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Design and fabrication of mier level control system

Kittipun Traipisut
Kuson Wattnadulha

Unnat Pinsophol Advisor

Abstract

This project presents a PID water level control system., Water level signal is transmitted from
pressure sensor which converts water level to equivalent voltage signal. The computer calculates the
control action according to the water level data received via the analog to digital conversion. The control
action is then transmitted to the amplifier which then controls the motorized valve. The valve acipates

according action to the control action signal to yield the desired water level.
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Process Tank

FO.
-

N

Cutlet

§uil 2.6 ugasmInavguszawnhludehensnIvguuvenlia

] » »
91031 2.6 sz ludanszuumsezgnialavnieainssAu (Level transmitter) uaza
L ar L3 ) A 2 L)
FuanulunisSalifumsssnaugu (Controlien) Huasosnaugueniir 1l fidunusilunis

]
or o

Faauladalindinuguillaniella e liszsuhdulumudeans Taundeaniugueziiugadi
dmhiindnlums fuiu Ay uauuiis auALnQNNANISAIVAN (Control law) i
a1 fmualidrami dmsuszuunuquea Tudafiswniufusguosa lulssa
gaamnssufo szuunugusuiloundy (Feedback control  system) Tavgtinumisaduny

nszuaumsngamnnssunuuiloundy Tnuialbieaadagan 2.7

3

SP e mv
——’®——’ Controlier Firal Control Element »  Proccss -

4-20 mA

PV

< Mcasuring Ipstruments |
4-20 mA V38 1-5 Volt -

71/ 2.7 uanavdenneznnsuvesszvumuguuvyileundulagialy

yinvienTaszunsudag Uil 2.7 sxdanaiiuii szuuniuqunegasmnssunuydeundy

wa lihlsznoudaugiinsal 4 doudie




23.1 Ql]ﬂiﬂf"fﬂ (Measuring Instruments)

unsal¥a nuwils damsreSudyenu(Sensor), AN MARNYO T (Transducer), nTogunsal
a3 (Transmitter) n3oin3 s adyaadug luns syaumsifordyai 181 sl Ty
ASAIVAY Tﬁﬂﬁ'ﬁgtymmman'umqﬂnsnﬁ'ﬂmuﬁ'l'lﬂazli‘luﬁngqnmmmgmmqumnnssu 1
dyanouIdiinszuaasa 4 20 Gaduowd FonuusduIddinssuaass o a5 Toad nie
dygaauuinn 315 Yeudmsein My

gnsalinszdludinlSnunnitded Fana naziaihvesdanlsnszuoums dou

P ° i 4 o o § 1 " a P
ginssidedanussimihnafonlsingmssimariidiudyanufionnsodiwonn Sadugiud

. |
o = o o do o o LY ) < o
Tz tinnuduiusnuaanls lunszuiuns qunsaifauazgunsaldidygraszlimeudiiy
o = Qs A - [ r T ; o
Usznounu 3 meuie A (Range) vounseailoda gnimualaviigega uazadigavesdanls
- P . ar T -~ ']J e 'V oa = - g W Vet "
pssuIunsMms ia Tavhivisangunsa fauazdadygranganSouiioniuds Wiinisda
L . . M o o a LY ar v - oo 1
5$M119 20 psig ULAS SOpsig WuAORUNT oI dALs WU tazdsdaanudInaiinda 20 fa 50 psig 929

113599 (Span) ¥8413041j0 7R AOAULANANITTUINIMYIGAUAZMAIGAVDINNA (Range) HUAD

b4
sy Y ar ]

o w Y LY ar ] o 4 - o 1
unsalinussdunazdsdyuiiitaens Ianiiiu 30 psig d9UF15 (Zero) vounT0IlIBIAADA
; Y & = 1
AYAVDINAATIUAT 20 psig
o 4 o w o a o o4 va a v o 1

Turnansaiidudedwn dmsumsTinnedszuuiiesifamsfimes nidluanvenlu

woAnssuvesgUnsdi fauasdedynna aunldna1auudh MINILANATTLIUMIANG NN
»
gRMNIsuvesgUnsalianazdadugauivyda Tuddiu HumssasmlTunalumshiaum
a o 4 5 o a . Y o d a A
Adnd sag1uvunisatugueziddinruquininudussuudidanseindifuinTesniugy
P a < ¥y a A a A Co Ao v A
nszaumsumanet daiu lumsmamdazdiudesiiiniedoniogunselfaihmihnlums
asavsumsilaounlavesnszuumsanginugy Taoduyaufide ldvzi W 15lumsdnaul
o i ] o ] ﬂl’ o Poar ar o

adrafnvarauguldimngaudeyl guascimaiiionsss 18un daasredudygu (Senson),

= o . o o or [ d‘n d' o » d' ar ‘:;
NSIUAANYDS (Transducer), nsaqﬂnsmaﬂﬁmmmauqnmnummanmmﬂauuuﬂawm

L)

r
o o

ATZUIUMS NIMUYINTZTUIUMS Loz uumpmﬁ’m'lﬁ“lﬁﬁ'uﬁdﬂmf]mﬁa“l%’ni'lummwi'tﬁaﬂ
ﬁngtugmmuquﬁmmzﬂn

#InT Ty (Sensor) Wszuusa iR lnqdnsefudygandud nFousuduisn
TUE G TLYBINUAILUIHBAS 20 TOUF D oz 1sszfadumilousumsasereutiimsvinm
Tlendotirua |

1399510 7A(Measuring instrument) ADA153IWAIVOIRINTIVTUTYDY I (Sensor) UATA?
(arAaR (Indicator) M3 Jainianszin1é 2 38 e FTusn quandamafdnduilszns ves i
#3990 e (Sensors) amnseldlsz TenildTasasanienldouas Tav S vuivusudsh
*uduslSum WiTigagieteSimieudu 357 2 finssuas veamsTafuaiumsfivua

smiueulfivafusznindsuwe 2 mnadoiu




Amsnfudyau (Sensor)'ﬁ'aaﬁﬁugmﬁﬁﬁmﬁw{ﬂﬂff

1. ﬁaﬁimaaz'lwzlﬁﬂi‘fmﬂa Ams9iudy o (Seosor) MAsTalSuaaidunils Ty
N5 NANA AInT193udty DIl (Sensors) 'lu'ﬂ1's‘nznJ?;uuﬂnnxﬁﬁﬁngﬁauﬁn:mmﬁﬂ Tuna
UfiReznszd ldnnun

2. 529 ud Y I (Sensor) mwﬁmanauaumﬁaf]mﬂuﬁﬁgmﬁumnﬂhéaﬁumuﬁ
#oansiu Taasiiimesezlinanouauna (Response) ADAURAY (Average) Voadayaunizuaady
n3oA 1A (Peak) ﬁ"ufuﬁmmﬁﬁtytlunmﬁanninﬁ'uﬁ'tgtgm (Senson) szApaliiuladniuesd

a

L] vqé 1] n”
HARBUAUDI (Response) ABAUAINTANITIABINSIMNIY

o 4 o
3. A5 IVDIHANDUTUDI (Response) WIAIATITTUFYQYIU (Sensor) 9z ADIADVAUDY

d i
de'N'i WAL ']ﬁﬂﬂ1ilﬂaUUﬂﬂTJ$ﬂfJQﬂ'i TUIUNT

2.3.2 ﬁ‘lﬂ‘lllf]u (Controller)
ﬂ A 4 - 1J 7 wl Y A o v = &
dhunsesionsoqinsainlflumsadsdygnuntugy Moimhiinlvguuazdinmsdae
nisadedygradmiuntuguaszuaumsang Iszuundenszuaumsiidesnisezaivgu o
a - o or )
wwiymuieiiasnaaenausuiiulilnudeants Fadggrudinansudullmunguasglvea
msnvguadaugulddenuazimualidaamih Anthwinouazduanlsveanszumsues
Pegiunseantugumuisominnlassadmsianld siiafie nTesnuguuuyiionn
- ¥ A ad a 4o ¥ = d a_ ¢
and i Taoldduouay insesmuguuvydidnmseilndiaiulaoleesdiannselndiza
4

ot 3 a0 a 3
(Fu (Linear circuits) Tumsardadaanuniugu uazinsssnrunuinvdiasaninulaoliies

’ . - . o LN o
a330 (Logic circuits) N30 1 Ins Tusniwapoiaindyauntvgy

2.33 gunsaimunuganiy (Final control element)
gunssinuqugao ﬂaqﬂﬂitu'nﬁmmmhuamrmmnszmums ﬁuum‘nﬂauunﬂm

