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1 Uvod

Cilem této diplomové prace je navrZeni regulacniho obvodu pro zajisténi plynulé regulace
teploty v klimatizovaném prostoru pomoci klimatiza¢ni jednotky firmy ACSON International.
Pro regulaci bude vyuZit univerzalni regulator ESTRA Controll system firmy Labit as.
obsahwici 2 PID regulatory a ktery byl piizpiisoben pro komunikacni protokol firmy ACSON
International. V soucasné dobé je regulace feSena systém ,tvrdé regulace”, tedy uplnym
otevienim ¢&i zavienim ventilu chladiciho (topného) média. Tento zplsob regulace zpusobuje,
ze teplota vystupniho vzduch silné kolisa a v klimatizovaném prostoru neni dosazeno

optimalni tepelné pohody prostiedi.

Pro zajisténi odpovidajici dynamiky a kvality regulaéniho pochodu bude nutné pouzit
rozvétveny regulacni obvod spomocnou regulovanou veli¢inou. Pro vypoCet a spravné
nastaveni parametri PID regulatord potom provést identifikaci soustavy a zjisténi
matematického modelu. V nasem pfipadé se Uloha identifikace soustavy rozklada na dvé sub-
Ulohy, a sice na identifikaci vlastni klimatiza¢ni jednotky a na identifikaci klimatizované
mistnosti. V teoretické ¢asti prace jsou tedy struéné popsany moznosti vyuziti klimatiza¢nich
jednotek a jejich rozdéleni. Dale pak teorie identifikace systému, teorie rozvétvenych

regulacnich obvodi a zplisoby vypodtu parametrii nastaveni PID regulatorti.

V praktické &asti je struCné popsan soudasny systém a rozdifeni systému, potiebné pro
zajisténi plynulého fizeni. Je provedena volba regulaénich prvkid a jejich optimalizace.
Hlavnim bodem praktické ¢asti je nastaveni regulatori v rozvétveném regulaénim obvodu.
Soustava je identifikovana a je zji$tén jeji matematicky model ve formé spojitych obrazovych
pienost vlastni klimatizacni jednotky a klimatizované mistnosti. Oboji v reZimu chlazeni 1
topeni. Nejprve je proveden vypocet nastaveni pomocného regulatoru pomoci tii metod.
Takto nastaveny pomocny regulator je zafazen do rozvétveného regula¢niho obvodu a opét
pomoci tii riznych metod je nastaven regulator hlavni. ReSeni je poté ovéfeno pomoci

simulace v prostiedi Matlab Simulink.

Pavel Paickr Liberec 2006
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2 Moznosti vyuziti klimatizacnich jednotek

2.1 Pro¢ klimatizovat

Pomoci klimatizace muzete vytvorit takové komfortni prostiedi, ve kterém se budete citit
nejlépe a které bude mit spravnou teplotou a prijemnou vlhkost. Moderni klimatizacni
jednotky produkuji Cisty, zdravy, Cerstvy vzduch, odvlhéuji vzduch a vytvari prevenci proti

plisnim. Toto vSechno  zajistuji, aniz by wvznikal privan nebo  hluk.

¢ Vliv na vykon osob - Existuje uzky vztah mezi vykonem osob a teplotou jejich
bezprostiedniho okoli. Prostiedi, které je prilis horke, pfilis chladné nebo pfili§ vihké
ur€ité nepodnécuje k vyssim pracovnim vykonum.

¢ Vliv na lidské zdravi - Klimatizace neni jen fizeni teploty, ale jedna se i o fizeni
vlhkosti, ventilaci a filtraci. Rozumné fizeni téchto faktori ma vliv na lidské zdravi

e Vliv na vnitini prostiredi - Diky lepsim podminkam wvnitfniho prostiedi se

prodluzuje zivotnost vybaveni a zafizeni. [6]

2.2 Klima, tepelna pohoda

Pod pojmem "klima" budeme dale rozumét vzajemné pusobeni teploty, tlaku, vlhkosti a
pohybu vzduchu v naSem okoli. RozliSujeme venkovni klima, zavislé na pomeérech v

atmosféfe a vnitini klima, tj. stav vzduchu v mistnosti, na ktery pusobi vnitini a vnéjsi vlivy.

Tepelnou pohodou nazyvame stav, kdy prostiedi odnima ¢lovéku jeho tepelnou produkci bez
vyrazného poceni. Vzhledem k individualnim odchylkam fyziologickych funkci lidi nelze
zajistit pocit pohody vSem lidem v daném prostoru. Vzdy je asi 5% nespokojenych, ktefi
pocituji tepelnou nepohodu - diskomfort. Doporucené podminky tepelné pohody se udavaji

pomoci stupnice predpokladaného tepelného pocitu (PMV).

horkeo teplo neutralne s chladno zima

Obr. 1.: Stupnice tepelnych pocita PMV

Vlivy prostiedi na pocit pohody jsou teplota vzduchu v mistnosti, teplota stén, stropu,

podlahy, oken, rychlost proudéni vzduchu, vlhkost vzduchu a hluk.

Pavel Paickr 12- Liberec 2006
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2.3 Druhy klimatiza€nich jednotek
Klimatiza¢ni jednotky se vyrabéji v podstaté ve dvou variantach: mobilni a délené.

e MOBILNI : Mobilni klimatizaéni jednotky jsou vhodné piedeviim pro malé a stiedn&
velké mistnosti, stfeSni byty a pronajaté byty, ve kterych podnajemnik nesmi délat
zadné stavebni upravy. Vyvod teplého vzduchu (ohratého o teplo odebrané
kondenzatoru) z klimatiza¢ni jednotky ven z mistnosti je feSen pomoci plastové
ohebné trubky o priméru cca 10 cm, kterou se pootevienym oknem odvadi ven do
volného prostoru. Chladici vykon mobilnich jednotek se pohybuje kolem 2 kW,
pricemz elektricky piikon je méné neZ polovi¢ni. Mobilni klimatizani jednotky
dokazi kromé chlazeni i topit (cca 1,9 kW — el. spirala), odvlh¢ovat nebo pusobit jako
ucinny ventilator spojeny s €isti¢kou vzduchu.

e DELENE : Délena klimatizadni jednotka se sklada ze dvou hlavnich €asti (vnitini a
vnejsi) a pevného propojovaciho vedeni. Vnitini, chladna ¢ast (vyparnik) je umisténa
v bytové jednotce v ochlazované mistnosti a pevhym medénym potrubim je
propojena s vnéjsi jednotkou (kompresor + kondenzator) umisténou vné objektu na
misté, kde nevadi ur¢ita hlu¢nost kompresoru (cca 50 - 60 dB) a zvySena teplota
odchazejiciho vzduchu. Chladici vykon délenych klimatiza¢nich jednotek se
pohybuje cca od 2,5 kW. El. pfikon je opét méné nez polovi¢ni. Urcité délené
klimatizac¢ni jednotky mohou pracovat i v obraceném rezimu, a pak funguji jako
klasické tepelné ¢erpadlo, kdy napft. pro tepelny vykon 3 kW potiebujeme pouze 850
W elektrického piikonu. Délené klimatiza¢ni jednotky samoziejmé rovnéz dokazi

ucinné veétrat, Cistit vzduch a odvlh¢ovat.

Obr 2 : Schéma delené klimatiza¢ni jednotky [14]

Pavel Paickr 13- Liberec 2006



Roz3ireni regulaéniho systému klimatiza¢ni jednotky

Déleny vodni systém

Je alternativou pfimych expanznich systémi. Vzhledem k malému mnoZstvi chladiva, které k
provozu potiebuje, je dané feSeni z ekologického hlediska vyhodné. Pritomnost chladiva je
omezena pouze na venku umisténou kondenzaéni jednotku - chiller, kde je tepelna energie

odebirana (pfedavana v rezimu topeni) transportnimu médiu (voda).

Pavel Paickr -14- Liberec 2006
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3 Popis dynamického systému

3.1 Charakteristika dynamického systému

Uvazujeme-li systém s jednim vstupem a jednim vystupem, znazoriiyjeme jej obdélnikovym

blokem, v némz si pfedstavujeme soustiedény jeho dynamické vlastnosti. [2]

u(t) Systém; x(t) [ y®

Obr. 3 .: Schéma systému

Kde u(t) ....vstupni veli¢ina
y(t) ....vystupni veli¢ina

X(t) ....stavova (vnitfni) veli¢ina

3.2 Popis statickych a dynamickych vlastnosti systému

Dynamické vlastnosti linearniho systému popisujeme nékolika zptsoby, které mulZeme

rozdélit do dvou skupin — vnéjsi a vnitini.

3.2.1 Vnitini popis systému

Vyjadiuje dynamické vlastnosti reakci mezi vstupem, vnitinim stavem a vystupem systému.

3.2.2 Vnéjsi popis systému

Vnéjsi popis systému vyjadiuje dynamické vlastnosti relaci mezi vstupem a vystupem
systému. Pfi vnéj§im popisu systému povaZujeme systém za Cernou skfifiku se vstupem a
vystupem. Nevime, co se d¢€je uvnitf, nemusime znat strukturu analyzovaného systému a

analyzujeme pouze reakci vystupu na vstupni signaly [1].

Muze byt prezentovan ve tvaru:
e Linearni diferencialni rovnice

o Piechodové funkce a pfechodové charakteristiky systému

Pavel Paickr -15- Liberec 2006
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¢ Impulsni funkce a impulsni charakteristiky systému

¢ Pienosu systému (v Laplaceové transformaci)

¢ Frekvencniho pfenosu a frekvencni charakteristiky (v komplexni roving
nebo v logaritmickych soufadnicich)

¢ Polohy pdlil a nul pienosu systému

Zvlastnim pfipadem vnéjsiho popisu systému je statickd charakteristika, coz je graficka

zavislost vystupni veli¢iny systému na vstupni veli¢in€ v ustaleném stavu. [1, 2]

3.2.2.1 Popis systému pomoci linearni diferencialni rovnice

Linearni diferencialni rovnici s konstantnimi koeficienty Ize popsat chovani spojitého systému

s jednou vstupni a jednou vystupni veli¢inou, rovnice je ve tvaru

ay ™) + .+ ary’ () ay(t) = bpu™(t) + .+ byu’(t) + beu(t) (3.1
kde je ai, b; ... konstantni koeficienty,
u(ty ... vstupni veli¢ina,
y(t) ... vystupni veliCina.

Z podminky fyzikalni realizovatelnosti musi platit, Ze m < n, tedy Ze stupen nejvyssi derivace

vystupni veli¢iny musi byt vetsi nebo roven nejvys§imu stupni derivace veli¢iny vstupni [2].

3.2.2.2 Prenos systému

Pienos systému je definovan jako pomér Laplaceova obrazu vystupni veliiny k Laplaceové
obrazu  vstupni  veli¢iny pfi  nulovych  pofateénich  podminkach  systému
y(0)=y'(0)=... y™1(0)= 0 a vstupniho signalu u(0) = v'(0) = ... u™'0) = 0. Pouzitim
Laplaceovy transformace pii splnéni vySe uvedenych podminek, mizeme psat rovnici (1) ve
tvaru

[au8" + @p1S™' + ... + a8 + 2] Y(8) = [bus™ + ... + bys + bo]U(s) (32)

z této rovnice sestavime na zaklade definice o pfenosu systému tvar :

Pavel Paickr -16- Liberec 2006
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Y(s) _b,s"+. . +bs+b,
U(s) ass"+. +as+a,

G(s) = (3.3)

Pienos systému muzeme také vyjadiit pomoci nul (kofeny <itatele) a pola (kofeny
jmenovatele ve tvaru :

b, (s—n).{s—n)
a, (s=p).(s-p,)

Gs(s)= (3.4)

Zaporné vzatym prevracenym hodnotam realnych péli a nul Fikame Casové konstanty
systému. Jsou-li nulové body i poly systému realné, miiZeme pienos systému vyjadfit pomoci
Casovych konstant ve tvaru :

b_o_ (1+s7,). (1+s7,)
(1+s7)..(1+sT))

Gs(s) = (35)

0

, b Y
Pomér k, =— se nazyva zesileni systému. [1, 2]
a

3.2.2.3 Prechodova funkce a prechodova charakteristika systému

Piechodova funkce h(t) je odezva systému na jednotkovy skok pii nulovych pocateénich

podminkach.
Pirechodova charakteristika je grafické znazornéni prechodové funkce. [2]

Jednotkovy (Heavisidelv) skok je definovan vztahem:
u(t)=n{t)=1prot=0,
u(t)=m{t)=0prot<0.

Laplaceuv obraz jednotkového skoku je
1
Lin@)}= S (3.6)

Obraz prechodové funkce
Gs(s)

L{n(t)} = H(s) = G4(s)U(s) =

(3.7)
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u(t)

u(t) =7()

0

t

Obr. 4. Jednotkovy (Heavisidetv) skok [1]

yit)

h{co)

7(& =h()

-

Obr. 5.; Ptechodova charakteristika [1]

Hodnota piechodové funkce prot — = je rovna

h(o)y=limsH (s) = limsw =1limGg(s)
F=bto F=bto s F=bta

Z tohoto hlediska rozpoznavame tii zakladni skupiny dynamickych ¢lenti

- proporcionalni (statické) .. h(e) = by/a,

- derivaéni . h(s) =0,

- integraéni (astatické) .. h(ec) = [2].

(3.8)

Pavel Paickr
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4 ldentifikace systému

Identifikaci soustav chdpeme obecné zjisténi vlastnosti téchto soustav. Vysledkem
identifikace jsou statické a dynamické charakteristiky nebo matematicky ¢i logicky popis
chovani soustavy apod. Na zakladé vysledki identifikace je moZno stanovit model soustav a

fesit potfebné problémy mimo vlastni zafizeni . [3].

Ulohu definovani systému, tzn. nalezeni matematického modelu systému miZeme pii
identifikaci fesit dvéma zplsoby :
1) analyticky — fyzikalné-matematickou analyzou objektu,

2) experimentalné — na zakladé€ experimentalné ziskanych udaji z procesu.

4.1 Analyticka identifikace

Pfi sestaveni matematického popisu systému vychazime ze znamych fyzikalnich (napi. zédkon
zachovani mechanické energie,.) a chemickych zakonli (napi chemické reakce zplisobené
pohybem). Pomoci analytické identifikace zpravidla ziskdme pfimo stavovy popis dany

soustavou linearnich rovnic.

Pro slozité objekty je viak pouziti této metody obtizné a vhodnéjsi je uréeni modelu procesu

experimentalné. [3]

4.2 Experimentalni identifikace

Hlavni charakteristikou pfistupu k této metodé identifikace je, Ze se vychazi zudajl
ziskanych o procesu v priibéhu jeho pozorovani, respektive experimentovani. Model procesu
je tedy uréen na zaklad€ souboru vstupnich a jim odpovidajicich vystupnich udaji o procesu.
[3]
Experimentalni metody délime na:
1) deterministické — zanedbavaji vliv poruchovych signald, k vypoétu napfiklad impulsni
charakteristiky ¢1 diferenéni rovnice se vyuziva jen tolik Udajli o vstupu a vystupu,

kolik je hledanych parametrti,
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2) statistické — umoznuji kvalitativni zhodnoceni chyb podle statistickych hledisek,

parametry prenosu chapeme jako neznamé konstanty a ikolem je nalézt jejich odhady.

[3]

4.2.1 Vstupni a vystupni signaly
Vstupni signaly do soustavy generujeme vhodnou zménou akéni veli¢iny. Mohou to byt :
1) deterministické signaly
- lze je popsat analyticky
- skokové zmeny, impuls, rampa, ...
2) nahodné (stochasticke) signaly

3) pseudonahodné signaly

Aby bylo mozné pouzit dany vstupni signal pro identifikaci, musi byt realizovatelny a
jednoduse generovatelny pomoci ak¢nich ¢lent, dale musi byt dobfe matematicky popsatelny
a musi vybudit dostatecnou reakci identifikovaného systému. Nejcastéji se jako budici signal

pouziva skokovy signal.

Vystupni signal y(t) muZze obsahovat kromé uziteCného signalu y(t), ktery je reakci
identifikovaného systému na zménu akéni veliciny, taky neuziteCny — parazitni Sumovy signal
yn(t) a signal nemetfené poruchové veli€iny y4(t). Obecné pak plati

y(®) = yu(®) + ya(®) + yu(t) 4.1

NeuziteCny (parazitni) Sumovy signal yu(t) je ndhodny signal, ktery mulze vznikat na

zesilovacich, prevodnicich a v dalSich ¢lenech [5].

n (”
ufr) Ide. systém -
I proces

yu(t)—" v(t)

Obr. 6.: Identifikace ucinku ak¢ni veliCiny [5]

V pfipadé této diplomové prace vznika Sumovy signal y,(t) na ¢idle méficim vystupni

veliCiny, tedy teploty vyfukovaného vzduchu a prostorové teploty.
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4.2.2 Staticka charakteristika

Naméfeni statické charakteristiky je prvnim bodem pii hledani matematického modelu
systému. Cilem je zjisténi zavislosti y(w) na ustalenych hodnotach akéni veliCiny u(w).
Z prubéhu statické charakteristiky je potom mozné ur€it, zda je statické zesileni soustavy

konstantni na celém méfeném rozsahu a je-li tedy soustava linearni.

Na zakladé méfeni statické charakteristiky se voli pracovni bod. Pracovnimu bodu odpovida
ustalena hodnota ak¢ni veli¢iny ug = ug(0), ktera se ma nachazet pokud mozno v linearni casti

statické charakteristiky a této ak¢ni veli¢in€ pak odpovida ustalena hodnota vystupni veliciny

yo(®)[5].

Aby byla zachovana podminka linearity, realizuji se zmény ak¢ni veliCiny kolem pracovniho

bodu ug, maximalné v§ak po vyznacené meze (uq, up).

wica) /

Yo

ug My Ug u(co)

Obr. 7.: Staticka charakteristika se zvolenym pracovnim bodem v linearni oblasti

4.2.3 Matlab System Identification Toolbox

Matlab System Identification Toolbox je nastroj pro vytvareni linearnich dynamickych
modell z naméfenych vstupnich a vystupnich dat. Podstatou je stanoveni parametru modelu

statistickymi metodami, pfi¢emz strukturu modelu si volime.

Vstupni data
Jako vstupni data je mozno importovat data naméfena v Casové nebo frekvencni oblasti. Pred
vlastnim zpracovanim dat je mozné importovana data upravit (zménou vzorkovaci frekvence,

odfiltrovanim $umu a odstranénim trendu).
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Urceni parametru p¥enosu

Je mozné vybrat ze tfi metod odhadu modelu prenosu :
¢ Odhad spojitého model
¢ Odhad parametrického modelu

¢ (Odhad neparametrického model

Pro kazdou metodu je potom mozné nastaveni dalSich parametri. U spojitého modelu je to
1 az 3 Casové konstanty, jestli je soustava staticka nebo integracni a pfipadné nulu pfenosu).

Pokud je néktery parametr pfedem znamy, muze byt nastaven jesté pred vlastnim odhadem.

Ovéreni odhadnutého modelu

Mizeme pouzit nékolik metod ovéfeni spravnosti odhadnutého modelu
e Vykresleni grafu vystupu modelu a porovnani s ovéfovacimi daty
e Rezidualni analyza — zobrazi autokorelacni funkce
e Frekvenéni odezva — zobrazi uroven utlumu a rezonacni frevence

e Zobrazeni polu a nul odhadnutého modelu

<) ident: Process Model Estimation
File Options Window Help

Ilmpc:rl Data LI ]import Models :I
@ Operations @
I TR — —
\‘_\ - l-{-- Preprocess EI _/ e et ———
Time Data Freq Data ? ARX 411 QE 221 5SS N4SE6 SPCTRL
Detrended R -
=
Detrended
Working Data
Estimate - j
Data Views Model Views
To To
[ Time plot Workspace LTI ‘ewer [ Model output [~ Transient resp
[~ Data spectia [~ Model resids [~ Frequency resp
[" Frequency function [ Zeros and poles
Eu | Freg Data ~ Nei
st Trash Validaion Data oise spectiuim

The character is not a valid hotkey

Obr. 8.: Nahled na uzivatelské prostiedi System Identification Toolboxu
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5 Regulacni obvody

5.1 Jednoduchy regula¢ni obvod

Zpétnovazebni zapojeni PID regulatoru je v praxi stale nejpouzivanéjsi zpusob zapojeni. U
snadno regulovatelnych soustav, tedy u soustav nizsiho fadu bez dopravniho zpozdéni pfinasi

tento regulacni obvod uspokojivé vysledky.

w R —» s y

A

Obr. 9.: Jednoduchy regula¢ni obvod

Prenos fizeni jednoduchého regulaéniho obvodu

Y(s) _  Gr(s)-Gs(s)

G.(s)= = 5.1
v(s) W(s) 14+Gy(s5) Gy(s) ¢

Prenos poruchy jednoduchého regulacéniho obvodu

G, (=28 ____%06) (5.2)

V(s) 1+Gy(5)-Gy(s)

5.2 Rozvétveny regula¢ni obvod

Ke zlepSeni kvality regulace volime Casto slozit€jsi usporadani regulacniho obvodu s vétsim
poctem regulacnich smycek. Regulovana soustava a regulator jsou pak propojeny vétSim
poétem vazeb a takovym regula¢nim obvodim pak fikame rozvétvené regula¢ni obvody. U
nich se k plvodnimu (hlavnimu) regulatoru pridava druhy (pomocny), piipadné dalsi
regulator, piibyvaji daldi veli¢iny a obvod se zakonité vétvi. Ukolem rozvé&tvenych
regulacnich obvodi je zlepSit kvalitu regulace a nékdy i stabilitu regulace (napf. u
regulovanych soustav s dopravnim zpozdénim), kdy v jednoduchém regulacnim obvodu uz se

sebelepsim nastavenim parametra regulatoru tato kvalita ¢i stabilita zlepsit neda.
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RozliSujeme Etyfi zakladni typy rozvétvenych regulacnich obvoda

* obvody s pomocnou regulovanou veli¢inou
* obvody s pomocnou akéni veli¢inou
* obvody s méfenim poruchy

+ obvody s modelem regulované soustavy. [4]

Dale bude detailné rozebran pouze rozvétveny regulacni obvod s pomocnou regulovanou

veli¢inou pouzity v této diplomove praci.

5.2.1 Rozvétveny regula¢ni obvod s pomocnou regulovanou veli€¢inou

Tento regulacni obvod vznikne, pokud ve vhodném mistézavedeme pomocnou regulovanou

veli¢inu Vs Podminkou je, ze se da méfit. Je to veli¢ina, kterou nemusime z technologického
hlediska regulovat, ale co je dulezité, musi reagovat na vstupy poruchové veli¢iny podstatné
rychleji (s mensim zpozdénim), nez vlastni regulovana velic¢ina y. Tuto veli¢inu pfivadime
do pomocného regulatoru, jehoz prenos budeme znaéit G, (s) na rozdil od pfenosu
puvodniho (hlavniho) regulatoru, jehoZz pienos bude v dal3im textu oznafen G, (s). Pomocna
regulovana veli¢ina nam svym zptsobem rozdéli regulovanou soustavu na dvé sériové
zapojen€ Casti o pienosech G, (s) a G, (s), piiCemz pochopiteln€ plati G(s) = Gg,(5). G, (s) a

predpoklada se znalost obou pienosit G.(s) i G, (s). [4]

RH SP SH

RP

Obr. 10.: Blokové schéma rozvétveného regulacniho obvodu s pomocnou regulovanou

veli¢inou [4]
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Odvozeni pFenosu Fizeni

G (s)
Gy (5)- G €
G (sy= T _ rar(5) 14+ G (5) - Gp(s) o () _ Gy (8)- G (5)- Gy () _
YWy 16 () G oo 14 Ge(5) G ()G () G (5) -G (5)

1+ G () Gro(5)

Gry (5)- Gg(s)

= {5.3)
14+ G (5)- Gre (8) + Gy (5)- G ()

Charakteristicka rovnice jednoduchého obvodu je :

1+G,(5) - Go(s) =0 (5.4)

A charaktenstickd rovnice rozvétveného regulaéniho obvodu s pomocnou regulovanou
veliinou je :

1+ G g (8) Gpp(8) + Gpy (8)- Gy(s) =0 (5.5)

Charakteristicka rovnice rozvétveného regulaéniho obvodu se lisi od jednoduchého tim ze

obsahuje navic ¢len Gg(s)-Gp.(s). Vhodnou volbou nastaveni pomocného regulatoru tedy

muzeme dosahnout znaného zlep$eni kvality a stability regulacniho obvodu. Pfi realizaci
obvodu se musime snaZit snimat pomocnou regulovanou veliéinu co nejblize vstupu do

regulované soustavy Gg(s).

Uréeni typu pomocného regulatoru

Pro zadny typ hlavniho regulatoru nelze pouzit pomocny I regulator. Pokud se v hlavnim
regulatoru vyskytuje integracni slozka, nehodi se pouzit jako pomocny PI regulator. Na
zakladé ziskanych vysledkil ve formé grafii jsme doporucili vhodné typy pomocného
regulatoru k danému typu hlavniho regulatoru, které jsou uvedeny v tab. 3. Tyto kombinace

vedou ke zlepeni kvality regulace.

Hlavni regulator Pomocny regulator
PI P, PD, PID

PD PL, PID

PID P, PD, PID

Tab. 1. Doporu¢ené kombinace hlavniho a pomocného regulatoru
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5.3 Stabilita regula¢niho obvodu

Kritéria stability
Kritéria stability linearnich stacionarnich spojitych systéml umozni rozhodnout o stabilité

uzavieného regula¢niho obvodu bez vypoctu jeho pélu, respektive charakteristickych €isel.

Algebraicka kritéria stability

Tato kritéria vychazi z charakteristické rovnice uzavieného regula¢niho obvodu

a,y " O+a, y" O+ +ay () +ay), =0 (5.6)
respektive z charakteristického polynomu uzavieného obvodu, ktery se rovna jmenovateli
prenosu fizeni (4.2), nebo poruch (4.3) a ma tvar :

f(s)=a,s"+a

"=

S+ +as+a, (5.7)

5.3.1 Hurwitzovo kritérium stability

Vychazi z charakteristického polynomu uzavieného regulaéniho obvodu (4.8) a pozaduje
splnéni predpokladu, ze ag, a1, ...,an >0. Z kofenti charakteristického polynomu sestavime

Hurwitzovu mati¢i :

an—l an—\ an—S 0
an an—Z an—4
H=|(0 a, a, 0 (5.8)
0 a, a, a,

Hurwitzova matice je steyného fadu jako je stupen charakteristického polynomu.
Z Hurwitzovi matice ur¢ime det | H | a z n&j sestavime jeho subdeterminanty H;, které jsou

rovny hlavnim minorim matice H. Plati tedy :

an—l an =3

Hl=an-1, H2 = 5 ai Hn = det | H | = a(an.l

" n—=2

O stabilité regula¢niho obvodu miZzeme rozhodnout takto :

¢ Regulatni obvod je stabilni, kdyZ je subdeterminant H,., > 0, a dal3i subdeterminanty

jsou kladné, tj. Hy2 > 0 .. Hy>0.
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¢ Pokud je né€ktery z Hurwitzovych subdeterminantd rovny nule, potom je regulaéni
obvod na mezi stability. V pfipad¢, ze ay = 0, je jeden kofen v pocatku soutradnic
komplexni roviny ,,s*. Jde o tzv. nekmitavou mez stability. Kdyz H,.; = 0, pak jsou

dva kofeny ryze imaginarni. V tomto pfipadé jde o kmitavou mez stability [2]
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6 Regulatory

Regulatorem je nazyvano zafizeni v regulatnim obvodu, kterym se uskutecriuje proces

automatické regulace [2].

Vstupem do regulatoru je regula¢ni odchylka e(t), coz je rozdil zadané hodnoty w(t) a
vystupni veli¢iny y(t). Cilem regulatoru je generovani akéni veli€iny, ktera tuto regulacni
odchylku minimalizuje, pfipadné Gplné odstrani.

Regula¢ni odchylka :

e(t) = w(t) - y() (6.1)
—> S — 1
e W
R

Obr. 11.: Blokové schéma regulaéniho obvodu

Nejcastéji pouzivanym regulatorem je regulator typu PID, jehoz vstupem je regulacni

odchylka a vystup tvoii vazeny soucet z regulacni odchylky, jejiho integralu a derivace.

Obrazovy prenos regulatoru je mozno vyjadiit ve tvaru :

GR(S)=K{1+L+TDS}=I"O+r‘—1+r,s_, 6.2)
1.5 s
kde je Kgr ... zesileni analogového regulatoru,
Ti=r1o /r-; ... integracni Casova konstanta regulatoru, (6.3)
Tp=r11/19 ... derivacni Casova konstanta regulatoru, (6.4)
To ... proporcionalni konstanta regulatoru,
r-1 ... integracni konstanta regulatoru,
r ... derivaéni konstanta regulatoru.
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U skute¢nych regulatori se setkavame navic jesté s parametrem pp — pasmo proporcionality

ppl%] =(1/15).100 (6.5)

Pasmo proporcionality uréuyje o jakou hodnotu, vyjadienou v procentech se musi zménit

vstupni signal regulatoru, aby se regulaéni organ prestavil z jedné krajni polohy do druhé[1].

Pro spojitou regulaci se nej¢astéji pouziva regulator typu P, Pl a PID.

P-regulator

Proporcionalni regulator je velmi jednoduchy, levny a stabilni. Je viak nevyhodny tim, Ze

pracuje s trvalou regulacni odchylkou [2].

Pl-reguldtor

V uzavieném regula¢nim obvodu odstranuje trvalou regulaéni odchylku, kterou bychom méli
pii pouziti P-regulatoru. Zlepsuje stabilitu vzhledem k pouziti €istého I-regulatoru. Pro urcita
nastaveni parametrii regulatoru vyhovuje z hlediska stability i pro astatické regulované
soustavy. V pocatku regulaéniho pochodu pievlada vliv proporcionalni slozky, s naristajicim

Casem prevlada vliv integraéni slozky [2].

PID-reguldtor

V uzavieném regula¢nim obvodu odstranuje vlivem I slozky trvalou regula¢ni odchylku a
vlivem D slozky zlepsuje stabilitu regulaéniho obvodu. V poatku prechodového déje
prevlada derivaéni slozka regulatoru, s naristajicim casem pievlada integraéni slozka

regulatoru [2].
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6.1 Sefizeni regulatoru

6.1.1 Metoda kritického zesileni regulatoru (metoda Ziegler-Nicholsova)

Zakladni myslenkou metody je ptivést regulacni obvod do tzv. kritického stavu, tj. na hranici
stability, pfiCemz regulator pracuje pouze s proporcionalni slozkou, integra¢ni a derivaéni
slozka jsou vyfazeny nastavenim.
Ti==aTp=0,resp.r,=0ar, =0

Do kritického stavu obvod piivedeme postupnym zvySovanim zesileni regulatoru kg, Zesileni
regulatoru, pii kterém doslo ke vzniku netlumenych kmitl, nazyvame kritickym zesilenim kg
= kgx, resp. 1o = ry a periodu kritickych kmitd T = Ty. Tyto tzv. kritické hodnoty dosadime do
empirickych vztahli pro pouZity typ regulatoru a vypocitame doporucené sefizeni (viz tab.

D2).

