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ABSTRACT

This project introduces the design of PIDmn control based on WIO terminal for
miniature tree incubators with the aim of studying a design of PIDmn controller to
control temperature and humidity for miniature tree. By the controlled environment
condition, the miniature tree will be kept healthy and strong. The project consists of
three main parts, the WIO terminal, a miniature incubator and the design of PIDmn
control. The WIO Terminal is a 32-bit ARM Cortex-M4F microcontroller board with
Floating-Point Unit, enabling numerical calculations with decimal It also has many
other functions. The miniature incubator consists of devices used to measure and
control temperature and humidity. In the part of the PIDmn control is a PIDmn
controller design which can control the temperature and humidity inside the miniature
tree incubator. In this study, there are many methodologies consisting of a study on
PIDmn controller, temperature process control, humidity process control, specification
of WIO terminal microcontroller board, WIO terminal microcontroller programnming, GUI
programming and display, as well as display and data recording through the loT
platform. The experimental results showed that the design of PIDmn control can
achieve the output response behavior of temperature and humidity inside the
miniature incubator followed the required setpoint condition as well as It’s capable to

display the graphical user interface on WIO terminal screen effectively.



AnRnssuUsEnNA

a s

ﬂ%@@wuwuﬁaﬁ’uﬁﬁwL%ﬁ]qdaﬂé’ﬁwﬁ HomnldsumIuunnIaInsemansnise as.
9713uA Umd19ey ﬁiﬁmmaqlmwzﬁﬂummaé@’mu@uﬂ%mmwﬁwuéﬁ uaglalauugii
lusumedialunsaruausig o aaenud1UIny waziuzihludiuing 9 ulvaudeasy
WinwensankaruTmsludunisvihonu vilvinsaugd darladnsinuagimuinuesly
Tumaiing ety

5ﬂﬁ@ﬁuamauamﬂmzﬂﬁumiaauU%mﬁgﬁﬁwuﬁ‘ﬁiﬁﬁwLLuzﬁﬁLLazLmeﬂumiﬂ%ﬁJUqa
ﬂ‘%zyﬁy’]ﬁwuﬂﬁﬁmmamyiaimﬂ?qufu sulvaufsanizonansduazsuiluaadumalulad

NILRUNANIAUINITAIAN TN NYINY Aladsaaunazienenivinug Ussaunisel

o
v Al

waznadanig 9 vilineaugddavhannsatienugivaiunnlglunisiidedlidnse

aalane

ANIZEIAYIN



R

UNAAGDATI VNI coovovoevereeeeeeeeeseeseesessesssssessssssssssssesssssssssssesssssessssssssssssessssssssssssssssaessssssssssans |
UNARGDATHIDING T covrrverereereeeerereeeeeresesessesssssesssssssssssssssasssssssssasessssssssssssessssasssssssssssasessessssnes [
AARNTTUUTENIF ceoverrrerrereeseesseessees st s s bbb sssss s ssss b b s s e s s sass b e sssesssesbassbansssnsssnes I[
FITTURY covvrrrrreserssssersssssesssssessssssessssessssssssssssesssssessssssssssssesssssessssssessssssssssssssssssssssessssnssssssssssns \Y
BTTURIANTID covvverrmreeessesessssesssssssessssssessssssesssssssesssssssesssssssessssss s sss st b s sss s st ssssss Vii
HVTURITU onrenennsssssces s g I e o Moy 4444448 ssssssssssssssssssssssssasassssas Vil
NIRRT o A NN\{[1///Z2C = . 1
14 AT UDIUTEYUITIINUS. oottt 1

1.2 T9QUIEaAUBIUTEURIITINUS oot 1

1.3 ToUo Faas TN/, ke \ LR i Mo NN, 2

e T eeria Ty (VN M2 W () B oo LD T2 | W 2

UNT 2 NOUAEIENNITTIRGITD oo 3
o nsuindlln & e 1 2 AN e N 3

285 TherDphsietem. Sl 8 . Loddd. . ommllenet T WM 3

2.3 LUUT DD IAEROI TR ittt et ieeeeeeb oot 3

AN SYEien ideptificafion@ ). N . (4 L. W e Ol 4

va QT N ISTTIUL Wit Yo B NI 2N SO, SOy 4 A 5

2.0.1.1 BUNALALLDWNAVBITEUY (INPUL/OULPUL) oo 5

2.4.1.2 @enlassasedmsuszuy (Model Structure).....oovvveceeevveecee. 5

2.4.1.3 Uszanamsaudsfiusuaild (Estimate adjustable value).......... 6

2.4.1.4 UssUMUUINADI (EVAlUALE) oo 6

242 mssvyszuudadudiduivilamfesdisnaldnaneuaued. ... 6

2.4.2.1 99T1Y1YVDINTEUIUNTT (Kp) ......................................................... 6

2.4.2.2 AIPIRINIAITBINTTUIUNT (rp) ....................................................... 7

2.4.2.3 $130a15SHanDUAUDIIINTZUIUNNT (Gp) ..................................... 7

2.5 FEUUAIUANMUUAREIU-USTHUT-DUIUS oo 8

251 WAUDIFAGIU oo 8



#1508y (s0)

Wi

2.5.2 MAUBAUTIUS oo 9

2.5.3 HAUDIDUIUS occcvcvrrrresieessses s 9

2.6 FAATUAB PID]) oeeeeeeeeeoeaeeaseeeeeeeeeeeeeseeeeesssssssssssse s ssssssssesssssssss s 10

2.7 Graphical User Interface (GUI.......ooieiriiriisceceee s 11

UM 3 FFANTAUTUII corrsisiirrnssesssss s sssssbssms s ssss s s s ssssss s sssess 13

RIUCT o RO N NAUNF VN, 13

3.2 ANTIUVBIDIAUTENDUNANVBITEUY ceovvverrreessessneenren st sisnsssssnsessesssneesnensees 13

3.3 N1508NwUUTEUUAMTULTIUNMSATUANNTEUIUNT s 14

3.4 113 Modeling 5UUdmsUlElLuN1T08ARUUNTIAIUAN PID] oo, 17

3.4.1 13 Modeling szuvdmsuldlunisasnikuun1smuateuugdl .............. 17
lusguuin

3.4.2 M3 Modeling szuudmsuldluniseenuuunismiunuamungi .............. 21
Tusguuasie

3.5 M3eBALUUMIAIUAN PIDT AlunITAIUANNTZUIUNT. 24

3.5.1 A1388NLUUAISAIVAY PID]) F15UNSATUANBENA. ...cooveeeee 26
lussuuastn

35,2 N1308NKUUNIAIUAK PID] FAMEUMSAIUANAIINA o 29
lusguutn

3.6 N1590NHUUIUTUATUNITIINUYET WIO INDFTUR oo 31

UMT B WANVTNARD corovrresosesessssssssssssssssssssssssss s s ssssssssssssssssssssssssssssssssssssssess 37

T 7S 37

4.2 MINAABINITAIUANIUNATNEIUTZUURIY PID] oo 37

4.3 MIVARDINTAIUANATIAUNIGIUTEUUFIE PID™ .o a1

4.4 MINAABINIIAIUANDMANTLAXABUAETLTZUURE PIDT oo a4

UM 5 AFUHANITNARBILAZTBIUBILE w.oocvoeeveesres s s 48

5.1 ATUNG 48



#1508y (s0)

v
il
5.2 UBMBUBUL .o 48
UTTOUTUN T erererereerssessssssssssssssaseeesse e sessssssssssssssssses s ess e b b bE b R e 50
DIVANUIN cerreeeeeeeesessessessessesseseesessessessessessassassassassssassssssessesssesesssssssassassaseassassassassssssassssessases 53
TSR LT LT N oo RN 0 W W L O 7177 0o N\ SO 80

Vi



#150yM1319

A9l Wi
3.1 Goulvweanszuiuns (ORI oo 17
3.2 {HoUlUUBINTTUIUNT (PIMTU) oo 21
3.3 5N15USUU PID (Ziegler-Nichols MEthOdS)...........ccccerrrrrrrreereessssssssssieccessnsesreneeeesss 27
4.1 WNANIINARDINITAIUANDUNATIUTEUU oo 40
4.2 mami‘mmaadmamuqumm%ﬂuiwu ............................................................................. 44
4.3 wamsvanoInIntuaNgginaraLTulussUUNSauAY (QEMnT) 47
4.4 wamﬁmaaqmamuauqmmﬁLLazmmsﬁu’Lusxww%famﬁu (VW) o a7

VI



gﬂ‘ﬁ wun

2.1 Graphical User INterfate .....c.ouiuiiciee e 12

3.1 UWHUEININTIUNTYINIUYBINITRNRUUNITATUAN PID oo 14
g WIO wiasiita dmsugousulduunaian

32 nseenuuulassaiadowiurasssuudmiuldlunsMUANNTEUINNT 15

3.3 TAs9a$19U035UUTieanuuUULAY A THUTUSUATH AUTOCAD. ..o 15

3.4 TassaaweaszuuiivszneunndruitnieMlulusunss AutoCAD ..o 16

(%
(Y

3.5 laseasevessuunasthdudiuniy o uiusznoudnsiuiulasindsounsalisn@y ... 16

3.6 WUsunsuud MATLAB Simulink dusuly Modeling SEUUMNH vvevccervvcerrrreeciecen 18
3.7 NINHARDUAUDIVDIUNYTUUUTEUUATUANIUTA ..o 19
3.8 1UsuNsu MATLAB Simulink édmSUuUseliun s NHRREUAUE . .....ovvvveeesiieeerereeesnneenn 20

flardunelou (@amgil)

3.9 nsNanaUauBIYeIgaIMATianTleATuaneTouTUsEINMAMA R 20
3.10 TUsunsuuy MATLAB Simulink 81u3uld Modeling SYUUa AU ... 22
3.11 ﬂiW\INamauauawaamm%mwmzwmwmqL?J@ ......................................................... 22
3.12 Wsunsu MATLAB Simulink d5uusgfiuns I iNaRBUEUBA «.oooooooer oo 24

anduanslou (AIUTY)

3.13 nyWkanBUAuBIvasA T NiiFusnelouRiUsranauale 24
3.14 @aun13MTUTUU FOPDT gaunnilaneIsnsusugu PID) Ul SCHID e 27
3.15 aun1smIusugu PID femsUsuguit 2 Bn1sfideuu Script (@R .. 28
3.16 TsunsusnaeamsniuaugamniaeTsnisuugu PID eeos®s. oo 28
3.17 NHANBUANBIYBINITINRBINITAIUANMNIAIBITAITUTUTU PID FaaoeTs ...... 29
3.18 aun13M3USUU FOPDT ATatudaeiBn1Usuqu PIDT Ut SCrpt oo 30
3.19 aun1ansUsugu PID fensusuguits 2 Bn1sfdeuu Script (ATWAL) ... 30
3.20 TUsunsu10DIMIAUANANTUFETENTUTUTU PID d0935 o 31
321 NTWIHANDUALDIYBINTIIAINTATUANANLTLAETENISUTURY PID Tieaosds ... 31
3.22 Graphical User Interface gUwuuasiananavan (vauan1sviteiy Manual)............... 32
3.23 Graphical User Interface guuuuasuansuanan (nuansvinausnlusd®). ... 32
3.24 Graphical User Interface JUWUUIDENTUUTULASAMIIUUT oooovvveeeveeeeevieeiveneiececeeininnnnees 33
3.25 Graphical User Interface JULUURBUAAINANSINHARDUAUDY (BEUNON) ..o 33

VIl



d135Ugy5U(sia)

SUT v
3.26 Graphical User Interface JULUUABUAAINANIINNANDUEAUDY (V) 34
3.27 Flowchart #anan137MaUUBIIUTUATUIU (1) ceeereeceereeeeeeseeneesssscsneeesneen 35
3.28 Flowchart WanaNIT7MaUUBIIUTUNTUIU (2) eoeeereerecererseeeeesesseeneesesncssesessneee 36
4.1 TUsunsu Hardware in the loop LiienAaBIN1TAIUANEAMAT (PID™) ..o 37
4.2 NFMLEAINANTITAIUANEUNI(IUSEUURIY PIDL oo 38
4.3 NFMLAAINANITAIUANBUNI(UWIUTEUUADY PID]T ..o 38
4.4 TWsunsu Hardware in the loop Lﬁamammsmuqmqmmﬁ ......................................... 39

(Ziegler=Nichols method)

4.5 nymianananisauANavi(yluszsuume Pl (Ziegler-Nichols Method)................ 39
4.6 nymluanananiIsauAaungi(uluszuuslg Pl (Ziegler-Nichols Method)................. 40
4.7 Tsunsu Hardware in the loop Lﬁamammimuammm%u (GIIDAD F— a1
4.8 rmwmemamimu@mmm%u(yﬂuizwéhEJ R P L322 AN 41
4.9 ﬂi’mlmemamimU@mmm%u(uﬂuizwﬁw PPYIE.28.2825 e ) o L L e 42
4.10 Wsknsy Hardware in the loop Lﬁamammimuqumm%u ........................................ 42
(Ziegler-Nichols method)
a.11 fmwLLammamimummmu%lu(yﬁuizwﬁasJ Pl (Ziegler-Nichols Method)................ 43
4.12 ﬂiW\lLLﬁmNaﬂﬁﬂ?U@m@%’]ﬁJ%ﬂ(uﬁui%UUG’f’JEJ Pl (Ziegler-Nichols Method) .............. 43
4.13 fmwu,ammaﬂﬁmUﬂmquQﬁLLazﬂ’;’m%u(y temperature)lussuume PID; ............. il
4.14 ﬂi’ﬁ/\|LLﬁ@x‘iNamiﬂ’JU@mqm%QﬁLLab’ﬂ’J’lﬂJ%u(y humidity)lusguume PID) ... 45
4.15 ﬂiWWLLammamimuamqmmﬁLLazﬂawm%u(u)IuizUUﬁaa PIDp s 45
4.16 ﬂi’ﬁ/\lLLﬁﬂﬂNﬁﬂ’]’iﬂﬁUﬂmqmﬁﬂﬁLLazﬂ’J’m%u(y temperature lUSEUUAIY .ooooooooccccennen 46

PI (Ziegler—Nichols Method)

4.17 NFWILARINANTIAMUANYUMNTLAZ AT humidity lUTEUURIE o 46
PI (Ziegler—Nichols Method)

4.18 ﬂi’]‘V\|LLﬁmNamiﬂiUﬂtﬂqm%QﬁLL@%F’YJ’]SJ%JU(U)GLH%UU@I’J‘EJ ............................................... 47

