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SUMMARY

The aim of this field consulting project is the development of a recording and processing
system, of all the data that we received during our laboratory experiment .for this purpose
and in order to implement our experiment in the most efficient way we used a data recording
card which can be connected to PC and with the use of the appropriate software can record
,process and store all the data provided by the system sensors which by its self can record all
the electric currents and voltage.

At the first chapter there is a demonstration and description of the laboratory experiment and
an analysis of the measurements which derived from the entire proses.

At the second chapter there is an analysis of the recording and processing systems with the
use of PC and all the characteristics of these systems in full detail.

At the third chapter there is a demonstration of the recording system and an explanation of
all the reasons that made me choose these particular devices.

At chapter 4 we have the installation of the recording system and an analysis of the program
and the processed data of the experiment ,there is also included a demonstration of the
measurements and the conclusions which derived from these.

Appendix A: booklets of the numerical , metrical systems.

Appendix B: booklet of the recording system card.

Keywords: Labview, dag, DATA ACQUISITION



ITPOAOI'OX

2KOTOG NG TMTLYWKNG €pyaciag eivar M avdmtuén €vOg GLOTHUOTOG KOTOYPUPNG Kot
enefepyaciag TOV 0E00UEVOV TOV EPYACTNPLOKOD GULGTHUATOS KOl YOO TO OKOTO 0vtd
npounfevtnke pio KAPTO KOTOYPOAPNS OEOOUEVOV 1) OOl CUVOLETOL HE MAEKTPOVIKO
VTOAOYIOTH, €V HE TN XPNON KATAAANAOL AOYWOHIKOD KoTtoypdgovrol kot yivetol
eneEepyacio Kot amofnkevon TV Sed0UEVOV TOV TAPEXOVTAL OO TOVG OoHNTNPES TOV

GLOTHLOTOG TOV UTOPEL KAOE Popa va Katayplpel OAEC TIG TAGELS KO TOL PEVULOTAL.

270 TPMOTO KEPAANLO TOPOVGIALETOL TO EPYUSTNPIOKO TEIPOO KO OVOADOVTOL Ol LETPNGELS
TOVL.

210 0e0TEPO KEPAANLO AVOADOVTOL TOL CLGTHLLOTO KOTOYPOPT|G KOl EMEEEPYATING OEOOUEVDV
ILE MAEKTPOVIKO VTOAOYIOTH KOl TO EMUEPOVS GTOLYEID TOV GLOTNUATOV AVTOV KABMOG Kol
TOL YOPOKTINPLOTIKE TOVG .

210 TpiT0 KEQAAOLO TTOPOLGLALETOL TO GUGTNUA KOTOYPAPNG LE TO EMUEPOVS CTOLXEID TOV
KOl avaADOVTOL 01 AOYOL TTOV LOG 00NYNOAY GTNV ETAOYT TOV GLYKEKPILEVOV CLGKEVADV .
210 TETOPTO KEPOAOLO TOPOVCIALETOL 1 €YKATACTOOT TOV GUOTHUOTOS  KOTOYPAPNG,
avoAbeTol To mPOypoappe Kot 1 emeEepyacio dedopévev Ttov mEPdpatog.  Akoun,
TapOTIOEVTAL Ol LETPNOELG KOL AVOPEPOVTOL TO, GUUTEPAGLATO TV LETPTCEMV.

210 mapapnua A tapotifevion ta yyelpidln TOV HETPNTIKOV GUOTNUATOV . XTO TOPAPTILLOL

B mopatifevrot ta eyyepiotn TG KAPTOG TOL GUGTILOOG KOTOYPOPTG.

A€Eg1g Khed1d:
Kotaypaen petepeoroyikav dedopévov, D.A.Q, Labview.
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1° KEDAAAIO

“EPTAXTHPIAKO XYXTHMA ”

11 Epyootnpuokd cvotnpo

210 gpyaotnploko vPRpKo cvotnuo eivol eykateotnuévol 6 pwtoPfolirtaikol cvAléktec. H
péylotn oyvg kébe cvAdéktn eivor 120 Wp. Ta ocvykekpipéva otoryeio sivor Toaddukng

KOTOOKELTG KOl EIVOL KOATOGKEVOGHUEVE, 0TTO TOAVKPVGTOALKO TUPITIO.

H avepoyevvitpia Whisper wind 200 cuvdéetar ue to Whisper controller to omoio givat 1o

GUOTNHO EAEYYOL TNG.

Y10 gpyactnplakd vPpdkd cvotnua Exovpe gykateotnuévoug 12 cvsowpevtég (12V) oe
dartaén ev oepd. H yopntikdmra tov kdbe cuoowpevty givar ion pe 115Ah. Tov pvBuiot
eoptiong (controller) mov @povtilelr yi T o©®OTH @EOPTICN TOV GLOCOPELTOV TOV
Q®TOPOATAIKOD GLOTNUATOG Kol 0 aviloTpopéng (inverter) petatpénel to ocvvetég (DC)

pedLOL TOV cVoTARATOC 6€ evaAlaccopevo (AC) pedpo 110V,
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2° KEDAAAIO

“2YXTHMATA KATATPA®HY KAI AIXOHTHPIA
OPT'ANA”

2.1 Xvomiuroto KoTaypoens

2.1.1 ZroAing

O XTYAITHZ-101 oyedrdotnke yio va, KAAOYEL £voL EDPH PACLO AVAYK®V LETPNCEWMV KoL
KOTOYPOAPOV GTOVG TOUEIS TNG EPELVAG, TOV AVOVEDGLUMV LOPPDV EVEPYELNG KOL TNG
eKmoidevoNC.

