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2.2 319oms (Hardware)
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2.2.5 guUnsnlindnsnisiua (Flow meter)
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2.2.1

A2AUAY (Controller)
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2.3 %anuls (Software)
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a =l o v v e Syl v -l
npdnfansisswerion siivg dydnvallusunsudusinui 212

Maple

U 2.12 Waunsuwida(12]

2.3.3 wAvuda (LabVIEW)
\ulsunsuildudnnasideulusunsulag Graphic lagazldda Module Wy
Function uagiin1sas1ennuduiussening Module Mens Wiring @ewilaunisdonsas
Fohlinadeulusunsuannsavilésnnd wasuduin Sannsanesu Hardware ldog
MAINNAY LU DAQ (Data acquisition card) wazlinisuszgndldauiivanvans dydnuel

IUsLm'imfluﬁquﬁ 2.13
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NATIONAL INSTRUMENTS

SU# 2.13 Wsunsuuduin [10]

2.4 dunIneainAEansvassTUURaniasuAuSou [14]
Tunsnuseuunisuanudenrdormaesyinisinsaauntsvessyuulagle

ar o ar ar J
nann1In1s inavoand gt logonf YANNTIVDIAUN TN (21)

Quifferent = Qinput — Qoutput T Qaccumuiate (2.1)
o Qaifferent =-Rate of different of 'energy (W)
Qinput = Rate of energy input (W)
Qv T = Rate of energy output (W)
Qaccumutate = Rate of accumulate' (W)

FeanmimvainsyuunTInuaniUREuRIITouIsIdaladd U224

Qy

Ts T LP @

Heat Exchanger
Ty
H
& oo ®
Cold water tank

i Ta
fe
Hot water Tank T
fiy T Vi 2
O |
UoA;

o o a v
UM 2.14 ununwinassvessruLLaniUdsunusau
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fo  TC1 = gunsnlingaumgdl (3u LM35) [7] Tngamqdl T,
T2 = gunsalingaumgil (3u LM35) [7] Tagamadl T,
e = gunsniingaumgil (Su LM35) [7] Tagamgil T;
TE4 = gunsalingaumgil (u LM35) [7] Tngaumigil 7,
wH = gaumgiivesvesmmiauiiniadh (k)
B = pumailvaswemarieuiiniiesn (k)
= sumpfivoswsananduiimath (k)
. = gaumgilvesveamanduiiniieen (K)
T, = gaumpivesweawmanieud Heater (K)
el - aawitdonn (Kg/m”)
B = AU SRR Ss I (J/kg-K)
Vi = USuans203v0nuas 0 (m?)
V. S Uinasvesvasinadiiu (n?)
i = IRSIN13 WauaIUs I ew (Ke/s)
J/ - SAInslnaves dvia iy (Ke/s)
U = gy uans S i WML A sstanwA DA sEeN (W/K-m?)
U, o = [Fadusyaninnsdiomainieunasasmias (WK-m?d)
U, s a3 ERY N I3 MoMARRE B LA BssE U AT (W/K-m?)
A - WAL I SRR S Ula e sl AulaaTIAR e el YAy
ANTOU (M)
A\\ 4 Auifo il sasiTiey S etaiaumiea (m?)
As \N HufifaRtndadasaun oo upsassEusRLFaY (m?)

Tngazueniasunduudazaudsenevmeirinlanddsuniiudoy’ snwes (Heater) 69

- W - y ar - <
u5eu (Hot element) natAuLHu-(Cool element) @sagilanissaunisi (2.2) Ssauns
1 (2.6)

e R
Heat Exchanger
Ts T,

UA

gﬂﬁ 2.15 Element of heat exchanger
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¥N3uR 2.15 meluiTeananivdsunnuieuawsaudeanlidu 2 d Aedun 1 Wy

W5eU T, waz T, daudi 2 Wuthidu 7, uaeT, Seuvseanidu Hot element faaumsi (2.2)

dT,

PVaCp T2 (8) = pfucyTi(0) = pfacyTo(8) — VAT () — Ty ()] (2.2

dudl 2 fio Cool element Faaunisil (2.3)

Py T (®) = pfecyTs(t) = pfecyTa(t) + VAT () = Tu(®)] (23
Qy

Ts Ti

~N
L

Heater

3l 2116 Element of Heater

mngﬂﬁ 246 Wun5ani Heater faaunasii (2.4)
dT;
zthCp '&T’ (t) = Pﬁ;Cst (t) — P Cp Ty (O Qu (2.9)

Hotwater Tank - 4

e
UA;

E\J'ﬁ 2.17 Element-of hot storage

mﬂguﬁ 217 uae 2,184 1Ra3au 9 Hot storage,aw Coel storage finsindanioeszue
Fnufau Aaunsil (2.5) wad BunIsI2:6). Ay
dT:
PVacp =2 (O) = pfucyTo(t) = pfucyTs(t) — UpAp[Ts(t) — Tair ()] (25)

Cold water tank T
v, 4

Q.WIQW% F UsAq

gﬂ'ﬁ 2.18 Element of cool storage

pVeCy % (&) = pfecyTa(t) — pfecyTs(t) — U3 A3[T4(2) — T5()] (2.6)
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2.5 38szydndnualvasssuu (System identification)
mMsyueenanualvesssuu  (System  identification) 1HudEnnsviuneiendnel
visemsadguaunsvesaumsmeadneans (Mathematical model) IsffuszuunIana
(Plant) anlivases Tnwordedoyadunn-tordnaiiliainnisnsedussun Mevinsrusn
dnwal viemsaiisgUanntTvesaun1sme adneans (Mathematical Model) Tagldineila
FBuvuidananisalaauu ( Observer Kalman Identification : OKID) thuagldfldfustiy
ssuvitlliafiosnm namAle Wussuuiienld Tadlidedd fhruan visszuuiusruy
W (Open Loop) Wity Lm"lumu"‘aa‘i‘ﬂﬁﬂunﬁﬁ’oumgﬂl.mum'sﬁ"tmmanﬁ'nwai 303
WeRsruuiun  edlsransolilEfusevidy 2eseula (Closed-Loop
Identification : CLID)fpiifamunu_fFuiusssuuiivdgniinass (Plant) aefiafesnn
violifld anunsadiiedsvinsdnanun/ W38 Ms@izesssiuluynseudsly viuie

wnanwnl uialefzasseuylanidu

2.6 wuudraesigilamug (State space)

':suuwai‘mﬁau’[ﬁi}jﬁnﬂwqﬁnﬁnﬁmmﬁﬂ‘lﬁaumsauﬁuﬁ"’é’uﬁu‘lm 7 weduiele Tu
vz deeyiussunla 1 fAamisnansudtihmteioatnsidouiussusy
wildld ﬁaasﬁwnw":msﬁzﬁuu’iﬂmunmtmzlﬁ'ﬁn’ﬁﬂmuuﬁﬁ_;amﬂ%qﬁamuz (State space)
wliFsawaglugudodanniseniusdusumils AN A NTEUBAMUANUURNALTTE
Aeningaas e GeutuuTaiunua {J':umauwcﬂuﬁ’qgﬂﬁ 2:49

Differential Equation

Classical Approach Modern Approach

Transfer Function State Space

3t 2.19 wuudaeeUiniianiug (State space)

U

NSLUIUNTIIAUAYL (Classical approach)

TdldudiamzszuudaduiibiuUswasununan (Linear time-invariant system) e

v 1

seuuiliiluidadunalimaihlidudsdundiviniy wagliaunsedinseiszuuilidiugs

{ oy o

i warszuuiiilGeuluGuduiililsizuongusy
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nszudun1IswuUlvsl (Modern approach)
| Yo % a ¢ o
Wunszummsfanuseuszendldldtunisains Sinsed uaresnuuussuulaeiinly
1 Tnglidilvissuvandu Linear time-invariant 3nvissanuisarimun  Seulasadu

Wituszuuldndne ansnsaldenldfussuumaredunm uazvanoiensing [17]

Input vector u Qutput vector y
\ |
uft) ¥ System MBI
a descibed by state variables >
,
u(t) A l {x1.%9 , ... X} A > Ymm

JUT2.20 BuwauazieFNATENEIY

Tussutmiidunuvashudsdomiy (State, varighles) 31U ' 7 3waudng
YuogiurwlusBassuadssuy wagAtay | Staté! variables! ieaa ¢ A 9 waziand

= J 3 al o 1 a
wWasuuadluvey State variables udamvuadnsanisasuiaswesssuy [18]

.3“1]%"1 2.21" State Space representation

e State equation: <« x. = Ax +Bu (2.12)
Output equatien:»y =Cx + Du (2.13)

Wag  x = State vector
u = Input
vy = Output
A = System matrix
B = Input matrix
C = Output matrix

D = Feedforward matrix
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MuuA State vector Tu Differential equation #3511 State vector 3y Order ¥4

31U Differential equation

d” dy dy (2.14)
Fny+an_lgtﬁ+---+a1§+aoy=bou
\io
Xy =Y
dy
=—=x
T
d?y
=——=x
X3 sz 2
d‘r.l.-i
xn —
(2.15)
Wnlvieglugduns State equati tout equation’ e 16)\way aunsi
(2.17)
(2.16)
(2.17)
NMIUUAIZUIINSH i Uunsaaailangy ‘u‘gﬁ. 1r(2. g (243) W¥msuuas
sl
(2.18)
(2.19)
Fguvesaunsit (2.18) was (2.19) Iegflu daumsil (2.20) wavaunst (2.21)
X(s) = (sl — A)"*BU(s) (2.20)

Y(s) = [C(sl — A)™*B + D]U(s) (2.21)
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2.7 n13auAd (Controller)

a ¢ - 1 o 2 Y
N1AAITIENR LLﬁ39@ﬂLLUU?E‘UU‘FI'JUFPJH%WU\TWN'\EJLW E)I‘Vm ILUIUNINABDIN 5?‘]'3'UF]11

[19,20] Hdnunie 3 sdemadervunusznouse
1) nsnevauesdang (Transient response) \unsmevauswaeswaiileding
wWasuwasdunn Tnedutasaniizveamsidsuasioudanzasi
2) manauauedluanureydi (Steady state response) uan1igndann Transient
response \uanmitiinamsnevausaiieuldmununudeinis dmiuszuui
ANLADYS
3) iaflusmw (Stability) 'isuuﬁtaﬁﬂ_sﬁaﬂ:'uu'?l'I.ﬁLmﬁwmﬁﬁﬁﬁﬁmﬁaﬂauﬁuwmﬁﬁ

ANialiusElY

TuszuunauRw (Control systeim) IvanE ToLU DAL 2 Uiy

1) 'isUUﬂ’JUQmLUULTJﬁ (Open’/leop control _system) LfJu‘szUUﬂ‘a_Uﬂuﬂﬁﬁmi
wiananausnisy s iudunaishedenisaine. LavAnerawnaglitug

slon1sMUANTBINITYOY TYU AR Tl 3T 2.22

INPUT OUTPUT
> 1 PROCESS .

gﬂﬁ 222" WunmIsuun (Open-toop,contral system)

2) “sruumuauuuuiln - (Close “teop™.cantrol system) Lﬂuszwmmuﬁﬁms
Uoundu” (Feedback) lngdnanemwmniussuiiouiudyaasuwn A
uansteifinduagiaidumauiiangn o iedgaftlaunduingssuy
uwiimuategiinlaseayanvaulml - iidasmuRanaaTiintuiy

sruunansluzui 2.23

INPUT OUTPUT

—*O———>| PROCESS |————

FEEDBACK |«+—

gﬂﬁ 2.23 Ununmszuula (Close loop control system)
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2.7.1 WANDUHAUBIMNDIIAIUDITIUUBUAUHDY [21]

a Y -
f9salaann Close-loop transfer function ve33U7 2.24

R(s) E(s) 5 C(s)

—0O0—— o el
sl = s(s + 20w,)

U 2.24 Close-Loop-transferfunction luszuusuduaes

i SN wF

R(s) N (s242wps+wd)

(2.22)

=

R(s) @9 Buwnwey Close lop control system

L]
L3

C(s) Mg @amwnYes Close loepreontrol system
WuRD NRNSTUNINNAATA R 379958 SUA Uaod Beauasaadualalumenves

WIEA5-2 M Aeiclas w,

v

07

{ = 0-Undemped - Close loop poles iUy Complex-conjugate a.gjuutmu%um—
NI W AWATEYIFULRL-oscillate [pBiiaa i

0 < < 1Underdemped; Close. loop-poles aiiu Complex/conjugate LY
A eveIsuIy S G BikanouauaTaAgus s URE RS Oscllate

{ = 1 Critically damped ;/Close loop poles Lﬁuﬁ‘méﬂaq’nwmu X UBITLUIU S

{ > 1 Overdamped *~€lose-toop.poles %mﬁu‘i’ln"lﬁ‘gmt“iuuu.nu X UDITEUIU S
MIFMUIUNHANDUALDIWDY “Szuududuans” Aedunafidy Unit step Mansandu 3

nsel

1) N3l Underdamped (0 < < 1) Tunsdli] Closed-loop transfer function
Weulswai
o w3
R(s) — (s+{wn+jwg)(s+{wn=jwa)

(2.23)



18

el = ' ) U a
— — 72 @
el wg = wyy/1 — {2 uazi3anin Damped natural frequency @usuBunm

ﬁlffJu Unit step

_ Wi
Gl = 2(s2+2{ wn+w3) e
Wnaun1sh (2.24) sudasalaveniiy azle
— s _Cwnt { 1
ct)=1—e (coswgyt + Wsmwdt) (2.25)
(2.26)

-------

o g g

1127111

o

(2.29)

=1—coswyt;

0.
élauanfa’\i}é

i ¢ Fwhiueud o, J8furmmBveinig Oscillate vassruy
2) nsdl Critically damped (¢ = 1)

&

nsalil Closed-loop pole aedifwiriu dmsudunanidu Unit step 1o1dnn Ao

Wi

C(s) = W (2.30)
way ct) =1—e “nt(1+w,t);t=0 (2.31)
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naunsh (2.31) axudmaneuauss vessvuudusuaessoduymiidiy Unit

step Tunsdl ¢ = 1 uulsifinig Oscillate

3) n3gl Overdamped (¢ > 1)
lunsdlil Closed-loop pole WisaassazduArassiimavuarliwiniu Lo1dwn

C(s) Wodunmdu Unit step lunsdlilfe

2

C(s) = o (2.32)
S(s+{wntwny T2 =1)(s+{wn—wny/{?-1)
e
(L) = 1 poon (e_s s _szt) > (2.33)
o = : :
2¢%1)

Wie” s, = @+ = Do, by sp=(C - \/qz 28w, (2.34)

HARNBUAUBIIBNSYYUSHATADIBOUNATIAI Unit - step ~lunsdlfityUszneuly
Mewmey Exponential MllfTasluaUAI MDY WarNIsARAIYeY  Exponentiall Sunilsdag
o 1oal ey - Vi vim : gy B ﬁ 2 a - .
AASILINIBNBUNUY AINULENYEY Exponential, iaaANadLsa ¥58. Timerconstant 494
clal 4 v lad i M'a) 6 A o © ) olel
weniiliAniagoavzdaniald dpoulebyszinaesaumsi (2.33) Yuanunsasamauii s
anluld uaznanevaussnsdlindefunanpuEUB Ui R W UR-2.25

