IGND| +AI0-

GND| +AI1 - |GND|

+A2-

GND| +Ai3- JGND|ACOJAOT[GND o

l

I

[

or

GND AID Al4 GND Al1 A5 GND A2 AlG GND AI3 AI7 GND AOO AO1GND e

123456789 1011213141516

ANALOG T

J DIGITAL

32 3130 29 28 27 26 25 24 23 22 21 20 19 18 17

IGND +5V +25V PFI0 P13 P1.2 P11 P10 POT POS POS P04 P03 P02 PO1 POO

EENENEEEERRENEN, O

1
2
3

User-Defined Custom Label
Terminal Number Label
Digital I/O Label

4 Analog Input Differential Signal Name Label
5 Analog Input Single-Ended Signal Name Label

5

5.

Figure 3. NI USB-6008/6009 Signal Labels

Note After you label the screw terminal connector plugs, you must only insert them into the
matching connector jack, as indicated by the overlay label on the device.

Plug one end of the USB cable into the NI USB-6008/6009 and the other end into an available

USB port on the computer.

© National Instruments Corporation
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Double-click the Measurement & Automation icon, shown at left, on the desktop to open
Measurement & Automation Explorer (MAX).

Expand My System»Devices and Interfaces and verify that the NI USB-6008/6009 is listed. If
your device does not appear, press <F5> to refresh the view in MAX. If your device is still not
recognized, refer to ni. com/support/dagmx for troubleshooting information.

8. Self-test your device in MAX by right-clicking NI USB-600x and sclecting Self-Test. Self-test
performs a brief test to determine successful device installation. When the self-test finishes, a
message indicates successful verification or if an error occurred. If an error occurs, refer to
ni.com/support/dagmx.

Caution To ensure the specified EMC performance, operate this product only with shielded cables
and accessories.

9. Connect the wires (16 to 28 AWG) of a shielded, multiconductor cable to the screw terminals by
stripping 6.35 mm (0.25 in.) of insulation, inserting the wires into the screw terminals, and securely
tightening the screws with the flathead screwdriver to a torque of 0.22-0.25 N - m (2.0-2.2 1b - in.).
Refer to Figure 6 for the NI USB-6008/6009 pinout.

If using a shielded cable, connect the cable shield to a nearby GND terminal.
Note For information about sensors, go toni . com/sensors. For information about IEEE 1451.4
TEDS smart sensors, g0 to ni . com/ teds.

10. Run a Test Panel in MAX by right-clicking NI USB-600x and selecting Test Panels.

Click Start to test the device functions, or Help for operating instructions. Click Close to exit the
test panel.

Using the NI USB-6008/6009 in an Application

You can use the DAQ Assistant through many NI application software programs to configure virtual and
measurement channels. Table 2 lists DAQ Assistant tutorial locations for NI applications.

Table 2. DAQ Assistant Tutorial Locations

NI Application Tutorial Location
LabVIEW Go to Help»LabVIEW Help. Next, go to Getting Started with LabVIEW»
Getting Started with DAQ»Taking an NI-DAQmx Measurement in
LabVIEW.
LabWindows™/CVI™ Go to Help»Contents. Next, go to Using LabWindows/CVI»Data Acquisition»

Taking an NI-DAQmx Measurement in LabWindows/CVIL.

Measurement Studio Go to NI Measurement Studio Help»Getting Started with the Measurement

Studio Class Libraries»sMeasurement Studio Walkthroughs»Walkthrough:
Creating a Measurement Studio NI-DAQmx Application.

LabVIEW SignalExpress | Go to Help»Taking an NI-DAQmx Measurement in SignalExpress.

Refer to the Where 10 Go from Here section for information about programming examples for
NI-DAQmx and NI-DAQmx Base.

NI USB-6008/6009 User Guide and Specifications 6 ni.com



Features

The NI USB-6008/6009 features a USB connector, USB cable strain relief, two screw terminal
connector plugs for I[/O, and an LED indicator, as shown in Figure 4.

NI USB-8009 “
) Bieptn 1 it e A
::.-o------:.
o a 0 0 8 0 8 @8 0600 a
o 0 6 0 0 0000 000 )
00 00000O0O0OOGO
1/
®
1 USB Cable Strain Relief 3 LED Indicator
2 Screw Terminal Cannector Plug 4 USB Connector

Figure 4. NI USB-6008/6009 Top and Back Views

USB Connector and USB Cable Strain Relief
The NI USB-6008/6009 features a USB connector for full-speed USB interface. You can provide strain
relief for the USB cable by threading a zip tie through the USB cable strain relief ring and tightening
around a looped USB cable, as shown in Figure 5.

Figure 5. NI USB-6008/6009 Strain Relief
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LED Indicator

The NI USB-6008/6009 device has a green LED indicator that indicates device status, as listed in
Table 3. When the device is connected to a USB port, the LED blinks steadily to indicate that the device
is initialized and is receiving power from the connection.

Table 3. LED State/Device Status

LED State

Device Status

Not lit

Device not connected or in suspend

On, not blinking

Device connected but not initialized, or the computer is in standby mode.

In order for the device to be recognized, the device must be connected to a computer that
has NI-DAQmx installed on it.

Single-blink

Operating normally

Screw Terminal Connector Plugs

The NI USB-6008/6009 ships with one detachable screw terminal connector plug for analog signals and
one detachable screw terminal connector plug for digital signals. These screw terminal connectors
provide 16 connections that use 16-28 AWG wire. Refer to step 4 of the Serting Up the

NI USB-6008/6009 section for information about selecting labels for the screw terminal connector
plugs. Refer to the Pinout and Signal Descriptions section for the device pinout and signal descriptions.

You can order additional connectors and labels for your device. Refer to the Cables and Accessories
section for ordering information.

Firmware

The firmware on the NI USB-6008/6009 refreshes whenever the device is connected to a computer with
NI-DAQmx. NI-DAQmx automatically uploads the compatible firmware version to the device. The
firmware version may be upgraded when new versions of NI-DAQmx release.

NI USB-6008/6008 User Guide and Specifications 8 ni.com

66



Cables and Accessories

Table 4 contains information about cables and accessories available for the NI USB-6008/6009. For a
complete list of accessories and ordering information, refer to the pricing section of the NI USB-6008
or NI USB-6009 product page at ni . com.

Tahle 4. NI USB-6008/6009 Cables and Accessories

Accessory Part Number Description

USB-6008/6009 Accessory Kit 779371-01 Four additional screw-terminal connectors,
connector labels, and a screwdriver

USB-6000 Series Prototyping Accessory 779511-01 Unshielded breadboarding accessory for
custom-defined signal conditioning and prototyping.
You can use up to two accessories per device.

Hi-Speed USB Cable 184125-01 1 m and 2 m lengths

184125-02

shielded input/output ports.

Caution: For compliance with Electromagnetic Compatibility (EMC) requirements, this product must be operated with
shielded cables and accessories. If unshielded cables or accessories are used, the EMC specifications are no longer
guaranteed unless all unshielded cables and/or accessories are installed in a shielded enclosure with properly designed and

Pinout and Signal Descriptions

Figure 6 shows the pinout of the NI USB-6008/6009. Analog input signal names are listed as
single-ended analog input name, Al x, and then differential analog input name, (Al x+/-). Refer to
Table 5 for a detailed description of each signal.

GND
Al O (Al 0+)
Al 4 (Al 0-)
GND
Al 1 (Al 14)
Al 5 (Al 1-)
GND
Al 2 (Al 24)
Al 6 (Al 2-)
GND
Al 3 (Al 3+)
Al 7 (Al 3-)
GND
A0 O
AO 1
GND

L

1
11
[
N
[
[
i

(BE00E0ANENEERE0H,

ﬁj‘lﬂﬁlﬂﬁlzl 10l 6 8296 v ¢zt

O o o o i

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

i
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Figure 6. NI USB-6008/6009 Pinout
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Table 5. Signal Descriptions

Signal Name

Reference

Direction

Description

GND

Ground—The reference point for the single-ended analog input
measurements, analog output voltages, digital signals, +5 VDC supply,
and +2.5 VDC at the I/O connector, and the bias current return point for
differential mode measurements.

Al <0..7>

Varies

Input

Analog Input Channels 0 to 7—For single-ended measurements, each
signal is an analog input voltage channel. For differential measurements,
AT 0 and AT 4 are the positive and negative inputs of differential analog
input channel 0. The following signal pairs also form differential input

channels: Al<l, 5>, Al<2, 6>, and AI<3, 7>. Refer to the Analog Inpur
section for more information.

AO <0, 1>

GND

Output

Analog Output Channels 0 and 1—Supplies the voltage output of
AO channel 0 or AO channel 1. Refer to the Analog Output section for
more information.

P0.<0..7>

GND

Input or Output

Port 0 Digital I/O Channels 0 to 7—You can individually configure
each signal as an input or output. Refer to the Digital I/ section for
more information.