!
2

Wi Pl (Mt bovem Boiok]

o o o B e

Ta yopaKINPIoTIKA TOV EivVOL 1] KOTAYPAPT GTOTICTIKOV 1 YPOVOCEIPDV, GTEYOUVN
ocvokevasio Yo akpaio teptBdAlov, younin Katavdiwon 1oyvog, avapaduicio Emg 27
KavéAa 16000V, 000vn LCD «at aptBuntikd mAnktpoAidylo 16 TANKIp®V, 0QapOVUEVES
kdpteg pvnung Compact Flash éog 2 Gbyte, tAepetpio péow GSM/GPRS kot tomikn
ogplakn Bvpa.

H dvvatdmrto Tev HETPCEMY TOV KATAYPOPIKOD AVAPEPOVTOL TOPOKAT®:

. Tdong: amkn, Sleopikn, 4-aymyodv, 6-aymydv (YEeupa), strain gages.
. Pedparog: 0 ~ 20mA.

. Avtictaong: 0 ~ 50kQ.

. AlcOnmpov moteveldopeTpov (Adyov).

. AweOnmpwv PT100/PT1000.

. 2ZoyvOTNTOG KO YEYOVOTM®V.

. Ynolokng Katdotaong (O1KOnTeS, KAT)

Me koTdAANA0Vg eONTAPES LTOPOVLE VO LETPGOVLE TOYVTNTA, O1EVBVVOT aVELOL Kot
KOUTOAESG 100OG avepoyevvnTplodv. Eivor copPatod pe to meptocotepa avepLOIETPOL Ko
avepodeixteg, Oeppokpacia, vypacia, Tieon, nAloky aktvoBoAica, VYog Bpoyng, KAT.

Yy ene€epyacio 0e00UEVOV TA OE00UEVA GUUTIECOVTOL KO ATOONKEDOVTAL GTOV ECOTEPIKO
buffer 1| og anoondpeveg kapteg Compact Flash. Ot kdpteg pmopodv va avtikadictovio
YOPIg va. dtoKOmTETAL 1) Oladtkacia Kataypapns. H avdktnon dedopévov yivetatl pécm
omotlacdonmote BVpag 11 modem. Ot cuvtereotéc slope kat offset epapuolovral oe dedopéva
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T0. 0ot Ao KELOVTUL MG TILEG YPOVOGEPAOV (Y®PI VITOAOYICUO GTATICTIKMOV), 1
otatotikég TES (EAdyiom, Méyiomn, Méon tun, tomikn amdkAion).

Me v apyn ¢ kataypaens (emhoyn acquisition ON) avoiyel véo apyeio otnv KapTQ
pvnung ko apyilel n kotaypoer] 6TolXEl®v, COULPOVA UE TIG TAPAUETPOVS. Me Tov
teppatiopno g kataypaens (acquisition OFF) otopotd n katoaypagn kot kAeivel to apyeio
oTNV KAPTO LVAUNG Kot KaBapiletor n E0OTEPIKY LviuN.

Ta kataypoppéva otoryeio pag kaptag petapépoviar o€ éva PC yuo eneepyacio otav
glodyeTe TNV Kapto otV VITOdoYN VO avayvaotn Kaptdv Compact Flash cuvdedepévo og
pia 06pa USB tov vmoloyioth. [a otkovopia ydpov ta ototyeio amodnkevovtal
GUUTIEGUEVO GTNV KAPTOL.

Eniong, Ta otoyeia pmwopovv va avtinfodv amevdeiog amd 10 Kataypaptkd HEGH NG
oelploKng BOpaG Tov KaTaypaEo, eite Tomikd gite pécm modem. MEo® TOL TPOYPAULOTOS
Stylitis Explorer unopeite va katefdcete dedopéva €ite omd TV EGOTEPIKN LV EiTe OO
™V KOpTa.

Ta otoyygio KGBe GTATIGTIKNG TEPLOOV ATOCLUTIELOVTOL GE GTHAEG OO TO TPOYPOLLLLLAL
Aertovpyiag, Tov cvvooevel kKabe XtuAitn-101. [Tepartépw enelepyacio TV oToryEl®V Kol
vroAoyiopol givat duvatol Le ypnon YVOoTdV Tpoypoppdtov 6tmg Excel, Axum, kAx.
[Tpoarpetikd dratiBeton to Windrose, £vo TpOYPOALLLO OVAALONG LETEMPOAOYIKOV
dedopéEVmV. AVTO dEYETAL TV OTOGVUTIECUEVT €000 TOL TPOYPAUUATOS AELTOVPYIOG Kot
TOPAYEL YPAPIKEG TAPUCTACELS, TIVAKES KA.

["a v £ac@aion TG GOOTHG KATAYPOPNG KOl TPOCTUGIOG TMV KATAYPOUUUEVOV
oTolKElOV, EAEYYETOL CLVEXDS N TPOPOJdOGia. AV 1 Tdon TV purotapldv Ppedel pikpdtepn
amd 6.25V 1 kotaypoer) otopotd. Zavapyilet pdévo 6tov 1 Taon yivel peyaAutept amod
6.75V. Av n 1don TV purotopldv TEcEL KATo amd 5.15V 10te T0 svoTnUe KAEIVEL KOt
OTOUATA VO AVTOTOKPIVETOL 68 EEMTEPIKOVS XEPIGLOVG.