Al UNsTUIUMS mummwsaﬂmmmﬂmf]un'lﬁ'smmmmur»]u Qﬂnsmmuquqﬂmuuuu

pMAWBIIAIUAY 15U MAINIVAY (Control valve) Tuunndeidhudshsgdmiumsiingzd

szuuferdfamniimesfidudiieenlungdnssuvesgilnssi nnazdedya u Tuimouvoa

s

sasmnniuiiufhonndidifivasrsuens ialaviersangunsol Jaus sdu uazdedyonn
Sidmmsoiindnunnmilu o fa 200 psig inné”nswuwmfu'lﬁ'qnﬁmuﬂ“lﬁli‘lumsvﬂﬁ‘uuuﬂawm
maaanu?av‘huﬂsnamuﬁummsﬁ'wmsnJ?;uumJawamnuﬁ'm?aﬁaﬁ%uaen'luﬂiﬁ N10ON
vosdgygudidnnsoindfe dyannszus 4 5120 Taduowil

11ﬂaﬂ1uﬂu1ﬂuﬁ’11ﬂllﬁ11%ﬁ1ui'mfluqﬂnsai'ﬂmf]mfuqﬂﬁw sgwyTunszuIumsi

as

A2UAVBATING THD Nndmruguimsminuatiodudrdumiuns Inafidium 14 (Variable

]
~ L3

Restriction) TasmsifaoumlasnsiDailauazeximihfididgg aioniugudamsina




23.4 A5T1IUMT (Plant or Process)

ATEUIUMS nmums,,'U'umanrmumsmﬁﬁnﬁmmmsﬂ’mﬂu'lnuﬁmuwnﬂu'lﬂ
AIUABINSIFUNTZUIUMSAEIRVMITAIVAUIZFUIBAUNAI TUIUMSIHLIRUNISAILRY
Quuau ﬁfluﬂu qﬂﬁmuz‘umn‘wmumsuﬂmﬁ'wmuﬂsnszmums {Process variable : Pv)

v ¥ wm < H . ’ < A w o

MIinURuUBYER TuliAningdn 2.7 Tdunsumsiinuie gunselianseainieaiavzia
AAIINTZVIUMS (Pv) 19U MRl A WAU Br3Ims Tna uazszdvvoaveavaniludu e

= a r - r=) 1] - 3 r 4'
wivuivuiumdndanieanthmine (Sp) uazdmuguezihiinnunaimniou (Emon) Tums
M o A o - o & vy
awgu g lunisiiuo mamﬂmmmmuqunmmzﬁnmz'lﬂmuqunszmumﬂm‘ﬁ'mm
fhminefidosms i]wmm1naum~mmsmuqunsumums'lﬁquu wassdnuitiriianazas

YI'N']'IJ‘IJEJ\IQ‘IJﬂ'Sm’)ﬂ n'Jﬂmquua:qﬂnsmmuquqﬂmu ‘J"'Jl.lﬂ\'l’lliﬂ‘l‘iﬂ‘iUllﬂQﬂ'l\'l‘]lﬂ'Uﬂﬂu lﬂﬂﬁ

1
a ]

v laidenldgilnsoluazgdunuveanisaruguldediagndeslusunssir dnisasngui

UssaMTANgga

2.4 UunumsnIvau

2.4.1A361715AIVGUUVY On-Off

M3 ALY fumsniunuiiieiigauaziion1Flums mugquaszurumsiilideans
amuifsansage Tavezwuiudoudiannlugins e 1gmulut s amirdeu nemsnaugu
ssdmihudhdindudy Tasnsnavgueziinudios aoms Ao da100%) fuila (0%) oy

POISTVUAIUANE NI OUTAL IAAIFUN 2.8

Control output

f )
Pmax -+ * -
)
L 4 i
. 4 (Direct Action)
!
i > ] » Emor
Pmin g o -
Dead band

71/l 2.8 nanInIYINIIAIVNNIVY ON-OFF

mngﬂ‘n 2.8 wiiutimaunmandeunnniniinga (+&) mmmvgmmmmuauvﬂﬂnuu
10 0% 1iht 100% ifefauAa AR ABUTONIATINGA (—£) mmmvgmmmmm]nn-'nJauu

210 100% 111 0% Ae1rymiieglugraeNuVLA (Dead band) s hiBmswAvuuaaderala 3
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. o~ ci L] 1] r: a 3 L=
owezumamvinmsideanui 111dn 19 13 7eu n5evnansansuiiudesm a1 aenuuusy
J A ™ [ o ar @ )
Yurnedeadums on-off tsuiulsuvei Wigunsalaaugu nenszuums ¥sunwdone
»
LB ) -5 ¥ o » L] :
uaTmnuuududelund1ain mizeshIdiianuiivsnssvesnszmiumsaiuguanas niol

[ 4
MINVANLLY On-OFf M soidorthuaums 19dad

0% ,e <~
U= (2.1
100% ,e>+g
A o " :
o U(t) = ‘dtgiywﬂ'mf]un's’mmﬁummqmwmf}u
r A
e(t) = AIRNUAIIRAINGIU
£ = YBINNANULUA

2.4.2 DILINTINIAUUVY Proportional (P)

N3UIMIA2LRUUVY Proportional v dunsmuquuuududadau adniesueninni
Tgooneziludadiufumsuymisunnnnnszuaums nineda Hannunamndendiaun
fu ﬂ'nmﬁummqﬁ'amuquﬁnzﬁfhmnﬁumu uastmanuaamndeuiinntosas sueninnves
Frmvguiiaziamiovainiy aAunuduiug

output o« input . (2.2)
law U o Output fioonsindaniugu

£ #i© Input NDBAVINAINILAY

wla UxE (2.3)
Tav  k, #io AIAIN iTund1 SAT1V010 (Proportional Gain)
U=K,E 2.4)

Sps E U Cutput
| Ge(S) System
Pv

/i 2.9 uamsvdonTaezunsumasmmie sz ndAnIgN

vinanuduiuslugali 2.9 wladh

G, =Y/ o (2.5)
G, =K, (2.6)
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Tﬂ’u‘luﬁﬁﬁuwmﬁ%’uma:nﬂufhmmnmmﬂ?iau (Error) ¥83053UUM3 dausuo1nad
dsoen Tihiu szdudyga Tulloulidussuvhaude
. anns NS Tugild 2,10 Taoummsuiiumaunaiandou (B dauunud
D ﬂ°1ﬁaﬁaar'mnﬁ'aﬂﬁm]u wenuduilom Emor (tnunew) ﬁfinﬁnﬁuﬁ"auq fdafteonaings
ALA (LNUAI) ﬁﬂmﬁu{fmﬁuﬁﬂﬁmmuﬁu wrdauna 1@ misin Emor iugudsdafioonainda
aunundulilddhuigudtoilesnTanlndmniuquezdesduidgresnindanisialidmi
1o

: o ar =) e
U 2.10 uansn AN 5¥NI19BYUNA (Error) HaZIB I YAV INIVNIIYY P-Control

2.4.3 NSINMSAIUAIUY Integral (1)
o o o A ¥ o P a 4?
MANMSTTHVOIFIAIAUUY Tntegral Control Ao MiANBIANALSALLIBIAURUTY

nisanadlilifosqdiasunadelifiugud Tavsuerwnaszndsdunivddfornyiuivecduns

ATUAUNTT
Uy [l @7
0
Ui)=K, ]e(z) (2.8)
:
91015 Take Laplace 1214
us)= K 29
G,(s)= 5;_ (2.10)

{ > 1w =
91nauNI5H 2.10 TuAINUA UL I-Control WU Gain YDININIUAUITININY K%'[mm K, i

v 4w . . s 4 .
1PN AINFUAUUL Integral ey iR toIAmuunToanauTou fA1InAITUIUMS

»
o el

[ 1 1 o J d&' 3 A 1 o 1 1 e » o ¥ a'
G lvauRfsa 1 nson Enor  Oaliimidugud 33z muis i aifioonsin

¥
1 ¥ ) 1
nszuaumsiinwhduina3wed iunsuda Enor Wnua diegningdh 2.11 uaninsasuauss
CI, ' o < v s d & 24 & a
49932V UIIEAT Eror GalimsifAsualaseg Anerdnanvzifasulaaiiniu nioana

L I:l L] o oA T A
a8 udTaoia s 19e 11458 A uRuUIY FControl  (RusBta@uNTIBIINTRUUIE TS
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¥ o T 4
N lumsdiganiuzndd (Steady State) $3d0145% P-Control WA ILRUT WA IRETIE
¥ @ ¥
Tazvuihaudtiu