] "
f f S »bo A AN
i ?_/ E?_l-:..,. : ..‘ .E_.‘ 1
! $hi )
1

-y

8

&

| K 6 . B N
T e > L

b St S s

i 8 . T

e ) Gl W B SR T M

= v ow ¢ = =i -
JUN 2.25 namudnsmanauauasvelsruudUAUaBIaBunafiluy Unit step

dmTuA1#g 9 994 ¢ % Normalized time w,

2.7.2 I9MYBINNTURNILYDINANDUAUDITIAFUUUANY
=

MylAdaNTIauEYRsTEUUAMUANT  NarevaueiinguRIsTULRRB AT

ututulaniamie (Unit step) Tnsfinsanswiolui
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1) 3@ (Delay time) ty: L’fju‘ﬁaqnmﬁwamauauawaﬁzwﬁmL%hzj 50%
ypafianzAsii

2) A (Rise time) t: [Wuenaiinanevausswesszuuiiaiuain 0% U
f9 100% va3ARATIEA

3) 1381g9gn (Peak time) ¢, Lﬂuﬁiwammﬁwamauauawaﬁswﬁia%uwmﬁ
\Uu Unit step 1A Overshoot QIGE}G]L‘TJuﬂ%@LLiﬂ

4) Tovesyngaan (Maximum overshoot) M, luunsafsfioauanslumenvas
Wasldusl (%) Overshoot \uruansisgeansyninedunauasiondwnyes

SYUU fMRanaVALDIaLsTUY danzasililvintuniiandles1édn
; / A(t)- _
Maximum pereent overshoot = % *100% (2.35)

e c(t,) Reeinpuosszuuiiom ¢
c(eo0) A Lmﬁﬁmaasswﬁnm )
FaBMaximUm overshodt Hasuamsisiatisnandiminsypsssiy
5) et (Settling timeé) 10Ut inARDLANBITBY Sy uradunAT
I Uit step-ldudiiag 29 wia 5% wesiminmeasiluaziinpgluroed
naoalaggUi 226 A¥neAiNIIEaELEER (Spedification) FinaE 189U

eln }

"
)

e 5., 1 e

et L TmC—

g‘uﬁl 2.26 Specification #114 9 U8458UY

NARBUAUBITIAFUBITEUUOUAUADY FDNILUARITINIIMN Rise time, Peak

time, Maximum overshoot, Settling time wag Delay time v845¥UUBUAUADINI Closed-

loop transfer function
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C(s) _ wh
R(s) s2+2{wp+w?

(2.36)

5 i | o -3
1) Rise time ¢, : WWuranatiinaneuaussvessruuiiAiduain 0% Ui 100% 84

+od =i
AMNNIEAIN

c(t) =1— e S@nt (cosw t+ J{_{sma)dt) (2.37)

Tasmsunue t o t, waglii C(t) = 1

c(ty) =1=1—gi8aluteasw  t, +Jz—€smwdt,.) (2.38)

a
Weean e~ S@nt Janls

(2.39)

(2.40)

(2.41)

(2.42)

(2.43)

Ul 2.27 msmehwas B
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1NJUT 2.27 cosp =¢ (2.49)

LY

2) Peak time t, : A1Y84 Peak time @nunsamldlasnisihienaunis snmaeywus

ar ) Ed L v ea al 1 1o ¢ o
Wisuiunamiludlireyiusimlafidwiiugud dufe

de(t) _ . Wn _~Clwnpt —
S = (sinwyt) i =0 (2.45)

Feaeldin
sinw,t =0 (2.46)

4
We wyt =nmn=0123,..

Z

—=n
M, =e V" £100% (2.52)

wiiui1 Maximum overshoot 9eesruusufuaesluagiudnsnsming ¢ wihiu g

2.28



H00 %

Crvershoot (%)

= e i
JUN 2.29 Curve vamanavauasianinodunaimiu Unit step

23
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k73

3 i € o ) i o . ) a0 w
Settling time t, suiuilsiduvesdnansmis ;’me Settling time wﬁmwnq
1 1 A A Il: o £
99 +2% W30 +5% VaeAINMLAN Tuarusarmuinlalagld Curve nseuuensIUUY
=l [ @Y v
W3aa9n e
AMSUnstl +2%

—{wnt
c(t)=1+¢ 1_; (2.54)
Tnensunu t = t, uaglv c(t) e 1.02 e
e—(wnt
e(t) = 1+— = 1.02 (2.55)

al
Taen

Curve fildsheidunss tufle

wpty =1+ 0.7¢ (2.60)

140.7¢

n

tdz ;O<C<1 (2.61)
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2.7.3 n15AIATIBWETNYTNINYBITZUUAIUAY
U 230 uanwinammaivsnmetsruy § s Wilnavesilaidy 6
e G ewillafiesnin 16938 Re(s)<0 d@mSunmnAdunnn () wasifoussiaiosnimdn
AR3 Re(si) <=0 dwfunnAdunan i uar MsINYeraie Re(si=0 warazliifinam

GREETARL milAfegnseiunialiaiosnmn F43UN 2.30

Jor t
s-plane
Stable S—
region e — T
( [/ ; )

0 I ..- i

Stable
region

J L=
JUN 2.30, USmAIBANesA MU IsEuL

2.7.4 _auaulRvowaniunu
1) nsmuRakvUERa- (Proportional-action)
msmumuudadaiiuineliniiieiian manmsfedynaumuay  u®
nnfnuglitalvUiunsTuuns dindudadaiivmmadinndey Feunsadoulsly

aunisi (2.62)
u(t) =Kye(t) (2.62)

A - i ar 1 d 1 o L ar

loei K, AoA1dnTvETBLae e(t) AMANUARIAAGRY = AR - ATIR
dygnaniuasdygueonvasimuanunimeniiviedeiy Wy ms
= adogva = A a o ' v w €
Wasuuaswesgumpiivilviinniswdeuudas  iiendnidsanisulasmtisnnudunus
sywindyanueenuardyamdivesunsainuauensuasautuunudnd (Proportional
=] d‘ o 1 =i a e L v o o vV a wa et
band 3o %PB) lnefiuavdndiuie AdvvesdygroidrivhiviimusuufiRaouiuide
M3 visedwesnndmuaufestiauamandeuivhidyaasenvasiruay
wasuwas  mindgegaluigalasuanafunesiuivesidedyaaddnuny A

FUNUSTEMINSRTEs LazUoTISusLaudndiuie
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100
By =z (2.63)

ﬁﬂwmxau'ﬁ'ﬁwmmsmuqmwuﬁ’ﬂdmLLaﬂdlﬂugiJ 2.31

Controller Output

10006 +
P
. " f Error
1 T LY
a b U c d
-arfor min -error mak

d ar Sl ot a L)
JUN 2:31 anvazanUivasinmuaUaRdIY

NNgU-231 Ao siiudlnudng Iy (9PB) Aesuay bé wilamamandouiy
Aud  usdhiidygyiudmigentanioaruguitellitunszuannns . thifdamh by bias
vilisgyuringiigairruas s’ deevilidyaameiinasgnaanwing (50% ves
Ay nnoangsanteiiaIuAy

’ -
%ﬂ'lfmﬁﬁ'lﬂtﬁ’ﬁah

dqtuesn = + 50% (2.6)

Yousudadiu
uenniifmayauiduvihe e iOudndldamis. T fdusves w
fharunaniAdouilinAAusysUude FagrEIgand iy e antifa N15AUAY
wuudndruilanusoaupsduldinonuens nneARGATNRETIRDIMSHARBUALDS
i wazsenliindndpmandoutnead  egavlsimtivanlunsyuaunisifning
LﬂﬁamLUadmswi‘hmas’maﬁﬂﬁlﬁﬂﬁmm 1 i]'ﬂ"lmmﬂmmﬂﬁau‘luamwagjﬁ'ﬂ (Steady
state error) vefiGuniteonien (Offset) fnuauuuudadlsiamsouilelimels wun
mensufllygmniiietuild 2 $8ie SBusnfoifiudnsueny (Gain) vassmUALIaLiY
NAvBIPIAMALABUTITHETEUL  BuusinunanindeuiiAstussiiiitosausininfuna
vasrAmanAeuAulUR s aviliszuuunsldiflasansruuiienuls 33aes Aeusu
Aluneavesimunulmisaelie  duvihlimniuaudeussiauludueillddya aoent
wanzaufunszuumslusass e tymvesTivdtegnsiifisasualuneavasiaaunu

& da = a ¢
NNATIVUNTIUAIULUAINTIIINBIVDINTTUIUMT [22]
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2) MSAIVANLUUBUANTA (Integral action)
HARDUYDINSAUANKU VARG IUTINAUNMIAIUANLUUBUANSaa N TaasuY

laluaunns
u(t) = K, (e(®) + = [, e(t)dt) (2.65)

e K, Aednsvens e(y) Aernunainindounas T, fio Integral time (sec) e
Wisuisuifuaunsvesiimuauuuudndiuauunnensegnsfimonlulea tfudes
mueuwuudndmgniriadisdaluieadiudind  dumsmusuuuuduiingaiinsazay
anunaawdeulunsFuusidluuea vhmthidufuiindauaragvgmarauiionu
nanAwAdeuTessuuiugud dluame TRl Srinsaeulukpaesruaddunntley
wisslatuagiudnuansasinssunan. (Distdrbance) meianludheusiduiiiidnuasade
fuilaifuSiondaeile” (Manual-resetfunction)/faithuisadidaseadaguiinadileidus
\@n (Reset function) .

Auanlivesiaduiindalumsmidpniitaamiadon _ viseavigndutefod
anndauitenliftszeuemundouniu < | sgnlstdaduiifembiiansdm
(Capacity-ikelag) asialiataadasnsindsemuntilaenily, ssuuutudadousauiy
BUNNSAILLYI A MBMISHIINUANN NS LUV RAIBEANFET50% (950 Ty = 157,
dmusauUTIlFALEN (Time Constant) 08 1 sruletgusas e aymilas
TuiinasnadniadvitssuuTiie Adnaan W e AP PN ﬂtgaa-‘mﬁ’;%ﬁmamm
whliszyuidrguninginlilanun soaousuls

NMSPUANLLUBUINRlaNuMI UL AE AT UNI AR URANEREIURSY / HENTENUTDS
msuSnTeTRImURL. Windrmueeitdwaniiulssilidaredatiome sy
msunislaesialy Integraltime (Tr="1/K-sec-Ipen K= repeats/sec) sMusuansiidng
MINUALBIIBINTE VAR SABAY IUNSAIUAL. £ T ﬁﬁaﬂ'ﬁiwzﬁﬂﬁﬁ’aﬂwﬂuﬁmi
mavauRIiINIlusror s ImﬂﬁmmﬁmﬂLﬂ?i_aue'i’al,fluﬁ"imnag: Fatuniteueane
Lﬂ?iauw.ﬂuqué Favhlefne [, e(t)de vgainan ma:ﬂ‘uuaﬁﬁﬁ]sﬁﬁhqani’nﬁﬁaami frartu
wanpuauesIafindauvuiu (Overshoot) geninddifvun Wunalishduiindaviwmini
Uiulanumanmindeuiiranas mslifduiindalumseusuemsseidluSesasaa
paaedeurualvg inseasilimAndem Integral windup fawsin T fifngneeslu
ANTIYMINEISNAT Wiy amuueafadiuMsHanuRRd LAY [22]

JoasUresiinunududinga

° v o

- MwilneaeSweseile (Manual reset) lianianAuAa ALARDY

D

« iymmsamas vinlmAnnisvindramananlusmuaudsldmungtiussuui
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HANANAILIAIE1IUTU

« 9987 I UNISHAT9EIUIUTY

3

3) NMIAIUANLUUBYAUS (Derivative action)

fmuRuuUUdnd AU UBUTnS AT Aeiidadrinagiiniueannindoy
walng Fudullymdenismuauvesnszuauns LLrﬁim']mmmLﬂ?ﬁlaumum’lmﬁmmiﬁ
ldemhlaeRnsananuuiliuvesmiurainiedou  wiedninisdsuwUawesdoyyio
Thues Fedhmeseyiusivdnnahaufeimuguasuaussiesasnsiisuwames
ANNAIIAAREY fawlhaueaandeuiifirdney dygrusenvesineyiuslailidiniug
funnavesnueaaedoy _ustusgiumalasmaesmuaaaindouianunan
wheuiidae eyl aeeniumsaadnvndeilinaife MImuANaLdl
NaRpUALBITIARRBUTIP AR AR LNRIA IR LasvilissulRanauaussiiéty

fmuanuysRusanunsanlauldsal
U =X, (é(t‘) e (2.66)

dt

1n®) Derivativetime’ (Tg) tﬁunm‘x‘iuamﬁwama'uauaauﬁmmnﬁ"mqﬁuénﬁﬁu Ty gy i
naRBUALBILBBIEIAN I ioyimitiauiniinanalaenTswisulasinn Fu
Tadlealfurritalalunssisunasd e malitondumpdumidadilagauinia
MouiusefnuasinalfiiawanstoRBuinga sty ddlHluntsuudse
NTPUNMITIR SATMEaAN (Tirnelag)ian ﬁﬁﬁwamavauﬂﬁ'zﬂL%'ﬁ‘fuuaz'&'m'smms
undsiiduag Yeiduvesoyiusaviimanlredyiamsuniuduegneun Wzl
wameuausalndnswadnsimsnAamadyg IR Fuhusi§ydusunuees]
wndnuifiordneWiienasuAeiitUasmedtytieantesiniun Audululildie:ldin
auiuslunsmuRUNAYBNdYdaisUnY Eiq‘hjﬂ'i'la?u'szw'lmﬁﬁﬁ’rgrmmumumms‘lﬁ
annsalddoyiusld vbnimsgranssudaulwaiegliitoshauey Pl wimy
&@3U Derivative action
« mnzdwiunszuaumMsigmdmmenannmilimsmuauiaiisesn ity
« 01 Ty unifuly wamaaﬁaayﬁuﬁ%ﬁﬂﬁwamauauaah"ﬁluﬂuﬂ‘izﬁ"qswummnm
BRI
- Lz miuszuuiiiifuysnssuumsdeuuladdnevietinisdmdmmanan
dsginszaghlviszuunaaiosnm wu ssuumuguenmsiva
- lipsldfussuuiifidyarasuniunn

- lwawonsdwasiiAnandduiinsadenisimi (Lead) Tudeyius
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dlefimsasuwasrniimmueiuil - aueamaedeufesdidsuuasetaii
LardHARBNANDUALBIYBITTUY fheyiusvesruraaedeutiudesnsins
LﬂﬁauuﬂawmmmammLﬂﬁauué’ﬂﬁiwﬁ’uﬁmmwmﬁlﬁmmﬁamuqmmué‘i’mehu uazdui
nswesavilinsiuessruudtumsmuguidouiud  lifaserurainedeuly
anmizagfusiazantianand i (Setting time) Tnwannisunivas wardaltywiiiingn
Heffumainude  fmuaudanneeilmensieg 2 Inuafemsmunumeilo
(Manual) uazn1saauausnlusia (Automatic) Tulnuanisaauudmeile dyainfideenain
s?{'m“:usz‘u""ufTunﬁﬂ%'UIﬂﬂma*um@‘l-ff windimswAeulmamsirnunduaniinunnis
muﬁ}ué'miuﬁﬁa’fqﬂ'.nUFjmhuﬁwﬁmé‘fmmqmaanmnﬁamuqu nalgymmsnszunn
(Bump) ﬁu’lﬁ;ﬁaamnmsul%'uuLu.Jmé’fysy;ummvﬂuﬁaanmnﬁumuquathqLﬁﬂuwﬁ’u Frarfu
lusmuauiled duihnTwesdlesann1snisivin (Bumpless tahsfer) dmsuufteymi
Vise [22)