[Ma v emkovovia tov Xtoditn pe 1o PC cuvdéoape ) oeiprakn Bvpa tov Katoypoptkon
pe pioo COM Bvpa Tov vroroylot puésm vog kKolmdiov DBIF oe DBIF (OnAvkd-0nivko)
evbeiag ovvoeonc. ‘Enetta, tpééte to mpoypappa Stylitis Explorer, onpovpydvrag pio
tomikn (local) chvdeon péom g cvykekpipévng Bpag COM, yia emkovovia pe 1o
KOTOYPOPLKO.
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2.2  AwOnmipw 6pyava

Ta ceOnTplo 6To KATAYPOPIKO givat

AVEUOUETPO MUTOVIKOV CGNULATOG

Q3X14 AS+

ANEMOMETPO
LOW-LEVEL AC

#40 Kéwxxavn xouxiba

GND C1~Cé

ANEMOAEIKTHX

KAEMA:
AN 1/ 7 /13

ANEMOAEIKTHZE
MNOTENZIOMETPOY
NRG #200P ZTO AN7



TITYXIAKH EPTAZIA: IOANNHX MITIOYT'IOYKOZX KE®AAAIO 2
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2.3 LabView

To LavView eivau pior duvar YAOGGO TPOYPOULATIGHOD Y10 T GVAAOYY] d€doUEVDV, TNV
avaAvon OedoUéveV, TNV TPOCOUOI®mON Kol TOV EAEYY0 OPYAVOV Kol UETPNOEWV HECH
VIOAOYIOTN. ZTnpileTal 6ToV YpaEKd TPOYPAUUATICUO HECH OVTIKELEVOV KOl OTOTEAEL £val
KOAO  TOPAOEIYHO TOV  «OVTIKEYEVOOTPOQY, TPOYPOUUATIGHOVY  (object oriented
programming). Xt0 ypa@wko mepifailov tov LabView o mpoypoppotiomg oev  yepiletal
KOO, oA YPOQIKO OVTIKEIUEV, OO KOVUTLA, €VOEIKTEG, 000VEG TOL TAPLOTAVOLV
CLUVOPTNCELG. AvTtd To  €Kovidlr €yovv  €16000vg Kot  €E600VG Kol EMOEXOVTOL
TPOYPUUUATIGUO TOV 1O10THT®V TOVG,.

To 6vopo LabView eivar to axpoviopo tov Aéewmv «Laboratory Virtual Instrument
Engineering Workbenchy (Zyedwwompio ywoo v Kataokevr Epyaoctnprokov Ewovikov
Opyavev) kot avartdydnke kotd to TéAog TG dekaetiog Tov 80 amd v etapio National
Instruments . H etoupio avty €0keveTon o€ GLOTAUATO GLAAOYNG OEOOUEVOV, OF
10O TPEC, CVTOUOTIGHOVE KO AOYIGUIKO LETPTCGEMV KO EAEYYOV.

[MpoypappatiCoviag pe to oviikeipeva mov pag diver 1o mepidriov tov LabView
onuovpyovpe to Aeydpeva «ewkovikd Oopyovay (Virtual Instruments 1 VIs). H ypagikn
YAOGoo mov ypnowwonolei to LabView 7y tov mpoypoupotiond kot tn  onpiovpyio
EIKOVIKOV opYdvav ovopdletan yAdoca G. Eivor mévtmg duvatd vo xpno1omo|oel Koveig
to LabView og amhd eninedo, ypnoUoToOI®VTOS ETOUO EIKOVIKE Opyava, Yopig vo umaivel
o€ AemTopépeleg pe T yhoooa G.

‘Eva eikovikd Opyavo elvar dvvatd vo ocvvoéetar pe TG B0peg €10000v/eE6d00 TOL
VIOAOYIOT] M HE eMmPOcOeTEG KAPTEC EMEKTOONG, TMPOKEWEVOL VO KAVEL TPAYLATIKY
gloaywyn N e€ayoyn dedopévov. O vToloylotig pe ™ Pondela twv 1600wV Katl TV eE60WV
LETATPENETOL GE €va 1oYLPO EPYOAEID UETPNOEMV, UE TOAAEG duvaTOTNTES emeEepyaciog

dedopévmv.

Ot Adyol Tov oG 001yNooV GTNV ETAOYN TOV AOYIGUIKOD 0LTOD £ival 01 SVVOTOTNTES TOL
dtvel 1o eUAKkd mep1BdAlov Tpog Tov ypnotn oA Kot To yeyovog ot 1 National Instruments
TapdyeL Ty kapta kot etvor n etonpio wov dnuovpynoe to LABVIEW.

To LABVIEW divetl dvvatotnteg kataypoaens , enegepyaciog kot mapovsioons. Baciletot
GTOV YPOUPIKO TPOYPOUUUOTIOUO ONAOON TOV TPOYPOUUOTIGHO UECH EKOVOV KOl OYl LECW

KEWEVOV Yo, T dnpovpyio tov douedpwv epapuoydv . H pon tov dedopévov kabopilet
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mv extéreon tov mpoypdupatoc. 1o LABVIEW péoca and ™ ypnon evdg cuvorov tools
(epyoreion ) wor objects ( avtikeipevo ) Oomuovpyeitar 1o front panel ,o0tn cvvéyeln
TPOCTIOETAL 0 KMOIKOG LEGH YPAPIKNG OVOTAPAGTOCTS CUVAPTIGEMV Y10 VO EAEYXOVTOL TOL
avtikeipeva tov Front Panel . Avtog o kddwog mepiéyetanr oto Block Diagram . To Block

Diagram eivau éva dtdypappo ponc 6edopévey .
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3° KE®AAAIO

“EI'XEIPIAIO KAPTA DAQ 6008 ”