Tab. 1. Sefizeni PID regulatoru z kritickych hodnot regulatoru[2]:

kgr Ty Tp Io I I

P 0,5 kpy - - 0,5 rox - -

P1 0,45 kg | Ti/1,2 - 0,45 0,54 ro /Ty -
PD 0,4 kgx - 0,05 Ty 0,4 rox - 0,02 rox Tk
PID | 0,6 kgx 0,12 Ty 0,6 rox 1,2 rox/ T 0,075 o Tk

I - 2 Tne - - 0.5 111 -

*) V piipadé Cisié integratnibo regulaiony piivedeme regulatni obvod do kritického stavu Tj—Ty, resp. r—1y,

6.1.2 Sefizeni regulatoru podle linearni regulaéni plochy

Metoda linearni regulani plochy je vhodna pro navrh nastaveni regulatoru zeyména
v procesech, kde je pozadovan ztechnologickych, nebo provoznich diivodi aperiodicky
pribéh regulované velitiny. Metoda vychazi z minimalizace kritéria linearni regulaéni plochy
{/ — min)[5]:

3

I 15,12y = [0 = [[e() - e(=) it (66)
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Predpokladejme, Ze pienos fizeni uzavieného regula¢niho obvodu Gw(s) ma tvar :

G (s) _ Ks 6.7)
1+G(5) Gp(s) a8 +a,s* +a,s” +5°(a, + Kr))+s(a, +Kr,))+ Kr | '

Gy (s) =

Postup metody je mozné shrnout do sedmi bodi ;

1. Nalezeni charakteristické rovnice uzavieného obvodu

a,s’ +a,s* +a,s° +5 (a,+ Kr))+s(a, +Kr,)+ Kr, =0 (6.8)

2. Délenim koeficienti koeficientem a, se pievede charakteristicka rovnice na normovany
tvar

. a a, » {a, + Kr a, + Kr, Kr_
s +—354+—‘s3+s‘( ' ')+S( ¢ 0)+ L=0 (6.9)
a, a, a, a, a,

3. Uréi se potet koeficientd 0, které neni mozno ovlivnit seiizenim (parametry) regulatoru
Koeficienty charakteristického polynomu je mozno rozdélit do dvou skupin:

- I. skupina koeficientli zavisi na parametrech regulatoru

AO=Kr_1’ Al=(aU+Kr0)’ A2=(a,+Kr,)’ (6.10)

d, a, d,

- II. skupina koeficientl nezavisi na parametrech regulatoru

A=" 4 =25 (6.11)

4. Aplikaci véty o nasobnosti poli se uréi poZzadovana nasobnost poli
Necht' n je stuperi charakteristického polynomu uzavieného obvodu a & je pocet
koeficienti tohoto polynomu, které neni mozZno ovlivnit sefizenim regulatoru. Pak
velikost linedarni regula¢ni plochy J(ry, r;, rz) bude minimalni, jestlize charakteristicka

rovnice ma poly nasobnosti

pa=n-90+1 (6.12)
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Zbyvajici poly jsou nasobnosti jedna. Jeden kofen maximalni nasobnosti dava mensi
hodnotu kriteria J(ro, 1, r;), nez varianta s vétS§im poc¢tem polu, jejichz nasobnost je mensi
nez py. [mod]
5. Pro d-koeficientl, které neni mozno ovlivnit parametry regulatori, se sestavi vazebni
podminky z Vietovych rovnic
~Api=s1tsat . st s
+Ap2=8182+ ... + 81851 T 818y T 8283+ ... + Sp18n (6.13)

- Ap.3 = 818283 T 8518284 T ... 1 81828, T 828384 T ... ¥ 8,.250.18a

3
(-1)” Ap.s =85i152...55 + 8182...8511 + ...
6. Z dané nasobnosti a feSenim vazebnich rovnic uréime poly charakteristické rovnice.

7. Vypocet koeficient charakteristické rovnice a parametru regulatoru(5].

6.1.3 Sefizeni regulatoru podle optimalniho modulu

Zakladem této metody je frekvencni odezva uzavieného obvodu na zvolenou poruchovou
veli¢inu nebo Zzadanou hodnotu. Pozadavkem je, aby amplitudova charakteristika
neobsahovala prevySeni, které signalizuje nachylnost obvodu ke kmitani. Pozadovany prabéh
amplitudové charakteristiky je monoténné klesajici [S].

k —— Charaktenstika s pfevyienim

l
Eio) ¥ s
| . | — Monotoné klesajici

Obr. 12.: Amplitudova charakteristika [5]

Podminku monotonnosti je mozno vyjadrit ve tvaru

diE, (o) _

= (6.14)

kde E4(im) je obraz regula¢ni odchylky na zvolenou poruchu nebo zadanou hodnotu.

Tuto podminku Ize nahradit podminkou
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dE o) . .

o (6.15)

Kvadrat absolutni hodnoty | Eq(io)|  je mozno vyjadiit ve tvaru

B " +B_,&""+. +B& +B,
A"+ A _ "+ + A0+ A,

E, ()’ =E, (i) E,(-iw)= = G(&?) (6.16)

Koeficienty A;, B; zavisi obecné na parametrech regulatoru, které je mozno urcit ze vzorci
_ .2
An =4a,
Ap1= 2% -2
n-1 = @ p.] — «Apdn-2

_ a2
An-Z =an2— 2311-3an-1 + 2anan-4

(6.17)
A, =a% - 2aza; + 2a0a4
Ay =a% - 2a0,
Ay = a%

Pro vypocet koeficientdl B; se pouZiji tytéz vzorce stim, Ze se za koeficienty a; dosazuji
koeficienty by,
Pro vypodet parametri regulatoru ro, 1, 12, pak piseme podminky ve tvaru

B, B B, B, B, B

AO Al AO AE AO A3

Kritérium optimalniho modulu v sob& nezahrnuje podminky stability. Podminky (6.18)
nemusi uvazovat vsechny koeficienty charakteristického polynomu. Je proto tedy vzdy nutné

splnéni viech podminek stability proveéfit[1].
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7 Popis konkrétniho reseni
7.1 Koncepce ieseni

Reseni této diplomové prace bude rozdéleno do dil&ich &asti :
¢ Popis soucasného systému.
¢ Rozdifeni systému pro vyteSeni problému plynulého fizeni, volba a optimalizace
regulacnich prvki.
¢ Identifikace soustavy a nalezeni matematického modelu.
e Vypocet a nastaveni PI regulatorti.

¢ Simulace regulacniho obvodu

7.2 Popis soucasného systému

Zakladni ¢asti klimatiza¢ni jednotky firmy ACSON International je Fan-coil. Toto oznaceni
(konvektor s ventilatorem) se vzilo pro jednotky, které obsahuji vodni ohfiva¢ nebo chladié
vzduchu a ventilator s filtrem. Zdrojem studené vody je blokova chladici jednotka (chiller),
ktera se umistuje mimo chlazenou oblast. Voda se z ni rozvadi do fan-coilil, které se umistuji
tam, kde je potfebujeme. Jednotky v 1été chladi a pokud se k nim pfivede tepla voda
z ustfedniho topeni, tak topi. Klimatizace timto systémem se prosazuje v posledni dobé,
Jednotky mohou chladit nebo ohfivat topnou vodu 1 pii zapornych venkovnich teplotach.
Pokud se fan-coil doplni pfimotopnym elektrickym vytapénim pro nékolik nejchladnésich
dni v roce, neni tieba budovat kotelnu nebo vyménikovou stanici. Fan-coily se dnes reguluji
individualn¢ podle potieby v piislusné mistnosti. Pokud mistnost neni obsazena, piebira

regulaci centralni pocitac.

Firma ACSON International vyrabi fan-coily v nékolika provedenich — nasténné, mezi-
stropni, podstropni, ... . Podrobna technicka specifikace klimatiza¢nich jednotek ACSON je

v pfiloze na CD.
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Obr. 13.: Nasténna jednotka AWM-FW
Jako venkovni jednotka je vsystému firmy ACSON pouzit mini—chiller (s chladicim

vykonem 5-39 kW a topnym vykonem 6-36 kW). Nékolik mini—chillerd je mozno spojit a

provozovat jako jeden celek.

N 1
& = -h |
¢

Obr. 14.: Mini-chiller

Jednotlivé jednotky je mozné fidit bud jednotlivé infracervenym dalkovym ovladatem, nebo
je propojit do regulaéniho systému vramci klimatizované budovy a pouzit centralniho

fidiciho pocitace (Smart Manager).

Obr. 15.: Smart manager
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CHILLERU
smart Manager
Mini Chiller

OVLADAC J’ vd roTech

CHILLERU =

Mini Chiller

OVLADAC
CHILLERU

Obr. 16.: Ideové schéma fizeni klimatiza¢niho sytému ACSON

Klimatiza¢ni jednotky firmy ACSON International vyuzivaji pro regulaci teploty
klimatizovaného prostoru takzvanou ,tvrdou regulaci®, kdy je bud pIn¢ otevien, nebo plné
zavien ventil chladiciho (topného) média. Tento systém regulace je sice schopen zajistit
rychlé dosazeni zadané teploty, ale v klimatizovaném prostoru neni dosazeno optimalni

tepelné pohody prostiedi, nebot teplota vyfukovaného vzduchu velmi kolisa (viz. Graf 1.)

Pro realizaci diplomové prace byla zvolena nasténna jednotka AWM 10 FW (s chladicim
vykonem 3 kW a topnym vykonem 5 kW), umisténa v mistnosti o rozmerech odpovidajicich

vykonu jednotky.
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Graf 1. : Naméfena odezva klimatiza¢ni jednotky ACSON AWMI10 FW v modu chlazeni

7.3 RozSireni systému pro vyreseni problému plynulého fizeni, volba a
optimalizace regulaénich prvku

Stavajici fidici systém klimatiza¢ni jednotky neumozinuje jakékoli modifikace. Z tohoto
divodu bylo nutné rozsifit regulacni systém o trojcestny ventil, servomechanizmus pro tento
ventil, regulator, ktery bude servomechanismus fidit a ¢idlo teploty vyfukovaného vzduchu.
Jako ¢idlo prostorové teploty bylo vyuzito ¢idla jiz obsazeného v Fan-Coilu, protoze udaj o

prostorove teplote je soucasti komunika¢niho protokolu klimatizacniho systému.

Reguldtor

Jako fidici prvek byl zvolen univerzalni regulator ESTRA Controll firmy Labit, a.s. Jedna se o
mikropogitaé s procesorem PIC16F88. Ridici algoritmus byl piizpisoben komunika&nimu
protokolu firmy ACSON Internationall, a obsahuje dva PID regulatory. Pfizpusobeni
regulacnich konstant je mozné pomoci jumperti, pfipojenych na vstupy procesoru. Z duvodu
pfedejiti moznym problémiim se Sumy, bylo pfedem rozhodnuto nepouzit derivacni slozku
PID regulatorti Z divoda popsanych v teoretické ¢asti byl zvolen jako hlavni regulator typu

PI a pomocny regulator typu P.

Pavel Paickr Liberec 2006

-37-



Rozsireni regulacniho systému klimatizacni jednotky

Cinnosti fidiciho algoritmu :

Povel ,Vypnuto® — nastavi servomechanismus do polohy zavieno a prejde do
vyckavaciho rezimu na povel ,,Zapnuto®.

Povel ,Zapnuto“ + ,modd chlazeni” piecte zadanou teplotu a reguluje teplotu
v mistnosti a teplotu vyfukovaného vzduchu.

Povel ,Zapnuto“ + ,mod topeni” je stejny jako mod chlazeni, pouze regulacni
konstanty maji opacné znaménko.

Povel ,,Zapnuto + ,mod odvlhEovani® otevie servomechanismus na 1/3 a prejde do
vyckavaciho rezimu.

Povel ,,Zapnuto™ + , mod vétrani® zavie servomechanismus a prejde do vyckavaciho

rezimu.

Obr. 18.: Klimatizaéni jednotka, schéma rozsifeni systému. D — dalkovy ovladac, T — trojcestny ventil,

S — servopohon, P- pomocny regulator typu P, PI — hlavni regulator PI, CV- ¢idlo teploty

vyfukovaného vzduchu, CP — &idlo prostorové teploty
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Trojcestny ventil

Byl zvolen trojcestny ventil vyrabény firmou Siemens typové fady VXP 459-10 s pratokovym
soucinitelem Kvs urenym dle vykonu klimatiza¢ni jednotky (viz tab.3). Ventil je pfednostné
urcen pro pouziti ve veétracich a klimatiza¢nich zafizenich pro regulaci teplé a studené vody v
uzavienych okruzich, napf. pro induk¢ni jednotky, fan-coilové jednotky, malé ohfivace a
chladice. Pouzivaji se ve:

— 2-trubkovych systémech s 1 vyménikem tepla pro topeni a chlazeni

— 4-trubkovych systémech s 2 oddélenymi vymeniky tepla pro topeni a chlazeni

Vykon klimatizaéni jednotky v modu

chlazeni [kW]

Pratokovy soucinitel Kvs [m’/h]

do 3,6 kW 1
3,7..5kW 1,6
5,1..8,5kW 2.5
8,6..12,3 kW 4
Tab. 2.: Ur€eni vhodného pritokového soucinitele Kvs ventilu dle vykonu klimatizacni
jednotky.
Obr. 19.: Trojcestny ventil VXP 459-10-1,6
Servomechanismus

Jak o servomechanismus byl vybran doporuceny typ pro zvoleny trojcestny ventil Siemens
SSB31, napajeci napeti AC 230 V 3-polohovy fidici signal s dobou prebéhu 150 s.

Servomechanismus bude pro vSechny vykonové varianty jednotek stejny.
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(@ ;

Obr. 20.: Servomechanismus Siemens SSB31

Cidlo teploty vyfukovaného vzduchu

Bylo pouzito &islicové ¢idlo teploty DS18B20 vyrabéné firmou Dallas. Informace o teploté je
z tidla prenasena v &islicové podob& po rozhrani 1-Wire®, pro komunikaci mu tedy postaluje
pouze jeden wvstup procesoru. Efektivni meéfitelny rozsah tohoto ¢idla je -10..85 °C

s maximalni chybou +0,5 °C.

(BOTTOM VIEW)

TO-92
(DS18B20)

Obr. 21.: schéma ¢idla teploty Dallas DS18B20

7.3.1 Optimalizace zvolenych souéastek z hlediska jakosti a ceny

Vzhledem ke skuteCnosti, ze zadavatel diplomové prace, firma Labit a.s. je dlouhodobym a
vyznamnym odbératelem vyrobkil Siemens a nakupuje tedy veSkery sortiment s vyraznou
slevou, byla tloha vybéru vhodnych komponenti jiz od po¢atku vyrazné zjednoduSena.
Kromé regulatoru, ktery je vlastnim vyrobkem zadavatele, je hlavni polozkou celého systému
servomechanismus a trojcestny ventil. Trojcestny ventil byl vybran na zakladé vyhodného

poméru cena/vykon a vhodnosti pro danou ulohu. Vyhodou ventilii Siemens je také dlouha

Pavel Paickr _40- Liberec 2006



Rozsireni regulacniho systému klimatizacni jednotky

zivotnost a velmi dobra regulovatelnost dana linearni charakteristikou po celém pribéhu

otvirani ventilu.

Objemovy pritok

Linearni

Ekviprocentni

.~ Zdvih

0% 100 %

Obr. 22.: Porovnani charakteristiky linearniho a ekviprocentniho ventilu

Servopohon byl zvolen dle doporueni pro dany trojcestny ventil. S ohledem na snadné
propojeni s regulatorem Estra Controll, byla vybrana verze s tfipolohovym fidicim signalem.
Cidlo teploty bylo zvoleno s ohledem na dostupnost, cenu a jednoduché propojeni

S procesorem.

7.4 |dentifikace soustavy

Uloha identifikace soustavy se v nasem piipadé rozpada na dvé pod-ulohy, a sice identifikaci
klimatizacni jednotky a identifikaci klimatizované mistnosti. Bylo provedeno nékolik méfeni
v modu chlazeni a topeni. Jako prvni bylo provedeno méfeni pro uceni statické charakteristiky
klimatizacni jednotky. Méfeni statické charakteristiky klimatizované mistnosti se nepodarilo
realizovat, vzhledem kvelkym c¢asovym uUsekim nutnym kustaleni méfené veliCiny
(minimalné 30 minut pro jeden skok akcni veliCiny). Béhem této doby dochazelo k tak
velkym porucham pusobicim na klimatizovanou mistnost (vliv slune¢nich paprski ptsobicich
pres okno, vitr, nutny zasah ¢loveéka pii skoku akéni veliCiny — s tim spojené otevieni dveri
apod.), ze naméfené hodnoty nedavaly zadny smysluplny vysledek. Pfi velkém zjednoduseni

budeme piedpokladat, Ze chovani klimatizované mistnosti je v celém rozsahu linearni.

Statickd charakteristika klimatizacni jednotky
Pro méfeni bylo jako vstupni veli€iny pouzito napéti piivadéné na trojcestny ventil v rozsahu

0-10 V. Vystupni veli¢inou potom byla teplota vyfukovaného vzduchu snimana v tésné
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blizkosti vyfuku z jednotky. Bylo naméfeno nékolik hodnot v celém rozmezi otevieni ventilu

v modu chlazeni (tab. 3) a modu topeni (tab. 4).

Napéti pfivadéné ventilu [V] 0 3 4 55 7 9 10
Teplota vyfukovaného vzduchu [C] | 22,8 19,1 17,7 16,9 146 13,6 12,6
Tab. 3 : Naméfené hodnoty pro statickou charakteristiku v modu chlazeni

Napéti piivadéné ventilu [V] 0 2.8 45 7 8,5 10
Teplota vyfukovaného vzduchu [T] 23 33,9 39 449 479 49,6

Tab. 4 : Nametené hodnoty pro statickou charakteristiku v modu topeni

Pracovni bod byl v obou piipadech zvolen pro napéti privadéné na ventil 5V.

Rozmezi ve kterém budou voleny vstupni skokové zmény pro vlastni identifikaci bylo v obou

pfipadech zvoleno v rozmezi vstupnich hodnot 1..9V. (viz. graf 2, graf 3)

25
‘II--_-.‘- ‘
E s e S —
15 ma e —
g T
B 10
[
5
i
u] 1 2 3 4 3 G 7 =] 9 10
Hapeéti privadéné na ventil [V]

Graf 2.: Staticka charakteristika klimatiza¢ni jednotky v rezimu chlazeni

B

Teplota ['C]
L]
(]
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Graf 3.: Staticka charakteristika klimatizaéni jednotky v rezimu topeni
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Dynamickd charakteristika klimatizacni jednotky

Dynamicka charakteristika odezvy byla naméfena pomoci méfici karty Labjack Ul2.
Naméfena data byla ulozena disk PC a dale zpracovana programy Microsoft Excel a Matlab.
Pro ucely identifikaéniho méfeni byla pouzita ¢idla vyrabéna firmou Sensit. Jako cidlo
vyfukovaného vzduchu byl pouzit typ NS 760 se stonkem pro méreni teploty kapalin a plynu
s rozsahem meéfeni 0..100 °C a jako ¢idlo prostorové teploty typ NS 100 srozsahem -
30..100°C doplnény pievodnikem na napéti 0-10 V. Dale byl pro tcel identifikaéniho méfeni
nahrazen servopohon SSB31 typem SSB61 sfidicim signalem 0..10 V. Vzhledem ke
skuteCnosti, ze firma ACSON v¢as nedodala vhodny chille, bylo s vyhodou pouzito vody

z centralniho vodovodniho rozvodu.

Obr. 23. : Klimatiza¢ni jednotka behem identifikaéniho méfeni.
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Identifikace
V rezimu chlazeni bylo provedeno Sest identifika¢nich méfeni se skoky okolo pracovniho
bodu. Pro identifikaci bylo zvoleno meéreni se skokem akcni veli¢iny z 1,5 Vna 7 Va po

ustaleni zpét (graf 4.)

25
o TS~
—teplota wfukovaného

= vzduchu [C]
2 15 ) s
# | - J —_teplota mistnosti [C]
<]
210 s i o ;
- napéti pfivadéné na ventil [V]

8

0

0 1000 2000 3000 4000 5000
Cas [g]

Graf 4.: Naméfena dynamickd charakteristika v modu chlazeni.

Vrezimu topeni se bohuzel nepodafilo realizovat identifikacni meéfeni v oblasti kolem
pracovniho bodu, protoze béhem méfeni se zaCala objevovat porucha v podob¢ pravidelné
kolisajiciho tlaku vstupni vody. Pfi¢inu poruch se nepodafilo v pribéhu provadénych meéreni
zjistit a vSechna dal$i méfeni byla poruchou zatizena tak vyznamne, Ze namefena data jsou
nepouzitelna. Pro identifikaci byla tedy pouzita charakteristika naméfena dfive za uCelem
popsani chovani jednotky do uzivatelského manualu. Z naméfenych dat byla vybrana oblast

se skokem akeni veliCiny, ktera byla pouzita pro identifikaci.
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Graf 5.: Namétena dynamicka charakteristika v modu topeni.

Identifikace byla provedena v programovém prostiedi Matlab pomoci Identification
Toolboxu. Pred vlastni identifikaci bylo jesté nutné provést pifevod naméfenych dat do
pocatku soufadnic, tedy odeCist od celé rady naméfenych dat hodnotu prvniho vzorku.
Celkem jsme identifikaci ziskali 4 pfenosy :

1. Prenos klimatiza¢ni jednotky v médu chlazeni — jako odezva klimatiza¢ni jednotky

na skok napéti pfivadéného na trojcestny ventil.

-141 -141
G (s)= = 7 7 (7.1)
(1+185s).(1+27s).(1+s) 4995s° +5207s° +213s+1
2. Prenos mistnosti v médu chlazeni — jako odezva mistnosti na studeny vzduch
vyfukovany jednotkou.
0,35

Fo§)=2— 72

() = S iss 41 )

-

3. Prenos klimatiza¢ni jednotky v moédu topeni — jako odezva klimatiza¢ni jednotky

na skok napéti pfivadéného na trojcestny ventil.

5 2,26 2,26
G (s) = ;

= ! 93
(1+143s).(1+17s).(1+s)  2431s° +2591s> +161s+1 (73)

4. Prenos mistnosti v médu topeni — jako odezva mistnosti na teply vzduch vyfukovany

jednotkou
0,24
G, (5)=— 7.4
s (5) 2205 +1 (7:4)

Zobrazeni jednotlivych variant pfenosu véetné vybéru té ,,nejvernéjsi je obsahem Prilohy 1.
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Simulace identifikovaného modelu byla provedena v programovém prostiedi Matlab

Simulink. Schéma a vypocty budou dale z divodu uspory mista prezentovany pouze v rezimu

chlazeni. Pouze vysledky vypoctl a simulaci budou prezentovany pro oba rezimy.

5. minuta - skokz 0 na 7 W

A 4

1.4

0.3484

40, minuta - skokz7 na 2V

»

L
.
>

G0, minuta - sokz2 naG Vv

400557 +520752+2135+1

3155+

KLIM. JEDNOTRA

posunuti

MISTNOST

posunutil

Obr. 24.: Model soustavy v modu chlazeni v programovém prostfedi Matlab Simulink.

Pro spravné zobrazeni simulovanych vysledkt bylo nutné provést posun zpét do po¢atecni

polohy. Pro zjednoduseni byla jako pocatecni ustalena poloha teploty u rezimu chlazeni 1

topeni zvolena 22 °C.
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Graf 6.: Vykresleni odezvy modelt soustavy na skok akéni veli¢iny (otevieni ventilu).
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7.5 Nastaveni P a Pl regulatoru

Pro vypolet nastaveni obou regulatorii byl pouzit nasledujici postup. Nejprve bylo provedeno
rozpojeni regulatniho obvodu a nastaveni pomocného P regulatoru. V tomto pfipadé byla
vnitini smycka rozvétveného regulaéniho obvodu povazovéana za samostatny, jednoduchy
regulacni obvod a P regulator byl sefizen pro piipad poruchy na akéni veli¢iné. Poruchou je
zde rozdil mezi skutednou teplotou vyfukovaného vzduchu a teplotou vypoéitanou hlavnim

regulatorem.

Vypocitané optimalni nastaveni pomocného regulatoru bylo zahrnuto do pfenosu
rozvétveného regulaéniho obvodu, a poté bylo vypodteno nastaveni konstant hlavniho PI

regulatoru.

Je také mozny obraceny postup, a sice nastavit nejprve hlavni regulator pii odpojeném
pomocném regulatoru, dosadit vypoctené parametry a nastavit pomocny regulator. V nasem

piipadé vsak tento postup nedaval uspokojivé vysledky a byla zvolena prvni varianta vypoétu.

7.5.1 Nastaveni pomocného P regulatoru

Ptenos poruchy jednoduchého regulaéniho obvodu je dle (5.2) v rezimu chlazeni :

-1,41

G, () = Gs(s) __ 49955° +5207s* +213s5+1  _

! 1+Gs(s) Ge(s) ¢, ~1,41 1,8

49955° +5207s* +213s+1 &
(7.5)

_ —1,41s

49955 + 52075 +213s” +(1-1,41r,)s
Charakteristicka rovnice je tedy :
4995s* +5207s° +213s% + (1-1,41r,)s = 0 (7.6)
V rezimu topeni je pienos poruchy jednoduchého regula¢niho obvodu :

2.26s

G, () (77)

24315* +25915° +161s° + (142,265, )s
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a charakteristicka rovnice v reZimu topeni je :

2431s* +2591s” +161s” + (1 +2,26r,)s =0

Vypocet nastaveni pomocného reguldtoru metodou kritického zesileni

Kritické zesileni rog uréime pomoci Hurwiztova kriténa ;

5207 (1-141r,) 0
H=[4995 213 0 |= H, =1.104.096+7042r,
0 5207 (1-141r,)

Pii splnéni podminky H,=0 vychazi rox=156,7.
Periodu kmitii uréime pomoci vztahu :

2z
@,

T,

Uhlovou rychlost oy ziskame substituci ro, za ro a joy, za s do charakteristické rovnice :

49955° +5207s” + 2135+ (1 —1,41-1,) = 4995 j* @} + 5207 j e} + 213 jew, +221 =

=(221-5207@]) + j- 0, (213 — 4995w} )
Z podminky Re=0, Im=0 ziskame 0.
221-5207 @’ =0 = g2 =+ 0,21,

o (213-4995 07 )= 0= iy 2 =2 0,21, 3 =0

Vyznam ma feSeni 03=0,21.

Po dosazenim do rovnice (7.9) vyjde T\ = 30s.

Parametry nastaveni P regulatoru dle tabulky 1 : rg= 0,5rp = 78

Pro nastaveni skute¢ného regulatoru je pasmo proporcionality (5.3) pp = 1,3%.

V reZimu topeni vychazi ro= 37,8 a tedy pp = 2.65%.

(7.8)

(7.9)
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Vypocet nastaveni pomocného reguldatoru metodou optimalniho modulu

Pro feseni metodou optimalniho modulu pouzijeme pienos poruchy (5.2) :

_ -141s
4995s5* +52075° 4+ 2135 + (1-1,41r,)s

G, (s)

Podle (5.15) uréime koeficienty A;, B; :
Ap=0"=0
A1 =(1-1,41 1p)?
Ar=213%-25207.(1 -1,41 1p)
Az=75207% - 2.4995.213

Ay = 49957
Bo= 1,417
B1 = Bg = B3 =0

Pro jeden parametr regulatoru potfebujeme jednu podminku:

B, _B,

~-=F 0 4By =4, B, - (2137 25207 (1-1,4110)) 141 = 0
0 2

Hodnota nastavitelného parametru regulatoru bude podle kritéria optimalniho modulu
ro=2,4,pp=41,7%.
U tohoto kritéria je potieba provést ovéfeni stability. To provedeme pomoci Hurwitzova
kritéria :
¢ Charakteristicka rovnice je | 4995s* +5207s° +213s* +4,385=0

¢ Hurwitziiv determinant :

5207 438 0 0
4995 213 0 0
‘U100 5207 438 0

0 4995 213 0

H;=4761992>0
H;=1087212>0

Regulaéni obvod je pro dané sefizeni regulatoru stabilni.

V rezimu topeni vychazi nastaveni ro = 1.8 , pp = 55.6%
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Vypocet nastaveni pomocného reguldtoru metodou linedrni regulalni plochy
Charakteristickou rovnici (7.6) pfevedeme na normovany tvar :

. 5207, 213 . (1-141r)
+ s+ 5+ s=0
4995 4995 4995

(7.10)

pocet koeficientii neovlivnitelnych nastavenim regulatoru je: 3 =3,
nasobnost pold: p,=n—-8+1=4-3+1=2,

takze s =82=81, $3= S1 4 $4= S

Sestaveni Vietovych rovnic:

-5207
=8, +8, +8,+8, =28, +8,; +8;
4995
213 2
2903 =§,8, +8,5, +5,8, +8,5, +5,8, +8,5, =8, + 25,5, + 28,8, +8,5

0=15,3,5,5, =8,5,5,

Ze tfeti rovnice vyplyva, Ze jeden z kofentl sy, nebo sy musi byt rovny 0. Volim tedy sm = 0.

Soustava rovnic se nam timto zjednodusi na :

-5207
= 28, +5sy
4995
213
@—512 + ZSISH

Resenim soustavy ziskame kofeny s a sy

s1=-0,021  sp=-1,001

Dosazenim do rovnice ziskdme charakteristicky polynom :

5.(s+0,21)2.(s +1.001).4995 =49955* +5205s° + 2125 +2.215s

Z porovnani s puvodnim charakteristickym polynomem ziskame :

221=(1-1,41r,) = ro=0,8.

V rezimu topeni vychazi nastaveni pomoci linearni regulaéni plochy re=0,7.
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Parametr Io pp
Rezim Chlazeni[-] | Topeni[-] | Chlazeni[%)] | Topeni[%a]
Metoda kritického zesileni -78 37.8 1,3% 2.65%
Metoda optimalniho modulu -2.4 1.8 41.7% 55.6%
Metoda linearni regulacni plochy -0.8 07 116% 142.9%

Tab. 5. : Vypoétené hodnoty nastaveni pomocného P regulatoru.

Pro dal§i vypocet byly vybrany hodnoty nastaveni parametru pomocného P regulatoru

v rezimu chlazeni r¢=-2,4 a v rezimu topeni rp=1,8.

7.5.2 Nastaveni hlavniho Pl regulatoru

Pienos fizeni je dle (5.3) pfi dosazeni hodnoty nastaveni pomocného regulatoru ro = 2,4
v rezimu chlazeni :

Gy () G5 () _
14+ G (5) G () + Gy (5)- G ()
_ 1573425s° +1645200s* + 723025 +528s° +5
©15734255° +1645200s° + 723025’ +1593s% + (4,38 — 0,497, )s — 0,497,

Gy (s) =
(7.11)

Charakteristicka rovnice rozvétveného cbvodu v rezimu chlazeni :

1573425 s° +1645200 s* + 72302 5° +1593 s + (4,38 —0,49#,)s— 0,497, =0 (7.12)

V rezimu topeni je pienos pii nastaveni pomocného regulatorurp=1,8 :

534820s° +572451s* +38011s" +381s” +5

GW (S) = 5 4 3 2 (T 13)
534820s” +572451s” +38011s” +1257s° + (5,140,547, )5 + 0,547,

Charakteristicka rovnice v rezimu topeni :

534820s° +572451s™ +38011s° +1257s” + (5,1 + 0,547, )5 + 0,547 | =0 (7.14)

Pavel Paickr 51- Liberec 2006




Roz3ireni regulaéniho systému klimatiza¢ni jednotky

Nastaveni hlavniho reguldatoru metodou kritického zesileni

Hurwitzova matice je pii vypnuté integracni sloZce :

1645200 1593 0 0
1573425 72302 4.38-0,49, 0

H= ' = H, =173641269794175+1326274689600r,
0 1645200 1593 0

0 1573425 72302 4,38 —0,49r,

Ipk = 130,9

Uhlovou rychlost ox ziskame substituci ro. za 1o a joy za s do charakteristické rovnice (7.12) :

1573425s* +1645200s° + 723025 +1593s% + (4,38 —0,497,) =
=(1573425@} — 723020, +68,1) + j- w, (1593 —1645200; )

Z podminky Re=0, Im=0 ziskame .
1573425w; - 72302(0;“ +681=0= w, =0,031

@, (1593 —1645200&)5) =0 = w, =10,031
Vyznam ma fedeni ax=0,031.
Dosazenim do rovnice (7.9) vyjde Ty = 202s.