2.8 N15PNUUYAIATUANAILNLERA (PID controller)
mMisanuiumAaNdof loR Snwaria Close-\oop transfer flinction [23] oz
Lﬁuﬁqﬂguﬁ 2.31

R(s) E(s), MV = C(s)
P T ROFL M NG K ks {158 66D aominaniepoles
B S
PV

N Y,

3UN.2.31 Close-loop transfer function itliaduesiiled
d - 1 L o o
Wa K, K uaz K; AB A1 Gain T90Rauau-PrItay D amuaay

K
G(S)dominant poles = (5-a)(s—b) (2.67)

do  auay b e Complex conjugate
K 9 Gain v8352UU
SP A9 Set point
PV @8 Process variable

MV fia Manipulate variable
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= o

dmiumsiieseilussuuiiidnuusduszuvduduge  Fsfesimsdeninawiu
. P o o o ¢ XY i |
(Dominant poles) psnlnawiuimlannnisimsmunesileidu  wwilnanevaussse
d‘ = = o = 1 ﬂu < dl Iﬂl
guuinnignindemilulilunsmunuszuulasnsideninawiuil svdenanlnaiianeg
mundalnaq fuunudunnimannn Poles fdu q wagliifl Zero aglnd q fu Poles arfu
%4 Dominant poles Hariinasion1smununeluszuunIng Poles 398U 9 uagmfmun
Nalnadn 1 /1 avegvindlunde edwativsnmuossyuuliAady Dominant poles #Ald
- 3 & o at' ! A=' 2/ A o
il Complex conjugate vosmosHitufiognsrdeinovesszuty S Wevimsyu

o
uaan

lpauniIeat

C(s) G(S)dominant polesG(S)pia
H(s — 2 (2.68)
( )‘plant R(s) 1+ G (S)dominant polesG (S)pia

i]‘mgﬂﬁ 2.31 Close-toop! transfer function Lﬂaqwﬁanaﬂﬁﬁ’awﬁ 2.3%

INPUT OUTPUT
B — H(5]syste'm B B O

gﬂﬁ 2.32 Open-loap transfer function with-PID

o 13 =l a A
WYNEMNLEARIN Open-Loop transfer function sedlinash (269)

KpS+Kqs?+ Ki

H(S)Sy”em n (s+nlwy) (s?+2Lw, s +wi) (2.69)
AUNIAUAN YL I
(s + nlwy) (5%+28wns +w?2) (2.70)

Faazaunsaman K, K uay K, ianaunsaudnvugvesaunsi (2.70) iWeuduuszavs
Muaumsaldanszuuaiefoaumsit (2.67) FsAvesdmsiives g o, w3A19INNTT
MMNARHARBUAUBITIAS Setting time WAz Rise time Tun1sfuInmAn K, K uag K, 98

puansluuni 3 Wdanismeiiled [24]
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A5N15ANRUNY

3.1 YUADUNITALIUIIY

Studv Heat Exchancer

Study Math-Model

v
Study MATLAB [ Study LabVIEW. ]

Y

System Identification -
‘a = / Collect ﬁ
No

Math model Heat

Exchanger
Results respond. graph to.temperature and time

l of transferfunction accordingto regeulation
-
> Controller
.
-
PID
>

)

No
Respond

l Results convergence into Set point and no oscillate

JUA 3.1 unugiiuanstunaunsaniunuvesUiyginug

L7
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3.2 nsaiiueu
NningussasAvesltyyinusfensussynalduuudasinendamanduldlu

mIvenuuUTTUUMUANEmMTUATsAnABuA S aufiliaweuaran  wazAruRudae
filefvesszuuiiu lunsesniuukazAIUANTEUY Susuusnazimsifiuardeyafiisrdestu
mneans emanuduiusvasrmniieesiuuuusaemmendinmanivasszuy Tngld
winn1svesmsszydndnuaiuesssuy  udnhuuudasmadnmansiluiduiteidude
Tou w38 nsumesileitu Fsazaunsamedns ety (Gain ve4 K, K uag Ky) e
muAusEuuMsuaniAsundould  Meilfesdufnvuuuasimendnmaniuessyuy
uanAsurwdou gunsaiie q_asslussuy. Bnmsmendamandiifendes sauf

ar L - d 1 ar g
nanN1sAIUANAIERLER wardu-iaznanluitennly

mMiiluasenitu 5 duneusl
¥ B130u73 (Hardware)
- AMMIARAMARTesTUUANIABUA oY
Msiudosa (Data wat graph)
- (mnIssiseanealvedstuy wa¥ msvhys et iy
-/ MssaniuuiinIvaumeRied (PID controller)

3.2.1 @15nuas (Hardware)

Tupsfingn - uagaasponiuussuUmuRl | AwiuleSalian uRsuanySouiis
ORI RO Y ulugoiFhwaunsintelussuuiiinsvhat - dsu-ewmaessls
IwonuumIUReglse Ltaz!.ﬁaL'El"f['-::'ifﬂﬁi"]ﬁ'maaqﬂnitﬁnwiawﬁﬂLﬁaﬂaaﬁuﬂmmﬁwwﬁ
winiulusendvrsnaasdmmlaranichluund 2 e/ 22 1sund
(Hardware) dioanTansztiupisuandgunmsounusndwananssnanlumsssuisanu
Fouvasdilaiufuisliiamaysulistaumsuandisuausenldiiatiosnmuniu Tae
miLﬁ:JLﬂ'%aaismUrmu%au’[uEflaLﬁuL‘?&aﬁﬂm‘saﬂqquﬁﬂmﬁﬂﬁﬂwﬂﬁ'uhﬂﬂums
wanwasuanudou devhmausugiszuuGouseoui vihnsfiesanssuuiemanms

VBIEUU

3.2.2 @UN1SMNeAfIRATERSYasTULULaNUAsUANS DU

=

Tumsinsanseuugfinnsanigunsaluesssuuudazgunsal  Feagliaunis

2/
o =

MNINUA 5 aUNT INBANNENNUGUDY T, Ty, T3 T, Wae T Wusiaaunisy (2.2) 84 (2.6) luum

@

7l 2 uaznsInvessEUU TN v iuamAIgUil 2,13 Tuund 2 Tasisezfinsangumgil
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©
a0

o v < v oal & v a - < =
Ailuuanasuanuieud 7, uaz 7, Wudeyaduwe WAEHINTUIMPUNYLUNEUVDINUN

v

nniAsesanasunuieud 7, Wuewwaildlunismunu

3.2.3 manudaya (Data and graph)
ewhmsifudeyaiumashmamehdwedame;  Aeulnsmsianseua
(A) wag Arewsedng (v) Fadlevimsmeniidswesdanes udnianainansmnuingaed
mnzanlunsfivieyaegludae 8 mA fa 14 mA eseniinsmreudrediamududadu
vlimnzudninilvevey  wazandediavesgunsalittuhuihssuuililiannsen

gaumiiiiu 60 svriwaldea Jeguugiidastiavagil 16 mA Fuly swddedriavedames

=l

FaduBamesouindids 2000 W-aSsmvualveAmesMNwA 90% e 3.1 7
100% Fmwmasivuainds 2318:55 W \ledmuait 90% WlEawmesiivunidseyi
2086.695 W ilafarsaneanaisiedt 3.1 nﬁl.'_a"m‘ti'a'qnmﬁuifaagaﬁq;ﬁan‘lﬁ'ﬁﬁmﬁ‘lﬂlﬁu
16 mA mafdlihvesdasibiasiudmasni 3.4 Ragnsenaduiussenia
ds (W) enszua (0L 372 deisidtssieesnisiufieyeunudnsiomsifutoya
Quugiil T, T, To T iz 74 beutinsain T snlifigunsainsiadingungll weanusam
Argamgdlda ey Hot stordee. ity acainsnm [ vnnssyusndnuel
203590U Feasunluaden 3.2.4) Wagthisnanauumif i 3.1

- PERCp T2 () +Up A5 T 43-(t)
Te(t)= -
5( ) Placp+Uzaz



o o o w =) <
A19719N 3.1 VOURUVUINNTIIVDITALAD T

Actuator(mA) | Current(A) | Voltage(V) | Power(W) |Output(%)
4.0 0.20 267 0.53 0.00
45 0.50 3.72 1.86 3.13
50 1.10 4.70 5.17 6.25
55 1.80 5.53 9.96 9.38
6.0 2550 6.20 15.49 12,50
6.5 330 4744 | 15655 | 1563
7.0 4.00 5340 | 21360 | 1875
75 _le-aB0 | 58028128 | 21.88
ﬂ 540 | 8750 | 4 25.00
“as <] g10.\\| | 101807 61015 | “aghg
90—] 6.80 i"l.'-'I.-'IO'f.- '.'?355--48"_ 31,254,
95 750~ | 120407 | 91050 [| 3038

%ﬂ 3750

e m@m

| o5 850 13730 | 1167.0571+] 4063
Rl T B 112960 L4375
N e T S TN T
i jrmseron) st by |
o 25 T |7 1040 ol  feiko |, Te3dis/ ||, 5313

maa SSP9Y Wl 173402 5625
“a35< 1| 1070 (1837 19| 8938
_ w0y R P e
S 15 o \ed0,] 1 2000327 6563
" fsp 218\ A 2069.10_| 68757
NNGS T S o 1150 70 | 21185 #7188
—m;}ﬁw [CHE #7500
16.5 IOl d84:70-17216099 |  78.13
17.0 1180 | 18520 | 218536 | 81.25
175 1190 | 18590 | 221221 | 8438
180 1200 | 18680 | 224160 | 87.50
185 1210 | 187.20 | 226512 | 90463
19.0 1210 | 187.90 | 227359 | 9375
195 1220 | 18820 | 229604 | 96.88
20,0 1230 | 18850 | 231855 | 10000
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Relative graph between power and current of heater

2500.00
e Y —

2000.00

1500.00
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1000.00

Linear

500.00

0.00
4.0 50 6.0 7o BO9.0 100 110 120%s430 140 150 160 170 180 190 200

mA

4 P " WA WA (el J S ¥ L . = 3
E'Lhﬂ 32 ﬂ‘S’WlLLﬁ‘E!-!P:’J'_T!Jﬂ!JﬂUﬁ?%H’J‘Nﬂ']ﬂQ- AN IBUAUDITALND S

lumsiiudaiigevinnsiiuteyail 8mA. 10 mA 12 mA waz 14 mA Indagyhnsinudeya
KU Lﬂ%‘m;ﬁuﬁa;&aLgazgtﬂﬂqﬁ’zyzmm Whsgammue -0 dee 3 12,000 'séc fonmid
Yoyany 1 sec lngdeniddeluuduin fgun 3.3 wilufttiazensaegumiuansendoys
vosgaimifiiu Fehumanamnisiiudogossianslunid 0sec i 25(se famsnil 3.2 7
nnnsinudayal wag TERAIN SRSl wesa Ui nddhuet
ndIwuuiy’ (Exponential), uazféuﬁm‘sasaﬂﬂmﬂ?ﬂuga_uﬁ'tﬁnﬁua'ﬁwq*&'w q wiadaduids
W (Linean Ssuinnsiasigsieeniliu 2 du fie daudidnwalsuoviondlitiuldea uavdn
duduBud lnveeiansnsmiiigud 34 SigUil 38

file path (e dialeg) 2 e —

Close File

{0

[ vz
gl
e L.

[o5c7] s
o et
errorout | 10mV/C 1 | R

100
TC3

stopped ¥
task out |
P _device name
error in

P number of samg
. e

stop (F)
===
P timeout

|9

Waveform Chart

]

i » ! < v 9 v =
3UN 3.3 manudeyarhueioufivdoys wasuasdygamelusunsuudud



I~ w 3 a
A15190 3.2 msdaiudaya 7, T, T3 T, wae T 7 12 mA

Time(s) | T1(K) | T2(K) | T3(K} | T4(K) | T5(K)

301.5065| 302.0645| 301.6195| 302.3327| 301.8747
300.9966| 301.5547| 301.6195| 302.3327| 301.3896
301.7615| 301.5547| 301.1096| 302.0777| 301.3896
300.2318| 301.5547| 301.3646| 302.8427| 301.3896
301.7615| 301.0449| 300.8547| 301.0576| 300.9045
300.9966| 301.2998| 301.6195| 302.3327| 301.1471
302.0164| 301.0449| 301.1096| 301.3126| 300.5045
301.2516| 301.5547| 301.6195| 302.5877| 301.3896
300.4867| 301.2998| 301.3646| 302.3327| 301.1471
300.7417| 302.0645| 301.1096| 302.5877| 301.8747
300.4867| 301.5547| 300.3448| 302.5877| 301.3896
300.9966301.5547| 301.1096| 302.0777| 301.3896
301.5065| 301.5547| 301.1096| 301:3126| 301.3896
300.4867| 300.7899| 300.3448| 302.0777|".300.662
301.7615] '302.0645| 301.6195| 301.8227| 301.8747
301.2516.301.2998) 301.6195| 302:3327| 301.1471
301.5065| 201.2998| 200.3448| 301.3126 301.1471
300.4867 301.5547| 301.1096] 302.5877| 301.3896
301.2516) 300.7899( 300.3448| 302.0777| ~300.662
300.4867) 300,7895| '301.1096| 301.8227| ..300.662
301.5065( 300.7899)300.5997| 301.8227| . 300.662
300.9966(1:300.7899| 300:8547| 301.0576| 300.662
3004867/ 300.7899| 301.3646{ 301.8227| = 300.662
300.9966| 301.2998| 301.8744| 302.3327| 301.1471
300.9966| 301.0449| 301.6195| 302.5877| 300.9045
300.9966| 301.5547] 301.6195| 302.3327| 301.3396

Wil d o juis|lw|n|=|lo

ot
o

BlE|E

[
E=

[
v

=
L=

g

s
oo

-
)

B8

B8

(VR A s YR () i e (K) souiaiea T1 i 12mA

w ¥ ¥ T V " —_—T

o I

0 2000 4000 8000 8000 10000 12000
Time (s)

JUR 3.4 nsmluanspudiiudseninam (sec) Augumgil (K) vesdaya 12 mA i T,

36



37

ATHATIHBIWRETIRINRY (5) i (K) magmaya T2 12mA

T T T

&

&
&

Temperature (K)

2
=

31]11 3.5 nsMuaEn vosdioyn 12 mA 7 7,

=
N
Ny

// :

Z

=R — == —_i'n ”:“"N'— T 1
— AN /AN <R— \\ =
- " <l v -, - % =
5 A / o .r/ \ . ¥ |
g’ o ’ [ 39
12 P \eE=ao 2 ||
I—‘“ @ -
T4 NAACR W c
(Y
(N
0 - P @
0 f m‘nim 12000
gﬂ'ﬁ 3.6 'n%gm 9 il (K}&@%\{f 12mA# T
&“’2‘/ NAY/ Q¥
i\ s:' “mmm““mwmne‘%ﬁ;he T T
vaanan®c =0