10
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Datasheets

USER GUIDE

USB-6008/6009

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

Contents
INEFOUCTION ..o 2
Safety GUIABIINES ....cc.eviieiie e 3
SOTEWAIE ...t 5
Logging APPLICAtION ......coiuiiiiiiee e 5
SBIF TESE . 5
HAIAWAIE ... 6
Setting Up HardWare..........cooviiiiiiicee e 7
[/O CONNECIOT .....cviieiietee ettt 8
SigNal DESCIIPLIONS ...ttt e e 10
ANAIOG INPUL ..o e 11
ANAlog INPUL CIFCUILIY ..o 11
IMUX ottt bbb e 11
PGA bbb 11
AJD CONVEITET ..ottt 11
ALFIFO ot 12
ANAlIOG INPUE MOES ..o 12
Connecting Differential Voltage Signals.........c.cccovvvennennne. 12
Connecting Reference Single-Ended Voltage Signals ............. 13
Digital THQOEr ..ot e 14
ANAIOG OQULPUL ... e 14
Analog OULPUL CIFCUILIY ..o 14
DACS ..ottt bbbt 14
Connecting Analog OUtpUt Loads ........ccooveeeuirereeniiiecne e 15
Minimizing Glitches on the Output Signal ...........ccccooeiiiiniiiinne. 15
DiIgital 1/O ..o e 15
Digital 1/O CIrCUIIY ....cue it 15
Source/Sink INFOrmMation ..o 16
[/O PrOtECHION ...ttt 17
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EVENE COUNTET ..t 18
Reference and POWET SOUICES ......c..cviieririieinieiesieiiee e 18
+2.5 External REfErenCes .......ccovvvivrieiiiieises s 18
F5 V POWET SOUICE. .....eiiiiiiiiiee et 19
SPECITICALIONS. ....vi e 19
ANAIOY INPUL ..o 19
ANAIOYG OULPUL ... 20
Digital 1/O...v e 21
EXternal VOItage ......ccvvveeeeieeece et 21
COUNTEE .t 22
BUS INEITACE.....eeieiieeiciee e 22
POWETr REQUITEMENTS.....vviveeeieecierie st se ettt 22
Physical CharaCteriStiCS........cuvvrivrieieririeerereresieseseeres e seeneenens 22
SATBLY e ——————— 23
SEANAAAS ... 23
0] o[- SRR 23
Hazardous LOCAtIONS ........coceriiieriiieriee e 24
ENVIFONMENTAL ..o 24
Electromagnetic Compatibility.........ccccoeveivviereieicsire e 24
CE COMPIIANCE.......oiiieiice e 25
Where t0 GO fOr SUPPOIT ......cviiice et 26
Introduction
The NI USB-6008/6009 provides connection to eight analog input (Al)
channels, two analog output (AO) channels, 12 digital input/output (D10)
channels, and a 32-bit counter when using a full-speed USB interface.
Table 1-1. Differences Between the USB-6008 and USB-6009
Feature USB-6008 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
DIO Configuration Open-drain Open-drain or push-pull
* Might be system dependent

© National Instruments Corporation 2 USB-6008/6009 User Guide
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NI USB-6009
8Inputs, 14-bit, Multifunction 10

1 USB Cable Strain Relief

Figure 2. USB-6008/6009

B

Figure 3. USB-6008/6009 Back View

Safety Guidelines

A Caution Operate the hardware only as described in these operating instructions.

The following section contains important safety information that you must
follow when installing and using the USB-6008/6009.

Do not operate the 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.

Do not 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.

© National Instruments Corporation 3 USB-6008/6009 User Guide
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Do not operate the device in an explosive atmosphere or where there may
be flammable gases or fumes. If you must operate the device in such an
environment, it must be in a suitably rated enclosure.

If you need to clean the device, use a dry cloth. Make sure that the device
is completely dry and free from contaminants before returning it to service.

Operate the device only at or below Pollution Degree 2. Pollution is foreign
matter in a solid, liquid, or gaseous state that can reduce dielectric strength
or surface resistivity. The following is a description of pollution degrees:

e Pollution Degree 1 means no pollution or only dry, nonconductive
pollution occurs. The pollution has no influence.

« Pollution Degree 2 means that only nonconductive pollution occurs in
most cases. Occasionally, however, a temporary conductivity caused
by condensation must be expected.

< Pollution Degree 3 means that conductive pollution occurs, or dry,
nonconductive pollution occurs that becomes conductive due to
condensation.

You must insulate signal connections for the maximum voltage for which
the device is rated. Do not exceed the maximum ratings for the device. Do
not install wiring while the device is live with electrical signals. Do not
remove or add connector blocks when power is connected to the system.
Avoid contact between your body and the connector block signal when hot
swapping modules. Remove power from signal lines before connecting
them to or disconnecting them from the device.

Operate the device at or below the Measurement Category 1. Measurement
circuits are subjected to working voltages? and transient stresses
(overvoltage) from the circuit to which they are connected during
measurement or test. Measurement categories establish standard impulse
withstand voltage levels that commonly occur in electrical distribution
systems. The following is a description of measurement categories:

e Measurement Category | is for measurements performed on circuits
not directly connected to the electrical distribution system referred to
as MAINS? voltage. 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.

1 Measurement Category as defined in electrical safety standard IEC 61010-1. Measurement Category is also referred to as
Installation Category.

2 Working Voltage is the highest rms value of an AC or DC voltage that can occur across any particular insulation.

3 MAINS is defined as a hazardous live electrical supply system that powers equipment. Suitably rated measuring circuits may
be connected to the MAINS for measuring purposes.
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» Measurement Category Il is for measurements performed on circuits
directly connected to the electrical distribution system. This category
refers to local-level electrical distribution, such as that provided by a
standard wall outlet (for example, 115V for U.S. or 230 V for Europe).
Examples of Measurement Category Il are measurements performed
on household appliances, portable tools, and similar E Series devices.