P1.<0..3>

GND

Input or Output

Port 1 Digital /O Channels 0 to 3—You can individually configure
each signal as an input or output. Refer to the Digital I/O section for more
information.

PFI 0

GND

Input

PFI 0—This pin is configurable as either a digital trigger or an event
counter input. Refer to the PFI 0 section for more information.

GND

Output

+2.5 V External Reference—Provides a reterence for wrap-back
testing. Refer to the +2.5 V External Reference section for more
information.

+5V

GND

Output

+5 V Power Source—Provides +5 V power up to 200 mA. Refer to the
+5 V Power Source section for more information.

NI USB-6008/6009 User Guide and Specifications
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Analog Input

The NI USB-6008/6009 has eight analog input channels that you can use for four differential analog
input measurements or eight single-ended analog input measurements.

Figure 7 shows the analog input circuitry of the NI USB-6008/6009.

127 kQ .
Al o—AMN

+2.5 VHEF

30.9 ka2 T mux PGA ADC — AIFIFO

Input Range

S Selection

Figure 7. NI USB-6008/6009 Analog Input Circuitry

The main blocks featured in the NI USB-6008/6009 analog input circuitry are as follows:

MUX—The NI USB-6008/6009 has one analog-to-digital converter (ADC). The multiplexer
(MUX) routes one Al channel at a time to the PGA.

PGA—The progammable-gain amplifier provides input gains of 1, 2, 4, 5, 8, 10, 16, or 20 when
configured for differential measurements and gain of 1 when configured for single-ended
measurements. The PGA gain is antomatically calculated based on the voltage range selected in the
measurement application.

ADC—The analog-to-digital converter (ADC) digitizes the Al signal by converting the analog
voltage into digital code.

AI FIFO—The NI USB-6008/6009 can perform both single and multiple analog-to-digital
conversions of a fixed or infinite number of samples. A first-in-first-out (FIFQ) buffer holds data
during Al acquisitions to ensure that no data is lost.

Analog Input Modes and Signal Sources
You can configure the Al channels on the NI USB-6008/6009 to take differential or referenced
single-ended (RSE) measurements. Table 6 summarizes the recommended analog input mode(s) for
floating signal sources and ground-referenced signal sources. Refer to Table 5 for more information
about I/0 connections for single-ended or differential measurements.
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Table 6. Analog Input Configurations

Floating Signal Sources
(Not Connected to Building Ground) Ground-Referenced Signal Sources

Examples: Example:

* Ungrounded thermocouples * Plug-in instruments with

*  Signal conditioning with isolated non-isolated outputs
outputs

Analeg Input Moede | * Battery devices

Differential (DIFF) Signal Source NI USB-6008/6009 Signal Source NI USB-6008/6009

Referenced

Single-Ended (RSE) NOT RECOMMENDED
Signal Source NI USB-6008/6009

Signal Source NI USB-6008/6009

Ground-loop potential (V, — Vp) are added
to measured signal.

Floating Signal Sources

A floating signal source is not connected to the building ground system, but has an isolated
ground-reference point. Some examples of floating signal sources are outputs of transformers,
thermocouples, battery-powered devices, optical isolators, and isolation amplifiers. An instrument or
device that has an isolated output is a floating signal source.

Refer to the NI Developer Zone document, Field Wiring and Noise Considerations for Analog Signals,
for more information. To access this document, go toni . com/info and enter the Info Code rdfwn3.

When to Use Differential Connections with Floating Signal Sources

Use DIFF input connections for any channel that meets any of the following conditions:
¢ Your application requires input ranges other than 10 V.

¢ The input signal is low level and requires greater accuracy.

*  The leads connecting the signal to the device are greater than 3 m (10 ft).

¢ The input signal requires a separate ground-reference point or return signal.

NI USB-6008/6009 User Guide and Specifications 12 ni.com
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*  The signal leads travel through noisy environments.
¢ Two analog input channels, Al+ and Al-, are available for the signal.

DIFF signal connections reduce noise pickup and increase common-mode noise rejection. DIFF signal
connections also allow input signals to float within the working voltage of the device.

Refer to the Taking Differential Measurements section for more information about differential
connections.

When to Use Referenced Single-Ended (RSE) Connections with Floating Signal Sources

Only use RSE input connections if the input signal meets all of the following conditions:

*  The input signal can share a common reference point, GND, with other signals that use RSE.
¢ Your application permits the use of the £10 V input range.

*  The leads connecting the signal to the device are less than 3 m (10 fi).

DIFF input connections are recommended for greater signal integrity for any input signal that does not
meet the preceding conditions.

In the single-ended modes, more electrostatic and magnetic noise couples into the signal connections
than in DIFF configurations. The coupling is the result of differences in the signal path. Magnetic
coupling is proportional to the area between the two signal conductors. Electrical coupling is a function
of how much the electric field differs between the two conductors.

With this type of connection, the PGA rejects both the common-mode noise in the signal and the ground
potential difference between the signal source and the device ground.

Refer to the Taking Referenced Single-Ended Measurements section for more information about RSE
connections.

Ground-Referenced Signal Sources

A ground-referenced signal source is a signal source connected to the building system ground. It is
already connected to a common ground point with respect to the device, assuming that the computer is
plugged into the same power system as the source. Non-isolated outputs of instruments and devices that
plug into the building power system fall into this category.

The difference in ground potential between two instruments connected to the same building power
system is typically between 1 and 100 mV, but the difference can be much higher if power distribution
circuits are improperly connected. If a grounded signal source is incorrectly measured, this difference
can appear as measurement error. Follow the connection instructions for grounded signal sources to
eliminate this ground potential difference from the measured signal.

Refer to the NI Developer Zone document, Field Wiring and Noise Considerations for Analog Signals,
for more information. To access this document, goto ni . com/info and enter the Info Code rdfwn3.

When to Use Differential Connections with Ground-Referenced Signal Sources

Use DIFF input connections for any channel that meets any of the following conditions:
*  Your application requires input ranges other than =10 V.

*  The input signal is low level and requires greater accuracy.

. The leads connecting the signal to the device are greater than 3 m (10 ft).

*  The input signal requires a separate ground-reference point or return signal.

¢ The signal leads travel through noisy environments.

*  Two analog input channels, Al+ and Al-, are available for the signal.
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DIFF signal connections reduce noise pickup and increase common-mode noise rejection. DIFF signal
connections also allow input signals to float within the working voltage of the device.

Refer to the Taking Differential Measurements section for more information about differential
connections.

When to Use Referenced Single-Ended (RSE) Connections with Ground-Referenced Signal Sources
Do nor use RSE connections with ground-referenced signal sources. Use differential connections
instead.

As shown in the bottom-rightmost cell of Table 6, there can be a potential difference between GND and
the ground of the sensor. In RSE mode, this ground loop causes measurement errors.

Taking Differential Measurements
For differential signals, connect the positive lead of the signal to the A+ terminal, and the negative lead
to the Al- terminal.

Valtage C+> ! NI USB-6008/6009 '
Source \_ _ ! :
AI—:

Figure 8. Connecting a Differential Voltage Signal

The differential input mode can measure +20 V signals in the 20 V range. However, the maximum
voltage on any one pin is 10 V with respect to GND. For example, if AT 1 is+10 V and Al 5is-10V,
then the measurement returned from the device is +20 V.

20
15
10
= A %"
0 Al g"g"
Result AN

Amplitude (V)

-5~
—-10-
—154
—-20-

Figure 9. Example of a Differential 20 V Measurement
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Connecting a signal greater than =10 V on either pin results in a clipped output.

20 -
15
10
A1 &0

AlS aPs"
Result A~

Amplitude (V)
(.IJI o w
1 | 1

i
o
1

—15
—20

Figure 10. Exceeding £10 V on Al Returns Clipped Output

Taking Referenced Single-Ended Measurements

To connect referenced single-ended (RSE) voltage signals to the NI USB-6008/6009, connect the
positive voltage signal to an AT terminal, and the ground signal to a GND terminal, as shown in
Figure 11.

VoltaQECD ! NI USB-6008/6009 :
Source\  _ : H

Figure 11. Connecting a Referenced Single-Ended Voltage Signal

When no signals are connected to the analog input terminal. the internal resistor divider may cause the
terminal to float to approximately 1.4 V when the analog input terminal is configured as RSE. This
behavior is normal and does not affect the measurement when a signal is connected.

Digital Trigger
You can configure PFI 0 as a digital trigger input for analog input tasks. Refer to the Using PFI 0 as a
Digital Trigger section for more information.

© National Instruments Corporation 15 NI USB-6008/6009 User Guide and Specifications



Analog Output

The NI USB-6008/6009 has two independent analog output channels that can generate outputs from 0
to 5 V. All updates of analog output channels are software-timed. GND is the ground-reference signal
for the analog output channels.

Figure 12 shows the circuitry of one analog output channel on the NI USB-6008/6009.