Pl (Ziegler-Nichols Method)



1.1 audAgyvaIdIygytinusg

dosntlymlanioulugetligtuivhligumailangetudos 1 luuastu Tasdnaun
Pnranvatedady endieg1atu NIHAIUINIEAAIMNTTY KAENSTAILIAMNAINTINUEY
dauliegodaguanisuduanuniunisuassuaiiviidsaliiinusingnisaiisounszan
uanmiennnisudesuafiudanan viefigandnedisinfedounsyan dufidsulufinis
dldvhanetitethiudldaes fionausslowisg 1 Weiluiivnlsianasiilimagaduine
13aUNTLINIINUTINARanaR YR

nRanIsAnwInuIinIsUgnaulifugiuly vieniseusnehldiiseegiafedtu

Y

al

il3snsuidamlanfouniussavsnmgeiigausdsnadumadeniinfigadmiuldlunis
yzaohiliAnnnzlaniou dinsugniulifuginoaiifiesiosduiiannsanseguaziiule
Fuduldlungle Iﬂﬂﬂ@%ﬂﬁuaéﬁﬁﬂﬁ%umLgﬂlﬁmmmLLEJ'\‘imi@”Mﬁmﬂéllulqujﬁugulﬁ
susdafinnaudasdeslumsegluanimwindeuiimunuliild wasiilosonansnuan
nsunsszunveshisalain-19 lurasifinuanyiliaudulng Suvuuliemaulalunns
ydulsinanussiisnenduinntu fewsiasidlimmuesiuliifugduegumn
9ndandnasut meddavhiainuuAnlunisua vieayuiadulivinlizEudni
Tasansnnseenuuumsmugy PIOT Tng WIO mesiidariiseudulsvunnidn dadunisdie
Tsnanunsngeulvadlulupuléitu uazannsudaluesiuls viaunnasuauudouss
Itudulal wagasnnisesnuuunsAavau PIDT  Asna1e anunsalddaluussendldniuny

W15Me3Y09 Plant U 9 laegamainuane

1.2 InguszasAvaslIgyrtinug
1. ilefnw Beus nquiveswnemuey PIDT tethanllunismugueamaiiuay
avutunelugeudulsioundn
2. lefnwinadeudaneifinvesiiniuay PDT vululasneulnsaiass WO
wosiila
3. \lefinw Goud wazadsdeusulsvumdn
4. wieRnwinsesnuuy wandeulusunsy Graphical User Interface TWuansnauy

Y

71199 LCD #v99 WIO wasiva



1.3 YaULUAYRIUIYY NS

1.
2.

anunsoassdeusiulivuadnniouiawazmuaugamgiiniglugeu

asredeusuldvunadningldiesufuRinng Control System wagonisium

. BONLUU Uazlligudanesiiunisaiuay PID uu WIO wiesiida Taunsamiuay

viounwegauvnilvieglusiinsi fvund1 Overshoot wazamAiALRANARLY
olunausifivangay

a519lUsunsu Graphical User Interface vy WIO masiitla Iaglglusunsu
PlatformlO

1.4 YUADUNITANE

S S A

a

Anwmguuesiiniuan PIDY NldlunssuInnIInIAIURNgmMall
ANINTEUIUNIINITAIVANQNYI
Anwideyadtmiy nmsweulusunsy lulasaeulvsataes WIO waslida

AnwN1seulUswAsY GUI TAkansNauuntinge WIO imasiiva



uni 2

N eiuasrannsiingIvas

2.1 3w
Tunseenuuunismurumeiimuan PID dwsugeusuldvumandludosdinm
N wasvannIsEe 9 AgtesiunismivaNgamniinelussuuln waralgn1sdenty
3 fa v & s § o ¥V Y = [ £
Nuvesa WIO wesiidaiduveinlilasaeulvsaeivilifesdinuinisuanikanaziiutaya

iy Ineluunilaznanfanguluasuannisnanana bawn Thermal system, WUUTI0INA

s v 6

a s a Py . [ 1 a o U m
AAAIERAS System identification, S¥UUAIUANLUUARAIU-UTWUG-8UNUS, MAIUAN PID;,

q

Data logging, Wag Graphical User Interface

2.2 Thermal system
Thermal system ¥saliendnagainsyuuiieniumiuiey [Wusyuvineatumsinay

warn1saemnguaieungluszuy nsdalanuseunavausgluszuuinn Jdamwal

aa

gauviindnngluszuuiiagdy - Faanuddgylunisaruguanmgituiliewnandumvie

9 Y

HanfuaiuNEdesinImuAuanugiiieglussduimzanuazeonsula Tngasuaneing

a Gl

fuaenluruegiurliavieUssinnveskaniaeiiy 9 ylvssuuineiumsniuauauseu

Y

v A

wiogamgiidudsdidgianunsanuiiuldegsunsvatenslunisgnamnisy - Hiuigunsel

e g Panansanusiulavesludinusedriuniseuaugamgivuaninsavinlavuuudiu

NSAIUANMIEALDILAZUTUNSATUANLUUSRLWTRA [17]

2.3 LLUUﬁqaaﬂwqﬁﬂﬂjﬂﬂqﬁﬁ‘g
LUUINADINNALAAIEAT  Yi38LLAaNI9ALRAEASUS s ULETRUNSITAMNANER S WU

nsldmuinsesung lagaSurenginssuvesteyaluguuuuvesnsaieanuduiussening

v 1 dl

a ¢ v A a a a A o °
Toyarne 9 fanunsafigainalaidungrseniaailaludmguiiietluldlunmsdiaesszuy

Y
(%

AatunsIasssEuLlddyanvaivsomaalunsunuuusssiielddrassdsiduaieln
aglumuuuendinaansesuenandidaiunUszgndldnuagunsalases  vilvianunsauus
sonuduneulpeagulavisvun 4 Juneu dwsluil [1], [4]
o a A a ¢ . a ¢ & o a ] N
Tupouil 1 A9 I1A51291 (Determine) N1531AT1ZMLTUTUABDULS ULINABDUNITANED
lunsasanuuinesweadinaans lneaesdinisiaszieiaulasaznsudaleyn

[
J bl o

&4 a a o 1 9 = & v v & o o X ,
RIDEAINLA EJ'J“U@Qﬂ‘UﬂQJ‘W'] 33N1U€ﬂua§ﬂqia‘UﬂusﬂayjawLﬂEJ'JGU@Q 94 NV UABITLLUN



sUsvuraslymieideseenun welvanunsafienusiudeimvunveuiunlinsedu daau
warassmuinguszasdunian
TUABUT 2 AiB N13TEURUUTIABINNANAMaRS (Identification) N135EURUUTIABMN

AMAFAIENS N1YNFINNNITIARENULALANNUAYBULALA B LU AT LNe T DANIABNS

a A

afawuuasmendamansinglidoyaiineiteanla 1nn1sIasIen 13HAINNITNAR8eY
a5 19kuUINaRIAdinaan Nl udauteeNansINTaseys ensUadedne 9 Nlldu
Nges aszykuuinasmeadamansladamaaeusigazidennginssuveduys lagd
nsuansiLUsmedydnualniufmihenlanuvazanluguresnnuduiug waraunis
vosfwUsulang uisdesniusadoyaianduindeyainiioglyimieane 99niinadly
anuailsedddanug waziinvenvadamansididislumslieszinisivuadoauydlings
MungUszasiia LAl uudaan1Indinfansnns oI uneenIg
TUABUTA 3 N1TNIHATWEUBIA WU (Solve) Na1La5 9F UNITTEYWUUTIABY
Mepdamansiad S8 NIuABmINad NSN3 0RO UVEIMUUTIABIVNIADAAIARSAINEAT
Fellvannvagglunismnaans wu nsandunisivadin n1slduaanda nsldnsu vie
nslalusunsupeufiawes uendl WevnAvassiiulsnsesnis
TuRauil 4 ATIVEBUNAANS (Inspect) L OAINITONINAANSYDIAMUULUUINADINN
AlRAENS LA Aodln1InTIERUNEANSAINETD Tagn1snTIvdeutuielIsuiiguiutoya
939 WoUszidiuduuuinaemadineansiIun1TTsuie Insseydadedie 4 asumny
(% (3 = o o a a = v [ § 1 Aa ! a v
noUsEash MseausaUsuluudtaeuimtialiradwsdmalulunsiannaula
- oA v & o a ¢ = & v A J0 v o= Y
3okl nSonadnsidadineansiauvangniely sy Wedlviiuinaisdeinig
ATUIRIFILUTANY o Indiaiuaukiug iknkuudanmsadneans nioly wind
&l 1Y o a ¢ o & v a o & 1 [ P 1
PrUsEaRAnavUuUTuuIasmetiamans Suludeasuinduneusng o lualnaSusaus

YUNDULIN

2.4 System identification
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2.6 AR PID;

fhenuay  PIDT  AeszuumuRuuuudndu-Uiius-ouius  dellinenvesoyiug
fifismndu Bendnedreiumen m lavanmnsosiuussiuuenveteyiusly winiaidy
wonveseyRuslnTutumundedodefedmadorlivemanevaussionissuniu
wnBet yhllFonuaivlild uinsifiumenes n viiefnsasuuuniu (Binomial filter)
dnlargaglunsanldygasumuiuantesadly Tng PID fhuannsadeuduaunisme

ANRANEAS AT [7]

K

C"(s)=K +—+K s+K 52+ .. +K 5" (2.11)
C s d (12

1 g m

1989 m anuisadanladas 0, 1, 2 lauda m 31uiu snsegrauidle m dewdu 0
G [FS] Y Sm o v & 1 v 1 a o 6 a 2
wsaluflineuvaseuius vnlivaauanismunuluudngu wasU3ius aunsalouaunisle

N

Ki
o) S K (2.12)

s
o m fandu 1 iupsiiumenvaseyiusidnlluaunisi (2.12) \Juduniaven

binnsmuguililiunisamuauuuudadu UsWus waseyius aunsaliouaunislanad

K
Cis)=K +—+K s (2.13)

) 1

do m fandu 2 Wunmsiuwenveseyiusidnluluauns (2.13) Wudwunilaney
binsaauguiidunisamuauuuudndiu USius waseyiusen 2 wen @wnsadeuaunis

Tasasaluil

CcXs)=K +—‘+Kd s+K s (2.14)
C Ky [«
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Q0 (s)= ——— (2.15)
n (Tfs+ ])11

Tnemenuad n anunsadnuwumenlaaas 1, 2 laudd n 31w kaslideulvind numen

Y09 n HussalAwNNIvsowITUTIvIuTRIEN m YiiaansaleuaunsveswaaIuAy PID.

Juaunmsmnandineans leeaaunsealuil
c"(s)=PID"(s)*Q (s) (2.16)

YARIDENUIUVNNIAMBNYDY M AU 0 9N LASINBUTBY n JIUIW 1 ey

ALAUISAREUANNS LORIT]

Ki 1
Xs) = (K +—N—) (2.17)
B, ¢ (Tfs +1)"
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=

lAgfiNsaetiisend1fiingetney  3edansestiagaielutsesvesnisan Overshoot 1
AnTugyInIsUTuLAAIAILYsAe 9 Tunisesnuuuumniuguliiussuy lneda
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TT s""'+ . +bTT s>+bTs+1
m+1 Dm 2 i DI 1Gyi
F (s)= (2.18)

TT s"*l+ +7TT s2+Ts+1
i D i D i

m 1

vibiwiulsddndmunn PID) duusnaeentuainszuumiuaudadiy USuS uay

auus Tuganddnnuduusiausualanmun 5 duus laun K, K, K, muazn

2.7 Graphical User Interface (GUI)
Graphical User Interface (GUI 81u31 3gle w3 na) Wunisfnsenudldlagldnis

doanseudydnwalnsesunin lnunisesnuuululseredlusunsunsuiinesiuaz Aol

Y
¥

nstaneuiurldie MelAmaunuanuaedie 9 veelusunsy F99zn1544 Graphical User
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Interface WUNNISAUNANFILUNITYINIU vilvarunsaldauladenazsingy AT

Tahitnlaludveduswnsuuindniaiunsaldaulawuiu [14]
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gﬂ‘ﬁ 2.1 Graphical User Interface

fian ; https://www.mindphp.com/@:ﬁa/?3—ﬁaaﬂ€/2079—gui—ﬁaazii.html
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=

WuAN 3 An13AsenTruunsiuteun dalldnsduesdyainuay

e
®
o

£ aa
UYIUTUNIUNA
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2.4.1.2 @nlA9ET19EmM5UTEUU (Model Structure)
Tassassdmivszuviy  Wuanuduiudmendneaniseningsiauds
a (3 d‘ ' U PN ! 1 = 1Y @ = o I b4
dunauazionanuszneulumemudsiliniudr w3eliidn Fwhegrsvedlaseainessuy
loun  #endugdielow (Transfer function) aun1snisiaeadielSgianiug (State-space
representation) vieRendundduUsuuvlududadu Wuiu Tnsausousnuuzanuey
vaslassasesruuldannaunisaudnuuzvesiissuues  ludeyadifilunisimvualinden

TASIAS19E@NSTUTEUULAZ UL AMAUAANYBIALUS TULUUI1aDINNARNANERS



2.4.1.3 UszanauAndauUsfiuiuanld (Estimate adjustable value)
dmfumsdszanmeaudsiiusuenld Seifudeyauaziden
Tassasranuuiassmandaemanslifunssuiumaiadoduuds ludunouifoninideyai
Iaivannnssuaunsinldsuduaunsmeadamanivedlasiaisuudiaemuadaemans
Taeidumsunuanduustifvlassaauvudassmadinmansauteyadils 9:9nnsifu

%@Hﬂ‘ﬂ@ﬂﬂi%"d’lﬂﬂ’ﬁ

2.4.1.4 Useliuwuuanasd (Evaluate)
A < & @ A o v v v v Y o &
Warasadunisussunaadwlsiusualawan Jayagavngiinesinfe
a o o 1 d' ¥ dll o 1 LY} d! U £
N15U5EUBUUIa999NaN IR 1ieviNN1sUsERIA LIS UT I NaNUNsaUsEUNUANG
wUslalnalAesiussuuasannuittadeyatiugdanuunihunldause Tusaluaeie

lassasvessruniuiiguaudiasumuinguszasanseliisndie

2.4.2 m3szysTUUBaduaduIniandaudasianlinanauauas

41' [N 7 I~ a v o d' ‘:t'= -Ql'ell % q"

deduiivgulaindussuudaduarunnianivitaailsnanavauss dessuy
WBadudsuNudantivaallsnanauausd Wun1935n1sUszanaiAeg1sienlddmsu
NANDUAUBLTINAINVBIAILUSNANARONIZUIUNIT  LAelURAYDIS YU LEUR1AUNNTINL
8 SNANDUAUDINUA NN TOUITIIUAIRUUIAIN 9 1NNEANITUVBINTZUIUNISVINIA
nsUszanAtfianuanmaauNalufed 3EmaliuUIIaamnIeANnmIansURITE UG
Y o W A = aa 9 = A awvay v oA ~ a Py
duasunviandYisailsianevausslaunsalaludgunlaiieeindanuanassluaiu
AN 9 MNUANNTONNBIINANNIITN AN ATENSTOITEUULTNLE U AUNBilaniga ety

