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Sammendrag

I flerfasergrledninger kan det oppsta et stromningsmenster som kalles
slug-strgmning. Hvis dette strgmningsmgnsteret oppstar ved et vertikalt 1gft
kalles det riser-indusert slugging. Eksperimentelle forsgk med riser-indusert
slugging kan gjennomfgres blant annet i flerfase-laboratoriet pa Tiller. Det
er imidlertid gnskelig a ogsa ha en lett tilgjengelig og rimelig MiniLoop for
slike forsgk. Denne oppgaven tok sikte pa a bygge en slik loop. Byggingen
av MiniLoopen innebar innkjgp av utstyr, laging av beslag, festeanordninger
og elektrisk skap for analog input og analog output moduler. LabVIEW 6.1
ble brukt til programmering. Et enkelt grensesnitt ble utviklet hvor brukeren
har mulighet til a blant annet velge manuell styring av ventilen, eller styring
av ventilen med PID regulator. Trykk, ventilapning og slugging visualiseres
i grensesnittet. Eksperimentelle forsgk ble gjennomfgrt med Minil.oopen og
data ble lagret.

Storkaas og Skogestad har utviklet en modell med tre tilstander, som
beskriver riser-indusert slugging. Denne forenklede modellen ble brukt til a
beskrive slugging i MiniLoopen. Et bifurkasjonsdiagram fra eksperimentelle
resultater ble laget. Forenklet modell ble tunet til akseptabel overensstem-
melse med eksperimentelle data for lave ventilapninger. En regulerbarhet-
sanalyse ble gjennomfgrt basert pa modellen. I regulerbarhetsanalysen ble
5 malepunkter vurdert: Trykk P, ved innlgp fgdergr, trykk P, oppstrgms
separator, tetthet gjennom ventilen (pr), massestrgm gjennom ventilen (1)
og volumstrgm gjennom ventilen (@)). Pl-regulator ble designet pa basis av
modellen. Hvilken maling som skulle benyttes i regulatoren ble bestemt fra
regulerbarhetsanalysen. Ved a oppna en lav verdi for summen av maksimal
topp for sensitivitet- og komplementeer funksjonen, ble det funnet regula-
torparametre som gav akseptabel regulering. Regulatoren ble deretter testet
med Storkaas forenklede modell fgr den ble implementert pa labben.
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Innledning 1

Kapittel 1

Innledning

Flerfase- og reguleringsteknikken som har blitt utviklet de siste 20 arene
muliggjor transport av flerfasestrgmning over lange avstander. Ubehandlede
brgnnstrgmmer kan via undervannsinstallasjoner samles for separasjon slik
at behovet for komplette separasjonsanlegg ute pa det enkelte felt reduseres.
Dette sparer oljeindustrien for store summer. Det gjenstar imidlertid store
teknologiske utfordringer innen flerfasetransport og regulering. En av disse
er slug-strgmning som kan oppsta nar gass- og vaeske fase har ulik hastighet
(hydrodynamisk slugging), og som et resultat av rgrets geometri (terreng
slugging og riser-indusert slugging). Spesielt terreng- og riserindusert slug-
ging skaper problemer nar den ankommer produksjonsenheten ettersom disse
sluggene kan vokse seg meget store, og ofte innebeaerer kraftige trykksv-
ingninger. Disse svingningene i trykk og stremningsrate gir store forstyrrelser
for kompressor og innlgp separator, som igjen kan resultere i henholdsvis
ungdvendig fakling og ikke-optimal separering (i verste fall flooding). Andre
ugunstige konsekvenser er slitasje pa utstyr som kan resultere i uforutsette
driftsstopp.

Kraftig slugging kan unngas ved a gke trykkfallet over topside choke ven-
til. Okt trykkfall gir imidlertid lavere oljeutbytte og er ingen optimal lgsning
sett ut fra et gkonomisk perspektiv. Andre Igsninger er installering av slug-
fangere. Ved bruk av aktiv regulering kan man operere med stabil stromning
under forhold som ellers ville gitt kraftig slugging. Dette medfgrer mindre be-
hov for utstyr topside, hgyere produksjon, hgyere olje-gjenvinning og mindre
slitasje pa utstyr [1], [2], [3].

Det er viktig a vurdere valg av modell for slug-strgmingen ut fra et
regulerings-perspektiv. Konvensjonelle modeller for flerfase strgm er PDE
basert. Malet med regulering er a stabilisere et ustabilt operasjonspunkt,
og den relevante tidsskala er hastigheten til hvordan ustabiliteten utvikler
seg. En omfattende beskrivelse med PDE modell er derfor ungdvendig kom-
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pleks, og en enklere modell kan brukes [4], [5]. Ettersom store utfordringer
fremdeles gjenstar innen flerfase regulering eksisterer det et behov for videre
undersgkelse, simulering og modellering. Denne oppgaven tar utgangspunkt
i [5] og en tofase-loop i lab-skala for en eksperimentell verifikasjon av Espen
Storkaas forenklede modell for riser-indusert slug-strgmning.
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Kapittel 2

Teorl

2.1 Riser-indusert slugging og modellering

2.1.1 Slug-strgmning

Dersom en slug dannes ved et vertikalt lgft fra havbunnen opp til plattfor-
men (riseren) defineres slug-strgmningen som riser-indusert slug. Forst sam-
les veesken i bunnpunktet til riseren. En forutsetning for slugging er at gass-
og vaeskehastigheten er lav nok til at en veeskeansamling finner sted. Nar
vaeskeansamlingen har blitt stor nok, vil den blokkere for gasstremmen i
bunnpunktet av riseren, og en kontinuerlig veeskeslug dannes. Trinn 2 er at
vaeskeslugen vil vokse sa lenge trykkgkningen oppstrgms slugen er lavere enn
gkningen av tyngden til vaeskesgylen i riseren. Trinn 3 er nar trykket opp-
strgms slugen blir stgrre enn tyngden til vaeskesgylen i riseren, og gassen vil
begynne a penetrere vaesken i riseren og presse vaesken ut. Dette resulterer i
et trykkfall, gassen vil ekspandere og tettheten i riseren reduseres. Ettersom
veeske og gass har forlatt riseren er ikke gasshastigheten stor nok til a dra
med seg vaeske. Vaesken vil derfor renne ned i bunnen av riseren (trinn 4),
og en ny vaeskeansamling begynner a vokse.

2.1.2 Storkaas slug-modell

For en mer detaljert beskrivelse av Storkaas slug-modell se [5]. Storkaas mod-
ell fokuserer pa a beskrive stromningens makro-skala oppfgrsel som inklud-
erer:

e lgsningenes stabilitet og operasjonelle forhold som funksjon av choke
ventilens apning

e overgang til stabilitet
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Figur 2.1: Periodisk oppfarsel av slug-strgmning ved vertikalt lgft
e en ustabil stasjonaer lgsning ved samme apning for choke ventil hvor
krafting slugging forekommer

e amplitude og frekvens av svingningene

Antagelser for modellen er:

- konstant veeskeniva i fodergret (neglisjert dynamikk i veeske nivaet)
Dette gir:

— Konstant gassvolum oppstrgms (volum variasjoner pga. varierende
vaeskeniva i bunnpunktet av riseren er neglisjert)

- Kun et kontrollvolum for veesken (som inkluderer riser og del av fode
roret)

- To kontrollvolum for gass, separert av bunnpunktet i riseren med trykk-
strgmning sammenheng

- Ideell gasslov
- Stasjoneer trykkbalanse mellom riser og fgdepunkt
- Forenklet ventil-modell for gass og vaeske som forlater riseren

- Konstant temperatur
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Figur 2.2: Storkaas slug-modell.

2.2 Regulerbahetsanalyse SISO systemer

De fundamentale begrensningene SISO-systemer er utsatt for undersgkes ved
en inn- og utdata regulerbarhetsanalyse. All teori om regulerbarhetsanalyse
er hentet fra [6].

Input-output controllability of a plant is the ability to achieve
acceptable control performance. Proper scaling, output and dis-
turbance variables prior to this analysis is critical. [6]

2.2.1 Sensitivitet- og komplementeaer sensivitetfunksjon

For SISO defineres sensitivitetsfunkjsonen (S) og komplementaer sensivitets-
funksjonen (T):

L=GK (2.1)
1

= - 2.2

o 1+ L (22)
L

S+T=1 (2.4)

6] definerer lukket slgyfe bandbredde wp, som frekvensen hvor |S(jw| forst
krysser 1/v/2 = 0.707 ~ —3dB nedenfra. Alternativt kan lukket slgyfe
bandbredde wpr, defineres som den hgyeste frekvensen hvor |T'(jw| krysser
1/4/2 = 0.707 ~ —3dB ovenfra.
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Kryssfrekvensen we defineres som frekvensen hvor |L(jwe| forst krysser 1
ovenfra. we ligger vanligvis mellom wg og wpr. I de tilfellene hvor wp ogwpr
er forskjellige kan fglgende regler brukes:

- Tilbakekobling er effektiv og gker ytelsen for |S| < 0.7 for frekvenser
opp til wp.

- I intervallet [wp,wpr] pavirker regulering systemets respons men gker
ikke ytelsen. Dersom |S| > 1 vil ytelsen reduseres.

- Ved w > wpr er S =~ 1 og tilbakekopling har ingen betydelig effekt pa
responsen.

Ved forstyrrelser i en tilbakeregulerings-struktur gnskes lav S og hgy T
for a minske sensiviteten for forstyrrelsene. For a redusere sensitiviteten for
stgy er det viktig a ha lav T og hgy S. Stoy er generelt et problem ved hgye
frekvenser, og forstyrrelser et problem ved lave:

e For lave frekvenser er det ideellt med S ~ 0 og T~ 1 (|L| > 1 for lave
w < we)

e For hgye frekvenser er det ideellt med S =~ 1 og T~ 0 (|L| < 1 for
hgye w > we)

Maksimal topp av sensitivitet- og komplementaer funksjonen er definert
som,
Ms = max |S(jw| My = max |T(jw| (2.5)

Generelt kreves Mg < 2 (6dB) og My < 1.25 (2dB). En hgy verdi av
Mg og Mr (> 4) indikerer darlig ytelse og robusthet. For stabilitet og ytelse
gnskes Mg rundt 1.

2.2.2 Begrensninger forarsaket av ustabile poler og nullpunk-
ter

Lingere dynamiske systemer kan beskrives som & = Ax + Bu. Systemet er
stabilt hvis og bare hvis alle polene ligger i det venstre halvplan (LHP),
Re{;(A)} <0 Vi

Ustabile poler trenger tilbakeregulering for stabilisering. RHP poler gir
en nedre grense for bandbredden i systemet. [6] gir en nedre grense for RHP
poler p ved

we > 2p (2.6)
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mens for imaginaer pol

we > 1.15p| (2.7)

RHP nullpunkter gir invers respons og en gvre begrensning i bandbredden
i tilbakeregulerings-systemet. Fra klassisk reguleringsanalyse vil lukket slgyfe
poler ga mot apen slgyfe nullpunkter nar forsterking ved tilbakeregulering gar
mot uendelig. Dette resulterer i ustabilitet og bandbredde begrensning ved
hgy forsterkning. @vre bandbredde grense for systemer med RHP nullpunkter
er
Reell nullpunkt z,

wp R we < — (28)

Komleks nullpunkt z,:

|2n| /4 Re(z) > Im(z2)
wp R we < § |z,]/2.8  Re(z) = Im(z2) (2.9)
| 20| Re(z) < Im(2)

RHP nullpunkter neer origo skaper de stgrste begrensningene i bandbredden.
Regulering er vanskeligere med nullpunkter lokalisert nserme origo enn nullpunk-
ter neerme imagineer akse [6].

Nar bade RHP poler og nullpunkter eksisterer i et system vil de nevnte
gvre og nedre bandbredde grensene gjgre stabilisering umulig. Dette kan
synliggjgres ved a betrakte et system bestaende av et ustabilt komplekst
pol-par med dominerende imaginger del (Re(p) < Im(p)), storrelse |p| og
et enkelt RHP nullpunkt z,. For a oppfylle bandbredde begrensningene og
oppna akseptabel ytelse og robusthet kreves tilnsermet

zn > 2.3|p| (2.10)
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Kapittel 3

Resultater og Diskusjon

3.1 Bygging av MiniLoop

Forste oppgave i prosjektet var a bestille utstyr og bygge MiniLoopen. For
oversikt over leverandgrer se Tab.A.1.

Tabell 3.1: Forkortelser teknisk utstyr

Betegnelse Type
FT.V Ratemaler vann,Gemu 3021
\Y% Ventil (Gemu 554 m/Joucamatic aktuator)
P1 Trykksensor (MPX5100DP) innlgp fodergr
P2 Trykksensor (MPX5100DP) oppstrgms separator
S1 Slugsensor (E3X-DA-N)
S2 Slugsensor (E3X-DA-N)
P, Pumpe Eheim 1060
VT Vanntank
BT Buffertank
ST Separator

- Slugsensorene (Fig. 3.4) er to fiberoptiske sensorer av typen E3X-DA-
N. De maler mengden lys som sendes fra en fiber til en annen gjennom
slangen i miniloopen. Slugsensorene gir ut et spenningssignal mellom
1—5 V avhengig av hvor mye lys som gar gjennom dens fiberoptiske ka-
bel. Det er derfor meget viktig at de fiberoptiske kablene monteres rett
ovenfor hverandre. For a lgse dette problemet ble en aluminium-plate
bayet til a passe rundt slangen. Hull ble borret gjennom og gjenget for
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Signal til ventil

I

_P1 Elektrisk
Skap

Figur 3.1: Skisse over mini-loop

%Vlord atL 2 o A12 Jord AL3 Jord Jord Jord  Al4-
Poin ALOF AL1f A12+ 3\!-. ‘ '[AOD+ A14!.

Ventil

Figur 3.2: Koblinger mellom El.skap og miniloop

okt ngyaktighet. Ettersom det er liten tid igjen av prosjektarbeidet, og
disse malingene ikke er kritiske for denne oppgaven er det ikke fore-
tatt noe mer med malingene som slugsensorene registrerer. LabVIEW
programmet logger dermed bare spenningssignalene. Videre arbeid av
MiniLoopen vil dermed bli a vurdere slugsensorenes plassering samt a
analysere spenningssignalene ngermere.