+5V

REF(+) REF(-) 50 (2
12-Bit AMNV—0 AO
DAC /

GND

Figure 12. Circuitry of One Analog Qutput Channel

The main block featured in the NI USB-6008/6009 analog output circuitry is the digital-to-analog
converter (DAC), which converts digital codes to analog voltages. There is one DAC for each analog
output line.

Connecting Analog Output Loads
To connect loads to the NI USB-6008/6009, connect the positive lead of the load to the AQ terminal,
and connect the ground of the load to a GND terminal, as shown in Figure 13.

! NI USB-6008/6009 é Load

Figure 13. Connecting a Load

Minimizing Glitches on the Output Signal
When you use a DAC to generate a waveform, you may observe glitches in the output signal. These
glitches are normal; when a DAC switches from one voltage to another, it produces glitches due to
released charges. The largest glitches occur when the most significant bit of the DAC code changes. You
can build a lowpass deglitching filter to remove some of these glitches, depending on the frequency and
nature of the output signal. For more information about minimizing glitches. refer to the
KnowledgeBase document, Reducing Glitches on the Analog Qutput of MIO DAQ Devices. To access
this document, go to ni.com/info and enter the Info Code exszek.
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Digital 1/0

The NI USB-6008/6009 has 12 digital lines on two ports, Port 0 has eight lines, P0.<0..7>, and Port |
has four lines, P1.<0..3>. GND is the ground-reference signal for the digital I/O ports. You can
individually program all lines as inputs or outputs.

Figure 14 shows P0.<0..7> connected to example signals configured as digital inputs and digital outputs.
You can configure P1.<0..3> similarly.

+5V 5§

o 0 0 oo

it éé AW < P0.0
PO.1
@/',—K]——V\M < P0.2
P0.3
@/M —>e o »|P0.4
45V TTL Signal  |© P0.5
o PO.6
> v I o »(P0.7
Switchx

/_. GND

I/O Connector T
i NI USB-6008/6009

P0.0 configured as an open collector digital output driving an LED

P0.2 configured as an active drive digital output driving an LED

P0.4 configured as a digital input receiving a TTL signal from a gated invertor
P0.7 configured as a digital input receiving a 0 V or 5 V signal from a switch

B WN

Figure 14. Example of Connecting a Load

A Caution Exceeding the maximum input voltage ratings or maximum output ratings, which are listed
in the Specifications section, can damage the device and the computer. National Instruments is nor
liable for any damage resulting from such signal connections.
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Source/Sink Information
The default configuration of the NI USB-6008/6009 digital I/O ports is open collector, allowing 5 V
operation, with an onboard 4.7 k€2 pull-up resistor. An external user-provided pull-up resistor can be
added to increase the source current drive up to a 8.5 mA limit per line as shown in Figure 15.!

E 5V NI USB-6008/6009
P45V
»
External :
Pull-Up Re Rp
Resistor 4.7 kQ Onboard Resistor
PO.0 Port Pad
> X
Al :
Load E
® GND

Figure 15. Example of Connecting an External User-Provided Resistor

The NI USB-6009 ports can also be configured as active drive using the NI-DAQmx API, allowing 3.3 V
operation with a source/sink current limit of £8.5 mA. For more information about how to set the DIO
configuration, refer to the KnowledgeBase document, Configuring NI Devices to be Open-Drain (Open
Collector) or Push-Pull (Active Drive). To access this document, go to ni . com/info and enter the
Info Code ex52sp.

Complete the following steps to determine the value of the user-provided pull-up resistor:

L.

)

3.
4.

o

Place an ammeter in series with the load.
Place a variable resistor between the digital output line and the +5 V supply.
Set P0.0 to high.

Adjust the variable resistor until the ammeter current reads as the intended current. The intended
current must be less than 8.5 mA.

Remove the ammeter and variable resistor from your circuit.

Measure the resistance of the variable resistor. The measured resistance is the ideal value of the
pull-up resistor.

Select a static resistor value for your pull-up resistor that is greater than or equal to the ideal
resistance.

Reconnect the load circuit and the pull-up resistor.

! This document uses NI-DAQmx naming conventions. Open-drain is called open collector and push-pull is called active drive.
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1/0 Protection

To protect the NI USB-6008/6009 against overvoltage, undervoltage, and overcurrent conditions, as

well as ESD events, you should avoid these fault conditions by using the following guidelines:

¢ If you configure a DIO line as an output, do not connect it to any external signal source, ground
signal, or power supply.

»  Ifyouconfigure a DIO line as an output, understand the current requirements of the load connected
to these signals. Do nor exceed the specified current output limits of the DAQ device.
National Instruments has several signal conditioning solutions for digital applications requiring
high current drive.

«  Ifyouconfigure a DIO line as an input, do not drive the line with voltages outside of its normal
operating range. The DIO lines have a smaller operating range than the Al signals.

*  Treat the DAQ device as you would treat any static-sensitive device. Always properly ground
yourself and the equipment when handling the DAQ device or connecting to it.

Power-On States
At system startup and reset, the hardware sets all DIO lines to high-impedance inputs. The DAQ device
does not drive the signal high or low. Each line has a weak pull-up resistor connected to it.

Static DIO
Each of the NI USB-6008/6009 DIO lines can be used as a static DI or DO line. You can use static DIO
lines to monitor or control digital signals. All samples of static DI lines and updates of DO lines are
software-timed.

PFI 0

PFI 0 is configurable as either a digital trigger input or an event counter input.

Using PFI 0 as a Digital Trigger
When an analog input task is defined, you can configure PFI 0 as a digital trigger input. When the digital
trigger is enabled, the Al task waits for a rising or falling edge on PFI O before starting the acquisition.
To use AI Start Trigger (ai/StartTrigger) with a digital source, specify PFI 0 as the source and select a
rising or falling edge.

Using PFI 0 as an Event Counter
You can configure PFI 0 as a source for counting digital edges. In this mode, falling-edge events are
counted using a 32-bit counter. For more information aboul event timing requirements, refer to the
Specifications section.
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External Reference and Power Source

The NI USB-6008/6009 creates an external reference and supplies a power source. All voltages are
relative to ground (GND).

+2.5 \ External Reference
The NI USB-6008/6009 creates a high-purity reference voltage supply for the ADC using a multi-state
regulator, amplifier, and filter circuit. You can use the resulting +2.5 V reference voltage as a signal for
self-test.

+5 V Power Source
The NI USB-6008/6009 supplies a 5 V, 200 mA output. You can use this source to power external

components.
@ Note When the device is in USB suspend, the output is disabled.
Specifications

The following specifications are typical at 25 °C, unless otherwise noted.

Analog Input

Analog inputs

Differential......ooooiiiiiieiiici e 4

SinipleEnded v mmasmsnaneisasa 8, software-sclectable
Input resolution

NI USB-6008

Bifferetitial e 12 Bits
Single-ended .......ccooooveviiiiieiiieeiiiee.. L bits

NI USB-6009
Differential ..o 14 bits
SIglE-ENded wormmmsuranmrrmmsrmmmea 13 DL
Max sample rate (aggregate)’
NI USB-6008 ....cocoviieiirienriieneseeee e e 10 kS/s
NI TISB6IKG ...covmmmsmmmminmnisnimvaso 8- K818
YT Y Pl s vsssvmssrssmssnanismanssmsi s D ULLESSIVE approXinTation
ALFIFO. ..ot 3 1 2 Dytes
Timing reSoIUHON ...ccooiieiiiiecieie e 41.67 ns (24 MHz timebase)

Timing acCuracy..........cocveeeriicesesiiniceceneaeseenen.. 100 ppm of actual sample rate

Input range
Differential........cocooviiieee e F20V2, 210V, 25V, 24V, 225V, 2V,
£l 25V #1'V
Singletided ovunmnssnsnrnnnRanunRRL =0V

! System-dependent.
2 #20V means that IAl+ — (AI-)l £ 20 V. However, AT+ and AT- must both be within £10 V of GND. Refer to the Taking
Differential Measurements section for more information.
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Working voltage .........cccoceuciivcniiciccnccicncceneen 210V

Input impedance..........coeeiiveeciineneeiee e, 144 kKQ

Overvoltage protection......cv s siesieenen 235 V

TR Er SOHITEE wiiiiiiussevsamssrssans isssnsrsmtsseesnyseanssssesnsssss Software or external digital trigger

System noise!
Differential
£20 VA0S mnnnnnmpnnnunysd VIS

== B 1 R 0.5 mVrms
Single-ended
10 VITANEE oo 5 mVrms

Absolute accuracy at full scale, differential®

Range (V) Typical at 25 °C (mV) Maximum over Temperature (mV)
+20) 14.7 138
+10 7.3 84.8
*5 4.28 584
+4 3.59 53:1
+25 2.56 45.1
2 221 425
+1.25 1.70 38.9
+] 1.53 315
Absolute accuracy at full scale, single-ended
Range (V) Typical at 25 °C (mV) Maximum over Temperature (mV)
=10 14.7 138

Analog Output

FoNe A {0710) 113 0] - S 2

Output reSOIILHON ©ovve it eenei e 12 bits

Maximum update rate ..........c.ccoeeeveeeveeneeneennenn. 130 Hz, software-timed
OULPUL TANEE ©veviiriviesiie et en e Oto+5V

Output impedance ........cocceeveveeeeeereice . 30 Q

Outpist COTERt AV i S A

POwer-oh BtalE. ..c.ocmmnnsismsnaniiiis ov

! System noise measured at maximum sample rate.
2 Input voltages may not exceed the working voltage range.
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W BALE it s sttt ek W
Short circuit current .........cccceeeeeeeeeeeeeeeeeeeeseeeeee . 30 MA

Absolute accuracy (no load)
364 mV

Maximum at full scale .........coooooeeeiiiieeeee.