Parametry nastaveni PI regulatoru dle tabulky 1

0,547,

ro= 0,451 = 58,9, ry = = 0,34

K

Pro nastaveni skute¢ného regulatoru je pasmo proporcionality (5.3) pp = 1,7%.

V rezimu topeni vychazi . ry=70,2 , r=90,56 , pp=1,4%.

Vypocet nastaveni pomocného reguldtoru metodou linedrni regulalni plochy
Charakteristickou rovnici (7.11) pfevedeme na normovany tvar

s 1645200 , 72302 1593 , (4,38-0,4%9) 0,49,
s+ 5+ s+ s+ s+ =
1573425 1573425 1573425 1573425 1573425

(7.15)
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pocet koeficient neovlivnitelnych nastavenim regulatoru je: 6 =3,
nasobnost pold: p,=n—-8+1=5-3+1=3,

takze 851 = 82 = 83 = 81, 54 = 511 4 857 3111

Sestaveni Vietovych rovnic:

-1645200 §, +8,+8,+8,+5. =38, +5,+58

. 3 =3

1573425 1 TP TS o mmL Ao

72302 =§8,+88,+8,8, +5,8. +5.8, +5.5, +5.5. +8.5, +5.8. +5,8. =35," + 35,5, +38.8, +8 8

1573425 12 1-3 14 1-35 243 244 Y3 a4 3 43 1 1= 110 =
1593 , ,

-1573425 =8,8,8; +8,8,8, +8,8,8, +5,8.5, +8,8,8, +8.8,8, =8, +3s;(5, +5,;)+3s,5,5,

Resenim soustavy ziskame kofeny s a sy

51 —0,012 S = —0,089 Sm= —0,999

Dosazenim do rovnice ziskdme charakteristicky polynom :

(s +0,0082)" (s +0,02).(s + 0,999).1573425=157325s" +1642026s"* + 71196s> + 1 181s” + 7,25 + 0,012

Z porovnani s piivodnim charakteristickym polynomem ziskame :
7,2=(4,38-0,49,) = re¢=5,7.

0,017 =-0,491; = r 1= 0,024,

pp=17% , Ty =237s.

V rezimu topeni vychazi nastaveni pomoci linearni regulaéni plochy :
re=4,6, r,=0,024, pp=22%, Ti=191.7 s.

Vypocet nastaveni pomocného reguldtoru metodou optimalniho modulu

Pro feseni metodou optimalniho modulu pouZijeme pienos fizeni (7.12)

15734255° +16452005* + 723025’ +528s° +5
1573425s° +1645200s* +723025° +1593s” + (4,38 — 0,497, )s — 0,49r

Gy (s)=
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Podle (5.15) uréime koeficienty A;, B; :
Ao = 0,49
A1 = (4,38 -0,49 r)* +2.1593.0,49r,
A= 15937 -2.( 4,38 -0,49 1) — 2.1645200.0,49 1-,
Az = 16452007 - 2.1573425.72302
Ay=1573425%
Bo =1
B, = 528%-2.72302
B, = 723027 — 2.528.1645200 + 2.1573425.1
Bs= 16452007 —2.1573425.72302
B,= 1573425°

Pro dva parametry regulatoru potiebujeme dvé podminky:

B -
By B, 4B =4 B, —0497.(528" - 2.72302) = (438 - 0491, )+ 2.1593.0,49r > = 0

0 1

=B 4 B = 4,B, 5 049%(723027 -2 528.1645200+ 2 1573425 1) =

0 2

1593*-2.(4,38-0,491,) 2.1645200.0491,.1

&

o

Vyfedenim soustavy rovnic ziskdme :
ro= 11,6, r=0,037.
pp = 8,6% , T =313,5s.

Ovefeni stability pomoci Hurwitzova kritéria :

1645200 1593 0,018 0 0
1573425 72302 10,1 0 0
H, = 0 1645200 1593 0,018 0
0 1573425 72302 10,1 0

0 0 1645200 1593 0,018

H,=193021760564097882 28 > 0
H; = 158205637583955 >0
H; =116444784375 > 0
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Regula¢ni obvod je pro dané sefizeni regulatoru stabilni.

V rezimu topeni vychazi nastaveni :
o= 9,8, ri= 0,039.
pp=10,2% , Ti=247s.

Dale bylo vypocteno nastaveni hlavniho regulatoru pfi pomocném regulatoru nastveném del
kritéria linearni regulacni plochy, tedy ro = -0,8 v rezimu chlazeni a ry = 0,7 v rezimu topeni. :
¢ Pomoci linedrni regulac¢ni plochy vyslo nastaveni :
Vrezimu chlazeni . ro=44,r;= 0,014, pp=23%, Ti=314s.
V rezimu topeni ro=3,6,r,=0,013, pp=27%, T1=277s.

¢ Pomoci optimalniho modulu :
V rezimu chlazeni :  ro= 4,6, r1= 0,015, pp =21%, T =305s.
V rezimu topeni ; ro=4.9, r1= 0,019, pp =20%, Ty =257s.

* Pomoci kritického zesileni :
V rezimu chlazeni :  ry= 33,3, r = 0,14, pp = 3%, T;=237s.
V rezimu topeni ro= 38,2, r =023, pp=2,6%, Ti=166s.

Parametr Io[-] L[] pp [-] Ti[-]
Rezim Chlazeni | Topeni | Chlazeni | Topeni | Chlazeni | Topeni | Chlazeni | Topeni
Metoda kritického

58,9 70,2 0,34 0,56 1,7% 1,4% 173s 1255
zesileni

Metoda optimalniho
11,6 9.8 0,037 10,039 | 86% |10,2% | 313,55 | 247s

E

modulu

Metoda lineArmi
5,7 4.6 0,024 | 0,024 17% 22% 237s 1925
regulacni plochy

Tab. 6.. Nastaveni hlavniho PI regulatoru pii pomocném P regulatoru nastaveném : rp = 2.4

v rezimu chlazeni a ro = 1,8 v reZimu topeni.
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Parametr 1o [-] r.q[-] pp [ Ti[]
Rezim Chlazeni | Topeni | Chlazeni | Topeni | Chlazeni | Topeni | Chlazeni | Topeni
Metoda kritickéh
Froda RHHCERo 333 | 382 | 014 | 023 | 3% |26% | 237s | 166s
zesileni
Metoda optimédlniho
46 | 49 | 0015 0013 | 21% | 20% | 305s | 257s
modulu
Metoda linearmi
cloda fincamt 44 | 36 | 0014 | 0013 23% | 27% | 314s | 277s
regulacni plochy

Tab. 7.. Nastaveni hlavniho PI regulatoru pii pomocném P regulatoru nastaveném : ro = 0,8

v rezimu chlazeni a ro = 0,7 v reZimu topeni.

7.6 Simulace regulacniho obvodu

V programovém prostiedi Matlab Simulink byl vytvofen model rozvétveného regulainiho

obvodu. Pomoci simulace je zobrazeno chovani soustavy pii skoku zadané teploty o dva

stupné v rezimu topeni a chlazeni, samostatné pro nastaveni pomocného regulatoru podle

kritéria optimalniho modulu a podle kritéria minima linearni regula¢ni plochy. Zobrazované

hodnoty byly posunuty do oblasti odpovidajici teploté mistnosti (v tomto pfipad¢ 22 °C).

Otevrani yantily

Scopet

N Izl BN ikl > > o
Otevreni vertill | 096:345207:2+2130+ 1 N 318501
= Omezeni e - i i
stenren Franca klim jednotay — Prancs mistnost
senroventilu Teplota mi
0-10v 4
2 L
pesumuti1 Taplets mistno=ti
22
| | porunuti
lPID [ >
Famacny P regulater >
[eo la |4
FID
e, L1
Hlauwni Fl regulator 22
shoh zadane {eploty

1 minuta -2 stupne

posunuli

[N
vi

. Zadana 1epleta

Obr. 24.: Model soustavy rozvétveného regulatniho obvodu s omezenim otevieni trojcestného
ventilu v programovém prostiedi Matlab Simulink.
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Mastaveni metodou kntického zesileni
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Graf 7.: Odezva soustavy v rezimu chlazeni na skok zadan¢ hodnoty, pomocny P regulator

nastaven na ro = 2,4. Hodnoty nastaveni hlavniho PI regulatoru viz. (Tab. 6)
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Graf 8.: Odezva soustavy v rezimu chlazeni na skok zadané hodnoty, pomocny P regulator

nastaven na ro = 0,8. Hodnoty nastaveni hlavniho PI regulatoru viz. (Tab. 7)
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Nastaveni metodou kritického zesilenl
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Graf 9.: Odezva soustavy v rezimu topeni na skok zadané hodnoty, pomocny P regulator

nastaven na ry = 1.8. Hodnoty nastaveni hlavniho PI regulatoru viz. (Tab. 6)
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Graf 10.: Odezva soustavy v rezimu topeni na skok zadané hodnoty, pomocny P regulator

nastaven na ro = 0.7. Hodnoty nastaveni hlavniho PI regulatoru viz. (Tab. 7)
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Na grafu 7. — 10. je zobrazen priubéh odezev soustavy pii riznych kombinacich nastaveni
hlavniho a pomocného regulatoru (dano tab. 6., tab. 7.). Pro spravné vyfeseni nasi ulohy je
dulezité, aby soustava co nejrychleji dosahovala zadané hodnoty, ale zaroven aby pfitom
nedochazelo ke kmitani regulovanych veli€in a Castému otevirani a zavirani trojcestného
ventilu. Pfi nastaveni podle kritického zesileni dochazi k prilis velkym kmitim regulovanych
veli¢in a k Castému pohybu servomechanismu mezi krajnimi polohami. U nastaveni podle
kritéria minima linearni regulacni plochy dochazi k az pfili§ pomalému dosazeni zadané
hodnoty. Pro realizaci regulatoru byly tedy zvoleny hodnoty nastaveni ziskané metodou
optimalniho modulu, tedy :

e vrezimu topeni pomocny P regulator pp = 41.7%, hlavni PI regulator pp = 8,6% a

Ti=313,5s
e v rezimu chlazeni pomocny P regulator pp = 55.6% hlavni PI regulator pp = 10,2% a

Ti=247s

Dale jsem se rozhodl otestovat, jak bude navrzeny systém reagovat na poruchy, které mohou
pii skute¢ném pouziti nastat. Jedna se o nahlé zvyseni teploty chladiciho média a o pisobeni

jiného tepelného zdroje v mistnosti. Vysledek je zobrazen v grafu 11.

MNastaveni metodou kritického zesileni
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Graf 11.: Odezva navrzené soustavy na mozné poruchy.

V ¢ase 1 minuta zada uzivatel zadanou hodnou -2 °C. Po 15ti minutach se zvysi teplota
chladiciho média o 2 °C. Po dalSich 15ti minutach za¢ne v mistnosti ptsobit zdroj tepla. Je

mozno konstatovat, Ze odezva systému je vzdy uspokojive rychla a bez zbyte¢nych kmitd.

Pavel Paickr Liberec 2006
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Roz3ireni regulaéniho systému klimatiza¢ni jednotky

8 Zavér

Cilem této diplomové prace je navrzeni regulacniho obvodu pro zajisténi plynulé regulace
teploty v klimatizovaném prostoru. Soustava byla pomoci identifikace matematicky popsana,
byl navrzen rozvétveny regulacni obvod a provedeno nastaveni hlavniho a pomocného
regulatoru. Dale byla provedena volba regula¢nich prvki pro realizaci systému plynulého
fizeni. NavrZzeny systém vykazoval v simulaci velmi dobré vysledky, jak v rychlosti odezvy

na Zadanou hodnotu, tak i v reakci na mozné poruchy.

Systém je tedy piipraven pro vyrobu a v blizké dobé bude spoleénosti Labit a.s. skute&né
vyrabén. Je vsak potieba piihlédnout ke skuteCnosti, Ze nastaveni regulatorti je optimalni
pouze pro mistnost ve které bylo provadéno meéfeni a ve skuteCném nasazeni se miize
nastaveni jednotlivych parametrt lisit. Z tohoto diivodu bude mit vyrabény regulator moznost
korekce regulaénich konstant pomoci integrovanych jumperd. S jejich pomoci bude mozné
korigovat parametry regulace pro konkrétni klimatizovany prostor a dosahnout optimalniho

nastaveni.

S ohledem na mozné budouci pouziti a na dalsi vyvoj tohoto systému, bych navrhoval
nahrazeni regulatori adaptivnimi regulatory. Systém by tim ziskal moznost pfesnéjsiho
piizpiisobeni se konkrétnimu mistu, coz by vedlo k dals$imu zlepSeni regulaénich pochodi a
zvyseni uZivatelského komfortu. Cena takovéhoto feseni by vsak byla podstatné vyssi a proto

by bylo vhodné nejprve provést analyzu trhu a zjistit zajem pfipadnych zakaznikd.
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Pfiloha 1 : Zobrazeni vysledkl identifikace pomoci Matlab System
Identification Toolboxu.

REZIM CHLAZENI
Identifikace klimatiza¢ni jednotky :

Measured and simulaled model output

i i i i i i
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Obr. 1.: Zobrazeni prubéhu naméfené charakteristiky a jednotlivych charakteristik
simulovanych

Measured rminus simulated maodel aulput
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Obr. 2.: Zobrazeni pribéhu rozdilu prabéht simulovanych a naméreného.

Zluta — soustava 3. stupné

Fialova — soustava 2. stupné

Zelend — Soustava 1. stupné

Modra — Soustava 1. stupné s dopravnim zpozdénim
Svétle hnéda — Soustava 3. stupné s dopravnim zpoZdénim
Tmavé Seda — Soustava 2. stupné s dopravnim zpozZdénim

Ze simulovanych prubéht byla jako nejvérnéjsi vybrana soustava 3. fadu (znazornéna zlutou
barvou) s pfenosem :

Gl ~1,41
(1+1855).(1+27s).(1+5)




Identifikace mistnosti :

Messured and simulsted mode | output
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Obr. 3.: Zobrazeni prubéhu naméfené charakteristiky a jednotlivych charakteristik
simulovanych

Measured minus simulated model output

L i I I i
1} 500 1000 1800 2000 2500 3000 3500 4000 4500
Time

-2

Obr. 4.: Zobrazeni pribéhu rozdilu prabéht simulovanych a naméreného.

ZMhuta — soustava 1. stupné

Riizova — soustava 2. stupné

Modra — Soustava 3. stupné

Oranzova — Soustava 1. stupné s dopravnim zpozdénim
Tmavé fialova — Soustava 2. stupné s dopravnim zpozdénim
Svétle fialova — Soustava 2. stupné s nulou v Citateli

Cerna — namétena odezva soustavy

Ze simulovanych prabéhu byla jako nejvérnéjsi vybrana soustava 1. fadu (znazornéna zlutou
barvou) s pfenosem :

033

G, (s)=—>"—
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REZIM TOPENI

Identifikace klimatiza¢ni jednotky :
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Obr. 5.: Zobrazeni pribéhu naméfené charakteristiky a jednotlivych charakteristik
simulovanych

Measurad minus simulatad model output
T T T
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Obr. 6.: Zobrazeni pribéhu rozdilu priabéht simulovanych a naméreného.

Zelena — soustava 2. stupné

Cervena - Soustava 3. stupné

Tmavé fialova — Soustava 2. stupn¢ s dopravnim zpozdénim

Svétle fialova — Soustava 3. stupné s dopravnim zpozdénim a nulou v Citateli
Cernd — naméfena odezva soustavy

Ze simulovanych prabéhu byla jako nejvérnéjsi vybrana soustava 3. fadu (znazornéna
Cervenou barvou) s prenosem :

2,26
(1+1435).(1+17s).(1+ )

Gs(s)=



Identifikace mistnosti :

Measurad and simulatad model output
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Obr. 7.: Zobrazeni prubéhu nameéfené charakteristiky a jednotlivych charakteristik
simulovanych
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Obr. 8.: Zobrazeni prubéhu rozdilu prib&ht simulovanych a naméfeného

Tmavé modra — astaticka soustava 1. stupné

Zelena — soustava 2. stupné

Modra — soustava 1. stupné

Fialova — soustava 3. stupn¢

Svétle rizova — astaticka Soustava 3. stupné s nulou v ¢itateli
Cerna — naméfend odezva soustavy

Ze simulovanych prabéha byla jako nejverngjsi vybrana soustava 1. fadu (znazornéna zlutou
barvou) s pfenosem
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Models:
AWM-FW Series
RCM-DW Series
ACK-AW/BW Series
ACC-CW Series
ADB-BW Series
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C 1. FEATURES )

SPACE SAVING

Different types of fan coil units are designed to be both versatile and space saving to suit every interior
design. Ceiling concealed type for the sophisticated, luxurious floor space saving, all kind of interior
decoration; ceiling exposed type for economical and space saving installation; etc.

ZONE CONTROL

These fan coil units can be installed in different zones as each unit operates independently. Zone control on
energy saving, different comfort requirement; better air distribution needs can therefore be easily achieved.

UNIQUE FEATURES FOR AWM-FW SERIES

EASY INSTALLATION

The wall mounted fan coil unit is easily installed because of its compact size, slimness and light weight. Slim
and short outdoor unit can be easily installed even in a narow balcony and passageway and yet have a
stable profile.

SPACE SAVING
No space is required on either floor or ceiling. This newly developed super slim design for wall mounting
maximises floor space usage and enhance ceiling appearance where ceilings are low.

QUIET OPERATION
Cooling comfort is improved by whisper-quiet operation which is achieved by a tangential fan.

EXCELLENT AIR DISTRIBUTION
Air discharge direction can be adjusted in four directions, manually or automatically by using LCD remote
control, coupled with good air flow, the unit provides excellent air distribution.

FACILITATED MAINTENANCE ENSURED

The new design cassette filter is slide-out type which can be easily removed at the air inlet grille for cleaning.
Maintenance is easy for electrical components, piping and wiring as these are all easily accessible by merely
removing front plastic panel.

WIRELESS REMOTE CONTROL

The compact LCD transmitter is able to operate the air conditioner unit within the distance of @ meters. Fan
motor speed can be set at low/medium/high or automatic.Sleep mode automatically increase set temperature
since room temperature is lower at night thus achieving comfort surrounding. Air flow direction can be
controlled automatically. Room temperature is controlled by electronic thermostat. The unit can be preset to
on and off automatically for maximum of 15 hours by using timer on/off.

SLITFIN
The unique Hydrophilic slit fin has greatly improved the air flow and the contact surfaces with the air thus to
boost the cooling capacity.

Heat Transfer Efficiancy

A\
Q




UNIQUE FEATURES FOR ACK-AW/BW SERIES

BUILT IN HIGH HEAD DRAIN PUMP
The unit comes with a built in high head drain pump. Condensate water can be pumped up to 500mm and
drain out smoothly.

4-WAY AIR DISCHARGE AND AIR SWING
These features greatly improve the air distribution in the conditioned space.

WIRELESS AND WIRED CONTROLLER OPTION
Wireless Handset is the standard controller. However if wired controller required, Netware wired controller
is a wise choice(optional).

UNIQUE FEATURES FOR RCM-DW SERIES

2-WAY AIR DISCHARGE AND AIR SWING
The 2-way air discharge couple with the air swing function, provide better air distribution in the conditioned
space.

EASY MAINTENANCE
The air filtter and components can be easily accessed from the bottom of the unit. This make servicing and
maintenance become a simple task.

WIRELESS AND WIRED CONTROLLER OPTION
Wireless Handset is the standard controller. However if wired controller required, Netware wired controller
is a wise choice(optional).

UNIQUE FEATURES FOR ACC-CW SERIES

ELEGANCE AND PRESTIGE
As the unit is installed above the ceiling with only the supply and return air grille exposed to view, the air
conditioned space will appear as elegant and prestigious as a centralized air conditioned area.

EVERGREEN DESIGN
This unit will never become obsolete as the unit is completely concealed away. Interior decoration for
maximum aesthetic beauty as well as interior design is easily achieved.

SUPERIOR AIR DISTRIBUTION
As the conditioned air can be distributed to every corer of the area by air duct, this will ensure more
pleasant living environment, thus provide extra comfort to the occupants.

OPTIONAL DUCT ACCESSORIES
The optional duct accessories makes the ducting and installation work so easy.

OPTIONAL WIRED CONTROLLER
Optional Netware wired controller offers simple and flexibility in controlling the unit.

UNIQUE FEATURES FOR ADB-BW SERIES

SUPERB AIR DISTRIBUTION
These units are designed with high air flow and static, enables adequate distribution of air to the desired
space. Providing comfort to every corner of the room.

RELIABILITY
The structures are strong and robust to ensure the product operation life.

VERSATILE
Multiple rooms can be cooled together by just using one unit of ADB.



2.

SPECIFICATIONS

WM
MODEL osFw | orrw | 10FW wRw | 2orw | 25FW
PERFORMANCE
High 3007510 300 /510 2707127 3007142 480 7 227 5807274
Air Flow (CFM ¢ Lis) Medium 2301390 230 1300 2301108 2704127 430 1203 4851229
Low 1904320 190 1 320 190 /90 2301108 30175 360/179
kicalfhr 1210 1638 2620 3024 4234 5262
Nerminal Tetal Cocling Capacty W 1410 1210 291 3517 4982 6154
Btuhr 4300 5500 10000 12000 17000 21000
kalfhr 1179 1373 1739 2026 2956 3651
Sensible Cooling Capacity W 1375 1600 2022 2356 3438 4247
Btushr 4680 5447 B200 3040 11730 14490
Mominal Total Heating Capacity kalfhr 2772 3150 4032 4536 8552 3064
(Entenng water Temp - 80°C) W 3220 3650 4639 5275 7620 9378
Btushr 11000 12500 16000 13000 26000 32000
Water Flow Rate USGPM / LITRESIM 1.10/4,16 1541583 2001757 2.67 11011 42211597 53342018
Head Loss (Cooling) pst/ Fa 0245/ 1688 0 436/ 3006 77753672 | 12.83/89148 | 489133715 | 740/ 51021
Head Loss (Heating) @ 80 “C psi { Pa 0186 1282 0.335/2310 5.09 f 41939 10,28 /70873 3.36f 26614 5.36 40403
COIL
Type Seamless copper tube mechanically boded to aluminium slit fin. |
Tube QD Vmm, thickness 0.35 mm.
Fin thickness 0.11 mm
Connection OD 1/2" sopper tube
Nurnbrer of rows / fin per inch 18Jan | 209an | 2s18 | 2418 | 2418 | 2418
Max Working Pressure tkascm?) £ (psi) 16,4/ 233
Testing Pressure 30 kgfem? for 1 min, leak test : 16 kgfem®for 5 min.
Surface Area m?/ i 0208/2239 | 0208/2230 | 019842431 | 019842131 | 0254/2733 | 025412733
Surface Alr Velocity {mis} £ (fYmin) 0690713584 | 0600713584 | 064712670 072114073 0.39 717563 108 /21222
MOTOR
Type Permanent split capacttor motor
Perwer Supply ViPhiHz 220-240/1/50, 208-230/1/60
Rated Input power W {SOMB0HZ) 25 25 25126 25126 82167 a7 181
Rated Running Current A (50/50Hz) 011 011 0.1110.12 0.1110.12 023/03 024/0328
Poles
High Fan 38 38 45 47
Sound Level {dBA) Medium Fan 34 35 42 44
Low Fan 30 31 39 42
Room Temp. Mizro-computer Controlled Thermostat
Control Air Discharge Automatic Louver {Up & Down)
Operahion LCD wareless rmicro-computer rermete control
Condensate Dran Size mr 19.05
AIR FILTER Washable Saran Net Filter
WEIGHT kg 12 | 12 | 12 12 15 | 15
HMENSION {H x W x D) mm 200 % 815 %179 306 x 1062 x 202

Condition
Cooling capacity

Heating capacity

Entering watertemp. : 7.2°C (45 °F )
Leaving water temp. : 128 °C ( 55 °F )

: Entering air temp. : 21.1°C {64 °F ) DB

Entering water temp. : 60 °C ( 140 °F }
Leaving water temp. : 55°C { 131 °F )

: Entering air temp. : 26.7 *C { 80 °F } DB, 19.4°C { 67 "F ) WB

Microphone position : 1m in front of the unit & 0.8m below the vertical centre line of the unit. (JIS C 9612)




ACHK
MODEL 20AW | 25AW | 30AW | 40AW | 50AW
IPERFORMANCE
High 7704 1,310 810/ 1,350 920/ 1,550 1,020/ 1,740 1,080/ 1,840
Air Flow (CFM{CMH} Medium 550 /1,100 700 /1,190 770/ 1,320 900 /1,530 990 ¢ 1,630
Low 630/ 1,070 830/ 1.070 7004 1,190 790/1,340 910/ 1,540
kcalthr 5,045 5,504 7,964 9,073 9,829
Mominal Total Cocling Capacity W 7.034 7,913 9,261 10,551 11,430
Btushr 24,000 27,000 31,600 36,000 39,000
kealthr 4,209 4,738 5,494 6,162 6,628
Sensille Cooling Capacity W 4,394 5,510 5,339 7,166 7,705
Btushr 16,700 18,800 21,800 24,450 26,300
Notninal Total Heating Capacity kealfhr 9.451 10,585 12,198 13,584 14,365
(Entering water Temp. : 60 °C) W 10,961 12,309 14,185 15,797 16,706
Btu/hr 37,500 42,000 48,400 53,900 57,000
\Water Flow Rate USGPM / LITRES/M | 5.32/2017 B.2212345 7.11/26.84 8.00/30.14 §8.88 1 33.49
Head Loss (Cooling) psif Pa 2137 14,656 3.16/7 21,774 4.35 / 30,061 7.29/50,263 | 1099/75773
Head Loss (Heating) : 60 °C psif Pa 1.70711,721 | 2545 /17,547 | 355/ 24,476 6.07 / 41,851 .20/ 63,459
COoIL
Type Seamless copper tube mechanically bonded to aluminium slit fin
Tube 0D 9.52 mm, thickness 0.35 mm
Fin Thickness 0.11 mm
Connection OD 34" copper tube
Number of rows / fin per inch 212 | 214 | 216 | 2/16 | 2/16
Max. Working Pressure (kgicm’) / (psi) 16.4/ 233
Testing Pressurs 30 kga’v:,m2 for 1 min, leak test : 15 kgjfv:,m2 for 5 min
Surface Area m?/ ft 0.459/5022 | 0.456/5022 | 0456/5022 | 0.459/5.022 | 0.459/5.022
Surface Air Velocity {m/s) { {f'min) 0.78/153.33 0.52/161.29 0.93/153.19 1.03 /203.11 1.09 ¢ 215.05
MOTOR
Type Permanent split capacitor motor
Powear Supply WiPhiHz 220-240¢+ 1/ 50, 208 - 230/1/60
Rated Input W 127 /139 151/ 163 164 / 205 192 /321 2531328
Running Current A 0.53/0.64 0.685/075 0.6910.98 0.8041.50 1.08/1.50
Poles <]
Room Temp. Micro-computer Controlled Thermostat
Control Ait Discharge Autormatic Louver {(Up & Down)
Qperation LCD wireless micro-computer remote control
Condensate Drain Size mm 18.05
AIR FILTER Washahle Saran Net Filter
[WEIGHT (Unit + panel) kg 21+4 | 32+4 | 35+4 | 38+4 | 40 + 4
DIMENSION (H x W x D) mm 335 x 820 x 820 { 363 x 930 x930)

Condition
Cooling capacity

Heating capacity

: Entering air temp. : 26.7°C (B0°F)DB, 19.4C (67°F)WB

Entering water temp. : 7.2°C (45°F)
Leaving water temp. : 12.8°C {(55°F)

: Entering air temp. : 21.1°C (64°F)DB

Entering water temp. : 60°C (140°F)
Leaving water temp. : 55°C (131°F)




ACK

MODEL 15BW [ 20BW | 25BW [ 30BW
PERFORMANCE
High 430/ 203 4307203 500/ 236 607 /287
Air Flow (CFM / Lis) Medium 370175 3704175 450/ 212 5371253
Low 310/ 148 31014146 390 f 184 4751224
kealfhe 3150 4284 5040 5796
Mominal Total Cocling Capacity W 3560 4877 5560 5740
Btu/hr 12500 17000 20000 23000
kcal/hr 2331 2853 3352 3872
Sensible Cooling Capacity W 2708 3315 3897 4459
Btu/hr 9250 11322 13300 15364
Mominal Total Heating capacity kcal/hr 5282 5300 7308 5316
{Entering water Temp. : 60 °C) W 5150 7320 5500 9663
Btu/hr 21000 25000 29000 33000
Water Flow Rate USGPM/LITRES/M 3341127 4,441 16.8 5.54+ 21 664125
Head Loss (Cooling) psif Pa 0.582 /4013 1.8491 12749 2,739/ 18885 3.781 26083
Head Loss {Heating) : 60 °C psif Pa 04551 3137 1.461 {10074 218915093 3.055 1 21064
COIL
Type Seamlsss copper tube mechanically bonded to aluminium slit fin.
Tuhe QD 9.52 mm, thickness 0.35 mm.
Fin thickness 0.11 mm
Connection 0D 3/4" copper tube
Mumber of rows / fin per inch 1/18 [ 2714 | 2714 [ 2714
Max. Working Pressurs (kgfcmz)a’(psn 164 {233
Testing Pressurs 30 kglem? for 1 min, leak test : 18 kgfem?for 5 min.
Surface Area et 0.431 1 4.637 0.416 / 4.483 0.416 ¢ 4.483 0.416 / 4.483
Surface Air Velocity {m/s)(ftimin} 047119273 Q.487 / 95.91 0.567/111.53 0.688 1 13540
MOTOR
Type Fermanent split capacitor motor
Power Supply VIPh/Hz 220-240/1/50, 208-230/1/60
Rated Input powet W (S0/60Hz) 72173 72473 79188 108/ 108
Rated Running Current A {S50/B60Hz} 0.31/0.34 0311034 0.33/0.41 0451050
Poles 6
Sound pressure level { dBA ) High Fan 43.7 43.7 44 47
Medium Fan 39 39 40 44
Low Fan 37.5 37.5 38 40
Room Temp. Micro-computer Controlled Thermostat
Control Ait Discharge Manual Louver
Operation LCD wireless micro-computer remate control
Condensate Drain Size mm 19.05
AIRFILTER Washable Saran Met Filter
WEIGHT (Unit + Panel) kg 30+3 | 30 + 3 31+3 | 32+3
DIMENSION - HXWxD { ) - with panel mm 263 x 650 x 650 (363 x 930 x 930)

Condition
Cooling capacity

Entering water temp. : 7.2°C {45 °F )
Leaving water temp. : 128°C (55 °F )

Heating capacity

: Entering air temp. : 21.1 °C ( 64 °F ) DB

Entering water temp. : 80 °C (140 °F)
Leaving water temp. : 55 °C {131 °F)

: Entering air temp. : 26.7 *C { 80 °F ) DB, 19.4 °C { 67 °F ) WB

Microphone position : MCKO15-025B - 1.4m below the facia (JIS C 9612) , MCKO30B - 1.5m below the facia {JIS B 8615).