NanBUEUBY AauanslugunIsh 2.1

dy(t)
rp B =—y(1)+ Kpu(t—Hp) (2.1)

ol K 1 Jusnsveneuednssuiunis
p
7 1uA1AINaIYeINT T UIUNS
p

0 LwaziNLaa11§mamauauawaamsmums
p

2.4.2.1 SamvgrevaInIFUIUNS (K )
NIV IWVBINTFUINNTIVTD K Aofudsndudnsdiuszninms
Wasuwlasveaednevse  y  semsifsuuwdaswesdunnvie U lagdnsiveneves

nszvaumsiansamasndsilaannisiddeundadu vy w39 Ay wmsiunmsivasuulas



Ty u vise Au FmswAsuwdasiliinluseniisisanizasiluneuisudulasneuauan
a1NIRLUANNNTVRITNT IV VDINTEUIUNNS AR
A.)) -}‘2_)}]

K = = — (22)
P Au u,= ul

2.4.2.2 AIAIAIIAIVDINTZUIUNNT ()
ANPNAINIANYBINTZUIUNITNTD T Hunansdatrsaanirulug s
dmiunisiiuAdoyadiliannansuauevosszuy FerrmeiaanvensruIunsiud
mudfdeddisielinseuaiia 9 dosnss uarasiddeuulasmesrniinnaiazanase

mwm%waqwamauaum Iﬂﬁiuﬂﬂiﬁﬂﬂlﬁﬂ\‘iﬁ’)L’Jﬁ?%@x‘iﬂﬁ%U’J‘Uﬂ’ﬁﬁ?ﬂﬂﬁﬂL%EJML‘TJU&%JW]SV]N

¥
v a

ANAANEAS LAGIT
-t/t -t/t
WB)=(e ")) +(1=e 1K Au (2.3)

nmafudeyavesrinsiag Wunsfiudeyalutianafinaneuauss
MUAANALNUTY 63.2% 31NNISUALULUEUDUDMNANLAIINATTIR 1183917 63.2% VBN
nswdguwdasveadnalunsinuy  denulndifesivaumgiasauate - fAatud@nunse

1%
a

Fewaunisi 2.3 Fuduaunisvesiiasdanaitudnguuuuldnsaunisi 2.4 4
) =0.632K A .
y(rp) 0.6 A (2.49)

2.4.2.3 dramlinanouduasvanszuiuns (0)

Y981 HANDUAUBIVRINTEUIUNTT YT DT 8NBN0E19I1Y 1NN
nawesnsyuums unsmbananifalussrisidyg atedwnvewinemusugnasesn
aufanadlemuusnszuiuns (y) Gumsgaindlduazisunisaeuauss nszuIunsla 9
Bafitnanailiuansvaussiiuiuinntusiilug anueinlunismveufennidisduly iesen
msmuenlitiusEAnsnnuassnannsnldentudiafatisatlinansvauss S
Fouaunsvesdasinandiedivisatlinanouaueddfaunsselul

—(r—()p)/r -0

y(r20 ) =(e™ T y(0) +(1-" K A (2.5)



2.5 FTUUAIVANLUUERFIU-UIHUS-a WS
szuumuUANLUUdRdIu-USTus-ayius  ussuumuauuuutoundu  (feedback)
Aldmnuaudadin Uiius wazoyiud Tasannsomuiiiuldunivanglussuumunusing 9
sullufiviarig 9 fnusiuldluiinseiudanndnldmsnuauiesanasfiuil Wesn
loszuuifiumsmuauuudadin. MIMURNLUUUIIUS  waznsruguuuUsyiusidily
uddsalvaninselieszinginssuvesszuuly  Snvidianunsaldonlivannvats  way

ATAUARY Faaunsnasunesimunulansaunisaelull (3]

o0

u(d) =k e()+k, [e(Ddr+k,
) ,

de(t)
dt

I~ v (3

naun1sazinladnd fauwdsang o lned u AedmyaI0ieANAT0ITTUY UaL e

e

ArAIALEANEIlUNIIAUAN launsavAIauEana1nillaa N saUAIN RN

n3zUIUMTENIINANT MUY (€ = SV - PV %38 e =1 - y) duillnieveiiniuAuills
widsluduvaaneuvedndIu 1nenro SIS wazivenveseyius Fluvisanuwmenniisn
wUsnuanaeiueenly wewvesdndudusnsveie (k) wenvaUsius Judndiunes
a v 6 @ [ a
WIALATIEEELIAIVeIRNEANEIN (k) uazivenvesauiusidudnsinisildsunasues
a 2 A [ 1 { £ 1 = [y =~
mmiEamann (k) wazdaudsivardiaunsaufuusisdnlieniduiuidu Weudasaane

aunisn (2.1) azlaaunisaanalul

K.
U(s)=K E(s)+—E(s)+K sE(s) 2.7)
P s d

2.5.1 Wavesdndu
NAVOIFNEIUNT 08N I1VE18L T UNITAOUANBIVDINILDTANA Laad N3
WasuuasnmsguAAmEaNAIRsEAIALT Kpa’qmaiﬁﬁasuaqszwﬁmmwmmmm?{au
Feafndanauile K g undfasrunasiauduniunniy Insnavesdnaauty

a & a Y &
anusalguduannisneniinegns lanssolul

u(t) = kpe(t) (2.8)

b=} L% o 1

PN Y 1Y J a a1
NAUNITN (2.3) wanslALAUINOIAIANNARIALAR U BENI1VEBEREIUIIAT

MUNTUAIYDINARD UL IANA ALY wazlunsdiiAvasnuraininden
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(Error)  viSedwsveedndiuiirtosasAvesranauauasfiiednanvziidanasiumely

YMUBLABINY

2.5.2 HavaIUITWUS
oNUIHUS Wiomenidn (reset) Tnanismunuludnvusiiudadiude
VuAuarITZIaasAATIAnTan dudunasuvesriauRanainaualuniung
ansadenldinustusvesaaufianain Tneweuiiusiinldmualusumenyos
dneu osntisan vievdneoniviiannsafndudemervesdnduturiilviAans
unTsinaneuaBINIa ANRaTalsumenyesUTWuiduannismsadamansld

samalul

oo

u()=k_[elt)dt (2.9)

0

Pnaumsi - (2.4) sumulganmsmunlumenreUiiug  szfiansanaimiy
ARALARUDINTEUIUNSTIART UL Tagansnsamainunaininasulngldnismen
fuinsmaneldinswuesmanuiianaiadeviisnanayldifudinuisnandsay Laa3s
AnedaTveUTusNlY SevunnvesanevauesumeUsiusasuUsiunusnswene

USWUS (K)

2.5.3 HAYRIDUNUS
weneseyiusilusanTUdsutasesAuRanaInaInnszUILslag
fnsfunummanuiiananaineututeseruiananeaaslueuina  udthneo
MgdnsIveEouIus (K ) vianamdnifovilsfensmunulumonveseyiusiulfiyn
namaUALDIMI e lastufusnniauAsunlasessmiueainedousional (Time
Rate of Change of Error) Gararuiiamanasananianunsasiidugudls dsanunsadou

anuduiuslumenveseyiusiluaunmsvsndamanslanmweluil

=k, 20 210

ynaunsi - (25)  wildimsmuedlumenveseyiusty - awnsaudluaiey
RANARLALABNTLYINANUNNDUY  FIAINA IHNANDUAUDIUINTLUIUNITUUEITU  widnuale

vaamsmuAnlumentifianulsienssuniugs  hlvimuneiunseuIunsBalinm g
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Aedulunszuiuns msldwenveseyiussiuiumenvesdndiuuasUsiusiiaugislunis

daaSuafiysnIMYeIsEuUAIUAY

2.6 AR PID;

fhenuay  PIDT  AeszuumuRuuuudndu-Uiius-ouius  dellinenvesoyiug
fifismndu Bendnedreiumen m lavanmnsosiuussiuuenveteyiusly winiaidy
wonveseyRuslnTutumundedodefedmadorlivemanevaussionissuniu

11830 Yilguaslile wensiiumeauees n wIeMINTBLUUNIUIYN (Binomial filter)
nlUazdaelunmsanlidygrasuniutuaniesasty Tag PIDT duaunsadeuduaunisms

ANRANEAS AT [7]

K

C"(s)=K +—+K s+K 52+ .. +K 5" (2.11)
C s d (12

1 g m

1989 m anuisadanladas 0, 1, 2 lauda m 31uiu snsegrauidle m dewdu 0

= (= v 6 o 4 = 1 o [} a o 6 a 14
Wi@vLﬂJlIWIEJM“U@\‘iEJHWUﬁ V]WIML‘W’@E]LLﬂﬂWiﬂ?UﬂMLL‘U‘LJﬁ@ﬁ'JU Az UINUS mmamﬁuauammﬂm

N

K

Cos) =K +— (2.12)
s

dlo m IAndu 1 Wunmiiuwenveseyiusidiluluaunisi (2.7) Wudwundaney

binnsmuguililiunisamuauuuudadu UsWus waseyius aunsaliouaunislanad

K
Cis)=K +—+K s (2.13)

) 1

a0

o m fandu 2 1Wunsiiuwenveseyiiusidnluluauns (2.8) Wudwiundaneuyh

Tinsmavguidunisauauuuudndin USHus uazeyiiusdn 2 wen anusadeuaunisla

o

salUll

e

CcXs)=K +—‘+Kd s+K s (2.14)
C Ky [«
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WoWUANUDNeY M AR ALANUBLNBNAINT B UUNI UL UlsduNIS

Yo9iINTRLUUMIWINTUEsasuluann1ssadnmanslanl

i
Q0 (s)= ——— (2.15)
n (Tfs+ ])11

Tnemenuad n anunsadnuwumenlaaas 1, 2 laudd n 31w kaslideulvind numen

Y09 n HussalAwNNIvsowITUTIvIuTRIEN m YiiaansaleuaunsveswaaIuAy PID.

Juaunmsmnandineans leeaaunsealuil
c"(s)=PID"(s)*Q (s) (2.16)

YARIDENUIUVNNIAMBNYDY M AU 0 9N LASINBUTBY n JIUIW 1 ey

ALAUISAREUANNS LORIT]

Ki 1
Xs) = (K +—N—) (2.17)
B, ¢ (Tfs +1)"

yanniaannindInsa s uunIvundnludr dudidaaiudndinseednddnly

'
=

lAgfiNsaetiisend1fiingetney  3edansestiagaielutsesvesnisan Overshoot 1
AnTugyInIsUTuLAAIAILYsAe 9 Tunisesnuuuumniuguliiussuy lneda

N9999198UN @usaeutduaunisniendnaians lonanaludl

TT s"*'+ +bTT s2+bTs+1
m+1 i Dm 2 i DI 1Qy
F (s)= (2.18)
2 TT s"*l+ +7TT s2+Ts+1
i D i D i

m 1

vibiwiulsddndmunn PID) duusnaeentuainszuumiuaudadiy USuS uay

auus Tuganddnnuduusiausualanmun 5 duus laun K, K, K, muazn

2.7 Graphical User Interface (GUI)
Graphical User Interface (GUI 81u31 3gle w3 na) Wunisfnsenudldlagldnis

doanseudydnwalnsesunin lnunisesnuuululseredlusunsunsuiinesiuaz Aol

Y
¥

nstaneuiurldie MelAmaunuanuaedie 9 veelusunsy F99zn1544 Graphical User
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o

Interface WUNNISAUNANFILUNITYINIU vilvarunsaldauladenazsingy AT

Tahitnlaludveduswnsuuindniaiunsaldaulawuiu [14]

=™

gﬂ‘ﬁ 2.1 Graphical User Interface

fian ; https://www.mindphp.com/@:ﬁa/?3—ﬁaaﬂ€/2079—gui—ﬁaazii.html
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JUN 3.4 lassaswvesszuuiussnaunndrudnmeiululusunsy AutoCAD
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3.4 115 Modeling szuudmsuldluniseanuuunisaiuay PID)Y

1 lﬂl QI :J’ m o U

neunazisutuneulun1seantuun1sAIvAu PIDY dwmsuldlunismivnunssuiunis
o & v a . ° ) a b a
F1useain1s Modeling szuudwmsuldlunisesnuuuidenau Inslutunauisuusnains
Modeling szuudmsuldlunisesnuuuiuiiuduainnisivuaieulvvesnssuiunis
(Process Condition) aansnneu &ilun1s Modeling svuudmiuldluniseaniuunisaiuay
PID]" #9311 Modeling syuuniludiuvesamumgiiuarainuiy Wesnlunisesnwuy
N15ATUAN PID;’ Aeevitn1sAtuANsgunndluszuulala (Closed loop temperature
control) wagA11u% uluszuua9da (Closed loop humidity control) 98131150LUINTT

Modeling szuulddiasaluil

3.4.1 715 Modeling szuudmiultluniseanuuumsaruaugamaiilussuuitn
andinanlulud ey TumeuwsnBudviunis Modeling szuudnsuldly
nseenkuUN1IMUAN PIDT Suduiitsfesnuniauluresnssuiunmsneu dslutunou
n15 Modeling syuvdmsuldlunizeonuuunisaivgu PIDT - lddnsimuaiioulyves

ASEUIUNISIRERTlLANS19R 3.1

a

= A
M13199% 3.1 Reulvyeanszuiums (eamni)

Y

PUNAVIlATIAFIITTUU 17 x 17 x 22 WUmung
voinlulasroulnsalans WIO wiasiiila

\HULTRS AHT20 12C

Drive Carlo Gavazzi RM1E23AA25 Solid state relay
Final Control Element (FCE) | naaald 220Vac 100W