B

2
o

Temperature (K

310

Il L L 1 1 ]
o 2000 4000 6000 BOOO 10000 12000
Time (s)

d e o 1 o a o A
JUN 3.7 namluansenuduiusszninanm (sec) fugamgdl () vesdoya 12 mA 71 7,
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nTIa ks IEn a0 (s) duane (K) sasioua T5 W 12mA
330 T T T T T

Linear

Temperature (K|

1 1 I I 1 L
0 2000 4000 6000 8000 10000 12000 14000
Time (s)

5UN 3.9 msuvsrnlunisiaesaunsnuadiamans Yrsendlwwuden
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Tumsleneiuazmsszydnanuvaivesssuy dnlusunsuulioudu Tae

° [ & £ i 5 . =l =
dudusosdnaumaia 5 aunslieglugUves Differential equation 9 naumsil (2.2) fs

aunsh (2.6) Tuundt 2 ssfufiaunisi (3.2) 8 (3.6)

Heater
1
o rep

T =TT~ TTO + ——Qy

Hot element
O =210 +521,0 - 10

Cool storage

WV
g = P
AhneptUzA,

1 ‘ 1 o 4‘
fduUszansvesuazaunsiussil

pfnc
KZ = —F
pth-p+UA
ofee
K4_ = —F_
Plecp+UA
B = Afnep

prucp+UzA;

(3.2)

(3.3)

(3.4)

(3.5)
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[

o . . < = = v &
1M13 Integrating equation @un159 (3.2) feaun1si (3.6) aglesiail

Ty () =Ty, = —ay [y Ty () dt + by [, Ts(8) dt + c; [ Qu(t) dt (3.7)
To(8) = Ty, = ag [ T () dt — by [ Ty () dt + ¢, [ To(t) de (3.8)
T3(t) = Ts, = as [} T4(t) dt — by [, T5(t) dt (3.9)
To(t) = Ty = @y [ T5() dt — by [ Ty(t) dt + ¢, [} T,(t) dt (3.10)
Ts(t) = Ts, = —as f, Ts(t). de b-f; Ts(t)dt+.C5f; Tyir (¢) dt (3.11)
e a; = r—ll by =% g€y = memyar

a, =%, b, :i Uag ¢, =(-1%2)

@ = — g b3--}3~

ay == b, =2 pasey = )

T T4 o
as = -é b = % G Y (1::5)

way Ty, B, Ta,, T baz T UdanumaniGunuvaunaganas
aun1si (3.7) adaunsn (321) SpguanmsTiaglumonwoy 7 (o) ool

Tymodel (D= Try =61 [y Ty @) @t by f, Ts(6) dt +7¢], 0y (t) dt (3.12)
t t o

Tamodet(t) = Togt ay'fy Ty (t)'dt — by f Ty (t) dt'+ c, Jy Ta(t)de (3.13)

Tamoder(t) = Ty, + as'fy Fa(t) A=y [T:(8) de (3.10

Tamodet(t) = Tay + @4 [y Ta(t) dt — by [[ T, (6) dt + ¢, f) To(2) dt (3.15)

Tsmodel(t) = Ts, — as f, Ts(t) dt + bs [J Ty (t) dt + cs [} Tyir (t) dt (3.16)

iieyhnsBunTinsaudiagdanduinimeiBngdmasuanamy
(Trapezium rule) lumsiiszidayaneulumsimsssysndnvalvesssuuazisunisuny
Fh TI,modef(t)- TZ,model(t)l T3,moa’el(t)J Tfl,mode!(f)t bErs T5,m0de!(t) (;])"JEJ t € {tOJ ey tN} ’{Hﬂaﬂ.lﬁ'ﬁﬁ

(3.12) 84 (3.16) Tisuusitlingiuan 19 fuds Fsanursavnldtiuaunsi (3.17)



a1

Ayx =8B (3.17)
il
(1 [ Tudt Iy, Tsdt Iy Qudt
Ly Lz t
Ay = 1 fn, T,dt fTa Tsdt fT; Qudt
H tN : tN : tN :
1 fT“'t Tydt fT‘i Tsdt J"TD (inr _—
_ . 1 . :
v [Crae [nar - [
To Ty To
tz %] tz
_ |1 j T;dt Tydt — | T,dt
A, = i 7 a 4 . 2
: tN: .':N' t‘;
1 f Tydt f T,dt ——f Tpdt
L TII Tu TD “4%5
- t1 rl -
1 T,dt Tsdt
T T
t H
a1 T,dt [ Tydt
o To T
: fN: tu:
1 f Tudt f Tydt
) Té’ "Iﬂ Bx5
1 (i Tsde ] T Tade) £ 15: Todt
l'.'z tz . |
A4 = 1 ITO T3dt jTa T4dt il T: Tzdt
. r - > H ; G
1 fn," Tadt f.,.o” Tydt - — fTO"’ T, dt 2
t, t t
1 fn, Tsdt fT; Todt | — fr.: Tairdt
tz tz e
e = 1 fn, Tsdt- [o"Tadt - - T: Taidt
3 * 4 I'N: \97 :
1 fT., Tsdt jTD T,dt an Tqrdt %
[Tno
% =% 0= 1200
n— bn ’ = 4,4,J,"%,
L Cp
I-Tn,model (tl) n=12345
By = T (t) "N = number of data plants
| - n,model \*N
e

N=123..5%99 T modet

wAEuM3# (3.12) feaunnsil (3.16) sre3sidsaeioniian (Linear least squares) Tusunns
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nTMHuERYA WU TE MR (K) 3esayadifuon T3 1o mseanuuunaaneaniasdas T3
T T T T T

8

2
E

Temperalure (K)
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U 313 namluanspudiiiug foyaiiiuan T, fu nsesnuuy
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Tumannademansa 7,
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a4

o nTITAYAMARILESE WM (K) #0e8 ayaiifuan T5 niu m TaiAan
T T T T T

indIdAT T5
T

2
@

Temperature (K)
w
=]

Ui 3.14 A1 () Uayaiiuanmgs iU nMseeniuy
LA R SO-J—5—
= \‘
3 mn auluse
(s o 3 U@&I st \

W

v |4
o5 mA TN T «
D

-
h [ E
3| 12
299.1470[770.0032( .0.0208 M&
T3 298.4603|] 1,0:0079| * 0.0080] 0.0000
T4 2 - 0046| -0.0038
T5 298.8365| -0.0133| -0.0133| 0.0000

dl A o U J 1 d‘ = A ¥ - & -4
Fadmhmlunised 3.3 Wunualuaunisi (3.7) Seaunsii (3.11) alérmisiivesaad

71 = 69.93

T, = 48.0769
T3 = 250

T, = 217.3913

Ts = 75.1879



H

K, = 0.153846
K; = 0.025

K, = 0.175443
Ks = 0.9999

- [ o v W
delsifmsifimesanmsseysadnualvesszuy

a5

anunsovinlivmsiuwesilandulaain

aunIsYRITEULI 5 aums yhliegluguieinareduwn fagu 3.15 Feardaunsi 3.18

. ;,'}. *".‘:"\.i'“-
A

y=Cx
Lﬁa
T/ !
k21, (-K)
2 2 2
1 1
= 0 0 — = 0 =
4 3 3
0o U-K4) & 1
e ™ i
o B, ¢ L
(5] o

. Q.mmmr.;'u:.tv

(3.19)
(3.20)
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[ ] 2

0
J I 5 J
C=[0 0 0 1 0]

& v foy & X, v =
i]’!ﬂuua"lm‘:‘ﬂﬁ‘ﬂé‘i'lmﬂﬂ‘iﬁdﬂ‘ﬁ"u'tlm R_(i'i' Tﬂfﬂ'ﬂﬁuﬂ'ﬁ'ﬂ (2.21)

de D=0
dleldunsndues A BuAsC

FaazldmsmunlosHed

H(s) =—= (3.23)

il N(s) = 299.00565'* + 46.255'3 + 9.127512 + 0.8372s1! + 0.03808s1°

+0.0009179s% + 0.000010055% — 3.27 x 107857 — 2.3708 x 10~ %56
—2.828 x 107115 — 1,285 x 10~ "3s* + 1.206 x 10~ 3
+2.929 x 107852 + 5824 x 10215 — 6.255 x 10~2*



a7

D(s) = s™ + 0.1547s3 + 0.01045s'2 + 0.0003988s!! + 9,172 x 10~6510
+1.183 x 10775% + 3.851 x 10™1058 — 1,447 x 10~ 1157
—2.867 x 1071 56 — 2,641 x 1071555 — 1,349 x 10~175*
—3.424x 1072 5% — 1.764 x 1072352 4+ 5.889 x 10265

—1.353 x 10729

hgansnuasieiduiildlummanovaussmmanatlunissasssuiteiey Simulink Iaems

1

1y o 5 - % e = ) L3 v n‘
laBunmiBuiteidututule (Step function) Jnmnefensilnganes adlésuil 3.16 uaz

LB INANBUALBIUDY T, fagu 3.17

,I > i o []
Sep \\\WPJH; Scope6
\Qig@w ﬁﬂ/g/’_:__

i 3. Zn;ug‘f Adfuuas 7,
// n’/ /{/ \\\ ‘ \\ \\'

7 Y, 78 %, 3
M= T ) e LY
Al

% O el
600 9 ) = g
. | ! o e
AN ¢ Ry
¥s . , |
i _ .$m9 B wq\’ N\ | B

gﬂﬂ 3.17 HAMBUALDY U8 T, i 12 mA
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3.2.4.2 Wandwdadu (Linear)
Wiosanlumailinndeyaiivunlugaefiaes Aetrvesrruieu

avauududy fagufl 3.18

nTuAR A TANUS T WA AN (K) Boemayamiiuaan T4 fu 1an (s)
T T T T

(Y
g Linear
SI.ﬂ = |
§ 30
B Exponential
;9:-0 .eclo, m "o | ABooo. 000 N 12000 14000
Tima, (§)
-IJ 3 T o = 1
JUN 3,18 nashuiislunasdiae saunIsaeniindIan S 9 T ndun 5
Jenvmsantuditimainnudevarauldniaunisi (3,22)
Accumulative heat reservoir-: Ynﬂcc'amufaté o -Ymodel (tifnear) + a(t;end' th'near) (3.22)
- i i . - oo % & =
e | ¥, Aognmgliamaiouazanesan s (6.7). faaunasil (3.11) (K)
s T [ ] al ¢ L P
Yimodet-(tineas) v A8 Aranviapuasn i ueniniduidea LK)
L i 4 e 17
Ehodhr D angaEN Uudingu (sec)
- o 5
£ AL mInaaYBveITaya (sed)
] ) a i v o a W K
7 Ag AP MU IERDTETE I iTuAU AT GudY -,

Fedwsilimed  ahsamldnmihnmsssysadnualvessuu s Auifeatuluduseend
Inwudeaderrnudursmatidanusovazalifududs " thluvanluyngaunissausd

aunsil (3.12) Saaumsi (3.16) wlnosd

= ' a ¢ v ° v W ¢ i P =
M19714% 3.4 ﬂﬂW’]‘S’]NLCﬂE}‘Eﬁlﬂ%Wﬂﬂ"ISVHﬂ’]ﬁﬂiuaﬁlaﬂ‘lﬁm’ﬂaﬁSUU‘LUﬂNLE)ﬂ‘ﬂWLuUL‘UEJﬂ nt
= 8000 sec

0.0021| 0.0022] 00022] 00022 0.0021
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n

msnsanludiu Linear vaslunanendineans vesgaumail T,
msiR1sanlud Linear vaslumannadinaans vesgumad T,
msiasanludiy Linear vaslunanpdinians vosgaumall T;
msfiansanludu Linear vesluinanieadaemans vasgumgl T,

nsiansanludn Linear veslunansndneans vosaamgll Ts
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-i-:n\_lu.mﬂv
T T

Fer HOT STROASE T“ 10“

Cortrodn Lengn 1or T a0t Lichange Symteen aah RGO it e e Kegensy

< v a
3U7 3.22_ mianmamsAavptveslusunsuitatdo

wianAiasisevimaisdineiae 1 meluuweu_(Plant) Wegldaunisves
uwaudl T/ uasaurinsilgiilimsumesiteity. tanimauaesii fuvewnauie
H(S)piant 03 T, aumsn (3.21). fisaulalldlsinsindauat: ilevnnsvieina-als
(Pole = Zero) Flupismaumuiil Axandamannisluntsvilnaiiul (ominant poles) ulé

o v 0w o <
lunspaumdGsgunsamiampridsagii 3.23

polezeralDmAm | NUM.DEN212mA TIe00m  F 1 pelezerot2mAm - » L, |
R Cclear dll “}¥ cYgse| 1Y,
2
- e format 2oy
.- num = [299,0056 96,25, 2,427 0.E37Z 0.03808/0.0009179 0.00001005 =3.27e-08 -2.3708e-09
5 —23820r-11 -1.2685e-13) 11206e-16"2, $26e-18,/50824e-21 -§,055e-24];
6~ den =, [1 071547 0.0X045%0,0003588,.5.1728=-06/1.1888507 3,8518%10 -4.447e-11 -2.867e-13
7 52s6418-150-1.349e-17 -3.424&-230,-1,769e-23 5,88%e%26 -14358e-29];
g - e = cof (nam, deni:
- e [z,p, k] = BL22p (num; dér)
10
J1 = pzmap (e)
12 - grid on

U 3.23 msmTna-31s Tuudoudu A 12 mA



v v <
wafldannmslilusunsuudinududesuil 3.24

e
-0.033443147246296 + 0.0090475909044711
-0.033443147246296 - 0.009047590904471i
-0.019798340960101 + 0.013256222487509i
-0.018758340960101 - 0.0132562224875091

0.0125811918325514 + 0.0000000000000001
-0.012551101553751 + 0.0090250605605551
-0.012551101553751 - 0.0090250605605554
-0.0058502742596641 + 0.0058456784098304

- 0

-0.009502742596641
a 3385825

o

&
8

Imaginary Axis (seconds™')

4

o 012

.005845€784098301
s 50280736821

i
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Real Axis (seconds ') o

JUN 3.25 dumisvaslnainy

- oA AJI v o a ' o o 1= '
nguivedinawiu Asyaiilwarieglnd q AuwnuBunamniilnaddy 9 uarlidendls
v s s ﬂ’-" r.'ll 1 L4 1 1 4 A
aglndqAulwadaiiu Falwawiuilaeiinadensmuguaglussuuinilnafiandu 4
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PINATUALAUIDIINALAY L LARINIT19 3.5

A15199 3.5 ANINALAUYDILAAZYIIAT MmA

$9A1 MA Fivinsiiutoya Dominant poles
8 mA -0.00180+0.000200i Wwaz -0.00180-0.000200i
10 mA -0.00062+0.000018i uaz -0.00062-0.000018i
12 mA -0.00640+0.002700i uaz -0.00640-0.002700i
14 mA -0.00097+0.000410i wag -0.00097-0.000410i

a ¥ 1od o v o |l v 1 & o

dalarinawiuiiszihinlilunismauasudr-ssvinasmeiilefldsesnt Falunisaiuay
< v <l e ' = o Ly g o

syvuuandsurnuieuiiipaniSouasay  ladnmsmamladugannisimsnanesdaidy

L o - W A 1 j I c::
FlFmnuuusaowieertinmanisanna lsluand 3.2.3 uay 3.2.4

RS E(s), MV C(s)
K
Sp *’Tﬁ’ Goia(SY= Ky + -;5 T+ Kqs - - G(S)dominum poles

v

& ] R -
3Un 3.26 ' Close-loop transfer function 'ﬁummuquﬁl@m

Inem Close 16op. transfer function luimiavauiniaivuu.fo

G(S)aominant G(S)pid KpStKaS2+ K

H(S)S}'stem E 1+G () dominant G (S)pid \ (s+18wy) (5%+2Twys +wf) (3.25)
ua¥ Close looptransfer function Yasiwau-fe