- Ratemaleren for vann (Fig. 3.5) er plassert rett fgr blandepunktet. Den
gir ut et signal pa 4-20 mA som kan avleses pa display eller i LabView-
programmet.

- Pumpen (Fig. 3.6) som brukes er en vanlig akvariepumpe. Maks kap-
asitet er 38 1/min og pumpen kan maks motarbeide en veskesgyle pa
3,1 meter. Den taler ikke a pumpe luft over lengre tid.

- Reguleringsventilen (Fig. 3.7) er plassert ved inngangen til separator-
tanken. Ventilen krever en 24 volts spenningsforsyning og styres med
et signal til aktuatoren pa 4-20 mA. Forholdet mellom strgmsignalet
til ventilens aktuator og ventilens apning i prosent er linser. Ventilen
krever mellom 4 og 8 bar trykk for a motvirke fjeerkraften. Luftut-
taket pa labben K4 — 301 ble benyttet, og koblet til ventilens aktuator.
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Figur 3.3: Vanntett elektrisk skap

Luftuttaket ble ogsa benyttet til innlgp gass i fodergret.

- Trykkmalerene (Fig. 3.8) er to av Motorolas differensielle trykkmalere
som gir ut 0.2—4.5 V ved trykk 0—100 kPa. Forholdet mellom spenning
og trykk er lingert.

Fig. 3.9 viser frontpanelet i programmet miniloop.vi. Programmet visu-
aliserer trykktransientene, ventilapning og slugamplituden. Volumstrem vann
[I/min] og tiden [sek] vises i en indikator. Brukeren har mulighet til & jus-
tere ventilapningen via slide-baren, velge hvor ofte data skal skrives til fil og
om PID-regulator skal brukes. Dersom brukeren velger a regulere on-line ma
forsterkning, integraltidskonstant og tidskonstanten til den deriverte spesi-
fiseres. For a unnga ungdvendig ventilbruk har brukeren mulighet til a spesi-
fisere sensitiviteten for ventilen. Sensitiviteten oppgis i prosent ventilapning.
Dersom 1 % velges vil programmet sammenligne regulatorens utsignal for it-
erasjon ¢ med utsignal for iterasjon i — 1, og hvis forskjellen mellom disse ver-
diene er stgrre enn oppgitt sensitivitet velges regulatorens verdi for iterasjon
1. Dersom regulatorens utsignal ikke endrer seg nok i forhold til spesifisert
sensitivitet er det heller ikke ngdvendig a skrive denne verdien til ventilen,
og verdi for iterasjon ¢ — 1 beholdes som regulatorens utsignal. Dette har
konsekvenser for regulatorens integraltid, men det antas at betydningen er
neglisjerbar. Ettersom trykket oppstroms separator er folsomt for stgy velges
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Figur 3.4: Slugsensor - fiberoptisk kabel

Figur 3.5: Ratemaler vann
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Figur 3.6: Pumpe

Figur 3.7: Reguleringsventil oppstrgms separator
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Figur 3.8: Differensiell trykkmaler

Py (trykk ved innlgp federgr) som maleverdi slik at setpunktet gis for P
(stoy for trykksensor omtales nsermere pa side 19 og ved Fig. A.13 side 31).
Programmet lagrer data til txt-fil. Dersom dataene skal lagres til fil, er det
viktig at brukeren benytter den "store” stopp knappen laget i programmet,
og ikke LabVIEW’s egendefinerte stopp-funksjon . Ved bruk av den "store”
stopp knappen vil LabVIEW foreta en kontrollert avslutning av program-
met, ga ut av while-loopen og lagre data til gnsket filnavn.txt. Hvordan data
lagres til fil er vist i Tab. 3.2.

Tabell 3.2: Struktur for lagring av data

Ts [msek] S1[V] S2[V] P |[barg] P, [barg] @ [l/min] SP [barg] =z []

Fig. 3.10 viser den grafiske programmeringen som bygger opp miniloop.vi
. Programmeringen kan deles inn i fglgende hoveddeler:

- Kommunikasjon med FielPoint modulene, PC, malesensorer og regu-
leringsventil. Det er her brukt predefinerte funksjoner i LabVIEW med



Resultater og Diskusjon 14

PID Cont raller ‘fahveOpening

Controd On l

Pressure
F1 [barg]
F2 fparg]
SP fbarg] " "

Kp [1/bar ] .

s ‘

=7.5.9.58 838

£13

Sensitivity vaive [% ] ‘ EEI (only for Controller On)

sampings pr (ncer) )

‘ B

mme XI5

Figur 3.9: Grafisk brukergrensesnitt ved bruk av minloop.VI
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navn: FP open.vi, FP read.vi og FP write.vi.
- Case-struktur hvor "true” er regulator pa og ”false” er regulator av.
- Konvertering av spenning- og strgmsignaler og visualisering.

Programmets bruk av VI blokker kan sees fra Fig. 3.11.

3.2 MiniLoop-Eksperimentelle data

Fig. 3.12 viser et bifurkasjonsdiagram for MiniLoopen. Naermere beskriv-
else og forklaring for diagrammet er gitt under kap. ”Storkaas forenklede
modell” side 15. I en analyse av eksperimentelle data ble det oppdaget en
trykkavhengig innstrgmning av vann i fodergret. Fig. 3.13 viser sammen-
hengen mellom volumstrgm vann inn i fadergret og trykket oppstroms. Fra
Fig. 3.13 ble det gjort en linaer tilpasning til dataene ettersom ratemaleren
hadde problemer med a male lave verdier for volumstrgmmen. Fra Fig. A .4-
A.12 er trykkfallet over reguleringsventilen lavt. Det antas dermed konstant
innstrgmning av luft i federgret.

3.3 Storkaas forenklede modell

Den forenklede slug-modellen som er benyttet baserer seg blant annet pa en
trykkavhengig volumstrgm vann inn i fodergret og konstant innstrgmning
med luft. Alle beregninger som utfgres benytter samme trykk-enhet som
radata fra labview programmet (barg). I regulerbarhetsanalysen velges det ut
et operasjonspunkt som det sees naermere pa. Fig. 3.14 viser et bifurkasjons-
diagram for MiniLoopen. Rgde linjer er data fra Storkaas forenklede modell,
mens bla prikker angir eksperimentelle data. De rgde stiplede linjene indiker-
er systemets ustabile stasjonsere punkter. Til venstre for bifurkasjonspunktet
(z = 20%) er punktene stabile, mens de er ustabile til hgyre for bifurkasjon-
spunktet. De rgde heltrukne linjene representerer maksimum og minimum
trykk-verdier for apen slgyfe trykk-syklus.

For at regulatoren skal fungere tilfredsstillende ma ventilens aktuator
kunne pavirke prosessen betydelig. Ved hgy til medium ventilapning er trykkfal-
let over ventilen for lavt til at en liten endring i ventilens apning skal kunne
pavirke prosessen merkbart. Det betyr at det eneste interessante operasjon-
somrade er fra lav til medium ventilapning. Det kan ogsa sees fra bifurkasjons-
diagrammet, som viser sma endringer for hgy til medium ventilapning. I
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Figur 3.10: Grafisk programmering i LabVIEW
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P, [barg]

Volumstrgm vann innlgp fadergr

—— Maks trykk
02l —— Min. Trykk ||

10 20 30 40 50 60 70 80 90

0.05

0 10 20 30 40 50 60 70 80 90
VentilApning %

Figur 3.12: Bifurkasjonsdiagram for MiniLoop
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Figur 3.13: Trykkavhengig volumstrecem

0.22
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Figur 3.14: Bifurkasjons diagram for MiniLoop for Storkaas forenklede modell

tuningen av Storkaas modell er det derfor lagt vekt pa a tilpasse bifurkasjons-
diagrammet for lave ventilapninger. Det ustabile stasjonsere omrade er vik-
tigere enn det stabile omrade med trykk-svingninger, ettersom malet er a
oppna stasjonar strgmning med regulering i et ustabilt omrade. Den stasjonaere
del i Fig. 3.14 er i akseptabel overensstemmelse med eksperimentelle da-
ta. Trykksensor P, oppstrgms separatoren maler lave verdier for differen-
sielle trykk og er fglsom for stgy. Det er ca. 15 ¢m i hgydeforskjell mellom
trykksensorens plassering og reguleringsventilen som bl.a. kan forklare hvor-
for den ustabile stasjoneere lgsningen for P, ved Storkaas forenklede modell
krysser den eksperimentelle P-minimumlinja. Det eksisterer ogsa flere an-
dre usikkerheter. Antatt konstant gasstrom inn og justerings-parameterene
i Espen Storkaas modell medfgrer en viss usikkerhet. Resultatet blir et bi-
furkasjonsdiagram for P, som avviker fra eksperimentelle data, mer enn hva
bifurkasjonsdiagrammet for P gjor.

Reell del av den "verste” polen (som ligger lengst inne i det hgyre halv-
plan) er evaluert for systemet med ulike ventilapninger i Fig. 3.15. Polene
forsvinner lengre inn i RHP (right half plane) med gkende ventilapning. Ved
z ~ 20% er 2 av polene pa den imagineere akse. Dette stemmer med bi-
furkasjonsdiagrammet som tydelig viser at systemet blir stabilt for z < 20%
og ustabilt for z > 20%. Se Tab. A.3 for data.
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Figur 3.15: Reell del av den "verste” polen

3.4 Regulerbarhetsanalyse

3.4.1 Begrensninger forarsaket av ustabile poler og nullpunk-
ter

Denne analysen tar utgangspunkt i en linearisert modell rundt et typisk
ustabilt operasjonspunkt. Derfor velges operasjonspunkt z = 30%. Systemet
er ustabilt for denne ventilapningen ved apen slgyfe ettersom det finnes et
komplekst polpar i RHP. Dette kan sees ut fra Fig. 3.15, som tydelig vis-
er at for ventilapninger stgrre enn 20% vil reell del av den ”verste ” polen
veere i RHP. RHP-poler gir en nedre grense for bandbredden i systemet. Fra
Fig. 3.15 vil dermed kravet om minimum bandbredde gke med gkende ven-
tilapning. Polene kan flyttes med tilbakekobling for a gjgre systemet stabilt.
RHP nullpunkter gir inversrespons og en gvre begrensning i bandbredden.
For a oppna stabilitet med en fornuftig ytelse kreves

we > 1.15]p| zn > 2.3|p| (3.1)

Trykket oppstems gir et enkelt LHP (left half plane) nullpunkt. Dette gir
ingen fundamentale regulerings problemer, slik at P, vil veere et bra valg av
maleverdi for enkel regulering med et malepunkt. Denne maleverdien kan imi-
dlertid veere vanskelig a oppna offshore, og andre maleverdier bgr derfor ogsa
vurderes. Fra bandbredde begrensningene gitt i lign. 2.10 kan det ikke eksis-
tere RHP nullpunkter som er mindre enn ca. 0.9104 for ventilapning 30%.



Resultater og Diskusjon 21

Tabell 3.3: Ulike malepunkter

Malepunkt Enhet Beskrivelse
P [bar]  Oppstrems trykk (innlgp fodergr)
P, [bar]  Nedstrgms trykk foran choke ventil
or % Tetthet gjennom ventil
w %9 Total massestrgm gjennom ventil
Q mT; Total volumstrgm gjennom ventil

Tabell 3.4: Systemets poler

Ventilapning A A2 A3 RHP-pol lengde
z = 30% —29.0407 0.0520 + 0.39247  0.0520 + 0.3924¢ 0.3958

Tabell 3.5: Nullpunkter for systemet ved operasjonspunkt for ventil 30%

P1 Pg pPr W Q
—0.3228 5.5953 0.0306 + 0.0528q —46.4772 —9.2966
0.9429 0.0306 — 0.0528: —0.0130 + 0.0884: —0.2900
—0.0130 — 0.0884: —0.0865

Tabell 3.6: Begrensninger i bandbredden.

Grenser ventil 30%
2y > 0.9104
we > 0.4552
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Nullpunktene er gitt i Tab.3.5. pr kan apenbart ikke brukes som maleverdi
pga. for lave nullpunkt-verdier. Fra Tab. A.2 minker det ”verste” nullpunktet
for trykk P med gkende ventilapning. Ved oppgitt operasjonspunkt pa 30%
apning er imidlertid nullpunktet hgyere enn 0.9104, slik at regulerbarhets-
analysen ikke utelukker P, som maling for a stabilisere systemet. Modellen
i artikkelen [7] oppnar nullpunkter for P som er mindre enn kravet for ak-
septabel regulering, og konkluderer med at trykket P, ikke er egnet som
maleverdi for a stabilisere systemet. Det eksisterer imidlertid en del usikker-
heter i eksperiementelle data og data fra Storkaas forenklede modell (som
omtales pa side 19). Liten differanse mellom nullpunkt-grense og nullpunkt
ved 30% gjor det derfor vanskelig a trekke en konklusjon om P er aktuell
som maleverdi til regulator fra en ren regulerbarhetsanalyse. Pa grunn av
allerede nevnte usikkerheter anbefales dermed andre malinger for regulering.

Volumstrgm () eller massestrgm W er bedre alternativer. Begge har LHP
nullpunkter naer imaginaer akse. Det er dermed mulig a stabilisere systemet
med hver av disse som maleverdier i en enkel regulering, men pga. for lite
integralvirkning vil systemet drifte vekk fra referanseverdien. Det er mulig a
unnga avvik fra referansen ved stasjoneer tilstand ved bruk av en kaskade-
struktur [7].

MiniLoopen har bare regulering med P; som maleverdi. Selv om reguler-
ing med P, gir gode resultater kan det veaere gnskelig med anlyse av andre
alternativer, siden verdi for P, kan veere vanskelig a oppna offshore. Videre
arbeid med MiniLoopen kan bli a oppna verdier for volumstrgm og masses-
trgm fra slugsensorene og regulere med disse som prosessvariabler. Arbeid
med dette er ikke prioritert i denne oppgaven.