Digital 1/0
Digital I/O lines
PO T3 s B S8
Pl B e i asits o nanans s smssmssesnbasnsasna F LINER

Direction control..........ccceceiiiecciiniciiinicnccreneneene. Each channel individually programmable as input
or output

Output driver type'
NI USB-6008 Open collector
NI USB-6009 Each channel individually programmable as
open collector or active drive
CompatibiliLy .....covviiiiii e TTL, LVTTL, CMOS
Absolute maximum voltage range ..........cocoooeeeneeve. —0.5 to 5.8 V with respect to GND

Pull-up resistor..........cccoooccociicinneinnicereinn e AT kQ 0 5V
POWEEON STATE wowsiimuiivmsiimsismmssasisassspanssr asmmssnes AODUL

Digital logic levels

Level Min Max
Input low voltage -03V 08V
Input high voltage 20V 58V
Input leakage current — 50 pA
Output low voltage (T = 8.5 mA) — 08V
Output high voltage
Active drive, [ =—8.5 mA 20V 35V
Open collector, [ =-0.6 mA, nominal 20V 5.0V
Open collector, T = —8.5 mA, with external pull-up resistor 20V —

External Voltage
+5 V output (200 mA maximum)
MInIMUM oo b 485 V

+2.5 V output (1 mA maximum) .........cccoeeereennnns +25V
B2 VBT sunesmsusosusmanesemtasssss i s ey 0.25% maximum
Reference temperature drift .......coocooeiiiiviiieriiinnnn 50 ppm/°C maximum

! This document uses NI-DAQmx naming conventions. Open-drain is called open collector and push-pull is called active drive.
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Event Counter

Niiiber SE BOUNETS wusmmms s s 1

RESOMNON cosumnmmnnmmmsasnmmnisass 32 IS

Counter MEASUrEmMENtS......cceeeveeeeereccereseeeeneneennne Edge counting (falling-edge)
Connter diteCHBN s Count up

Pull-up resistor ............ccccoccvevcicinccininvccninnn b7 kQ 10 5 V

Maximum input frequency..........ccccoeveveeviienneen.... 3 MHz.

Minimum high pulse width.........cccoooviiiiiiieiiiinns 100 ns

Minimum low pulse width...........c...ccoeevveneeee. . 100 ns

Input High VOIESE .vinmiiinminsiiiwmismmsva 20V

Tnput low VOLAFE .nummmamninninsssn 08V

Bus Interface
U8B Speificalion womampnaminsmniinnimg USB 2.0 full-speed

BB s speed comensmmmmnmmsmnanminsinns 12 Mb/s

Power Requirements
USB
4.101t0 525 VDC
TypitLccnnpmmmnammrera B0 mA
Maximum.......
USB suspend
%1701 | RSP 300 pA
Maximum

Physical Characteristics
D B S O oo i it i s mpagssas oy s amessnenassns Refer to Figure 16.

Without cConnectors ..........cocceeeeveevieiieieeeenne 63.5 mm x 85.1 mm x 23.2 mm
(2.501in. x 3.351n. x 0.91 in.)

WIth GBI «.cvnnnmmmrnnanassene LA Mm% 85,1 mm < 23.2 nith
(3.22in. x 3.35in. x 0.91 in.)
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Figure 16. NI USB-6008/6009 Dimensions
Weight
Without CONNECLOTS 1.vvvveiiiiiceiie et 54 g (1.9 0z}
With CORHREIORE s 84 g (3 0z)
IO CONMBOIOTS aascamssnonsissssmmsssissivismis o USB series B receptacle,
(2) 16 position screw terminal plugs
Screw-terminal Wiring ........ccooovvvreviiicnenenenn. 16 10 28 AWG
Torque for serew terminals .........ccocceiivieeenn.0.22—=0.25 N - m (2.0-2.2 1b - in.)

If you need to clean the module, wipe it with a dry towel.
Safety Voltages
Connect only voltages that are within these limits.
Chaniel-t-GIND . i sssqusinivines aavasmasasais, +30 V max, Measurement Category [

Measurement Category I is for measurements performed on circuits not directly connected to the
electrical distribution system referred to as MAINS voltage. MAINS is a hazardous live electrical supply
system that powers equipment. This category is for measurements of voltages from specially protected
secondary circuits. Such voltage measurements include signal levels, special equipment, limited-energy
parts of equipment, circuits powered by regulated low-voltage sources, and electronics.

A Caution Do noruse this module for connection to signals or for measurements within Measurement
Categories II, ITI, or IV.

NI USB-6008/6009 User Guide and Specifications 24 ni.com
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Environmental
Temperature (IEC 60068-2-1 and [EC 60068-2-2)
DPETALINE <o i i 01to55°C
SO AR s i oM mnbnn oA s a s —40 to 85 °C

Humidity (TEC 60068-2-56)
OPErating ......cooeeeeveceiecsineeisienisieiene e 3 10 95% RH, noncondensing

STOFARE wenvmmmmmsie ...5 to 90% RH, noncondensing
Pollutioiy Degree (TBE 60660 o 2
Maximumaltitide a2, 000 10

Indoor use only.

Safety
This product meets the requirements of the following standards of safety for electrical equipment for
measurement, control, and laboratory use:

* IEC61010-1, EN 61010-1
+ UL61010-1, CSA 61010-1

@ Note For UL and other safety certifications, refer to the product label or the Online Product
Certification section.

Electromagnetic Compatibility
This product meets the requirements of the following EMC standards for electrical equipment for
measurement, control, and laboratory use:

*  ENO61326-1 (TEC 61326-1): Class A emissions; Basic immunity
*  ENS55011 (CISPR L1): Group 1, Class A emissions
*  AS/NZS CISPR 11: Group 1, Class A emissions
¢ FCC47 CFR Part 15B: Class A emissions
*  ICES-001: Class A emissions
@ Note In the United States (per FCC 47 CFR), Class A equipment is intended for use in commercial,

light-industrial, and heavy-industrial locations. In Europe, Canada, Australia and New Zealand (per
CISPR 11) Class A equipment is intended for use only in heavy-industrial locations.

@ Note Group | equipment (per CISPR 11) is any industrial, scientific, or medical equipment that
does not intentionally generates radio frequency energy for the treatment of material or
inspection/analysis purposes.

@ Note For EMC declarations and certifications, and additional information, refer to the
Environmental Management section.

CE Compliance C €
This product meets the essential requirements of applicable European Directives as follows:
*  2006/95/EC; Low-Voltage Directive (safety)
s 2004/108/EC; Electromagnetic Compatibility Directive (EMC)

© National Instruments Corporation 25 NI USB-6008/6009 User Guide and Specifications
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MCP9700/9700A
__MCP9701/9701A

Low-Power Linear Active Thermistor™ ICs

Features

+ Tiny Analog Temperature Sensor
+ Available Packages: SC-70-5, SOT-23-5, TO-92-3
* Wide Temperature Measurement Range:
- -40°C to +125°C
* Accuracy:
- £2°C (max.), 0°C to +70°C (MCP9700A/9701A)
- #4°C (max.), 0°C to +70°C (MCP9700/9701)
+ Optimized for Analog-to-Digital Converters
(ADCs):
- 10.0 mV/°C (typical) MCP9700/9700A
- 19.5 mV/°C (typical) MCP9701/9701A
+ Wide Operating Voltage Range:
- Vpp = 2.3V to 5.5V MCP9700/9700A
- Vpp = 3.1V to 5.5V MCP9701/9701A
» Low Operating Current: 6 pA (typical)
+ Optimized to Drive Large Capacitive Loads

Typical Applications

= Hard Disk Drives and Other PC Peripherals
* Entertainment Systems

* Home Appliance

+ Office Equipment

+ Battery Packs and Portable Equipment

» General Purpose Temperature Monitoring

Description

The MCP9700/9700A and MCP9701/9701A family of
Linear Active Thermistor™ Intergrated Circuit (IC) is an
analog temperature sensor that converts temperature
to analog voltage. It's a low-cost, low-power sensor
with an accuracy of #2°C from 0°C to +70°C
(MCP9700A/9701A) 14°C from 0°C to +70°C
(MCP9700/9701) while consuming 6 pA (typical) of
operating current.