G omin G
H(S)piane = =D domingii pElel g (3.26)

R(s)", 134G (5) dominant polesG(5) pig

RMIMANaAY 1 12'mAglan1dnsvetetasunaumiaK = 299.0056 uazallnalaiu

fidenld fio a= -0.0064+0.0027i WaE b==0:00642010027i
K

G5 domiinanit poles = Ga)ob) (3.27)
299.0056
G(S)dominant potes = (s—0.0064+0.0027i )(s~0.0064—0.0027i ) (3.28)
1 Close loop transfer function YDINAUIINANNTT (3.26) 226t
299.0056(Kps+K 5%+ K;
H(S) prant = Sl RE (3.29)

s34299.0056K 352 +0.0 12852+299.0056Kps+4.82 5x1075+299.0056K;s
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WAZANNTANENYULTDIUNAUFD

Characteristic = s* + 299.0056K,5 + 0.0128s* + 299.0056K,,5 + 4.825x107° + 299.0056K;5 (3.30)

iolg H(S)piant 48 Tudhusiosnagm H()system Tuaunisi (3.25) Faagmildarnmisimun
NaRBUALDITaIRIsEULTimainieny fuieadesiutisuntu (Rise time) uag H9ani
seuvasingauna (Settling time) Farhmunldmuaunsi (3.33) uwavaumsi (3.34) way
AUNIAMSNYULIDITTUY A

Characteristic = (s + n{w,) (s? + 2{w,s + w?) (3.31)

MTRBNUUUM SRR IAN n Auiunisaemumisinaiiqnlarlu Stable region

Bl (3.32)
a
o e 1 5
LEJE] a = EEJ.'_‘]- I'Ij
a Wuafilaannisdn 3.4
The rise time
bl (3.33)
@y
The setting time
4

VED
m=arctan 7
L = yw D (3.35)
. ,J -
W B = arctan (%)

Tumsnisesnuuu The rise time (t,) uag The setting time (t) @wnsadendild vu
HUFIWTBINTIATIEINENDUAUDITY Open loop test TABmIe fagun 3.28 laelyiSansdin
o | ot I = ! v oy o
a99gn AmuaAl P = 1 1=0.05 D=0 §avziiuirszuuiinsneuaussrout et uaznsiingn
Set point Wuldaannn Asguii 3.28 Taeen t, = 1200 sec uag t, 1NN 2500 sec el
Isnansnevauasintuiweenwuulien ¢ was ¢, Tuildesniwanisnevaussunidfiols

SEUUNTNAA Set point laiaunndulaayhnisiuedn t, = 60 sec wae t, =160 sec
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Input Transfer Function Output
_—

R(S) H(S)plant Y(S)

gﬂﬁ 3.27 Open loop test response 12 mA

My 4 il!l'l i Kl & T (1 s ” (AL

| W Uil
];, il ddisrgeilnd

3 :." J |
_._....'_-Q' X | N .:_
1@ L4
w ¥

b ' b

s% +299.0056K,s + 0.012852
=(s + nlw,)(s? + 2lw,s + w?)
=53 + 2500.05s2 + 125.0031974s + 7.99.205698 (3.36)

Tunismuiamean Ko K way Ky avgnuannsld lasazldlusunsumidalums
o ar d
ANUIBULARIRNTUN 3.29



> restart
> K= 2.990056000000000e+02
K :=299.0056000000000

> a=-0.006359895338925 + 0.0027160280736827
a = -0.006359895338925 + 0.002716028073682 1

> b =-0.006359895338925 - 0.0027160280736827
b= -0.006359895338925 — 0.002716028073682 1

K
(s—a) (s—b)
Gdom := 299.0056000000000/ ( (s + 0.006359895338925

— 0.002716028073682 1) (s + 0.006359895338925
+ 0.002716028073682 1))

> Gdom =

> Gpid = Kp + % + Kd's

Gpid == Kp + % + Kd s

i Gdom-Gpid

L+ Gdom-Gpid

6= (299.0056000000000 (R,a £ —‘31 + den [(s

+ 0.006359895338925 = 0.002716028073682 I) (5 + 0.006359895338925
+ 0.002716028073682 1) ((299.0'056000000000 [Kp + %
=+ Kd.s)}/( (5 4-0.006359895338925 — 0.002716028073682 1): (s

+ 0.006359895338925 4 0.0027160280736821) )+ 1))

> B = factor(G)
B :=(299.0056000 (Kd s>+ Kps+ K1) )/ (299.0056000Kd s*

+ 299.0056000 Kp s + 299.0056000 K7 ¥ 5° + 0.01271979068 5>
+ 0.00004782507722 5)

> 4 = factor(299.0056000 Kd s> + 299.0056000 Kp s + 299.0056000 Ki + s°
+0.01271979068 s> + 0.00004782507722 s)
4 :=299.0056000 Kd s> + 299.0056000 Kp s + 299.0056000 Ki + 5°

+ 0.01271979068 s> + 0.00004782507722 s

o 2 . :
JU% 3.29 misldlusunsuantalunisimuamendiled
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> coe_ﬂ"(A, 32)

299.0056000 Kd + 0.01271979068

> Gformula = (s + 10° {m) (sz +28os + (D2)

Gformula :=s(o)2 +5 42 g’ax) -+ 100000 {a)(m2 +€ 43 {ms)

> Gformula = e:qmnd( (s+10° la an) - (s2 +2éaoas+ anz) )
Gformula = s> + 2500.050000 s* + 125.0031974 s + 7.993528698

> coeﬁ'( Gformula, st )

200000 &’ aa” + e’

>
> #formula:=s + 3{@2

> la = 0.4421205929
a =0.4421205929

> salve( { caqﬁ"(A, 5. 2) = coeff( Gformula, s, 1) }, Kd)
{Kd=0.4176950391}

> solve({coeff(4, s, 1) = coeff(Gformula, s, 1)}, Kp)
{Kp=0.4177071009}

> solve({coeff(4. s, 0) = coeff( Gformula. s, 0) }, Ki)
{Ki=0.02671094705}

UM 3.29 (dia)

®

(10)

(11)

(12)

13)

(14)

as)

(16)

an

as)

(19

(20)

(21)

(22)

23
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WavhmsmunwasisuduUszansvesaunisaglamilen Wusamnsed 3.6

91971 3.6 FTlaATYISA 8 MA, 10 mA, 12 mA uae 14 mA

faefeyaiitiu | Set point P I D
8 mA 300 K 0.1189168326 0.00554432192 0.1189167614
10 mA 303 K 0.4198528102 0.02684815722 0.4198528102
12 mA 306 K 0.4180629044 0.02673370899 0.4180629932
14 mA 310K 0.4173514827 0.02668820000 0.4173450050

14 =i o 1 o = = ar d 1
NNTIA 3.6 Wuiietnmdenmsiimue Set point wazidenlyailonivaeg « Tnenis
enldeiileAiidnnliuniu FeRarsasaindsseamgiiluusardrsiimsiivioya Tnef
' - u e ] r ad 27
YRYUNIIYDY Set point/ HINATEIINTIUUYIN 298K~ 301 K 916,300 K 2zl

1 ' = = el L ‘ol a 1 " - 5
MeglutWgumaniives 8 mA Iidenldilodn 8 mA dandudl Set point du'y Ty aunsa

denldanWlednutisgmuugll desnd 5.7

i el al i
T 3.7-AniileATIT TR A

ﬂaaﬁa:&aﬁiﬁu gl P | D
8 mA 298 K= 301K 1.0.1189168326 | .0.00554432192 | 0.1189167614
10 mA 302 K(=304 K, 0:4198528102 { 0:02684815722 |..0.4198528102
12 mA 305:K — 308°K | 0.4180629044 | -0.02673370899. | 0.4180629932
14 mA 309.K =312 K | 04173514827 O..O2668820000 0.4173450050




=)
umm 4

HaN1INAa DN

nnnsfinsnshaumsendamans  wuszgndldlumsesnuuuszuuniuau
idoaanABumwSBuimsdeuaray  Wethinldlumemewisive osaumsuar
Arfiledl warhaumsuazeivled Aldunldlunismuaussuuasiiliisnnudouarvasina:
annsanuausruulvilingen Set point %;ﬂum'mﬂaamﬁﬁwu{lmmn'iimur-]u’[uan'nzﬁhi
fliafiosmw  (Unstable) iilaevifipanufouiiavaniitusyuy ?nﬁnwgn’lﬁumimaau
UsgAvsnminunu- nverted peridulumy system TulSaaaiinusilivhnisesnuuy
WUUAILANBEINAEIINMIYI ~Simplified | modeling opuAussuivnsin ua
Bonldmds trapz(T,abs(error))"lunﬁs'iz-qfh Integrat Absolute Error vi3a AE Saannsata

UszRnBanvesmseuauls aaindsh (4.4) |
e(t) _r ]Err'or] ‘dt _ (a.1)

da | Error=,Set pomt o 2 Gidbe |

Naﬂ‘li1’]ﬂﬁBQ‘UﬂzLl.'e‘lﬁd‘lﬁmuﬂ?ﬂﬂ’lﬁﬂ'liﬂ'}'uﬂlmﬂ‘ﬂE}NEWI 12 mA "II Set point 306 K

TuduyasnisldeniledGum Ll.a:smﬁ‘laﬁ Adnmsdainisdiamans

Il; ¥ 5 o _I. o o | - - + & o
tuneusieduiulderilleinnisassinanign fs P = 4,00 = 0.05.uat D = 0 e
3 [~ oo | i % ol € = o iy i ] q'.- 1 d‘ a i
Avuadu\ Open Agop test-TatArunuraulusunsindnin uardwtdsrunioniudeya

w v %) =y ) ] v, a Oh Yy o o P
wazwUasdny g aauY g syuuagNanauauadTesEuL URouws ISy asl_ﬂﬂamgﬂw 4.1

) I - WMW%MMW

— Saipunt

R |

Time (s)

Uit 4.1 nswimansmugulagldeileflunouusnidud 306 K

mﬂ'gUﬁ 4.1 WUl Oscillate Yo3Ueya wazde IAE = 399.6302
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WaEINMIALINNLER MEnsEUIUMSNIASNMARST ¢, = 40 s uay t, = 160 s

{1 P = 04180629044, | = 0.02673370899 Wwax D = 0.4180629932

dA a o 1 = v o - . v
Welimsiheriled  Aldnnmsdwnanlilunsaiuguil Set point 306 K agld

NANDUAUBINIFUT 4.2

307 -

Temperalure [K)

5 v g
; ;
-%_:____

——— Selaint
T4 =

A

" N

oo

Tighet ()

1500

3_1.[‘.'7‘1 4.2 ni'nﬂnam'sﬂ'wﬂuﬁﬁuﬁlaﬁ‘ﬁ Set point 306 K waq‘qﬁﬁm‘{aﬁ 12 mA

INGUR 4.2 wundlfasguling Set point Asifavun FIJAE =.46.2535 waxi Gains Aildann
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B www.omdean.c«

oliver m. dean, inc.
|

Generalinformation
Alfa Laval introduced its fi
(BHE)in 1977 and has sir

current flow for the most efficie

Standard design o “~““'maximum permitted pressure drop

The plate pack is covered by cover plates. Conneellnns are
located in the front or rear cover plate. To improve the heat Examples of connections

transferdesign, the channel plates are corrugated.

g b

.
i

Outside Inside Soldering Welding
threaded threaded
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CB27 - PED approval pressure/temperature graph* Standard data
PSLRIES) M s3-34 Min. working temperature sea graph
s Max. working termpsraturs s92 graph
. Min. working pressura Vacuum
#:2 Max. working pressurée Se¢ graph
31 @50 Viiurne per channel, tres (ga) 0.05 {0013)
2043 Max particle size mm (inch) 1.2 (0.08)
Max flowrate m/h (gpm)” 14 5 (64)
Min no of plates 6
106 © o 0 125 1w s 20 26 2 Max no of plates 180
B pm o g; @A e ew @n @m W) M * Water al § m/s (16,4 fvs) foconection velosity)
CBH27 - PED app /t graph* Standard materials
dae il W os3 Coner plates. St stosl
o2 Carractions Staindess staal
| I i Plates El steel
o om . erial Copper
LI P t
Stand and weight*
A T
T SCS Y NY
s e " = \\\ \ / ﬁbm = 2.4)£3
B X = 0. 0.084) £0.12
ar
= -~ / I | B
sy

i
L]
* For ouct vaiues please contact your local Alla

25019

.12

How to contact Alfa Laval
Up-to-data Alfa Laval contact
detale for all countries are always
avallable on our websits at
www.dfalaval. com,
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G1" Water Flow Sensor

From Wiki

Contents

= ] Introduction
= 2 Specification
= 3 Mechanic Dimensions
= 3.1 Sensor Components
= 4 Usage Example
= 4] Readn:gWalerFlow ith Wat low. Sensor

l4llH¢m‘.‘I
-412 ’.L

g \\\\\\W/é/?:..

= 8 Sup




Specification

U1 T T R, Woknigoage /0 /0 A0 AN g DG4SV
L > ir!a:; W-c:r;c-h?g Eun'éntwm__- 92505322 = nw‘lﬁm_.-&('bc SV)-
N e i G o
\\ o | FowRarRage -3 o (002 ] 00 1~60Lmn
\\ ', LoadCapa.ci‘tyh 2 B | /B éleA(Dag\f)"

_Opcrating Temperature 58‘0"C
—I,;Emd Tm:]-)m:nl.;e o 2120C
"\ Qperating Humidity * 3%~ 90%RH
ki 'af"ater P:e;;_we i é_l.';'gMPa
Stora_g:c T:mperamre { ' ~2—5'C~+80'C
Storage Hl;udtty-__ ! 25%~95%RH

————

e S —

Mechanic Dimensions

SN N

" W T —

SN SRS I -
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Sensor Components

No. Name Quantity Material Note
1 Valve body 1 PA66+33%glass fiber
2 Stainless steel bead 1 Stainless steel SUS304
3 Axis 1 Stainless steel SUS304
4 Impeller 1 POM
5 Ring magnet 1 Ferrite
6 Middle ring 1 PA66+33%glass fiber
7 O-seal ring 1 Rubber
8 Electronic seal ring 1 Rubber
9 Cover 1 PAG6+33%glass fiber
10 Screw 4 Stainless steel SUS304
11 Al T 1007 24AWG

‘&'A' A W

e\ | el RRANRAR

VAR S\

(emr S R P
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Hcr; is a ﬁﬁtmg dﬂa@Imadc to show.you how to wire it all up. _ _
Reading)liquid flow, rate withan Ard;
Usingjq)Water; Flow;Sensor (rowssoonn))

Erom;Seeed|Studio; 3 : !