3.5 Regulering

3.5.1 Espen Storkaas modell - PI regulering med P,
som maleverdi

Fra regulerbarhetsanalysen vil den beste malingen til regulatoren veere trykket
oppstrgms, P;. Fig. 3.16 viser apen slgyfe de 2 fgrste minuttene ved ven-
tilapning pa 30%. Regulatoren settes pa etter 2 minutter med referanse lik
0.12 barg. Etter 8 minutter slas regulatoren av. Reguleringen er god med
P, som maling, ventilbruken er akseptabel og responsen er rask. Modellen
viser tydelig at regulatoren stabiliserer strgmningen ved en ventilapning som
befinner seg i det ustabile omradet ved apen slgyfe (Se bifurkasjonsdiagram
i Fig. 3.14 og "verste pol” i Fig. 3.15). Strgmningen fglger referanse-trykket
frem til ca. 9 minutter hvor de karakteristiske trykksvingningene for riser-
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Figur 3.16: PI-regulering med trykk P, som maleverdi for Storkaas forenklede
modell.

indusert slugging igjen kan sees.

Forsterkning og integraltidskonstanten ble funnet ved a oppna en lav verdi
for summen av maksimal topp for sensitivitet- og komplementaer funksjonen.
Det ble forsgkt med ulike verdier for forsterkning og integraltid som gav
lav verdi for Mg + Mr og akseptabel regulering. Med forsterkning K¢ =
—25 bar~! og 71 = 10s ble Mg = 1.0387 og My = 1.2619 og reguleringen
var god. Trykk P, volumstrgm gjennom ventilen, og massestrgm gjennom
ventilen er vist for Storkaas forenklede modell i Fig. A.15. Tab. 3.7 viser
regulator parametre for bade Storkaas forenklede modell og eksperimentell
verifikasjon.

Tabell 3.7: Regulatorparametre og maksimal toppverdier

K, [bar™'] 7 [s] 7p[s] SP [barg] Mg My
—25 10 0 0.12 1.0387 1.2619
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Figur 3.17: Pl-regulering med trykk P, som maleverdi for eksperimentell
MiniLoop

3.5.2 Pl-regulering med P, som maleverdi for eksper-
imentell MiniLoop

Fig. 3.17 viser apen slgyfe de 2 fgrste minuttene ved ventilapning pa 30%.
Regulatoren settes pa etter 2 minutter med referanse lik 0.12 barg. Etter 8
minutter slas regulatoren av. Figuren viser tydelig at regulatoren stabiliserer
stromningen ved en ventilapning, som befinner seg i det ustabile omradet
ved apen slgyfe. Ventilbruken er stgrre enn for den forenklede modellen, og
systemet oppnar trykkamplitudene for apen slgyfe raskere enn regulering
med forenklet modell nar regulatoren slas av. Storkaas forenklede modell er
uten stgy slik at trykket holder seg neer referansen over lengre tid enn for
eksperimentell MiniLoop nar regulatoren slas av. Fig. 3.16 og Fig. 3.17 viser
forgvrig en god overensstemmelse.

3.6 Forslag til videre arbeid

- Nar en enkel Pl-regulator klarer a stabilisere systemet vil det veere
interessant a kunne sammenligne resultatet med en mer avansert LQG-
regulator.

- MiniLoopen har bare regulering med P, som maleverdi. Selv om reg-
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ulering med P, gir gode resultater kan det veere gnskelig med anl-
yse av andre alternativer, siden maleverdi for P, kan veere vanskelig a
oppna offshore. Videre arbeid med MiniLoopen kan bli a oppna verdier
for volumstrgm og massestrgm fra slugsensorene og bruke disse som
maleverdier til regulator. Arbeid med dette er ikke prioritert i denne
oppgaven.

- Skifte ut vannet i MiniLoopen og tilsette for eksempel litt frostvaeske
for a hindre algevekst.

- Overfgring av miniloop.vi til Matlab og Simulink for on-line regulering.
Matlab apner muligheter for mer avansert regulering.

- Regulatoren ble tunet til akseptabel regulering. Bedre tuning av regu-
latoren kan oppnas.

- MiniLoopen mangler gassratemaler. Alternativer til dyre industrielle
ratemalere for gass bgr undersgkes naermere.
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Kapittel 4

Konklusjon

Eksperimentelle data fra MiniLoopen ved bifurkasjonsdiagrammet i Fig. 3.12
viser den samme trenden som bifurkasjonsdiagrammer gitt i [7],[5],[4]. Espen
Storkaas forenklede modell viser god tilpasning til eksperimentelle data fra
MiniLoopen.

Trykk P, er den beste maleverdien for SISO regulering. P, som maleverdi
anbefales ikke. FEksperimentelle data for P er fglsomme for stgy. Det gir
usikkerhet i malingen og en regulerbarhetsanalyse som gir liten differanse
mellom nullpunkt-grense for bandbredde og nullpunkt for trykksensor P.
Volumstrgm @) eller massestrom W er bedre alternativer. Begge har LHP
nullpunkter naer imaginaer akse. Det er dermed mulig a stabilisere systemet
med hver av disse som maleverdi, men systemet vil drifte bort fra referansen
dersom SISO regulator benyttes [7].

Pl-regulator med forsterkning K¢ = —25 bar™ og 71 = 10 s stabilis-
erer strgmningen i et ustabilt omrade for apen slgyfe. Storkaas forenklede
modell med Pl-regulator stemmer bra med den eksperimentelle reguleringen.
Reguleringen er god med P; som maleverdi, ventilbruken er akseptabel og
responsen er rask. Espen Storkaas forenklede slug-modell viser at regulatorer
basert pa modellen er i stand til a stabilisere strgmningen for riser-indusert

slugging.

1
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Tillegg A

Tofase MiniLoop

A.1 Leveranddgrer

En oversikt over de ulike leverandgrene er gitt i Tab. A.1

A.2 Kalibrering

A.2.1 Trykkmalere

Trykkmaler ved innlgp fgdergr viste 0.23 V ved referanse atmosfeerisk trykk.
Sammenhengen mellom trykk og spenning ut er lingert. Definerer x = [0.23 4.5
Vogy = [0 1] bar hvor z er spenning og y er trykk. Fig. A.1 viser kalibrerin-
gen av trykksensoren ved innlgpet. Trykkmaler oppstroms separator viste
0.20 V ved referanse atmosfeerisk trykk. Definerer dermed x = [0.20 4.5] V
ogy = [0 1] bar hvor z er spenning og y er trykk. Fig. A.2 viser kalibreringen
og konverteringen fra spenning til trykk for trykksensor oppstrgms separator.

A.2.2 Ratemaler vann

For data-logging av volumstrgm vann ble folgende punkter funnet etter ratemalerens
kalibrering fra leverandgren, x = [4.0 7.37) mA og y = [0 12.6] 1/min.

A.2.3 Reguleringsventil

Reguleringsventilen styres av et strgmsignal mellom 4—20 mA. Det ble funnet
vha. av multimeter at styringssignalet egentlig var 3.8 — 21.8 mA. Dette ble
korregert i LabVIEW programmet slik at ventilen ved 4 mA tilsvarer 0%
apning og 20 mA tilsvarer 100% apning,.
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Tabell A.1: Teknisk utstyr (priser er oppgitt eks. MVA)

Utstyr Type Levert av Pris [NOK]
Ratemaler vann (FV.T) Gemu 3021 J.S. Cock 3991
P.O.BOX 68 Stovner
N-0913 OSLO
Tel:+47 22 21 51 00
V-1 Gemu 554 4502
AI-Modul FP-AI-100 National Instruments 2745
P.O.BOX 177

N-1386 Asker
Tel:+47 66 90 76 60

AO-Modul FP-AO-210 3555
Termineringsbase FP-TB-2 1512
Nettverks-Modul FP-1000 3105

Signalomformer MICROANALOG JF.Knudtzen AS 1550
DC/DC select P.0.BOX 160

N-1378 Nesbru
Tel:+47 66 98 33 50

PT MPX5100DP Silica/Avnet Nortec AS 796 (tot.inkl.mva)
P.O.BOX 63
N-1371 Asker
Tel:+47 66 77 36 00

Pumpe Eheim 1060 Dyrebutikken City Syd 1566 (inkl.mva)
S-1/S-2 E3X-DA-N Omron 2825(inkl.mva)
P.O.BOX 109 Bryn
N-0611 OSLO

Tel:+47 22 65 75 00
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Figur A.1: Kalibrering av trykkmaler innlgp fgdergr og konvertering av spen-
ning til trykk

1.2 T T T T T T

— data 1l
P,= 0.2326*[V] - 0.04651 — linear

TrykK P, [barg]

0 0.5 1 1.5 2 2.5 3 35 4 4.5
Spenning [V]

Figur A.2: Kalibrering av trykkmaler oppstrems separator og konvertering
av spenning til trykk
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14

~ X — datal
ol Q =3.739*[mA] - 14.96 — linear ||

10}

[I/min]

4 45 5 5.5 6 6.5 7 75
[mA]

Figur A.3: Konvertering av stromsignal til volumstrgm

A.3 MiniLoop - Eksperimentelle data

A.3.1 Filtrerte data

Eksperimentelle data uten regulering ble lagret.Fig. A.4, A.5, A.6, A.7, A.8, A.9, A.10, A.11
og Fig. A.12 viser trykk transientene ved ulike ventilapninger etter at sys-
temet har stabilisert seg for gitt ventilapning.

A.3.2 Radata

Fig. A.13 viser det "verste” eksempelet av malestgy for trykksensor P,.
Savitzky-Golay filter ble brukt. Fra Matlab Help:

Savitzky-Golay filters are optimal in the sense that they minimize
the least-squares error in fitting a polynomial to frames of noisy
data.

y = sgolayfilt(x,k,f) applies a Savitzky-Golay FIR smoothing
filter to the data in vector x.If x is a matrix, sgolayfilt
operates on each column. The polynomial order k must be less
than the frame size, f, which must be odd. If k = £f-1, the
filter produces no smoothing.
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Figur A.4: Trykk data uten regulering, ventilapning 100%

75 % Apen ventil
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Figur A.5: Trykk data uten regulering, ventilapning 75%
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50 % Apen ventil
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O i
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Figur A.6: Trykk data uten regulering, ventilapning 50%

30 % Apen ventil
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Figur A.7: Trykk data uten regulering, ventilapning 30%
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25 % Apen ventil
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Figur A.8: Trykk data uten regulering, ventilapning 25%
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Figur A.9: Trykk data uten regulering, ventilapning 20%
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15 % Apen ventil
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Figur A.10: Trykk data uten regulering, ventilapning 15%
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Figur A.11: Trykk data uten regulering, ventilapning 10%
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5 % Apen ventil
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Figur A.12: Trykk data uten regulering, ventilapning 5%
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Figur A.13: Trykk data uten regulering og filter
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A.4 Data fra Storkaas forenklede mod-
ell
Tabell A.2: Nullpunkter for systemet ved operasjonspunkt z
Ventilapning P Py oT w Q
z2=5% —0.2786 2.0125 + 0.7382¢  0.0235 + 0.0728¢ —46.6987 —8.8827
2.0125 — 0.7382i 0.0235 — 0.0728; —0.0137 + 0.0973: —0.2430
—0.0137 — 0.0973¢ —0.1063
z = 10% —0.2786 2.0125 + 0.7382¢  0.0235 + 0.0728¢ —46.6987 —8.8827
2.0125 — 0.7382i 0.0235 — 0.0728; —0.0137 4+ 0.0973: —0.2430
—0.0137 — 0.0973¢ —0.1063
z=20% —0.3126 4.9620 0.0288 + 0.0578i —46.5039 —9.1868
1.0314 0.0288 — 0.0578: —0.0131 + 0.0902: —0.2794
—0.0131 — 0.0902; —0.0901
z =25% —0.3190 5.3702 0.0299 + 0.0547: —46.4859 —9.2554
0.9717 0.0299 — 0.0547: —0.0130 + 0.0890: —0.2861
—0.0130 — 0.0890¢ —0.0878
2z =30% —0.3228 5.5953 0.0306 + 0.0528: —46.4772 —9.2966
0.9429 0.0306 — 0.0528; —0.0130 + 0.08847 —0.2900
—0.0130 — 0.08847 —0.0865
z = 35% —0.3251 5.7325 0.0310 + 0.0517: —46.4722 —9.3231
0.9266 0.0310 — 0.0517:  —0.0130 + 0.0880: —0.2924
—0.0130 — 0.0880¢ —0.0857
z = 40% —0.3267 5.8221 0.0313 + 0.0509: —46.4691 —9.3409
0.9165 0.0313 — 0.0509; —0.0130 + 0.0878; —0.2940
—0.0130 — 0.0878; —0.0852
2z =50% —0.3286 5.9282 0.0317 + 0.0499: —46.4655 —9.3627
0.9049 0.0317 — 0.0499: —0.0130 + 0.0875; —0.2959
—0.0130 — 0.0875¢  —0.0846
z=80% —0.3307 6.0440 0.0320 + 0.0488: —46.4617 —9.3872
0.8929 0.0320 — 0.0488; —0.0130 + 0.0871: —0.2981
—0.0130 — 0.0871z —0.0840
z=100%  —0.3313 6.0707 0.0321 + 0.04867 —46.4610 —9.3930
0.8904 0.0321 — 0.0486¢ —0.0130 + 0.0871z —0.2987
—0.0130 — 0.0871¢ —0.0838
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Tabell A.3: Poler for systemet ved operasjonspunkt z

Ventilapning

Poler

z = 5%

-28.2729
-0.0281 + 0.18671
-0.0281 - 0.1867i

z=10%

-28.2729
-0.0281 + 0.18671
-0.0281 - 0.1867i

2 =20%

-28.5182
0.0007 + 0.2826i
0.0007 - 0.28261

z=25%

-28.7533
0.0239 + 0.33791
0.0239 - 0.33791

z = 30%

-29.0407
0.0520 + 0.3924i
0.0520 - 0.3924i

z = 35%

-29.3789
0.0845 + 0.4449i
0.0845 - 0.4449i

2= 40%

-29.7669
0.1211 + 0.4949i
0.1211 - 0.4949i

z = 50%

-30.6895
0.2054 + 0.58531
0.2054 - 0.58531

z = 80%

-34.5795
0.5191 + 0.76361
0.5191 - 0.76361

z = 100%

-38.0562
0.7530 + 0.7977i
0.7530 - 0.79771
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Figur A.14: Apen slgyfe for ventilapning 30%. Storkaas forenklede modell.
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Figur A.15: PI regulering med Storkaas forenklede modell og trykk P; som
maleverdi