RCM

MODEL 2000 [ 26DW [ 300w |  400W |  500W
PERFORMANCE
High 590 /1,000 660 /1,130 730/1,240 1,000/1,700 [ 1,110/1,890
Air Flow (CFM/CMH) Medium 530 / 900 650 /1,110 720/1,220 950 /1,620 1,070 /1,820
Low 420 /710 580 / 990 680/1,160 930 /1,580 1,000/1,700
kcal/hr 5,040 5,544 6,552 9,535 12,096
Nominal Total Cooling Capacity W 5,862 6,448 7,620 11,137 14,068
Btuhr 20,000 22,000 26,000 38,000 45,000
kcal/hr 3,528 3,825 4,455 6,485 7,983
Sensible Cooling Capacity W 4102 4,448 5,180 7,538 9,282
Btuhr 14,000 15,180 17,680 25,730 31,680
Nominal Total Heating Capacity kcal/hr 7,560 5,442 9,674 16,207 17,085
{Entering water Temp. : 60 °C}) W 8,792 9,818 11,250 18,639 19,846
Btuhr 30,000 33,500 38,385 63,600 67,715
Water Flow Rate USGPM/LITRESM | 4.44/18.75 4.88/18.42 5.76/21.77 8.44/31.82 10.66 / 40.19
Head Loss {Cooling} psi/Pa 295/20,315 | 3.52/24250 | 3.17/21,875 596/41170 | 9.19/63,330
Head Loss (Heating) : 60 °C psi/Pa 246/16,915 | 2.83/20191 2.64/18,215 4.98 /34,279 | 7.65/52731

COIL

Type Seamless copper tube mechanically bonded to aluminium slit fin
Tube QD 9.52 mm, thickness 0.35 mm
Fin Thickness 0.11 mm
Connection 0D 3/4" copper tube
Number of rows / fin per inch 312 | 312 | 3412 | 412 | 4114
Max. Working Pressure {kgicm®) / (psi) 16.4 /233
Testing Pressure 30 kg!cmz for 1 min, leak test . 16 kgi’cmz for 5 min
Surface Area me / ft* 0217/2.338 | 0.217/2338 | 0.263/2.826 0.406 /4.361 | 0.406/4.361
Surface Air Velocity {m/s} / {ft/min} 1.28/252.35 | 1.43/282.29 1.31/258.32 1.16/229.31 1.29/254.53
MOTOR
Type Permanent split capacitor motor
Power Supply V/Ph/Hz 220-240/1/50, 208 - 230/ 1 /60
Rated Input W 96/ 114 1307155 132/179 240 /337 240/ 337
Running Current A 0.40/0.50 0.58/0.70 0.58/0.80 1.04/1.50 1.04/1.50
Poles 4
Seound pressure level (H/M /L) dBA 50/47 /740 | 54/53/50 | 51/50/48 | 54/53/52 | 54/53/52
Room Temp. Micro-computer Controlled Thermostat
Control Air Discharge Automatic Louver (Up & Down)
Operation LCD wireless micro-computer remote control
Condensate Drain Size mm 19.05
AIR FILTER Washable Saran Net Filter
WEIGHT kg 43 [ 43 45 70 [ 70
DIMENSION {H x W x D) mm 214 X 1,214 X 670 249 % 1,214 x 670 249 X 1,714 X 670

Condition
Cooling capacity

: Entering air temp. : 26.7°C (80°F)DB, 19.4C (67°F)WB

Heating capacity

Entering water temp. : 7.2°C (45°F)
Leaving water temp. : 12.8°C (55°F)

: Entering air temp. : 21.1°C (64°F)DB

Entering water temp. : 60°C (140°F)
Leaving water temp. : 55°C {(131°F)



ACC

MODEL 10CW | 15CW | 20CW | 25CW
PERFORMANCE
High 300/510 430 /730 620/ 1,050 840 /1,430
Air Flow (CFM/CMH) Medium 280/ 480 310 /530 610 /1,040 790 /1,340
Low 2407410 270 / 460 500 / 850 &40 /1,090
kecalfhr 2,520 3,780 4,788 6,048
Nominal Total Cooling Capacity W 2,931 4,397 5,569 7,034
Btu/hr 10,000 15,000 19,000 24,000
keal/br 1,789 2,646 3,352 4,234
Sensible Cooling Capacity W 2,081 3,078 3,898 4,924
Btu/hr 7100 10,500 13,300 16,800
Nominal Total Heating Capacity kecalfhr 4,032 6,048 7,560 9,324
{Entering water Temp. : 60 °C) W 4,690 7,034 8,793 10,845
Btu/hr 16,000 24,000 30,000 37,000
Water Flow Rate USGPM / LITRES/M 2.22/8.40 3.33/12.61 4.44116.81 555/121.01
Head Loss {Cooling) psi/ Pa 1.53 /10550 3.48 / 24000 2.92 /20130 4.70 / 32410
Head Loss (Heating) : 60 °C psi/ Pa 1.21 /78340 2.8 /19300 2.34 /16130 3.83 /26410
COIL
Type Seamless copper tube mechanically bonded to aluminium slit fin
Tube QD 9.52 mm, thickness 0.35 mm
Fin Thickness 0.11 mm
Connection QD 3/4" copper tube
Number of rows / fin per inch 312 | 314 | 312 | 3/12
|Max. Working Pressure | kgfem® 7 (psi) 16.4/233
Testing Pressure 30 l(ga'cm2 for 1 min, leak test: 16 kg!cm2 for & min
Surface Area m?/ 0.129/1.39 0.161/1.734 0197 /2128 0.228/2.481
Surface Air Velocity {m/s) / (ft/min) 1.10/2158 1.26/248.0 1.48/291.4 1.73/341.3
MOTOR
Type Permanent split capacitor motor
Power Supply V/Ph/Hz 220-240/1/50,208-230/1/60
Rated Input W 71472 1027114 1481172 180/ 223
Running Current A 0.30/0.33 0.43/0.53 0.65/0.80 0.74/1.01
Pales 4
Control Room Temp. Micro-computer Controlled Thermostat
Operation LCD wireless micro-computer remote control
Condensate Drain Size mm 19.05
AIR FILTER Washable Saran Net Filter
WEIGHT ko 17 21 22 25
|DIMENSION {H x W x D) mm 261 x 765 % 411 261 x 905 % 411 261 x1,085x 411 | 261 x 1,200 x 411

Condition
Cooling capacity

Entering water temp. : 7.2°C (45°F)

Leaving water temp. : 12.8°C {(55°F)

Heating capacity

: Entering air temp. : 21.1°C (64°F)DB
Entering water temp. : 60°C (140°F)

Leaving water temp. : 55°C (131°F)

: Entering air temp. : 26.7°C (B0°F)DB, 19.4C (67°F)WB




MODEL 28CW 3B8CW
PERFORMANCE
High 144072450 1540/2620
Air Flow (CFM/CMH) Medium 1270/2160 1450/2460
Low 1120/1900 1260/2140
kealthr 6,804 10,550
Mominal Total Cooling Capacity W 7914 12,270
Biu/hr 27,000 41,864
kealthr 4,695 7,490
Sensible Cooling Capacity W 5,460 2,712
Btu/hr 18,630 29,723
Mominal Total Heating Capacity keal/hr 7.056 16,572
(Entering water Temp. ; 80°C) W 5,207 19,623
Btu/hr 28,000 66,951
Water Flow Rate USGPM / LITRES/M 65.16/23.31 B.36/31.64
Head Loss {Cooling) psi/ Pa 2.437/16500 4.992/34420
Head Loss (Healing) : 60 °C psi / Pa 1.952/13460 4.084/28160
COIL
Type Seambsss copper lubs mechanically boded to alurminium slit fin.
Tube 00 9.52 mm, thickness 0.25 mm.
Fin thickness 0.11 mm
Connaclion 0D 344" copper lube
Number of rows / fin per inch 3/18 [ 314
Max. Working Fressure | (kgfcmz) { {psi) 16.4 /233
Testing Pressure 0 kga‘cm2 for 1 min, leak test : 16 kga‘cm2 for 5 min.
Surface Area m’ ft° 0.264/2.844 0.363/3.909
Surface Air Velocity {nvs) / {ft/min} 1.14/224.44 1.764/347.16
MOTOR
Type Permanent split capacitor motor
Power Supply ViIPhiHz 220-240/1/50
Raled Input W 300 563
Running Curreni A 1.30 2.4
Poles 4
Room Temp. Micro-compuler Controlled Thermostat
Control Air Discharge Automatic Louver {(Up & Down)
Cperation LCD wireless micro-compuler rernote conirol
Condensate Drain Size mm 19.05
AIR FILTER. Washable Saran Met Filter
WEIGHT kg 38 | 41
DIMENSION {H x W x D) Tom 290X942X600 F10X24TXETS
Condition

Cooling capacity

Heating capacity

: Entering air temp. : 26.7 *C { 80 °F ) DB, 19.4 °C { 67 °F ) WB

Entering water temp. : 7.2°C {45 °F )
Leaving water temp. : 12.8 °C (55 °F )

: Entering air temp. : 21.1 °C ( 64 °F ) DB

Entering water temp. : 60 °C ( 140°F )
Leaving water temp. : 55 °C (131 °F)




ACC
MODEL 30CW | 40CW | 50CW | G0CW
PERFORMANCE
High 1,030/ 1,750 1,150 /1,960 1,540/ 2,620 1,990/ 3,380
Air Flow (CFM/CMH) Medium §20 /1,390 1,025/1,740 1,430/ 2,430 1,830/3,110
Low 660 /1,120 840 /1,430 1,300/2210 1,630/2770
kecalfhr 7,308 9,576 12,348 13,608
Nominal Total Cooling Capacity W 8,500 11,138 14,362 15,827
Btu/hr 29,000 35,000 49,000 54,000
kealibr 5189 6,799 8,644 9,798
Sensible Cooling Capacity W 6,035 7,908 10,053 11,396
Btu/hr 20,590 26,980 34,300 38,6880
Nominal Total Heating Capacity kecalfhr 11,592 15,120 19,152 22,680
{Entering water Temp. : 60 °C) W 13,483 17,586 22 276 26,379
Btu/hr 46,000 60,000 76,000 90,000
Water Flow Rate USGPM / LITRES/M 6.66 /2521 8.38/33.61 11.11 7 42.08 13.33/50.48
Head Loss {Cooling) psi/ Pa 2.11 /14550 3.78 / 26060 6.48 / 44680 1.48 /10205
Head Loss (Heating) : 60 °C psi/ Pa 1.68 /11580 3.06 / 21100 5.36 /36960 1.18 /8140
ColL
Type Seamless copper tube mechanically bonded to aluminium slit fin
Tube OD 9.52 mm, thickness 0.35 mm
Fin Thickness 0.11 mm
Connection OD 34" copper tube
Number of rows / fin per inch 312 | 312 | 312 | 3/12
|Max. Warking Pressure (kgrem?) / (psi) 16.4/233
Testing Pressure 30 kg/erm? for 1 min, leak test : 16 kg/em? for 5 min
Surface Area m? { {2 0.37 /398 0.31 /3,44 0.41/4.40 0.48/5.18
Surface Air Velocity {m/s) / {ft/min) 1.31/258.78 1.70/ 334.30 1.78 / 350.00 1.96 / 385.66
MOTOR
Type Permanent split capacitor motar
Power Supply V/Ph/Hz 220-240/1/50,208-230/1/60
Rated Input W 4211 488 550 / 661 670/ 767 748/ 804
Running Current A 1.90/2.40 2.60/3.40 290/3.70 3.20/3.70
Poles 4
Control Room Temp. Micro-computer Controlled Thermostat
Operation LCD wireless micro-computer remote control
Condensate Drain Size mm 19.05
AIR FILTER Washable Saran Net Filter
WEIGHT ko 39 42 54 62
|DIMENSION {H x W x D) mm 378x 929 x 474 378x1045x 474 | 378x1,299x 474 | 378x 1,499 x 474

Condition
Cooling capacity

Entering water temp. : 7.2°C (45°F)

: Entering air temp. : 26.7°C (B0°F)DB, 19.4C (67°F)WB

Leaving water temp. : 12.8°C {(55°F)

: Entering air temp. : 21.1°C (64°F)DB
Entering water temp. : 60°C (140°F)
Leaving water temp. : 55°C (131°F)

Heating capacity




ADE

MODEL 76BW | 100BW | 125BW [ 150BW

PERFORMANGE

Air Flow (CEMICMH) 2,500 1 4,250 3.200 15,440 4.20047,140 4600 17,820
kealhr 19,152 24,696 32,760 41,076

Nominal Total Cocling Capacity Ww 22,274 28,722 38,101 47,773
Btu/hr 76,000 98,000 130,000 163,000
kealhr 13,598 18,028 23,587 29,164

Sensible Cooling Capacity W 15,810 20,961 27,425 33,809
Btu/hr 53,960 71,540 93,600 115,730

Nominal Total Heating Capacity kcal/hr 30,905 40,320 53,734 66,345

{Entering water Temp. : B0 °C) W 36,049 46,700 62,490 77.160
Btuthr 123,000 160,000 213,215 263,270

Watsr Flow Rate USGPM / LITRESIM 16.58 [ §3.64 2177 /52.05 28.88/ 105.56 36.22 /1 135.49

Head Loss (Cooling) psif Pa 8.72 /60,050 265118,230 355124472 277119082

Head Loss (Heating) : 60 °C psif Pa 7.26 /50,000 2.20115,179 2961 20,377 2.31115,887

Ext. static mmAg 10 10 15 15

COIL

Type Beamless copper tubes mechanically bonded to aluminium slit fin

Tube OD 9.52 mm, thickness 0.35 mm

Fin Thickness 0.11 mm

Connection oD 'fa" copper tubs

Number of rows / fin pet inch 314 | 4i12 | 3i14 4i14

Max. Working Pressure [ kgrem® 1 psiy 1647233

Testing Pressurs 30 kga’v:,m2 for 1 min, lsak test : 16 kga’v:,m2 for 5 min

Surface Arsa me /2 0.54/5.82 0.54/5.82 1.01410.83 1.01410.83

Surface Air Velocity {mis) { {fiming 2.15/430 2751550 1941388 2121425

MOTOR

Type Pertmanent split capacitor motor

Power Supply ViPh/Hz 220-240/1/50,208-230/1/60 415+ 3750 ,415/3/60

Rated nput W 810/ 1062 1008 4 1310 273011620 337011999

Running Current A 3701518 4221704 3.30¢5.70 3.39/5670

Poles 4

Numiler of motors 2 2 1 1

Sound pressure leve) | dBA 62 64 83 87

Control LCD wireless micro-computer remote control

Condensate Drain Size | mm 25.4

FAN

Type!Drive Centrifugal fan {forward curved) ¢ Direct Centrifugal fan {forward curved) { Belt Driven

Number of Fans 2 | 2 1 [ 1

AIR FILTER {OPTIONAL)

Type Washable Saran Net Filter

Length % Height [ ram 622 ¥ 433

Quantity 2 2 1 1

WEIGHT kg 95 100 140 145

DIMENSION (H x W x D) mm 572x 1,502 % 761 585 1,640 x 1,040

Condition
Cooling capacity

Heating capacity

: Entering air temp. : 21.1°C (64°F)DB
Entering water temp. : 60°C (140°F)
Leaving water temp. : 55°C {(131°F)

: Entering air temp. : 26.7°C (80°F)DB, 19.4C (67°F)WB
Entering water temp. : 7.2°C (45°F)
Leaving water temp. : 12.8°C (55°F)
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(" 3.UNIT SELECTION PROCEDURE )

The cooling and heating capacities of the fan coil units can be determined by the Cooling Capacity
Performance Chart and Heating Capacity Performance Chart in the following pages based on nominal air
flow at standard water temperature. The total and sensible capacities must be adjusted as variables come in.
A sample of selection procedure is given as below:

Step 1
Determine type of fan coil units to be used, i.e. ceiling cassette (ACK-AW Series); ceiling exposed (RCM-DWW
Series),; etc.

Step 2

Select a tentative unit size based on cooling capacities at nominal air flow. Design entering air
temperatures and required water flows from cooling capacities chart (Page 14 - 33) or the nominal capacities
ratings (Page 3 - 10) from standard specification.

Step 3
Determine the nominal unit cooling capacities for the unit selected. If the cooling capacities chart must be
used, the following information must be known :-

a) Design water temperature rise

b) Design entering water temperature

¢) Design entering air dry bulb temperature
d) Design entering air wet bulb temperature

Example of how to read the cooling performance chart.

ACK50AW

Entesing DB °C Water Temperature Risa °C
2327 30 33 28 12 5 il

Entering Water Temperaturs * C

1] 4 a g 10 A 12 14 16 18 20 22 24 2% 28 0 KW
051015202530354045505‘53|065?0?530859095100{MBH]

[N T P IS IO I RPN EFEFIPIPI I 1 NP IS I I Il I PN NS IS R R T B S |

Total Cooling Capacity Tolal & Sensible Capacity

Sensible Capacity
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Step 4

If air flow value is different from the nominal value(high speed), then refer to specification from Page 3 to 10
for the air flow required(medium or low speed). Determine the total and sensible correction factor from Air
Flow Capacity Correction Factor (Page 57).

Step b
If the unit is to operate at an altitude above sea level, multiply the capacity correction factors by an Altitude
Correction Factors. Refer to Page 57.

Step 6
Calculate the actual cooling capacity by multiply the nominal capacity (from Step 3) with Air Flow Capacity
Correction Factor from Step 4 and the Altitude Correction Factor from Step 5.

Actual Capacity, W = Nominal capacity {Step 3) x Air Flow Capacity Correction Factor (Step 4)
x Altitude Correction Factor (Step 5)

Step 7
Water flow rate can be determined by:

Litres/Min = Total Cooling Capacity, W
70 x Water Temperature Rise °C
USGPM =  Total Cooling Capacity, Btu/H

500 x Water Temperature Rise °F

Step 8

Heating Capacities at nominal air flow (Page 38 to 51 - Heating Performance Chart) are based on standard
condition of 60°C EWT and 21°C EAT. The actual heating capacity can be obtained by using the Heating
Capacity Correction Factor (Page 57) and Altitude Correction Factor as per Step 5.

Hence Actual Heating Capacity, W =  Nominal Capacity (Page 36 to 51) x
Heating Capacity Correction Factor (Page 57) x
Air Flow Capacity Correction Factor (Step 4) x
Altitude Correction Factor (Step 5)

Step 9
Water Pressure Drop Tables are on Page 52 to 56.
EXAMPLE
Select a ceiling cassette type fan coil unit at the following design specification:
Room design condition :26.7°CDB/19°C WB
Room Cooling Load : 7 kW sensible capacity / 10 kW total capacity
Room Heating Load 10 kW
Entering water temperature : 7°C cooling / 54°C heating
Water temperature rise 15°C
Air Volume : 1700 cmh
Altitude ;600 m
SOLUTION

Step 1

Based on the type of fan coil required and the design conditions, tentatively select ACKS0AW. From the
cooling capacity performance chart (Page 15), at 26.7°C DB / 19°C WB air temperature, 7°C entering water
temperature and with 5°C water temperature rise, the cooling capacity for this unit is 11 kW total capacity
and 7.6 kW sensible

12



Step 2
From page 49, the air flow correction factor table, at high speed, the air volurne is 1840 ¢cmh and medium
speed is 1680 cmh, hence high speed is selected. And the correction factor is hence 1.0.

If lower air flow required, then use the medium and low fan speed. The correction factor can be determined
by getting the ratio of air flow (i.e. medium or low speed / high speed).

Step 3
As the unit is operating at 600m above sea level, the Altitude correction factor is 0.98 total and 0.93 sensible.

Step 4
Multiply the cooling capacities obtained from step 1 (as per specification and design condition} by comection
factors from (2) and (3)

Actual total cooling capacity =11 x1.0x0.98 kW =10.78 kW
Actual sensible cooling capacity =7.6x1.0x093 kW = 7.068 kW
Step 5
Water flow rate = Litres'M = 10780 W = 308
70 x5
Step 6

From Heating Capacity Performance Chart (Page 40), determine the heating capacity at the nominal air
volume by using the flow rate calculated in step 5. The heating capacity is at 16.18 kW.

ACK50AW

18000
=
s 17000 et
o | et
< Lownt=]
< " A
O
§ 16000 o i
I

15000

20 25 30 35 40 45 50 55 60
WATER FLOW RATE - LITRESM

Step 7
From Heating Capacity Cormrection Factor Tables at 54.4°C water entering temperature and 26.7°C entering
air temperature, the correction factor is 0.717,

Actual Heating Capacity =16.18x0.98x 0717 =11.37 kW
Step 8
Water Pressure Drop can be estimated from water Pressure Drop Table (Page 52 to 56) using interpolate
method:

At flow rate of 30.8 Litres/Min, the nominal pressure drop is 68,322 Pa

Pressure drop correction factor = 1.2947 - 0.0021 x (EWT°C x 1.8 + 32) = 1.0234

Hence the actual pressure drop = nominal pressure drop x conection factor = 69,921 Pa.
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( 4. COOLING CAPACITY PERFORMANCE CHART )
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( 5. HEATING CAPACITY PERFORMANCE CHART )
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CEILING CASSETTE TYPE
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CEILING CONCEALED TYPE
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DUCTED BLOWER SPLIT TYPE
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(" 6. WATER FLOW RATE VS PRESSURE DROP )

FLOW RATE WATER PRESSURE DROP
MODELS LITRES/M USGPM Pa ]
AWM10FW 4.54 1.20 3.87 0.533
6.06 1.60 6.08 0.882
7.57 2.00 2. 1.308
9.08 2.40 12.55 1.822
10.60 2.80 16.57 2.405
AWMISFW 6.06 1.60 6.08 0.883
8.06 213 10.15 1.473
10.11 2.87 15.22 2.209
12.11 3.20 21.11 3.064
14.12 3.73 27.90 4.049
AWM20FW 9.58 253 2.29 0.333
12.76 3.37 3.80 0.551
15.97 422 5.69 0.826
19.15 5.06 7.88 1.144
22.33 5.90 10.40 1.510
AWM25FW 12.07 3.19 3.45 0.501
18.12 4.26 5.80 0.842
20.17 5.33 §.67 1.258
24.19 6.39 12.04 1.747
28.24 7.46 15.95 2.315

Note :
a. PRESSURE DROP CORRECTION FACTOR =1.2947 —0.0021 * ( EWT*C * 1.8 + 32)
b. PRESSURE DROP CORRECTION FACTOR = 1.2947 —0.0021 * EWT°F
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MODELS FLOW RATE WATER PRESSURE DROP
LITRES /M USGPM Pa PsSli
ACK20AW 10.07 2.66 8,681 1.26
13.44 3.55 14,614 212
16.81 4.44 21,889 3.17
2017 532 30,385 4.41
26.55 7.02 40,589 5.89
ACK25AW 12.60 3.33 13,043 1.89
16.81 4.44 21,890 3.18
23.45 6.22 40,614 5.89
25.21 6.66 46,204 6.71
29.41 777 61,479 §.92
ACK30AW 15.10 3.99 18,079 262
2014 5.32 30,440 4.42
26.84 7.1 52,258 7.58
30.14 7.97 64,794 9.40
356.28 9.32 86,339 12.563
ACK40AW 20.14 532 30,488 4.42
26.87 7.10 52,075 7.68
30.14 8.00 64,821 9.41
33.61 8.88 78,911 11.45
40.31 10.65 110,201 16.10
ACK50AW 25.21 6.66 46,287 6.72
33.49 8.88 78,925 11.46
42.08 11.11 120,093 17.43
50.42 13.32 169,128 24.55
58.86 15.55 228,341 33.14
FLOW RATE WATER PRESSURE DROP
MODELS LITRES /M USGPM Pa ]
ACK15BW 7.53 1.99 1.26 0.183
10.07 2.68 2.09 0.304
12.60 3.33 3.13 0.455
15.10 3.99 4.33 0.628
17.64 4.66 5.73 0.831
ACK20BW 10.07 2.66 4.02 0.583
13.44 3.55 6.74 0.978
16.81 4.44 10.07 1.461
20.14 532 13.96 2.028
23.50 8.21 18.31 2.858
ACK25BW 12.60 3.33 5.98 0.868
16.81 4.44 10.07 1.462
21.01 5.55 15.08 2.189
25.21 6.68 21.04 3.063
29.41 777 28.10 4.078
ACK30BW 15.10 3.99 8.32 1.208
2014 5.32 15.22 2.209
25.21 6.66 21.04 3.054
30.24 7.99 29.59 4.295
35.28 9.32 39.36 5.713

MNote :

a. PRESSURE DROP CORRECTION FACTOR =1.2047 — 0.0021 * { EWT°C* 1.8 + 32)
b. PRESSURE DROP CORRECTION FACTOR = 1.2047 — 0.0021 * EWT"F
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MODELS FLOW RATE WATER PRESSURE DROP
LITRES /M USGPM Pa PsSli
RCM20DW 10.07 2.66 6,704 0.97
13.44 3.55 11,293 1.64
16.75 4.44 18,915 2.48
20.14 532 23,509 3.41
23.50 8.21 31,418 4.58
RCM25DW 12.60 3.33 10,080 1.48
16.81 4.44 16,929 2.48
18.42 4.88 20,191 2.83
25.21 6.66 35,766 5.19
29.41 777 47,603 6.91
RCM30DW 15.10 3.99 9,329 1.35
21.77 5.76 18,215 2.64
25.21 6.66 23,578 3.42
30.24 7.99 33,141 4.81
356.28 9.32 44,075 6.40
RCM40DW 20.14 532 14,800 2.15
26.87 7.10 24,900 3.61
31.82 8.44 34,279 4.98
40.31 10.65 52,681 7.65
47.05 12.43 70,195 10.19
RCM50DW 25.21 6.66 22,186 3.22
33.61 8.88 37,688 5.47
40.19 10.66 52,731 7.65
42.08 11.11 56,987 §.27
50.45 13.33 72,986 11.61
58.88 15.55 108,726 15.49

Note :

a.
b.
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MODELS FLOW RATE WATER PRESSURE DROP

LITRES /M USGPM Pa PSI
ACC10CW 503 1.33 10,266 1.49
6.70 1.77 17,204 250
8.40 2202 25,900 376
10.07 266 35,993 522
11.73 3.10 47,954 6.96

ACC15CW 753 1.99 23,702 3.44
10.07 266 40,085 582

1261 3.33 60,894 8.84

13.45 3.55 68,612 9.96

15.10 3.99 85,119 12.35

17 .64 4.66 113,685 16.50

ACC20CW 10.07 288 14,331 2.08
13.44 3.55 24,129 3.50
16.75 4.44 36,500 5.30
2014 532 50,972 7.40
2350 61 67,942 9.85
ACC25CW 12.60 3.33 10,459 1.52
16.81 4.44 17,556 255
2010 533 24,455 3.55
25.21 6.66 37,082 5.38
29.41 707 49,346 7.18
ACC28CW 14.01 37 5594 078
18.55 49 9273 1.29
2347 6.2 13999 1.95
28.01 74 19528 272
3255 86 25703 358
ACCI0CW 15.10 399 4,603 0.67
2014 532 7717 1.12
24.28 6.44 10,852 1.58
30.24 7.99 16,067 233
35.28 9.32 21,269 3.09
ACC38CW 18.93 50 11568 1.61
2498 66 19062 266

31.80 8.4 29289 4.08
37.85 10.0 40057 571

4429 1.7 54784 7.64
ACC40CW 20.14 532 8,358 1.21
26.87 7.10 14,035 204

31.82 8.44 19,194 279

4031 10.65 29,565 4.29
47.05 1243 39,335 5.71

ACCS50CW 2521 €.66 14,476 210
3361 8.88 24,356 3.54

4.03 10.89 35,408 5.14

42.05 11.11 36,930 5.36
50.45 13.33 51,730 7.51

58.86 1555 63,914 10.00

ACC60CW 30.24 7.99 22,296 3.24
4031 10.65 37,929 5.51

494 1311 55,316 8.03

60.52 1599 80,413 11.67

7063 18.66 107,394 15.59

Note :

a. PRESSURE DROP CORRECTION FACTOR =1.2047 — 0.0021 * { EWT°C* 1.8 + 32)

b. PRESSURE DROP CORRECTION FACTOR = 1.2947 — 0.0021 * EWT°F
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MODELS FLOW RATE WATER PRESSURE DROP
LITRES /M USGPM Pa PsSli
ADB75BW 37.81 2.99 19,499 2.83
50.42 13.32 32,900 4.78
63.64 16.88 50,000 7.28
75.68 19.99 70,154 10.18
88.27 23.32 93,601 13.59
ADB100BW 50.45 13.33 8,304 0.92
67.26 17.77 10,549 1.53
82.08 21.77 15,179 2.20
100.91 26.67 22,206 3.22
117.71 31.11 29,503 4.28
ADB125BW 63.06 16.66 7,648 1.11
84.08 2222 12,822 1.86
108.86 28.88 20,377 298
126.12 33.33 27,036 3.92
17.12 38.88 35,945 522
ADB150BW 75.68 20.00 5,567 0.81
100.91 26.67 9,357 1.36
136.49 36.22 15,897 2.31
151.36 40.00 19,499 2.83
176.61 46.67 26,037 3.78

MNote :

a.
b.
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7. CORRECTION FACTORS

AIRFLOW CAPACITY
CORRECTION FACTORS
o
: %
E £
H -
5 e L~
g //
: 7
3 = /
2 < ,
S 7
¥ \\
© /A N~ Sensible Cooling Cappcity
? 4 N y
= |
//// \—-Total Cooling Capicity
<
o
0.4 0.6 0.8 1.0 1.2
Airflow Ratio
Water temperature rise is held as constant.
ALTITUDE CORRECTION FACTORS
Elevation, m Total Capacity Sensible Capacity
0 1.00 1.00
300 0.99 0.96
600 0.98 0.93
900 0.97 0.90
1200 0.98 0.86
1500 0.94 0.83
1800 0.93 0.80
HEATING CAPACITY CORRECTION FACTORS
EAT ENTERING TEMPERATURE, °C
°C 37.8 43.3 45.0 48.8 54.4 60.0 65.5 711 76.7 82.2 87.7
4.4 0838 | 0980 | 1.021 | 1122 | 1.265 | 1406 | 1.552 | 1698 | 1.845 | 1.988 | 2.134
7.2 | 0771 | 0.913 | 0.954 | 1.055 [ 1.198 | 1.379 | 1.485 | 1831 | 1.778 | 1.920 | 2.067
10.0 | 0.700 | 0.843 | 0.885 | 0.986 | 0.130 | 1.272 | 1417 | 1.563 | 1.710 | 1.853 [ 2.000
12,7 | 0631 | 0.773 | 0.817 | 0.918 | 1.082 | 1.205 | 1.349 | 1495 | 1639 | 1.786 | 1.9¥
155 | 0.562 | 0.705 | 0.748 | 0.848 | 0.992 | 1137 | 1.281 | 1427 | 1.572 | 1.719 | 1.865
18.3 | 0493 | 0636 | 0679 | 0.779 | 0.923 | 1.070 | 1.212 | 1.358 | 1.504 | 1.650 [ 1.799
211 | 0424 | 0567 | 0610 | 0.711 | 0.855 | 1000 | 1146 | 1.290 [ 1438 | 1.583 | 1.730
239 | 0.354 | 0498 | 0541 | 0642 | 0.786 | 0.932 | 1.078 | 1.222 | 1.369 | 1.515 | 1.664
26.7 | 0.284 | 0428 | 0471 | 0573 | 0.717 | 0.863 | 1.008 [ 1155 | 1.302 | 1.449 | 1.597

Notes : Adjusted capacity, W (@ Nominal air flow) = base heating capacity (@ nominal 60°C EWT, 21.1°C EAT) x Heating Capacity

Correction Factor
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C 8. WIRING DIAGRAMS

MODEL : AWM 05/0710/15FW (Gé CONTROLLER)

MAN BOARD
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s s
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R G e LVALVE | oowe{ N2 @D ] ¢ |
----- - FIELD SUPPLY WIRWG —
~=w - WITH MPER FOR HEATHG P ho oL 220-240VAC
Loood - WTHOUT JMPER FOR CODLNG ONLY "“'“_g//g:'g ;51%5:
—————————— - Fe
PART NO.OB 02 4 043167
MODEL : AWM 05/07/10/15FW {SLM-3)
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ROOM THERMISTOR o]
()
ROOM
—cr
Oe || gy
- | — :lm
o
oo \
222 || s
= DD
SLu-3 /
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2L Fan MOTOR BLUE
RED CAPAGITOR =7~~~ 3 VELLOW/CREEN
NOTATION Vv | kowl vz [ D m ] L |
FM : FAN MOTOR R P e
AS ¢ MR SWING MOTOR LT TS
bt o"o-E  S0/60Kz
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MODEL : AWM 05/0710/15FW (NETWARE 2)

ROOM THERMISTOR

MAMN BOARD

[I WMFD 538
ROOM O

 —

NETWARE-2 {CW)

[ —=1
— 2
(SWTCH BOARD) o= =0 ‘gfl%l N1 B\\
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B’ B 1
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AS AR SWING MOTOR

PART NO. 08 02 4 043088

T
U Lofo- L 220-240vA0
Lom-oo-- N 1PHASE
b——0”0-E  S0/60Hz

MODEL : AWM 05/0710/15FWN (G6 CONTROLLER)

DISPLAY BOARD

(TR

L-—-J BO000

—ﬁ'*"*

FM : FAN MOTOR
AS 5 MR SWG MOTOR

..... - FELD SUPPLY WRING
F===7 - WITH JWPER FOR HEATING
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FM \ TBROWN (MED) 00N BLUE

} YELLOW o) HERMISTOR
]
oo
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BT ATEN CAPACITOR

/ 1
feowe{ w2 [D] wi ] 1 ]

! LoD~ 220-240VAC
beee-o--N 1 PHASE
AR <"o--FE  50/60Hz
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MODEL : AWM 05/07/10/15FWN (SLM-3})

|
1] Inan BoARD

02
L@mﬁm a o
BEoo
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MODEL : AWM 05/07/10/15FWN (NETWARE 2}

1
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i ] E
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' o-N | PHASE
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MODEL : AWM20/25FW (G6 CONTROLLER)

ROOM THERMSTOR

MAIN BOARD

| r——

“WWFC2M1_ 2108 |
NG

DISPLAY BOARD

— 1
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MODEL : AWM20/25FW (SLM-3)
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MODEL : AWM20/25FW (NETWARE 2)
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) 0 Wi 045K 2309
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MODEL : AWM20/25FWN (G6 CONTROLLER)
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MODEL : AWM20/25FWN (SLM-3)
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MODEL : ACK20/25/30/40/50AW C/W G6 CONTROLLER OR NETWARE-1 CW WIRED CONTROLLER
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MODEL : ACK15/20/25/30BW
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MODEL : RCM20/25/30/40/50DW {G6 CONTROLLER)
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MODEL : RCM20/26/30/40/50DWN
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MODEL : ACC10/15/20/25CWN

RETURN AR _SENSOR o
Erm =
NDOOR COIL_SENSOR H
— 1 @g=

TRANSFORMER

L ee=m g
B0 RN U5

&

=0

WRED CONTROLLER

SLM-3/NETWARE-2

BLACK

KET!