»  Measurement Category Il1 is for measurements performed in the
building installation at the distribution level. This category refers to
measurements on hard-wired equipment such as equipment in fixed
installations, distribution boards, and circuit breakers. Other examples
are wiring, including cables, bus-bars, junction boxes, switches,
socket-outlets in the fixed installation, and stationary motors with
permanent connections to fixed installations.

e Measurement Category IV is for measurements performed at the
primary electrical supply installation (<1,000 V). Examples include
electricity meters and measurements on primary overcurrent
protection devices and on ripple control units.

Software

Software support for the USB-6008/6009 is provided by NI-DAQmx Base,
which is a subset of the NI-DAQmx API.

The NI-DAQmx Base CD contains example programs that you can use to
get started programming with the USB-6008/6009. Refer to the NI-DAQmXx
Base 1.x Getting Started Guide for more information.

Logging Application

NI-DAQmx Base includes ready-to-run datalogging software that allows
you to take data measurements without programming first. The application
is available at Start»All Programs»National Instruments»NI-DAQmx
Base»Datalogging Software.

Self Test

NI-DAQmx Base includes an interactive control panel example that can be
used to verify the operation of the USB-6008/6009. The application is
located in Start»All Programs»National Instruments»NI-DAQmx
Base»Examples.
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Hardware

The following block diagram shows key functional components of the
USB-6008/6009.

/'\/ Power +5 V/200mA
Supply

b
=

PFI O

USB Microcontroller

Full-Speed USB Interface
A

Digital I/0 Terminal Block

<

1l

AN
+2.5 VICAL

:> 8 Channel v
12/14b ADC A

T < Al <0..7> é

@ o

©

£

:VI\ £

12b DAC AO 0 @

9

D

o

©

M 12bDAC AO 1 =

<

Figure 4. Device Block Diagram
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Setting Up Hardware

Complete the following steps to set up the hardware:

1. Install combicon screw terminal blocks by inserting them into the
combicon jacks.

@ Note The USB-6008/6009 kit ships with signal labels. You can apply the signal labels to
the screw terminal blocks for easy signal identification.

2. Referto Table 1 and Figure 5 for label orientation and affix the
provided signal labels to the screw terminal blocks. Until the signal
labels are applied, you can insert the screw terminal blocks into either
of the combicon jacks. Refer to Figure 5 for more information about
signal label orientation.

1 Overlay Label with Pin Orientation Guides 3 Screw Terminal Blocks
2 Combicon Jack 4  Signal Labels

Figure 5. Signal Label Application Diagram

@ Note Once you label the screw terminal blocks, you must only insert them into the
matching combicon jack, as indicated by the overlay label on the USB-6008/6009 device.

3. Connect the wiring to the appropriate screw terminals.

© National Instruments Corporation 7 USB-6008/6009 User Guide



TITYXIAKH EPTAZIA: IOANNHX MITIOYTIOYKOX KE®AAAIO 3

/O Connector

The USB-6008/6009 ships with one detachable screw terminal block for
analog signals and one detachable screw terminal block for digital signals.
These terminal blocks provide 16 connections that use 16 AWG to

28 AWG wire.

Table 1 lists the analog terminal assignments, and Table 2 lists the digital
terminal assignments.

Table 1. Analog Terminal Assignments

Signal, Signal,
Module Terminal Single-Ended Mode Differential Mode

1 GND GND

2 Al O Al 0+

I 3 Al 4 Al 0-

4 ] 4 GND GND

[~ ] 5 All Al 1+
|~

" 6 Al5 Al 1-

- g 7 GND GND
&

||o 8 Al 2 Al 2+
~

]|l 9 Al 6 Al 2-
©

10 GND GND
||

P 11 Al3 Al 3+
=S

I 12 Al 7 Al 3—
'_\
1|~

- 13 GND GND
'_\

o] 14 AO 0 AO 0

N — 15 AO 1 AO1

16 GND GND
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Table 2. Digital Terminal Assignments

Module Terminal Signal
17 P0.0
18 P0.1
19 P0.2
— 20 P0.3
B 21 P0.4
X
N ol = 22 P0.5
v Q
2l /= 23 PO 6
N
o 24 P0.7
«f =
N 25 P1.0
Q=
§ 26 P1.1
~f =3
§ 27 P1.2
8 ] 28 P1.3
®
§ T 29 PFI 0
[s2) [ ]
s 30 +25V
U 31 +5V
32 GND
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Table 3 describes the signals available on the 1/O connectors.

Table 3. Signal Descriptions

Signal Name Reference

Direction

Description

GND —

Ground—The reference point for the
single-ended Al measurements, bias
current return point for differential mode
measurements, AO voltages, digital
signals at the 1/O connector, +5 VDC
supply, and the +2.5 VVDC reference.

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, Al 0 and Al 4
are the positive and negative inputs of
differential analog input channel 0. The
following signal pairs also form
differential input channels:

<Al 1, Al 5>, <Al 2, Al 6>, and

<Al 3, Al 7>,

AO O GND

Output

Analog Channel 0 Output—Supplies the
voltage output of AO channel 0.

AO1 GND

Output

Analog Channel 1 Output—Supplies the
voltage output of AO channel 1.

P1.<0..3> GND
P0.<0..7>

Input or Output

Digital 1/0 Signals—You can
individually configure each signal as an
input or output.

+25V GND

Output

+2.5 V External Reference—Providesa
reference for wrap-back testing.

+5V GND

Output

+5 V Power Source—Provides +5 V
power up to 200 mA.

PFIO GND

Input

PFI 0—This pin is configurable as either a
digital trigger or an event counter input.
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Analog Input

You can connect analog input signals to the USB-6008/6009 through the
1/0 connector. Refer to Table 3 for more information about connecting
analog input signals.