Load WARNTEUIYDINA BVdC

Operating Temperature 30 — 35 D4ALTAYE

dlommuadoulvvesnszuiunisdmsunis Modeling szuudmsuldlunis
ponuuumImuangamgimeluszuudaededuduiiGeusosudilutuneudenagusi
113 Modeling Taeisuduainnsideulusunsulu Visual Studio Code sldmmnualiiinas
grurfigulsinnisueesnnluiinisuadeyaiisuinandueialilasneulnsaae e
nswlasdeyaviiadani (string) WhiuAsuduviinvesdoyalusuuuuvesdeyavindias
nedloy (float) dmsuldlunsdsdymiuaiuau PWM %3 Pulse Width Modulation Tneds

dayrudinaneenluiiieviinisdenisgunsel Drive wsoAfe Carlo Gavazzi RM1E23AA25
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Solid state relay Iﬁﬁ’m’liLﬁuﬁ%aamﬁaﬁ’lmimuau Final Control Element (FCE) i1y
waealdlunismivangamgiiniglunszuIung

Tudhudnumdsanduinanlusunsuii@oulivu Visual Studio Code asuasin
lulaseoulnsaaesifuiisoudesudidu Sunsudaundunsifoulusunsudnsuldau
Srufufulusunsuuy Visual Studio Code 13U MATLAB Simulink € <1¢14 Simulink
Desktop Real-time wuu Run in Kernel Mode Tunsideulusunsulaglaideulusunsulilu
sUnvureInsmuANszuULduszuuAIuANanTn tnefinslduden Stream Output fitlou
Sunmdudeyalusuuuuves float uag string il elasnadosiulusunsudldideul vy
Visual Studio Code Tun1sdadisenludigunsal Drive saudslainnsldauuden Stream
Input wieduriieldanwuesauluswnsuiildideulilu Visual Studio Code Tngléd
AR INEIINILER KL Scope Ul MATLAB Simulink @ suansTuswnsuiideuliuu
MATLAB Simulink sfs3U7 3.6

P
(=
l:’ Temperature
Humi(%) DisTemp
"]
>
Fan(%) Humidity
DisHumi

a

5Uf 3.6 Tsunsuuu MATLAB Simulink dw$uld Modeling svuugaimad

Y

= IS 1Y 1 < a v 1 1 =3 . . o L%
WL aulUsATUAINANILAS AT UUT8ILAT BN Run in Real Time Vl’ﬂ‘ﬂ

@ v

Tsunswvineusaudugunsalang q Aladelilugissseznamiaiedunsivdeya lay
lugrausnlausuaves u 13N 0% eviligumgiiing Operating Point WA 33A0eLiisAY
w09 u Ul 35% wievinsiiudeyalidmsurinisinsgiuageenuuunisaivauly

Jumaunaznandaludludaly 9910015 Run in Real Time lonsinnanavauaInwandly

=

Un 3.7
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JU#1 3.7 NI HANBUALDIVRIEUUNNLUUTZUUAIUAIIATA

n§aannldnsmaansususwosgamgiuussuumugnsladuiiseuios lu
Funoudnu3adunisilnsizinsmkanavaueising1n F99nnsminane UALBsEN1Sa
Ussanmusyuuihdussuul adugidufind sndendasnailinanevauss wse FOPDT vils
annsaUszunaAfILUsln 8198 99 N aNAITT0 s L UELE U A UT i anSeua a1

nanavausLilaunuAIILUTIlAaLNISeaRa UL

3.95 33.95 - 30

RO NS = =R 7 S (3.1)
y(rp)= 0.632 X 0.11285714 X 35 =2.4964 (3.2)
T =530.2 - 102.95 = 427.25 (3.3)

6 =102.95 = 100 = 2.95 (3.4)

LW ala AR ILUTENSIVENBVDINTLUIUNIST ATAIFIIAIVDINTZUIUNIT LAY
22938 5 NANDUAUBIATUNY 3 ALUTHAIIIANLNTANUATITILUSMA Al UANNISYRITE U
Waduafunutansauditiailinanavauabansaunisaalul

0 s

vis) K ' 0112857147295 e
Us)  ws+ 1 427255 + 1 .
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waa91nn1sUsEIaA1lsdduntslounesszuusanulawdidndudedingg
UspidiudtsituneToufildvhnisuszanmuananlagld MATLAB Simulink Ferlusunssiuan
Tngldilsitumelousana1n Fadsulsunsuliluguuuuvesmsauaussuuidussuununy
wTadady uagiinislduden Transport Delay tatdunsununisuszanmuiviananly

HanaUauad WnelusinsudnanaunsaLandlanagun 3.8

Openloop : Modeling

Temp
_J— 0.11285714 [:]
g 427255 + 1 Q

! Dead lime y

A

30—

ini. Amb.
U7 3.8 TUsunsu MATLAB Simulink dwisudsziliunsinkanauauasitaiduaielou

(gaunqi)
Y

dlodeulusunsunang1aun MATLAB Simulink t@39i38U508udy Aounds Run
uwarguien Scope WaUszdiunsavinanovavpwesiiiduiigloudiuszanamuils wasdu

maasautunauluns - Modeling  syuvdmsumvavaamiiluszuunda  3dlansim

HanpUANBIvRIgMniaInTlsiduagleuyszaaaanladnanslusun 3.9

315—

| | | |

500 1000 1500 2000

3.9 nywianevausvesumgianilsiduirglounuseunadunla

€an
c
=D
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#a991n71Le91N135 Modeling szuudmsuldlunisesnwuunisaiaunu PID] Lile

a g & g av oy = v £ & A a k% 1% & [y = &
ﬂ?UﬂME}ﬂJ%Q@JLﬁi%ﬂu&ﬂu%u%@u%lﬂLLﬂﬂﬂﬂﬂusﬂ’NmuLUuVILiEJ‘Ui@EJLLa'J Tudumeudnluiaiu

NSL5UAUNNT Modeling suudwisuldluniseeniuunisaiuay PID) teAIuANAINAY

3.4.2 115 Modeling szuudmiuldluniseanuuunisaruananuduluszuulle

dm3uMs Modeling seuudmsuldlunisesniuunisaiuay PID) tieAIuAy

(%
1Y

AMAY drunsulunisaidunuanguiieaiu Modeling syuudwusuldlunisesnuuunis

(%

AIUAY PID; ienIuANaangll Inetunauwsnd1msunis Modeling szuudmsuldlunis

m & za Y ~
@@ﬂLL‘U‘Uﬂ’]iﬂ'ﬂUQN P|Dn LW@ﬂ?UQNﬂ')qﬂJ%Uﬂﬂ@ﬂqﬂu@NE]uvLGUGU'@\TﬂigU’JUﬂ’]i I@EJllﬂ’]i

° A Py PN
AU NauVLGUGUQQﬂigU'JUﬂqﬁirJ@ﬂGni']\‘ﬁ/] 3.2

AN57199 3.2 Waulvrednseuinng (ANUTU)

VAU ATIAFNTZUY 17 X 17 X 22 \9UALunS
vosalulpsmoulnsalaes WIO wastitia

\BUYDS AHT20 12C

Drive Mist Maker Driver Circuit Board Fogger

Final Control Element (FCE) | taSpenusaan 5Vdc

Load NPANTEUIEBINIA 5VdC

Operating Humidity 50 - 69 %RH

dlervundaulvvesnszuiunisdiniunis Modeling szuvdmsuldlunas
EJEJﬂLLUUﬂWiﬂ%UQNWJ’]ZJ%ﬁAﬂ’]EliuiS‘U‘UNﬂfﬂLﬂ%ﬁ]ém‘f]uﬁL‘%E’J‘U%@EJLLﬁ?IH%U@@UGi@MW%QL‘%IMﬁ"I
115 Modeling 53U Fasuduainnisdeulusunsuly Visual Studio Code 3sldrmualwd
msa"luﬁhﬁémlé’mﬂLWL%%'J@JLU5amiLLUaﬁayjaé’m%’ﬂsﬂumsdqé’zgfywmmuﬂm PWM
\uiReafun1s Modeling ssutdmsuldluniseeniuumsmuauaruiunelussuuada
lagd1miunis Modeling i%UUﬁ'M%JUSLGﬁumﬁaE)ﬂLLUUﬂ’]‘iﬂ’JUﬂNﬂ’J’m%ﬁJﬂ’lEJIU'E%“UUNTJG]
thiazda ”zgagwmé’ménaaﬂiﬂLﬁ@ﬁ'}ﬂ'ﬁ%’qmsqﬂmai Drive 748w Mist Maker Driver Circuit
Board Fogger Wi #sdayqias PWM fidsoanluazdansliifamieaniiiovhnisaunu Final
Control Element (FCE) 17'iLflum'%'aQW'uWaﬂiuﬂWiﬂaUaumm%”umaiuﬂﬁxmumi

.

M990 Ulnanluswnsuaduas abulasAaulnsaLass wa 18 au139f o9 T 8y

TUsunsuuy MATLAB Simulink 19uiiigafiuiunis Modeling seuuvadgamgil @dladinsun
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ANRINATINHARINIL Scope UN MATLAB Simulink Fauanslusunsuilideuliuu MATLAB
Simulink ﬁﬂgﬂﬁ 3.10

»
Temp(%) > [:]
|:| Temperature
Humi(%) DisTemp
| "]
g
Fan(%) Humidity
DisHumi

$U# 3.10 TUsuATUUY MATLAB Simulink dw3uld Modeling szuuaaiy

dielalusunsudsiuanaluludnediuuaide Run in Real Time demalvilusunsy
o ! [ € 1 A v 1 ~ A < [~ 1 14
nuswiugunsaieing q Alaselilurssseriamianiedunisinuteys tnglugiwsnls
USuanvas u 131 83% ivevinlvinnuaiuiing Operating Point waidsroeiiuA1ves u Julun
87% ievhmanudeyalidmsuinslinsgiiayeaniuunsmuny 3991AMs Run in

Real Time linsinanavauesiauansluguil 3.11

0 200 400 600 800 1000 1200 1400

JUM 3.11 n9MNARBUANBITBIANUTULUUTZUUAIUANINTA
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pdrnldnsmianeuauemasruusuuszuumunnadaduiideusesud
eandadunslinsginsmaanauaussfana 49915 HaARBUAUDIENITOUTEUIA
svvuiifuszuuifadudiduiividmdendaanalinanouaues uie FOPDT iuifeiy
onmgivilvannsaUszinaadudslasddnaunisvesszuuidadudifuinindon

PraabsnanauauaaliawnuAALUsIbaaunsAeme Ul

0.48  60.39- 59.91

k =0032 = T - (3.6)
y(‘[’p)= 0632 x 0.032 x 15 =0.30336 (3.7)
T, = 420.774 - 104.453 = 316.321 (3.8)
0 = 104.453 ~ 100 = 4.453 (3.9)

Wi lA AR LU IO NSIVYNUDINTLUIUNIT ATAIRILIAIVDINTEUIUNT Ay

YA SHANDUANDIATUNA 3 AU SAMSUNITUSEUUAITENYua8laUVe IS UUAMUTY
WAIAEIUITOMWNUAIRILUSINAI N A UANNISVDISEUULT A UAIA UNNTINT U198 15

NanaUAND e nsaNN1sHa Ul

=0 s
vs) - Ke'” 0.032¢ 4453

Uls)  zs+1 3163215 + 1

(3.10)

NS9NNTUTELUAINIATUAeTla U ITEUUANNTU LA o UMD UT UM DUV D
A15UseuNanTuatelounlavinnisuszunaaulaely MATLABR Simulink WWeuluswnsy
Jusleslafantuanelounananalunisanassflendua1alauyedssUUANNI UL ULALINUNS

aesilendunnglouveasszuugaugil tnglsunsudainanannsawanslangui 3.12
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Openloop : Modeling

Humi
0.0064 N
1 | 3163215+ 1 T '@ »

ut Dead time1 y1
59.91

ini. Humi.

U7 3.12 TUsunsu MATLAB Simulink dmiiuussiiunsinanevaussilesidudnglon

(AINUTL)

i Run TUsunsudanaaun MATLAB Simulink laSai3eusesuda uazquden

Scope LoUsidunTWHanaUaLo oI InTUa18loUVOITEUUANNTUNUszaaamla
I [y g & O % ) o & a = }2
wazduduasaduduneulun1s Modeling syuudmiumivauaudulussuuiale dala

n3MkanevausIvesrNuTuIINiduaelounUsitua I nAuandbugun 3.13

sl | | I

o 500 1000 1500 2000

UM 3.13 nymaneuausvesnuguanilnduaeleuuszanaunla

P~

3.5 N132NLUUNTSAIUAN PID) Nldlun1sAtuaNnsEuIuNg

INAITANYINUIINAVBIDUYNUS LUTEUUAIUANLUUFAZIU-UTHUS-aUWUS a1u150
Aolyiinnsasyiau LagN15UE8VRIFYIMITUNIU (Noise) MSOARANAIAKUUEY (random

v 1 = 1 1 - (3 Y] .

error) lun15inAn y maqmamamﬁaqazgzgml,a'mwmaaﬂlﬂaqmi Final Control Element
(FCE) v1l¥ Final Control Element §ns@nnseiliiiudu wagfaadin1sunesnuwiiuuniy
e IngdsdAydmiun1sannIovdnd 1 ud L INTUNIN NIDARANAIALUUEY

o v o [ 1

Aanantuausaltfinsesdyeu (Filter) Tun1siudygrasuniundinsasdygiuaingn?

g ]
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WinanAuLUsUTINANlS Fensnsesdygrudfduaunsadissnulidygiasuaiunseg

]
T o U

m =

fundy wagd1mTuAITERNUUUNNTAIUAY PID, fiduiladdnlulasensd Wunis
AUANFETTUUMUANLUURdL-UTTUS-ayius Hanusauuusdldfmonisifismenves
AUNUS LLazmiLﬁm‘ﬁmu%u%mé’amaaé’i’iy,ig’lmmm?i lagn15eeNkUUAISAIUAN PID) thy
38 mslunsuivgussuuiladuiduiind meudranailinansuauss Usznaulusie

aunseanalull [7]

K (3_ am®
Y(S) m
S(s) = = 3.11
) =00 T s+l (3.11)
1
TR N (3.12)
m am
KSI‘IZ
e (3.13)
m a
mK —Tdms
¥(s) M
S(s) = = .14
(s) U(s) s + a. (3.14)
e am 2, Tdm (315)
S-=1/(A%+ 38) (3.16)
A+4-$
= e 2 (3.17)
o 2Tdm
(Ss-A-4)
K =(S-2)e 2 (3.18)
K()
K = (3.19)
i s dm
2(2-5)
(3.20)

T, =
o A24+24+28-(A+10)S

T =1 X Td (3.21)

10 10
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1
bl= - — (3.22)
ria X Tdm X So