------- - FIELD SUPPLY WIRING o] §
r===71 - WITH JUMPER FOR HEATING = =
beeeeod - WITHOUT JUMPER FOR COOLING ONLY /

oe] LN [N [@[S]

PART MO.: 08025 051117

MODEL : ACC28/30/38/40/50/60CW

b
( lcoe{ L | v [D]
G/ GrY
Ty
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WRED ' ropr——
CONTROLLER AR SENSOR é_ = @
— E
== ]
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MODEL : ACC28/30/38/40/50/60CWN

forf L [ v D]

G/Y Q‘%

INDOOR COL =
T SENSOR
—
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RETURN L —anom

WIRED CONTROLLER| sp sEnsoR
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MODEL : ADB75/100BW - WITHOUT CONTROLLER

[Hi[mi[Lr]H2 [ M2]L2 N [E

G/Y
x|t »| = >
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MODEL : ADB125/150BW - WITHOUT CONTROLLER
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I @
ES - 1
o L
.
=z
Led
Lel
o
] o
e
BLOWER
MOTOR

84



C

9. CONTROLLERS )

TYPE OF CONTROLLER VS TYPE OF FAN COIL

MODELS STANDARD CONTROLLER OPTIONAL CONTROLLER

ACK20~50AW G6 WIRELESS CONTROL NETWARE 2 CW (WIRED CONTROLLER)

RCM20~50DW G6 WIRELESS CONTROL NETWARE 2 CW (WIRED CONTROLLER)
NETWARE 2 CW (WIRED

ACCT0~60CW CONTROLLER) -

ADB75~150BW WITHOUT CONTROLLER 3

SELF DIAGNOSIS TABLE

Wireless Wired Operation / Faulty Indication
Power LED Other LEDs 7 Segment Display
Blinks 4 times Fan blinks E1 Blinking Room sensor contact loose / short
Blinks 4 times Sleep blinks E2 Blinking Indoor coil sensor contact loose / short
Blinks 1 time Cool blinks E4 Blinking Pipe water temperature fault
Blinks 2 times Cool & Fan blinks ES6 Blinking Pump faulty

OPERATION GUIDE FOR Gé

(D)

SELECTION

achieved.

FAN SPEED AND
VENTILATION MODE

¢ Press the button until the
desired fan speed s

(&)

OPERATION MODES

¢ Press the “mode” button I .
for select the type of ¥ 38;,
operating mode.

P!
¢ fastol -
I T 1,

]
8

: ©
SIGNAL TRANSMISSION TEMPERATURE SETTING
INDICATION e Set the desire room
e Blink to confirm the last setting temperature.

has been send to the unit. | ¢ Press butten to increase
or decrease the set

s ~ temperature. Setting

; ' range are between 16°C

/ [T } e to 30°C setting (60°F to
R AYAS A / 80°F){Optional setting

from 20°C to 30°C).

e Press a or « button
simultaneously will toggle
the temperature setting
between °C and °F.

+« Cooling only unit: (7 |
Cool-Dry—Fan. N | MODE e
o Heating cycles: () —d- & Qg\
Cool-»Dry—Heat>Fan. | = | THER ’;3
I\E/I | . 'Ebm //
@\ | ) 1
B i
@ ) S e ) i ON / OFF switch
- e Press to start the air

TIMER SETTING

¢ Press set
activate the timer setting !
{from 1 hour to 15 hour) 1y
of the air conditioning

unit. It will be in "On" or

"Off' condition after the @
set time depending to
the current
{either from "On" to Off" .
or vise versa)

+ Tocancel the timer
setting, press the button
continuously until the
timer display goes off.

button to

conditioner unit,
* Press again to stop the

’/ unit.
©,

condition

SLEEP MODE
Press the button to activate sleep mode.
This mode can only be activated while in

after 2 hours.

AUTOMATIC AIR SWING

e Press the button to
activate the automatic air

cooling or heating mode operation. If it is swing  function. The
activated in “COOL" mode, the set swing angle ranging from
temperature will be increase 0.5°C after horizontal to 25° to
30 minutes, 1°C after 1 hour and 2°C bottom.
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NETWARE 2
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Display

: Fan Speed Display
« Displays the fan speed setting (Auto/High/Medium/Low)
: Operation Mode Display
« Displays the current mode of operation.
: Sleep Display
+ Display the sleep / energy saving status.
: Error Display
: Swing Display
+ Display the aur swing status.
: Key Lock Display
« Display indicates when key lock function is activated.
G : °C or °F Display
H

mo & W )

-

« Display the temperature in °C or °F.
: Current Time Start / Stop Time Display
+ Display the current time as well as the start and stop time programmed.
I : On / Off Status Lamp Display
J : Set Temperature or Room Temperature Display
s Display the set or room temperature.

Other functions

+ Last state memory using battery back up.

For 7-days programmable time option, battery back up is used to retain the last state data.
Units without battery back up will depend on the EEPROM on the main board.

+« Emor Indicator

Emor code will be shown for any abnormal condition detected.
Refer to main board emor codes for detail.
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Operation

K : Operating Lamp
L: On/Off
+ Starting operation :
When the unit is off, press the ON/OFF button. The operation LED lights and the unit will be turned on.
s Stopping operation :
When the unit is on, press the ON/OFF button. The operation LED is extinguished and controls are
turned off.
M : Set Temperature
+ Press this button to set the temperature. By pressing up or down once, temperature changes by 1°C
{or 1°F).
The temperature range is16°C to 30°C (80°F to 85°F).
In FAN mode, temperature can not be set.
Pressing up and down buttons simultaneously will toggle the temperature unit between °C and °F.
When set temperature button is pressed, the set temperature will be displayed for 5 seconds. After
that, room temperature will be displayed.
N : Mode
e Press MODE button to select operation mode from Cool, Heat, Auto, Dry and Fan. The display will
show the selected mode.
O : Fan
e Press FAN button to select Auto, High, Medium or Low fan speed.
P : Swing
+ Press SWING button to activate the air sweep function.
G : Sleep
+ Press SLEEP button to activate the sleep or energy saving mode.
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R : Timer Hold / Resume Display
8 : Current Time Display
I
U

g
g

: Operating Lamp
: Key Lock
« This feature protects the controls from being tampered with by children or unauthorized persons.
s To activate, press the MINUTE button three times consecutively. ‘KEY LOCK’ symbol will appear on
the LCD display.
« During this time, ON/OFF button and FAN button can be used.
¢ To cancel this feature, press the MINUTE button again three times consecutively.
V: Minute
« When the control is in set clock or set timer mode, pressing the HOUR button will change the set
hour.
W : Hour
« When the control is in set clock or set timer mode, pressing the HOUR button will change the set
hour.
X : Day
¢ When the control is in set clock or set timer mode, pressing the DAY button will change the set day.
Y : Clock
+ Press button once to set the clock mode.
« Press button again to disable the clock mode.
« When the clock mode is activated, the time and date can be set or changed by pressing the DAY,
HOUR or MINUTE buttons.
Z : Timer Hold / Resume
+ If 7-days timer is set, the word ‘TIMER ACTIVE’ is displayed.
¢ To clear the timer setting, press and hold the HOLD button for 2 to 3 seconds until the word ‘TIMER
ACTIVE' is no longer displayed.
« To resume the timer setting after the timer has been placed on hold, press and hold the HOLD
button again for 2 to 3 seconds until the word ‘TIMER ACTIVE’ is displayed.
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SLM 3 WIRED CONTROLLER
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. “ON/OFF"” switch

« Press to start the air conditioner unit.
« Press again to stop the unit.

Temperature setting

+ Set the desired room temperature.

+ Press button to increase or decrease the
set temperature. Setting range are between
16°C to 30°C (60°F to 80°F).

Operation Modes
+ Press the “mode” button for select the type
of operating mode.
- Cooling Only :
COCL, DRY, FAN
- Heat Pump :
AUTO, COOL, DRY, HEAT, FAN
(AUTC mode is represented by both
COOL and HEAT LED light on)

Fan Speed selection.
+ Press the button until the desired fan speed
is achieved.
Timer.
Press the set button to select the switch timer
of the air conditioner unit {the setting range is
between 1 to 10 hours).
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6. “Sleep” mode

« Press button to activate the sleep function.
This function can only be activated under
“cool” or heating mode operation. When it is
activated under “cool” mode operation, the
set temperature will increase 0.5°C after 30
minutes, 1°C after 1 hour and 2°C after 2
hours. If it is activated under "HEAT" mode
operation, the set temperature will be
decreased 0.5° C after 30 minutes, 1° C
after 1 hour and 2° C after 2 hours.

7. Air Swing
« Press button to activate the automatic air
swing function.

8. Sensor
« Infra red sensor to receive signals from
wireless controller.

9. LED display

+ To display the set temperature (in ° C) and
timer delay setting (in hours).

10. Transmission source
+ To transmit signals to the air conditioner.



INSTALLATION OF LCD REMOTE CONTROLLER
STEP-BY-STEP GUIDE

i)  First, open up the casing of the LCD remote controller into its top and bottom case using a screwdriver.
To do this, insert the screwdriver into the lower slot and slide it in the outward direction.

i) Fix the bottom case onto the wall with the 2 wooden screws provided. Then, insert the 4 connecting
wires (from the main board) through the slot on the lower center of the case as shown below.

i) Connect one end in each of the 3 wires to the terminal block behind the top case as illustrated.

iv) To select cooling only model or heatpump model, some adjustment required in the dip switch setting.

v) Fasten back the top and bottom case into place. Hook the two upper claws into their respective slots

and snap the lower part shut.

LCD REMOTE
__ (TOP CASE)

Connection at
Lower slot main board
for opening LCD -
casing .
Connection
wires
Connaction behind
lop case LCD REMOTE

(BOTTOM CASE)

Dip switch setting for model selection

Pin Function Remarks

JH & JD RESERVE JH-OFF, JD-OFF
COOL, DRY, FAN JH-OFF, JD-ON
COOL, DRY, FAN, HEAT JH-ON, JD-OFF
COOL, DRY, FAN HEAT, AUTO JH-ON, JD-ON

RTC NO REAL TIME CLOCK RTC-OFF
REAL TIME CLOCK RTC-ON

NO DRY WITHOUT DRY FUNCTION NO DRY-ON
DRY FUNCTION NO DRY-OFF
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10. BLOWER PERFORMANCE CURVES

Total static pressure, in. wg.

BLOWER PERFORMANCE CURVE

ACC 10CW
0.3 _ e e . [ _é,_..._.._.____._.. L I
H\
L | ~
I
0.25 - ——
0.2 +
0154+ -
1200 RPM
\ 1100 RPM
900 RPM
\ 300 RPM|
0.05 | / | \
/" INTERNAL STA‘rf;c 700 RPM
N I |
0 100 200 300 400

Flowrate, CFM

500
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BLOWER PERFORMANCE CURVE
ACC 15CW

07 + —- - e e R T

Total static pressure, in. wg.

© 1200 RPM

1100 RPM

1000 RPM

0.1 1 800 RPM
2 INTERNAL STATIC

0 200 400 600 800 1000 1200

Flowrate, CFM
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Total static pressure, in. wg.

BLOWER PERFORMANCE CURVE

ACC 20w

0-7 T
| ] |
H = L
0.6 +—
0.5 + 1
0.4 + \
A 1400 RPM
0.3 1 . ) 1300 RPM
\ 1200 RPM
1100 RPM
O NN
i \ 1000 RPM
900 RPM
0.1 1 S . _--WO-REML.
/INTERNAL :FTATIC ‘
| | |
0 AT R .
0 200 400 600 800 1000 1200

Flowrate, CFM
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Total static pressure, in. wg.

BLOWER PERFORMANCE CURVE

ACC 25CW
0.7
0.6
0.5 4+ —
0.4 4 - \
| 1400 RPM
0.3 |- /-\\ _— ]
L ! 1300 RFM
/—\ 1200 RPM
- 1100 RPM
0.2 ______-"'"_“"-:\ . S :
! : 1000 RPM
- _\ \ 900 RPM
0.1 —j . // P \ \m hPM
INTERNAL STATIC _' 700 RPM
0 i 1 } 1 1 1 1 i 1 |
0 200 400 600 800 1000 1200

Flowrate, CFM
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Total static pressure, in. wg.

BLOWER PERFORMANCE CURVE

ACC 28CW
14 S
_ |
1.3 : e N
1.2 B ___________________ 1 i S i
I: ‘SH : 1550 RPM
1.1 | — T m——
- S *“'--—-...._\ T~
1 _ T p — —

_ | _\‘\

0.4 + M / . 1000 RP'fq_
i / | |

0.2 _ _____________ —— mpm
i INTERNAL STATIC

0.4 f——v- [ ] - e
»d | |

0 - . -t . p— — !

0 200 400 600 800 1000

Flowrate, CFM

1200
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Total static pressure, in. wg.

BLOWER PERFORMANCE CURVE

ACC 30CW
1 _ . _
I ‘ SH N~ _
09 —: ‘ \"‘h\\\ o
— |
0.8 L s T300 RPM
0.7 1
0.6 + . 1200 RPM
05 |- ‘ | 1100 RPM |
1000 RPM I
0.4 1 |
I 900 RPM
0.3 : 800 RPM
02+ )
0.1 + -
0 500 1000 1500

Flowrate, CFM
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Total static pressure, in. wg.
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Total static pressure, in. wg.

BLOWER PERFORMANCE CURVE
ACC 40CW

1.1 |

1400 RPM

\
e 1100 RPM
\

- ____1200RPM

0 . 1 4. L
INTERNAL STATIC

0 500 1000
Flowrate, CFM

2000
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Total static pressure, in. wg.

BLOWER PERFORMANCE CURVE

ACC 50CW
1.2
1 €
wo RPBL
08 + - ) i
1300 RPM
0.6 [ T
e - 1200 RPM
02 4 L . _
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0 500 1000 1500 2000 2500 3000

Flowrate, CFM
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Total static pressure, in. wg.

BLOWER PERFORMANCE CURVE

ACC 60CW
1.2
1 £
0.8
1 _
3 ! \\ {\1300 RPM
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\
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! / 1200 RPM
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MODEL : ADB75BW

{Double Blowers)

0.7
0.6
05
0.4
0.3
0.2

0.1

External static pressure

inchwg-
930rpm
—'==r—=....__~\'h
750rpm .
650rpm., e
\ N
b \
\ \
N, \
\ \\
X 1)

900 1000 1100

MODEL : ADB100BW

{Double Blowers)

External static pressure

1200 1300 1400 1500

AIR FLOW

1600 1700 [CFM]

inch wg
0.6 930er ~
850rpm ~
I
750 rpm=—
0.5 ™ \
. \\\\
0.3 \ \\
0.2 A "
A3
N
\ b
\\
0.1 \ Y
0 1200 1400 1600 1800 [CFM]
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MODEL : ADB125/1508W

- o
4] o
= T
z E 56
T = E
36— 90— ——
2 B —mm e o \ 1200
28— FO——m e e ——
24-. 60 ey Vet
- A
_FS
20— 50 - i 1;_ | + wDoo
16— ap—f— == ~ 1
= {11 be - 00
T | 0_
{11
. 8OO
) - ! -
LfEl 700
L {600
h r/ r
0 — 1] ]
1 _ |
{ { 1
Y {mih) 5 B 3§10 15 20 x 1000
1 (]
CFM I : T T T T T T T T
1 2 3 4 5 6 7 B $101112x 1000
Hel (mmH2O)i_ | _;_ i 2 1 3 1 4|5 Ll |1Dl 1 I2]0 1 30 |40r5|° — IJ_I
Hd (IN W G) 0.04 0.08 01201602 04 08 1.2 182

Eaternal Stalic Pregsure = (Ht-Hd)
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C 11. OUTLINES AND DIMENSIONS )

INDOOR UNIT
MODEL: AWM 10F W/ 15FW

280 f

Note : Dimension in mm

INDOOR UNIT
MODEL : AWM 20FW / 25FW

1062.0 o 4 L. 2020

305.6

[—}

Note : Dimension in mm
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MODEL : ACK20/25/30/40/50AW
ACK15/20/25/30BW

|

= O
) I A
D |

MODEL A B c D E F G H | J

ACK-AW 820 820 363 335 28 930 930 624 622 555

ACK-BW 650 650 345 323 2 12F. 727 489 489 444
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MODEL : RCM 20/25DW
||

I

FRONT VIEW
24.0 3.7
\ - /
4 >
. - §- e
\ =
_EI] [ll 8
SIDE_VIEW BOTTOM_VIEW SIDE_VIEW
MODEL : RCM 30/40/50DW
A
I B I
e '
[~
F E
.
Model Al B | C|DJ|E[F| G H] T K L™
RCM30DW 1174 s 1082 68 58 156 1214 57 870 216 319 879 517
RCM40DW 1674 s 1582 68 93 156 1714 57 870 216 319 1379 517
RCMS50DW 1674 s 1582 68 93 156 1714 57 870 216 319 1379 517
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MODEL : ACC10CW

133 b

i

all_b

647 0

102.9

F{IR3

e

MODEL : ACC15/20/25CW

i

]
Model A B C D E F G H [ J K L M| N | O P
ACC13CW 3 |83 | 841 | 802 | 10 [ 205 | V2 [ 261 | 411 | 349 | 225 | 261 | 171 | 118 | 77 54
ACC20CW 3 (1041 (1002 | 962 | 10 |1Q05| V2 | 261 | 411 | 349 | 225 | 261 | 174 | 128 | 55 55
ACC25CW 3 [ 176 (1137 {1097 | 10 |1200| 72 | 261 | 411 | 349 | 225 | 261 | 171 | 118 | 77 54
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MODEL : ACC 28CW
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MODEL : ACC30CW
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MODEL : ACC50CW
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MODEL : ADB75/100BW
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MODEL : ADB150BW
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(" 12. GENERAL INSTALLATION GUIDE )

Preliminary Site Survey

Electrical supply and installation is to conform to LOCAL AUTHORITY's (e.g. National Electricity Board)
CODES and REGULATIONS.

Voltage supply fluctuation must not exceed + 10% of rated voltage. Electricity supply lines must be
independent of welding transformers which can cause supply fluctuation.

Ensure that the location is convenient for wiring and piping.

Mounting

For ceiling mounted models, locate a position where piping and ducting work can be kept to a minimum.
Ensure that overhead supports are strong enough to hold the unit's weight. Position hanger rods and check
for alignment with the unit. Check that hangers are secure and that the base of fan coil unit is level in two
horizontal positions.

Piping

Drain and water piping must be accurately connected.

Please refer to "Specification Sheet” for piping sizes.

Piping Support

All water mains must be adequately supported to carry the necessary weight involved, provisions must be
made by the installing contractor to allow for adequate free movement of all vertical and horizontal risers and
run outs. Due to the fact that cold water will be circulated through the water mains, a sizeable movement of
the water mains can be expected due to contraction. If for example, the piping is rigidly supported with no
provision for movement, it is very possible that the tubing of fitting may be broken causing water leakage in
the conditioned spaces throughout the building.

Coil Venting

Each standard basic unit coil is equipped with a manually operated air vent which is installed at the end of a
small copper line leading into the highest point of the coil. By means of this valve, air may be vented
manually, from the coil to keep it operating at full capacity. When water is first introduced into a coil, air is
sometimes trapped in the coil tubing. This trapped air will reduce cooling capacity and create "Bubbling” or
"Clanking" noise within the units. To release air trapped in the coil, press the air vent head to allow air to flow
out of the air vent opening. Release when a steady stream of water appear.

Electrical Connection

As wiring regulations differ from country to country, please refer to your LOCAL ELECTRICAL CODES for
field wiring regulations and ensure that they are complied with. Besides, take note of the following general
precaution;

1) Ensure that the rated voltage of the unit corresponds to the name plate before commencing wiring work.

2) Provide a power outlet to be used exclusively for each unit and a power supply disconnect and a circuit-
breaker for over-current protection should be provided in the exclusive line.

3) The unit must be EARTH to prevent possible hazards due to insulation failure.

4) All wiring must be firmly connected.
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(' 13.GENERAL OPERATION GUIDE )

Start-Up

The following procedure must be completed before any attempts is made to put the entire system Into_operation:

Piping connections completed.

Electrical connections completed.

Duct connections completed.

Augxiliary drain pans in position where required.

Drain line draining inte drain pans.

Filters correctly installed and free of construction debris.
Motor-blower assembly rotates freely.

Unit Hydro-statically tested and air vented.

LogbsuN=

Starting The Fan Coil Unit

1) Turn on the switch of water pump.

2) Start water chiller.

3) Operate the fan coil unit by tuming on the fan and set the control switch to get the desired speed.
4) Inspect the duct and piping condition and rectify problem {e.g. vibration, noise, etc.) if exist.

Servicing And Maintenance

Fan coil units are designed to operate continuously with minor routine maintenance. Since fan coil units cool the
discharging forced air, the efficiency with which the units operate is directly related to the amount of air passing through
the coil.

Air Filters

The function of the air filters is to remove foreign matter such as dirt, soot, pollen and certain other impurities from the air
passing through it. A clogged or dirty filter not only fails to do the job for which it is designed, but restricts the flow of air
over the coil.

The importance of cleaning the filter before it becomes clogged must be greatly stressed. The frequency with which a
filter should be cleaned will depend upon the amount of dust and foreign material that enters a unit, and this depends
upon location and situation.

The washable viledon or saranet filter may be cleaned by tapping the filter on a solid surface te disledge heavy particles.
Wash under stream of warm water, with detergent if necessary. Dry it thoroughly before replacing.

Fan Motor
The fan motor is pre-lubricated and sealed at the factory. Therefore, no lubricating maintenance is required.

Coils

Clean coil unit by brushing between fins with a nylon brush. Brushing should be followed by cleaning with a vacuum
cleaner. The coil may also be cleaned by using a high pressure air hose and nozzle if a compressed air source is
available. It should be pointed out that if suitable air filter is used and taken care of properly, the coils need no cleaning.

Drain Pipe

The drain pipe should be checked befare operation of unit is begun. If it is clegged, steps should be taken to clean the
debris so that condensate will flow out easily.

Replacement Of Parts

Replacement of parts are available through your local dealers. When ordering parts, you must supply
1)  Model name of the unit.

2) Serial number of the unit.

3) Part name and number.
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{5 DALLAS JiWl Z1X 12V Programmable Resolution

1-Wire Digital Thermometer
_www.maximiccom |

FEATURES PIN ASSIGNMENT
Unique 1 “Wire® interface requires only one
port pin for communication DALLAS Ne 1R
* Each device has a unique 64-bit serial code 18B20
stored in an onboard ROM NC [ 1@
=  Multidrop capability simplifies distributed Voo CIB
temperature sensing applications
* Requires no external components ba LI
= (Can bg powered from data line. Power supply 8-Pin 150mil SO
range 1s 3.0V to 5.5V (DS18B20Z)
= Measures temperatures from -55°C to
+125°C (—67°F to +257°F)
= +0.5°C accuracy from —10°C to +85°C

= Thermometer resolution is user-selectable

)
from 9 to 12 bits 5 a 3
= Converts temperature to 12-bit digital word in R .
750ms (max.) E ) :
= User-definable nonvolatile (NV) alarm _
settings 8-Pin uSOP
» Alarm search command identifies and (BOTTOM VIEW) (DS18B20U)
addresses devices whose temperature is TO-92
outside of programmed limits (temperature (DS18B20)
alarm condition)
= Available in 8-pin SO (150mil), 8-pin pSOP,
and 3-pin TO-92 packages PIN DESCRIPTION
= Software compatible with the DS1822 GND - Ground
= Applications include thermostatic controls, DQ - Data In/Out
industrial ~ systems, consumer products, Vop - Power Supply Voltage
thermometers, or any thermally sensitive NC - No Connect
system
DESCRIPTION

The DS18B20 Digital Thermometer provides 9 to 12-bit centigrade temperature measurements and has
an alarm function with nonvolatile user-programmable upper and lower trigger points. The DS18B20
communicates over a 1-Wire bus that by definition requires only one data line (and ground) for
communication with a central microprocessor. It has an operating temperature range of —55°C to +125°C
and is accurate to £0.5°C over the range of —10°C to +85°C. In addition, the DS18B20 can derive power
directly from the data line (“parasite power”), eliminating the need for an external power supply.

Each DS18B20 has a unique 64-bit serial code, which allows multiple DS18B20s to function on the same
I—wire bus; thus, it is simple to use one microprocessor to control many DS18B20s distributed over a
large area. Applications that can benefit from this feature include HVAC environmental controls,
temperature monitoring systems inside buildings, equipment or machinery, and process monitoring and
control systems.

1-Wire is a registered trademark of Dallas Semiconductor. 1of21 050102
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ORDER INFORMATION

ORDERING PACKAGE DESCRIPTION

NUMBER MARKING

DS18B20 18B20 DS18B20 in 3-pin TO92

DS18B20/T&R 18B20 DS18B20 in 3-pin TO92, 2000 Piece Tape-and-Reel

DS18B20+ 18B20 (See Note) DS18B20 in Lead-Free 3-pin TO92

DS18B20+T&R 18B20 (See Note) DS18B20 in Lead-Free 3-pin TO92, 2000 Piece Tape-
and-Reel

DS18B20U 18B20 DS18B20 in 8-pin uSOP

DS18B20U/T&R 18B20 DS18B20 in 8-pin uSOP, 3000 Piece Tape-and-Reel

DS18B20U+ 18B20 (See Note) DS18B20 in Lead-Free 8-pin uSOP

DS18B20U+T&R 18B20 (See Note) DS18B20 in Lead-Free 8-pin uSOP, 3000 Piece Tape-
and-Reel

DS18B20Z DS18B20 DS18B20 in 150 mil 8-pin SO

DS18B20Z/T&R DS18B20 DS18B20 in 150 mil 8-pin SO, 2500 Piece Tape-and-
Reel

DS18B20Z+ DS18B20 (See Note) DS18B20 in Lead-Free 150 mil 8-pin SO

DS18B20Z+T&R DS18B20 (See Note) DS18B20 in Lead-Free 150 mil 8-pin SO, 2500 Piece
Tape-and-Reel

DS18B20X 28 DS18B20 in Flip Chip, 10000 Piece Tape-and-Reel

Note: A “+” symbol will also be marked on the package.

DETAILED PIN DESCRIPTIONS Table 1

SO* | uSOP* | TO-92 | SYMBOL | DESCRIPTION

5 4 1 GND Ground.

4 1 2 DQ Data Input/Qutput pin. Open-drain 1-Wire interface pin.
Also provides power to the device when used in parasite
power mode (see “Parasite Power” section.)

3 8 3 Vop Optional Vpp pin, Vpp must be grounded for operation in
parasite power mode.

*All pins not specified in this table are “No Connect” pins.

OVERVIEW

Figure 1 shows a block diagram of the DS18B20, and pin descriptions are given in Table 1. The 64-bit
ROM stores the device’s unique serial code. The scratchpad memory contains the 2-byte temperature
register that stores the digital output from the temperature sensor. In addition, the scratchpad provides
access to the 1-byte upper and lower alarm trigger registers (Ty and TL), and the 1-byte configuration
register. The configuration register allows the user to set the resolution of the temperature-to-digital
conversion to 9, 10, 11, or 12 bits. The Ty, Tr and configuration registers are nonvolatile (EEPROM), so
they will retain data when the device is powered down.

The DS18B20 uses Dallas’ exclusive 1-Wire bus protocol that implements bus communication using one
control signal. The control line requires a weak pullup resistor since all devices are linked to the bus via a
3-state or open-drain port (the DQ pin in the case of the DS18B20). In this bus system, the
microprocessor (the master device) identifies and addresses devices on the bus using each device’s unique
64-bit code. Because each device has a unique code, the number of devices that can be addressed on one
bus is virtually unlimited. The 1-Wire bus protocol, including detailed explanations of the commands and
“time slots,” is covered in the I-WIRE BUS SYSTEM section of this datasheet.
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Another feature of the DS18B20 is the ability to operate without an external power supply. Power is
instead supplied through the 1-Wire pullup resistor via the DQ pin when the bus is high. The high bus
signal also charges an internal capacitor (Cpp), which then supplies power to the device when the bus is
low. This method of deriving power from the 1-Wire bus is referred to as “parasite power.” As an
alternative, the DS18B20 may also be powered by an external supply on Vpp.