Analog Input Circuitry
Figure 6 illustrates the analog input circuitry of the USB-6008/6009.

+2.5 Vger
30.9 kQ o] mux PGA ADC (— AIFIFO
127 kQ i
Al O—AMWN
30.2 kQ Input Re_tnge
Selection

Figure 6. Analog Input Circuitry

MUX

The 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
automatically calculated based on the voltage range selected in the
measurement application.

A/D Converter

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

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

Analog Input Modes

You can configure the Al channels on the USB-6008/6009 to take
single-ended or differential measurements. Refer to Table 3 for more
information about I/O connections for single-ended or differential
measurements.

Connecting Differential Voltage Signals

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

Voltage <+> | USB-6008/6009 !
Source \__ ! 1

Figure 7. 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 Al 1is +10 V and Al 5 is =10V, then the
measurement returned from the device is +20 V.
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20 —

15

10

[ o
— D
S 54 e o
< All
P o e
o o
2 0 Al5 o o
[=%
<E( 5 . Result AN/
a [ ]

=10 H

—15

—-20 -

Figure 8. Example of a Differential 20 V Measurement

Connecting a signal greater than £10 V on either pin results in a clipped

output.
20 —
15
10

g ° AL o ; . ;

2 0 Al5 o o

g 5 Result AN/
_10 —
=15 4
—20 ~

Figure 9. Exceeding +10 V on Al Returns Clipped Output

Connecting Reference Single-Ended Voltage Signals

To connect reference single-ended voltage signals (RSE) to the
USB-6008/6009, connect the positive voltage signal to the desired
Al terminal, and the ground signal to a GND terminal.
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Voltage Cf) ! USB-6008/6009 !
Source \ __ i :

Figure 10. Connecting a Differential Voltage Signal

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

Analog Output

The USB-6008/6009 has two independent AO channels that can generate
outputs from 0-5 V. All updates of AO lines are software-timed.

Analog Output Circuitry
Figure 11 illustrates the analog output circuitry for the USB-6008/6009.

+5V
®

REF(+) REF(-)
12-Bit
DAC

AO

GND
Figure 11. Analog Output Circuitry
DACs
Digital-to-analog converts (DACs) convert digital codes to analog
voltages.
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Connecting Analog Output Loads

To connect loads to the USB-6008/6009, connect the positive lead of the
load to the AO terminal, and connect the ground of the load to a GND
terminal.

| USB-6008/6009 | é Load

Figure 12. Connecting a Load

Minimizing Glitches on the Output Signal

Digital I/O

When you use a DAC to generate a waveform, you may observe glitches in
the output signal. These glitches are normal; when a DAQ 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 low-pass deglitching filter to remove some of
these glitches, depending on the frequency and nature of the output signal.
Refer to ni . com/support for more information about minimizing
glitches.

The USB-6008/6009 has 12 digital lines, P0.<0..7> and P1.<0..3>, which
comprise the DIO port. GND is the ground-reference signal for the DIO
port. You can individually program all lines as inputs or outputs.

Digital I/O Circuitry

Figure 13 shows P0.<0..7> connected to example signals configured as
digital inputs and digital outputs. You can configure P1.<0..3> similarly.

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



TITYXIAKH EPTAZIA: IOANNHX MITIOYTIOYKOX KE®AAAIO 3

+5V
@r/'
Lep | Zl¥
M ol P0.0
LED é o P0.1
ol P0.2

Ound o PO.3
[ L LT L —>o »| P0.4
+5V TTL Signal © P0.5
o P0.6

p-| PO.7

-

| 1
@ Switch \2

/*G%ZD

1/0 Connector ‘l’

P0.0 configured as an open-drain digital output driving a LED

P0.2 configured as a push-pull digital output driving a LED

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

A WOWNPE

Figure 13. Example of Connecting a Load

Caution Exceeding the maximum input voltage ratings or maximum output ratings, which
are listed in the specifications, can damage the DAQ device and the computer. National
Instruments is not liable for any damage resulting from such signal connections.

Source/Sink Information

The default configuration of the USB-6008/6009 D10 ports is open-drain,
allowing 5 V operation, with an onboard 4.7 kQ 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 14.
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5V USB-6008/6009
+5V
Re Rp

External 4.7 KQ Onboard Resistor
Pull-up bort Pad

) P0.0 ort Pa
Resistor ° ° {Z}

RI
Load g

Figure 14. Example of Connecting External User-Provided Resistor

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

1. Place an ammeter in series with the load.
2. Place a variable resistor between the digital output line and the +5 V.

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

4. 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.

6. Selectastatic resistor value for your pull-up resistor that is greater than
or equal to the ideal resistance.

7. Re-connect the load circuit and the pull-up resistor.

/O Protection

To protect the 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.

» If you configure a DIO line as an output, understand the current
requirements of the load connected to these signals. Do not exceed the
specified current output limits of the DAQ device.
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National Instruments has several signal conditioning solutions for
digital applications requiring high current drive.

e If you configure 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.

e 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 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.

Event Counter

You can configure PF1 0 as a source for a gated invertor counter input edge
count task. In this mode, falling-edge events are counted using a 32-bit
counter. For more information about event timing requirements, refer to the
Specifications section.

Reference and Power Sources

The USB-6008/6009 creates an external reference and supplies a power
source.

+2.5 External References

The USB-6008/6009 creates a high-purity reference voltage supply for the
ADC using a multi-state regulator, amplifier, and filter circuit. The
resulting +2.5 V reference voltage can be used as a signal for self test. Refer
to the Self Test section, for more information.
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+5 V Power Source

The USB-6008/6009 supplies a 5 V, 200 mA output. This source can be
used to power external components.