Unlike resistive sensors (such as thermistors), the
Linear Active Thermistor IC does not require an
additional signal-conditioning circuit. Therefore, the
biasing circuit development overhead for thermistor
solutions can be avoided by implementing this low-cost
device. The voltage output pin (Voyt) can be directly
connected to the ADC input of a microcontroller. The
MCP9700/9700A and MCP9701/9701A temperature
coefficients are scaled to provide a 1°C/bit resolution
for an 8-bit ADC with a reference voltage of 2.5V and
5V, respectively.

The MCP9700/9700A and MCP9701/9701A provide a
low-cost solution for applications that require measure-
ment of a relative change of temperature. When mea-
suring relative change in temperature from +25°C, an
accuracy of £1°C (typical) can be realized from 0°C to
+70°C. This accuracy can also be achieved by applying
system calibration at +25°C.

In addition, this family is immune to the effects of
parasitic capacitance and can drive large capacitive
loads. This provides Printed Circuit Board (PCB) layout
design flexibility by enabling the device to be remotely
located from the microcontroller. Adding some
capacitance at the output also helps the output
transient response by reducing overshoots or
undershoots. However, capacitive load is not required
for sensor output stability.

Package Type
3-Pin TO-92 3-Pin SOT-23 5-Pin SC-70
MCP9700/9701 MCP9700/9700A MCP9700/9700A
Only MCP9701/9701A MCP9701/9701A
i 804 NC [1] (5] NC
GND
Bottom Vour [3] [4] Voo
View
1 [1] (2]
VDD VOUT GND VDD VOUT

© 2007 Microchip Technology Inc.
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MCP9700/9700A and MCP9701/9701A

1.0 ELECTRICAL

CHARACTERISTICS
Absolute Maximum Ratings t
e —— 6.0V
Storage temperature: ........................ -65°C to +150°C
Ambient Temp. with Power Applied:.. -40°C to +125°C
Junction Temperature (T)):......ccccooomivirenreneennnn, 150°C
ESD Protection On All Pins (HBM:MM):.... (4 k\V:200V)
Latch-Up Current at Each Pin: ..........ccccu.... +200 mA

DC ELECTRICAL CHARACTERISTICS

TNotice: Stresses above those listed under “Maximum
Ratings” may cause permanent damage to the device. This is
a stress rating only and functional operation of the device at
those or any other conditions above those indicated in the
operational listings of this specification is not implied.
Exposure to maximum rating conditions for extended periods
may affect device reliability.

Electrical Specifications: Unless otherwise indicated:
MCP9700/9700A: Vpp = 2.3V to 5.5V, GND = Ground, T, = -40°C to +125°C and No load.
MCP9701/9701A: Vpp = 3.1V to 5.5V, GND = Ground, T, = -10°C to +125°C and No load.
Parameter ’ Sym | Min I Typ | Max I Unit l Conditions

Power Supply

Operating Voltage Range Voo 23 —_— 5.5 V | MCP9700/9700A
Vop 3.1 —_ 55 V | MCP9701/9701A

Operating Current Ipp —_ 6 12 HA

Power Supply Rejection A°C/AVpp — 0.1 —_ °CNV

Sensor Accuracy (Notes 1, 2)

Tp = +25°C Tacy - +1 —_ °C

Ta = 0°C to +70°C Tacy -2.0 +1 +2.0 °C | MCP9700A/9701A

Ta =-40°C to +125°C Tacy -2.0 11 +4.0 °C |MCPS700A

Ta =-10°Cto +125°C Tacy -2.0 +1 +4.0 °C | MCP9701A

Ta=0°Cto+70°C Tacy -4.0 +2 +4.0 °C | MCP9700/9701

Ta = -40°C to +125°C Tacy -4.0 +2 +6.0 °C | MCP9700

Ta =-10°C to +125°C Tacy -4.0 +2 +6.0 °C | MCP9701

Sensor Output

Output Voltage, Ty = 0°C Ve — 500 o mV | MCP9700/9700A

Output Voltage, Ty = 0°C Voec — 400 — mV | MCP9701/9701A

Temperature Coefficient Te — 10.0 — mV/°C | MCP9700/9700A
Te — 19.5 — mV/°C | MCP9701/9701A

Output Non-linearity VonL — +0.5 — °C | Ta=0°C to +70°C (Note 2)

Output Current louT —_— — 100 HA

Output Impedance Zoyt — 20 = Q  |loyr = 100 pA, f= 500 Hz

Output Load Regulation AVoyt/ — 1 — Q  |Ta=0°Cto+70°C,

AFOUT lDUT =100 I.IA

Note 1: The MCP9700/9700A family accuracy is tested with Vpp = 3.3V, while the MCP9701/9701A accuracy is

tested with Vpp = 5.0V,

2: The MCP9700/9700A and MCP9701/9701A family is characterized using the first-order or linear equation,

as shown in Equation 4-2.

3: The MCP9700/9700A and MCP9701/9701A family is characterized and production tested with a

capacitive load of 1000 pF.

4:  SC-70-5 package thermal response with 1x1 inch, dual-sided copper clad, TO-92-3 package thermal

response without PCB (leaded).

D821942D-page 2
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MCP9700/9700A and MCP9701/9701A

DC ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise indicated:
MCP9700/9700A: Vpp = 2.3V to 5.5V, GND = Ground, T, = -40°C to +125°C and No load.
MCP9701/9701A: Vpp = 3.1V to 5.5V, GND = Ground, T, = -10°C to +125°C and No load.

Parameter Sym Min Typ Max Unit Conditions
Turn-on Time ton —_— 800 —_ Hs
Typical Load Capacitance (Note 3) | C,oap — — 1000 pF
SC-70 Thermal Response to 63% tres — 1.3 —_— s 30°C (Air) to +125°C
TO-92 Thermal Response t0 63% | tres = 165 - s | (Fluid Bath) (Note 4)

Note 1: The MCP9700/9700A family accuracy is tested with Vpp = 3.3V, while the MCP9701/9701A accuracy is

tested with Vpp = 5.0V.

2: The MCP9700/9700A and MCP9701/9701A family is characterized using the first-order or linear equation,
as shown in Equation 4-2.

3: The MCP9700/9700A and MCP9701/9701A family is characterized and production tested with a
capacitive load of 1000 pF.

4: SC-70-5 package thermal response with 1x1 inch, dual-sided copper clad, TO-92-3 package thermal
response without PCB (leaded).

TEMPERATURE CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated:
MCP9700/9700A: Vpp = 2.3V to 5.5V, GND = Ground, T, = -40°C to +125°C and No load.
MCP9701/9701A: Vpp = 3.1V to 5.5V, GND = Ground, T, = -10°C to +125°C and No load.

Parameters | sym | Min | Typ | Max | Units | Conditions
Temperature Ranges
Specified Temperature Range Ta -40 — +125 °C | MCPS9700/9700A
(Note)
Ta -10 — +125 °C | MCP9701/9701A
(Note)
Operating Temperature Range Ta -40 — +125 °C
Storage Temperature Range Ta -65 —— +150 °C
Thermal Package Resistances
Thermal Resistance, 5LD SC-70 0ya — 331 — °C/W
Thermal Resistance, 3LD SOT-23 6Ja o 336 g °C/W
Thermal Resistance, 3LD TO-92 0a — 131.9 — °CIW

Note:  Operation in this range must not cause T to exceed Maximum Junction Temperature (+150°C).

® 2007 Microchip Technology Inc. DS§21942D-page 3




MCP9700/9700A and MCP9701/9701A
——

2.0 TYPICAL PERFORMANCE CURVES

Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Note: Unless otherwise indicated, MCP9700/9700A: Vp

GND = Ground, Cpypags = 0.1 pF.

4.0 -
3.0 ]
- 1 mcra701A
D 2071 vamsov
2 1p ] % \
g 1 < L\ Spec. Limits ——
8 00 It
< \-x._.__f_
1.0 T—mcParooA
Voo= 3.3V /
-2.0 et

S0 25 0 25 50 765 100 125
Ta(*C)

p = 2.3V to 5.5V; MCP9701/9701A: Vpp = 3.1V to 5.5V:

6.0 T |
4.0

- 1 McParo1

8 1 Vpg=5.0v Spec. Limits
20 + A

oy ] =)

hd

3 00 A

£ 7
4 MCP9700

1 Veo=3av

4.0

0 25 0 25 5 75 100 125
Taf°C)

FIGURE 2-1: Accuracy vs. Ambient FIGURE 2-4: Accuracy vs. Ambient
Temperature (MCP9700A/9701A). Temperature (MCP9700/9701).
6.0 - T T 0.2 T T T
MGPo700A MOPSTOTA | I e Nemsoy A
4.0 % . — o 1 ‘oo = 5. ]
& BBy e [ Vemay g o s
ﬂ; 2.0 1 7 g
§ 0.0 ] ¥\§ 4 = 2, E' ° MC 4 CP9700A
E o ] N § Ps;t:'?:!.av
55 g 04
] <
D% T O S S NN [N (N SO S S 17 (N (N S W SN N —
50 .25 0 25 50 75 100 125 50 -25 0 25 50 75 100 125
Ta(°C) Ta(°C)
FIGURE 2-2: Accuracy vs. Ambient FIGURE 2-5: Changes in Accuracy vs.