DS18B20 BLOCK DIAGRAM Figure 1

Veu
4.7k PARASITE POWER DS18B20
MEMORY CONTROL
CIRCUIT = Loaia
—n » P
DQ 4
}— TEMPERATURE SENSOR
64-BIT ROM
INTERNAL Voo > AND | ALARM HIGH TRIGGER (Ti)
| : REGISTER (EEPROM
GND Cor 1-wire PORT SCRATCHPAD { }
@] ALARMLOW TRIGGER (T,)
REGISTER (EEPROM)
SowER " oonmeu{zgyggma}sels-rsa
Voo IR * SUPPLY P
SENSE
)| 3BIT CRC GENERATOR
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OPERATION — MEASURING TEMPERATURE

The core functionality of the DS18B20 is its direct-to-digital temperature sensor. The resolution of the
temperature sensor i1s user-configurable to 9, 10, 11, or 12 bits, corresponding to increments of 0.5°C,
0.25°C, 0.125°C, and 0.0625°C, respectively. The default resolution at power-up is 12-bit. The DS18B20
powers-up in a low-power idle state, to initiate a temperature measurement and A-to-D conversion, the
master must issue a Convert T [44h] command. Following the conversion, the resulting thermal data is
stored in the 2-byte temperature register in the scratchpad memory and the DS18B20 returns to its idle
state. If the DS18B20 is powered by an external supply, the master can 1ssue “read time slots” (see the /-
WIRE BUS SYSTEM section) after the Convert T command and the DS18B20 will respond by
transmitting 0 while the temperature conversion is in progress and 1 when the conversion is done. If the
DS18B20 is powered with parasite power, this notification technique cannot be used since the bus must
be pulled high by a strong pullup during the entire temperature conversion. The bus requirements for
parasite power are explained in detail in the POWERING THE DS18B20 section of this datasheet.

The DS18B20 output temperature data is calibrated in degrees centigrade; for Fahrenheit applications, a
lookup table or conversion routine must be used. The temperature data is stored as a 16-bit sign-extended
two’s complement number in the temperature register (see Figure 2). The sign bits (S) indicate if the
temperature is positive or negative: for positive numbers S = 0 and for negative numbers S = 1. If the
DS18B20 is configured for 12-bit resolution, all bits in the temperature register will contain valid data.
For 11-bit resolution, bit 0 is undefined. For 10-bit resolution, bits 1 and 0 are undefined, and for 9-bit
resolution bits 2, 1 and 0 are undefined. Table 2 gives examples of digital output data and the
corresponding temperature reading for 12-bit resolution conversions.

TEMPERATURE REGISTER FORMAT Figure 2

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
LS Byte 2 22 2! 2° 2! 2 23 2
bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit &
MS Byte S S S S S 26 2° 2*
TEMPERATURE/DATA RELATIONSHIP Table 2
TEMPERATURE | DIGITAL OUTPUT | DIGITAL OUTPUT
(Binary) (Hex)
+125°C 0000 0111 1101 0000 07D0h
+85°C* 0000 0101 0101 0000 0550h
+25.0625°C 0000 0001 1001 0001 0191h
+10.125°C 0000 0000 1010 0010 00AZh
+0.5°C 0000 0000 0000 1000 0008h
0°C 0000 0000 0000 0000 0000h
-0.5°C 1111 1111 1111 1000 FFF8h
-10.125°C 11111111 0101 1110 FFSEh
-25.0625°C 111111100110 1111 FE6Fh
-55°C 1111 1100 1001 0000 FC90h

*The power-on reset value of the temperature register is +83°C
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OPERATION — ALARM SIGNALING

After the DS18B20 performs a temperature conversion, the temperature value is compared to the user-
defined two’s complement alarm trigger values stored in the 1-byte Ty and Ty registers (see Figure 3).
The sign bit (S) indicates if the value is positive or negative: for positive numbers S = 0 and for negative
numbers S = 1. The Ty and Ty registers are nonvolatile (EEPROM) so they will retain data when the
device 1s powered down. Ty and Ty can be accessed through bytes 2 and 3 of the scratchpad as explained
in the AMEAMORY section of this datasheet.

Ty AND T REGISTER FORMAT Figure 3

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
S 20 2’ 23 2’ 2? ol 20

Only bits 11 through 4 of the temperature register are used in the Ty and Tr. comparison since Ty and Tp
are 8-bit registers. If the measured temperature is lower than or equal to Tp or higher than Ty, an alarm
condition exists and an alarm flag is set inside the DS18B20. This flag is updated after every temperature
measurement; therefore, if the alarm condition goes away, the flag will be turned off after the next
temperature conversion.

The master device can check the alarm flag status of all DS18B20s on the bus by issuing an Alarm Search
[ECh] command. Any DS18B20s with a set alarm flag will respond to the command, so the master can
determine exactly which DS18B20s have experienced an alarm condition. If an alarm condition exists
and the Ty or Ty settings have changed, another temperature conversion should be done to validate the
alarm condition.

POWERING THE DS18B20

The DS18B20 can be powered by an external supply on the Vpp pin, or it can operate in “parasite power”
mode, which allows the DS18B20 to function without a local external supply. Parasite power is very
useful for applications that require remote temperature sensing or that are very space constrained. Figure
1 shows the DS18B20°s parasite-power control circuitry, which “steals” power from the 1-Wire bus via
the DQ pin when the bus is high. The stolen charge powers the DS18B20 while the bus is high, and some
of the charge is stored on the parasite power capacitor {Cpp) to provide power when the bus 1s low. When
the DS18B20 is used in parasite power mode, the Vpp pin must be connected to ground.

In parasite power mode, the 1-Wire bus and Cpp can provide sufficient current to the DS18B20 for most
operations as long as the specified timing and voltage requirements are met (refer to the DC
ELECTRICAL CHARACTERISTICS and the AC ELECTRICAL CHARACTERISTICS sections of this data
sheet). However, when the DS18B20 is performing temperature conversions or copying data from the
scratchpad memory to EEPROM, the operating current can be as high as 1.5mA. This current can cause
an unacceptable voltage drop across the weak 1-Wire pullup resistor and is more current than can be
supplied by Cpp. To assure that the DS18B20 has sufficient supply current, it is necessary to provide a
strong pullup on the 1-Wire bus whenever temperature conversions are taking place or data is being
copied from the scratchpad to EEPROM. This can be accomplished by using a MOSFET to pull the bus
directly to the rail as shown in Figure 4. The 1-Wire bus must be switched to the strong pullup within
10ps (max) after a Convert T [44h] or Copy Scratchpad [48h] command 1s 1ssued, and the bus must be
held high by the pullup for the duration of the conversion (t.ny) or data transfer (t,, = 10ms). No other
activity can take place on the 1-Wire bus while the pullup is enabled.

The DS18B20 can also be powered by the conventional method of connecting an external power supply
to the Vpp pin, as shown in Figure 5. The advantage of this method is that the MOSFET pullup is not
required, and the 1-Wire bus is free to carry other traffic during the temperature conversion time,
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The use of parasite power is not recommended for temperatures above +100°C since the DS18B20 may
not be able to sustain communications due to the higher leakage currents that can exist at these
temperatures. For applications in which such temperatures are likely, it is strongly recommended that the
DS18B20 be powered by an external power supply.

In some situations the bus master may not know whether the DS18B20s on the bus are parasite powered
or powered by external supplies. The master needs this information to determine if the strong bus pullup
should be used during temperature conversions. To get this information, the master can issue a Skip ROM
[CCh] command followed by a Read Power Supply [B4h] command followed by a “read time slot”.
During the read time slot, parasite powered DS18B20s will pull the bus low, and externally powered
DS18B20s will let the bus remain high. If the bus is pulled low, the master knows that it must supply the
strong pullup on the 1-Wire bus during temperature conversions.

SUPPLYING THE PARASITE-POWERED D$18B20 DURING TEMPERATURE
CONVERSIONS Figure 4

ey

DS18B20
v GND DQ Vip
Micro- - J

processor ATK \V/

To Other
1-Wire Devices

1-Wire Bus

POWERING THE DS18B20 WITH AN EXTERNAL SUPPLY Figure 5

Veu DS18B20 Vop (External Supply)
Micro- GND DQ Vip

processor 47Kk ! | |

, To Other
. 1-Wire Bus 1-Wire Devices

64-BIT LASERED ROM CODE

Each DS18B20 contains a unique 64-bit code (see Figure 6) stored in ROM. The least significant 8 bits
of the ROM code contain the DS18B20’s 1-Wire family code: 28h. The next 48 bits contain a unique
serial number. The most significant 8 bits contain a cyclic redundancy check (CRC) byte that is
calculated from the first 56 bits of the ROM code. A detailed explanation of the CRC bits is provided in
the CRC GENERATION section. The 64-bit ROM code and associated ROM function control logic allow
the DS18B20 to operate as a 1-Wire device using the protocol detailed in the [-WIRE BUS SYSTEAM
section of this datasheet.

64-BIT LASERED ROM CODE Figure 6

| 8-BIT CRC | 48-BIT SERIAL NUMBER | 8-BIT FAMILY CODE (28h) |
MSB LSB MSB LSB MSB LSB
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MEMORY

The DS18B20’s memory is organized as shown in Figure 7. The memory consists of an SRAM
scratchpad with nonvolatile EEPROM storage for the high and low alarm trigger registers {(Ty and Tr)
and configuration register. Note that if the DS18B20 alarm function is not used, the Ty and Ty registers

can serve as general-purpose memory. All memory commands are described in detail in the DSI8B20
FUNCTION COMMANDS section.

Byte 0 and byte 1 of the scratchpad contain the LSB and the MSB of the temperature register,
respectively. These bytes are read-only. Bytes 2 and 3 provide access to Ty and Ty registers. Byte 4
contains the configuration register data, which is explained in detaill in the CONFIGURATION
REGISTER section of this datasheet. Bytes 5, 6, and 7 are reserved for internal use by the device and
cannot be overwritten, these bytes will return all 1s when read.

Byte 8 of the scratchpad is read-only and contains the cyclic redundancy check (CRC) code for bytes 0
through 7 of the scratchpad. The DS18B20 generates this CRC using the method described in the CRC
GENERATION section,

Data is written to bytes 2, 3, and 4 of the scratchpad using the Write Scratchpad [4Eh] command; the data
must be transmitted to the DS18B20 starting with the least significant bit of byte 2. To venfy data
integrity, the scratchpad can be read (using the Read Scratchpad [BEh] command) after the data 1s
written.  When reading the scratchpad, data is transferred over the 1-Wire bus starting with the least
significant bit of byte 0. To transfer the Ty, Tr and configuration data from the scratchpad to EEPROM,
the master must issue the Copy Scratchpad [48h] command.

Data in the EEPROM registers is retained when the device is powered down; at power-up the EEPROM
data 1s reloaded into the corresponding scratchpad locations. Data can also be reloaded from EEPROM to
the scratchpad at any time using the Recall E’ [B8h] command. The master can issue read time slots
following the Recall E? command and the DS18B20 will indicate the status of the recall by transmitting 0
while the recall is in progress and 1 when the recall is done.

DS18B20 MEMORY MAP Figure 7

SCRATCHPAD (Power-up State)
byte 0 | Temperature LSB (50h) } (85°C)-

byte 1 | Temperature MSB (05h) EEPROM

byte 2 | Ty Register or User Byte 1* 4—»| Ty Register or User Byte 1
byte 3 | T Register or User Byte 2* 4+—»| Ty Register or User Byte 2
byte 4 | Configuration Register* <4—» |  Configuration Register

byte 5 | Reserved (FFh)
byte 6 | Reserved (OCh)
byte 7 | Reserved (10h)
byte 8 | CRC*

*Power-up state depends on value(s) stored
in EEPROM
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CONFIGURATION REGISTER

Byte 4 of the scratchpad memory contains the configuration register, which is organized as
illustrated in Figure 8. The user can set the conversion resolution of the DS18B20 using the RO and R1
bits in this register as shown in Table 3. The power-up default of these bits is RO =1 and R1 =1 (12-bit
resolution). Note that there is a direct tradeoff between resolution and conversion time. Bit 7 and bits 0 to
4 in the configuration register are reserved for internal use by the device and cannot be overwritten; these
bits will return 1s when read.

CONFIGURATION REGISTER Figure 8

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
0 R1 RO 1 1 1 1 1

THERMOMETER RESOLUTION CONFIGURATION Table 3

R1 RO Resolution Max Conversion Time
0 0 9-bit 9375 ms (tconv/8)
0 1 10-bit 187.5 ms (tCQNvM-)
1 0 11-bit 375 ms (tconv/2)
1 1 12-bit 750 ms (tcony)
CRC GENERATION

CRC bytes are provided as part of the DS18B20’s 64-bit ROM code and in the 9™ byte of the scratchpad
memory. The ROM code CRC is calculated from the first 56 bits of the ROM code and is contained in the
most significant byte of the ROM. The scratchpad CRC is calculated from the data stored in the
scratchpad, and therefore it changes when the data in the scratchpad changes. The CRCs provide the bus
master with a method of data validation when data is read from the DS18B20. To verify that data has
been read correctly, the bus master must re-calculate the CRC from the received data and then compare
this value to either the ROM code CRC (for ROM reads) or to the scratchpad CRC (for scratchpad reads).
If the calculated CRC matches the read CRC, the data has been received error free. The comparison of
CRC values and the decision to continue with an operation are determined entirely by the bus master.
There 1s no circutry inside the DS18B20 that prevents a command sequence from proceeding if the
DS18B20 CRC (ROM or scratchpad) does not match the value generated by the bus master.

The equivalent polynomial function of the CRC (ROM or scratchpad) is:
CRC=X*+X +X'+1

The bus master can re-calculate the CRC and compare it to the CRC values from the DS18B20 using the
polynomial generator shown in Figure 9. This circuit consists of a shift register and XOR gates, and the
shift register bits are initialized to 0. Starting with the least significant bit of the ROM code or the least
significant bit of byte 0 in the scratchpad, one bit at a time should shifted into the shift register. After
shifting in the 56™ bit from the ROM or the most significant bit of byte 7 from the scratchpad, the
polynomial generator will contain the re-calculated CRC. Next, the 8-bit ROM code or scratchpad CRC
from the DS18B20 must be shifted into the circuit. At this point, if the re-calculated CRC was correct, the
shift register will contain all Os. Additional information about the Dallas 1-Wire cyclic redundancy check
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is available in Application Note 27: Understanding and Using Cyclic Redundancy Checks with Dallas
Semiconductor Touch Memory Products.

CRC GENERATOR Figure 9 NPT
’—b [ | > > | (or)
(MSE) (L3B)

1-WIRE BUS SYSTEM

The 1-Wire bus system uses a single bus master to control one or more slave devices. The DS18B20 is
always a slave. When there 1s only one slave on the bus, the system is referred to as a “single-drop”
system; the system 1s “multidrop” if there are multiple slaves on the bus.

All data and commands are transmitted least significant bit first over the 1-Wire bus.

The following discussion of the 1-Wire bus system is broken down into three topics: hardware
configuration, transaction sequence, and 1-Wire signaling (signal types and timing).

HARDWARE CONFIGURATION

The 1-Wire bus has by definition only a single data line. Each device (master or slave) interfaces to the
data line via an open-drain or 3-state port. This allows each device to “release” the data line when the
device is not transmitting data so the bus is available for use by another device. The 1-Wire port of the
DS18B20 (the DQ pin) is open drain with an internal circuit equivalent to that shown in Figure 10.

The 1-Wire bus requires an external pullup resistor of approximately 5kQ; thus, the idle state for the 1-
Wire bus is high. If for any reason a transaction needs to be suspended, the bus MUST be left in the idle
state if the transaction is to resume. Infinite recovery time can occur between bits so long as the 1-Wire
bus is in the inactive (high) state during the recovery period. If the bus is held low for more than 480ps,
all components on the bus will be reset.

HARDWARE CONFIGURATION Figure 10

Vpu
DS18B20 1-WIRE PORT
4.7k DQ
Pin
1-Wire Bus R;
Re—0<] — » [>o—"
SpA
Typ. * | Tx
Ty 1004}
MOSFET
R; =RECEIVE
Ty = TRANSMIT
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TRANSACTION SEQUENCE

The transaction sequence for accessing the DS18B20 is as follows:

Step 1. Initialization

Step 2. ROM Command (followed by any required data exchange)

Step 3. DS18B20 Function Command (followed by any required data exchange)

It is very important to follow this sequence every time the DS18B20 is accessed, as the DS18B20 will not
respond if any steps in the sequence are missing or out of order. Exceptions to this rule are the Search
ROM [FOh] and Alarm Search [ECh] commands. After issuing either of these ROM commands, the
master must return to Step 1 in the sequence.

INITIALIZATION

All transactions on the 1-Wire bus begin with an initialization sequence. The initialization sequence
consists of a reset pulse transmitted by the bus master followed by presence pulse(s) transmitted by the
slave(s). The presence pulse lets the bus master know that slave devices (such as the DS18B20) are on the
bus and are ready to operate. Timing for the reset and presence pulses is detailed in the
I-WIRE SIGNALING section.

ROM COMMANDS

After the bus master has detected a presence pulse, it can issue a ROM command. These commands
operate on the unique 64-bit ROM codes of each slave device and allow the master to single out a specific
device if many are present on the 1-Wire bus. These commands also allow the master to determine how
many and what types of devices are present on the bus or if any device has experienced an alarm
condition. There are five ROM commands, and each command is 8 bits long. The master device must
issue an appropriate ROM command before issuing a DS18B20 function command. A flowchart for
operation of the ROM commands is shown in Figure 11.

SEARCH ROM [FOh]

When a system is initially powered up, the master must identify the ROM codes of all slave devices on
the bus, which allows the master to determine the number of slaves and their device types. The master
learns the ROM codes through a process of elimination that requires the master to perform a Search ROM
cycle (i.e., Search ROM command followed by data exchange) as many times as necessary to identify all
of the slave devices. If there is only one slave on the bus, the simpler Read ROM command (see below)
can be used in place of the Search ROM process. For a detailed explanation of the Search ROM
procedure, refer to the iButton® Book of Standards at www.ibutton.com/ibuttons/standard.pdf. After
every Search ROM cycle, the bus master must return to Step 1 (Initialization) in the transaction sequence.

READ ROM [33h]

This command can only be used when there is one slave on the bus. It allows the bus master to read the
slave’s 64-bit ROM code without using the Search ROM procedure. If this command is used when there
is more than one slave present on the bus, a data collision will occur when all the slaves attempt to
respond at the same time.

MATCH ROM [55h]

The match ROM command followed by a 64-bit ROM code sequence allows the bus master to address a
specific slave device on a multidrop or single-drop bus. Only the slave that exactly matches the 64-bit
ROM code sequence will respond to the function command issued by the master; all other slaves on the
bus will wait for a reset pulse.

iButton is a registered trademark of Dallas Semiconductor.
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SKIP ROM [CCh]

The master can use this command to address all devices on the bus simultaneously without sending out
any ROM code information. For example, the master can make all DS18B20s on the bus perform
simultaneous temperature conversions by issuing a Skip ROM command followed by a Convert T [44h]
command.

Note that the Read Scratchpad [BEh] command can follow the Skip ROM command only if there is a
single slave device on the bus. In this case time 1s saved by allowing the master to read from the slave
without sending the device’s 64-bit ROM code. A Skip ROM command followed by a Read Scratchpad
command will cause a data collision on the bus if there is more than one slave since multiple devices will
attempt to transmit data simultaneously.

ALARM SEARCH [ECh]

The operation of this command is identical to the operation of the Search ROM command except that
only slaves with a set alarm flag will respond. This command allows the master device to determine if
any DS18B20s experienced an alarm condition during the most recent temperature conversion. After
every Alarm Search cycle (i.e., Alarm Search command followed by data exchange), the bus master must
return to Step 1 (Initialization) in the transaction sequence. Refer to the OPERATION — ALARM
SIGNALING section for an explanation of alarm flag operation.

DS18B20 FUNCTION COMMANDS

After the bus master has used a ROM command to address the DS18B20 with which it wishes to
communicate, the master can issue one of the DS18B20 function commands. These commands allow the
master to write to and read from the DS18B20’s scratchpad memory, initiate temperature conversions and
determine the power supply mode. The DS18B20 function commands, which are described below, are
summarized in Table 4 and illustrated by the flowchart in Figure 12.

CONVERT T [44h]

This command initiates a single temperature conversion. Following the conversion, the resulting thermal
data is stored in the 2-byte temperature register in the scratchpad memory and the DS18B20 returns to its
low-power idle state. If the device is being used in parasite power mode, within 10us (max) after this
command is issued the master must enable a strong pullup on the 1-Wire bus for the duration of the
conversion (teonyv) as described in the POWERING THE DS18B20 section. If the DS18B20 is powered by
an external supply, the master can issue read time slots after the Convert T command and the DS18B20
will respond by transmitting a 0 while the temperature conversion is in progress and a 1 when the
conversion 1s done. In parasite power mode this notification technique cannot be used since the bus 1s
pulled high by the strong pullup during the conversion.

WRITE SCRATCHPAD [4Eh]

This command allows the master to write 3 bytes of data to the DS18B20’s scratchpad. The first data byte
is written into the Ty register (byte 2 of the scratchpad), the second byte is written into the T register
{byte 3), and the third byte is written into the configuration register (byte 4). Data must be transmitted
least significant bit first. All three bytes MUST be written before the master issues a reset, or the data
may be corrupted.

READ SCRATCHPAD [BEh]

This command allows the master to read the contents of the scratchpad. The data transfer starts with the
least significant bit of byte 0 and continues through the scratchpad until the ot byte (byte 8 — CRC) is
read. The master may issue a reset to terminate reading at any time if only part of the scratchpad data is
needed.
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COPY SCRATCHPAD [48h]
This command copies the contents of the scratchpad Ty, T1 and configuration registers (bytes 2, 3 and 4)
to EEPROM . If the device is being used in parasite power mode, within 10us (max) after this command is

issued the master must enable a strong pullup on the 1-Wire bus for at least 10ms as described in the
POWERING THE DS13B20 section.

RECALL E? [B8h]

This command recalls the alarm trigger values (Ty and Tp) and configuration data from EEPROM and
places the data in bytes 2, 3, and 4, respectively, in the scratchpad memory. The master device can issue
read time slots following the Recall E* command and the DS18B20 will indicate the status of the recall by
transmitting 0 while the recall 1s in progress and 1 when the recall is done. The recall operation happens
automatically at power-up, so valid data is available in the scratchpad as soon as power is applied to the
device.

READ POWER SUPPLY [B4h]

The master device issues this command followed by a read time slot to determine i1f any DS18B20s on the
bus are using parasite power. During the read time slot, parasite powered DS18B20s will pull the bus
low, and extemally powered DS18B20s will let the bus remain high. Refer to the POWERING THE
DS18B20 section for usage information for this command.

DS18B20 FUNCTION COMMAND SET Table 4

1-Wire Bus Activity

Command Description Protocol After Command is Issued Notes
TEMPERATURE CONVERSION COMMANDS
Convert T Initiates temperature 44h DS18B20 transmits conversion 1
conversion. status to master {not applicable
for parasite-powered
DS18B20s).

" COMMANDS

Read Scratchpad | Reads the entire scratchpad BEh DS18B20 transmits up to 9 data
including the CRC byte. bytes to master.

Write Scratchpad | Writes data into scratchpad 4Eh Master transmits 3 data bytes to 3
bytes 2, 3, and 4 (Ty, T, DS18B20.
and configuration registers).

Copy Scratchpad | Copies Ty, Ty, and 48h None 1

configuration register data
from the scratchpad to

EEPROM
Recall E* Recalls Ty, Ty, and B8h DS18B20 transmits recall status
configuration register data to master.
from EEPROM to the
scratchpad.
Read Power Signals DS18B20 power B4h DS18B20 transmits supply status
Supply supply mode to the master. to master.

NOTES:

1) For parasite-powered DS18B20s, the master must enable a strong pullup on the 1-Wire bus during
temperature conversions and copies from the scratchpad to EEPROM. No other bus activity may take
place during this time.

2) The master can interrupt the transmission of data at any time by issuing a reset.

3) All three bytes must be written before a reset is issued.
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ROM COMMANDS FLOW CHART Figure 11

Initialization MASTER T

Sequence

ReseT PuLSE [l

v

PULSE

DS18B20 T
PRESENCE

32h
READ ROM
COMMAND

A 4

4

MASTER T.ROM
COMMAND

55h
MATCH ROM
COMMAND

MASTER T,
BITO

Ds18820 1.
FAMILY CODE
1BYTE
¢ BIT O
MATCH?
DS18B20 T,
SERIAL HUMBER
6 BYTES
DS18B20 T, MASTER T,
CRC BYTE BIT 1
M
Y
MASTER T,
BIT &3
&l
BIT 63
MATCH?

Y

Foh
SEARCH ROM
COMMAND

ECh
ALARM SEARC
COMMAND

DS18B20 T BIT O
DHSE20 T BITO

DS18B20 T BIT O
DHSE20 T BITO

MASTERT.BIT O

MASTERT.BIT O

BITO
MATCH?

DEVICE(S)
WITH ALARM
FLAG SET?

D318B20 T BIT 1
D318B20 T BIT 1
MASTER T~ BIT 1

Y

v

DS18620 T.BIT 63
DS18620 T BIT 63

MASTER T BIT &3

BIT 62
MATCH?

CCh
SKIP ROM
COMMAMND

>

MASTER T,
FUNCTION

COMMAND
(FIGURE 12)
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DS18B20 FUNCTION COMMANDS

MASTER T
FUMCTION
COMMAMND

44h

rd

POWER
?

D518B20 BEGING
CONVERSION

DEVICE

CONVERTING

TEMPERATURE,
?

CONVERT

FLOW CHART Figure 12

48h
COPY

TEMPERATURE,

PARASITE

MASTER ENABLES
STRONG PULLUP ON DQ

v

0518820 CONVERTS
TEMPERATURE

v

MASTER DISABLES
STRONG FULLUP

MASTER
R "0s™

MASTER
R 15"

BCRATCHPAD
?

PARASITE
POWER
?

MASTER ENAEBLES
STRONG PULL-UP OGN DO

v

DATA COPIED FROM
SCRATCHPAD TO EEPROM

v

MASTER DISABLES
STRONG PULLUP

MASTER MASTER:
R."0s" R 18"

Bah
READ

rd

PARASITE
POAMWERED
?

POWER SUFPLY,

BSh
RECALL E*
?

MASTER BEGINS DATA
RECALL FROM E* PROM

MASTER
R "s”

MASTER
R. 0"

MASTER T T, BYTE
MASTER R. DATA BYTE TO SCRATCHRAD
FROM SCRATCHPAD +

MASTERT. T, BYTE
TO SCRATCHPAD

v

MASTER T CONFIG BYTE
TO SCRATCHPAD

MASTER

T+ RESET
?

HAVE & BYTES

MASTER MASTER
R "0s" R "18"

BEEN READ

|

h 4

MASTER R+ SCRATCHPAD
CRC BYTE

v

RETURN TO INITIALIZATION
SEQUENCE (FIGURE 11) FOR
HEXT TRANSACTION

140f21



DS18B20

1-WIRE SIGNALING

The DS18B20 uses a strict 1-Wire communication protocol to insure data integrity. Several signal types
are defined by this protocol: reset pulse, presence pulse, write 0, write 1, read 0, and read 1. The bus
master initiates all of these signals, with the exception of the presence pulse.

INITIALIZATION PROCEDURE: RESET AND PRESENCE PULSES

All communication with the DS18B20 begins with an initialization sequence that consists of a reset pulse
from the master followed by a presence pulse from the DS18B20. This is illustrated in Figure 13. When
the DS18B20 sends the presence pulse in response to the reset, it is indicating to the master that it is on
the bus and ready to operate.

During the initialization sequence the bus master transmits (Tx) the reset pulse by pulling the 1-Wire bus
low for a minimum of 480us. The bus master then releases the bus and goes into receive mode (Rx).
When the bus is released, the 5k pullup resistor pulls the 1-Wire bus high. When the DS18B20 detects
this rising edge, it waits 15us to 60us and then transmits a presence pulse by pulling the 1-Wire bus low
for 60pus to 240us.

INITIALIZATION TIMING Figure 13

MASTER T, RESET PULSE MASTER Ry
480ps minimum —p{< 480us minimum >
DS18820 T
DS18B20 «4— presence puise
waits 15-60ps —» le—  e0-2a0p5 _'|

Vey

1-WIRE BUS | / I /
GND -

LINE TYPE LEGEND
mmmmmm  Bus master pulling low

e DS18B20 pulling low
Resistor pullup

READ/WRITE TIME SLOTS
The bus master writes data to the DS18B20 during write time slots and reads data from the DS18B20
during read time slots. One bit of data is transmitted over the 1-Wire bus per time slot.

WRITE TIME SLOTS

There are two types of write time slots: “Write 17 time slots and “Write 0” time slots. The bus master
uses a Write 1 time slot to write a logic 1 to the DS18B20 and a Write O time slot to write a logic 0 to the
DS18B20. All write time slots must be a minimum of 60us in duration with a minimum of a 1ps recovery
time between individual write slots. Both types of write time slots are initiated by the master pulling the
1-Wire bus low (see Figure 14).

To generate a Write 1 time slot, after pulling the 1-Wire bus low, the bus master must release the 1-Wire
bus within 15us. When the bus is released, the Sk pullup resistor will pull the bus high. To generate a
Write 0 time slot, after pulling the 1-Wire bus low, the bus master must continue to hold the bus low for
the duration of the time slot (at least 60ps).

150f21



DS18B20

The DS18B20 samples the 1-Wire bus during a window that lasts from 15us to 60us after the master
initiates the write time slot. If the bus is high during the sampling window, a 1 is written to the DS18B20.
If the line is low, a 0 is written to the DS18B20.

READ/WRITE TIME SLOT TIMING DIAGRAM Figure 14

START

Al OF SLOT

OF sLOT

MASTER WRITE “1” SLOT

MASTER WRITE “0” SLOT
—

60us < Tx “0”<120ps ——»

Veu
1-WIRE BUS
CND o —————————d
DS18B20 Samples DS18B20 Samples
MIN TYP MAX MIN TYP MAX
€ 15,5 ->|4- 15us ->|<— 30us —>| « 15us >l 1505 »le— 30ps _>|
MASTER READ “0” SLOT MASTER READ “1” SLOT
" —PI — 1us < Ty <0
1-WIRE BUS
GND e D Bt B e e e N S
~>‘ |<— Master samples *Aps |4_~>‘ ’1— Master samples
>1ps |<—
15,8 _.|<_ 45us 4>| 15ps ->|
LINE TYPE LEGEND
= Bys master pulling low e DS18B20 pulling low
Resistor pullup
READ TIME SLOTS

The DS18B20 can only transmit data to the master when the master issues read time slots. Therefore, the
master must generate read time slots immediately after issuing a Read Scratchpad [BEh] or Read Power
Supply [B4h] command, so that the DS18B20 can provide the rec&uested data. In addition, the master can
generate read time slots after issuing Convert T [44h] or Recall E° [B8h] commands to find out the status
of the operation as explained in the DS§/8B20 FUNCTION COMMAND section.

All read time slots must be a minimum of 60us in duration with a minimum of a lus recovery time
between slots. A read time slot is initiated by the master device pulling the 1-Wire bus low for a
minimum of 1us and then releasing the bus (see Figure 14). After the master initiates the read time slot,
the DS18B20 will begin transmitting a 1 or 0 on bus. The DS18B20 transmits a 1 by leaving the bus high
and transmits a 0 by pulling the bus low. When transmitting a 0, the DS18B20 will release the bus by the
end of the time slot, and the bus will be pulled back to its high idle state by the pullup resister. Output
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data from the DS18B20 is valid for 15us after the falling edge that initiated the read time slot. Therefore,
the master must release the bus and then sample the bus state within 15us from the start of the slot.