A+ 1)(4=8) = n[na2+4(n +1(3-9))]
=T (1+n)[A2+4A+6-(n +2) —(A +2n+4)S] (3.23)

INAUNINTUTUUIBUURREUEAUNnTianSaug It an linanauaueeIsn1sUsy
u PO Awandliiiuludnadiui ilianansatmdudsildmdmiunisussanaanileidu
anglouuunumatluaun1sae o esenuuunismuau PO 16 Tnsaunsauuadunis

2ONLUUMIAIUAY PID) dmun1smunugumnil wazauuluszuuiln Bullsvazden

samalull

3.5.1 A1399NLUUNI3AUAN PID] dusun1saiuasamn)iiluszuulsle

lunrseanuuunisaruau PIDT dmsuldlunisavauaamgiiluseuuiale

o w A =€ ¥ 1

919899 naunsTuN1UTUUIBUUALAUA T UIMTN S ouY LS HAR D UA DA I8 IT NS

USUgu PID; anunsaunue1asaun1slagiail

Y(S)  0.11285714¢= 29

. 2 3.24
5 u(s) 427.255 +1 (3.20)
1 1
B0 O A (3.25)
m T’n 42725
0.11285714
K =05 P0eo2gi 15 (5.26)
Sni 42725
Y(5)  0.00026415¢ 295
S - (3.27)

u(s) s + 0.00234

Weldrsndsluannistisduasuniand Jsadiudsang o sauluisannis

au 9 lun1susugussuuidsduanuinilandeudinialinansuausswigiznisusugu

PIDT lUidlauas MATLAB Script vulusunsy MATLAB Iéfauanslugud 3.14
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%PIDmn Tuning
XTemp
Ks=0.00026415;
am=0.00234;
Tdm=2.95;

A=am* Tdm;
S=((A"2)+8)"(1/2);
So=-(A+4-S)/(2*Tdm);

Ko=(5-2)"exp((5-A-4)/2);
Kco=Ko/(Ks*Tdm);

Tauio= 2*(2-S)/((A*2)+(2*A)+28-((A+18)*S));
Tio=Tdm*Tauio;

bl--1/(Tauio*Tdm*So);|

Te=.1;

n=4;

Tf=Te* (A+(n+1)*(4-5)-(n*(n* (A"2)+4* (n+1)*(3-5)))"(1/2) )/ ((1+n)*((A22)+(4*A)+6* (n+2) - (A+2*n+4)*S));

sUfl 3.14 aun1smsuzugu FOPDT aaumgiisnedsnnsusugu PIDT uu Script [7]

lugrdudnunlafinisenisnisusugu PID laatduisnsusuguues Ziesler-

Nichols (Ziegler-Nichols Methods) hunU3euiiguiuisnisusugu PID, 8435nsuTuqu

Y94 Ziegler-Nichols @13150ua09laARI»15199 3.3

a579fi 3.3 78N15UTUU PID (Ziegler-Nichols Methods)

Controller Type Kp Ti Td
P 1/a
Pl 0.9/a 3L
PID 1.2/a 2L L/2

I o

W91135N15USUU PID se3n1sUTugues Ziegler-Nichols snunusianys
19 9 aslludsnsusuguiaziifnnsusuguundsuas MATLAB Script Uy MATLAB

AN INRLI Tty MATLAB Script #1338n15U5Ugu PID ¥4 2 38n1saauansluguil 3.15



%PIDmn Tuning
XTemp
Ks=0.20026415;
am=9.00234;
Tdm=2.95;

A=am* Tdm;

S=((A"2)+8)"(1/2);

So=- (A+4-5) /(2

Ko=(5-2)*exp((5-4-4)/2);

Kco=Ko/(Ks*Tdm

*Tdm) ;

)i

Tauio= 2*(2-5)/((A*2)+(2*A)+28-( (A+10)*S));

Tio=Tdm*Tauio;

bl--1/(Tauio*Tdm*So);|

Te=.1;
n=4;

28

Tf=Te*(A+(n+1)*(4-5)- (n*(n*(A"2)+4*(n+1)*(3-5)))"(1/2) )/ ((1+n)* ((A22)+(4*A)+6*(n+2) - (A+2*n+4)*S));

#PID ZN Tuning
“lemp
K=0.11285714;
L=2.95;
T=427.25;
a=K*(L/T);

kp=0.9/a;
ti=3*L;
ki=kp/ti;
kd=0;

5U# 3.15 aun15msusugu PID s2gn15USUIUNg 2 3/NsMWeUUY Script (gaumnqil)

\dlavinas Run Script Ailsi@suaunisnisusuguasaieusesuadludunousaly

dududenidensideulusunsuuy MATLAB Simulink Ingidenluguuuurasssuuniuny

1900 warldudonang 9

N1531909N1TATUANDUY

Close loop: Temperature

aa 1 £

U

PIDmn

I}

bl *Tio-s+1

Tio-s+1

0.18066

fA1vasiaiU s et uduysanaun1IsnsUsugu e

niiilsvinisesnwuuld udisgniwraneuduesRInuden Scope

226.7833s + 1

Y

P1(ZN)

N

0.18066

226.7833s+ 1

Plant2

5UM 3.16 Usunsudnaeanismuangamilnelsnisusugu PID Maesis

]

ScopeTemp
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PIDmN (0,4)
PI(ZN)

0 500 1000
Oftset=0

JUT 3.17 N3MINAABUALBIYBINNTINABINTAIUALUUNIMEITA1TUTUIU PID Vaaesds

3.5.2 113592NWUUNIIAUAY PID] dmiunisriuauaaauluszuulstn

lupaseaniuunisaivad PIDD dnsuldlunisaivauniugulussuuista

o w a = ¥ 1

9198 naunstunIsUSuUTEULWLAUS UV oYl SHanaUaLB R8T NS

USugu PID. anunsauvuA1asaun1slacial

S(5) = Y(8)7170.032¢;*45% (3.28)
AN e :

1

=—— = ——— =(.00316135 2
@ T 316321 (3.29)
K = ' = 0.00010116 (3.30)

smo 316321 '

¥(S) _ 0.00010116e™*4%
U(S) s +0.00316135

S(s) = (3.31)
- Y1 W Y v Y = o 1w i =
Wisladmuusluaunisthesuasunuaunas Jadadaudseing 9 sauluiisaunis

au 9 lunsusvgussuuldaduaduinilamisudrnarlsuanauausnieisnsuiugu

PIDT TUideuas MATLAB Script uulusunsu MATLAB lédauansluguil 3.18
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%PIDmn Tuning
FHumi
Ks1=0.00010116;
aml=0.80316135;
Tdm1=4.453;

Al=aml*Tdml;
S1=((A172)+8)~(1/2);
Sol=-(A1+4-5)/(2*Tdml);

Kol=(S1-2)*exp((51-A1-4)/2);
Kcol=Kol/(Ks1*Tdml);

Tauiol= 2*(2-5S1)/((A172)+(2*A1)+28-((A1+10)*S1));
Tiol=Tdml*Tauiol;

b12=-1/(Tauiol*Tdm1*Sol);

Tel=.85;
nl=4;
Tf1=Tel*(A1+(n1+1)*(4-51)-(n1*(nl1* (A142)#+4*(n1+1)*(3-S1)) ) (2/2))/((1+n1)*(((A172)+(4*A1)+6% (n1+2) - (A1+2*n1+4)*S1));

Ul 3.18 aunsnisU3ugu FOPDT mmiiusedsn1susugu PIDT vy Script [7]

o

We1135n15U5UU PID /e38n1sUTuues Ziegler-Nichols snunuafinys
a4 9 adduludsnsusuguuasnIFn1uTuguuIleuas MATLAB Script Uy MATLAB

WA NLANRSlA TN MATLAB Script MiIR8n15Usugu PID 1 2 38nsnauandlugud 3.19

%PID ZN Tuning
%Humi

K1=0.032;
L1=4.453;
T1=316.321;

al=K1*(L1/T1);

kp1=0.9/alj
ti1=3%L1;
kil=kpl/til;
kd1=0;

%PIDmn Tuning
%Humi
Ks1=0.00010116;
aml=0.00316135;
Tdml=4.453;

Al=aml*Tdml;
S1=((A1~2)+8)"(1/2);
Sol=-(Al+4-S)/(2*Tdml);

Kol=(51-2)%exp((S1-A1-4)/2);
Kcol=Kol/(Ks1*Tdml);

Tauiol= 2*(2-51)/((A172)+(2*A1)+28-((A1+10)*S1));
Tiol=Tdml*Tauiol;

b12=-1/(Tauiol*Tdm1*Sol);
Tel=.05;

nl=4;
Tf1=Te1l*(Al+(n1+1)*(4-51)-(n1*(nl*(A1~2)+4* (n1+1)*(3-51)))*(1/2))/((1+n1)*(|(A172)+(4*A1)+6% (n1+2) - (Al+2*n1+4)*S1));|

JUN 3.19 aunsmsusugu PID aien1suTuauiia 2 F8n1silguuu Script (AMNTW)

v U
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119911115 Run Script @un1sn1sUsuguiadadunds drudaunfenisidau

lUsunsuieiinisdnasansauanANuunlaviiniseaniuull waianivinanauauas

o
I1NUaBNSCope
Cios loop:Humicty
PIDmn
b12+Tiol -5+ 1
TTiol-s+1 - N 0L —
— 3163215+ 1 .
W Qnja)t Dead time1 ")
: S T
"
Pl (ZN)
| > ) —1 .l[> o 0.0064 o)
— . 3163215+ 1 \/
1 Dead time2
B>

5U1 3.20 1UsuNsUT1889N15MIUANAIINTUAILTEINITUSUIU PID M9e0975

PIDmN (0.4)
PI2N)

sot—| -

—T1—

| L

] 500 1000 1500 2000 2500

JUM 3.21 NT1MNARBUAUBIYEINITINABINITAIVANAINTUNIEITNTUTUU PID aaeeds

3.6 ﬂ'ﬁaaﬂLLUUIU'SLLﬂﬁ&Iﬂ'ﬁV‘I"N']u‘UEN WIO ma%ﬁﬁa
Tuniseenuuulusensun1syinauyes WIO wiesiida ladnisiaiauluniseanuwuuly
duvean1svnaulidguuuunisyaudulusunsuiy L 0919 R AUB SN
laulasmeulnsaass WIO ma%ﬁﬁ’aﬁ“li’fmua@fuﬁa’imﬂﬁﬁaﬂﬂ@ wazidenlyaularoudig
nanvay Jelainiseenuuulinisianinauy Graphical User Interface 38 GUI @115
wananaonulaidy 3 EULLUUGﬁJuaaﬁumiﬂmaim‘f TnouUansuan snans 3 E‘ULL‘UU‘T;Q
anunsouenoeniluguuuulskannanan JULUUIoE MUY ULAIAIAILYT uazgUluUae

ANNTUBEAININHAR DUAUDY



32

HIUTECH

KMITL

“Std ) PR 2FL ANa—aNMN o b
5U#1 3.22 Graphical User Interface sUluudsuaninanan (vaan15v1a1u Manual)

HUTECH

KMITL

S

5U# 3.23 Graphical User Interface uluudauanananan (Muan1svitarudnluia)




PIDmn Tuning :

RIRE

999 8888
848 .2888
888 .6aaa

Tenperture and Humidity

5U# 3.24 Graphical User Interface uluvaadmsuusuusersiius

N

y

5U# 3.25 Graphical User Interface jUluuluaninanivinanauaued (aaungi)

33
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FPIDmn COMTREOLLER : Humi

SPe S50
— Pl P58y

MU 8.08

V 4 L — —
i 10— 9

5U 3.26 Graphical User Interface §Uluu3ouaninanstinanauausd (Auu)

dmsunsldnulusunsndldinmsBeuiusingn ludureuusnduanynisteu
wiasanglinuiivesalulasaeulnsaiaes WIO wiesita uagkdniwa  Graphical User
Interfacerusuuuuasmauansmandnlaetdulymnnisvinnuiuy Manual Wenaging A 2y
Wasudngnisuansea Graphical User Interface Tuguuuussdmiuusuusiarninuisds
anu15auSuLAsAdLUSANg 9 TALARN 1, U, Te, Kp, Ki, uag Kd lnsuandaudsianaesndu
fudsdwmuldlunismuaugamgiuaganutulusyuada ddunisusumfuystuiing
Tuaindassann 5 A neaunsadoudndassaaniunstsuusam @oundnues
AfuUsTidaenasusuusee wasdeuiiewdsusuysiivzusundan Weusumsudsang 1
AT EINTUEITINREIng A Snate Wetuiinnssemsutsene o ludiudaunidu
nsldaing B msldnuaind 8 dulddmiunsuudoulnuanmsioilaaduiusewing
TAANITYINULUU Manual waglmian1syinauuuusnlul® Tulynn1svinaukuy Manual
aldmaniuls u Alddaeliuldlunsdsdyapaedwneenludinsgunal uslulnue
msvheuuuudelufftuimadasululdnisauaude PO Tunseuaunssuiumslid
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%B8%B2%E0%B8%A1%E0%B8%AA%E0%B8%B3%E0%B8%84%E0%B8%B1%E0%
B8%8D%E0%B8%81%E0%B8%B1%E0%B8%9A%E0%B8%IE%E0%B8%B7%E0%B8
%8A%E0%B8%A1%E0%B8%B2%E0%B8%81/5#:~:text=3.90E0%B8%84%E0%B8%
AT%E0%B8%B2%E0%B8%A1%E0%B8%8A%E0%B8%B7%E0%B9%89%E0%B8%99
962050%25%20-69,%E0%B9%819%E0%B8%A5%E0%B8%B0%E0%B9%80%E0%BS
%AB%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%B8%A7%E0%B9%80%E0%B8%
89%E0%B8%B2%E0%B8%95%E0%B8%B2%E0%B8%A2%E0%B9%84%E0%B8%94
%E0%B9%89 (14 #Iv1AN 2565)

[22] “qmmﬁﬁmmzam fun1sugnite”, 2562 [sevuseulat] wnasiiun : https://legatool
.com/wp/10911/ (10 NUAUS 2565)

[23] “auaulyl eusiuldluge wanasin LUUhsenutiueu 7, 2564. [svuvesulat] unddiun :
https://www.naena.com/agriculture/123434556 7?fbclid=IwAR2WrMBoD93PfeQICO
SKFAZILQuUYxg2cS5Mj1gDSglfJzYRIWAWSNpPiuBM (10 qumﬁuﬁ 2565)
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Multi-Function Grove \,
Connector ~
USB Type-C Connector