Temperature, with Vpp.

Ambient Temperature (Due to Load).

g
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i MCPS%OOMCPSTOOA
4 MCP9701MCP9701A
1 Voo =3.3V
] |
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Load Regulation AV/AI (Q)
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=
R
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3 6.0 N
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2.0
L e NN S N S
50 25 0 26 50 75 100 125
Tat°C)
FIGURE 2-3: Supply Current vs.

Temperature.

FIGURE 2-6: Load Regulation vs.
Ambient Temperature.
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MCP9700/9700A and MCP9701/9701A

Note: Unless otherwise indicated, MCP9700/9700A: Vpp = 2.3V to 5.5V; MCP9701/9701A: Vpp = 3.1V to 5.5V,

GND = Ground, Cpypass = 0.1 pF.

36%
MCP9701

30% +MCP9T01A
1 Voo =5.0V
25% T 108 samples
20% 1
15% 1
10%
5% 3
o% ]

Occurrences

g

e (MV]

300
320
340
360

< 380

~ 420
440
460
480
500

FIGURE 2-10:
(MCPS9701/9701A).

Output Voltage at 0°C

45% 3
son LD,
35% 3 Vgo = 5.0V
g 30% §,1oe samples
E 25% 3
5 20%
8 15% 3
10%
6% 3
0% 3

35% 7
3 mcporo0
30% T MCP9700A
1 Voo =3.3V
- 7 108 samples
8 ]
£
3
8
$ §3 28883888
Viee (MV)
FIGURE 2-7: Qutput Voltage at 0°C
(MCP3700/9700A).
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FIGURE 2-8: Occurrences vs. Temperature

Coefficient (MCP9700/9700A).

0.30

FIGURE 2-11:  Occurrences vs. Temperature
Coefficient (MCP9701/9701A).
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FIGURE 2-9: Power Supply Rejection

(4°C/AVpp) vs. Ambient Temperature.
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FIGURE 2-12: Power Supply Rejection

(4°C/AVpp) vs. Temperature.
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MCP9700/9700A and MCP9701/9701A

Note: Unless otherwise indicated, MCP9700/9700A: \Vpp = 2.3V to 5.5V; MCP9701/9701A: Vpp = 3.1V to 5.5V

GND = Ground, Cyypass = 0.1 pF.

W 3.0 5
14 31— 2.5 |r | ,—/
1.2 ] MCP9701
E 2.0 1 MCP9701A =
E '1.0E E ] \\)/
5 083 T 5 151 %
= 063 / ® 1.0 MCP9700
0.4 1 MCPS700A
0.2 ’ 041 ]
0.0 3 l 0.0 1t~ e
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 50 55 50 -25 0 25 50 75 100 125
Voo (V) Ta (°C)
FIGURE 2-13: Output Voltage vs. Power FIGURE 2-16: Output Voltage vs. Ambient
Supply. Temperature.
T 1 258 —p—r——— 30.0
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FIGURE 2-14: Qutput vs. Settling Time to FIGURE 2-17: Qutput vs. Settling Time to
step Vpp. Ramp Vpp.
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FIGURE 2-15: Thermal Response (Air to FIGURE 2-18: Qutput Impedance vs,
Fluid Bath). Frequency.
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MCP9700/9700A and MCP9701/9701A

m

3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE
Pin No. Pin No. Pin No. :
sc70 | sor-23 | To.92 | Symbol Fumstion
1 —_ — NC No Connect
2 3 3 GND Power Ground Pin
3 2 2 Vour Output Voltage Pin
4 1 1 Vop Power Supply Input
5 — — NC No Connect
3.1 Power Ground Pin (GND) 3.3 Power Supply Input (Vpp)

GND is the system ground pin. The operating voltage as specified in the “DC

Electrical Characteristics” table is applied to Vpp.
3.2 Output Voltage Pin (Vgoyr)

The sensor output can be measured at Vour. The
voltage range over the operating temperature range for
the MCPS700/9700A is 100 mV to 1.75V and for the
MCP8701/9701A, 200 mV to 3V .

© 2007 Microchip Technology Inc. DS821942D-page 7



MCP9700/9700A and MCP9701/9701A

%

4.0 APPLICATIONS INFORMATION

The Linear Active Thermistor™ |C uses an internal
diode to measure temperature. The diode electrical
characteristics have a temperature coefficient that
provides a change in voltage based on the relative
ambient temperature from -40°C to 125°C. The change
in voltage is scaled to a temperature coefficient of
10.0 mV/°C (typical) for the MCP9700/9700A and
19.5 mV/°C (typical) for the MCP9701/9701A. The out-
put voltage at 0°C is also scaled to 500 mV (typical)
and 400 mV (typical) for the MCP9700/9700A and
MCP9701/9701A, respectively. This linear scale is
described in the first-order transfer function shown in
Equation 4-1.
EQUATION 4-1: SENSOR TRANSFER
FUNCTION

Vour = Tc* Ty+Vpee

—

Where:
Ta = Ambient Temperature
Vout = Sensor Output Voltage
Vo-c = Sensor Output Voltage at 0°C
Tc = Temperature Coefficient

Vbp Vop
-1 T
Vout ANI )
MCP9700 P'Ch;“c';‘a"’@
GND

FIGURE 4-1: Typical Application Circuit.

4.1 Improving Accuracy

The MCP9700/9700A and MCP9701/9701A accuracy
can be improved by performing a system calibration at
a specific temperature. For example, calibrating the
system at +25°C ambient improves the measurement
accuracy to a +0.5°C (typical) from 0°C to +70°C, as
shown in Figure 4-2. Therefore, when measuring
relative temperature change, this family measures
temperature with higher accuracy.

3.0 -[—

2.0

Accuracy (°C)
o
o

2.0 +Vpp=33V
10 Samples

0 25 50 75 100 125
Ta(°C)

FIGURE 4-2:
vs. Temperature.

Relative Accuracy to +25°C

The change in accuracy from the calibration
temperature is due to the output non-linearity from the
first-order equation, as specified in Equation 4-2. The
accuracy can be further improved by compensating for
the output non-linearity.

For higher accuracy using a sensor compensation
technique, refer to AN1001 “/C Temperature Sensor
Accuracy  Compensation with a  PlCmicro®
Microcontrofler” (DS01001). The application note
shows that if the MCP9700 is compensated in addition
to room temperature calibration, the sensor accuracy
can be improved to +0.5°C (typical) accuracy over the
operating temperature (Figure 4-3).

6.0 . T
W 100 Samples
40
g 2.03 Spec. Limits
g ]
2 00 +—== H
§ ]
+2.0 4 Am:g: 7
50 25 0 25 50 75 100 125
Temperature (°C)
FIGURE 4-3: MCP9700/9700A Calibrated
Sensor Accuracy.

The compensation technique provides a linear
temperature reading. A firmware look-up table can be
generated to compensate for the sensor error.

DS21942D-page 8
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MCP9700/9700A and MCP9701/9701A

4.2 Shutdown Using Microcontroller
1/0 Pin

The MCP9700/9700A and MCP9701/9701A family of
low operating current of 6 pA (typical) makes it ideal for
battery-powered applications. However, for
applications that require tighter current budget, this
device can be powered using a microcontroller Input/
Output (I/0) pin. The I/O pin can be toggled to shut
down the device. In such applications, the
microcontroller internal digital switching noise is
emitted to the MCP9700/9700A and MCP9701/9701A
as power supply noise. This switching noise compro-
mises measurement accuracy. Therefore, a decoupling
capacitor and series resistor will be necessary to filter
out the system noise.

4.3 Layout Considerations

The MCP9700/9700A and MCP9701/9701A family
does not require any additional components to operate.
However, it is recommended that a decoupling
capacitor of 0.1 uF to 1 uF be used between the Vpp
and GND pins. In high-noise applications, connect the
power supply voltage to the Vpp pin using a 200Q
resistor with a 1 pF decoupling capacitor. A high
frequency ceramic capacitor is recommended. It is
necessary for the capacitor to be located as close as
possible to the Vpp and GND pins in order to provide
effective noise protection. In addition, avoid tracing
digital lines in close proximity to the sensor.

4.4 Thermal Considerations

The MCP9700/9700A and MCP9701/9701A family
measures temperature by monitoring the voltage of a
diode located in the die. A low-impedance thermal path
between the die and the PCB is provided by the pins.
Therefore, the sensor effectively monitors the
temperature of the PCB. However, the thermal path for
the ambient air is not as efficient because the plastic
device package functions as a thermal insulator from
the die. This limitation applies to plastic-packaged
silicon temperature sensors. If the application requires
measuring ambient air, consider using the TO-92
package.