Figure 15 illustrates that the sum of T, Tre, and Tsavprr must be less than 15us for a read time slot.
Figure 16 shows that system timing margin is maximized by keeping Tt and Tgc as short as possible
and by locating the master sample time during read time slots towards the end of the 15ps period.

DETAILED MASTER READ 1 TIMING Figure 15

Vey
1-WIRE BUS | =" VlH of Master
(] » J——

—— Twr>1ps 444— Tre —p| Master samples

< 15us

vy

RECOMMENDED MASTER READ 1 TIMING Figure 16

Vey
1-WIRE BUS v[\ﬂl_l od Master
GND e

Tre =| Master samples {

small’ small
< 15ps

A 4

LINE TYPE LEGEND
s Bus master pulling low

Resistor pullup

RELATED APPLICATION NOTES
The following Application Notes can be applied to the DS18B20. These notes can be obtained from the
Dallas Semiconductor “Application Note Book,” via the Dallas website at http://www.dalsemi.com/, or

through our faxback service at (214) 450-0441.

Application Note 27: Understanding and Using Cyclic Redundancy Checks with Dallas Semiconductor
Touch Memory Product

Application Note 55: Extending the Contact Range of Touch Memories

Application Note 74: Reading and Writing Touch Memories via Serial Interfaces

Application Note 104: Minimalist Temperature Control Demo

Application Note 106: Complex Microl. ANs

Application Note 108: Microl AN — In the Long Run

Application Note 162: Interfacing the DS18X20/DS1822 1-Wire Temperature Sensor in a
Microcontroller Environment

Sample 1-Wire subroutines that can be used in conjunction with AN74 can be downloaded from the
Dallas website or anonymous FTP Site.
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DS18B20 OPERATION EXAMPLE 1

In this example there are multiple DS18B20s on the bus and they are using parasite power. The bus
master initiates a temperature conversion in a specific DS18B20 and then reads its scratchpad and
recalculates the CRC to venify the data.

MASTER MODE DATA (LSB FIRST) COMMENTS
TX Reset Master issues reset pulse.
RX Presence DS§18B20s respond with presence pulse.
X 35h Master issues Match ROM command.
TX 64-bit ROM code Master sends DS18B20 ROM code.
TX 44h Master issues Convert T command.
TX DQ line held high by Master applies strong pullup to DQ for the duration of the
strong pullup conversion (tomn,).
TX Reset Master issues reset pulse.
RX Presence DS18B20s respond with presence pulse,
TX 55h Master issues Match ROM command.
X 64-bit ROM code Master sends DS18B20 ROM code.
TX BEh Master issues Read Scratchpad command.
RX 9 data bytes Master reads entire scratchpad including CRC. The master

then recalculates the CRC of the first eight data bytes from the
scratchpad and compares the calculated CRC with the read
CRC (byte 9). If thev match, the master continues; if not, the
read operation is repeated.

DS18B20 OPERATION EXAMPLE 2

In this example there is only one DS18B20 on the bus and it is using parasite power. The master writes to
the Ty, T1, and configuration registers in the DS18B20 scratchpad and then reads the scratchpad and
recalculates the CRC to verify the data. The master then copies the scratchpad contents to EEPROM.

MASTER MODE | DATA (LSB FIRST) COMMENTS

TX Reset Master issues reset pulse.

RX Presence DS18B20 responds with presence pulse,

TX CCh Master issues Skip ROM command.

TX 4Eh Master issues Write Scratchpad command.

TX 3 data bytes Master sends three data bvtes to scratchpad (Ty, Ty, and config).

TX Reset Master issues reset pulse.

RX Presence DS18B20 responds with presence pulse,

TX CCh Master issues Skip ROM command.

TX BEh Master issues Read Scratchpad command.

RX 9 data bytes Master reads entire scratchpad including CRC. The master then
recalculates the CRC of the first eight data bytes from the
scratchpad and compares the caleulated CRC with the read CRC
(bvte 9). If thev match, the master continues; if not, the read
operation 1s repeated.

TX Reset Master issues reset pulse,

RX Presence DS18B20 responds with presence pulse.

TX CCh Master issues Skip ROM command.

TX 48h Master issues Copy Scratchpad command.

TX DQ line held high by | Master applies strong pullup to DQ for at least 10ms while copy

strong pullup operation is in progress.
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground

Operating Temperature Range
Storage Temperature Range

Solder Temperature

Reflow Oven Temperature

-0.5V to +6.0V

-55°C to +125°C
-55°C to +125°C
See IPC/JEDEC J-STD-020A

+220°C

*These are stress ratings only and functional operation of the device at these or any other conditions
above those indicated in the operation sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of time may affect reliability.

DC ELECTRICAL CHARACTERISTICS

(-55°C to +125°C; Vpp=3.0V t0 5.5V)

PARAMETER SYMBOL | CONDITION | MIN | TYP MAX UNITS | NOTES
Supply Voltage VoD Local Power | +3.0 +5.5 \Y% 1
Pullup Supply Vru Parasite Power | +3.0 +5.5 Vv 1,2
Voltage Local Power | +3.0 VDb
Thermometer Error tERR -10°C to +0.5 °C 3
+85°C
-55°C to +2
+125°C
Input Logic Low VI 0.3 +0.8 A% 1.4,5
Input Logic High Vi Local Power | +2.2 The lower of \% 1,6
55
Parasite Power | +3.0 or
Vop+0.3
Sink Current I. Vig=04V 4.0 mA 1
Standby Current Ipps 750 1000 nA 7.8
Active Current Iop Vopp=5V 1 1.5 mA 9
DQ Input Current Ipo 5 HA 10
Dnift +0.2 °C 11
NOTES:

1) All voltages are referenced to ground.
2) The Pullup Supply Voltage specification assumes that the pullup device is ideal, and therefore the
high level of the pullup is equal to Vpy. In order to meet the Viy spec of the DS18B20, the actual
supply rail for the strong pullup transistor must include margin for the voltage drop across the
transistor when it is turned on; thus: Vpu actuar= Vpu pEaL + VTRANSISTOR.
3) See typical performance curve in Figure 17

4) Logic low voltages are specified at a sink current of 4mA.

5) To guarantee a presence pulse under low voltage parasite power conditions, Vinmax may have to be

reduced to as low as 0.5V,
6) Logic high voltages are specified at a source current of ImA.
7) Standby current specified up to 70°C. Standby current typically is 3pLA at 125°C.
8) To minimize Ipps, DQ should be within the following ranges: GND < DQ < GND + 0.3V or Vpp -

0.3V <DQ < Vpp.

9) Active current refers to supply current during active temperature conversions or EEPROM writes.
10) DQ line is high (*hi-Z” state).
11) Drift data is based on a 1000 hour stress test at 125°C with Vpp =55V,
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AC ELECTRICAL CHARACTERISTICS: NV MEMORY

(-55°C to +100°C; Vpp = 3.0V to 5.5V)

PARAMETER SYMBOL | CONDITION MIN TYP | MAX UNITS
NV Write Cycle Time g 2 10 ms
EEPROM Writes NEEwr -58°% 10155°¢ 50k writes
EEPROM Data Retention tEEDR -55°C to +55°C 10 years

AC ELECTRICAL CHARACTERISTICS

(-55°C to +125°C; Vpp = 3.0V to 5.5V)

PARAMETER SYMBOL | CONDITION | MIN | TYP | MAX | UNITS | NOTES
Temperature Conversion tconv 9-bit resolution 93.75 ms 1
Time 10-bit resolution 187.5 ms 1
11-bit resolution 375 ms 1
12-bit resolution 750 ms 1
Time to Strong Pullup On tspoN Start Convert T 10 us
Command Issued
Time Slot tsLor 60 120 us 1
Recovery Time tREC 1 us 1
Write O Low Time TLOWO 60 120 us 1
Write 1 Low Time trowl 1 15 us 1
Read Data Valid trRDV 15 us 1
Reset Time High tRSTH 480 us 1
Reset Time Low tRSTL 480 us 1,2
Presence Detect High tPDHIGH 15 60 us 1
Presence Detect Low tppLOW 60 240 s 1
Capacitance Cvour 25 pF
NOTES:
1) Refer to timing diagrams in Figure 18.
2) Under parasite power, if trsyr, > 960pus, a power on reset may occur.
TYPICAL PERFORMANCE CURVE Figure 17
DS18B20 Typical Error Curve
05
0.4 -~
g‘_‘;‘ 03 +3s Error ~_ /
5 02 e
w [ — 1
5, i o
E 01 10 20 30 0 e & s
£ i
£ s -
: Mean Error”
j; B *-3s Error

Temperature ("C)
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TIMING DIAGRAMS Figure 18
1-WIRE WRITE ZERO TIME SLOT

tsLoT START OF NEXT CYCLE

R FE— T

1-WIRE READ ZERO TIME SLOT

- tsLoT - | START OF NEXT CYCLE

78N

1oy ———
1-WIRE RESET PULSE
AESET PULSE FROM HOST
l= tasTL - tasTH

1-WIRE PRESENCE DETECT
PRESENCE DETECT

——] BpDHIGH [
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VODNI SYSTEMY

AWM 10/15/20/25

RCM 20/25/30/40/50

ACK 15/20/25/30/40/50

ACC 10/15/20/25/38/40/50/60
ADB 75/100/125/150

Stropni kazeta ACK-AW

]

2
(8]
=)

vestavéné cerpadlo kondenzatu

¢tyfeestny vystup vzduchu a pohyblivé Zaluzie
infra ovladani
mozna volba dratového ovladani

Podstropm RCM-DW

OOOOOQ

dvoucestny vystup vzduchu a pohyblivé zaluzie
tricestny filtr

silnd, robustni konstrukce

lehka udrzba

infra ovladani

mozna volba dratového ovladani

Mez:stropmACC -CW

GGGGU

mnoho moznosti umisténi
nezasahuje do interiéru
snadna montaz

infra ovladani

moznost dratového ovladani

Mezistropni ACC-C

o mnoho mozZnosti umisténi
o nezasahuje do interiéru
o vybér rychlosti ventilitoru

Potrubni ADB-BW

o vynikajici rozvod vzduchu

o spolehlivost

o elegance

o moznost dratového ovladani

Kontrola fan coilu

dratové nebo infra ovladani
restart

téirychlostni ventilator
automaticka regulace ventilatoru
wsleep mode*

diagnostika
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SIEMENS

‘ -

SSB... bez pomocného kontaktu

Elektrické pohony

4891

—, b |
S (//'
ot —_'.f.ai'
» = .":
¢ 1

SSB...1 s pomocnym kontaktem

SSB31...

pro malé ventily VVP45..., VXP45..., VMP45... SS BG 1 ana
(max. DN25, kys = 6,3 m°/h) S S B 81
¢ SSB31... napdjeci napéti AC 230V 3-polohovy fidici signal
» SSB81... napajeci napéti AC 24V 3-polohovy Fidici signal
¢ SSB61... napéjeci napéti AC/DC 24 V fidici signal DC 0...10 V
¢ Jmenovita ovladaci sila 200 N
¢ Automatické pfizplisobeni zdvihu ventilu
¢ Pfima montaz pomoci pfevleéné matice, neni tfeba Zadné naradi
o Zakladni typy jsou vybaveny pfipojovacim kabelem délky 1,5 m se zastrékou
¢ MozZnost vybéru pfipojovacich kabeli riznych délek
¢ Ruéni ovladani a indikace polohy
¢ Moznost paralelniho pfipojeni nékolika pohont
¢ Pomocny kontakt AC 250 V / 1(0.5) A je zabudovany do pohonti SSB31.1 a
SSB81.1
Pouziti
Pouziti k ovladani ventilii Siemens V...P45... pro regulaci topné a chladici vody ve
vytapécich, ventilaénich a klimatiza¢nich systémech.
CA1N4891cz Siemens Building Technologies

16.07.2004
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Prehled typii

Standardni verze Typ Napajeci Doba piebéhu | Ridici signal | Pfipojovaci | Pomocny
napéti pfi 50 Hz kabel kontakt
ssB31 " AC 230 V 150 s 3-polohovy 15m Ne
s$sB31/00 ? bez kabelu Ne
ssB31.1" 15m Ano
ssBg1” AC 24V 15m Ne
SSB81/00 ¥ bez kabelu Ne
ssBg1.1 " 15m Ano
ssB61 " AC/DC 24V 75s DCO..10V 15m Ne
SSB61/00 bez kabelu Ne

" Zakladni typy jsou dodavany s kabelem. Pohony mohou byt eventudiné objednény také bez kabelu
(typy SSB...100), viz?, ¥ a «Pfisludenstvi».

4 Pohon pro pfipojeni kabell jinych délek (viz «Pfisludenstvi») a jako nahrada
* Pohony pro pfipojeni kabell jinych délek nebo pfipojovacich svorkovnic (viz «Pfislugenstvi») a jako

nahrada
Pfislugenstvi Typ Popis Jmenovité napéti Ridici signal
ASY3L15 Pfipojovaci kabel 1,5 m AC 230V 3-position
ASY3L25 Pfipojovaci kabel 25 m
ASY3L45 Pfipojovaci kabel 4,5 m
ASY8L15 Pfipojovaci kabel 1,5 m AC 24V
ASY8L25 Pfipojovaci kabel 25 m
ASY8L45 Pfipojovaci kabel 4,5 m
ASY6L15 Pfipojovaci kabel 1,5 m AC/DC 24 V DCO..10V
ASY6L25 Pfipojovaci kabel 2,5 m
ASY6L45 Pfipojovaci kabel 4,5 m
ASY98 Pojistny Sroub pro zastréku kabelu nebo pfipojovaci svorkovnici
ASY99 Pfipojovaci svorkovnice pro pohony SSB81/00 s 3-polohovym fidicim signalem
ASY100 Pfipojovaci svorkovnice pro pohony SSB61/00 s fidicim signalem DC 0...10 V
Objednavani Pii objednavani uvedte pocet kusu, popis vyrobku a typové oznaceni.

Pfiklad: 2 pohony SSB81/00 bez kabelu a
2 pripojovaci svorkovnice ASY99

Dodavka Pohony, ventily a pfisluSenstvi jsou baleny a dodavany samostatné.
Kompatibilita
Typ ventilu Popis ventilu Kys Tlakova tiida | Katalogovy
PN list
[m°h]
VVP45... 2-cestny ventil 025..63 PN16 4847
VXP45... 3-cestny ventil
VMP45... 3-cestny ventil s T-obtokem 025..40

k. = jmenovity pritokovy soucinitel studené vody (5...30 °C) pIné otevienym ventilem (Hiao)
pfi tlakové ztraté 100 kPa (1 bar)
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Funkce / konstrukce

3-polohové fizeni
SSB31.../SSB81...

Ridici signal DC 0...10 V
SSB61...

Vlastnosti a vyhody

Prislusenstvi

Pfi ovladani pohonu fidicim signalem DC 0...10 V nebo 3-polohovym signéalem je
generovan zdvih, ktery je pfeveden na vieteno ventilu.

Popis cinnosti vtomto katalogovém listé plati pro verze ventila, které jsou bez
pfipojeného pohonu plné zavieny.

o Napétina Y1: Vffeteno se vysunuje: Ventil otvira
¢ Napétina Y2: Vfeteno se zasouva: Ventil zavira
¢ Y1 nebo Y2 bez napéti: Vieteno pohonu zlstava v prislusné poloze

¢ \entil otvira / zavira v zavislosti na velikosti fidiciho signalu na svorce Y.
* Pfi DC 0V je ventil plné zavien (A — AB).
¢ Pri odpojeni napajeciho napéti zlstava vieteno pohonu v pfislusné poloze.

» Plastovy kryt

» BezudrZbovy prevodovy mechanismus, odolny proti
zablokovani

* Ruéni nastavovani imbusovym kli¢éem 3 mm

» SniZeny pfikon v ustalenych polohach

» Odpojeni zab&ru momentovou spojkou pfi pfetizeni a v krajnich
poloh&ch zdvihu

¢ MozZnost paralelniho provozu 6 SSB31..., 24 SSB81...a 10
SSB61... za predpokladu dostacujiciho vystupu regulatort

¢ Pripojovaci svorkovnice pro jiné délky kabell
(pouze pro pohony s napé&tim AC 24 Va AC/DC 24 V)

¢ Pripojovaci kabely s konektory pro napéti AC 24 V a
AC 230 V nemohou byt zaménény

4891218

Pojistny Sroub

@n'““;'m‘ﬁ Typ ASY98 k zajisténi zastréky piipojovaciho kabelu

ASY98 — -~ &
- ;
P
Zastrcka kabelu
zapadne do zdifky -
v pohonu, ale muze,
byt dodatecné
zajisténa pojistnym °
Sroubem 5
Pripojovaci Pro pohony AC / DC 24 V s jinymi délkami kabelu.
svorkovnice ¢ ASY99 pro SSB81/00 s 3-bodovym Fizenim
ASY99 ¢ ASY100 pro SSB61/00 se spojitym fizenim DC 0...10 V
ASY100 Pripojovaci svorkovnice jsou dodavany s montaZnimi navody
(74 319 0385 0).
3/8
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Poznamky

Projektovani
A Upozornéni

Montaz

Montazni polohy

Uvedeni do provozu

Autokalibrace
A Upozornéni

4/8

Pohon musi byt elektricky pripojen dle mistnich pfedpist (viz «Schémata zapojeni»).
Predpisy k zajisténi bezpecénosti osob a majetku musi byt vidy dodrZovany!

Maximalni pFipustné teploty musi byt dodrZzeny (viz «Technické (daje»). Pripojovaci
kabel pohonu se mliZe bez poskozeni dostat do kontaktu s horkym télem ventilu za
pfedpokladu, Ze jeho teplota nepfevysi 80 °C.

Pohony SSB 31.1... a SSB81.1... maji zabudovany pomocny kontakt. Pozd&j§i montaz
tohoto kontaktu do jinych typl pohont neni mozna.

Montazni ndvod 4 319 0445 0 je pfiloZzen k pohonu,

Pripojeni pohonu k ventilu je provedeno pomoci pfevieéné matice; neni tfeba zadné
naradi ani nastavovani.

Pohon musi byt nastaven do polohy 0 (viz také «Ruéni pfestavovani»):

Pohony bez pfipojovaciho kabelu (SSB../00) musi byt wvybaveny pfipojovaci
svorkovnici a pfipojovacim kabelem.

90‘1,«'@50% 90°

>

Pfi uvadéni systému do provozu zkontrolujte elekirické zapojeni a provedte funkéni
zkousku pohonu a pomocného kontaktu, pokud je do pohonu zabudovan.

* \/ffeteno se vysunuje z pohonu (z polohy 0 do 1): Ventil otvira

» \/ffeteno se zasunuje do pohonu (z polohy 1 do 0): Ventil zavira

4362201

Béhem uvadéni pohonu SSB61... do
provozu a viZdy, kdyZz je knému
pfipojeno elektrické napajeni, tak
pohon provadi samokalibraci (zdvih
ventilu 0 —» max. zdvih ventilu —» zdvih
ventilu 0). Béhem kalibrace nesmi byt
pohon prestavovan ruéné,

Spravna funkce pohonu SSB... mize
byt poskozena, jestliZe je provozovan
bez pfipojeného ventilu. Po tiech pokusech o provedeni kalibrace ziistane
vieteno pohonu vysunuto. Pfed pfipojenim pohonu k ventilu musi byt elektrické
napajeni pohonu odpojeno a vieteno pohonu musi byt ruénim ovladanim
nastaveno do polohy 0. Po pfipojeni ventilu k pohonu a po opétovném pfipojeni
elektrického napajeni opét prob&hne kalibracni proces.

Pro spravny priubéh kalibrace musi mit pouzity ventil minimalni zdvih 1,5 mm.
Pokud je zdvih ventilu mensi nez 1,5 mm, tak kombinace ventilu s pohonem
zustane zablokovana po tiech kalibracnich pokusech (vieteno pohonu vysunuto).

4881221

Siemens Building Technologies
HWVAC Products
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Provoz Pohon Ize ruéné prestavit do jakékoli polohy mezi 0 a 1 pomoci 3 mm imbusového klice.
Ridici signal z regulatoru ma prednost pred polohou nastavenou ruéné.

Poznamka Pokud je nutné, aby pohon zUstal v poloze nastavené ruéné, tak odpojte pfipojovaci
kabel nebo odpojte napajeci napéti a fidici signal.

Ruéni pfestavovani

4881212

4581213 4891214

- #
Vs
&/

=] ot Ukazatel polohy na Ukazatel polohy na
m > znadce 0: zna&ce 1:
ek [ Ventil zavien Ventil otevien
(Y, Y1) Aj, f B(Y,Y2)
Udrzba Pohony nevyZaduji Zadnou udrzbu.

Pri provadéni servisnich praci na zafizeni provedte nasledujici opatfeni:
A » Odpojte napajeci napéti (napf. odpojte zastréku)
» Pokud je to nezbytné, odpojte elekirické pfipojeni ze svorkovnice.
¢ Pohon musi byt uvadén do provozu pouze se spravné namontovanym ventilem do

potrubi!
Opravy Pohony SSB... nemohou byt opravovany; kompletni jednotka musi byt vyménéna.
Likvidace Zarizeni nesmi byt likvidovano spoleéné s domovnim odpadem. To se tyké pfedevSim

desek plosnych spojt.

Mistni legislativa mOze vyZadovat specialni zachazeni s urditymi komponenty nebo
musi byt bran zietel na ekologické hledisko.

Dodrzujte mistni predpisy.

Zaruka
Uvedené technické Gdaje jsou platné pouze pii pouZiti pohonl s ventily Siemens
uvedenych v kapitole «Kompatibilita».
Pfi pouziti pohoni SSB... s ventily jinych vyrobcl je zaruka poskytovana
spoleénosti Siemens neplatna.
5/8
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Technické udaje

SSB31 SSB81 SSB61
Napajeni Jmenovité napajeci napéti AC230V | AC24V |AC24VneboDC 24V
Tolerance napéti +15% +20 % +20% +25%
Jmenovita frekvence 50/60Hz
Max. pfikon 6 VA 08VA | 2VA
/\ Pojistka pfivodniho kabelu (rychla) 2A
Ovladani Ridici signal 3-polohovy DCO..10V
Vstupni impedance pro DC 0...10 V — > 100 kOhm
Pfesnost nastaveni pro DC 0...10 V — < 2 % jmenovitého zdvihu
Paralelni provoz max. 6 max. 24 max. 10
(podet pohonti) "
Provozni Gidaje Doba pfebéhu pro zdvih 5,5 mm pfi 50 Hz 150 s 75s
Jmenovity zdvih 55 mm
Jmenovita ovladaci sila 200N
Pripustna teplota média
v pfipojeném ventilu 1...110°C
Elektrické pfipojeni Pripojovaci kabel zakladnich typu 1,5 m 3-zilovy podle EN 60320 / IEC 80227
Prumyslové standardy Spliiuje pozadavky pro CE znacent:
Smérnice pro EMC 89/336/EEC Vyzafovani EN 50081-1
Odolnost  EN 61000-6-2
Smérnice pro nizké napéti 73/23/EEC EN 607301
Trida ochrany podle EN 60730 1l | 1]
Stupen kryti pouzdra IP40 podle EN 60529
Rozméry / hmotnost Rozméry viz « Rozméry»
Zavit pfipojovaci matice k ventilu previeéena matice G%
Hmotnost s / bez pomocného kontaktu 0,4 kg /0,3 kg
Barvy krytu Spodni a horni East RAL 7035 svétle Seda
Pomocny kontakt Zabudovany v SSB31.1 a SSB81.1 1 pfepinaci kontakt
Nastavitelnd mez sepnuti 0...100%
Tovarni nastaveni 50 % T
ZatiZitelnost pomocného kontaktu max. AC250V,1A(05A)

" za predpokladu, Ze vystup regulatorl je dostatecny

Vseobecné podminky Provoz Doprava Skladovani

okolniho prostfedi IEC 721-3-3 IEC 721-3-2 IEC 721-3-1
Klimatické podminky Tfida 3K3 Tfida 2K3 Trida 1K3
Teplota +1..450°C -25..+70°C -5..+50°C
Vlhkost 5..85 % r.v. <95 %r.v. 5..95 % r.v.

Pfipojovaci kabel

SSB31... o “—"’*‘ va Ridici signal ZAVIRA (AC 230 V)
g :l:;— o (N Ridici signal OTEVIRA (AC 230 V)
eTiiw L_.‘_E“'_"""_ =="] NU'OV}:' vodié
SSB81... Pl Ridici signal ZAVIRA (AC 24 V)
L, - Ridici signal OTEVIRA (AC 24 V)
“aeTiden -\\, t— _a Systémovy potencial AC 24 V
SSB61... - —— Ridici signal DC 0 ... 10 V
:‘s—/"-\—-! S —0 Systémova nula (-piiDC 24 V)
D 1— =" e Systémovy potencial AC 24V (+ pfi DC 24 V)
6/8
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Pripojovaci svorkovnice

ASY99 § Ridici signal ZAVIRA
pro SSB81... [v1] Ridici signal OTEVIRA
6] Systémovy potencial AC 24 V
ASY100 g Systémova nula
pro SSB61 [¥] Ridici signal DC 0 ... 10V
E Systémovy potencial AC/DC 24 V

Svorkovnice pro Tovami nastaveni:

pomocné kontakty

o —
SSB31.1, SSB8&1.1 0.50% QN11—-Q12

50% .1 Q11 —Q14

Mez sepnuti mhze byt nastavena ota&enim spinacl vacky Sroubovakem (viz MontaZni

navod).
Schémata zapojeni
S38B3... L 5 N Regulator
2AF Y
[] I 8 Y Pohon
l© [/ L Systémovy potencial AC 230 V
Qf '702 j’,? I N Systémova nula
N ol ovff Iy Q1,Q2 Kontakty regulatoru
- i )
=
|
- YT V2
N Y
N
55B81... SP g N Regulator
2AF
g ohon
[] T i Y Poh
© i sSP Systémovy potencial AC 24 V
01) )02 j,:r! I SN Systémova nula
o o] o) __}N Q1,Q2 Kontakty regulatoru
- "
i
Q0
< Y1 Y2
G Y
SN
7i8
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SP (+) 2 N Regulator
SSB61... [J2a I Pohon
J SP Systémovy potencial AC 24 V

_ (@) ’.‘}" SN  Systémova nula

> I

3 i

g (Y) ;’}f (GO) N

> i

b

g

G Y
GO Y

SN ()
Rozméry

VSechny rozméry v mm
Pohon bez pomocného [
kontaktu
S8B31... — \
5SB31...
S5B61... 81.4 725

% O

Pohon s pomocnym
kontaktem
8SB31.1...
SSB81.1...

a8

48491

|

(&Y 9
'
83
985 \ 89.5
& 9
T
83
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SIEMENS OEM

- ; Trojcestné ventily (4 vst
Pfimeé ventily (2 vstupy) Trojcestné ventily (3 vstupy) ke :?r\:)eb‘oﬂ:eg]v upY)

VVP459.10-0.63 aZ VVP459.25-6.3 VXP459.10-0.63 az VXP459.25-6.3 VMP459.10-0.63 a3 VMP459.25-4

Pfimeé ventily (2 vstupy) Trojcestné ventily (3 vstupy)
VVP459.25-10 aZ VVP459.40-25 VXP459.25-10 to VXP459.40-25

Primé a trojcestné malé
ventily PN16,
ANSI Trida 250 V...P459...

Pfimé ventily, typ VVP459...

Trojcestné ventily, typ VXP459...

Trojcestné ventily s T obtokem, typ VMP459...

Jmenovity tlak 16 bar , ANSI Tfida 250

Material téla - (bronz Rg5)

Jmenovité svétlosti DN10, DN15, DN20, DN25, DN32 a DN40
Vnéjsi pfipojovaci zavit G...B

Jmenovity zdvih 5.5 mm

Knoflik pro ruéni nastaveni

Lze pouZit Sroubeni Landis & Staefa typ ALG... s plochym tésnénim
Lze pouzit s elektrickymi servopohony typ SSB... nebo SSC...

CA1Q4845¢2 Siemens Building Technologies
11.2001 HVAC Products



Pouziti

Média

Doporuceni

Provozni tlak

Pro pouziti v malych az stfednich systemech HVAC, ve ventilaCnich a klimatizagnich
systémech nebo v jednotkach pro vyménu vzduchu jako jsou fan-coilové jednotky,
indukéni jednotky atd. PouZiti pouze v uzavienych systémech. V hydraulickych

systémech se pouZiva jako sméSovaci ventil.

Horka voda:

Chladici voda:

Voda s antikorozni pfimési:

Max. 110 °C, kratkodob& max. 120 °C
Teplota =>2°C
Max. 50 % objemu

Uprava vody podle VDI 2035.

Max. 1600 kPa (16 bar) podle ISO 7268 (DIN 2401) a ANSI Tfidy 250 podle ASME

B16.15.
Pfehled typu
DN Pripojeni Kye VV...459... VX...459... VM...459... Kys Sy Aps | APy max Pohon
v obtoku 1) Prestavovaci
sila
[mm] [m*h] [m3h] [kPa] | [kPa] " [200N | 300N
10 G¥%B 0.63 |VVP459.10-0.63 | VXP459.10-0.63 | VMP459.10-0.63 0.44 > 50 600 200 | 8sSB | SsSC
1.0 |[VVP459.10-1 VXP459.10-1 VMP459.10-1 0.70
1.6 |VVP459.10-1.6 |VXP459.10-1.6 |VMP459.10-1.6 142
15 G¥%B 25 |VVP459.15-2.5 |VXP459.15-2.5 |VMP459.15-2.5 1.75 400
20 G1B 4.0 |VVP459.204 VXP459.204 VMP459.204 2.80
25 G1%B 6.3 |VVP459.25-6.3 |VXP459.25-6.3 4.40 200
25 G1%B 10 |VVP459.25-10 |VXP459.25-10 10 >100 | 300 200 SsC
32 G2B 16 |VVP459.32-16 |VXP459.32-16 16 150 150
40 G2%B 25 |VVP459.40-25 |VXP459.40-25 25 70 70
Aps = Max. dovolena tlakova diference v kPa, pfi které ventil je5té zavira.
Apymax = Max. dovolena tlakova diference na ventilu s pohonem pro cely rozsah zdvihu.
1) Pro Apmax > 100 kPa, je nebezpedi zvySené hluénosti a kavitace na sedle a kuZelce.
Kys = Prutok vody (v mh) pfi 20 °C plné otevienym ventilem (zdvih 100 %) pfi tlakovém spadu 1 bar,
Kur = Minimalni pritok ventilem (v mh) pfi tlakovém spadu 1 bar, pfi kterém je jesté dodrZena tolerance
zakladni pritoéné charakteristiky.
S, = Regulaéni rozsah (kys/ k).
Zavitoveé Sroubeni pro DN | Zavitna |Pro typ ventilu Landis & Staefa
V..P459... [mm] ventilu Vnéjsi zavit | Vnitini zavit
10 G%B V...P459.10-0.63 ALG13
az V..P459.10-1.6
15 G%B V...P459.15-2.5 ALG14
20 G1B V...P459.20-4 ALG15
25 G1%B VVP459.25-6.3 ALG20
VXP459.25-6.3
25 G1%B VVP459.25-10 ALG25
VXP459.25-10
32 G2B VVP459.32-16 ALG32
VXP459.32-16
40 G2¥B VV/P459.40-25 ALG40
VXP459.40-25
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Siemens Building Technologies Pfimé a trojcestné malé ventily PN16, ANSI| Tfida 250 CA1Q4845cz
HWVAC Products 11.2001



Objednavani

Dodavka

Kompatibilita

Priklad

Pri objednavani specifikujte pocet kusl, nazev vyrobku, typové oznaéeni ventilu, a
poéet kusU Sroubeni ALG... (pokud je poZadovano). Sroubeni ALG...(Landis & Staefa)
musi byt objednano jako samostatné polozky.