A.5 Regulering

Fig. A.16 viser sensitivitet-og komplementeer sensivitetfunksjo-
nen for PI regulering av Storkaas forenklede modell med P, som
prosessvariabel ved operasjonspunkt z = 30%. Fig.A.15 viser da-
ta fra Storkaas forenklede modell ved definert operasjonspunkt
for PI regulator og gitte parametre i Tab. 3.7.
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Figur A.16: PI regulering med Storkaas forenklede modell med parametre
som i Tab. 3.7
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MOTOROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by MPX5100/D

Integrated Silicon Pressure Sensor
On-Chip Signal Conditioned,
Temperature Compensated

and Calibrated

The MPX5100 series piezoresistive transducer is a state—of-the—art monolithic silicon

MPX5100
SERIES

pressure sensor designed for a wide range of applications, but particularly those INTEGRATED PRESSURE
employing a microcontroller or microprocessor with A/D inputs. This patentad, single SENSOR

element transducer combines advanced micromachining techniques, thin—film metalliza- 0to 100 kPa (0 to 14.5 psi)
tion, and bipolar processing to provide an accurate, high level analog output signal that is 15to 115 kPa
proportional to the applied pressure. (2.18 to 16.68 psi)

0.2 to 4.7 Volts Output
Features

o 2.5% Maximum Error over 0" to 85°C
» |deally suited for Microprocessor or Microcontroller-Based Systems
« Patented Silicon Shear Stress Strain Gauge

« Available in Absolute, Differential and Gauge Configurations @
o Durable Epoxy Unibody Element

« Easy-to-Use Chip Carrier Option

MPX5100D
Vs CASE 867

[ 1

-1

I

THIN FILM GANSTAGE#2 | |

TEMPERATURE | AND

SENSING |
ELEVENT E COMPENSATION GROUND — o

|

d

——— "

AND | | REFERENCE
| GAINSTAGE# SHIFT CIRCUITRY

r——

PINS 4, 5 AND 6 ARE NO CONNECTS
Vv MPX5100DP

GND CASE 867C

Figure 1. Fully Integrated Pressure Sensor Schematic

MPX5100GSX
CASE 867F
PIN NUMBER
1 Vout 4 N/C
2 Gnd 5 N/C
3 Vg 8 NIC

NOTE: Pins 4, 5, and 6 are internal
device connections. Do not connect
to external circuitry or ground. Pin 1
is noted by the notch in the lead

REV 7

@ MOTOROLA

€ Motorola, Inc. 2001

Figur B.1: Data-ark Trykksensor
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MPX5100 SERIES
MAXIMUM RATINGS(NOTE)

Parametrics Symbol Value Unit
Maximum Pressure (P1 > P2) Prax 400 kPa
Storage Temperature Tetg —407to +125 “C
Operating Temperature T —40° o +125 °C

NOTE: Expasure beyond the specified limits may cause permanent damage or degradation to the device

OPERATING CHARACTERISTICS (Vg = 5.0 Vide, Ty = 25°C unless otherwise noted, P1 > P2. Decoupling circuit shown in Figure 4
required to meet electrical specifications.)

Characteristic Symbol Min Typ Max Unit
Pressure Rangel1) Gauge, Differential: MPX5100D Pop 0 — 100 kPa
Absolute: MPX5100A 15 — 15
Supply Voltage(2! Vs 475 50 525 Vdc
Supply Current lo — 7.0 10 mAde
Minimum Pressure Offset(3} (0 to 85°C) Vof 0.088 0.20 0.313 Vdc
@ Vs = 5.0 Volts
Full Scale Output®)  Differential and Absolute (0 to 85°C) Viso 4.587 4.700 4813 Vde
@Vs=50Volts  Vacuum(10} 3.688 3.800 3.913
Full Scale Span(3)  Differential and Absolute (0 to 85°C) Vess — 4.500 — Vde
@Vs=50Volts  Vacuum(1% — 3.600 —
Accuracy(® — — — +25 %Viss
Sensitivity VIP — 45 — mv/kPa
Response Time(? tr — 1.0 — ms
Output Source Current at Full Scale Output lo+ — 01 — mAdc
Warm-Up Time(®) — — 20 — ms
Offset Stability(%) — — +05 — %Vrss
NOTES

1. 1.0kPa (kiloPascal) equals 0.145 psi

2. Device is ratiometric within this specified excitation range

3. Offset (V) is defined as the output voltage at the minimum rated pressure

4. Full Scale Output (Vrgp) is defined as the output voltage at the maximum or full rated pressure

5. Full Scale Span (Vpgg) is defined as the algebraic difference between the output voltage at full rated pressure and the output voltage at the

minimum rated pressure

Accuracy (error budget) consists of the following:

e Linearity: Qutput deviation from a straight line relationship with pressure over the specified pressure range.

« Temperature Hysteresis: Output deviation at any temperature within the operating temperature range, after the temperature is
cycled to and from the minimum or maximum operating temperature points, with zero differential pressure

-

applied

« Pressure Hysteresis: Output deviation at any pressure within the specified range, when this pressure is cycled to and from
minimum or maximum rated pressure at 25°C

e TcSpan: Qutput deviation over the temperature range of 0° to 85°C, relative to 25°C.

¢ TcOffset: Qutput deviation with minimum pressure applied, over the temperature range of 0° to 85°C, relative
to 25°C

« Variation from Nominal:  The variation from nominal values, for Offset or Full Scale Span, as a percent of Vgsg at 25°C
. Response Time is defined as the time for the incremental change in the output to go from 10% to 90% of its final value when subjected to
a specified step change in pressure.
8. Warm-up Time is defined as the time required for the product to meet the specified output voltage after the Pressure has been stabilized
9. Offset Stability is the product’s output deviation when subjected to 1000 hours of Pulsed Pressure, Temperature Cycling with Bias Test

-

MECHANICAL CHARACTERISTICS
Characteristics Typ Unit

Weight, Basic Element (Case 867) 4.0 grams

2 Motorola Sensor Device Data

Figur B.2: Data-ark Trykksensor
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ON-CHIP TEMPERATURE COMPENSATION,

MPX5100 SERIES
CALIBRATION and SIGNAL CONDITIONING

Figure 2 shows the sensor output signal relative to 5 T |
pressure input. Typical, minimum, and maximum out- 45| Ys=5Vde //3/ F 3
put curves are shown for operation over a temperature sl LAP:)é?(-)OC MAX\ /é
range of 0° to 85°C using the decoupling circuit shown TYP %7 r _
in Figure 4. The output will saturate outside of the spe- I~ [ E
cified pressure range. E o
(o]
o
N z z
=|5
ilE
@ | D
(=}
Y
0 I
© 8 R 8 2 B 8 R 8 8 8 g
PRESSURE (kPa OFFSET
(kPa) e
Figure 2. Output versus Pressure Differential
FLUORO SILICONE 1 STAINLESS STEEL FLUORO SILICONE STAINLESS STEEL
GELDIE com\ \ METAL COVER GEL DIE COAT\ DIE METAL COVER
EPOXY PLASTIC \ EPOXY PLASTIC

DIE
BOND

DIFFERENTIAL/GAUGE ELEMENT

iy

ABSOLUTE ELEMENT

DIE
BOND

Figure 3. Cross—Sectional Diagrams
(Not to Scale)

Figure 3 illustrates both the Differential/Gauge and the
Absolute Sensing Chip in the basic chip carrier (Case 867).
A fluorosilicone gel isolates the die surface and wire bonds
from the environment, while allowing the pressure signal to
be transmitted to the sensor diaphragm.

Tha MPX5100 series pressure sensor operating char-
acteristics, and internal reliability and qualification tests
are based onuse of dry air as the pressure media. Media,

other than dry air, may have adverse effects on sensor
performance and long-term reliability. Contact the fac-
tory for information regarding media compatibility in your
application.

Figure 4 shows the recommended decoupling circuit for
interfacing the output of the integrated sensor to the A/D in-
put of a microprocessor or microcontroller. Proper dacoup-
ling of the power supply is recommended.

+5V

1.0uF 0.01 uF

GND

470pF

Figure 4. Recommended power supply decoupling
and output filtering.
For additional output filtering, please refer to
Application Note AN1646.

Motorola Sensor Device Data

Figur B.3: Data-ark

Trykksensor



Data-ark

46

MPX5100 SERIES

— Transfer Function (MPX5100D, MPX5100G)

Nominal Transfer Value: V= Vg (P x 0.009 + 0.04)

+/— (Pressure Error x Temp. Mult. x 0.009 x Vg)

Vg =50V 5% P kPa

— Temperature Error Multiplier

T Multipli
a0 emp ultiplier
- 40 3
01085 1
30 — +125 3
20 —
10 —
0 N I N I I N N MO N B

MPX5100D Series

NOTE: The Temperature Multiplier is a linear response from 0° o —40°C and from 85° to 125°C

0 2 40 60 80 100 120 130 140

Temperature in °C

— Pressure Error Band

30 —

Error Limits for Pressure

20 —

. . I I . I I Pressure in kPa

00

Error (kPa)

-10 —

-20 —

MPX5100D Series

=30 —

Pressure Error (max)

0to 100kPa | £25kPa

Figur B.4:

Motorcla Sensor Device Data

Data-ark Trykksensor
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Temperature in °C

MPX5100 SERIES
—— Transfer Function (MPX5100A)
Nominal Transfer Value: Vo, = Vs (P x 0.009 — 0.095)
+/— (Pressure Error x Temp. Mult. x 0.009 x Vg)
Vg =5.0V 5% P kPa
— Temperature Error Multiplier
MPX5100A Series
40 Temp Multiplier
-40 3
01085 1
30 — +125 3
20 —
10 —
o
4 20 0 20 40 60 B0 100 120 130 140

NOTE: The Temperature Multiplier is a linear response from 0° to —40°C and from 85° to 125°C

— Pressure Error Band

30 Error Limits for Pressure

20 —

00

Error (kPa)

-10 —

-20 —

=30 —

Pressure in kPa

MPX5100A Series

Pressure Error (max)

15to 115kPa | 25 kPa

Motorola Sensor Device Data

Figur B.5: Data-ark Trykksensor
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MPX5100 SERIES
PRESSURE (P1)/VACUUM (P2) SIDE IDENTIFICATION TABLE
Motorola designates the two sides of the pressure sensor pressure sensor is designed to operate with positive differen-
as the Pressure (P1) side and the Vacuum (P2) side. The tial pressure applied, P1 > P2.
Pressure (P1) side is the side containing fluoro silicone gel The Pressure (P1) side may be identified by using the
which protects the die from harsh media. The Motorola MPX Table below:
Pressure (P1)
Part Number Case Type Side Identifier
MPX5100A, MPX5100D 867 Stainless Steel Cap
MPX5100DP 867C Side with Part Marking
MPX5100AF. MPX5100GP 867B Side with Port Attached
MPX5100GSX 867F Side with Port Attached

ORDERING INFORMATION:

The MPX5100 pressure sensor is available in absolute, differential, and gauge configurations. Devices are available in the
basic element package or with pressure port fittings that provide printed circuit board mounting ease and barbed hose pres-
sure connections.

MPX Series
Device Name Options Case Type Order Number Device Marking
Basic Element Absolute 867 MPX5100A MPX5100A
Differential 867 MPX5100D MPX5100D
Ported Elements Differential Dual Ports 867C MPX5100DP MPX5100DP
Absolute, Single Port 8678 MPX5100AP MPX5100AP
Gauge, Single Port 867B MPX5100GP MPX5100GP
Gauge, Axial PC Mount 867F MPX5100GSX MPX5100D
6 Motorola Sensor Device Data

Figur B.6: Data-ark Trykksensor
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MPX5100 SERIES
PACKAGE DIMENSIONS

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
fp(:?"NE PRESSURE Yi45M, 1962,
2. CONTROLLING DIMENSION: INCH
3. DIMENSION -A- IS INGLUSIVE OF THE MOLD
STOP RING. MOLD STOP RING NOT TO EXCEED
16.00 (0.630)

INCHES MILLIMETERS
D] muN | MAX | MIN | MAX

PIN 1 A | oses [oeso | 15 | 1600
B | 0514 [ 0534 | 1306 | 1356
Eﬁwﬁ ¢ [ o200 [0220 | 508 | 559
|0 10027 L0033 | 066 | 084
J F | 0045 | 00p4 | 122 ] 163
G | 0.100BSC 254 BSC
S —w p— F J | oo Jooe | 036 | oag
DspL L | opss | o725 | 1765 | 16a2
M| 30°NOM 30°NOM
E 0.136 (0.005) N | 0475 Toass | 1207 | 1257
| 0430 | 0450 | 1082 | 1143
[ s | 000 [oi05 | 239 | 266
STYLE{ STYLE 2 STYLES:
PINT. VOUT PIN 1. OPEN FIN 1. OPEN
2. GROUND 2. GROUND 2. GROUND
3.VCC 3. -VoUT 3 4VOUT
4.V 4. VSUPPLY 4 VSUPPLY
5 V2 5. +VOUT 5 -vout
6. VEX 6. OPEN & OPEN
CASE 867-08
ISSUE N

BASIC ELEMENT

NOTES:
1. DIMENSIONS ARE I MILLIMETERS
SEATING PLANE 2. DIMENSIONS AND TOLERANCES PERASME
YI4EM, 1994
—-= R MILUMETERS
I-_ o[ Wi
? A | 2008 [2aes
B 174 | 1816
C 175 B26
D 068 084
F 122 163
T G| asBsC
038 041
B 1785 | 1842
L] 731 782
1067 | 1118
P 389 404
a | asa | aoa
P R 584 B35
PIN1 s | 550 6
V| 2ansc
C_:JL e p v 493
0.25 Q
) ]2 5@ s
PINT. Vour
2 GROUND
3. Voo
44V
5 V2
6 Vex
CASE 867B-04
ISSUE F
PRESSURE SIDE PORTED (AP, GP)
Motorola Sensor Device Data 7

Figur B.7: Data-ark Trykksensor
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MPX5100 SERIES

PACKAGE DIMENSIONS-CONTINUED

NOTES
1. DIMENSIONING AND TOLERANCING PER ANSI

2. CONTS

p
[@]@025 po®[1]c @]

X
~fr
PORT #1

POSITIVE *
Pl RESSL(I&II%

PORT #2
VACUUM
(P2)

=%

| PORT #2 VACUUM (P2)

|+~— PORT #1 POSITIVE
PRESSURE (P1)

PIN1

[—— 00— =

SEATING [T ] SEATING
PLANE PLANE G

CASE 867C-05
ISSUE F

Y14 5M

i, 1982.
ROLLING DIMEN SION: INGH.