The MCP9700/9700A and MCP9701/9701A is
designed to source/sink 100 pA (max.). The power
dissipation due to the output current is relatively
insignificant. The effect of the output current can be
described using Equation 4-2.

EFFECT OF SELF-
HEATING

T;=T; = 6,,(Vpplpp + Vpp = Vourlour)
Where:;

T, = Junction Temperature
Ta = Ambient Temperature
0,5 = Package Thermal Resistance
(331°CVV)
Vout = Sensor Output Voltage
lour = Sensor Output Current
Ipp = Operating Current
Vpp = Operating Voltage

EQUATION 4-2:

At Tp = +25°C (Voyr = 0.75V) and maximum
specification of Ipp=12pA, Vpp = 55V and
lout = +100 pA, the self-heating due to power
dissipation (T, — Tp) is 0.179°C.

® 2007 Microchip Technology Inc.
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VISHAY, TCRT5000, TCRT5000L
v Vishay Semiconductors
Reflective Optical Sensor with Transistor Output
FEATURES
* Package type: leaded
* Detector type: phototransistor e
* Dimensions (L x W x H in mm): 10.2 x 5.8 x 7
* Peak operating distance: 2.5 mm
* Operating range within > 20 % relative collector ggmﬁ
19156_2 current: 0.2 mm to 15 mm
* Typical output current under test: lc=1mA
G A * Daylight blocking filter
* Emitter wavelength: 950 nm
© c * Lead (Pb)-free soldering released
* Compliant to RoHS directive 2002/95/EC and in
Top view o581 accordance to WEEE 2002/96/EC
DESCRIPTION APPLICATIONS

The TCRT5000 and TCRT5000L are reflective sensors
which include an infrared emitter and phototransistor in a
leaded package which blocks visible light. The package
includes two mounting clips. TCRT5000L is the long lead
version.

Position sensor for shaft encoder

Detection of reflective material such as paper, IBM cards,
magnetic tapes etc.

Limit switch for mechanical motions in VCR
General purpose - wherever the space is limited

PRODUCT SUMMARY

DISTANCE FOR DISTANCE RANGE FOR TYPICAL OUTPUT DAYLIGHT
PART NUMBER MAXIMUM CTRyo (! | RELATIVE Iy > 20% | CURRENT UNDER TEST (2 | BLOCKING FILTER
(mm) (mm) (mA) INTEGRATED
TCRT5000 25 0.2to 15 1 Yes
TCRT5000L 25 0.2to15 1 Yes
Notes
() GTR: current transfere ratio, lqu/li,
) Conditions like in table basic charactristics/sensors
ORDERING INFORMATION
ORDERING CODE PACKAGING VOLUME () REMARKS
TCRT5000 Tube MOQ: 4500 pes, 50 pes/tube 3.5 mm lead length
TCRTS5000L Tube MOQ: 2400 pcs, 48 pcs/tube 15 mm lead length
Note

() MOQ: minimum order quantity

ABSOLUTE MAXIMUM RATINGS (1)

PARAMETER ] TEST CONDITION SYMBOL VALUE UNIT

INPUT (EMITTER)

Reverse voltage Vi 5 \%

Forward current I 60 mA

Forward surge current h<10ps lrsm 3 A

Power dissipation Tamp €25 °C Py 100 mW

Junction temperature Tj 100 °C
Document Number: 83760 For technical questions, contact: sensorstechsupport @ vishay.com www.vishay.con;

Rev. 1.7, 17-Aug-09



TCRT5000, TCRT5000L

Vishay Semiconductors

Transistor Output

Reflective Optical Sensor with

96

ABSOLUTE MAXIMUM RATINGS (1)

PARAMETER l TEST CONDITION SYMBOL VALUE UNIT
OUTPUT (DETECTOR)
Collector emitter voltage Veeo 70 \
Emitter collector voltage Veco 5 v
Collector current I 100 mA
Power dissipation Tamb < 55 °C Py 100 mwW
Junction temperature Tj 100 °C
SENSOR
Total power dissipation Tamb <25 °C Piot 200 mw
Ambient temperature range Tamb -25t0 + 85 10
Storage temperature range Tsig -25t0+ 100 °C
Soldering temperature 2mm from case, t<10s Ted 260 °C
Note
) T,mn = 25 °C, unless otherwise specified
ABSOLUTE MAXIMUM RATINGS
300 |
E Coupled device
§ 200 '
a
% Phototransistor
£ 100 \
0. IR - diode, \
a \§
0
0 25 50 75 100
95 11071 Tamb - Ambient Temperature (°C)
Fig. 1 - Power Dissipation Limit vs. Ambient Temperature
BASIC CHARACTERISTICS (1)
PARAMETER | TEST CONDITION SYMBOL MIN. TYP. MAX. UNIT
INPUT (EMITTER)
Forward voltage I = 60 mA Ve 1.25 1.5 "
Junction capacitance VR=0V,f=1MHz G 17 pF
Radiant intensity Ir = 60 mA, ty =20 ms le 21 mW/sr
Peak wavelength Ir = 100 mA Ap 940 nm
Virtual source diameter Method: 63 % encircled energy d 2.1 mm
OUTPUT (DETECTOR)
Collector emitter voltage lc=1mA Vceo 70 \'
Emitter collector voltage le =100 pA Veco 7 \
Collector dark current Vee=20V,[r=0A E=0Ix lceo 10 200 nA
SENSOR
Collector current Vel ¥, Jpmiihaly o @@ 05 1 2.1 mA
‘?;;{gagéor emitter saturation F=1 DDm=Ai] !?cr: nr:.1 mA, Veesa @ © 0.4 v
Note

) Tamp = 25 °C, unless otherwise specified

() See figure 3

3 Test surface: mirror (Mfr. Spindler a. Hoyer, Part No. 340005)

www.vishay,.com
2

For technical questions, contact: sensorstechsupport@vishay,com

Document Number: 83760
Rev. 1.7, 17-Aug-09
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i TCRT5000, TCRT5000L

Reflective Optical Sensor with Vishay Semiconductors
Transistor Output

Zzpn

94 9226
. )
VI Flat mirror / d = working distance
& =22.5mm
S rem. 2 D = distance
Vo R ‘Vcc 12+ 0.2 mm
~ '/_ TCRT5000 N 7.0 0.2 mm
96 12314 ” B U
Fig. 2 - Test Circuit Fig. 3 - Test Circuit
BASIC CHARACTERISTICS
Tamb = 25 °C, unless otherwise specified
1000 10
VGE =5V
z / z
E 100 / F
5 / £
£ =
= £
o 10 3 X
B P2 rd
o 2
z 8 /
5 S o001 -
-t / o
0_1 0001 Ll Ll T ) G Ll L LLLIL
0 0204 06 08101214 16 1.82.0 0.1 1 10 100
96 11862 Ve - Forward Voltage (V) 96 11763 I - Forward Current (mA)
Fig. 4 - Forward Current vs. Forward Voltage Fig. 6 - Collector Gurrent vs. Forward Current
o 1.2 S S'V 10
o CE= g ———
T IF=20m = =
& 141 F=20mA T = L~—""_| lr=50mA
g £ B 20 mA
= b ~ T 1k = 0 mAT
- // \\ g E 10m
@ 3
E g9 - o - SmA
3 « 7 =
Q V. ‘3 s
[
2 08 2 o1 LL 2mA |
3 o e
@ ! A
Co07 » f m
E 0.6 0.01 I NNt sl L LE LAY L LLlill
-30-20-10 0 10 20 30 40 50 60 70 80 90 100 0.1 1 10 100
9611762 Tamb - Amblent Temperature (°C) 9611764 Vg - Collector Emitter Voltage (V)
Fig. 5 - Relative Current Transfer Ratio vs. Ambient Temperature Fig. 7 - Collector Emitter Saturation Voltage vs. Collector Current
Document Number: 83760 For technical questions, contact: sensorstechsu ort @vishay.com www.vishay.com

Rev. 1.7, 17-Aug-09 3



TCRT5000, TCRT5000L

Vishay Semiconductors
Transistor

100
Ve =5V

LS

\

-k

T TTTTIT

GTR - Current Transfer Ratio (%)

100

0.1 Ll L1l Ll 11 111]

0.1 1 10
96 11765 IF - Forward Current (mA)

Fig. 8 - Current Transfer Ratio vs. Forward Current

PACKAGE DIMENSIONS in millimeters, TCRT5000

Reflective Optical Sensor with

Output

Vgg =10V
Ig =20 mA

1.0
0.8 N
0.6 LN
N

0.4 &
N

0.2 —

I ¢re1 = Relative Collector Current

0.0

0 2 4 6 8 10 12 14 16
9511766 d - Distance to Reflecting Card (mm)

Fig. 9 - Relative Collector Current vs. Distance

Marking area
1

™

1.810,05
1.610.05

j I
%5 /TCRT|5000\ 3
I _r l];—l
L F m
$0.9:0.05
095:005
l+65go1 ' 04

5.5:0.4 X

1

Reference plain

12.2:01
f - E
T )

0.5

1.2 245 |

2.5Lsp3 *

0.65 max.