20 ks trojcestnych ventilt s T obtokem, typ VMP459.10-1

80 sad Sroubeni, typ ALG13

Ventily jsou dodavany v optimalnich poctech kusl; minimalni mnozstvi jsou uvedena

v nasledujici tabulce.

Typ Pocet kus( na jedno
baleni

VVP459.10-0.63 a2 VVP459.20-4 20

VXP459.10-0.63 az VXP459.20-4

VMP459.10-0.63 az VMP459.20-4 10

VVP459.25-10 10

VXP459.25-10

VVP459.25-6.3 9

VXP459.25-6.3

VVP459.32-16 6

VXP459.32-16

VVP453.40-25 5

VXP459.40-25

Ventily, pohony a &roubeni jsou baleny oddélené.

Ventily typu V...459.10-0.63 az V...459.25-6.3 jsou ovladany pohony typu SSB... nebo
typu SSC... zatimco ventily typu V...P459.25-10, V...459.32-16 a V...P459.40-25 jsou
ovladany pouze pohony typu SSC... .

Pohon Napajeci napéti Rizeni Piestavovaci | Pfestavovaci do Kys Katalogovy
doba sila list
SSBa19... AC 24V 3-polohoveé 150s 200 N 6.3 m¥h Q4891
SSB619 AC 24V DCO.10V 75s
SSC819 AC 24V 3-polohoveé 150s 300 N 25 m*h Q4895
SSC619 AC 24V pDCo.10V 30s
SQY31 AC 230V 3-polohové 150s 400 N 25 m%h N4578
3/8
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Navrh ventilu, diagram Pratok-tlakovy spad

AP, 190 [bar] i
— ] o
b =] g & = o T o o
=} (=1 = = T - =} (== B o~ T o
A0 " 111
30 L Bas
Legenda: eX o b+ ’.._,.- .
20 ;{P;\ Ny -t 555
—— AP max P { N L ) A
(Pro Ap.max vy5E8i nez 100 kPa, je e b fll"(o//’ A P . PL *
nebezpedi vazniku zvysensd hluénosti a // L ..o"’
vzniku eroze na sedle a kudelce.) 10 — r T
- 8 3 - A « 222
Hodnota Ky v pfitém sméru A — AB 4 A P ]
6 - b P - R 2L 167
100 kPa 1 bar = 10 m\WNG d O R A A '
1 m°h 0.2738 Ifs vody pii 20 °C 4 /’ ) " 4 ol 111
P . PR 5 ’f | A -
Apmax Maximalni dovolena tlakova diference 3 / ,/ 051 A P 083
n& regulaénim ventilu pro cely rozsah 4 ] /’ i L il
zdvihu 5 d T b \] pe P A -
Ap 100 Maximalni dovolena tlakova diference P #’w ) ‘// A i !
na piné otevieném ventilu {zdvih 100%:) d P " i
y o, 7 // f‘/ 1;/ /’ V1 o
YV 100 Maximalni pritok v Ifs 10 A Pa _ . i = 0.7
— 08— P 0.22
Hodnota kys v obtoku B u ventild typu V...459.10... = A v ,/
a2 V...459.25-8.3 je pouze 70 % hodnoty ke v 3E" 08 P 5 ra v 017 o
pfimém sméru A — AB (pro ostatni typy 100 %). -— [ =
. . T 2 04 . P P P o115
Takto je kompenzovana tlakova ztrata vyméniku = ” // ( I\ )/- - :;-
" - : P {n . % K
tepla nebo radiatoru pro udrZeni konstantni hodnoty 0.3 ,‘ ) 3 J ‘ J )= 0.033
pritoku Vigg.
02 // - 0.055
. a4
Piiklad: "/ P A E
: AT 3
IIIII‘IIIIIIIIIIIIII = Fl"k|ad 0I1 l2! 002?
M Vi = 0.083 I’'s 008 {— &/ 0.092
(2) Apaoo = 9kPa e
. N 0.08 0.017
{3} PoZadovana hodnota ks = 1.0m"h - o @ T oo S 99 288 o oo o
— (2] o [Zal ) 9 = 8 8 8
Apy, 100 [kP2]
Zakladni V...459.10-0.63 a2z V.. 459.25-6.3 V...P459.25-10 az V.. .P459.40-25
charakteristiky . .
v, 4 Y] i 00171
100 ao17a 100
1 | Py o]
T T | Q
08 e Q L 0.8 % 7 Y
W ‘70
9 /‘t’/— | T
0,6'_T v} 0,6'_ T
AN/ Abglag
04— - 04— M
__Bl L 1B
02 ot 0,2 |
P |
0 T - o A
0 02 04 06 08 1 0 02 04 06 08 1
Ho H1nn Hu H1on
Upozornéni! Ventily typu VXP459... a VMP459... Ize pouZit pouze pro smésovani.
V o = Objemovy pritok
Hao = Zdvihventilu 0% = smér A — AB uzavien, obtok B otevien
Hag = Zdvih ventilu 100 % =smé&r A = AB otevien, obtok B uzavien
Vystup AB= Konstantni vysledny pritokz Aa B — AB
Vstup A = Proménny pritok v pfimém sméru A — AB
Vstup B = Proménny pritok pies obtok B — AB
4f5
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Projektovani

Doportcent

Piimé ventily
VVP459...

Trojcestné ventily
VXP459...

Trojcestné ventily
s T obtokem
VMP459...

Ventily by mély byt pfednostné montovany na zpatecku, z divodu niZzsich provoznich
teplot. Viz také kapitoly « Montazs a «Uvedeni do provozus.

Pied ventil doporuéujeme montovat filtr.

Ventil je nutno orientovat tak, aby médium
protékalo ve sméru A — AB (vyznadeno Sipkou
na téle ventilu)

Vystup AB
Vstup A

Vieteno zasunuto: Smér A — AB otevien
Vieteno vysunuto: Smér A — AB uzavien

Proménny pritok v pfimém sméru (vystup)
Proménny pritok v pfimém sméru (vstup)

Ventily typu VXP459... mohou byt pouzity pouze
pro smésovani

Smésovani:
Pritokz AaB — AB

VystupAB = Konstantni vysledny pritok {(vystup)
Vstup A = Proménny pritok A — AB (vstup A}
Vstup B = Proménny pritok B — AB pies obtok (vstup B)

Weteno zasunuto: Smér A — AB otevien, obtok B uzavien
Vieteno vysunuto: Smér A — AB uzavfen, obtok B otevien

Ventily typu VXP459... mohou byt pouzity pouze
pro smésovani

Smésovani:
Pritokz AaB — AB

Vystup AR = Konstantni vysledny pritok (wystup)
Vstup A = Proménny pritok A — AB (vstup A}
Vstup B = Proménny pritok B — AB pies obtok {vstup B)

Weteno zasunuto: Smér A — AB otevien, obtok B uzavien
Vieteno vysunuto: Smér A — AB uzavfen, obtok B otevien

5/8
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Montaz

Montazni polohy

Uvedeni do provozu

Dovolené

Zkontrolujte smér pritoku média ventilem, jak je uvedeno v kapitole "Projektovani'

. Nepfipustna

nebo v navodu pro montaZz, ktery je pfipojen ke kazdému ventilu.

Ruéni prestaveni

Upozornéni !

Technické udaje

Ventil je moZno v pfimém sméru A — AB otevrit servopohonem nebo ruénim
ovladacim knoflikem. U trojcestnych ventilll je tim obtok B Skrcen nebo uzavren.
Pomoci ruéniho ovladaciho knofliku Ize ventil otevfit v pfimém sméru A — AB na
70 % zdvihu (obtok otevien na 30 % zdvihu). Ventily s hodnotami k¢ 10, 16 a 25 Ize
ruéné otevfit na plny zdvih, zatimco obtok Ize plné uzavrit.

Ventily jsou uzavirany zpé&tnou pruZinou.

Pred vykonavanim servisni ¢innosti na ventilu a/nebo pohonu : vypnéte Cerpadlo,
odpojte napajeci napéti, uzaviete hlavni uzaviraci ventil systemu, snizte tlak v potrubi
a nechte systém vychladnout. Jestlize je to nutné, odpojte kabely elektrického pfipojeni
ze svorkovnice. Ventil mUze byt ovladan pouze ruénim knoflikem pro pfednastaveni
nebo spravné namontovanym pohonem.

Provozni udaje

Pouzitée materialy

Rozméry / Hmotnost

Prislusenstvi

6/8

Charakteristiky
Smér A — AB Pro ventily s kys 0,63 aZ 6,3: ng = 2,2 ekviprocentni
podle VDI/NDE 2173 (optimalizovano pro velky
regulaéni rozsah)
Pro ventily s kys 10 az 25: linearni
— Obtok B Linearni
Netésnost
— SmérA — AB 0...0.02 % z hodnoty ks
— Obtok B 0...0.02 % z hodnoty ks

Regulaéni rozsah Sv

Viz kapitola «Pfehled typl»

Tlakova tfida PN16

Podle ISO 7268 (DIN 2401)

ANSI Tfida 250 ASME B16.15
Jmenovity zdvih 5.5 mm
Materialy ventilu
— Télo Bronz Rg5
— Vfeteno Nerezova ocel
— Kuzelka, sedlo, tésnéni Mosaz
— O-krouzky Pryz EPDM
Rozméry Viz kapitola «Rozméry» (tabulka)
Zavitové pripojeni
— Ventil G...B podle ISO 228/1
— Zavitové Sroubeni Rp... podle ISO 711
Hmotnost Viz kapitola «Rozméry» (tabulka)

Sroubeni ALG...

(dodavatel . Landis & Staefa)

Matice, vsuvka do potrubi a ploché tésnéni pro
ocelové potrubi

Siemens Building Technologies

HWVAC Products
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Rozméry

VSechny rozméry v mm

!
X,
!

Pfimé ventily i Y § 00172 i ‘\1
VVP459... : i I' i
H 1 ™~ H |
L e . L . —.)
o T
D I] [ \ [~ ‘ i -
T‘r - = <
__J='T;_T;T;_T;.'__‘_ __;:' byl
T TN T 7 N
LSO S N ! I, S
12 | B
L1 N
DN D | Typ ventilu B H1 H2 L1 L2 L4 | G
[mm] [kg]
10 | G¥%B |VVP459.10-0.63 ... 16 | 29 (449 | =54 | 60 | 30 0.26
15 | G%4B |VVP459.15-2.5 31 | 449 | =54 | 65 | 325 0.30
20 | G1B [VVP459.20-4 36 | 489 | = 80 40 0.42
25 |G1%B [VVP459.25-6.3 42 5 | = 80 40 49 (076
25 [G11%4B | VVP459.25-10 70 | 625 | =71 | 105 | 525 | 62.5 [1.40
32 | G2B |VVP459.32-16 80 | 69 | =78 | 105 | 525 | 63.5 [1.95
40 | G2%B | VVP459.40-25 100 | 72 [ =81 | 130 | 65 | 76 |275
Trojcestné ventily i~ J Y 00173
VXP459. .. ; L
¥ = ¥ -
i
oV L _
-\
i o |
-
L1 _
DN D |Typ ventilu B H1 H2 L1 L2 L3 G
[mm] [kg]
10 | G%B |VXP458.10-063 ...16 | 29 | 449 | = 60 30 30 |0.28
15 | G%B | VXP459.15-25 31 449 | =54 | 65 | 325|325 |0.34
20 | G1B [VXP459.20-4 36 | 489 | = 80 | 40 | 40 |(0.48
25 | G1%B | VXP459.25-6.3 42 | 51 |=60| 80 | 40 | 40 |0.64
25 |G1%B | VXP459.25-10 70 | 625 | =81 | 105 | 525 | 525 |1.20
32 | G2B |VXP459.32-16 80 69 | =88 | 105 | 525 | 525 (1.60
40 |G2VaB | VXP459.40-25 100 | 72 | =91 | 130 | 65 65 |2.30
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Trojcestné ventily { ) 00174
s T obtokem |I i
VMP459. . L=l I
% I T
o 1Y} . -
L/
¥
L/
Y
L2
L1 B
DN D |Typ ventilu B | H1 | H2 K L1 [ L2 | G
[mm] [kal
10 | G¥%B [VMP459.10-063...1.6 | 29 | 449 | =54 | 40 60 30 |0.36
15 | G¥B [VMP459.15-25 31 | 449 | =54 | 40 65 | 325 |0.46
20 | G1B |[VMP459.20-4 36 | 489 | =58 50 | 80 | 40 (064
Zavitova Sroubeni ALG... zavitova Sroubeni s plochym tésnénim, dodava Landis & Staefa.
Typ DN | Pro typ ventilu D D1 D2 L T
(Ventil) Cylindricky | Vné&jsi, Vnitini, = =
[mm] cylindricky | konicky | [mm] | [mm]
S vngjsim = ALG13 10 |V...P459.10-0.63 G% G5B 24 | 9
zavitem 1 _[ f 1 5
ALG13a 14 [
{T = V...P459.10-1.6
0 S~ g ALG14 15 |V..P459.15-2.5 G% G%B 295 | 12
S vnitinim _ (=== ALG15 20 {V...P459.20-4 G1 Rp¥%" 23 13
zavitem Wi ALG20 25 |V..P459.256.3 G1% Rp% | 25 | 15
ALG15a240 T g e
= ALG25 25 1V..P459.25-10 G1% Rp1” 27 | 17
= ALG32 32 |V..P459.32-16 G2 Rp1%" | 32 | 19
ALG40 40 | V...P459.40-25 G2% Rp1%" 32 | 19
8/8 @ 2000 Siemens Building Technologies s.r.o. Zmény vyhrazeny
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Eé N SrgT PROSPEKT 42 . 8

Snimace teploty s rychlou odezvou

Tyto odporové snimaée jsou uréeny pro kontaktni méfeni teploty
kapalnych nebo plynnych latek. Snimace jsou tvofeny plastovou hlavici,
a kovovym méficim stonkem o priiméru 4 mm, jehoZz souéasti je Sroubeni
se zavitem G 1/2". Stonek snimace je z nerez oceli tfidy 17240, Zakladni
délky meéficich stonki jsou 50, 100, 160 a 220 mm. Plastova hlavice
je opatfena kabelovou vyvodkou (v hlavici je umisténa svorkovnice) nebo
konektorem. Snimage vyhovuji stupni ochrany IP 65 dle CSN EN 60 529.
Konstrukce stonku snimace umoznuje pouziti snimace pro pfimé méfeni
teploty v potrubich a zarover zajistuje rychlou odezvu snimace na zmény
teploty. Snimace je mozné pouzit pro vSechny Fidici systémy, které jsou
kompatibilni s ¢idly nebo aktivnimi vystupy uvedenymi v tabulce typ
¢idel dle vystupniho signalu.

Standardniteplotni rozsah pouziti snimact je -30 az 130 °C.

Snimace jsou uréeny pro provoz v chemicky neagresivnim prostiedi.

Zvlastni pouziti

Snimace s odporovym vystupem a priichodkou je mozné pouzit v prostorech s nebezpeéimvybuchu - zéna 2. Jsou schvéleny podle
normy CSN EN 50 021 a oznadovany kédem Il 3G EEx nA Il T6. Teplotni rozsah poufZiti v prostorech s nebezpe&im vybuchu
je-20az 85 °C anesmi byt anikratkodobé prekroc¢en.

Pozadavek na snimac¢ pro uzitiv prostorech s nebezpeéimvybuchu - zéna 2 musibyt uveden v objednavce.

2. Technické parametry

Zakladni udaje
Typ snimace

Typ cidla Ni 1000/5000 Ni 1000/6180 Ni 891
Mé&Fici rozsah -30 aZz 130 °C (teplota v okoli hlavice -30 az 100 °C)
Max. méfici proud 3 mA 3 mA 3 mA
Dop. méfici proud 1 mA 1 mA 1 mA
Typ snimace PTS 160 PTS 260 PTS 360
PTS 160K PTS 260K PTS 360K
Typ cidla Pt 100/3850 Pt 500/3850 Pt 1000/3850 termistor NTC 20kQ2
Mé&Fici rozsah -30 az 130 °C (teplota v okoli hlavice -30 az 100 °C)
Max. méfici proud 5 mA 3 mA 3 mA 10 mW *)
Dop. méfici proud 1 mA 1 mA 1 mA
Typ snimace NS 560 NS 760 Poznamka
NS 560K NS 760K
Vystup 4 az 20 mA 0az 10V
Mé&Fici rozsahy -30az 60 °C teplota v okoli hlavice
Oaz 35°C -30 az 80 °C
0az100°C
0az 150 °C
Napajeni (Unar) 12 az 30 Vss 15 az 30 Vss doporuéena hodnota 24 Vss
Max. zvinéni Unap 0,5 % 0,5 %
Zatézovaci odpor 50 (Unar-11) O > 50 kQ
Pferugeni ¢idla > 24 mA >105V
Zkrat ¢idla < 35mA ~0V

*} maximalni pfikon &idla




Ostatni parametry

Trida presnosti

Ni ¢idla: tf. B, AT = £ (0,4 + 0,007lil), pro t>0; AT = + (0,4 + 0,028ltl), pro t<0 ve °C
Pt ¢idla: t. B dle IEC 751, AT = % (0,3 + 0,005Itl) ve °C
NTC 20kQ: + 1 °C pro rozsah 0 az 70 °C

Chyba méfeni NS 560 a NS 760

< 0,6% z rozsahu, minimalné 0,5 °C

Zapojeni snimagl

dle schéma zapojeni

Standardni délka stonku

50, 100, 160, 220 mm

Standardni zavit G 1/2"

Jmenovity tlak stonku snimace PN 25

Casova odezva Tso < 4 S, Teg < 10 s (v proudici vodé 0,4 m s™)

Typ svorkovnice Odporové snimace: WAGO 236 prifez vodici 0,35 az 1,5 mm?
- snimaée s pruchodkou Snimaée NS 560: MEB 02001 prufez vodiél 0,35 az 1,5 mm?®
Typ konektoru Konektor v hlavici: RSFM4 - Lumberg

- snimace s konektorem Pfipojovaci konektor: ELKA 4012

Pfipojovaci kabel s konektorem: RKT nebo RKWT

Izolaéni odpor

> 200 MQ pfi 500 Vss, 25° + 3°C

Stupen kryti

IP 65 dle CSN EN 60 529

Material stonku

nerez 17240

Materiél hlavice

LEXAN 500R

Hmotnost

cca 0,15 kg

3. Schéma zapojeni

Snimace s priichodkou:

R

Odporové snimace
Snimace s konektorem:
Odporové snimace: Konektor
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5. Montaz snimace a jeho obsluha

Pred pfipojenim pfivodniho kabelu je nutne snima¢ umistit do mista, ve kierém se bude méfit teplota.

Snimace s prichodkou:

Pred pfipojenim pfivodniho kabelu je nutné odSroubovat vicko plastové hlavice. Pfes uvolnénou prichodku typu HSK - K se do
svorek pfipoji pfivodni kabel podle schématu zapojeni. Doporuc¢eny prifez vodi¢l je 0,35 aZz 1,5 mm?® a vnéj§i pramér kabelu
kruhového prifezu 4 az 8 mm. Pro zajisténi stupné kryti IP 65 je nutné po pfipojeni pfivodniho kabelu dotdhnout prichodku a
pfisroubovatvicko.

Snimace s konektorem:

K pfipojovacimu konektoru RSFM4, ktery je soucasti hlavice snimace, se pfipoji pfivodni kabel s konektorem dle schematu
zapojeni. Jako pfislusenstvi ke snimaci, mize byt dodan samostatny propojovaci konektor ELKA4012, nebo privodni kabel
s pfimym konektorem RKT, nebo pravolhlym konektorem RKWT. Pro zajisténi stupné kryti I[P 65 je nutné pfekontrolavat spravné
dotazeni konektord avicka snimace.

V piipadg, ze pfivodni kabel je veden v blizkosti vodi¢i s vysokym napétim, nebo takovych, které napdjeji zafizeni vytvarejici rusivé
elektromagneticke pole (napf. induktivni zafizeni) je nutné pouzit stinény kabel.
Po montazi a pfipojeni na navazujici elektrické méfici zafizeni je snimac pfipraven k provozu. Snima¢ nevyzaduje specialni obsluhu
audrzbu. Pracovnipoloha je libovolna, priichodka véak nesmismérovat nahoru.

6. Modifikace a zakazkové upravy

U standardné vyrabénych snimaci je moZné upravit tyto parametry:
- moznost tfi- nebo ¢tyfvodicového pfipojeni (vnitini vedeni snimace po svorkovnici je dvouvodi¢oveé)
-tfida pfesnosti A (s vyjimkou ¢idel Ni 10000/5000, Ni 10000/6180, Ni2226, termistor NTC 20 k)
-zména provedenistonku - jiny typ zavitu, jiny primér stonku (mizZe ovlivnit rychlost odezvy)

7. Zpusob objednani

Snimace teploty s rychlou odezvou [1]A]Ja]lc|]c|D|Dlo]J1]olGcg|acg]|a
s plastovou hlavici 0
s plastovou hlavici do Ex 1
s plastovou hlavici do Ex 3

Ni 10000/5000 (N10), ti.B
Ni 10000/6180 (N10A), ti. B 1

aktivni snimace proudové 0 A
aktivni snimacée napétové 0 V
Ni 1000/5000 (N1), ti.B 0] 1
Ni 1000/5000 (N1), tF. A 0 2
Ni 1000/6180 (N1A), ti.B 0 3
Ni 1000/6180 (N1A), ti. A 0] 4
Pt 100/3850, ti. B 0 6
Pt 100/3850, tf. A 0 7
Pt 500/3850, tf. B 0 9
Pt 500/3850, ti. A 1 0
Pt 1000/3850, tf. B 1 1
Pt 1000/3850, t. A 1 2
Ni 891 1 4

NTC 20 kQ 1 5

1 7

8

s odporovym vystupem 0 0
-30az 60°C 0 1
Daz 35°C 0 2
0az100°C 0 3
0az 150 °C 0 4

50mm | O 5 0

Deka [Hoomm [ 1 [0 [ 0

L1 160 mm 1 6 0

220mm | 2 2 0




PFi objednani zbozi pozadujeme tyto udaje

Pozadovany tdaj Priklad

Typ vyrobku NS 161
Délka stonku 160 mm
Odporovy/4az20mA/0az 10V Odporovy vystup ( Ni 1000/6180)
Teplotnirozsah =
Pozadovany lidaj Priklad

Typ vyrobku NS 560K
Teplotnirozsah -30a260°C
Délka stonku 160 mm
Propojovaci konektor NE
Pfivodnikabel s konektorem ANO

Tridou pfesnosti, pokud neuvedete jinak, je tfida B.
Daldi mozné (standardni) varianty provedeni snimace teploty jsou uvedeny vtabulce 7. Zpdsob objednant,

8. Dodavani, likvidace a opravy

Dodavani:

Snimace jsou baleny v krabicce po 1 az 2ks.

Kazda dodavka obsahuje, neni-li se zakaznikem dohodnuto jinak:
- lepenkovou krabicku oznagenou typovym Stitkem

Dale je moZno s vyrobkem dodat:
- kalibraéni list
- ES prohlaseni o shodé (usnimact NS 560, NS 560K, NS 760 a NS 760K)

Likvidace:
Vyrobky firmy SENSIT-HOLDING s.r.o. se v souladu se zakonem 2002/95 sb. odborné likvidujf firmou RETELA s.r.0. Informace o
odbérnych mistech pro tento elektroodpad obdrZite u vaseho prodejce.

Opravy:
V piipadé zavady snimade provadi opravu (zaruéni nebo pozaruéni) vyrobce. Do opravy se zasilaji snimace se zaru¢nim listem
v plvodnim nebo rovnocenném obalu bez pfislusenstvi.

42,8 | 09/05
nahrazuje 42.7
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1. Popis a pouziti

Tyto odporové snimaée jsou uréeny pro méfeni teploty plynnych latek
v prostorech chranénych proti vodé. Snimace jsou tvofeny plastovou
hlavici, ve které je umisténa svorkovnice s odporovym ¢idlem teploty.
Plastova hlavice je z materialu LEXAN 500R (Seda barva a slonova kost)
nebo ABS (bila barva). Snimaée vyhovuiji stupni ochrany IP 30 dle CSN
EN 60529,

Pfijlemny design a kvalitni material zaruéuji, Ze snimace nepUsobi rusivé
ani v interiérech, na které jsou kladeny vysoké esteticke pozadavky.
Snimace je mozné pouZit pro vSechny fidici systémy, které jsou
kompatibilni s ¢idly nebo aktivnimi vystupy uvedenymi v tabulce typl
¢idel dle vystupniho signalu.

Standardni teplotni rozsah pouziti snimacu je -30 az 100 °C. Snimace
jsou ur€eny pro provoz v chemicky neagresivnim prostfedi.

2. Technické parametry

Zakladni udaje

Typ snimace NS 100 NS 101 NS 102 NS 300 NS 301
Typ cidla Ni 1000/5000 Ni 1000/6180 Ni 891 Ni 10000/5000 Ni 10000/6180
Méfici rozsah -30aZ 100 °C
Max. méfici proud 3 mA 3 mA 3 mA 500 pA 500 pA
Dop. méfici proud 1 mA 1 mA 1 mA 300 pA 300 pA
Typ snimace NS 103 PTS 100 PTS 200 PTS 300 HS 100
Typ cidla Ni 2226 Pt 100/3850 Pt 500/3850 Pt 1000/3850 termistor NTC 20k
Mé&fici rozsah -30az 100 °C
Max. méfici proud 1 mA 5 mA 3 mA 3 mA 10 mW *)
Dop. méfici proud 500 pA 1 mA 1 mA 1 mA
Typ snimace NS 500 NS 700 Poznamka
Vystup 4 az 20 mA 0azioV
Méfici rozsahy -30az 60°C teplota v okoli hlavice
0az 35°C -30 az 80 °C
0az 100 °C
0az 150 °C
Napajeni (Unar) 12 az 30 Vss 15 az 30 Vss doporu¢ena hodnota 24 Vss
Max. zvin&ni Unar 0,5 % 0,5 %
Zatézovaci odpor 50(Unar-11) ©2 > 50 kQ
Prerugeni cidla > 24 mA >105V
Zkrat ¢idla < 3,5 mA ~0V

*} maximalni pfikon &idla




Trida pfesnosti Ni gidla: tf. B, AT = + (0,4 + 0,007Itl), pro t=0; AT = + (0,4 + 0,028Itl), pro t<0 ve °C
Pt cidla: tf. B dle IEC 751, AT = + (0,3 + 0,005ltl) ve °C
NTC 20k: + 1 °C pro rozsah 0 az 70 °C

Chyba méfeni NS 500 + [5G

Chyba méfeni NS 700 < 0,6% z rozsahu, minimalné 0,5 °C

Zapojeni snimacu dle schéma zapojeni

Casova odezva Tso < 8 s (v proudicim vzduchu 1m s™)

Typ svorkovnice Odporové snimace: WAGO 260 prifez vodiél 0,35 az 1,5 mn?

Snimace NS 500: MEB 02001 prifez vodiét 0,35 az 1,5 mm?
Snimace NS 700:  Weidmiuiller LM5 prifez vodici 0,35 az 1,5 mm?

Stupef kryti IP 30 dle CSN EN 60 529
Material hlavice LEXAN 500R, ABS (bilé provedeni)
Hmotnost cca 0,1 kg

3.Schema zapojen
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5. Montaz snimace a jeho obsluha

Pied pfipojenim pfivodniho kabelu napajeni je nutné oddélit perforovany kryt od zakladny plastové krabicky. Pfitéto operaci je nutné
postupovat opatrné, aby nedoslo k mechanickému poskozeni Cidla, nebo soucastek prevodniku. Otvorem o priméru 9 mm
prostréit pfivodni kabel, ktery se pfipoji do svorek WAGO podle schématu zapojeni. Doporuéeny prifez vodiél je 0,35az 1,5 mm?,

V piipadé, ze pfivodni kabel je veden v blizkosti vodi¢l s vysokym napétim, nebo takovych, které napdjeji zafizeni vytvarejici rusivé
elektromagnetické pole (napf. induktivni zafizeni), je nutné pouzit stinény kabel.

Po pfipojeni pfivodniho kabelu se zakladna upevni na rovnou plochu Sroubkem s max. primérem 4 mm. Posledni operaci montaze
snimace je nasazeni a zaklapnuti perforovaného krytu do pfislusnych otvort v zakladné.

Po montazi a pfipojeni na navazujici elektrické méfici zafizeni je snimac pfipraven k provozu. Snima¢ nevyZaduje specidlni obsluhu
audrzbu. Pracovnipolohaje libovolnd, s vyjimkou snimaée NS 500, jehoz pracovni poloha je uvedenav nékresu v bodé 4,

6. Modifikace a zakazkové upravy

U standardné vyrab&nych snimaci je moZné upravit tyto parametry :
- moZnost zapouzdfeni dvou ¢idel
- moznosttroj nebo étyfvodi¢ového zapojeni
-tfida pfesnosti A (s vyjimkou ¢idel Ni 10000/5000, Ni 10000/6180, Ni 2226, termistor NTC 20 k)
-zménabarvy hlavice snimace - slonova kost, bild ajiné
- zapouzdfenijinych odporovych prvkl pro méfeniteploty - KTY, SMT 160 - 30 apod.




7. Zpusob objednani

Snimace teploty do interiéru [ 1 o0 o P D | D [ Flo]Jo]o] o]
aktivni snimaée proudové 0| A
aktivni snimace napétove 0 V
Ni 1000/5000 (N1), ti.B 0 | 1
Ni 1000/5000 (N1), tFr A 0] 2
Ni 1000/6180 (N1A), ti.B 0] 3
Ni 1000/6180 (N1A), tF A 0| 4
Pt 100/3850, tf. B 0| 6
Pt 100/3850, tf. A 0 i
Pt 500/3850, t. B 0] 9
Pt 500/3850, tf. A 1 0
Pt 1000/3850, tf. B 1 1
Pt 1000/3850, tr, A 1 2
Ni 891 1 4
NTC 20 k@ 1 5
Ni 10000/5000 (N10), tf.B 1 7
Ni 10000/6180 (N10A), t. B 1 8
s odporovym vystupem 0] 0
-30 az 60 °C 0 1
Oaz 35°C 0 2
0az 100 °C o | &
0az 150 °C 0 4
svétle Seda - standard 0
slonova kost 1
bila 2

Pri objednani zbozi pozadujeme tyto udaje

Pozadovany udaj Priklad
Typ vyrobku NS 500
Qdporovy/4az20mA/0az 10V 4az20mA
Teplotnirozsah 0az100°C

Tridou pfesnosti, pokud neuvedete jinak, je tfida B.
Dalsi mozné (standardni) varianty provedenisnimace teploty jsou uvedeny v tabulce 7. Zptsob objednan.

8. Dodavani, likvidace a opravy
Dodavani:
Snimace jsou baleny v krabiéce po 1 az 2 ks.

Dale je mozno s vyrobkem dodat:
-kalibraéni list
- ES prohlaseni o shodé (usnimaci NS 500 a NS 700)

Likvidace:
Vyrobky firmy SENSIT-HOLDING s.r.0. se v souladu se zdkonem 2002/95 sb. odborné likviduji firmou RETELA s.r.o. Informace o
odbérnych mistech pro tento elektroodpad obdrzite u vaseho prodejce.

Opravy:
V piipadé zavady snimace provadi opravu (zaruéni nebo pozaruéni) vyrobce. Do opravy se zasilaji snimace se zaruénim listem
v puvodnim nebo rovnocenném obalu bez pfislusenstvi.

07.9 | 10/05
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