1145

1175 | 2808

INCHES MILLIMETERS
D] MIN | MAX | BN

2985

MAX

0685
0405
0027

0715 | 17.40

18.16

0435 | 1029

1105

0033 068

084

0048

0084 122

163

0.100 BSC 254

BSC

0014

0016 036

241

0685
0290

0725 | 1765

1842

0300 737

762

0440 | 1067

11.18

0159 359

404

0.159 359

404

0083 160

21

0240 559

0910BSC 2.1

810

BSC

0310

0184 462
0330 187

493
B38

o278 | 630 | 706

PRESSURE AND VACUUM SIDES PORTED (DP)

_T—
c A

—-IE

9

NOTES:

ANSIY14.5M, 1962,
2. CONTROLLING DIMENSION: INCH.

DIMENSIONING AND TOLERANCING PER

o F

Iﬂ—
r |

PORT #1
POSITIVE

INCHES MILLIMETERS
MIN_| MAX | MIN

MAX

1080 | 1120 | 2743
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Datasheet

MICROANALDG

Analog Signal Conditioners

MICROanNALOG DC/DC select
MICROANALOG THERMO select
MICROaNALOG PT100 select

MICROsnaLOG sets a new standard in
signal conditioning and isolating. In
a package with a thickness of only
B.1mm {0.24 in.) you'll tind:

« Wide range of standard functions

= Easy installation

= 3-Way Isclation between
Input, Cutput, and Supply voltage

» Closed housing

= DIP-Switch selectable

» supply voltage cross-connectable
» Low Power Consumption

These features make MICROanaLOG
a space saving alternative for your
signal conditioning applications.

3 madules with cross-connactions for supply voltage

Unitad Siabes Canacla Maxico

Wk Inc. Wadmukar Lbd Warmuet S de L
H21 Southbke Brd. 10 5y Count 55 Mo, 4211
Fichmond Yrgnk 21275 Kharkham, Onlano LIR-2HE Col. Hugxciitia

Tebaphone: B0 H4S-2343 Talephors: {00 2604050 15N Publa Fue. Mascn

Facsimie: [E0) 135 2508 Facsimik: (05 4752754 Tdephme: 22 27 2249
EMaE Mismsehdmier.com EMmk niIgwaimiiee Facsami: 24 431021 mlmﬂ’,er
‘Webske: warn vidmulkr. com ‘Wb ez e, (£} Emal: vaaidmubéacnal et

Figur B.9: Data-ark Signalomformer
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DC/DC-5Signal Conditioner

MICROaNALoG DE/DC select

|
Cutput, and Supply voltage

DIP-Switch selectable

+ Supply woltage cross-connectable

Lowy heat dissipation

solation between Input,

DC/DC select

Schamatic circuit diagram Swibch positions fsatt g opt o
)
JeTdIT
il
i
man
man_na
1 KEY
L
Omdering data Part Nou Connactian
Errew orwclion MAS DCC skl B 045 10000
Teredon chimp conme dion MAT OC 0 el B504 40 000
Technical data®
Inpui fshaciobkg A 10V AL S0 L B0 mA Tackory sating)
LN
asisanCE Wl cument inpul W A mA
AL rasELInCE: Wi o 100 kohim
< 100 mA&
.1 A0md 0L B0 mA Tackory =at gy
< 500 Ohm
from and valu
eraiura coclicarnt 150 pamdegres om and valie
Ol -l frecuency T 1]
Ganamal data Dimamsions
CIRE —
LA s LTHW mim .y B2 0 ] (A LS D
Coondraton of insulaton acc. (o DIN ENGDT7E, M08
e wilag b
kohiinn wianga O
ke caleomy 1 '
i Ckise 2 in i
o &
=]
Fart No. =]
2-poke. Fnd 1 703050 000
2-poke. Fmd 1793060 000
4-poe. 1704010000 w
10-pok. Red 1 758 000 '
41-pok. Red O 4HMT Red 1 TaE 00
m
o TR T 11 M | -
=-poke. Black AN Black 1 794000 000 S
connadion 4-pok. Black AN Black 1 74000000 =
Croes-conneion, 10pok. BRck AN BRCk 179400 000 &
Croes-conneion. 41-pok. BRck LW M1 BRck 1794000 0K
WE=12'6 1061 180000

Markig bags

Weidmiiller 2+
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Thermo-Signal Conditioner

MICROaNALGE Thermo Output select

+ Z-way |solation between Input
and Sutput
Cold junction compensation

Linaar Convarsion
+ Cutput DIP-switch selectable

Thermo-K Output select

Thermo-J Cutput select

Schamatic circuit diagrm
-
3 &
7-
< ; i
1+
Wil g1
Crdaring daia Typ= Fart No.
S Comeclion WAS Thammo-K Culput sakci B0 ASE0000
Tareskon chimp connaclion KIAT Thafmo-K, Cupul sideit 5048 000
SaTew LRl KIS Tharmo-J Culpuk: sakcl 51521 0000

Tareon Chmp connacion

KIAT Thetmo-] Carpul sukid

B 5240000

Technical data®
Input feeed

e Typ K 0...1000 °C

e Ty L 000

Cutpuk (saleciabid

A 0. 20 laciory satting)

T,

T 7]

CE M st

Swilch poskiors / satling options

Ouiput 112 3 &

.0y (N

0"26mi KEY

{.,20Mé, 0 (A=m
Connection

< 300 Ohim & e = 24 Wik

> 10 kThm

= 0 W,

+3 K 4 03 % ol et
0.1 % ol slere

250 ppm om Ty

appm. 15

(e

Dimansions
£ (1 94 L
Cmereions LLH'W  mm i B2/ S E] 34571850020
Coordingtion of rsubitionace. to DIN ENSON T8, 0458
Faled wullage 50
Faled i 20
Owervdaig: calegry 1 i :
Conlamialion ¢ s ] in
e
Secomonics Fart o ]
Croas -connerdion. 2-poke. Fnd 1 T 3600
Croes-connaxdion. 2-poke. Rud 1 70 236 0000
Croes-connaxdion. d-poke. Rud 179401000 E ! g :! 4
Croes-connaxdion. 10opok. Red 1 TSAZE0000 |
Croes-connaddion. 41-pok. Red 1 75827 0050
-
a
Croes -conneddion. 2-poke. Back ] 1 T 37 0000 L R
Croes -conneddion. 2-poke. Back ] 1 4000000 ) —m
Croes -conneddion. 4-poke. Back ] 1 14050000 E
Cros oo ek, 10 pok. Bk ik 1400000 -
Cros oo ek, 4 1-pok. Bk bk 194020000
W= H'E 1061 160000

Marki kg
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PT100-Signal Conditicners

MICROana oG PT100 Qutput select PTI00 Cutput select

+ Z-way salation between Input | ES
and Output |, s@%

« PT100 2-/ 3-wire [y e

+ Output DIP-switch selectabla |§'\: ]

!

o]

— CE g, S miwa ¥
L Eee
Schemnatic cireuit disgram Switch positions [ satting options

-

c
= E :D AN DLlh]Ll+

sl {8/ —om B, KEY

BN
L[
[ [WF

PHOD 1 WA e gy B-m
LA B 4..20m4 1
Ordering data Part No.  Cannection
BED B AO00
554 650000
Technical data®
Irput decadl PT 100 2z Wm
|z-Wire-Comection by pimpanng pins 2 and 3]
Temparalura ranc 0100 %
I curment 0.0 md
Oulput 01041420 mi | 0. 20mA (actory settng) . 0
Luad rese h
Cutpit cument < 200 Dhm & Wy = 24 W
Cutpe 10 kChm
= 08 % from end el
< 250 ppr K fram full scale vabs
appmx. 7 s
Ganeral data Dimensions
Supply weltage
[
Dperatig barmpstatum
Shor g berrpsratur i (33 -
Aproviks
Do LHW — mmind 5 ¢ 406 02)
Coordination of insulation ace. to DIN ENS01 78, 04/58
50
00
1
E . .‘
Part No. B ! ;"._
1 7ERES0000 B
E 1 7EEeE0000 =
-l ar 175010000
- pake, He 0N 3 Hed 1 TSRO0
A7-puke, Hed T AN Hed [ Q—P
Cross-aneclion, 2-pake, Bhick ZCW 42 Black 1 PERA 0000
Tetlion 2-pak, Bhck IO 4N 2 Bhek ) n
mieciion, d-pake, Bhck Z00 AN Bhck 1 7S IO000 -1
Croms-pamection 10-pok, Bhck ZO 4 Bhck ] i
Croms-cameciion 47-pok, Bhck Z0N 41 Blck 1 PEHEC =

Marking i Wa12i5 1061160000

a Weidmiller 2 LTazos 3M asce
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FP-AI-100 ano cFP-AI-100

8-Channel, 12-Bit Analog Input Modules

These operating instructions describe how o install and use the
FP-AL-100 and ¢ FP-AL- 100 analog input modules (referred to
inclusively as the [ [FP-AL-1005. For information about
configuring and aecessing the [o] FR-AT-100 over a network, refer
to the user manual for the FieldPoint network module you are
using.

Features

The [e]FP-AL- 100 is a FieldPoint analog input module with the
[ollowing features:

»  Eight analog voltage or current input channels

* 1lioput ranges: 01V 053 V0153 V. 030V, £]1 V. £5 W,
ISV, 230V, 020 mA, 420 mA, and £20 mA

« | 2-hit resolution

s 2300V transient overvoliage protection between the
inter-module communmeation bus and the O channels

+ 250V, isolation vollage raling
+ 4o 70 °C operation
*  Hot plug-and-play

Installing the FP-Al-100

The FP-AT-100 mounts on a FieldPoint terminal base (FP-TE-x).
Hot plug-and-play enables you to install the FP-AL-100 onto a
penwered termminal base without disturbing the operation of other
modules or terminal hases. The FP-AL 100 receives operating
power from the terminal base.

AndPoind™, Haloml nsinaments™, K, and nl.oon™ o radamarks of Mabinal retnamenis Garporatin,
Productand compry sames natioradhards ae bad amarks arbrds names ol Helr espectiva companies

Far patantscosring Kaforal rstrumants products, refa r bo e ap propriak loestion: He s Palents inpour sotern
1] nkm .tk M OWITCD, O ni . con, patant

FEETENH Rxichar B0 vm

L JOE Katiora! iestnemark Corp A gkls neanas

Figur B.13: Data-ark FieldPoint Analog Input
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To install the FP-AT-100), refer to Figure | and follow these steps:

[, Shde the termminal base key o either pesition X tused for any
module) or pesition | fused for the FP-Al- 100 medule ).

2. Alignthe FP-AL- 100 alignment slots with the guide rals on the
terminal hase,

3. Press firmly to seal the FP-AL- 1000 on the terminal base, When

the module 1s Annly seated., the temminal base lach locks itinto
place.

Guida Hals
110 Module Terminal Basz=s

Figure 1. Installing tha FP-&1-100

Installing the ¢FP-AI-100

The eFP-Al- i) mounts on a Compact FieldPoint backplane
(cFP-BP-x). Hot plug-and-play enables you o install the
cFP-Al- 100 onto a powered backplane without disturbing the
operation of other modules or connector blocks. The cFP-AT-100
recelves operating power from the backplane.

Toinstall the cFP-AIL-100), refer i Figure 2 and follow these steps:

I. Algn the captive screws on the cFP-Al- 100 with the holes on
the backplane. The alignment keys on the ¢FP-AL- 100 prevent
buckward insertion.

2. Press firmly to seat the cFP-AL-100 on the backplane.

3. Using a number 2 Phillips serewdriver with a shank of at least
&4 im0 2.5 1m.) length, tghten the captive serews o L1 N - m
{101k - in.Jof wrgue. The nylon coating on the screws prevents
them from loosening.

FP-A1-T00 and FP-Ai-100 2 ALcom

Figur B.14: Data-ark FieldPoint Analog Input
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_J'F FFEFFrrrr T

1 cFP Backplane 3 cFP-Al-0D E Screw Holes
2 ofFP Contrcller Medule 4 Captive Screws

Figure 2. Installing tha cFP-AI-100

Wiring the [c]FP-AI-100

The FP-TR-x terminal bases have connections for each of the eight
input channels on the FP-AL- 100 and for an extemal supply o
power field devices, The cFP-CR-x connector blocks provide the
same connechions for the cFP-AT- 100,

Table 1 Lists the tenminal assignments for the signals associated
with cach channel. The enminal assignments are the same for the
FP-TB-x tenminal bases and the cFP-CB-x connector blocks,

T Babooal [etrumants Corp . FPAT M0 and cFPAI-100

Figur B.15: Data-ark FieldPoint Analog Input
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Table 1. Terminal Assignmants

lerminal Mumbers

Channel Yin lin Vaup 0N
{1 | 2 17 18
1 1 4 |G 1l
2 bl & 21 22
3 7 b 3 it |
4 g (K] s 3]
i 11 12 o I8
f 13 14 = 30
7 15 1h 31 i2

Each channel has separate input temminals for vollage 00 and
current ([, input. Yoltage and current inputs are relerenced to the
COM terminals. If you are using an external supply to power field
devices, connect the power supply tothe ¥V oand C terminals of the
terminal base or connector block, Refer to the sectons that follow
for detailed wiring diagrams.

f Caution Do not connect both current and voltage inputs
1o the same channel.

i Caution Cascading power between two modules defeats
isolation between those modules, Cascading power from
the network module defeats all i=olation betwesn

moclules in the FieldPoint bank.