U 2.11 naasnsineugUesAIIIA UTBYINIL I 0 IFAve I IR TN (LN

HaxBuyAYeIINIWGN Error (31/219)

2.4.4 N3N IAIVNMIY Derivative (D)

ASUINTAIVABUYY D Funsndonilat MInLRUUULBATIAI (Rate  Action) Tau
ﬁ'mutg'lmrmﬁwnmaaﬁoﬂauqmzﬁumjﬁuﬁﬂs1mstﬂ?§uuuﬂawaaﬁmqmmmm%udanm I
Wuhmanuamandoudiilomaiugudld uaxfi'umﬁw'nﬁmmsmﬂﬁuuuﬂaﬂﬁﬁfﬁqﬁfu iiio

4 = & o ° a a . a
ﬂ'rlnﬂﬂ‘lﬂlﬂﬁﬂulﬂﬂuuuﬂﬁ“ FATUANITATENIAINATI BATINMTNTENT (Rate Action) ASTUNIT

aolali

de(t
U, )= K, 40 2.11)
dt
A ] - . -
die Up() - AUDINYNYDIRINIUAVIUY Derivative
K, = $HIIVUIVDIAINIVAUUY Derivative
de(t . 4 4
-id(-l mnuAMAARoUNIa t
1

msmuf]m%mqﬁufﬁ’ dnnnudasz ¥R udniuguiatusu Himiumsniugy
Sedadiu FrBonhmniuguuuudaduuiniuuyueyiuinie #in (PD-Control) daanunu
SadadnldniuduRniasziioni Fmuguuuudadounfunuuduinia niokle (I-
Control) |mzt‘fﬂ%’ﬁ"mmanuwaqﬁuﬁ's"mﬁ'uﬁomuqmmuﬁ'ﬂdmua:ﬁaﬂmqmmu%uﬁm’am

= L =1

i]:ii’Uﬂ’nW)ﬂ’)'lJf]!Jll']J‘l.lﬂ‘ﬂﬁ (PID-Control)
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w ar d’d’
AUy iuETisy 10 1T U121 (Damping) 1usvuum~nmqu1ﬂn

=t

ANt viuffei szuulimdus mwindy unTnum"lﬂuﬁ'm'm'mﬂumaqwuﬁuil.,'lum'ln
mmmnawmﬂ'luﬁmuwagmﬁmlﬂugutﬂﬁ Tuvuz@oaiusriuidyanueniwniieensing
ﬂfmf]umauwuﬁmﬂuﬁm‘,mmmnm1nm‘smaqwummﬁmtymmmmﬂ muuﬁ’mmmm
Aanantiidygusuniuinn ammmmmnmanminnmmm]ulmaqwuﬁua yufon”

(fractuate) ABUGIININ qmz‘n1111szummf]mmm'lumﬂnus mnl4

245 n"smmsn:mr]uuuu Proportional Integral Derivative (PID)
d1 P-] - 1] = -
#loA-noulnsa ADMITIINsEHIIMIAILRUUYY R-neuTnsa lo-nouTnsa uasd-

bl Q’J o l:!'
Ao Insa Aniuaumswes Uy, () awnsontlanail
delt
UPID([)=KP8+K[Ied[+KD““‘5(")‘ (2]2)
t

A ' 7 - q1 o
1o Upp (1) = ANDIMYNVBIAINIVAUIV VA [0A
AN A » o d 7 U 7
msaouInsaunu® 108 asoufooridmyealiotwes vunuanouinsa wazanlonos
a o = -~ 4 o e o b4 o
gnizi difamsesadmmilorninduiinfaneulnsa uazoz M nansuausd A5 A1

quantiAvosdsnnvnoulnia

2.5 szuniReivsEiLveanad
TumsR915a1ms Tnaveasunad 9xdead1flafanInuAIUNIY (Resistance)  1aAZAT
A711] (Capacitance) nﬁaﬁﬁzaﬁ‘uwﬁqr]iuﬁ'ﬂyiuz‘mmam'am"umszumﬁuuﬁus:ﬁmﬂwmmm
Taveziinsananms Inamuveduqineogsznitmuzyssyaosly AAuAmnIums va
.
vpavpamatszimualgduiumimsndeunlawomnusadias sduvounad lunsusus PR

P = > . A
(113} ﬂuluﬂ‘uﬂinﬂﬂ’lslﬂauullﬂaqma\iﬂﬁ51ﬂ1‘i1“ﬂ HUAD
AH

R=— {2.13)
AQ
_ Contol vabm
+
Q_g, tll
Load vabvs
H+h -
l Q+tq,
—
Ci Resist
s Y
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4 = o <
luawmsms:uumnf]us:ﬂnummaﬂuzﬂ 3 Tussuuiiveanadve lnarkundlennain
- o ar o o ] o q' a
MIUL ANUTURNUETZMINBARTINSG IHaRaDIUZAIAD (Steady state) UATANYI (Head) Lﬁ‘a

o ¥ 3 o 4
fmualdunnaduriugudnasves inaandinsh wefmualdan

o=kJH (2.14)
uazAmIA ALY InaaNd (R ) sewi &l
dH h
rR=24_2 2.15
dQ q; ( )

- ooy ] 4 " - Q’ o n’r ¥
humalfias s hinswsweadulszaninsua (1) Futumsmvesnnudimnu
= o 3 " o 9' o ]
vl laemsadans i sznhesrduanugaveniuazdasims Tuanndeyai 18enms

nanvauazi N3 dannuduveannugiinaasiiodiadlugai 2.13

Flow rate (we)

Ooffemmeeeenemna?

= = (Y.L 4 J [7)
jun 213 UARUAIAN NNTURNE 121 IRz OnTIMS IHa

MAIMg € (Capacitance) ¥8aM¥uLysIgiunanIdiuiumsnlanulasvensines
voveummfinzaueguitonnninmsalfounlawennuga iude

c=8" (2.16)
AH

FunA31ALY (Capacity; m*)  dudrafuminuy m? AR NYUBIMFUL Y TYeETiAINIAY

) ar 4 or a0 a d - P
Auimihdaveanrusyssy Mfuf mHidavoanruzussNNIATT AMANUYNIZUAIAINAADANN

STAVAING
d- or - 1 g "l 1 ot L)
iioaninsasims madaududasins Tnasenlusranarduq (dr) dusziiduduou

wpwaanadf Uy lumyuzussy 5314h

dh
C—=gq,—¢q 2.17
t q s
SINTTLINVOIFIAIINATUNIY ANUFURUTIZHIN g, 10T A AD
h
q, =}-t' . (2.18)

1 - a A o ey ﬂ o o
unum g, aaluauns aumsAdmesuFraveszyukio R uMAMvIiuA

RCgﬁ+h=R% (2.19)
dt
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‘=: [ = A o . 1 o w
aunsii 219 Wuaumsiuusnesmendnmansvesszuuilonmualimdunaios sduag
o’ ar o 1 o - . ., o
vonihluds nazimdnadesinsnldoundadasnnis Inadivenihlugs vimisideanisaiugy

@ L4 - - : g o
8n31m3 vavensinds tasIidhuunaumuszduanugavenittudy ssannsonuwusiasm

¥

noiamaas muldgai
h=Rq, ' (2.20)
unua & aaluauns 2.19 0214
dgq
RCHe 4 —¢g @.21)
at q, =4

° = Ao = o o
qunis 2.21 !lﬂﬂﬂil'!.l'ljﬂ'Iaﬂ\'i‘l"l'lwlﬂﬂ.lﬁﬂ'lﬂﬂ';'llﬂﬂ'J'S'I.I'I.m‘)"UfJ'LW]ﬂi]'lﬂﬂ"lil‘l.laU'H!.!‘l.lﬁQﬂWi'l

” 5 ’ = o 4 o
13 ‘l'H aovanNvInNin Ll’dﬂmmﬂﬂﬂﬂanmﬂ "JUF]Uﬂ’ISI'IJﬁUuIl'IJﬁQﬂﬂ? 1m‘i1}1al*ﬁ'1‘lmmﬂum

2.6 Transfer Function
2.6.1 lﬁf)ﬁ’lﬂ’liﬂﬂﬂﬂdl!ﬂﬂﬁilﬁﬂ‘)

VINEAUNI5 2.19 1310 Take Laplace Wz 1# initial condition linnifiy 0 92’14 .