To Flow Meter
Black = Gnd
Red =Vs5
Yellow = Signal

E«".r' Code adapted by CHarles Gantt from PC Fan EPH pode/written by Creénn Athébestcasescenat

¥/ htopy/themdkarsvorkhench.eqim http: /Pehebest cadescanario. com hrepg / /geeddstudio. com
L

volatile int NbTopsFan: //mesfuring the tising £dges of the signal

iint Cale;

Aint hallsensor =.2: ¥/The pin location of the sensor

L

E\roid rpm () /#Th¥e, i= cheQfunmtion that thesintefupt calls
"

NbTopsFan++; //This Punction measures the rising-&@nd f&lling edge of the

hall effect sensors signal

L

}

L

5/; The setup() method runs once, when the sketch starts
1



¥/ the loop{) method runs over and over again,

in L/hour

i

void setup() //
(

pinlNode (hallsensor, INPUT); //initializes digital pin 2 as an input
Serial.begin{9600); //This is the setup function where the serial port is

Hinicialised,

attachInterrupt (0, rpm, RISING); //and the interrupt is attached
i}

// as long &3 the Arduino has power
void loop ()
{

NbTopsFan = 0: //3et NbTops to O ready for calculations

sei(): //Enables interrupts
delay (1000): //Wait 1 second
cli(): //Disable interrupts

Cale = (NbTopsFan * 60 / 5.5): //(Pulse frequency x 60) / 5.50, = flow rate

Serial.print (Cale, DEC - " c8 ated above

) \

a3 nane:

& Y Y e e w & A ° P
N NI 1 SMINDNNONANSMEIIINI N 17UN
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frequency plot

Flow rate vs.

70
~ 60
@ 50
g
g
g an
[
g
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——F501| 95| 144 19.2| 2¢ | 28.8] 33.6| 38.4 | 43.2| 48
|-—m—F52 | 9.4 | 14.1] 18.8] 23.5| 282 329| 37.6 [ 42.3]| 47
fTop F
FAQ
Here is the Sens
What ma
HNylon wi , avordng

Is the flow se:
Yes, i 1 ¢

= datasheet for the

See Also
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LM35

General Description

The LM35 series are precision integrated-circuit temperature
sensors, whose output voltage is linearly proportional to the
Celsius (Centigrade) temperature. The LM35 lhus has an
advantage over linear temperalure sensors calibraled in
° Kelvin, as the user is not required 1o subtract a large
constant voltage from its output to oblain convenient Centi-
grade scaling. The LM35 does nol require any exiernal
calibration or trimming to provice lypical sccuracies of £14'C
at room temperature and 2%°'C over a full =55 to +150°C
tamparature range. Low cost is assured by timming and
calibration af the waler level. The LM35's low. culpul imoed=
ance, linear oulput and pregise inherent calibralion make
interfacing to readout ar'contrel clrcurry especially easy. It
can be used wilh sifgle power supplies, or with, plus and
minus supplies. As it disws only 80 pA fram it supply, it hes
very low self-healing. less than 0.1°C'in.still'air. The LM35 is
rated to operate over a -55° o ¥150°C temperature. range
while the LM3SC is raled"for-a-=4Q" lo +710°C range (-10°
wilh improved accuracy) The LM35 saries is available pack-

&National Semiconductor

Precision Centigrade Temperature Sensors

November 2000

aged in hermetic TO-46 transistor packages, while the
LM35C, LM35CA, and LM350D are also available in the
plastic TO-92 transistor package. The LM35D is also avail-
able in an 8-lead surface mount small outiine package and a
plastic TO-220 package.

Features

» Calibraled directly in * Celsius (Centigrade)
=u Lingar + 10.0 mV/"C scale faclor

® 0.5°C accuracy guaranteeabla (al +25°C)
® Rated. for full -55° lo +150°C range

% Suable for remote applications

= Low cost dueto wafer-leve! timming

= Operales from 4 1030 volts

w Lessthap 60 pA curent drain

u Lo sell-heating, 0.08°C in still alr

» Nenlingarity. onty £14°C typical

u.-tow mpedance-oulptt, 0.1 12 for T'mA lpad

Typical Applications

¥ 10 209y
|
’ uTAIT
e LI
4
L beaated
FIGURE 1. Basic € do T

(+2'C to +150°C) -

Wour

__l_ L]

=¥
L vt
Choose Ry 2 -Vig/50 WA
Vo549 500 wiV ol #156°C
7 +240 m\ 31 +251C
= -ES0 AV ALT550
FIGURE 2. Full-Range Centigrade Temperature S

£ 2000 Nabvonal Semconductor Corporation DSOCS51E

wany. natonal.com

siosuag ainjesadwa] epeibiuagy uoisigald GSINT
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Connection Diagrams

TO-46
Metal Can Package”

& @

+¥s Your
o,

BOTTOM ViEW
DHOLES"6-1

*Case is connected 1o negative pin (CND)

Order Number LM35H, LM35AH, LM35CH, LM35CAH or
LM35DH
See NS Package Number HO3H

TO-82
Plastic Package

SO-8
Small Qutline Melded Package
/

Vour {1 8- vg
e =2 7f=Ne.
He.—3 6
oHp — « 5

NG
—MN.C.

Dgocan e
N.G = No Connection
Top View
Order Number LM350M
Sce NS Package Number MOSA

TO-220
Plastic Package*

O

LM




Absolute Maximum Ratings (note 10)

TO-82 and TO-220 Package,

P . = (Soldering, 10 seconds) 260°C

pflaciontio g el o W S0 Package (Note 12)

Distributors for availability and specifications, Vapor Phase (60 seconds) 215°C

Infrared (15 seconds) 220°C

Stbply Vokage it Y Susc:ept(ibﬂity (Note !11) 2500V

Output Voltage AeNo=12Y Specified Operating Temperature Range: Tou 10 T yax

Output Current 10 mA (Note 2)

Storage Temp.,; LM35, LM35A -55°C to +150°C
TO-46 Package, -60°C to +180°C LM35C, LM35CA -40°C to +110°C
TO-92 Package, -60°C to +150°C LM35D 0°C to +100°C
S0-8 Package, -65°C fo +150°C
TO-220 Package, -65°C fo +150°C

Lead Temp.:

TO-46 Package,
(Soidering, 10 seconds) 300°C
Electrical Characteristics
{Motes 1, 6)
LM3sA LM35CA
Paramater Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
(Note 4) | {Mote 5} (Note 4) | (Note 5)
Accuracy T A=+25°C 0.2 05 0.2 08 ‘C
(Mote 7) T a=-10°C %03 +03 10 &
T A= Taiax 0.4 £1.0 *0.4 £10 o
T ki £04 +10 +0.4 245 s
Nonlinearily T e T %018 2025 | 0.5 03 C
{Note &)
Sensor Gain TN TRS Tansc +10.0 +9.9, +10.0 +9.9, mvI'c
|Average Slope) +10.1 +10.1
Load Regulation T#=+25'C 204, *1.0 204 1.0 m\VimA
{Note 3) Dshs1 mA T S TaS Thaax 105 130 0.5 130 | mvimA
Line Regufation T a=+25'C #0.04 0,06 *0.01 0,05 mviy
{Mote 3) 4V j<30v +0.02 0.1 0,02 £0.1 mvi
Quisscent Gurrent M g=45V, +26°C 56 67 56 B7 A
{Note 9) V 4=45V 105 13 9 14 PA
V=430V, 425°C §6.2 687 562 68 A
V.= +30V 1055 \ 133 915 118 gA
Change of AVl €30V, +25°C 02 10 0.2 10 PA,
Quiesgent Current AV, <30V 05 2.0 0.5 2.0, A
(Nole 3)
Temperature +0,39. +0.5 +0.39 +0i5 PAS'C
Coefficient of
Qulescent Current
Minimum Temperature. |.In circuit of +15 +20 +1.56 +2.0 "G
for Rated Accuracy Figure 1-lg=0
Long Temm Stability T 5= Thanx. for *0.08 +0.08 'C
1000 hours

wawvnational com

SEWT
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Electrical Characteristics

(Notes 1, 6)
LM35 LM35C, LM35D
Parameter Conditions Tested Design Tested Design Units
Typical |  Limit Limit | Typical | Limit Limit | (Max.)
(Note 4) | (Note 5) (Note 4) | (Note 5)
Accuracy, T a=+25°C £0.4 +10 +0.4 1.0 ]
LM35, LM35C Ta=-10C +05 05 +15 'C
(Note 7) T T +0.8 +15 +0.8 15 ‘c
T a=Than +0.8 £15 +0.8 +20 &
Accuracy, LM35D T A=+25°C +0.6 +15 ‘C
(Note 7) g pih - 09 20 %
Ta=Tiin 09 +20 ©
Nonlinearity S R - %03 $0.5 10.2 0.5 6
(Note 8)
Sensor Gain T snSTAS Taans +10.0 +9.8, +10.0 +9.8, mVI'C
(Average Slope) +10/2 +10.2
Load Regulation TaA=+25C 0.4 20 : 0.4 20 m\imaA,
{Note 3) 0<l;<1 mA" | TaR<T a<Tounx +0.5 £5.0 +0.5 £50 | mvima
Line Reguiation, Ta=#25C |\ 2001 |/ #01 001 | *01 MV
{Note 3) AV =30V +0,02 7 L2 002 +0.2 mvv
Quiescent Cument V =45V, +25:C 56/ / /1 80. 56 80 PA
{Notg'9), V=SV, 105 158 91 138 pA
Vogm 430V, 425°C 562 82 562 82 vA
[ vezs30v | 105.5 : 161 915 141 pA
Change of AVsV,s30V, +25'C g2 \} wae, 0z 20 HA
Quiescent Current aVeV 230V 05 ' 3.0 05 3.0 A
(Note 3) i
Temperature. +0.39 - +0.7 +0,39 +0.7 HAI'C
Coefficient of W/
Cuiescent Curent
Minimum Temperature | In circuit.of +1:6 +20 +15 ¢ +20 [
for Rated Accuracy Flgre 1, |y=0 7 -
Leng Térm Stability Tos=Thaax. Tor %0.08 0 20,08 y c
1000 hours

Nots 1 Uinless clherwise IIM hese m:Mml apply. as!mm fhr the L3S and LMISA; -lq’“‘h:ﬂilrctor the LM35C and LM35CA; end
0°<T <+100°C for Ihe LM3SD, V- =46V dc and |, pﬂﬂ.ﬂﬁnm&ﬂma‘ Thate iM:m:M IWM +2°C 10 Tuas lnbhl ciretlt of Figure 1,
Specifications upum;upb«g over fhe full rat ‘ﬁm Tange

MNote 2: Thormal resisiance of fe TO-46 package fs 400'CAV. junchion to amissent, and 24°CW [unction lo case: Thermal restslance of ihe TO-92 package is
160°CA junellan Lo anibisnt, Thummmtrufm smalt ouling meided package ks 200°Ca junclien 18 @mblent. Themel resisfance of the TO-220 package

18-90°CAW Junctien lo ambient, For 1h see fatle In ihe Appications section,
Note 3: Roqllllm[: mmudllmﬂuimﬁmump aliFe, using pﬂulummnlwmw Changes in oulpl 808 1o hBaling effects can be
mpuled by g the Inlemal | byt therm al

Note 4: Tesled Limis are gwulul! 2nd.100% tested in pmm

Mote'$: Design Limits wre. guaranleed (bl oo Iow.pvm tested) over the tlmloﬂ tlllpllyllm and mppl-_.l veltage ranges. These limits are not used to
caiculate outgaing qualty Tevels.

Note 6: Specilications in boldface sppicver the Mrdaa Temperature range.

Nah 7: Acturacy bs defined 8% Ihe siror between the ouiput voltage and 10mw'C lnulln device’s cose lem perature, al specified conditions of voltage. current,
and tup.mm {expressed in <l

Hote 8: Hmhnrlyknlmd a3 the devfation of ihe output- :,,_._ Ut _GUrve from the besh-fl siaight lne, cvat the cevize's raled lem perature
rangel

Note 9: Quieseant cumment s Mnu in ihe circult of Figure 1.

Nate 10: Abgolule Iuplmam ﬂm ingticate limits beyond which damage to the device may.eccir. Ix.‘ andAC umu specifications do not apply when operating
he device bm]ll faled cporating condilions Ses Note 1, |

Note 11: Human body medel 100 pF dscharged Mifough a 1.5 kil re sistor:

Nole 12: See AN-450 “Sueface Mounting Melhads and Their Effect on Product Ri"-lbllj“ of the seclion litied Surface Mouni™ feund in & current Natlonal
Semiconcuctor Linear Data EBock for alher malhods. of seldering surface mnm drvices.
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Typical Performance Characteristics

Thermal Resistance
Junction to Air

g

46

THERMAL AESISTANCE (*C/W)
g
Pare

EY/4

N

400 800 1200 1600 2000
AIA VELOCITY [F2 M}

[T

Thermal Response in

Stirred Oll Bath
2 I
Z l -
-
8 0. =
g o L f b
AN il
= P
]
g
a |
-0
[ 1 1 B ]
TIME (SECONDS)
.:‘
Quiescant Currant

vs, Temperatura
{In Circuit of Figure 2.}

1 | i
Py dEREIIEN
PeRgazdsnis
g il LAl

. ?;?“4’

-8

= B T OWAS
TEMPENATUNE | L)
oateesini

Thermal Time Constant

s
w0
= %
g
%
!
g 1 r\—\qu
s N
o L182
q 400 BOA 1200 1600 2000
AR VELDCITY (FPM)
A
Minimum Supply
Voltage vs. Temperature
Lt
s ! lmll:.lll. i
= 10} =20 mA
a8 -
g I8 s 9’
ﬁ ¥e o P
E 12— YPICAL ‘-—.
5 10 A four =110 mA——
a8 ;ﬁltvﬂiuu.l (=9 =
0 ot ik O S 8
71 L LI S
=7, <25 |78 \'T8 B
TEMPERATURE ()
T
Agcuracy vs. Temperature
(Guaranteed)
1 M3
[}
B, s -‘JE i jaied —]
AR YRS bt |
05 [oebes [
|, TYPCAL g
¥ .9 .
Lo - | Lmasa
DL s
~18 ferpe
T T T T Tosl T
T -8 ™Al s
TEWPERATURE |5
rbded e

Thermal Response

in Still Air
120
# 10
g w14
z2 B
£
e
0
-2
1 2 4 5 8
TIME [MINUTES)
coocaIegT
Quiescent Current

vs. Tamperature
{In Circuit of Figure 1.)

180 [
10 :
i 10 Sk |
100 e
K Pl
E o >
E] ¢ |
o F g
]
<75 -2 23 18 s s
TEMPERATURE (*T)
DoAY

Agcuracy vs. Temperature
(Guaranteed)

1 =T
!" LA
[cRRE | L
o : o e
E (e YR
[}
05 -1 - 3
-10 il
E-18 el
4 m e oL
18 18 F )
ST s B fomn
TEMPERATUAE |C)
000841531

wiww ralional com

ST

84
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Typical Performance Characteristics (continued)

Noise Voltage
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Applications

The LMS& can be applied easily in the same way as cther
sensors, It can be glied or
cemented to & surfaoe and its temperature. will- be- within
about 0.01°C of the surface temperature.