Taking Measurements
with the [c]FP-AI-100

The [e]FP-AL- 100 has cight single-ended input channels, All eight
channels share a common ground reference that 1= 1solated From
cther modules in the FeldPoint system. Figure 3 shoows the analoa
inpul circuitry on one ¢hannel.

FR-ACTO0 and 2FR-A-100 i moom

Figur B.16: Data-ark FieldPoint Analog Input
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v
Vuaf i i
| :

: |

jo i i
1'“-:n—l Filter :

: 12-Bit !

n Isalated ADC | |
"?—I— Filter :
g |

|

1

Figura 3. [2]FP-&1-100 Analog [nput Circuit, Ona Channal

Measuring Voltage with the [c]IFP-AI-100
The mput ranges for vollage signals are 0-1 ¥, 0-3 ¥, (=153 ¥,
O30V, 21 W 25V 213 Voand 230 W,

Figure 4 shows how to connect a voltage source without an
external power supply to one channel of the Jo[FP-AL- 10,

[c]FP-Al-100 cow
R SSHAST | YR
"u.‘.:,_P": A '
Vv i To finakg i
[T Input Circuiln !
|-.? o Input Circuilry h i
ol : J 15 M2 :
oltage i % Input i
Saurce i T Impedance E
COM, | ;
i |
i oot |
. L.

Figura 4. Voltags Source without External Power Supply

& Maboal istruments Cop 5 FPAI-T 00 and oF P-Ai-100

Figur B.17: Data-ark FieldPoint Analog Input
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Frgure 5 shows how 1o connect a valtage source with an external
pewer supply to one channel of the [o] FP-AL-100,

Edernal +_|_
Fowar  —
Supply _
[c]FP-Al-100 —|LT: W
. o :"'|
Wy | i
‘.H.Ipé - . i
: g
| |
Powerad u Ta areleg :
Transducer —J ! I 1.5 M2 i
E ﬁ_ Input i
! Impedancs !
COM ]. |
i i
1 I
H To Had |
U L.

Figura 5. Viltage Sourca with External Power Supply

Measuring Current with the [c]FP-AI-100

The mput ranges for curnent sources are (=20, 420, and £20 mA,
The module reads current lowing into the [, erminal as posibive
and current flowing out of the emminal as negative. Current lows
into the [y terminal, goes through a 100 £3 resistor, and flows ou
from the COM or C terminal.

FP-Ai-T00 and cFP-Ai-1.00 i mcom

Figur B.18: Data-ark FieldPoint Analog Input
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Figure 6 shows how Lo connes ta cument source without an extemal
penwer supply to one channel of the [o] FR-AL-100,

[c]FP-AI-100 cow
e P e FE
Vaps i |
i o & i
I'“i - Inp-l?l El}rcﬁl',- E
» |
Current - i
Sounce | 100 01 I
COM I i
- 1
] 1
: ¥y ¥
i To Hext |
L. L L

Figure 6. Current Source without External Power Supply

Figure 7 shows how Lo connect a cument souroe with an external
=
penwer supply to one channel of the [o] FP-AL-100,

Exlamal +
Powar —
Supply _

[c]FP-AI-100 W

|mTEm T E T - =
1

"ur:Lp:J: y | i
| ]
Loop-Powared E |
Currant i !
Tanzducar ' To &nals !
|i|-.J'_ _ Inpul Crcuslry !
T l i
i |
L1000 |
i !
CiOM | I !
i s
| Tohad |
R * ...

Figura 7. Current Source with External Power Supphy

T Mabonal (strumants Corp 7 FPAN-T i and cFPAT-7 001
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To prevent inaceurate readings, choose an input range such that the
signal you are measuring does not exceed either end of the mnge.

Overranging

The [e]FP-AIL-100 has an overranging feature that measures a litle
beyond the nominal values of each mnge. For example, the actual
measurement limit of the 5 ¥ range 15 £6.0 ¥, The overanging
feature alloows the [¢|FP-AL-LO0 o compensate Tor held devices
with span errors of up © +205% of full scale. Also, with the
overranging feature, o noisy signal near full scale does not ereate
rech fication emors,

Status Indicators

The [e]FP-AT-100 has teo green status LEDs, FOWER and
EEADY. After you insert the [¢ |FP-AL-10inio a terminal base or
backplane and apply power o the connected network module, the
eroen POWER indicator lights and the [¢|FP-Al- 100 informms the
network module of its presence, When the network moduls
recognizes the [o|FE-AL- 100, it sends imtal configuration
infomation Lo the [o FE-AL- 100, After the [c [FP-AL-100 receives
this imitial information, the green READY indicator hahts and the
module 15 10 normal operating mode.

Upgrading the FieldPoint Firmware

You may need to upgrade the FieldPoint firmwan: when you add
new O modules o the FieldPoint system. For infommation an
determining which fimmware you need and how to upgrade the
finnware, gotond .com/tnre and enter fpmat iz,

Isolation and Safety Guidelines

Cawtion Read the following information before
attermpting to connect the [o]FP-AT-100 (o any circuits
that may contain harardous vollages,
This section descrbes the isolation of the [o [FP-AL- 100 and i
comphance with intemational safety standards. The field wiring
connee bons are isolated from the backplane and the inter-module
communication bus, The i=olation is provided by the module,
which has optical and galvanic isolation bamiers designed and

FP-A1-T00 and cFP-A7-1T00 ] mom
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tested to protectagmnst transient fault voltages of up o 2,300V .
The [e|FP-Al- 100 provides dowble inswlaiion t compliant with [EC
6101010 for working voltages of 230V L Safely standards (such
as those published by UL and TEC) requine the use of double
insulation between hazardous voltages and any human-accessible
[Ers or cireuits,

Never try lo use any 1solanon product between human-accessible
parts (=uch as DIN mils or monitoring stations) and circuits that
can be at hazardous potentials under normal conditions, unless the
product 1= speciheally designed for such an applicaton, as 1= the

[c] FP-AI-100,

Even though the [o]FP-AL 100 1= designed o handle applications
with hazandous polentals, follow these suidelines o ensune a safe
total system:

*  The [o]FP-Al- 100 has a safety isolaton bamier between the
inter-module communcation bus and the FO channels, There
is noisolation between channels unless otherwise noted. If any
of the channels on a module are wired at a harardous potenbal,
myke sure that all other devices or cicuits connected to that
module are properly insulated from human contact.

s Dot share the external supply voltages (the ¥ and C
terminals) with other devices Gincluding other FreldPont
devices ), unless those devices are 1solated from human contact.

*  For Compact FieldPoint, you mest connect the protec iive earth
(PEY ground terminal on the cFP-BP-x backplane to the system
safety groumd. The backplane PE ground terminal has the
follewing symhbol stamped heside it @& Connect the
backplane PE ground terminal to the system safety ground
uzing 14 AWG (16 mm) wire with a nng lug, Use the 5716 in,
panhead serew shipped with the backplane to secume the nng
lug ta the backplane PE sround tenminal.

»  As with any hazardous vollage winng, make sure that all
wiring and connections meet apphicable electrical codes and
cormmensense pracices, Mount tecminal bases and backplanes
in an area, posibion, or cabanet that prevents accidental or
unauthorized access o winng that carnes harardous voltages.

! Warkimg valiage is defined as the sgnal volinge plus the common-mode volings.
Comog-mede voltage i the volinge of the module with respect W ground.

& Rl [Efrumants Corp a FP-Ai-100 and eF P-4i-100
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*  The isolation of the [ [FP-AlL- 100 1= certified as double-
insulated for working voltages of 230 V. Do not use the
[ ]FP-AL- 100 a= the only isolating barrier between human
comtact and working voltages of more than 250V ..

*  Operle the [o]FP-AL 100 only at or below pollubon degree 2,
Pollution degree 2 means that only nonconductive pollution
ooeurs in most cases, Oocasionally, however, a lemporary
comdue tivity caused by condensation must be expected.

*  Donoioperate FleldPoint products in an explosive atmosphere
or where there may be {lammable gases or fumes. [ you need
to operate FieldPoint products in such an environment, the
FreldPoint products suest be in a suitably rated enclosune,

*  Operale the [o]FP-AT- 100 at or below Installaton Category 11
[nstallation Category [1 is for measurements pedormed on
circuits directly connected o the low-valtage installation.
This category refers to local-level distribution, such as that
provided by a standand wall outlet.

Specifications

The following specifications are typical forthe range —40 to 70 °C
unless otherwise noted. Gain error is caleulated as a percentage of
input signal vahe.

Input Characteristics

Mumber of channels ..o 8

ADC resolution....eceeeeen, 12 bils

Type of ADC o SUCCESEIVE APPROK TMALOD
Update rate (all channels) ... 360 Hz (2.8 ms)

FP-A1-100 and oFP-A7-T00 1] mom

Figur B.22: Data-ark FieldPoint Analog Input
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Voltage Inpuis

The following input signal mnges are software selectable by

chanmne].
Valtage Ty pical Blaximum
Input Fflective {MTset Error at CHE=et Error at
[anpe Resolution’ [5ta 3570 =l T
-1 1.5 mV LImV+]115B** ] 15mV+ ] L5SH
-5 Fmv 4mV +1L5H XMmv+]LER
(=15 % 15 m¥ ItmY + 1 L5B 40mV +1LER
-0y 25 mY 2imY 41 LER flmy 41 LR
W 1.5 mV .TmV+] L8R XimV+1LER
5V SmVy TmV+1L5R Bmv+]lLER
5 Y 5 mY mY+ ] LER HimV 41 LER
LI 40 my J0mY +1 LER 40 mY + 1 LR

*Includes quantization emors and ms noise,
** Least significant bit: the smallest voltage change detectable by

the AD(C,
Valtage Typical Maximum
[nput With Gain Errar ul Gain Error at
Hange (hverranging 15 b 3500 — 1 e TR
-1y 0-12% 0, 00% 1,500
(Y &Y 0,00 1.500%
-5V 18V 0.12% 0555
-y (36 Y 0.22% 535
11V 1.2V 0.08% 0.50%
5V HY 0.08% 0.53%
15 W 18V (1N R 0575
+H Y +36 W 0.20% 0.54%
Input impedance. ..o LI MEX
Input noise e L 2mY + 1 LSB peak-to-peak
Signal input bandwidth................. 1T0 Hz
0 Fhaboal [sirumenis Cop i FPAFI0 and FP-Ai-100

Figur B.23: Data-ark FieldPoint Analog Input
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Current Inputs
The following input signal mnges are saltware selectable by
channel.

Current I'yprical Yaximum
[npu Fffective {Hfsct Error al Ofsct Error al
Hange Risalution® |5 b 3590 =i po T

{20 mA 15 A 12pA + I LSE  [d0pA +1L8H
4-20mA 15 A 12pA + 1 LSE | d0pA +118H
120 mA 2 pA A+ ILSE [ 100pA+1LSE

*Includes quantization emrors and nns noise.

Current Tvpical laxinmm
[npaut With Caain Error al Gain Error al
Hange (herranging |5 e A2 00 =4ia 70O

————— ———————— ——————— |

(-2 maA -24 ma 0.06% 0.51%

4-20mA L5-24mA 0.06% 0.51%

+20mA +24 mA 0.06R% 1545%

[nput impedance.....ooeeveneeen J0ED

Ohvercurment proteciom... ... 230 mA

Input noise o 20 pA + T LSB peak-to-peak
Signal input bandwidth. ... |60 Hz

Physical Characieristics

Crreen POWER and
READY indicators

I aboTs .o

Weight
FP-AL- 10 i
CFP-AL-LO0 i

[45 o 05.] o)
15 o ed o)

Power Requirement
Powver from network module ... 400 mW

Isolation Voliage
Maximum voltage rating ... 230 ¥ Installation
Category 11

Channel-o-channel isolaion. .......... Mo isolaion between
channels

Transient overvolage. . ..o 2,300 Vi,

FPA1-1.00 and FP-A7-T00 12 .oom

Figur B.24: Data-ark FieldPoint Analog Input
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Environmental
FeldPoint modules are intended Tor indoor use only. For outdoor
use, they musr be mounted inside 1 sealed enclosure.

Operating lemperalire ... =40 10 70T
SLomEe EMPErIUTe ... —0 10 83 T
Humdity e, 10 00 905 RH,

noncondensing
Maximum altitude.. .o 2,00 m
Pollution degree oo 2

Shock and Vibration
Operating shock CIEC 68-2-2T)

CEP-AL- 100 e A0 g, 3 mis bl sine, 3 shocks;
Mg, 11 ms half sine,
3 shocks
Operating vibration, random ([EC 60068-2-34)
FP-AL-1000 e 10300 Ha, 2.2 g
CFP-AL-1000 i JO300 Hae, 5 g
Operating vibration, sinusoidal (TEC 60068-2-6)
[cJFP-AL- 100 i JO-300 Hie, 5 2
Safety

The [c]FP-AL- 100 meets the requirements of the following
standards for salety and electrical equipment for measurement,
control, and laboratory use:

= ENaALOI0-1, TEC a10]0-]
«  UL3121-]
= CANICEA €22 2no. 1010.]

Electromagnetic Compatibility
CE, C-Tick, and FCC Pant 15 ¢Class A) Compliant

Electneal ermssions .. EN 3301 Class A at 10m
FCC Part 134 above | GHz
Electncal immunity .....cooveeeeeeen. Evaluated 1o EN 61326

S0 WAL 1993, Table |
@ Hote  For full EMC compliance, you must operate this

device with shielded cabling. See the Declaration of
Conformity (Do) for this product for any addinonal

@ bl [mtrumanis Cop ] FPA-1 00 and cFPA-T00
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regulatory compliance information. To obtan the Dol
for this product, chek Declaraten of Conformity at
ni.com/hardref  nef/.