RCsH(s)+ H(s)= RQ,{s) (2.22)
HG) R 2.23)
0,(s) RCs+1

o Q. W Input uaz H 13 Output

{ | .' L4 Ay F_
5171 2.14 uansszyuRIVRUITAIINUYTeEIRTYA T U meNY

3 g 1 o O ¥ o
2.6.2 il ImsnasevUERIdaniil fisemoiu
=y ] o« ¥y
931 5 uazidnuvesANUAMINYEINd) 121Ad

ok (2.24)

q, = R,

_h (2.25)
q2 R,




1N Continuity cquation wld

dh
c .
. 1 di q—4q
dh,
c, g
2 di q 49,
Waununauns 2.24 aslueaunis 2.26 9214

d
R1C17):|= qg=h+h
HASUNUTUNTS 2.24 AT 2.25 aaluauns 2.27 w14
dh
R R,C, _d_;z__ =R, (hl = h’z)_ R,
N3 Take Laplace uazunumauns 2.29 aaluauns 2.28 9214

Hl(s)z (RCyRy)s + (R, + Ry)
O(s)  (CRC,R,)s? +(C\R, +C,Ry +C iRy Js +1

ay
Hz(s) - R,
Q(S) (ClRlcsz)f2 + (CIRI +CR, + Clelf +1

(2.26)

(2.27)

{2.28)

{2.29)

(2.30)

(2.31)
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unins
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FANARDIsTUUATURNS LA TnuTERTe7 Usznoudas 2 dau Ao dauvesmriamnd
(Hardware) Uz Tuv0IvaMdI3 (Software) Faduvaarending fio Tilsunsuudyia (LabVIEW)
dmfunugumsiinu Tﬂuﬁ'uﬂ'ﬁ:ﬁun11nqwau‘iﬁ1uﬁaﬁé’mn1s uazpuguAnflmuelg
S ldmiidesnts ua:ﬁmﬁlﬂums’ﬂmﬁfu dszaevTfogulnsed uazasvsanade Uil

1. finhwuim 2,800 aasaoralug

»
ar

2. 60hUA 10 x 10 x 35 YUAIAS 91U 2 1u
3. Fniwuan 15 x 15 x 35 suAas $1au 1 1y
4. "F0imin 30 x 30 x 30 @wuRwAs S 1
5. 19WaB3 IARIIAY Motorola MPX 2101

6. gunsalntaadoyuuam unzn/a

7. ApuRAADTAMYAAD

8. gunselvnodygm

9. MEWUIA ¥% $12 $1107m 4 B

10, (#03urIA 60 M S 14 1 3

11, flosvnn 20 Au $1uau 1y

12. Movuin 15 #u $1u2u 1 Fu

Tanka
P

Controf Valve

f § ; Tark b

Load
Valve
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3.1 MILDNILLAIUYRIAITANIT (Hardware)

3.1.1 1mm'umé’d1:n
Guduimunly
1. mmgevesSaimiduuL = 0.3 was
2. viadumuAuINA13Y09 Load valve = 0.5 11 = 0.0127 a3
3. yuiaduiuguéna1ave Control valve = 0.5 11 = 0.0127 was
NANMINIBATING IHa

Q=.2gh4 : (3.0

uaz Control Valve Lf}m‘ﬂﬂmnqmzﬁw1ﬂ1€uﬁnﬁ1ﬁ’mﬁ1ﬁ'ﬂ

%xo.s2 AN = %xO.OlZ?Z AITUUAT

3.1.2 m3mmnavesdavmidiuma
Y5171R5 B3a = 15 x 15 x 30 = 6750 gALANIFUALIAS
152197 §3b = 10 x 10 x 30 = 3000 QNUIARILURINIAT
U511A3 f3c = 10 x 10 x 30 = 3000 gNNARITUAILAT
s1f5u1Asita 3 §a v 12,750 ANUIARIBUAINAS
FafuszifonlFuravesdatn B = 30 x 30 x 30 BuANIAS

& 9 = 4 -
FazhiSinas 27,000 gnunAfisuALns

o
3.1.3 mswivinatiu

' [ » . »
& b=y ° T o o o ] ° =Y
fmuald dessuuduguidhgsea saifunoiuna 10 3ud wezvehautivuady
»
HIAUGNA1 = 0.5 12 = 1.27 IguRes

L 4
. a P o= v o ¥
91n5Asta A = 6750 gnuIRRIuAILAS — UTasvesiorhau

- 6750 = [%x].zﬁ x30)=6712 m%

-0, 872 o 2em’/s
=24161/hr
3
uaz Q, =v2x9.81x0.3 x(%x 0.006352)= 7.68x107° ’"4

=27.71fhr

o q'a & y" Hea = ] PR »
Sty dendufilvuia 2800 Ansaoud Fatvelutenan
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3.1.4 27877710 (Control Valve)
A s aa o N & g v oo
ipannMaIURUNTNNTI Iesiduuny Solenoid Vaive Falin3uimsmunuiiuuuy
¥ o P - :
(Wa-ila (On-Off Control) daunarmunuilinivimsaauguituy PID Aiweziisnunsyin 84
21 oy > L4 1 b4 Ha o Yy
(@NMEMIATNNANIVNUVWEL Tauld Ball Valve HlvioTaoialy vuin 12 40 madaii
< Y & & = o 4
MAAuAUN TAUES19YA Actuator YU F3 Actuator 921)52n01 11/#20 motor N1 UM sTuindou
o ar 1 or é . 1 ot
Taviufyanunuguuiningau Controller Tavaz 1¥dadumuFiansadsva 1dmn14umssa
» 1 d‘. A :: o
aumisfindoui 1dveands
A - o
ifosninmsitla-lavesndr Mmsmypuiivs 90 sam rlduemefFuunundrlasass
. » . .
voiAns Doz yuiius 90 parndnTuiu dnfulideldifesdronasomive liyoinesnyuld

° 5y ol = 4 . 1 o ¢ oo
muwsaumnﬂu uazmanuummuﬁu W AWHUITUAD 'Iﬂunmanmmanmnuuﬂu 90

DIFIANNAY
INTUM ORI URBING
N, §

Taofi N, Ao snfuveuesfinefuyomod
N, Ao Sunuituveaiesfideiunda
6, Ao szozumuTiFay vounansemos
0, Fiv szuzunuRFR VBUNNND

¥ Y ¥ o
Tunsdifiansms Wusmesnyu2sou Aemsnyuweanal % sou uazlisnauiuiieves

' e 3
yowmasmiv 15 ¥ ez'ld

15 _12
N, 1

2 =-—~—(2Xl5)=60 u
172

4 < A
dmduddnmualsus Rezmusonyu 1 270 osm Tuvazinamyula 90 oam diounu

masluaums 3.2 9214
60 _ 270
N, 90
- N, =£§92(9—0)=20 i
270
Tao N, Ao suauiuvesResideruddmmmnlium1a
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Potentiometer Motor

3R 3.2 nenanpudrnesvesndimugu

TudUvDIM3AIAUILTVAT Manipulate (mv) 1N9INFINIVAY B381 my vz15ud Set
Point YBANTSAILANAILNLI03 1) A1R149102395 PID ezds i duasesmes oA 1ng
(Servo Amplifier) FilanIuUAszIa IuMITuInABULBINDT 1Az 18 Potentiometer THATS Ta M
¥932187 roteundufusnsaugudnoniands vienlaszunsuuaamisarugund

uapaAalugn 3.3

SP (@om controfier)
+ Serve . Pasttioning
FID Amplifier Vahve
Potertiomater

52 3.3 uanapdentnezunsumInIvguE?

=1 P J A -~ 1 o u’: &
21nvdonlanzinsy 2995 AadnuinenIugu veduawsau Wi 154 v aiminderiiinegs
a S & o [ v a ¢ Ao v o & » a A v '
Sulatamn Faeztlosiulugasussdiufiu 4 1ad v3edinds 1.5 Toad Fatussduinuniodeonh
nesezAadyyrafzdigiees P Hidygnueglugniitmuadygiusznudigees PD
Fyapafioonsin PID s lidneszes Tuendd s ifeduindonnds uaz14 Potentiometer

Wudasresudnmisvesnaaneimsiloundy

Protect
voltage

Potentiometer '

U7l 3.4 vansvdenTaozunsuvearsesiiafraiiy




+15v
15V 10K %
JOKE < e LI +\T\
LM338
>
-45Y
-15¥
15V +15v
>~
LM339
10KQ <, - -
Lo_Limit
-15V
EL
220 l
10k}
prije] +15v
!:M1’41
22k} + Proportional
-t 5V
0.39EF
I
119
= +15Y
A' v‘v
SODkL) F351
+ e

+{ 5V

10KQ

U7 3.5 uansasesIulaifmn (Window Detecy)

il
4

317 3.6 nane1993 PID
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+15V
+15Y — BD139
]
= +
LMT741
AV -
10K
-15v —@) BD140
§4TKQ
o -15/