Multi-Function Grove Conector

5-Way Switch

40-Pin GPIO Header

Micro-SD Card Slot
User
Power Switch / Reset \ Programmable Buttons

JUN 2.1 2 MFHnveI813ARIT WIO mesiia (1)

i https://wiki.seeedstudio.com/Wio-Terminal-Getting-Started/

SPI Flash LIS3DHTR
FPC
RTL8720DN Light Sensor
(Wi-Fi & BT)

IR Emitter
DC-DC

microSD Card Slot

2.4G & 5G Antenna ATSAMD51P19

5-Way Switch Microphone & Buzzer
(Behind) (Behind)
Multifunctional Grove x2 USB TYPE C

JUT 9.2 05mveaniauls WIO mesiia (2)

fian : https://wiki.seeedstudio.com/Wio-Terminal-Getting-Started/
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M1319% 2.1 Foyadnnizyes WIO wesilia

Manufacturer Part

Number

Core Processor

M
Main Chip Q&

Maximum Speed

External Flash

Operating

Temperature

LCD Screen Resolution

ATSAMD51P19

ARM® Cortex®-M4F running at
120MHz

4 MB External Flash, 192 KB RAM

200MHz

4MBytes

-40°C ~ 85°C (TA)

320x240
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Wireless

Connectivity

Built-in Modules

Interface

Display Size

Drive IC

Manufacturer Part

Number

KM4 CPU

KMO CPU

Wi-Fi

Bluetooth

Accelerometer

Microphone

Speaker

Light Sensor

Infrared Emitter

MicroSD Card Slot

GPIO

Supported Protocol

Grove

2.4inch

ILI9341

RTL8720DN

ARM® Cortex®-M4F @ 200MHz

ARM® Cortex®-MO

802.11 a/b/g/n 1x1, Dual Band
2.4GHz & 5GHz

Support BLE5.0

LIS3DHTR

1.0V-10V -42dB

>78dB @10cm 4000Hz

400-1050nm

940nm

Maximum 16GB

40-PIN (Raspberry Pi Compatible)

SPI, 12C, 12S, ADC, DAC, PWM,
UART(Serial)

2 (Multifunction), for Digital, Analog,
12C, and PWM
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FPC 20-Pins
USB Type-C Power & USB-OTG
5-Way Switch
Operation
Power/Reset Switch
Interface
User-defined button *3
Built-in magnets and two mounting
Mounting
holes
Enclosure
Dimension 2mm*57mm*12mm
Materials ABS+PC
Arduino
MicroPython
ArduPy
Software
S t
Uppor AT Firmware

Visual Studio Code

CircuitPython

i - https://wiki.seeedstudio.com/Wio-Terminal-Getting-Started/
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AHT20 Product manuals

Temperature and Humidity sensor
*Full calibration
+Digital output, I°C interface
*Excellent long-term stability

*SMD package suitable for reflow soldering

*Quick response and strong anti-jamming capability

Product Overview

AHT20, as a new generat
humidity sensors, has.
in size and intelligence

rmance of the new generation
'umidity sensors has greatly
aded that of the previous ones

row flat no-lead pa rshenvironments.
soldering, with2 d and tested, with product
of 1.0 mm. The hasurface of the product.
signals in laturization of the
with a ney er, and

MEMS se the cutting-

Application Scope

HVAC system, dehumidifier, testand inspection equipment, consumer goods, automobiles, automatic control,
data recorder, weather station. household appliances, humidity requlation, medical and other related
temperature and humidity detection and control.

11

T—:'?-T

)
4l
7
kﬁjﬂ

SN [ |
| 40 v/l |
Buttom view Top view Top view Buttom view
—2.5+0 02mon—9
' -.
10
Front view Front view

Figure 1: AHT20 Sensor Package Diagram (Unit: mm Tolerance: £0.1 mm)

www.aosong.com  Guangzhou Acsong Electronics Co. Lid Tel: 400-630-5378 Version: V1.1 v

SUT 0.4 Tauasmg AHT20 12C (1)

U U

s : https://files.seeedstudio.com/wiki/Grove-AHT20_12C_Industrial Grade Temperat
ure_and_Humidity Sensor/AHT20-datasheet-2020-4-16.pdf
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Sensor Performance

Relative Humidity Temperature
Parameter Min [Typical|l Max | Unit Parameter|c Min Typicall Max | Unit
resolution ratio| Typical 0.024 %RH resolution ratio| Typical 0.01 c
| Typical 12 %RH | Typical +0.3 C
accuracy error accuracy error -
Max Figure 2 %RH Max Figure 3 C
Repeatabllity +0.1 %RH Repeatabllity +0.1 ‘Cc
Hysteresis 1 %RH Hysteresis +0.1 C
Nonlinear <0.1 %RH Response time'| 3% 5 30 S
Response time’] t63% 8 S Scope of work fextcnded’| 40 85 [
Scope of work [extended] 0 100 | %RH Long time drift <0.04 C/lyr
Long time drift'| Normal <0.5 %RH/VI‘ Table3 Temperature Characteristic
Table 1 Humidity Characternstic
ARH(%RH) ATC
210
I O | ) I |
8 Typkal Value 22 — Typical Valos
...... . Max Value g ——— Max Value :'
6 1.5k~ 2
24 e _.*' 21, 1s ,‘/r‘
12 ] g ','
20, ! b4
0
0 10 20 30 40 50 ‘60 70 B0 90 100 0.
Relativa Humiddy(% RH} W L n 3 40 of § 80
g Temperature{ C)
Figure 2 The maximum error of relative humidity at 28°C figure 3 Typical emror and maximum arrof of temperature
Electric Specification Package Information
AL Y Al | N LA TS ) - Ve AW AN "4 ™) NN
Parameter |condition ’E,Mi‘q‘i ypicall Max | Unit nsor Mod ckage| - Quantity
Voltage Typical| 2.0 3.3 \'4 AHT20 Tape package| . S000PCS/Roll(MAX)
. |- Dormant[ = PA Table 41 Package
rrent,
! Maasure| 23 PA
Dormant - 0.9 uw
P,
con:a:le;;lion‘ Meosure! 0.07 mW
Averags - 3.3 - W
Communication| Two-line digital interface; standard I’C protocol

Table 2 Electric Spacification

This precision is the fost precision of the sensor with 3.3V voltage a1 25'C ewcleding
hysteresis and nonknearity, and cnly suitable for non-condensation condtions.

The time required 1o reach 3% of the Srst-order response under the conditions of 25C

and 1 m's air Now.

Normal working scope: O - BU% RH. Sensor reading will be deviated If beyond this
range, (drift < 3% RH after 200 hours at 0% RH humidity). The working scope is further

imitedio - 40-80C

¥ the sensor is surrounded by volatile solvents, iritating tapes, adhesives and
PRckaging materiais, the reading may be higher. For morns mformaticn, phase
refer 1o the refevant documants

“The minmum and maximum of supply current and power comsumption s based
om the condtions of VOO = 3.3V and T < 60 'C. The average valus is vk measured
evary two saconds.

“Tha resgense lime depends oo the tharmal conductivity of the senser sutatrate

www.8080ng.com  Guangzhou Acsong Electronics Co. Lid,

Tel: 400-630-5378

Version: V1.1 v

Ul 9.5 doyadmy AHT20 12C (2)
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. 1. 3 Electric Specification
AHT20 User Guide ?
The power consumption given in Table 1 is related to
i temperature and supply voltage VDD. Estimated power
1 Expansmn Of performance consumption, see Figures 6 and 7. Note that the curves
1.1 Working Conditions in Figures 6 and 7 are typical natural characteristics

and may have deviations.
The sensor performance is stable in the suggested

working scope, as shown in Figure 4. Long-term ) p
exposure to abnormal scope, especially when . )
humidity > 80%, may lead to temporary signal drift z 7 P
(drift + 3% RH after 60 hours). When the sensoris =
restored to normal working conditions, it will slowly g % P
restore itself to the correct state. Refer to Recovery S
Processing in Section 2.3 to speed up the recovery LY
process. Long-term use under abnormal conditions
will accelerate the aging of products. &
0 20 30 40 50 (i) 0
Tamperature( T )
100 . 5
ks ) kY Figure 6 When VDD % 3.3V the typical relationship between
@ b \ Y supply current and temperature (dormancy mode). Please
3 | " N\ sy note thatthera is a daviationof about = 25% with the display
g i) T X walue
oI matF =
Ity ~
a0 F - \\\ > :
0 i A0
40 -20 0 20 40 _60 80 - 100 =
Tampensiwe ('C) ‘2 N
Figure 4 Warking Candiions %: = T
1.2 RH Accuracy at Different Temperatures £ 2 s
The RH accuracy at 25 C is defined in Fig. 2, and > LY
the maximum humidity error at other temperatures %
is shown in Fig. 5.

2 EZy =2 =2 @9 3.1, §3 Q3.5
Voltage (v DD
| =~ Figure 7 shows the typical relationship batwean supply
wod= +6 SWAEL =7 +5 current and voltage [dormancy mode) at 25 1. Please
+ ba notad that the deviation belwean thase data and the
o, I display value may reach £ 50 % of the digplay value A160 T,
§ 80 the coefiicient is about 16. (Compared with Table 2).
> 70 !
=
T 604 =4 23 |+ 3 24 (264
5 a0 T
{0 ]
20 25 25 =1~ "%5 ,—-‘
+4 A
101 -
T
0 — - P
005 1003520 25 30 35 40 45.50°55 fU65 70 75 80
Temparature ()

Figure & Maomumn humidity eror between 0=80°C, unt (% RH)

Note: ABove éerors are the lested maximum erors (excluding
hysteresis)with the high precision dew-point nstrument as
rafarence instrument, The typleal grror ist 2 % RH with the
range of maximum afror. In other 2copes, (he Lypical value

is 1/2 of the maximum eeror.

www.a0song.com  Guangzhou Acsong Electronics Co. LId, Tel: 400-630-5378 Version:-V1.1

Ul 0.6 Foyadmng AHT20 12 (3)

s : https://files.seeedstudio.com/wiki/Grove-AHT20_12C_Industrial Grade Temperat
ure_and_Humidity Sensor/AHT20-datasheet-2020-4-16.pdf
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2 Application Information

2.1 Welding Specification
The I/O pads of SMD are made of copper pin frame
planar substrates, which are exposed to the outside
for mechanical and electrical connections. When
used, | / O pads and bare pads need to be welded on
PCB. In order to prevent oxidation and optimize
welding, the welding joints at the bottom of the
sensor are plated with Ni/Au.On PCB, the length
of I/0 contact surface should be 0.2 mm longer than
that of the 1/O package pad of AHT 20. The inner part
should match the shape of the 1/O package pad. The
ratio of pin width to SMD package pad width is1:1.
See figure 8.
For screen and solder layer design, itis suggested
to use copper foil definition solder (SMD) with the
solder layer opening larger than the metal solder
plate.
For SMD pads, if the gap between the copper
foil pad and the soldering layer is 60m-75m,
the opening size of the soldering layer shall be
greater than the size of the soldering plate
(120 m-150 m).
The circular part of the sealing pad shall match

the corresponding circular solder layer opening

to ensure that there is enough solder layer area
(especially at the corner) to prevent solder from
joining.
Each pad shall have its own soldering layer
opening, forming a soldering layer network
around the adjacent pads.

Top view

Figure 8 Recommanded dasignsae of AHTZ20 PCB{mm) and

the auter part withdottad ling |5 the outer démenson of SMD

package,
For solder printing, laser cutting stainless steel mesh
with electronic polishing trapezoidal wall is
recommended, with recommended thickness of
0. 125 mm. The steel mesh size of the pad should be
0.1 mm longer than PCB pad and placed 0.1 mm away
from the packaging center. Steel mesh with bare pads
must cover 70% - 90% of the pad area - thatis, the
central position of the heat dissipation areareaches
1.4mmx2.3mm.

Contact surface relers 1o the metil liper on PCB where SMD pads ane weided

*The sokser maek layer refers to the Insslating layer covering the conmecting
line at e top of the PCB.

Due to the low SMD mounting, it is recommended to use
no-cleaning type 3 solders fin and to purify it with
nitrogen during reflux.

4
Tz 1

L t

Ve
/ _

@-Critical 2om—en! .
Pahastng 3ane Time

Figure § JEDEC Standard welding procedure diagram

Tp<=2607C, tp< 30 sac. lead-frae welding TL< 220C,

1= 150 se¢, The rate of tamperature rige and fall

dunngwelkding shall be < 5T/ sec

Tovperdure

AHT 20 can be welded through standard reflow furnace.
The sensor fully meets the IPC/JEDEC J-STD-020D
welding standard. The contact time should be less than
30 seconds atthe highest 260°C (see Fig. 9) and the
ultimate welding temperature thatthe sensor can
withstand is 260°C, so it is recommended to use low
temperature 180°C when reflow soldaring.

Note: After reflow welding, the sensor should be
stored in the environment of > 75% RH for at least
12 hours to ensure the re-hydration of the polymer.
Otherwise, it will cause sensor reading drift. The
sansor can also be placad ina natural environment
(> 40% RH) for more than five days to ra-hydrate.
Hydration time can be reduced by using low
temperature reflow welding (e.g.180°C).

Don't wash the circuit boards is allowed after
welding. Therefore, it is suggested that customers
use "wash-free® solder paste. Ifthe sensoris
applied to corrosive gases, condansate water may
be produced (e.g. in high humidity environment),
both pin pads and PCB need to be sealed

{e.g. using conformal coating) to avoid poor contact
or short circuit.

2.2 Storage conditions and instructions

The humidity sensitivity level (MSL) is 1, according
to IPC/JEDEC J-STD-020 standard. Therefore, itis
racommended to use it within one year after delivery.

Humidity sensor isnot an ordinary electronic
component, and it needs careful protection, which
usersmust pay attention to. Long-term exposure
to high concentration of chemical vapor will cause
the sensorreading to drift.

"Tha type of scldar is related 1o the sza of partichs in 20k, Ty 3 pomdar
in mize range of 2545 pm

www.aosong.com  Guangzhou Aosong Electronics Co. Lid, Tel: 400-630-5378 Varsion: V1.1 i

Ul 0.7 oyadmz AHT20 12C (4)
s : https://files.seeedstudio.com/wiki/Grove-AHT20_12C_Industrial Grade Temperat
ure_and_Humidity Sensor/AHT20-datasheet-2020-4-16.pdf
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Therefore, it is recommended that the sensor be
stored in the original package including sealed ESD
bag, and meet the following conditions: temperature
range 10~50"C (0~85°C in a limited time), humidity
20~60% RH(no ESD packaged sensor). For sensors
that they be stored in antistatic bags made of metal
PET/AL/CPE.