This presumes thatthe amblent air temparature is almost the
same us lhe surfacetemn ; if the air temp

-circuit

Start-Up Response

 WENE
much higher or'lower than the surfase hmpualure the

actual lemperature of Ihe LM35 die would be al an inlerme-
diate temperatire between le suface temperature and the
air e This is ially true for the TO-82 plastic
package. where the copper leads are the principal thermal

path ta carry heal into the device, so lls lemperalure might |
e closer to the air lnmmur! than to the surface nemp:ra- ¥

Sure.

To minimize this m:uem be $ure thal ihu winng 1o the
LM35, as il leaves the device, i held al the same tempara-

lure'as the surface of interest fhe casiest way 1o'do this s

lo cover up these wires wilh a bead. of &poxy. wiich wil
insure tha the leads and wires are all al the sama tempera-

lure @s (he surface, and thal the LM35 dies tamperature wil
ot be affected by the aif termperature, ?

.
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TINE (riorasesomdn)
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The TO-46 melal package can also be soldered lo a metal
surface or pipe withoul damage. Of course, in that case the
V= terminal of the circuit will be grounded to that metal.
Alternatvely, the LM35 can be mounted inside a sealed-end
melaltube, and can (hen be dipped into a balh or screwed
into'athreaded hole in a tank. As with any IC, the LM35 and
accompanying wiring and circuils must be kept insulated and
dry, to avoid leakage and corrosion. This is especially true if
tive circuit may operale al'gold t lures where conden-
sation can.ecour. Printed-c rouit coalings and vamishes such
as. Humseal and epoxy paintsior dips are often used to
Insure-tnat malsture cannot camade the LM35 or 1s connec-
tions:
These cevices | are s, soldered 1o a small
light-weight hull'h to decrease the thermal time constant

and ‘speed up’ the response in slowly-mgving air On the

olher hand, a small thermal mass may be added to the
sensor, logive the steadiest reading desp&e ‘small devialions

n, Ihn air hfﬂpmo

Temperatum Rise of LM35 Due To Self-heating: {Thetmal Resmtance.e )
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Typical Applications

HEAVY CAPACITIVE LOAD, WIAIG, ETC

T8 & HIGH-IMPEDANCE LOAD

550867819

FIGURE 3. LM35 with Decoupling from Capacitive Load
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FIGURE 4. LM35 with R-C Damper

CAPACITIVE LOADS

Like mos! micropower circuits, the LM35 has a limited ability
Lo drive heavy capacilive loads. The LM35 by ilsell is able to
drive 50 pf without special precautions. If heavier loads are
anficipated, it is easy to isolate’or cecouple the lead.with 2
resistor. see Figure 3/ Or you can improve the tolerance of
capacitance with @ sefies R-C damper from ouipul lo
ground, see Figure 4.

When Iha LM35 s applied with a 2008 load rasisior as
shown in Figure 5, Figure Gor-Figure 8ilis elatively immune
to wiring.capaciance because the capacitance ‘orms a by-
pass from ground to inpul,.-nol on'The oulput, Howaver, as
with any linear curcunl connected lo wns ina hor-ill Bnvis
ronment; its perfs _can be aflect d ¥ by in-
tensge electromagnetic’ sources such-as'relays, ta_cr o, Irans:

miflars, molors with drcing biushias, SCR ransients, afc, as_

its wiring can acl as @ receiving antenna and iis niernal
junctions car acl a8 rect fiess. For best resullsin such cases,
@ bypass capacitor from Wy, lo ground and-a series R-C

damper such as 7502 in saries with 0.2 or 1.uF fram output o

ground ‘are ofien useful | These die shown Th Figure 13,
Figure 14, and Figure 16,

W
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FIGURE 5. Two-Wire R
(Grounded Sansor}

HEAT
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TWISTED PAIR

Veur=10 mV/*C (Tapsient +1°C)
FRDOM +2°C TO +40°C

DEO0A36

FIGURE 6. Two-Wire Remote Temperature Sensor
(Qutput Referred to Ground)
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FIGURE 8. Two-Wire Remote Temperature Sensor

(Output Referred to Ground)
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FIGURE 9.4-To-200mA Current Source (0°C to +100°C)
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LM35

Typical Applications (continued)

FIGURE 10. Fahrenhelt Thermometer
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FIGURE 11. Centigrade Thermometer (Analog Meter)
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FIGURE 12, Fahrenheit ThermometerExpanded Scale

Thermometer
(60" to BO® Fahrenhelt, for Example Shown)
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FIGURE 13. Temperature To Digital Converter {Setial Output) (#128°C Full Scale)
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Standard Data Bus to pP Interface) (128°C Full Scale)
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Typical Applications (continuec)
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LM35

Block Diagram
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Physical Dimensions inches (millimeters) unless otherwise noted

0.209--0.219

[ Gannsse
: 0178-0.185
SEATING | 213
PLANE ¥ 0.080 - 0.105
LI B {2032~ 2667)
(0536) 0500
UNCONTROLLED s MIN
LEADDIA ﬂ 1] 2o
0.015-0.018 0.030
(0.408-0.483) 0.752)
DIATYP MAX

— 0.050

SEWT
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LM35

Physical Dimensions inches (milimaters) unless olherwise noted (Continuad)
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0.100-0.120 [8.38-8.89] 7|
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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USER GUIDE

NI USB-6008/6009

Bus-Powered Multifunction DAQ USB Device

Frangais Deutsch BAGE =0 fa1fs H 3z

ni.com/manuals

The National Instruments USB-6008/6009 devices provide eight single-ended analog input
(AI) channels, two analog output {(AOQ) channels, 12 DIO channels, and a 32-bit counter with a
full-speed USB interface. This user guide describes how to use these devices.

For specifications, refer to the NI USB-6008 Device Specifications and the NI USB-6009
Device Specifications availableatni . com/manuals.

The following table compares the NI USB-6008 and NI USB-6009 devices.

Table 1, NIUSB-6008 and N USB-6008 Comparisén

Foature | NI USB-6008 NI USB=6009
Al resolution 12 bits differential, 11 14.bits differential, 13 bits
bits single-ended single-ended
Maximum Alsample rate; 10 kS8/s 48kSlks
single channel!
MaximumAT'sample rate, | [10 kS/s 48 kS/s
multiple channels {ageregate)!
DIO eonfiguration” - Open colfector® Each'channel individually
' programmable as open collector
or active drive®

The following figure shows key functional comporients of the N1LUSB-6008/6009.

! System-dependent.
% This document tses NI-DAQmix-naming conventions, @pen-drain is called open collector and
push-pull is called active drive.

NATIONAL
ﬂnmumm
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Figure 1, NI USB-6008/6009 Block Diagram
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A Caution Do not operate the device in an explosive atmosphere or where there may
be flammable gases or fumes. If you must operate the device in such an
environment, it must be in a suitably rated enclosure.

Electromagnetic Compatibility Guidelines

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

This product is intended for use in industrial locations. However, harmful interference may
oceur in some installations, when the product is connected to a peripheral device or test object,
or if the product is used in residential or commereial areas. To minimize interference with
radio and television reception‘and prevent unacceptable performance degradation, install and
use this product in striet aceordance with the instructions in the praduct.documentation.

Furthermore, any ghanges or modifications to the product not expressly approved by National
Instruments.¢ould void your anthority to oparate it under vourtocal regulatory.rules,

& Caution—Toensure the spedified EMC performance, operate-this produet only with
shielded cables-and accessories.

A Caution.This product may bscome mote sénsitive to electromagnetic disturbances
in'the operational environment when test leads are attached or when the product is
conmected toa test object;

A Caution Emussions that exceed the regulatory requirements may. oceur ehe this
productis connected toalest object.

Note 'Changes ormodifications to the produet not expressly approved by National
\ Instruments ¢ould void your authority 1o operate the produet under your local
regulatory mules:,

Unpacking the Kit

& Calition To prevent eleetrostatic discharge (ESD) from damaging theé device,
ground yourself using a grounding strap or by holding a grounded object, such as
your computer chassis,
1. Touchthe anfistatic package fo a metal-part 6fthe computer chassis;
2. Remove the device from the package and inspect the deyicé for loose'components or any
other sign of damage.

A Caution Never (otich the exposed pins.of ¢onnectors.

NI USE-6008/5009 User Guide | @ National Instuments | 3
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\@ Note Do not install a device if it appears damaged in any way.

3. Unpack any other items and documentation from the kit.

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

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

\@ Note For information about non-Windows operating support, refer to the Getting
Started with NI-DAQmx Base document available from ni . com/manuals.
1. Install the application software (if applicable), as described in the installation instructions
that accompany your software.

-shipped with your kit
mentation for

: following figure.

# NI USB-6008/6009 devices are supported by NI-DAQmix 7.5 and later.

4 | meom | NIUSB-6008/6008 User Guide
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Choose one of the labels, align the correct label with the terminals printed on the top
panel of your device and apply the label, as shown in the previous figurs.

Figure 3. NI USB-6008/600¢2 Signal Labels

I \ |
o . stio| = a0 |ono| +n - Jono] + a2~ [eno[ + 43~ [onojant]aorjeng 4
| | [ [ [ 1 Ll = or

GND AID Al4 GNDAIL AlS GNDAI2 AIS GNDAI3 A7 GNDAGD ADYGNC) 5
l 12 34567 8 910111213141516

ANALOG T 4 DIGITAL
3231302928 2726 2524 23 22 21 20 19 18 17
(GND+5V425V PF0 FL3 P12 P11 P10 POT P06 POS P04 PO3PD2 PO PO

SRS EES S 1

User-Dehined Cuslom Label N 4, Analogiinput Differential Signal Name Label
Terminal Number Label b Analng Input Sfrm-Endad Signal Name Label
Digital 1/C Label

10.

Note Aﬁer you label the SCIEW te.lrmnal connettor plugs, Vou'must only insert
them into the matchmg oommota jack: asindieated by the overlayilabel on the
device,
Plugione end of the USB dable into the NTUSB 50@8/60ﬁ9 and ﬂ'k: other end mm an
available USB port on the computer. -

‘Double-click the! NI MAX icon on the deskmp to: open Measurament& Automation

Explorer (MAX).

'Expand My Sy stemp»Devices. and l.ufcrws and verify that the NIUSB 6008}600) 1s

listed. 1f your deyice does not appear, press <F5> to réfresh the view in MAX. Ifyour
device is still fiot recognized, refer to rri Y co'm/ supportfdaqu for trompleshmﬁ:g
mfmmatren.

Self-test your device'in MAX.by nght-«chalang NTUSB-6008 or NI USB-6009 .md
sclecting Self-Test, Self-test performs a brief testto'determiné sticcessful device
installation-When the self-test fini 185, & miessage indicates Successful mﬁcaucm or if
an error ocetiréd If'an erroromm,reﬁt ton - c:om/su;\nort/daqu

& Caution To ensure. the specified EMC perfemmncg operate this product anly
' with shielded cables and accessories. -

Qonneet the wirés (16 AWGH o 28 AWG)of a shielded, 1 rnulhconcluetor cable to screw
terminals by stripping 6. 35 mm (0.25 in) of insulation, i inserting the wires into the serew
terminals, and secnrej,yughtemng the screws with the flathead serewdriverto atarque of
022N mt00.25N - m (2.01b%in_ 10 2215 - m) Refer to fherom:md’ngmi
Descriptions section for an image of the NI USB 000876009 pmout

If using a shielded cabie connect the cable shield toa nemlw GND lerminal,

@ Note Formt'mnahcnabontsemors gotom. 'Sull'l.’.s-ensor'= For
information about TEEE. 1451 4 TEDS smart'scnsors, go to ni . com/teds.

Run a Test Panel in MAX by riglit-clicking NT'USB-6008 or NI USB-6009 and sclecting
Test Panels.

NI USB-6008/£000 User Guige | © Nafional Instuments | &

98



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

Using the NI USB-6008/6009 in an Application

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

Table 2. DAQ Assistant Tutorial Locations

NI Application Tutorial Location
LabVIEW Go to Help»LabVIEW Help. Next, go to Getting Started with
LabVIEW»Getting Startedwith DAQ»Taking an NI-DAQmx
Measurement in LabVIEW,

LabWindows™CVI™ | Go to Help»Contents. Néxt, go to Using LabWindows/CVI»
Data Acquisition» Taking an NI-DAQmx Measurement in
LabWindows/CV1.

Measurement Studio Go to NI Measurement Studio Help» Getting Started with the
| Measurement Studio Class Libraries»Measurement Studio
| Walkthroughs»Walkthrough: Creating a Measurement Studio

' NI-DAQmx Application.
LabVIEW ' Goto Helpy Taking an NJ-DAQmx Measutement in
SignalExpress SignalExpress.

Referto the Where fo Go from Here section for information about programming examiples for
NI-DAQmx and NI-DAQmx Basa. '

Features

The NIUSB-6008/6009 features a USB conngctor, USE cable §train relief. two scréw terminal
connector plugs for O, and an LED indicateryas shown in the following figure.

6 | moom | NIUSB-6008/009 User Guide
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Figure 4. NI USB-6008/6009 Top and Back Views
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1. WUSB Cable Strain Relief

3., LED Indicalor
4. /USE Conneclor

USB Connector-and USB Cable Strain Relief

The NI'USB-6008/6009 features a USB connector for filll-speed USB interface. You can
provide strainrelief for the USB cable by threading a zip tie through the USB cable strain
reliefring and tightening around a looped USB cablé; as shown in the following figure,

2. Screw Terminal Gonnector Plug

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

LED Indicator

The NI USB-6008/6009 device has a green LED indicator that indicales device status, as listed

in the following table. When the device is conneeted to.a USB port, the'LED blinks steadily to
indicate that the device'is initialized and'is reeeiving power fromrthe eonnection,

NI USE-6009/5008 User Guide | @ National Instuments | 7



Table 3. LED State/Device Status
LED State Device Status

Not lit Device not connected or in suspend

On, not blinking | Device connected but not initialized, or the computer is in standby mode,
In order for the device to be recognized, the device must be connected to a
computer that has NI-DAQmx installed on it.

Single-blink Operating normally

Screw Terminal Connector Plugs

The NI USB-6008/6009 ships mthorle detachable screw terrrunal cormector plug for analog
sagnalsandmdetachable rew terminal connector plug fo digital signals. These screw
de 16'conne (msﬂnhne 16 AWG:to 21 Wqu-e Refer to step 4

8 | nmecom | NIUSBE-6008/6009 User Guide
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Table 4. NI USB-6008/600¢ Cables and Accessories

Accessory Part Number Description

USB-6008/6009 Accessory 779371-01 Four additional screw-terminal

Kit connectors, connector labels, and a
screwdriver

USB-6000 Series 779511-01 Unshielded breadboarding accessory for

Prototyping Accessory custom-defined signal conditioning and
prototyping. You can use up to two
accessories per device.

Hi-Speed USB Cable 184125-01, 1 mand 2 m lengths

i i 2 h?
T ad
- B?ﬂrmm 1 ‘T

NIUSB-6008/6009 User Guide | @ National Instuments | 9
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Figure 6. NI USB-5008/6009 Pinout
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Table 5. Signal Descriptions (Continued)

Signal -Raference Direction Description
Name

AO <0, 1> GND Output | Analog Output Channels 0 and 1—Supplies the
voltage output of AO charmnel 0 or AO channel 1.
Refer to the Analog Output section for more
information.

P0.<0..7> GND Inputor | Port 0 Digital I/O Channels 0 to 7—You can

Output | individually configure each signal as an input or
t. Refer to the Digital /O section for more
P1.<0.3> ?