§Ui 3.7 uansrsonveiTwew/a I vilansugunizua

50k %(—9—— From Gear

500K <

-18v

31’573.8 uan31303U3Y Zero-Span 09 Potentiometer




dy ~ - o v N A = ' gj . N ) - o N
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lunnsallag Msdu Snvamudlndaudasilon uagnetosdedaunvesenalsnnasminisiluly
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L o« - L - ¥ [T LI ]
miaduuasyssmaradygyineshimiinlums Sudygruvud Feezdawinnauised

d. bl & 0’ ar or o
nezudasdyaausiduvenhluduludyauus dulvih (volmge)  nazvedadya

ussau Ilihesn lumuguandmnuguimmnenes

o oo -3

S o o 1 o
miafuuazdssmanadygiuiueule 6221 mursedudygruvudilandondu 16

L 7}

) I ar o L] as ad L a z
¥8an1e uazamusodidyguvieonlanionnu 2 ¥ean1e seasunisSudadgounnyy

pumenUazAsADa AomisiuindesnouRinaesiumaislota (PCI Bus) Tnofqueaniasun

FaelUil

F2quunniims1dau : 0 §3 50 BaFUXAITUA

Fguuaiilumsiiuiaw : -20 B4 70 DA NBAITLE

ANUFUFINNT : 10§ 90 aloiFud Lifimsndud
(10—90%, noncondensing)

fdalnan : +5 VDC (&5%) 0.5 13 1.5A

frdelWfivesredyaudioon : +4.65 to +5.25 VDC, 1A

Poan1alumsaane . PCIBUS

Swauila : 32 b4

grudygrugsgalumsiudmasdieon - + 10 VDC

AutvesmaAst AR : 80 MHz

3.2 M3eanULEIMYBIBerINIg (Software)

LabVIEW A6 niesfiofldlun1sian Application (T)5unsutlszynd) silanils
WAL Visual Basic  ussziunisi@oulysunsulaoldgylunisWani (Graphical-based
Programming) F92UANAININUUIAA Text base Programming (T Text-base 921 UINUUAIAN
1@ LabVIEW 921197t Dataflow

LabVIEW mmsm%mi‘luﬁumwinq'?ﬁu*fau'lﬁmﬁﬂu Text base 1¥uUn11c 1Avld
Formula Node uag LabVIEW p1svireiuszifuntamsaadeduinioafionfonsuafued
(Transducer) 1 1930 dargaumiamunmaieg wazuonvimiumusnhise Tumioin Computer
Technology 1A% Network Technology w11lszgnd 1§am iu msthudoyanslugmdoya nieds
Foyaruma Intemet W linawgaamnssuIdine LaVIEW unlssyndldaudunuiangy uas

99 1A 1u9U (Automation)

3.2.1 Hapmiaveldsunsu LabVIEW

LabVIEW 0011910 Laboratory Virtual Instrument Engincering Workbench 11sunyui
a Py [ ) ' . - . . £ = A A W
wwuwu'iﬂuh LabVIEW 92t384071 Virtual Instrument HIOLTUNU09 01 VI FIHUWOINITOIUD IR

o  or 1 4 ‘; o J A o
wrilou daRet199n1307 3.15 iy Oscilloscope 71 IAIAMIEd 19BUVUMTIVONOURNRDT
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- = ’ & v & 4 .
LabVIEW 91} Front Panel Hanf3vuiaijoulddudsndldzmiunazaruqunisiiau l¥aunse
4; 1 o ] v - [
aegluurin1Aieseiiessinl una 1z LabVIEW Sdanlszneviie i l9dmiveonuvomine
NG 15U souaAInanuvesadalaa Tay, Junyu (Dial) uazedad fludu Tau LabVIEW 9z
¥ [ [
UARIHAUATAIVAUM I MINIURIUNIIABURAADT AuRauNTouTYsunsu9zi50n31 Block
. or A - s
Diagram (5 0v19iiouiy Hardware n1olunsoaiioin Tay LabVIEW sz vuTilsunsuiavedo
nm
or w 8 A - W - s o 3 ¥
LabVIEW 91fondnmisiauveaniesiioda nSensiagu wildgldauisasenuuy
s Tysunsumuidlddesms ndnmsdainariseemilu 3 daulngjqfe
= ] o - a [ 1y
1. Acquision  Fuiludrufiiudeoya (nput) s1ndanandeunmouenidigszuy luniido
L] »
apuRuaes Taodoyanihgszuuiioiszinnn miapaQ(@msudgygrunaTid), mia
MAQ(@mFudoyatlsziang) nie GPIB(mivAWRUnToiiodn)
. o oY Vo ' 'y ° N A e Y &
2. Analysis nannii1aTudoyand? orvesiudIngun1si Analysis n303tas1zvidoya Favz
uaawratugiliidenrmnoludsfigiduennsmih huraumudenialduaz 148
3. Presentation AnnsuaanalugunvuiniiulszTenidof1d1u Tavernuanaravuniine
. - o a’a o Ao ] ¥ 3 o @ o ] o w o
asuRuaesvalugldyguiialdla hisuludesinnuduiuisunamie dusuifiunm
o i - o
4 srannsonansdgann lugdanviniensfivieenuudusionu niemaivvdyalu

S a o
a1ifaAtn

bt of St —_—_—— —_—  —
e ,E LUt Fup oy
Ci Cubdsteteommnty

RN, i Frarare Feieanee

{5} —

n.nj{|ﬂh‘\w-'w = ﬂ.._—.?‘ Eartat lromEps | Bode Pt = |
g~ ;.EE:J'F] B %Eﬁ—%f — (5
i va B 1573 l
= {3 i !
T
)‘J : L
i 4
]
(o & m 4 o

3117‘1" 3.15 uansi3089Front Panel ¥o$11stnss LabVIEW
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3.2.2 @awlszneuaaqlu LabVIEW

o
F t P l A T ‘:: wa: 1 o y1 5 -} ] n’ » A w »
ront Panel Apmiuivzaaaoiudldiu Fadiiezilsznavdan uie Sudeyasindld uas
3o (uamanalid1diiu)
=] a A ¥ ¥ 3 = ' = v
Control A0 Fafif1Fa1uszflourmTentauun1d affe nput (drgszunlugyl Numeric
Control (M DdoyauvufHay)
. A a A 4 s
Indicator Aiodaf TusunsunaaInasonu Id§1Fuiudaife Ouput NoenNeINIzVY Hi0
. . = o Y ] . . ar o
Application MsiaN TugUidudao613v99 Numeric Indicator (A UAAINAILILA DY)
Block Diagram fiodaufighimnn 1 lumsdouTusunsy n3ed1uves Source Code
. a A ) r o -
Terminal 9230azUIVA AiD §ANUIA (Source) M3 (Output Terminal) 1tAzASY (Sink) M50
(Input Terminal)
, , ' oA 4 . : o .
Icons fipgruiinmsinauetnlastianit o Tulsunsiniien wu Haddusaiiudulsznoy
E1 Eru ] = - = r
Augmniiogudrlu LabVIEW 18Un Add, Subtract M50 SubVI Fanuuha V1 figniSuneusin
a 4 '
BN VI il
. A ¥ s/ o - -a ¥ Il ar 9 q’ B
Wires foidunavesdeyandaiugadutiadoyn (Source) yasudoyaqaduga (Sink)
v »
Structures ADEIUNAVAUIUABUMSIIIUYEI TilUNsIEY

Nodes floqaoudnszni1adeyany SubVl, Function 30 Structures

3.2.3 msl¥nuldsunsufiaf1a¥uen LabVIEW

- W d’ =1 . N . = 1 o
TusunsuhadniuTny LabVIEW 92150071 VI #3601710910 Virtual Instrument 95NUN

v . ar A - ﬂ.l ] el o ] U
AIUAY (Control) UAZAILLAAINA (Indicator) AdWATNMIATDTD TaTauW 2 Tiheiu Hiludva, v

Dada uazns uaamaiudu

3.2.4 INS0a30N ¥ ooNIULFront Panel

m?mﬁﬂﬁ'la’ﬂum's 20N VFront Panel ‘i]:'l'i‘i’ Contrels Palette LI@2 Tools Palette 11 Controls

= [ 4 2 ¥ A 1w v
Palettc $1411A1390AUY Front Panel fauaaalugii 3.16 Fududufidasefudldaru User

o L] 1 L] \ ot . d ¥ =
Interface TﬂU‘i]zi]ﬂlﬂuﬂi]ﬁﬂ’Nq 1TU NQUUDINIADY {Numeric) mmu'lunquzu Control 1A%