@ Note While the device is in USB suspend, the output is disabled.

Specifications

The following specifications are typical at 25 °C, unless otherwise noted.
Analog Input
CoNVErter tyPe...ovvververeeeeeseerereseeeens Successive approximation

ANAlOG INPULS ... 8 single-ended/4 differential,
software selectable

Input resolution

USB-6008.......cc.coovveiriiiicriecieeiene 12 bits differential,
11 bits single-ended
USB-6009 ........ccoviiiiieeeiee e 14 bits differential,

13 bits single-ended

Max sampling rate!

USB-6008.......cccoeririririririeenirinirianns 10 kS/s
USB-6009 ..o 48 kS/s
AlLFIFO . 512 bytes
Timing resolution .........ccceevvvervcicininnns 41.67 ns (24 MHz timebase)
TIMING CCUTACY ....covevrreiieireiee e 100 ppm of actual sample rate
Input range
Single-ended .........ccooveevveviciniennn 10V
Differential..........ccccoovviieiiiiinens 20V, 10V, ¥5V, +4 V,
25V, ¥2V, 125V, x1V
Working voltage.........ccoveevviercvsnnenene. 10V
Input impedance..........ccoccoereeinenienne 144 kQ
Overvoltage protection..........ccceeeeeruenene +35

1 Might be system dependent
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TriQQer SOUICE ..cvveieeerieeieieeee e Software or external digital
trigger
SYStEM NOISE ..vovveveeceerie e 0.3 LSBrms (10 V range)

Absolute accuracy at full scale, single ended

KE®AAAIO 3

Typical at 25 °C Maximum over Temperature
Range (mV) (mV)
+10 14.7 138
Absolute accuracy at full scale, differential?
Typical at 25 °C Maximum over Temperature
Range (mV) (mV)
+20 14.7 138
+10 7.73 84.8
+5 4.28 58.4
+4 3.59 53.1
+2.5 2.56 45.1
+2 221 42.5
+1.25 1.70 38.9
+1 1.53 375
! Input voltages may not exceed the working voltage range.
Analog Output
ConVErter type ....cccvvererereieseneieeiennns Successive approximation
ANalog OULPULS......evveieiiiiieeece e 2
Output resolution .........ccccveevevvererennnnen, 12 bits
Maximum update rate ..........cccocerererenne. 150 Hz, software-timed
OULPUETaNGE ... Oto+5V
Output impedance........ccocoeovvveereienennenn 50Q
Output current drive..........coeveevverereennnn, 5mA
Power-onstate ...........ccoevveiiniiiicinn, ov
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SIEW Fate.....ooviiiceieiiee e 1 V/ps
Short circuit current ... 50 mA
Absolute accuracy (no load) .................. 7 mV typical, 36.4 mV maximum

at Full Scale

Digital I/O
Digital 1/0

PO.<O.7> i 8 lines
PL<0..3> oo 4 lines
Direction control ..........ccccoovveiicnninnn Each channel individually

programmable as input or output

Output driver type
USB-6008..........cccoerieiiiricniieiias Open-drain
USB-6009 .......cccoevreecricesisninnn, Each channel individually
programmable as push-pull or
open-drain
Compatibility .....ccovevvvveiccrccce e, TTL, LVTTL, CMOS
Absolute maximum voltage range ......... —0.5t0 5.8 VV with respect to GND
PUll-Up reSiStOr .....covvveveeiceveece e 4.7kQto5V
Power-on state.........ccooeveieieiensiicce Input (high impedance)
Digital logic levels
Level Min Max Units
Input low voltage -0.3 0.8 \%
Input high voltage 2.0 5.8 \%
Input leakage current — 50 WA
Output low voltage (I = 8.5 mA) — 0.8 \%
Output high voltage
Push-pull, I =-8.5mA 2.0 3.5 \%
Open-drain, | =-0.6mA, nominal 2.0 5.0 \%
Open-drain, | =-8.5mA, with external pull-up resistor 2.0 — \%
External Voltage
+5 V output (200 mA maximum) .......... +5 V typical, +4.85 V minimum
+2.5 V output (1 mA maximum) ........... +2.5V typical
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+2.5V aCCUMACY ...ocvvvviriiriiiinie e 0.25% max
Reference temperature drift.................. 50 ppm/°C max
Counter
Number of COUNters .........cccoveervrreenieen 1
RESOIULION ... 32 bits
Counter measurements ..........ccceeevevernnne. Edge counting (falling-edge)
Pull-up resistor.......cocovveiiieiiiicrenenne 4.7kQto5V
Maximum input frequency ..........c.cc....... 5 MHz
Minimum high pulse width..................... 100 ns
Minimum low pulse width...................... 100 ns
Input high voltage..........ccccoceiviniiiienns 20V
Input low VOItage .......coovvveieeineieieeenns 0.8V
Bus Interface
USB specification ..........cccoceoveinicineens USB 2.0 full-speed
USB bus speed.......c.cooovvevererncinnncnnen, 12 Mb/s

Power Requirements
usB
4.10t05.25VDC...oovvovevveerce 80 mA typical, 500 mA max
USB SUSPend .........cocceveneeneneciiennns 300 pA typical, 500 pA max

Physical Characteristics

If you need to clean the module, wipe it with a dry towel.