Mechanical Dimensions

Figure 8 shows the mechanical dimensions of the FR-AL 100
installed on g terminal base. Dimensions are piven in millimeters
[inches]. I you are vsing the ¢FP-AL-100, refer to your cFP
controller user manual for the dimensions and cabling clearance
requirements of the Compact FieldPoint system.

131
(R I

. e —
Figura 8. FP-A1-100 Mechanical Dimensions

Where to Go for Support

For mone mformation about seting up your FeldPomnt system,
refer to these Mutional Instruments documents:

*  FeldPoint network module user manual
s Other Field Point PO module operating instrctions
*  LieldPoint terminal base operating instmctions

(o to ni . com/=upport lor the most current manuals, examples,
and troubleshooting information.

For telephone support in the United States, create your semvice
request at ni . com/ask and follow the calling instructions or dial
312795 8248 For telephone support cutside the Umied States,
contact your local branch office:

Avstralia 03 PETI 5166, Anstia 0662 45 7990 0,

Belgivm 02 757 00 20, Bragl 35 11 3262 3599,

Canada (Calgary) 403 274 9391, Canada (Montreal) 514 288 5722,

Canada (Ottawa) 61 3 233 5949 Canada (Quebec) 514 &4 5521,
Canada  Torcmbo) 905 783 (085, China 86 21 6355 7838,

FP-A1-T00 and cFP-Ai-100 14 m_rom
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FP-AD-210 ano cFP-AD-210

Eight-Channel 10 V Analog Output Module

These operating instructions describe how to install and use the
Naticnal Instruments FP-A0-210 and cFP-AO-210 analog output
modules (referred to inclusively as the [c]FP-AO-210). For
information about configuring and accessing the [¢]FP-AQ-210
over a network, refer to the user manual for the FieldPoint network
module you are using.

Features

The [c]FP-AO-210 is a FieldPoint analog output module with the
following features:

+  Eight 0—10 V outputs

*  12-bit resolution

+  Sources | mA per channel {up to 10 mA with optional external
power supply)

*  Overcurrent indicators

2300V, transient overvoltage protection between the
inter-module communication bus and the If/0 channels

+  —40to 70 °C operation
+  Hot plug-and-play

FaldPaint™, Natianal |nstrumantz=™ NI™ and ni.com™ are trademarks of National Instruments Comporation .
Froduct and company names mentionad bersin are tradsmarks or rads names of their respective companies.

For patents covering Mational | nstruments products, rsber to the appropiats location: Hel psPatents in your softwars,
the patents. taxt file on your GO, of ni . con/patents.

3233474-01 Octobar 2002 NATIONAL
© 2002 Navonal Instramans Cop. AN (fg.’#s 8 saved. INSTRUMENTS
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Installing the FP-A0-210

The FP-AO-210 mounts on a FieldPoint terminal base (FP-TB-x).
Hot plug-and-play enables you to install the FP-AO-210 onto a
powered terminal base without disturbing the operation of other
modules or terminal bases. The FP-AO-210 receives operating
power from the terminal base. Current loop power is externally
supplied.

To install the FP-AO-210, refer to Figure | and complete the

following steps:

I. Slide the terminal base key to either position X {used for any
module) or position 2 {used for the FP-AO-210 module).

(3]

Align the FP-AO-210 alignment slots with the guide rails on

the terminal base.

3. Press firmly to seat the FP-AO-210 in the terminal base. The
terminal base latch locks the FP-AO-210 into place when it is
firmly seated.

4. Connect a current loop supply for the outputs to the V and C

terminals of the terminal base.

Guide Rails

110 Module Terminal Base

Figure 1. Installing the FP-AO-210

Installing the cFP-A0-210

The ¢FP-AO-210 mounts on a Compact FieldPoint backplane
(cFP-BP-x). Hot plug-and-play enables you to install the
¢FP-AO-210 onto a powered backplane without disturbing the
operation of other modules or connector blocks. The cFP-AO-210
receives operating power from the backplane.

FP-AC-210 and cFP-AD-210 2 nigom
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To install the cFP-AO-210, refer to Figure 2 and complete the

following steps:

L. Align the captive screws on the cFP-AO-210 with the holes on
the backplane. The alignment keys on the cFP-AQ-210 prevent
backward insertion.

[

Press firmly to seat the cFP-AO-210 on the backplane.

3. Using a number 2 Phillips screwdriver with a shank of at least
64 mm (2.5 in.) length, tighten the captive screws to 1.1 N - m
{101b - in.) of torque. The nylon coating on the screws prevents
them from loosening.

4

1 cFP Backplane 3 cFP /O Module & Screw Holes
2 cFP Controller Module 4 Captive Screws

Figure 2. Installing the cFP-A0-210

@ National Insbruments Corp. 3 FP-AQ-210 and oFP-AQ-210
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Wiring the [¢]FP-A0-210

The FP-TB-x terminal base provides connections for the eight
output channels of the FP-AO-210. The cFP-CB-x connector black
provides the same connections for the cFP-AO-2110.

Table 1 lists the terminal assignments for the signals associated
with each channel.

Table 1. Terminal Assignments

Terminal Numbers

Channel Vout COM Veup
0 1 2,18 17
1 3 4,20 19
2 5 6,22 21
3 7 84 23
4 9 10, 26 25
5 11 12,28 27
6 13 14, 30 29
7 15 16,32 31

Each channel has an output terminal, V. a common terminal,
COM: and a supply terminal, V.. The COM terminals of all

the channels are connected internally to each other and to the

C terminals, and the V. terminals are all connected to each other
and to the V terminals. Refer to the sections that follow for detailed
wiring instructions.

FP-AG-210 and cFP-AQ-210 4 ficom
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Sourcing and Sinking Current

Each channel of the [c]FP-AO-210 can source or sink 1 mA
without an external supply. Figure 3 shows how to connect two
channels of the [c]FP-AD-210 to loads that require up to 1 mA.

o N
Current
Lirnit Load
requiring up to
. 1 ma current

Current
<§ Limit

Figure 3. Two Loads without External Supply

Load
requiring up to
1 ma current

[c]FP-AO-210

Figure 4 shows how to connect two channels of the [¢]FP-AO-210
to loads sinking up to 10 mA of current.

+ External

— 15-30VDC
| Supply
L L A
i 1 Vaup
| hi i 7] 3-wire
: Current —6—| Vout ‘w’-\'|r+ device
! - n
! Limit | requiring
! A 1COM C?M power
] - Lt
| :Vsup
I
i current] 1V
! Limit | Load
i : requiring up to
: 1 COM 10 maA current

[c]FP-AC-210

Figure 4. Two Loads with External Supply

& National [nsruments Corp. 5 FPAG-210 and oFP-A0-210
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Voltage Output Circuit

The [c]FP-AO-210 output circuit is a current-limited voltage
source capable of sourcing (flowing out of the V, terminal to the
load) or sinking (flowing into the V, terminal from the load)
current. The [¢]FP-AO-210 internal circuitry limits the magnitude
of this current to | mA. You can obtain up to 10 mA sourcing
current by adding an optional external power supply. The
[¢]FP-AO-210 operates with an external power supply from

15 to 30 VDC.

The [c]FP-AO-210 updates the output channels as new values are
sent to it by the network module. The time it takes to respond to a
change on a single channel is between 3 and 6 ms. The response
time to changes on all eight channels is 24 to 27 ms.

Output Range

The [c]FP-AO-210 has an output range of 0—10 V. The factory
default power-up setting for each channel is 0 V. The
[¢]FP-AO-210 has overranging of 0.2 V. Therefore, the actual
full-scale range of each channel is 0-10.2 V. This extended range
enables the [c]FP-AO-210 to compensate for span and offset errors
in field devices.

Current Limit Detection

Each channel on the [¢]FP-AO-210 has a monitoring circuit that
detects the amount of current flowing into (sinking) or out of
(sourcing) the channel. If this value exceeds the maximum
allowable (1 mA with no external supply: 10 mA with external
supply), the circuit lights a red STATUS indicator for each
affected channel, reports the error to the network module, and
adjusts the output voltage so that only the maximum allowed
current flows. The error is reported before the output is adjusted.
The indicator may start to light dimly as the limit is approached.

Overvoltage Protection

Each [¢]FP-AO-210 output terminal V,, is protected against
damage resulting from accidental connection to the output
terminals of other channels. Also, you can connect one or more
channel output terminals directly to an external voltage source
indefinitely without causing damage or improper operation of
other channels, as long as the maximum veltage does not exceed
the range of —10 to 20 VDC referenced to the C and COM
terminals.

FP-A0-210 and oF P-AD-210 & fnicom
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Status Indicators

Figure 5 shows the [¢]FP-AO-210 status indicators.

o 1 Fy E 4
[ ] [ ] ® [ ] [ ]

@ POWER
@ READY

@
8=
[ N

Figure 5. Status Indicatars

The [c]FP-AO-210 has two green status LEDs, POWER and
READY. After you insert the [¢]FP-AO-210 into a terminal base or
backplane and apply power to the connected network module, the
green POWER indicator lights and the [¢]FP-AO-210 informs the
network module of its presence. When the network module
recognizes the [¢]FP-AO-210, it sends initial configuration
information to the [¢]FP-AO-210. After receiving this initial
information, the green READY indicator lights and the
[¢]FP-AO-210 is in normal operating mode.

In addition to the green POWER and READY indicators, each
channel has a red, numbered error status indicator. For more
information, refer to the Current Limit Detection section.

Upgrading the FieldPoint Firmware

You may need to upgrade the FieldPoint firmware when you add
new 'O modules to the FieldPoint system. For information on
determining which firmware you need and how to upgrade, go to
ni.com/info and enter fpmatrix.

Isolation and Safety Guidelines

Caution Read the following information before
attempting to connect the [c]FP-AO-210 to any circuits
that may contain hazardous voltages.

This section describes the isolation of the [¢]FP-AO-210 and its
compliance with international safety standards. The field wiring
connections are isolated from the backplane and the inter-module
communication bus. The isolation is provided by the module,
which has optical and galvanic isolation barriers designed and
tested to protect against transient fault voltages of up to 2,300 V..

@ Natfona! Instruments Corp. 7 FP-A0-210 and cFP-A0-210
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Follow these guidelines to ensure a safe total system:

*  The [c]FP-AO-210 has a safety isolation barrier between the
[/0 channels and the inter-module communication bus. There
is no isolation between channels unless otherwise noted. Ifany
of the channels on a module are wired at a hazardous potential,
make sure that all other devices or circuits connected to that
module are properly insulated from human contact.

+ Do not share the external supply voltages (the V and C
terminals) with other devices (including other FieldPoint
devices ), unless those devices are isolated from human contact.

+  For Compact FieldPoint, you must connect the protective earth
(PE) ground terminal on the cFP-BP-x backplane to the system
safety ground. The backplane PE ground terminal has the
following symbol stamped beside it: &). Connect the
backplane PE ground terminal to the system safety ground
using 14 AWG (1.6 mm) wire with a ring lug. Use the 5/16 in.
panhead screw shipped with the backplane to secure the ring
lug to the backplane PE ground terminal.

*  As with any hazardous voltage wiring, make sure that all
wiring and connections meet applicable electrical codes and
commonsense practices. Mount terminal bases and backplanes
in an area, position, or cabinet that prevents accidental or
unauthorized access to wiring that carries hazardous voltages.

+  Operate the [¢]FP-AO-210 only at or below Pollution
Degree 2. Pollution Degree 2 means that only nonconductive
pollution occurs in most cases. Occasionally, however, a
temporary conductivity caused by condensation must be
expected.

+  Refer to the FieldPoint product label for regulatory
certification under hazardous location standards. If the
FieldPoint product is not certified for operation in hazardous
locations, do not operate it in an explosive atmosphere or
where there may be flammable gases or fumes.

Specifications

These specifications are typical for the range —40 to 70 °C unless
otherwise noted.

Output Characteristics

Number of channels ........ccccoevveviees 8 single-ended
Resolution .....ccocecciciicvicencinenns 12 bits, 1 in 4,006
(~2.5 mV/bit)
FP-AD-210 and cFE-AD-210 8 ni.com
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Voltage Output

Output range ......ccccvevcvivicnniceen D 10 10V
(0to 10.2V with

overranging)

THPE o Voltage source, external
power optional

External power......coviiinicens [5t030VDC

Current drive ... | mA sourcing or sinking,

10 mA sourcing with
external power supply

Overvoltage protection .......cocecee. =100 20V
Default power-up state ..o 0V

Accuracy

LTS () 0.2% typical
0.4% maximum

OHFSEE BITOT. e 4 mV typical

14 mV maximum

Monotomicity! ...

Offset temperature coefficient ..........
Gain temperature coefficient ...........

Dynamic Characteristics

Max COnVersion Fale . .......oceeeeenenes

Guaranteed over operating
temperature range

70 uV/°C

20 ppm/tC

200 updates/s

Slew rate .o 0.5 Vius

Physical Characteristics
Indicators ...cccooveeiviecie e Green POWER and
READY indicators, 8 red
current limit indicators
Weight
FP-AO-210 e 145 g (5.2 0z)
cFP-AO-210 . 115 g (401 02)

! A characteristic of a DAC in which the analog output always increasas as the value
of the digital code input to it increases,

@ Nationa! Instruments Corp. @ FP-A0-210 and cFP-A0-210
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Power Requirements
Power from network module ............ 600 mW

Isolation Voltage

Channel-to-channel isolation........... Nao isolation between
channels

Transient overvoltage......cccocvvvnine 2,300 V.

Environmental

FieldPoint modules are intended for indoor use only. For outdoor
use, they must be mounted inside a sealed enclosure.