Indicator A9 MNUITVANAY
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3V 3.16 ugA4 Controls Palettelys@ 33483 Front Panel

3.2.5 Tools Palette §1130UN1500nUVY Froat Panel
Tools Palette A 1n3pailoR1Fumsiann Tbsuns udaay 19 an15000UIY Front Panel
1&g Block Diagram udaufi9znd 1783 Tools Palette #M31BONNI Front Pancl

Tools Palette 71191107 un1500ALIY Front Panct

1. Operate Value Tool 1$10/8uun/asfirueq Controls 138 Indicators 1AUNTS Click Operating
Tool 1A AuL11RA193 Controls W5 Indicators Hts1ApIn151AsUNAIA1 1B Click
Worfoum dananalugilii 3.17

2. Position/Size/Select tool 1¥d M mA0n (Setect) M50IA13A MM (Position) 111 NSNS

U5UUUIA (Size) 103 Controls ¥30 Indicators Aanalug U 3.18

f’?
7

ths

3 U/l 3.17 u@A3 Operate Value Tool gl]ﬁ 3.18 uan Position/Size/Select tool

3 Edit Text Tool 14insudludonnunitiua16nus nSemindon1uaivu Front Panel A3
naaslugin 3.19

‘ 3 &4 4 o & A aea

4 Edit Text Tool 19lunmsilavundaifiveadanisifosmsilavud samunson)doudiag

3 4 v > r
Fuuuuadalag uazdnu Srdniudl Background Aauaaaluglh 3.20

R Pl
e i SR [A
*'glO =l
@lo]/ ool
/ .-,

jU7 3.19 uaas Edit Text Tool FUfi 3.20 U@ Edit Text Tool
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2
| & [ A
s

®le]/
thy

o .
UM 3.21 @013 Object Shortcut Menu Tool 31N 3.22 uan3 Seroll Window Tool

5. Object Shortcut Menu Tool 1¥dM3uLaRLAZIADN Menu NiNUITOIFUFIA 199U Front

»
ar

Panel 1122 Block Diagram 38 Inajudnzadnvimmunisdonti awanluguii 3.21

6. Scroll Window Tool 19dmsuns lﬁ.ﬂu (Scroll Window) qu Front Panel uaz Block Diagram
Fuaaalugili 3.22

7. Get Color Shuneailed 14 un1sfaaen (Copy) ARisuBionaindaguituiiefiezii 114y
minldvuFvesdniagnilaIiidmieusuiie copy fu1 Tauld color too! ﬁ'quﬁm‘lu; U

13.23

hortcut Menu Tool gllﬁ 3.24 ua@e Numeric F unction

]

Ui 3.23 ua A3 Object

3.2.6 130430 MS Iunsidou I suATHUM Block Diagram
¥ & a . ' Ha -51::’1#4 1‘]’5'
LabVIEW 1% Function Palette ¥99&3 Function Ha2 SubVI a9 Muoyita MM tyiaon
1710 Function hag SubVI Sauilunguaiyu ozl draqinoaiudaiay 19U Numeric  Function 921l

Function U2 @V g 113 Aauaaalugai 3.22

3.2.7 Front Panel Toolbar

a4
(D1 Talsunsuannsn Run Wifte Crick tjuiium Tootar
Tlsun3uM1ds Run og
Tai514n53 Error §1 Click 92taAI110M 3 Error List

A . A L. om
TasunsuanNsn Run 1YUABLLDA (Continuous) 11D Click 1juil
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o ‘o1 4 M '
]E - 1183 Run DUNABIUDIMUNTEI Click 1}u Start/Pause
A o o ' o
tite Tulsunsu1da Run ofaansongamsiianlisunsulaoms Click sy Stop

1] o & & ' 5

[ MYaTINI theas e haes Tilsunsy Faa11sa Run de'ly)1diile Click
Ll ¥ =1 ;
u vionaudnass

| 13pt Application Font

N ionusout vy lunudnysfideants
[N il o <

@ TALUIVDITIAIT (Objects)

@ JATZUZNIISTUINTIAN (Objects)

&ﬂ‘ 1|u A' ] :: L -:: 3 %)
B FLVUNATIAGNOYUU Front Pane] Hawq dedoufiu

[8~{ sadduvos Objects N1FOUAY

LAY Context Help

i

.2.8 Block Diagram Teoclbar

INUIALDIN Front Panel Toolbar 1UaIUY99 Block Diagram tnane 1l

b
=b.

q

=

Highlight Execution 1o Click 1d21uMs Run Program 227119 Tlsuns Run

3 A A d = o :

Fraame s witudans Tnavesdeya nasihouveslsunsy

4 - '

1ila Click ud19z00enanTrua (Mode) M 151054 Run $1 (Highlight Execution)
a . o I

1$hiM5 Run Program uunifiazfida uazezad lu/fafidaves subvi

1n15 Run Program Tusunsunvyuiazdida udez Tuaalutaiidaeuos subvi

] @ [£] [

1% Run 94DONIN Loop 1A% SubVl

3.2.9 Numeric Data types

LabVIEW 9eiigiunumsiudeyardh (Input=Control) uazuar@ana (Output=Indicator) 1A
uupiasmopliuuy Furazdrgaimuniiu Control 30 Indicator 13ud iR Iy
910 Control 111U Indicator H36910 Indicator 114 Control 18 TA0NMS Right-Click '71 Numeric Control

» []
W38 Indicator 1A 1ABN Cbange to Control N3® Change to Indicator fattaaatugain 3.23
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wennmindaliquaniasuadnfiaunsonioulod 18 Taoms Right-Click Hiavfu 12
1880 970 Shortout Menu Y81 n30180n 1Ny Property T3 1514 LabVIEW Fudoidu 7.0
'y Auauandieio

1. Visible Item>>Digital Display (finn15tctaswaiiudaimy 9 danadiavuoan Meter

Indicator

31/fi 3.26 o A3 Digital Display

2. Change to Conirol/ Change to Indicator (Fun1519/201910 Control 117U Indicator N30
Indicator i Control MstfiongiuuaNuazBuavesdaylunts 1 a1
2.1 Data range Humsimuassmiioz g isu snsadmunmidigauasgagan
sy 1dlFounyszning 0.00-100.0
2.2 Scale USugtupyamamuanumnzeniums 1au
2.3 Format e Precision 1 un13Mvuagduuumsuaaanauny uas$mIuduay
= A = » ar ar J :f ) J ! ar
nadioy Facwrsadenliuansranyuduavdde 10U Aduegiuduny
Representation v83@1avi 199170
o ag ¥ a
sthiuveadupviilddenuaamanaivgiuy
Decimal: lamgmﬁu
Hexadecimal: 1QU§IMM16
Octal: (AVFIUS
Binary: Y§1U2
Time and Date: 3Ultuunan
3.2.10 Formula Node
ad o o ¥ J 3 o . . o
unsginaumsfrudusournu N1 13HIAFUADY (Numeric Function) HaW9AM1
L o ) » r J = J [
oo iamuh lsmsiaeearunsas oty niadouTsunsud 1t Susndowiiy

AUnI5LUY Text-Base 19 Formula Node Tunisiivuerumanysys Text-Base




33

311 3.27 uaa9 Formula Node
3.2.11 Boolean Data type

. 4 .
Boolean Controls a3 Indicators 11ug1liu Input uaz Output Falicrosaouz fie iWadulla
a -1 1 a o o
(On M50 Off) ¥30 9390UIND (True/False) HBNMIIOINATTINLIT 9N T YRR VIALAY LabVIEW

UI50MUUANTTHIIU Switch Control I IMTMNUNMINAMEATAA WS VA INT5 Aauanslu
J1¥ 3.26

451 Controis Search
TModern - 3
P et
= Ral - m&m S
I = B -—*I ; = - - —————
¥
1163 E@' < @ !
Array, Marty... Lst&Teble  PushButton Rodker vert Rocker
= i
= ) e ® L1
— . .
Ring & Enum Cmtll:us | Round LED  Horbrontal To...  Vertical Toggl...
[ o] mm B g
Refrum Yoriant: l Stpame LED Shde Stk ertical S L.
Syseem { =
. OKButton Cancel Button~ Slop Button
MET & ActiveX , gj
Select & Condrt... fado

3 /¥ 3.28 u@n3 Boolean Data type
3.2.12 While Loop

» 1 »
- 9 ) o 2
While Loop Aamsimuald Code 3o Program 1 Loop Maudsunseiatou luves

While Loop it Tauiidmua daanatugili 3.27

51/ 3.29 4TAe While Loop
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3.2.13 Wait (ms) UaY Wait until Next ms Multiple