Dimensions
Without connectors...........ccccvcvevene. 6.35cm x 851 cmx 2.31cm
(2.50in. x 3.35in. x 0.91in.)
With connectors.........cccoveveveienenn, 8.18cmx 8.51cmx 2.31cm

(3.221in. x 3.35in. x 0.91in.)
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1/O CONNECLONS ....cviiecce e USB series B receptacle,
(2) 16 position terminal block
plug headers

Weight
With connectors .........ccceeeerereenn. 849 (302
Without connectors..........ccccceeuenee. 549 (21 02)
Screw-terminal Wiring.........cc.ccoeeeeeienne 16 to 28 AWG
Torque for screw terminals .................... 0.22t00.25N - m
(2.0t02.21b-in.)
Safety
Standards

The USB-6008/6009 is designed to meet the requirements of the following
standards of safety for electrical equipment for measurement, control, and

laboratory use:
e |EC61010-1, EN 61010-1
e UL61010-1

*« CAN/CSA-C22.2 No. 61010-1

@ Note For UL and other safety certifications, refer to the product label, or visit
ni.com/certification, search by model number or product line, and click the
appropriate link in the Certification column.

Voltages

Connect only voltages that are within these limits.

Channel-to-GND ..........ccccevvvviieienn, 30 V max,
Measurement Category |

Measurement Category | 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.

Caution Do not use this module for connection to signals or for measurements within
Measurement Categories I1, 111, or V.

© National Instruments Corporation 23 USB-6008/6009 User Guide



TITYXIAKH EPTAZIA: IOANNHX MITIOYTIOYKOX

Hazardous Locations
The USB-6008/6009 are not certified for use in hazardous locations.

Environmental

The USB-6008/6009 device is intended for indoor use only.

Operating temperature
(IEC 60068-2-1 and IEC 60068-2-2).....

Operating humidity
(IEC 60068-2-56) ......ocvrvrerererrereneneenenn.

Maximum altitude..........coeveevvveiiieinnne,

.0to55°C

.10to 90% RH, noncondensing

2,000 m (at 25°C ambient
temperature)

Storage temperature

(IEC 60068-2-1 and IEC 60068-2-2)......—40 to 85 °C

Storage humidity

(IEC 60068-2-56) .....ceovrvereerrerierirerinnns 5to 90% RH, noncondensing
Pollution Degree (IEC 60664)................. 2

Electromagnetic Compatibility

Emissions

Immunity

EMC/EMI

Note

EN 55011 Class A at 10 m
FCC Part 15A above 1 GHz

Industrial levels per
EN 61326:1997 + A2:2001,
Table 1

CE, C-Tick, and FCC Part 15
(Class A) Compliant

KE®AAAIO 3

The USB-6008/6009 may experience temporary variations in analog input readings

when exposed to radiated and conducted RF noise. The device returns to normal operation
after RF exposure is removed.
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CE Compliance
This product meets the essential requirements of applicable European
Directives, as amended for CE marking, as follows:
Low-Voltage Directive (safety)............. 73/23/EEC

Electromagnetic Compatibility
Directive (EMC) ..oooveovvvviverececereee 89/336/EEC

@ Note Refer to the Declaration of Conformity (DoC) for this product for any additional
regulatory compliance information. To obtain the DoC for this product, visit
ni.com/certification, search by model number or product line, and click the
appropriate link in the Certification column.
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Where to Go for Support

The National Instruments Web site is your complete resource for technical support.
At ni .com/support you have access to everything from troubleshooting and
application development self-help resources to email and phone assistance from
NI Application Engineers.

A Declaration of Conformity (DoC) is our claim of compliance with the Council
of the European Communities using the manufacturer’s declaration of conformity.
This system affords the user protection for electronic compatibility (EMC) and
product safety. You can obtain the DoC for your product by visiting
ni.com/certification. If your product supports calibration, you can obtain
the calibration certificate for your product at ni .com/cal ibration.

National Instruments corporate headquarters is located at

11500 North Mopac Expressway, Austin, Texas, 78759-3504.

National Instruments also has offices located around the world to help address
your support needs. For telephone support in the United States, create your service
request at ni . com/support and follow the calling instructions or dial 512 795
8248. For telephone support outside the United States, contact your local branch
office:

Australia 1800 300 800, Austria 43 0 662 45 79 90 0,

Belgium 32 0 2 757 00 20, Brazil 55 11 3262 3599,

Canada (Calgary) 403 274 9391, Canada (Ottawa) 613 233 5949, Canada
(Québec) 450 510 3055, Canada (Toronto) 905 785 0085, Canada
(Vancouver) 604 685 7530, China 86 21 6555 7838, Czech Republic 420
224 235 774, Denmark 45 45 76 26 00, Finland 385 09 725 725 11,
France 33 0 1 48 14 24 24,

Germany 49 0 89 741 31 30, India 91 80 51190000,

Israel 972 0 3 6393737, Italy 39 02 413091, Japan 81 3 5472 2970, Korea
82 02 3451 3400, Malaysia 603 9131 0918,

Mexico 01 800 010 0793, Netherlands 31 0 348 433 466, New

Zealand 0800 553 322, Norway 47 0 66 90 76 60, Poland 48 22
3390150, Portugal 351 210 311 210,

Russia 7 095 783 68 51, Singapore 65 6226 5886, Slovenia 386 3

425 4200, South Africa 27 0 11 805 8197, Spain 34 91 640 0085,
Sweden 46 0 8 587 895 00, Switzerland 41 56 200 51 51, Taiwan

886 2 2528 7227, Thailand 662 992 7519, United Kingdom 44 0

1635 523545

© National IndtetinnehtastCorpeiatidinni.com, and LabVIEW are trademgks of National Instruments CorporationySB-6008/6009 User Guide
Refer to the Terms of Use section on ni .com/ legal for more information about National
Instruments trademarks. Other product and company names mentioned herein are trademarks or trade
names of their respective companies. For patents covering National Instruments products, refer to the
appropriate location: Help»Patents in your software, the patents. txt file on your CD, or
ni.com/patents.
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