During production and transportation, sensors should
avoid exposure to high concentration of chemical
solvents and prolonged exposure. Avoid exposure to
volatile glue, adhesive tape, stickers or volatile
packaging materials, such as foamed foil, foam
material, etc. The production area should be well
ventilated.

2.3 Recovery processing

As mentioned above, if the sensoris exposed to
extreme working conditions or chemical vapor, the
reading will drift. It can be restored to the calibration
state by processing as follows. Drying: Keep for 10
hours at 80~85°C with the humidity-of more than 75%
RH.

Rehydration: Keep for 12 hours at 20~30°C with the
humidity of more than 75% RH."

2.4 Temperature influence

The relative humidity of gases depends largely on
temperature. Therefore, when measuring humidity, all
sensors measuring the same humidity should work at
the same temperature as possible. When testing, itis
necessary to ensure that the same temperature, and
then compare the humidity readings.

If the sensor and tha haating-prone electronic
components are placed on the same printing circuit
board, measures should be taken to minimize the
affact of heat transfer as far as possibie in the design
of the circuit.

For example, to maintain good ventilation of the shell,
the copper coating of AHT20 and other parts of the
printed circuit board should be as smallest as
possible, orleave a gap betwaen them_(See Fig. 10)

Figure 10 AHT20top view of printing oroult board, The design ol
Mising S cac miniMm2e huat Heosfe:.

Moreover, when the measurement frequency is too
high, the temperature of the sensor itself will rise,
which will affect the measurement accuracy. In order
to make its temperature rise below 0.1, the
activation time of AHT20 should notexceed 10% of
the measurement time - it is recommended to
measure data every 2 seconds.

75 % R can be gasly ganeratad fom saturated Na ClL

2.5 Product application scenario design

In product design, the sensor has following
characteristics:

1) Sensor is in full contact with the outside air

-

Figure 10: Suitabl d on the ire provide good
to envir | nts and allow for greater
air exchange.

2) The sensor is completely isolated from the
air nside the housing

T THouslng
Lo PCB

Figure 12: The sensor is isclated from the air inside the housing,
which minimizes the impact of the air inside the housing on the
sensor.

3) Small measurement dead zone around the sensor
—T ﬁ—Housing
A “«wPCB

Figure 13: Small measurement dead 2one helps the sensor to
Quickly and comprehensively delagl environmental changes.

4) The sensor Is isolated from the heat

- V] =
st L
Figure 14: The sensoris isclated from theinternal heat source to
minimize the eflect of internal heat on sensor.

5) The sensor power supply can be controlled

Inorderto improve the stability of the system, the following two
selutions forcontrolling power supply are provided:

Figure 15-1 Typical application circuit (1), the pull-up voltage and
VDD of SCL and SDA arepowered by the MCU.

Note! 1. The hostMCU supplies AHT20 with a voltage range of 2.0
~5.5V.

2_When the AHT20 is just poweared on, the MCU gives priority
1¢ the VDD power supply, which canbe set after 5ms SCL and SDA

are high.
CF B2
EdEd

Flgure 15-2 Typical application circuit (2), AHT20 operation is
controlied by whether GND is grounded.

Note: The user can indirectly control the GND and ground by
controlling the switch module composed of transistors, so that the
AHT20 is powered off.

www.a0song com  Guangzhou Aosong Elactronics Co. Ltd

Tel: 400-630-5378

Varsion:- V1.1 #l

sUfl 9.8 Foyadumz AHT20 12C (5)
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2.6 Material used for sealing and encapsulation

Many materials absorb moisture and act as buffer, which
will increase response time and hysteresis. Therefore, the
material around the sensor should be carefully seleaed.
Recommended materials are: Metal materials, LCP, POM
(Delrin). PTFE (Teflon), PE, PEEK, PP, PB, PPS, PSU,
PVDF, and PVF. Material for sealing and bonding
(conservative recommendation): It is recommended to use
method of flling epoxy resin or silicone resin for packaging
electronic components. Gases released from these
materials may also contaminate AHT20 (see 2.2).
Therefore. the sensor should be finally assembled and
placed in a well-ventilated place, or dried for 24 hours in
an environment of > 50°C, in order to release the
contaminated gas before packaging.

2.7 Wiring rules and signal integrity

Ifthe SCL and SDA signal lines are paralleland very
close to each other, it may cause signal crosstalk and
communication failure. The solution is to place VDD
and / or GND between the two signal lines, separate

the signal lines, and use shielded cables. Inaddition,
reducing the SCL frequency mayalso improve the
integrity of signaltransmission. A 100nF decoupling
capacitor must be added between the power supply
pins (VDD, GND) for filtering. This capacitorshould be
as close as possible to the sensor. See the next chapter.

3 Interface Definition

Pin | Name Definiton
1 NC Remain suspendad
2 VDD |Powscsupphyvoltage.  |¥ | 37 LEIEW
3 SCL  |Serial gock | 153 155 fove
4 SDA  |Sarial data, idrectonal .
5 GND |Power ground . o e
Y NC | Remain suspended Top view

Tabée 5 AHT20 Distrisusonof pirs | Top View?

3.1 Power Pins (VDD,GND)

The power supply range of AHT20 is 2.0-5.5V, and the
recommended voltage is 3.3V. Adecoupling capacitor
of 100nF must be added between VDD and GND to play
afiltering role. VDD is powered on preferentially or
synchronously than SDAand SCL to avoid the leakage
current from the signal line (SCL/ SDA) sinkingiin,
causing the chip to be in a non-working state after
power-on.

3.2 Serial clock SCL

SCLis used to synchronize the communication
between microprocessor and AHT20. Because the
interface contains complete static logic, there is no
minimum SCL frequency.

3.3 Serial data SDA

SDA pins are used for data input and output of sensors.
When sending commands to sensors, SDAis valid at
the rising edge of serial clock (SCL), and SDA must
remain stable when SCL is high level.After the
descending edge of SCL, the SDA value can be
changed. To ensure communication safety, the effective
time of SDA should be extended to TSU and THO
respectively before SCL rising edge and after SCL
falling edge-referto Fig 17. When the data is read from
the sensor, SDAIs valid (TV) after the SCL decreases
and maintains the descent edge of the next SCL.

Figure 16 Typical application circuit

Note: 1. The pull-up voltage of SCL and SDA must ba powered by VDD,
and the power supply voltage range is 2.0 ~ 5.5V,
2.Add 100nF decaupling capacitor between VDD and GND;
3.AHT20 can share 12C bus with other 12C davices.

To avoid signal collision, MCU must only drive SDA and
SCL at low levels. An external pull-up resistor(e.g.10kQ)
is needed to lift the signal to a high level. The pull-up
rasistance may have been included in the MCU's I/O
circuit. Detailed information about sensor input/output
characteristics can be obtained by referring to tables 7
and 8.

4 Electric Specification
4.1 Absolute Maximum Rating

The electric specifcations of AHT20 are defned in

Table 2. The absolute maximum ratings given in Table 6
are only stress ratings and to provide more information.
Under such conditions, itis not advisable for the device
to perform functional operation. Exposure to absolute
maximum rating ora long time may affect the reliability
of the sensor.

Par@meters Min Max Unit
VDD 1o GND =03 55 v
Digal 11O pin -0.3 VDD + 0.3 v

(EDA, SCL) to GND

=10 10 mA

Input curmant for aach pin

Tabtée 6 Absolute maemum electnic ratng

www.aosong com  Guangzhou Aosong Electronics Co. LId.

Tel: 400-630-5378

Version: V1.1 11

sUTl 9.9 Feyadumz AHT20 12C (6)
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ESD electrostatic discharge conforms to JEDEC
JESD22-A114 standard (human body mode +4kV) and
JEDEC JESD22-A115 (machine mode+200V) If the test
condition exceeds the nominal limit, the sensor needs
additional protection circuit.

4.2 Input/output characteristics

Electric specifcations include power consumption, high
and low voltage of input and output, voltage of power
supply. In order to make the sensor communication
smooth, it is important to ensure that the signal design
is strictly limited to the range given in tables 7,8 and 17.

Parameter Conditi Min™ Typic) Max  |Unit
Bt VDD = 38V,
Sy, | -ama<io| o ) = Pad [

OmA
Output high ST \
voltage VOH MORAVDD - VDD N
Qutpul sink - - -, A
currant 1OL i ol
Input low 0 & .IN! A
valtage ViL Vi
Input hign o > ’ .
voplzwue%m 0% V) Yo ov
VD =36.5Y, ) =

fPea Bt |\VIN SOV 103 BY v |8

Tatde 7 Direct purrent charactaristics of DIC pads, ¥ withoulspetial deciaration
VDD =20V106.5Y,T=.40"C1o 85 I'C,

o (hoay Ledue Leacty Gacty

Fugure 12 The Fams s of dig: 1pA o put
are oxplained in Tatie 8. Thioker SDAJINESs aracontiolled by sensors, and
crdinary EDAlINES ata contiolled by single chipeamputas. Ploase Do naled
hat the efecivi ruad lime o1 SDA o viggenad by the dmop edgaof the
peuvious Sonve e

FC Typacal Vo * e
Paramoter | Mark ]
[N | MAX ] MIN | MAX
12Clock tequency (SCL | 0 100 0 400 | i
HDST
it sigral tme A us
SCLCIook Hgh | 5 17 5
Pt mGH | 4.7 1.3 us
SARILLS
SCL Chock Low » . R
Level Widih LW 1.0 0.6 us
Dt v bnu DDA
mintive ta SCL 1 | 08| %45 | o.02 )] 0.9 us
S0A nige
Dato s'n"-; 1SUDA
Time Relative to 3t 250 100 e
SCL3DAEdge I
Nose: Do pies are messuras froee 0.2 VOO and D A VDD
Noria. The sbavs #C time seriaiis delerrned by tha isboeieg
I3t rres dalrpe
(11The intemal SD1inpat plas are dalaynd relebve to ST e akh & hypical valie
of 100
(21T he intwma) SO1 cetpuk pin i delrped relathee 12 SCK ailap odge wih & tgice
.

Table 8 1°C Eequence Characterstics of Digital Inputioutput i fast Mode.
Thaspeciic Maaning is shown in Figara 12, Uniass oihamwise indicatod

5 Sensor Communication

AHT20 adopts standard I°C protocol to communicate.
For information on the 1°C protocol except the
following chapters, please refer to the following
website: www.aosong.com for sample reference.

5.1 Start Sensor

Step 1: Make the sensor power on with selected voltage
of VDD power supply voitage (ranging from 2.0V to 5.5V).
When the sansor is powered on, it takes 20 milliseconds
at most (the SCLis high level) to enteridle state, thatis, to
baready to receive commands sentby MCU.

5.2 Timing sequence of start/stop

Each transport sequence starts with the Start state
and ends with the Stop state, as shown in Figures
18and 19.

'
t
.
1

Lo

-

:‘bu
I

3DA_

.

-

Figwa 18 Stact Fransmit State (5] - Ween SCL s at high level, SDA IS
gonvectad Fom high level to low level. The start state is 3 special bus stale
caonirolled by the main engine, Indicating the start of slave machinetransit
{aftar Start, BUS s genarally congiderad to be in a busy state)

www.aosong com  Guangzhou Acsong Electronics Co, Lid,
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Figure19 Stop Transmit State (P) - When the SCL is at high level, the SDA
ling is convarted from low laved 10 high lavel. Stop state b & specisd bus state
controlled by the main sngine, indicating the end of stave machine transmit
(aftar S0p. BUS = ganarally comsidernd to be in idie state)

5.3 Send Command

After the transmission is initiated, the first byte of the
subsequent 12C transmission includes the 7-bit 12C

device address 0x38 and a SDA direction bit x (read R:

‘1", write W: '0’). After the falling edge of the 8th SCL
clock, the SDA pin (ACK) is pulled low to indicate that
the sensor data reception is normal. After issuing the
initialization command 0xBE and the measurement
command 0xAC, the MCU must wait untii the
measurement is completed. The basic commands are
summarized in Table 9. Table 10 shows the status bits
returned from the slave.

address read-write bit
Command Definition Code
Initiakzation Keap i sngne | 101171110
Trigger Measurement Keap man engme 101071100
Soft reset 10111010
Table 9 Basa Commands
AT
) 14 i measurem
Bit{7) (Busyindicatian) 0 -4 ga:f:?.:dumml s:::
Bit [65] Remainad Remaned
Bit[4] Remained Remsinad
Bit[3) CAL Enable S abrs)
Bit[2:0] Remained Remainad

Tabie 10 State bit description.

5.4 Sensor reading process

1. Wait 40ms after power-on. Before reading the temperature
and humidity values, first check whether the calibration
enable bit Bit [3] of the status word is 1 (you can get a byte of
status word by sending 0x71). If not 1, need to send Oxbe
command (for initialization), this command parameter has
two bytes, the first byte is 0x08, the second byte is 0x00,

and then wait for 10ms.

2. Send the 0xAC command directly (trigger measurement).
The parameter of this command has two bytes, the first byte
is 0x33 and the second byte is 0x00.

68

3. Wait for 80ms to wait for the measurement to be completed.

Ifthe read status word Bit[7] is 0, it indicates that the
measurement is completed, and then six bytes can be read
in a row; otherwise, continue to wait.

4. After receiving six bytes, the next byte is the CRC check
data, the user can read it as needed, if the receiving end
needs CRC check, then send it after receiving the sixth byte
ACK response, otherwise NACK is sent out, CRC initial value
is OXFF, CRC8 check polynomialis:

CRCLT:0]=1+x*+ xB+ x*®
5. Calculate the temperature and humidity values.
Note: The callbration status check in the first step

only needs to be checked at power-on. No operation
s required during tha normal acquisition process.

[enANOagERARNRRARD 08

[
ACK

1'C adaress + write Trigger measuament 0xAC
0 DHIMO] 1]1 = nlnﬁ]olo]oluﬁ§ rl
DATAD DATAD

Read temperature and humidity data

sfo[1|1]1}ofofo} 1|2 §!:>

1*'C address + read State

= =
2 2
Humidity data. Humidity data
~ =
Humidity temperature Temperature data

B Bl

CRCdata

Te e data

Dn:--n 1o slave .Sl-.u %o host EACK E NACK U Start B Stop
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Note: The sensor takes time ta collect data. After the host sends aut the
measurement command (0 x AC), it delays more than 75 milliseconds to read
the converted dats and judge whether the returned stalus bils are normal, If
the state bit [Bit 7]is 0. the data can ba read normally, and 1 reprasents that
the sensor s busy, the host needs to wait for data processing to complete

5.5 Soft Reset

This command (see Table 11) is used to restart the sensor
system without turning the power off and on again. After
receiving this command, the sensor system begins to
re-initialize and restore the default setting state, and the
time required for soft reset does not exceed 20 ms.

n:)l1I1|1||::r|n|n|u:| 1'(.\’1' 1! 1|o|1]n§ Pl

[:C address + wrie Solt Reset
Table 11 Soft Raset- Tha grey paftis contrelled by AHT20,

e

ACK

6 Signal Transformation
6.1 Relative humidity transformation

Relative humidity RH can be calculated according to
the relative humidity signal SRH output from SDA by
the following equation.