Hafisudi 141001y While Loop %36 For Loop #i® Hefduiifmuanarlidigng
183U (Millisecond/ms) id Wait (ms) 1A Wait until Next ms multiple A2TNUANAIISEH I
A fu fine |

Har$ Wait (ms) 1 50mus 1uTad R (ms) itlerd 1 15y ngundeniniieuly
A2uYpa Code 191207 10 ms HA2925090 500 ms 4AI199929U Loop vl irlfiudas Loop 92 149a

10 ms + 500 ms Aauanaslugalii 3.28

milliseconds to wait mifizecond timer value

517 3.30 uana Wait (ms)

1 o w . . . = '
druAafiFu Wait until Next ms Multiple 91ng1/eusy@1 Code Tu Loop 1190110 ms
t - o 1 = ] o e ]
FURIU uAM359939992 141701 490 ms AvuNezIU Loop Tmivh ¥ luudaz Loop 1410a1 500

ms M58 10 ms 14 Code Liaz 490 ms A1 Wait until Next ms Multiple Aaueraalugaiii 3.29

milirecond multiple —-— maksecond timesr vahe

U7 3.31 uans Wait until Next ms Multiple

3.2.14 Shift Register
v Y o o4 -] '
Shift Register 139 Feedback Node 19520 While Loop 150 For Loop Amsumihus 1l

ol unsaudniano 1l Shift Register a1130a31914Ta0 Right-Click ivo Y83 For Loop 39

While Loop #utaiaaluga 3.30

O OoO-8

U7 3.32 u@n3 Shift Register

3.2.15 Feedback Node
Feedback Node 98A®I0A Shift Register vz 1Fumuiulunsdinezaamsmnmiviivn

uasSusou oz Wi Stack Y049 Shift Register 813715012f301 Feedback 1M Shift Register 18 1aun1s
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Freescale Semiconductor
Technic_:al Data

10 kPa On-Chip Temperature
Compensated & Calibrated
Silicon Pressure Sensors

The MPX2010/MPXV2010G series silicon piezoresistive pressure sensors
provide a very accurate and linear voltage output directly proportional to the
applied pressure. These sensors house a single monolithic silicon die with the
strain gauge and thin film resistor network integrated on each chip. The sensor is
laser timmed for precise span, offset calibration and temperature compensation.
Features ' '

* Temperature Compensated over 0°C to +85°C
* Ratiometric to Supply Voltage
« Differential and Gauge Options

Typical Applications

* Respiratory Diagnostics
+  Air Movement Controt

«  Controllers

= Pressure Switching

MPX2010
Rev 10, 0572005

MPX2010
MPXV2010G
SERIES

COMPENSATED
PRESSURE SENSOR
0to 10 kPa (0 to 1.45 psi)
FULL SCALE SPAN: 25 mV

ORDERING INFORMATION

Device

SMALL OUTLINE PACKAGES

UNIBODY PACKAGES

MPX2016DP
CASE 344C-01

MPX2010GP
CASE 344-15

MPX2010GP
CASE 344B-01

© Freescale Semiconductor, Inc., 2005. All rights reserved.

MPX2010GS
CASE 344E-01

. MPX Series Packing Device MPXV2010GP MPXV2010DP
Type Options | CaseNo. | ‘5 iorNo. | Options Marking CASE 1369-01 CASE 135101
SMALL OUTLINE PACKAGE (MPXV2010G SERIES)
Ported Gauge, Side 1369 MPXV2010GP Trays MPXV2010G SMALL CUTLINE PACKAGE
Elements Port, SMT PIN NUMBERS
Differential, 1351 MPXV2010DP Trays MPXV2010G 1 GND'Y 5 NIC
Dual Port, 5 Vour P NG
il 3 Vg 7 NG
UNIBODY PACKAGE {MPX2010 SERIES)
) ~Vour B N/C
Basic Differential 344 MPX2010D — MPX2010D -
Element 1. Pin 1in noted by the notch in the lead.
i i PX2010DP — MPX2010DP
Zloer:ne:nls guﬁaﬁrg:t:tm‘ 3440 Mexzo10 UNIBODY PACKAGE PiN NUMBERS
Gauge 3448 |MPX2010GP — MPX2010GP 1 GND™ 3 Vs
Gauge, Axial 344E  |MPX2010GS -— MPX2010D 2 +Vour 4 “Voyr
Gauge, Axial 344F  |MPX2010GSX — MPX2010D 1. Pin 1in noted by the notch in the lead.
PC Mount

MPX2010GSX
CASE 344F-01

$

i

- '
-’

# freescale




Thin Film 12
Temperature  f—1— *Vour
Compensation |
and Casibration 4
Circuitry !

GND

Figure 1. Temperature Compensated and Calibrated
Pressure Sensor Schematic

VOLTAGE OUTPUT VERSUS APPLIED DIFFERENTIAL PRESSURE

The output voltage of the differential or gauge sensor voltage increases as increasing vacuum is applied to the
increases with increasing pressure applied to the pressure vacuum side (P2) relative to the pressure side (P1).
side (P1} relative to the vacuum side (P2). Similarly, output Figure 1 shows a block diagram of the intenal circuitry on

the stand-alone pressure sensor chip.

Table 1. Maxirum Ratings(?

Rating Symbol Value Unit
Maximum Pressure (P1 > P2) Praax 75 kPa
Storage Temperature Tsta —40to+125 *C
Operating Temperature Ta -40 to +125 °C

1. Exposure beyond the specified limits may cause permanent damage or degradation to the device.

MPX2010

: Sensors
2 Freescale Semiconductor




Table 2. Operating Characteristics (Vg =10 Vpe, T = 25°C unless otherwise noted, P1 > P2)

Characteristic Symbol Min Typ Max Units
Pressure Range(" Pop 0 - 10 kPa
Supply Voltage(@ v —
Supply Current I; - :(: 1—6 . r:::
Full Scale Spanf® Viss 24 25 26 mvc
Offsetl® Vorr -1.0 — 1:0 my
Sensitivity AVIAP —_— 25 —_ mv/kPa
LinearitytS) — -1.0 — 1.0 WVpeg
Pressure Hysteresis™ (0 to 50 kPa) — — +0.1 — %Vess
Temperature Hysteresis® (—40°C to +125°C) - — 0.5 - %VEsgs
Temperature Effect on Full Scale Span®® TCVess ~1.0 — 1.0 %Vrgs
Temperature Effect on Offset(® TCVore -1.0 — 1.0 mv
Input Impedance Zn 1000 - 2550 w
Output Impedance Zout . 1400 — 3000 w
Response Time® (10% to 50%) tr - 1.0 — ms
Warm-Up Time - - 20 — ms
Offset Stability!? - — +0.5 — %Vrss

1. 1.0 kPa (kiloPascal) equals 0.145 psh.

2. Device is ratiometric within this spedified excitation range. Operating the device above the specified excitation range may induce additional

ermor due to device self-heating.

3. Full Scale Span (Vegs) is defined as the aigebraic difference between the output voltage at full rated pressure and the output voltage at the

minimum related pressure.

4. Offset (Vore) is defined as the output voltage at the minimum rated pressure.

5. Accuracy (ermor budget) consists of the following:
* Linearity: Qutput deviation from a straight line retationship with pressure over the specified pressure range.

» Temperature Hysteresis:Qutput 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:  Qutput deviation at any pressure within the specified range, when this pressure is cycled to and from the minimum

or maximum rated pressure, at 25°C.

+ TcSpan: Qutput deviation over the temperature range of 0° to 85°C, relative to 25°C.
= TcOffset. Quiput deviation with minimum rated pressure applied, over the temperature range of 0° to 85°C, relative to 25°C.

- Varnation from Nominal: The variation from nominal values, for Offset or Full Scale Span, as a percent of Vrgg, at 25°C.

6. Response Time is defined as the time form the |naemental change in the output to go from 10% to 90% of its final value when subjected to

a specified step change in pressure.

7. Offset stability is the product's output dev;atlon when subjected to 1000 hours of Pulsed Pressure, Temperature Cyding with Bias Test.

MPX2010

Sensors
Freescale Semiconductor




o

Ta= 5°C
Bl—p1sp2 o
A T T
g 15 MAX A ,Z Span
s =
— MIN
B e e P e s it el Ll
_iPa 25 t Ofet
. 5 75 10 (Typical)
psl 0.362 0725 109 145

Figure 2. Output vs. Pressure Differential

I\'":Iiigure 2 show§ the output characteristics of the MPX2010/ This performance over temperature is achieved by having
XV201OG series _at 25 C The cutput is c!lreclly both the shear stress strain gauge and the thin-film resistor
proqorho_nai to the differential pressure and is essentially a circuitry on the same silicon diaphragm. Each chip is
straight line. dynamically laser trimmed for precise span and offset
The effects of temperalure on full scale span and offset are calibration and temperature compensation.,

very small and are shown under Operating Characteristics.