Operating temperature —40 to 70 °C
Storage temperature ... =35 10 100 °C
Humidity oo 10 to 90% RH,
noncondensing
Maximum altitude.........c..oocooeninnnn. 2,000 m
Pollution Degree .....ccccvvieiiicicncnn. 2
Shock and Vibration
Operating shock (IEC 68-2-27)
cFP-AO-210..iieicee S0 g, 3 mis half sine, 3 shocks;
30 g, 11 ms half sine,
3 shocks
Operating vibration, random (IEC 60068-2-34)
FP-AO-210 e 10-500 Hz, 2.2 g/
FP-AO-210 i 10-500 Hz, 5 gy
Operating vibration, sinusoidal ([EC 60068-2-6)
[C]FP-AO-2100 i 10-500Hz,5 g
Safety

The [c]FP-AD-210 is designed to meet the requirements of the
following standards for safety and electrical equipment for
measurement, control, and laboratory use.

+ ENG61010-1, IEC 61010-1

+ UL3121-1

+  CAN/CSA (C22.2 No. 1010.1

For certifications under regulatory standards, including hazardous

location standards, refer to the product label or to ni . com.

FP-AQ-210 and oFP-AD-210 10 ni.com
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Electromagnetic Compatihility
CE, C-Tick, and FCC Part 15 (Class A) Compliant

Electromagnetic emissions .............. EN 35011 Class A at 10m
FCC Part 15A above | GHz
Electromagnetic immunity.............. Evaluated to EN 61326:

1997/A1: 1998, Table 1

@ Mote For full EMC compliance, you must operate this
device with shielded cabling. See the Declaration of
Conformity (DoC) for this product for any additional
regulatory compliance information. To obtain the DoC
for this product, click Declaration of Conformity at
ni.com/hardref.nsf/.

Mechanical Dimensions

Figure 6 shows the mechanical dimensions of the FP-AO-210
installed on a terminal base, Dimensions are given in millimeters
[inches]. If you are using the cFP-AO-210, refer to the Compact
FieldPoint controller user manual for the dimensions and cabling
clearance requirements of the Compact FieldPoint system.

Figure 6. FP-AD-210 Mechanical Dimensions

Where to Go for Support

For more information about setting up the FieldPoint system, refer
to the following National Instruments documents:

*  FieldPoint network module user manual
+  Other FieldPoint IO module operating instructions

*  FieldPoint terminal base operating instructions

@ National Instuments Coip. i1 FP-A0-210 and cFP-A0-210
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Go to ni . com/suppert for the most current manuals, examples,
and troubleshooting information.

For telephone support in the United States, create vour service
request at ni. com/ask and follow the calling instructions or dial
512 795 8248, For telephone support outside the United States,
contact your local branch office:

Australia 03 9879 5166, Austria 0662 45 79 90,

Belgium 02 757 00 20, Brazil 55 11 3262 3599,

Canada (Calgary) 403 274 9391,

Canada (Montreal) 514 288 5722,

Canada (Ottawa) 613 233 5949, Canada (Québec) 514 604 8521,
Canada (Toronto) 905 785 0085, China 86 21 6555 TR3R,

Czech Republic 02 2423 5774, Denmark 45 76 26 00,

Finland 09 725 725 11, France 01 48 14 24 24,

Germany 089 741 31 30, Greece 01 42 96 427,

Hong Kong 2645 3186, India 91 80 4190000,

Israel 03 6393737, Italy 02 413091, Japan 03 5472 2070,

Korea 02 3451 3400, Malaysia 603 9596711,

Mexico 001 800 010 0793, Netherlands 0348 433466,

New Zealand 09 914 0488, Norway 32 27 73 00,

Poland 22 3390 150, Portugal 210 311 210, Russia 095 238 7139,
Singapore 65 6 226 5886, Slovenia 3 425 4200,

South Africa 11 805 8197, Spain 91 640 0085,

Sweden 08 587 805 00, Switzerland 056 200 51 51,

Taiwan 02 2528 7227, United Kingdom 01635 523545

323347A-01 Oct02
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OPERATING INSTRUCTIONS |t
FP-TB-1/2/3 oy

FieldPoint Terminal Bases FeldPoint

These operating instructions describe the installation, features, and
characteristics of the FP-TB-1, FP-TB-2, and FP-TB-3.

Features

The FP-TB-1, FP-TB-2, and FP-TB-3 are FieldPoint terminal

bases with the following features:

¢ FP-TB-1 and FP-TB-2 work with all FieldPoint 'O modules
(FP-TB-3 works with all except those that require external
power)

*  Vand Cterminals provide external supply voltages common to
all channels

*  DIN-rail mounting or panel mounting

* 32 terminals available for field connections (16 for FP-TB-3)

+  Available with screw terminals (FP-TB-1 and FP-TB-3) or
spring terminals (FP-TB-2)

* Isothermal construction (FP-TB-3) minimizes temperature
gradients when using thermocouples

+  —40to +70°C operation

The FP-TB-1, FP-TB-2, and FP-TB-3 terminal bases provide the
intra-system communication link between FieldPoint [/O modules
and network modules, provide a means for wiring field
connections, and provide the mounting mechanism. The choice
of terminal base depends on the type of field wiring terminal
preferred: screw terminal or spring terminal.

FiakiPoir™, Naticnal Instrumants™, and ni cam™ are trademarks of Mational Instrumants Comoration. Preductand
company naras mantionsd herein ars trademarks or trads namas of their respsctive companiss,

3216890-07 @ Copyright 1997, 2000 National Instruments Corp, AN rights resered, Jung 2000
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DIN Rail Mounting

Caution Before connecting a terminal base to a network
module, the network module must be powered off.
The FieldPoint terminal bases have simple rail clips for mounting
reliably onto a standard 35 mm DIN rail. To install the terminal
base to the DIN rail, follow these steps:
1. With a flat-bladed screwdriver, open the rail clip to the
unlocked position.

2. Hook the lip on the rear of the terminal base onto the top of a
35 mm DIN rail and rotate the terminal base down onto the
DIN rail.

3. Slide the terminal base along the DIN rail until its local bus
connector mates with the connector of the terminal base or
network module adjacent to it.

4. Lock the terminal base to the DIN rail by pushing the rail
clip in.

FP-TB-14273 2 W il com
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5. Continue adding as many terminal bases as you need to the
DIN rail (up to nine for each network module in most cases),
making sure to mate the local bus connectors.

6. Place the protective cover over the local bus connector of the
last terminal base. The following figure shows an installed
terminal base.

Panel Mounting

The terminal bases may be directly mounted to a wall or panel,
instead of onto a DIN rail. Use the mechanical dimensions drawing
at the end of this document as a guide to locating mounting holes
on your panel. Place the protective cover over the local bus
connector of the last terminal base in the stack.

ag| @0BAGCARPEAABRAG
= ey ;
ﬁrr £;r
L o o ol a
& Mationa! Instruments Comp. 3 FPR-TB-1/2/3
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I/0 Module Installation and Removal

To install an IO module onto a terminal base, refer to the following

figure and follow these steps.

1. Slide the key to the appropriate position for the /0 module.
The position marked X is a universal position that works for all
modules,

2. Position the I/O module with its alignment slots aligned with
the guide rails on the terminal base.

3. Press firmly to seat the /O module on the terminal base. The
terminal base latch locks the I/O module into place when the
module is firmly seated.

To remove an YO module, insert a 1/4 in. flat-bladed screwdriver

behind the ejector button and twist, as shown. This motion

unlatches the 'O module, which can then be lifted off of the
terminal base.

P-TB-1/23 4 WL com
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Field Wiring

The FP-TB-1 and FP-TB-2 provide four dedicated terminals and
32 numbered terminals defined by the /O module. The four
dedicated terminals are two V and two C terminals, one of each at
each end of the terminal base. The two V terminals are internally
connected by the terminal base, as are the two C terminals.
Generally, these terminals are intended to connect external power
supplies to field devices. Refer to the appropriate I/0 module
operating instructions for details on the use of these terminals and
the additional 32 terminals. The FP-TB-3 provides two dedicated
C terminals and 16 numbered terminals defined by the /O module.

The following figures show how you can wire power to your

FieldPoint bank. Consider these points when wiring your system.

+  The total current flowing through the V and C terminals must
be limited to 10 A. If you have a single external supply for the
field devices of more than one module, then wire the supply to
the ¥V and C terminals as shown in following figure.

]

l!llllli(

U igiiraa

1 When total current draw is less 2 When total current draw is
than 10 A greater than 10 A

Caution Cascading power from neighboring bases or
network modules defeats isolation between cascaded
modules,

@ National bistruments Com. 3 FP-TB-1/273
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*  When total current draw is less than 3 A, you can use a single
terminal for the return path. If the total current draw is greater
than 3 A, you should use separate C terminals, as shown in the
following figure.

© )

1 When total current draw is less 2 When total current draw is
than 3 A greater than 3 A

+  You need to wire power to the terminal bases only if you want
to use the terminal bases to route power to your field devices or
if the /O module requires it. FieldPoint IO modules get their
power from the network module through the backplane, and in
most cases require no external power for proper operation.
Refer to your 'O module operating instructions for details.

FP-TC120 FP-Al-110 FP-AD-200 FP-RLY-420

1 | Fsaiaaq | iztaaaa ligiiiag

In the figure, shades of gray indicate differing voltage potentials.

Caution Cascading power from neighboring bases or
network modules defeats isolation between cascaded
maodules.

FP-TB-1/23 & WWW T com
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+  You may want to use separate power supplies for 'O modules
both to prevent power dips caused by field devices from
disrupting the operation of the network module, and to
maintain the isolation barrier between the I/ modules and
the network module.

2 Vi COM
Themooouple
(self powearad)
2 N
17 Weup 18 Common
=5V Channal 0
4-20 mA

Caution Cascading power from neighboring bases or
network modules defeats isolation between cascaded
modules.

Thermocouple Wiring

The FP-TC-120 thermocouple input module has the ability to
measure the temperature of the terminals on any of the FieldPoint
terminal bases. This measurement is called the cold jurction
femperature and indicates the temperature of the junctions
hetween your thermocouple wire and the screw terminals. This
measurement is used internally by the FP-TC-120 to correct for the
thermoelectric voltages that are generated at these junctions.

Heat dissipated by adjacent modules (or other nearby heat sources)
can cause errors in thermocouple measurements by heating up the
terminals so that they are at a different temperature than the sensor
used to measure the cold junction. The thermal gradient generated

@ National bistruments Com. 7 FP-TB-1/273
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across the terminals can cause the terminals of different channels
to be at different temperatures, and so the resulting measurement
creates not only errors in absolute accuracy but also in the relative
accuracy between channels. The accuracy specifications for the
FP-TC-120 include the errors caused by a 0.2 °C (0.36 °F)
gradient. The actual gradient you can expect to encounter depends
on the terminal base you use and the details of your installation.
Guidelines for estimating these gradients, as well as for
minimizing them, are provided here.

Thermal Gradients with the FP-TB-3 Isothermal
Terminal Base

The FP-TB-3 is designed with isothermal construction to keep the
terminals at the same temperature. It is the terminal base
recommended for the best accuracy of thermocouple
measurements. Adjacent FieldPoint modules {either netwaork
modules or 'O modules) create a thermal gradient across the
terminals of the FP-TB-3, which you can estimate by dividing the
larger of the amounts of heat dissipated by each of the adjacent
modules by 20 Watts/”C (11 Watts/°F). For example, if the
FP-TB-3 is between an analog input module dissipating 0.35 W
and a discrete output module dissipating 3 W, the thermal gradient
would be 3 W+ 20 W/ °C=10.15"C.

Thermal Gradients with the FP-TB-1 or FP-TB-2
Terminal Bases

The lack of isothermal construction in the FP-TB-1 and FP-TB-2
terminal bases makes them more susceptible to errors caused by
thermal gradients. These terminal bases are recommended for use
with thermocouple measurements only where these errors are
acceptable or where precautions can be taken to minimize them
(refer to the next section, Minimizing Thermal Gradients).
Adjacent FieldPoint modules (either network modules or VO
modules) create a thermal gradient across the terminals of the
FP-TB-1, which you can estimate by dividing the larger of the
amounts of heat dissipated by each of the adjacent modules by

1 Watt/*C (0.6 Watts/°F). For example, if the FP-TB-1/2 is
between an analog input module dissipating 0.35 W and a discrete
output module dissipating 3 W, the thermal gradient would be
3W + 1 W/°C =3 °C. The typical thermal gradient created by the
FP-TC-120 meounted on an FP-TB-1 (neglecting any adjacent
modules) is about (.2 *C.
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Minimizing Thermal Gradients

The most common source of thermal gradients, particularly for the
FP-TB-1 and FP-TB-2, is the heat generated by adjacent modules.
For example, placing an FP-TB-1 next to an FP-1000 network
module can create more than a | °C thermal gradient. Mounted
thermocouple modules can be separated from the higher-power
modules by the lowest-power modules in your system or by the
FieldPoint Bus Extender Cable {part number 185576-14). This
precaution is generally not necessary with the FP-TB-3.

Alr drafts (either hot or cold) can be another source of thermal
gradients. It is usually best to avoid having air blowing directly on
the terminals, although circulating air around other nearby
compoenents may help them dissipate their heat and cause them to
be less of a source of thermal gradients on the terminal base.

Thermocouple wire also has the potential to be a significant source
of thermal gradients. Even the FP-TB-3 can be susceptible to these
errors. Heat (or cold) may be directly conducted to the terminal
junction by the thermocouple wire. If the thermocouple wires, or
objects they are in contact with (such as wiring ducts), near the
terminal base are at a different temperature than the terminals, the
wires transfer heat to or from the terminals and cause thermal
errors. To minimize these errors, use small gange thermocouple
wire (to reduce their ability to transfer heat), run thermocouple
wiring together near the terminal base (to keep the wires at the
same temperature), and avoid running the thermocouple wire near
hot or cold objects.
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Specifications
Operating emperatire ..o —40 to 470 °C
Storage EmMperatile .. =55to +100 °C
Relative humidity ..o 5 to 90% non-condensing
Weight
FP-TB-1.iiiiiiciiiiiciiiiiei 210g(740z.)
FP-TB-2.. cereeeneeen 160 g (5.7 02.)
FP-TB-3 . 240 g (8.50z.)

Mechanical Dimensions

The following figures show the mechanical dimensions of the
FP-TB-1/2/3 with an /O module installed, and two terminal bases
connected. Dimensions are given in inches [millimeters].
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