98

Coll. A * Tolerances related
\ | ta reference plain
r\\ \
1
T 1 T 4] s weight: ca. 0.23g = @
Idﬂdh
|~ TCRT500 )/ .
7 ) v
E " Cath. Footprint Top View
10.2:02 2,75, 275
[ ~
Coll, /t A S
o
it 7 3 =
Drawing-No.: 6,550-5096,01-4 i | m
Issue: &; 110402 Ef. %
96 12073 Cath.
|65 | o5 N\

www.vishay.com For technical questions, contact: sensorstechsupport @visha com Document Number: 83760
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80i-110s AC/DC Current Probe
©2002 Fluke Corporation
Rev. A-9/2002

80i-110s AC/DC

Current

Probe

The ideal current probe for
Fluke ScopeMeter® Test Tools

Accurate current measurements
become more and more critical
when troubleshooting electric,
electronic, and automotive cir-
cuits. The Fluke 80i-110s AC/DC
Current Probe is designed to
provide you with safe, high
accuracy measurements for a
wide range of applications.

The specially designed built-
in safety features such as the
600 V rms rating at the input
jaws, output cable, and BNC
connector enhance work safety
in industrial and commercial
power distribution systems.

The probe is shielded for
high noise immunity, to prevent
unwanted noise when trou-
bleshooting around noise gen-
erating devices like adjustable
speed motor drives and ignition
systems.

The 80i-110s accurately
reproduces current waveforms
as they occur. Connect the
clamp to a Fluke ScopeMeter
Test Tool or other waveform
recording device like a Fluke
Power Harmonics Analyzer, to
clearly see distorted waveforms
that result from non-linear loads
such as computers, adjustable
speed motor drives, and elec-
tronic ballasts for fluorescent
lighting.

Curmrent clamps, not specifi-
cally designed for oscilloscopes,
may add distortion to the actual
signal present in the system

99
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Technical Data

under test. This makes it diffi-
cult to get an accurate wave-
form measurement.

The wide measurement
range from 50 milliamps to 100
Amps with a high fidelity milli-
volt output gives you full
advantage of the high resolu-
tion oscilloscope displays. This
gives you the true picture of
your current situation, and
allows useful measurements as
low as 10 milliamps.

The broad band frequency
response of the Fluke 80i-110s

AC/DC Current Probe from dc to

100 kHz supports a wide range

of applications where the probe

can be used. The probe can be
used to track down leakage
currents discharging car batter-
ies or to measure dc currents
in an Uninterruptible Power

Supply (UPS), that uses a
battery backup system.

With its narrow jaw design,
the Fluke 80i-110s makes it
easy to take measurements in
tight spots.

Specifications

Electrical specifications

Current ranges:

O to 10 A dc or ac peak

0 to 100 A dc or ac peak
Output signals:

10 A range: 100 mV/A

100 A range: 10 mV/A
Working voltage

{clamp jaws to ground):
600 V ac rms on Installation
Category II per IEC 1010-1
circuits.

300 V ac rms on Installation
Category III per IEC 1010-1
circuits.
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Floating voltage (output
cable and connector to
ground):
600 V ac rms on Installation
Category II per IEC 1010-1
circuits.
300 V ac rms on Installation
Category III per IEC 1010-1
circuits.
Basic accuracy (dc to 1 kHz)

Input current Error (after zero check)

decoracpeak | 100 mV/A 10 mV/A

SOmAto 10A | <3 % of reading | —

+ 50 mA

SO0mAto40A | — < 4 % of reading
+ 50 mA

4010 80 A ™~ < 12 % of reading
+ 50 mA

8010 100 A = < 15 % of reading

Extended accuracy:

For other frequencies, refer to
the appropriate input current
range and add the error listed
below to the “Basic Accuracy.”

Additional error
Frequency 100 mV/A 10 mV/A
1to 5 kHz 3% 3%
5 t0 20 kHz 12 % 12 %
> 20 kHz Not specified Not specified

Phase shift, dc to 65 Hz:

10 A range < 1.5 degree

100 A Iange < 1 degree
Input load impedance

(of host instrument):

> 1 MQ in parallel with up to
100 pF

Useful bandwidth (-3 dB):

0 to 100 kHz

Rise or fall time: < 4 msec
Output noise level:

10 mV/A typ. 480 mV pk-pk
100 mV/A typ. 3 mV pk-pk
Maximum non-destructive
current:

0 to 2 kHz 140 A peak

2 to 10 kHz 110 A peak

10 to 20 kHz 70 A peak

20 to 50 kHz 30 A peak

50 to 100 kHz 20 A peak
Temperature coefficient:
2000 ppm/°C max. for tempera-
ture from O °C to 50 °C (32 °F to
132 °F)

All Electrical Specifications are valid at a
temperature of 3 °C to 23 °C (5 °F to 73 °F)

General specifications
Dimensions:

67 x 231 x 36 mm

(2.6 x 9.1 x 1.4 inches)
Weight: 330 g (116 oz), battery
included

Output cable:

1.6 meters (63 inches)
Maximum conductor size:
11.8 mm (.46 inch)

Maximum jaw opening:

12.5 mm (.49 inch)
Temperature:

Operating: 0 °C to 50 °C

(32 °F to 122 °F)
Non-operating: -30 °C to 70 °C
{-22 °F to 158 °F)

Relative humidity Ioperatingi:
Oto 85 9% (0°Cto35°C; 32 °F
to 95 °F)

0 to 45 % (35 °C to 50 °C;

95 °F to 122 °F)

Altitude:

Operating: O to 2,000 meters
(O to 6,560 feet)
Non-operating: O to 12,000
meters (O to 40,000 feet)

Safety specification
Designed to meet the require-
ments of IEC 1010 and CSA-
C22.2 No. 1010.1: Installation
Category II, Working Voltage
600V, Pallution Degree 2.
Installation Category III,
Working Voltage 300V,
Pollution Degree 2.

Installation (Overvoltage)
Category II refers to local
level, appliances, and portable
equipment.

Installation [Overvoltage)
Category III refers to distribu-
tion level and fixed installation
circuits inside a building
electrical service entrance.

Designed to meet the
requirements of UL1244,
Protection Class I Double
Insulation.

Battery information

Battery: 9 volt, [IEC 6LR61
Consumption: 8.6 mA typical;
12 mA maximum

Service life:

55 hours typical, when Alkaline
IEC 6LR61 is used

40 hours minimum, when
Alkaline IEC 6LR61 is used
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Battery indicator (ON):
Green LED dims when battery
voltage is below 6.5V
Overload indicator (OL):

Red LED indicates that wave-
form or impulse is out of range

Instrument compatibility

The 80i-110s is compatible
with any Fluke ScopeMeter Test
Tool, Power Harmonics
Analyzer, Oscilloscope,
Multimeter, or other voltage
measurement device that has
the following features:

e BNC input connector. A
BNC-to-banana adapter
(order PM 9081/001 from
Fluke) can also be used with
standard inputs on a digital
multimeter (DMM).

e Input accuracy of 2 % or
better to take full advantage
of the accuracy of the probe.

« Input impedance of greater
than or equal to 1 MQ in
parallel with a maximum of
100 pE.

¢ A passband of more than
four times the frequency
of the waveform to be
measured.

Warranty
One-year warranty

Ordering information

Model

80i-110s  AC/DC Current Probe

Fluke. Keeping your world
up and running.

Fluke Corporation
PO Box 9090, Everett, WA USA 98206

Fluke Europe B.V.
PO Box 1186, 5602 BD
Eindhoven, The Nethetlands

For more information call:

In the U.S.A. (BOO) 443-5853 or

Fax (425) 446-5116

In Europe/M-East/Africa (31 40) 2 675 200 or
Fax (31 40} 2 675 222

In Canada (800)~36-FLUKE or

Fax {905) 890-6866

From other countries +1 (425} 446-5500 or
Fax +1 [425) 446-5116

Web access: http://www.fluke.com/
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Monitoring System for 3 phase Induction Motor
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ABSTRACT

This paper presents a design and construction of a

Signal detectors for measuring of current , voltage
temperature and rotating speed of induction motor. In order
to prevent ancmalies that may occur with 3-phase induction
motor signals. With the DAQ thal improve and converts analog
signals to digital signals. Ta be processed on LabVIEW program
to display the measured signal. The motor fault such as
overcurrent , over voltage \voltage drop , overload and over
rotating speed. The motor fault such as overcurrent , over

voltage ,voltage drop , overload and over rotating speed.
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