Wire Bond T Egg:y
g ]
Lead Frame RTV Die
p2 Bond

Figure 3. Unibody Package: Cross Sectional Diagram {Not to Scale)

Figure 3 illustrates the differential/gauge die in the basic qualification tests are based on use of dry air as the pressure
chip camier (Case 344). A silicone gel isolates the die surface media. Media other than dry air may have adverse effects on
and wire bonds from the environment, while allowing the sensor performance and long term reliability. Contact the
pressure signal lo be transmitted to the silicon diaphragm. factory for information regarding media compatibility in your

The MPX2010/MPXV2010G series pressure sensor application.
operating characteristics and intemal reliability and

MPX2010

Sensors
Freescale Semiconductor




LINEARITY

Linearity refers to how well a transducers output follows
the equation: Vi, 4 = Vg + sensitivity x P over the operating
pressure range. There are two basic methods for calculating
noniinearity: (1) end point straight line fit (see Figure 4) or
(2} aleast squares best line fit. While a least squares fit gives
the "best case” linearity error (lower numerical value), the
calculations required are burdensome.

Conversely, an end point fit will give the “worst case” arror
{often more desirable in error budget calculations) and the
calculations are more straightforward for the user.
Freescale's specified pressure sensor linearities are based
on the end point straight ine method measured at the
midrange pressure.

L) L4 T
I L Least
Least Squares Fit - ’ |_ Square
PR I—l_ Deviation
Exaggerated ’ 1
Performance | . 7,7 # |
- s ’ Straight Line
a8 /T i 1 Deviation
=] L4 )
S lo |
- “i
= . '
4 t |
2
g Ehd Point Straight !
F e Fit )
| I
I 1
1 |
| |
50 100
Pressure (% Fuli Scale)

Figure 4. Linearity Specification Comparison

PRESSURE (P1)}/VACUUM (P2) SIDE IDENTIFICATION TABLE

Freescale designates the two sides of the pressure sensor
as the Pressure (P1) side and the Vacuum (P2) side. The
Pressure (P1) side is the side containing silicone gel which
isolates the die from the environment. The Freescale MPX
pressure sensor is designed to operate with positive
differentiat pressure applied, P1 > P2.

The Pressure (P1) side may be identified by using the
following table.

Table 3. Pressure (P1) Side Delineation -

Part Number | Case Type Pressure (P1) Side Identifier
MPX2010D 344 Staintess Steep Cap
MPX2010DP 344C Side with Part Marking
MPX2010GP 3448 Side with Port Attached
MPX2010GS 344E Side with Port Attached
MPX2010GSX 344F Side with Port Attached
MPXV2010GP 1369 Sige with Port Attached
MPXV2010DF 1351 Side with Part Marking

MPX2010

Sensors
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Appendix A Device-Specific Information

NI 6221

The following sections contain information about the PCI/PXI-6221

(68-pin), PCI-6221 (37-pin), and USB-6221 devices.
PCI/PXI-6221 (68-Pin)

PCI/PXI-6221 (68-Pin) Pinout

Figure A-2 shows the pinout of the PCI/PXI-6221 (68-pin) device.

For a detailed description of each signal, refer to the I/0 Connector Signal
Descriptions section of Chapter 3, Connector Information.

Note M Series devices may be used with most E Series accessories. However, some
E Series accessories use different terminal names. Refer to the M Series and E Series
Pinour Comparison section of Chapter 3, Connector Information, for more information.
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Figure A-2. PCI/PXI-6221 (68-Pin) Pinout

Table A-2. Default NI-DAQmx Gounter/Timer Pins

Counter/Timer Signal Default Pin Number (Name)
CTR 0 SRC 37 (PF18)
CTR 0 GATE 3(PF19
CTR 0 AUX 45 (PFI 10)
CTROOUT 2 (PFI 12)
CTROA : 37 (PFI B)
CTROZ : 3 (PF19)
A-8 ni.com
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Table A-2. Default NI-DAQmx Counter/Timer Pins (Continued)

Counter/Timer Signal Default Pin Number (Name)
CIROB : 45 (PF1 10)
CTR 1 SRC 42 (PF1 3)
CTR 1 GATE 41 (PF1 4)
CTR I AUX 46 (PFI 11)
CTR 1 OUT 40 (PFI 13)
CTR1A 42 (PF1 3)
CTR1Z 41 (PF14)
CTR 1B 46 (PFI 11)
FREQ OUT 1 (PF1 14)
@ . Note For more information about default NI-DAQmx counter inputs, refer to Connecting

Counter Signals in the NI-DAQmx Help or the LabVIEW Help in version 8.0 or later.

PC1/PXI-6221 (68-Pin) Specifications

Refer to the NI 622x Specifications for more detailed information about the
PCI/PXI-6221 (68-pin) device.

PCI/PXI-6221 (68-Pin) Accessory and Cabling
Options

This section describes some cable and accessory options for M Series
devices with one 68-pin connector, such as the PCI/PXI-6221 (68-pin).
Refer to ni . com for other accessory options including new devices.

SCXxi

SCXI is a programmable signal conditioning system designed for
measurement and automation applications. To connect your M Series
device to an SCXI chassis, use the SCXI-1349 adapter and an
SHC68-68-EPM cable.

You also can use an M Series device to control the SCXI section of a
PXI/SCXI combination chassis, such as the PX1-1010 or PXI-1011. The
M Series device in the rightmost PXI slot controls the SCXI devices. No
cables or adapters are necessary.

© Natiopal Instruments Corporation A-9 o M Series User Manual
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Refer to the SCXI Advisor, available by going to ni.com/info and
entering the info code rdscad, for more information.

SCC

SCC provides portable, modular signal conditioning to your DAQ system.
To connect your M Series device to an SCC module carrier, such as the
SC-2345, SC-2350, or SCC-68, use an SHC68-68-EPM shielded cable.

Refer to the SCC Advisor, available by going to ni .com/info and
entering the info code rdscav, for more information.

BNC

You can use the SHC68-68-EPM shielded cable, to connect your DAQ
device to BNC accessories, such as the following:

*  BNC-2110—Provides BNC connectivity to all analog signals, some
digital signals, and spring terminals for other digital signals

+ BNC-2111—Provides BNC connectivity to 16 single-ended analog
input signals, two analog output signals, five DIO/PFI signals, and the
extemal reference voltage for analog output

»  BNC-2120—Similar to the BNC-2110, and also has a built-in function
generator, quadrature encoder, temperature reference, and
thermocouple connector

«  BNC-2090—Rack-mountable device with 22 BNCs for connecting
analog, digital, and timing signals

Screw Terminal

National Instruments offers several styles of screw terminal connector
blocks. Use an SHC68-68-EPM shielded cable to connect an M Series
device to a connector block, such as the following:

« CB-68LP and CB-68LPR unshielded connector blocks

¢« SCC-68 I/O connector block with screw terminals, general breadboard
area, bus terminals, and four expansion slots for SCC signal
conditioning modules

»  SCB-68 shielded connector block with temperature sensor
+  TBX-68 DIN rail-mountable connector block
+  TB-2706 front panel mounted terminal block for PXI M Series devices

A-10 } i, cbm
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RTSI

Use RTSI bus cables to connect timing and synchronization signals among
PCI devices, such as M Series, E Series, CAN; and other measurement,
vision, and motion devices. Since PXI devices use PXI backplane signals
for timing and synchronization, no cables are required.

Cables

In most applications, you can use the following cables:

» SHC68-68-EPM'—A high-performance cable designed specifically
for M Series devices. It has individual bundles separating analog and
digital signals. Each differential analog input channel is routed on an
individually shielded twisted pair of wires. Analog outputs are also
individually shielded.

+ SHC68-68—A lower—cost shielded cable with 34 twisted pairs of wire
*  RC68-68—A highly-flexible unshielded ribbon cable

Custom Cabling and Connectivity

The CA-1000 is a configurable enclosure that gives user-defined
connectivity and flexibility through customized panelettes. Visit ni . com
for more information about the CA-1000.

Refer to the Custom Cabling section of Chapter 2, DAQ System Overwew,
for more information about custom cabling solutions..

1 NI recommends that you use the SHC68-68-EPM cable; however, an SHC68-68-EP cable will work with M Series devices.

© National Instruments Corporation A-11 M Series User Manual
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