PFI10 GND, | fput | PFLO—Thispin.s cor cithtg Migital
| Q- ”;igg 2 e nput. Refer to'the PFI 0
e s B é o o
' o L ’ -
/ﬁ P Y . e ”’gﬁ‘
2 L0 \b/
VD AL ZGNDL + te
ég r'?*?'f:;; LY/ 4 e t segtion
ALA A F.y Y P C
NG T
1. ;‘Il_l[]l 1-_4.} 1l L!]l C-'
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Figure 7. NI USB-6008/6009 Analog Input Circuitry
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Table 6. Analog Input Configurations

Analog Input Floating Signal Sources (Not Ground-Referenced Signal Sources

Mode Connected to Building Ground)
Examples *  Ungrounded thermocouples Plug-in instruments with non-isolated
= Signal conditioning with outputs
isolated outputs
= Battery devices
Differential a
(DIFF) Signa! Source 2 ueB om0 Signal Saurce N USB.600345000

S Al
+*

............

b“

1 .9
] 1121111 LITL),
T

| = ; Adaia¥araYall’

?\‘K‘K‘ﬂﬁ

r@m uﬁmﬁn@s ; IS¢

Use DIFF input conne ar-' . meets any ot fellowing conditions:
s Yourapphcauomeqmrcsm

*  Theinput signal is low level and requires g:eater accuracy.
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*  The leads connecting the signal to the device are greater than 3 m (10 fi).

»  Theinput signal requires a separate ground-referenice point or return signal.
*  The signal leads travel through noisy environments.

+  Twoanalog channels, AT+ and Al-, are available for the signal.

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

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

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

Signal Sources

Only use RSE input connectionsif the input signal meets.all of the following conditions:

*  The input signal can share'a common reference point, GND, with other signals that use
RSE.

= Your ap;ﬂicauon permits-the use. ofthe :kIO N mput Tange.

*  Theléads connecting Lhc Stgnal 10 the device are Jess-than 3m (10 f1).

DIFFE input conections aré rwonmmded for greater sagnal integrity for any input signal that
does not meet the preceding conditions.

In the single-ended modes, mQre_eleéﬁ'c‘staﬁje wﬁfﬁ'agneﬁc noise couples into the signal
conneetions than in DIFF configurations, The coupling is the result of differénces inthe signal
path. Magnetic Coupling is propertional to the area between the two signal conductoss.
Electrical coupling is a function of how much the cleetrie field differs between the two
conductors.

With this type of connccumy the PGA. re)ec’a both the common-mode noise in the s:gnal and
the grotnd potential difference bétweén the signal Souree and the device grotmd.

Referto the Taking R@’erenced Smglc«-Enddeemrmezm sectxen for more information
about RSE eannections:

Ground-Referenced Slgnal Sources

A ground-referenced signal source is & signal source’ ¢onriected te the building System ground.
It is already-connected to a'common gronndpoint with respeet to the device, assuming that the
computeris plugged into-the same powersystemas the sotireé. Non-isolated outpiits of
instruments and devices that plug into the binlding power system fall inforthis category.

The difference in g.round potential between two instruments cmneeted to'the Same building
power system is tvplcnlly between 1 mY and 100.mV: but the difference-can be much higher if
power distribution circuits dreimproperly connected. If a grounided$ignal source is incorrectly
measured, this difference can'dppear as measurettient eror-Follow the conmection instructions

14 | micom | NIUSB-6008/6009 User Guide
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for grounded signal sources to eliminate this ground potential difference from the measured
signal.

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

When to Use Differential Connections with Ground-Reference Signal Scurces
Use DIFF input connections for any channel that meets any of the following conditions:

»  Your application requires input ranges other than +10 V.

= Theinput signal is low level and requires greater accuracy.

*  Theleads connecting the signal to the device are greater than 3 m (10 f1).

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

= The signal leads travel through noisy environments.

= Two analog channels, Al+ and Al-, are available for the signal.

DIFF signal connections reduce noise pickl_lp and increase commen-mede noise rejection.
DIFF signal conneetions also allow input signals to float within the working voltage of the
device.

Refer to the faking Differential Measurenrents section for more ififormation about differential
connections.

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

Do not use RSE comnections with ground-referenced signal sources, Use differential
connegtions instead.

As shown inithe table in'the Analog Inpiit Modes and Signal Sources section, there can'be a
potential difference between GND and the/ground of the sensor, In RSE mode, this ground
loop causes measurement errors.

Taking Differential Measurements
For differential signals, conneet the positive lead of the signal to the ‘Al# terniinal, and-the
negativelead to the Al- terminal.

Figure 8, Canneclinga Differential Voltage Signal

J :

;1”3: _ :} NI USB-6008/8009
s

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

Figure 9. Example of a Differential 20 V Measurement
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Figure 11. Connecting a Referenced Single-Ended Voltage Signal

GND

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

To connect loads to the NI USB-6008/6009, connect the positive lead of the load to the AO
terminal, and connect the ground of the load to a GND terminal, as shown in the following
figure.

Figure 13. Connecting a Load

NI USB-6008/6009
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Figure 14, Example of Connecting a Load
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* This document uses NI-DAQmx naming conventions. Open-drain is called open collector and
push-pull is called adive drive.
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Figure 15. Example of Connecting an External User-Provided Resistor
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I/O Protection

To protect the NI USB-6008/6009 against overvoltage, undervoltage, and overcurrent
conditions, as well as ESD events, you should avoid these fault conditions by using the
following guidelines:

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

*  Ifyou configure a DIO line as an output, understand the current requirements of the load
comnected to these signals. Do not exceed the specified current output limits of the DAQ
device.

National Instruments has several signal conditioning solutions for digital applications
requiring high current drive.

*  Ifyou configure a DIO line as an.input; donot.drive the line with voltages outside ofits
normal operating range: The DIO'lines have a smaller operating range than the Al
signals.

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

Power-On States

At system startup.and reset, the hardware sets all DIO lines to high-impedance inputs, The
DAQ device does notdrive the signal high or low. Each'line has a weak pull-up resistor
connected toit:

Static DIO

Each of the NI USB-6008/6000 DIO lines can be used as a'static DL or DO line, You can use
static DIO lines fo monitor or control digital signals. All samplés of statie DI lines and updates
of DO lines aré software-timed.

PFLO

PFI0 is configurable as either a digital thggerinput or anevent counter input.

Using PFI 0 asa Digital Trigger

Whenananalog input task is'defined, you eanconfiguse PFI 0/a<a digital trigger inpiit,When
the digital trigger is enabled: the Al task waits fora'rising or falling edge on PF1 0 before
starting the acquisition. To use AT Start Trigger (ai/StartTrigger) with adigital souree, specify
PFI 0 as the souree and seleet a rising or falling edge.

Using PFl 0-as-an Event Counter

You can configure PFI 0 as a'source for-counting digital-edges. In this mode, falling-edge
evenls are counted using a 32-bit counter: Formoreinformalion aboul event timing

NI USB-6008/6009 User Guide | @ National Instruments | 21
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requirements, refer to the NT USB-6008 Device Specifications and NI USB-6009 Device
Specifications documents available on ni . com/manuals.

External Reference and Power Source

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

+2.5 V External Reference

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

+5 V Power Source

The NI USB-6008/6009 supplies a 5V, 200 mA output. You ean use this source to power
external components,

Note” When the device is in USB suspend, the output is disabled:

Where to Go-from Here

This seetion lists where you can find example programs for the NI USB-6008/6009-and
relevant documentation.

Example Programs

NI-DAQmx and NT-DAQmx Base software incliide example programis to help you get'started
progriamming with the NI.USB-6008/6009: Madify example code and save it in.an application,
or use.examples to-develop.anew application, or add example code to an.exisling appheation,
NI-DAQmx

Tolocate NI software examples, goto ni . com/info-and enter the [nfo'Code dagmzesp.

To run examples without the de\r-ice.ixlstalled,_nse an NI-DAQmx simulated device: For more
information, in Measturement & Automation Explorer (MAX); select Help»Help Topics»NI-
DAQmx»MAX Help for NI-DAQmx and search for simulated devices.

NI-DAQmx Base

NI-DAQmx Base examples are accessible from Start» All Programsy National Instrumentsy
NI-DAQmx Base Examples.
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Related Documentation

Each application software package and driver includes information about writing applications
for taking measurements and controlling measurement devices. The following references to
documents assume you have NI-DAQmx 9.3 or later, and where applicable, version 8.5 or
later of the NI application software.,

NI USB-6008/6009

The NI USB-6008/6009 Quick Start included with the NI USB-6008/6009 describes how to
install NI-DAQmx software, install the device, and confirm that your device is operating
properly.

The NI USB-6008 Device Specifications and NI USB-6009 Device Specifications contain
device specifications and are available at ni-wcom/manuals.

NI-DAQmx
The NFDAQmx Readme 1s available from the Windows Start menu and lists which application
software, devices;and ADEs are-supported by this version of NI-DAQmx.

The NDAQmx Help is available from the Windows Start menti and contains API overviews,
generalinformation about measurement concepts, key NI-DAQmx concepts, and common
applications that-are applicable to all programming environments.

NI-DAQmx Base (Linux/Mac OS X/LabVIEW PDA 8.x)

The Getting Started witly NFDAOmy -Base document deseribes how toinstall the NI-DAQmx
Base software, the NI-DAQmx Base-supported DAQ device, and how {o confirm that the
device s operating properly oit your Windows; Linux, or Mae machine: In Windows, select
Start» All ProgramsyNational Instruments»N1-DAQmx Base»Documentation» Getting
Started with NI-DAQmx Base.

The N-DAQmx Base Readmelists devic_es suppértad indifferent versions oL NI-DAQmx
Base.In Windows, sclect Start» All Programs)National Instruments)NE-DAQmx Basey
DAQmx Base Readme.

The NL-DAQmx Basé VIRéference Help contains VI reference and general information about
meastrement concepfs. In LabhVIEW. select Help»NI-DAQmx Base VI Reference Help.

The NI-DAQHy Base C Funétion Reference Help contains C reférence and general
information about measurement concepts. In ' Windows, select StartyAll Programs»National
Instruments»NI-DAQmx Base»Documentation»C Function Reference Help.

@ Note " Al NI-DAQmx Base documentation for Linuxisinstalled at /usr/lccal/
natinst¥niBagmzbas e/ ddt njentatioh,
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Note All NI-DAQmx Base documentation for Mac OS X is installed at /
Applications/National Instruments/NI-DAQmx Base/
documentation.

LabVIEW

Refer to ni.com/gettingstarted for more information about LabVIEW.

Use the LabVIEW Help, available by selecting Help» LabVIEW Help in LabVIEW, to access
information about LabVIEW programming concepts, step-by-step instructions for using
LabVIEW, and reference information about LabVIEW Vs, functions, palettes, menus, and
tools. Refer to the following locations on the Contents tab of the LabVIEW Help for
information about NI-DAQmx:

* VI and Function Reference» Measurement IO VIs and Functions» DAQmx - Data
Acquisition VIs and Functions—Describes the LabVIEW NI-DAQmx VIs and
functions.

*  Property and Method ReferencenNI-DAQmx Properties——Contains the property
reference, : ;

*  Taking Measurements—Centains the conceptual and how=to information you need to
acquire and analyZe measurement data in LabVIEW, .i'r_wl udifig common measurements,
measurement fimdamentals, NI-DAQmx keyconeepts, and device considerations.

LabWindows/CVI

The Data Acquisition scction of the LabW indows/CVI Help contains Taking an NI-DAQmx
Meastirement in LabWindows/CP'T, which includes step-by-steprinstructions for creating a
measurement task nsing the DAQ Assistant. In LabWindows/C VI, select Help» Contents, and
then select Using LabWindows/C'VI»Data Acquisition. This book also confains information
about accessing detailed information through the N7-DAQma Help.

The NI-DAQmx Library section of the LabHlindows/CVI Help-contains AP ovérviews and
function reference for NI-DAQmx. Select Library, ReferencesNI-DAQmx Library.in the
LaobWindows/CF1 Help: 3

Measurement Studio

If vou program your NI:DAQmx-supported device in Mgasurement Studio using Visual Gf or
Visual Basic NET, you ¢an interactively éréale channiels and tasks by launching-the DAQ
Assistant from MAX or from within Visual Studio. You ¢an lse Measurement Studio 1o
generate the configuralion code based on.your task or channel: Refer to thelDAQ Assistant
Help foradditionalinformation about generating ¢ode.

The NI Measurement Stidio Help is fully integrated with the Micrésoft Vishal‘Studio help. To
view this help filein Visual Studio. select Measurement Studion»NIL Measurement Studio
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Help. For information related to developing with NI-DAQmx, refer to the following topics

within the NI Measurement Studio Help:

*  For step-by-step instructions on how to create an NI-DAQmx application using the
Measurement Studio Application Wizard and the DAQ Assistant, refer to Walkthrough:
Creating a Measurement Studio NI-DAQmx Application.

*  For help with NI-DAQmx methods and properties, refer to NationalInstruments. DA4Qmx
Namespace and NationalInstruments. DAQmz. ComponentModel Namespace.

*  For conceptual help with NI-DAQmx, refer to Using the Measurement Studio
NI-DAQmx NET Library and Developing with Measurement Studio NI-DAQmsx.

*  For general help with programming in Measurement Studio, refer to Getting Started with
the Measurement Studio Class Libraries.

To create an application in Visual Basic .NET or Visual C#, follow these general steps:
1. In Visual Studio, select FilexNew»Project (o launeh the New Project dialog box.

2. Inthe Project types pane,.expand the Visual Basic or Visual C# node, depending on
which language you'want to create the project in, and select Measurement Studio.

3. Choose a project type. Youadd-DAQ ‘tasks as/apart.of this step.
ANS| C without NI Application Software

The NEDAOmx Help contains API overviews and general information about measurement
concepts. Select StartyAll ProgramsyNational InstrumentsyNI-DAQmXNEDAQmx
Help.

The NEDAQOmx € Reference Help describes the NI-DAQmx Library finctions, which voul can
us¢ with National Instruments data acquisition devicesto develop instrumentation, acquisition,
and confrol applications. Select Start» All Programs;National TastrumentsyNI-DAQmx»
Text-Based Code SupportsNI-DAQmx C Reference Help.

NET Languages without NI Application Software
With the MicresoftNET Framework, vou can use NI-DAQmXx to create applications using

Visual C# and Visual Basie NET without Measurement Studio. Refer to the M-DAQmx
Readmie for specific versions supported.

Training Courses

If you need more help-getting started developing an application with NI-products, NI offers
training eourses. To enrll ina course or obtain a detailed course outline, referfoni Jcom/
trainindg :

Technical Support on the Web

For additional support; referteniscom/ support o ni .comy eXamplés.

s@ Note You candownlead these documents at ni.com/manuals.
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Many DAQ specifications and user guides/manuals are available as PDFs. You must have
Adobe Reader 7.0 or later (PDF 1.6 or later) installed to view the PDFs. Refer to the Adobe
Systems Incorporated website at winw. adobe . com to download Adobe Reader. Refer to the
National Instruments Product Manuals Library at ni.com/manuals for updated
documentation resources,

Worldwide Support and Services

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

Visit ni.com/services for NI Factory Installation Servmes, repairs, extended warranty, and
other services.
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