(The resultis expressed in% RH)

RH[%]=( gn— )+100%

6.2 Temperature transformation

Temperature T can be calculated by substituting the
temperature output signal ST into the following formula.
(The results are expressed as temperature "CT)

T(¢)=( - 'gz}r") +200-50

7 Environmental stability

Ifthe sensoris used in equipment or machinery, please
make sure thatitis the same temperature and humidity
that the sensor used for measurement and the sensor
used for referenca that have sensed. If the sensoris
placed in the equipment, the reaction time will be
prolonged, so it is necessary to ensure that suffcient
measurement time is reserved in the programming.
The AHT20 sensor is tested according to the anterprise
standard of Aosong temperature and humidity sensor.
The performance of sensors under other test conditions
is not guaranteed and cannot be regarded as a part of
sensor performance. Especially for the specific
occasions required by users, we do not make any
commitments.

8 Package

AHT20 provides SMD packaging (similar to QFN),
which represents a bilateral flat and pin-free package.
The sensor chip is made of a copper lead frame coated
with Ni/Au. The weight of the sensor is about 19 mg.

8.1 Trace Information

AllAHT20 sensors have laser labels on their surfaces.
See Figure 20.

Figure 20: Sehsor lasar labed

Alabel is also attached to the tape, as shown in Figure 21,
and-other trace information is provided.

| ASAIR

-~

sE:

- AAREEY
. AHI20
Model

na S0008CS
Quantity

ae YYYY MM DD
Date

e —XXXXXX
Batch sumbar

T P ]
J

Figua 21 Label on the tage

8.2 Transport Package

\

AHT20 is packed in coiled tape and sealed in antistatic
ESD bags. The standard packing size is 5000 pieces
perroll For AHT20 packaging, the last 440 mm (55
sensorcapacity)and first 200 mm {30 sensor capacity)
of each roll are empty packaging.

The packagediagram with sensor positioning is
shown in Figure 20. The reel is placed in the
antistatic pocket,

www.aosong.com  Guangzhou Acsong Electronics Co. Lid
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Universal isolate transducer

MODEL TW-4M-1-N, TW-4M-4-N

1. Setting or changing input range
SwW1 sSw2

0105V G [l ) [alwl ] | [1T]
01010V 5 [ulal ol [mluml ] | [ 1]
otosomv o PP [P
1105V Gf [ lule] ([ [T 111
5105V i [l [~ m] [m]lml [ 1]
401010V % [[a) WFLTTLT]
M Input Specification 0to20 mA g M) [l I [ 1111

Input Input Input allowable range 41020 mA 23 EW] CENRARA]
0105VDC !
5 :: 70VDC 2. Setting Speed o 3. Setting Revers (OUlSle:ItZ)
0 to 60 mVDC oo on
e More than 1 MQ ) 5oms N[ [[a"[ ][] MORMAL %
5t05VDC A0 #I0% PR 500msS % REVERS %
1010 10VDC 12345678 12345678
0 to 20 MADC s 4. Setting or changing output range
41020 mADC e - SW3 . SW3
005V ot Mululmlmlmlm ] 1010 10 V7 [ulul~mlmlm 1]
® Output Specification 01910V 5 [ alalalalal®]. 01020 mA S alalal" aluli)
Output L res! 1105V G [Mal"ulm Tl 41020 mASG
01to5VDC on 12345678
Tto5VDC More than 2 KQ Sto5V. oy
5 165VDC 12345678
01010 VDC i
S than 4 KQ :v g:ﬁglr:lg Code
Ol 20MADE |, . ¢ 1han 55000 T_ Codeto 1. 100 to 240 VAC £10%
4 to 20mADC specify power | 4,24 VDC +10%
B General Specifications B Dimension
1. Range settings before shipment: oo Yand = a1 i
Input; 1 to’5 VDC, 0utput; 440 20 mADC S e g T
Accuracy of range settings before shipment: =
Within £0.25% F.S
2. Error caused by input range setting change: Within +1% F.S S
Error caused by output range setting change: Within £1% F.S E’\uo range| | |2
3. Temperature characteristic: £0.02% F.S/°C B, _setting a
4. Response time: Less than 50ms (Time required for arriving -1,,,@/ Dip sws. || (3
at 90% of rated output) 2 RO §'
5. Insulation resistance:  Between input and output or power supply, B B el
More than 100 MQ (At 500 VDC) 8
6. Dielectric strength: Between input and output or power supply, g
For 1 min. (At 2000 VAC) &
7. Power supply voltage: 100 to 240 VAC £10% or 24 VDC +10%
Consuming current: &
Less than 50mA (At 100 VAC) iy
Less than 80mA (At 24 VDC) A)-J4S —~
8. Operating ambient temperature; -5 to +50°C : H
9. Operating humidity: Less than 90% RH (No dew-condensing) . Connection D'?S,’am
10. Storage temperature; -10 to +70°C o _@ Power | | %
11. Storage humidity:  Less than 60% RH (No dew-condensing) Imput 7 gg“gg"w 2":’,’;::
12. Case material: Black PBT 94-VO '2”" ¥, 50,,,/ A 4 =Ty
13. Weight: Approx. 130g 15V ;MX ® @A b4 +
HAbout solderless terminal to connect with el 1 ) TH-4M &
the screw type terminal block
1.Screw size: M3.5x7L @ OF

2.Recommendation solderless terminal: Ring tongue (R type) M3.5
Spade tongue (A type) M3.5
Applicable Wire AWGH# 26 t022 ==
3.Quality of material: Screw Iron, nickel plating m Block Diagram

. Note : When conducting Wiing. ba careful With it polarity

Connection board
llow copper, tin platin y A
b, PEY Isolation Amp  ZERO SPAN

H Setting or changing input/output range 0 e
AAlways set or change the input/output range with the power turned off. Input si%ri‘,e .: Output signal

The input/output range can be set or changed by dip switches SW1
and SW2, SW3 on top of the transducer.

After finishing the setting, stick the attached seal to the window for dip
switch operation. Prior to factory shipment, the inputis set1to5V
and the output, 4 to 20 mA.

& i SwW1 Sw2 Sw3
diors shpment o 0 O O O N
before shipment  off l:l:l:m

Watanabe Electric Industry Co.,Ltd

gll‘ﬁ .13 sﬁa;daﬁi’%ww TW-4M-1-N Universal Isolate transducer

i - https://www.nanasupplier.com/KpbGroup/p-223855
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Solid State Relays '
Industrial, 1-Phase Analog Switching CARLO GAVAZZ)
Type RMI1E V

= AC Solid State Relay

* Analog switching (phase—angle comrol, for resistive
and slightly inductive load

“4- 20onr0-|0Vcomrolnput
* Rated operational current: 25, 50, 75, 100 and 125 AACrms

* Rated operational voltage: Up to 600 VACrms

* Variable intensity LED-indication according to input
cumam

* Int bb Y _.I\

« Polarized lockable control connector for safe con-
nection for voltage controlled version

Fare. CEM@EH

Product Description Ordering Key  RM 1E 60 AA 50

RMIE.AA

The analog switching relay 2zero output power whilst 20 Solid State Relay T |
works in accordance with the mA or 10 VDC comespond o Number of Poles

phase angle control principle, full output power (near linear Switchi ,mode

i.e., the output switching point power. response).| The relay  Rated op I voltage
in the AC sine wave depends_ switches off every time the out- Cmtmﬂnpui

on the control input which can  put current crosses zero, and - Rated operat | current

be either4-20 mA or 0-10VDG..switches - ON in - accordance
4 mA or 0 VDC comespond to  with the applisd contral nput.

Type Selection

Switching mode Rated operational Rated operational Control input
voltage current

E: Analog switching 23: 230 VACrms* 25: 25 AACrms AA: 4-20mADC
40: 400 VACrms 50: 50 AACmms V:_0-10VvDC*
48: 480 VACrms 75: . 75 AACrms
60: 600 VACrms 100: . 100 AACrms

125: 125 AACms

* For nominal operational voitage of 110 VACrms use AM1ER]...
TTRMIE.V.. reguine an extemal supply voltage.

Selection Guide
Rated Blocking Control Rated operational current
op. voitage voltage input 25A 50 A 75A 100 A 125A
230 VAC 650V, 4 -20 mA RM1E23AA25 RM1E23AAS0 RMTE23AA100 RM1E23AA125
0-10VDC RM1E23V25 RM1E23V50 RM1E23V100 RM1E23V125
400VAC 850V, 4-20 mA RMIEADAA2S RMIEA0AASD ~ BM1E40AA100 J
480 VAC 1200V,  4-20 mA RM1E48AA25 RMI1E48AAS0  RMIE48AATS  RM1E4S8AAT00 RM1E48AA125
0-10 VDC RM1E48V25 RM1E48V50 RM1E48V100 RM1E48V125
600 VAC 1400V, 4-20mA RMIESOAA2S RMIEGOAASD RM1EG0AA100
0-10 VDC RM1IE6GOV2S RM1E60VS0 RM1EGOV100
General Specifications
RMIE230 "  'RM1E40.._~ RM1E48...  (RM1E60..
) - S ~ © //? 7
Operational voltage range . & 4
RM1E.AA.. Qeng VAC muysovu‘g ﬁ gﬁnk n,/ 410 to 660 VAC
RM1E.V.. A 410 to 660 VAC
Blocking voltags 650 V, ""'—nﬂ &&" Ex 1400V,
Operational frequency ranga ﬁ y Hz 45t065Hz ﬁﬁ 45 10 65 Hz
Power factor S, e 5075 >0.75
Approvals UR, ¢UR,C EAC UR, cUR, CSA, EAC UR, cUR, CSA EAC
CE-marking Yes Yes Yes Yes*
UKCA-marking Yes Yes Yes Yes*
* Heat=ink must be connected to ground for 600 V types
Specifications are subject to change without notice (23.08.2021) 1

;nlﬁ .14 Yayadunne Carlo Gavazzi Solid state relay (1)
i - https://www.elfadistrelec.no/en/solid-state-relay-rm23-spst-no-25a-265v-screw-
terminal-carlo-gavazzi-rm1a23d25/p/13745030
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CARLO GAVAZZI
Output Specifications '
RM1E..25 RM1E...50 RM1E..75 RM1E...100 RM1E...125
Rated operational current
AC51 Ta=25°C 25 AACrms 50 AACrms 75 AACrms 100 AACrms 125 AACrms
AC53a Ta=25'C 5 AACrms 15 AACrms 20 AACrms 20 AACrms 30 AACrms
Minimum operational current 150 mA 250 mA 400 mA 400 mA 500 mA
Rep. overload curentt =15 im'lll 125 AACrms 150 AACrms 150 AACrms 200 AACrms
Non-rep. surge currentt = 10 ms 325 A, 600 A, 1150 A, 1150 A, 1900 A,
Off-state leakage current <3 mA <3 mA <3 mA <3mA <3mA
12t for fusing t = 10 ms 525 A?s 1800 A2s 6600 A?s 6600 A?s 18000 A?s
Critical dV/dt off-state min. 1000 V/ ©1000Vips.. 1000 V/ps 1000 V/ps 1000 V/ps
} j=— = —_

Input Specifications

Current controlled input
Control current range (A1-A2)

Pick up current

Voltage controlled input
Supply voltage, Vss {A3-A2)
Max. supply curent

Drop out current

Response time (input to output) Control voltage, Vcc (A1-A2)
Voltage drop Pick up voltage

Dynamic impedance Drop out voltage

Max. allowable input current Control input current

Response time ‘@ nput to output) '€ |
Supply reverse protected Ye .

Reverse polarity protected

Note: The use of twisted par cable far the contral input is recommended

Output Power Dissipation
o j i_ AMIL. 125
. 1 T | o
Nl i 5
| 1 /
>) T 1 L
: | i L
g < N | e A// d i
L~
% % it L~ //
. W %%/ : LA
0 é% 4 - s i—
0 ‘
|
Load current par pole in AACrms
2 Specifications are subject to change without notice (23.08.2021)

31]17'; .15 %’agaa‘]’%wws Carlo Gavazzi Solid state relay (2)
i - https://www.elfadistrelec.no/en/solid-state-relay-rm23-spst-no-25a-265v-screw-

terminal-carlo-gavazzi-rm1a23d25/p/13745030
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RM1E

Electromagnetic Compatibility v

Immunity EN60947-4-3 Radiated Radio F y
Slectrostatic Diacharge £30) .:g'w 80 - 1000 MHz mu::\eoom1
'm, -

Immunity el 10V/m, 1.4 - 2.0 GHz Performance Criteria 1
Air discharge, B kV Performance Criteria 2 3V/m, 2.0- 2.7 GHz Performance Criteria 1
Contact, 4 kV Performance Criteria 2 Conducted Radio Freq Y

Electrical Fast Transient Immunity IEC/EN 61000-4-6

(Burst) Immunity IEC/EN 61000-4-4 10 V/m, 0.15 - 80 MHz Performance Critesia 1
Output: 2 KV, 5 kHz Parformance Criteria 1 Voltage Dips Immunity IEC/EN 61000-4-11
Input: 1 KV. 5 kiz Lasnan o o 10 m: Partommance Crfaia 2

Electrical Surge Immunity IEC/EN 61000-4-5 70% for 25 e e oarEs (D
Output, line to Ene, 1 kV Performance Criteria 2 BO0% for 250 cycles Performance Criteria 2
Output, line to earth, 1 kV Performance Voltage Inter [ T IEC/EN 61000-4-11
Output, line 1o earth, 2 kV 0% for 5000 ms Performance Criteria 2
Input, line to Ene, 1 kV Criteria 2
Input, line 1o earth, 2 kV P«hnmm\amg\ | 1‘1 5

EMC Emissicn 43, Radio Interference

Radio Interference /A Field Emission (Radiated) 1

ge Emission (C d) k : 30-1000 MHz [o!
0.15 - 30 MHz with filtste
Notes:

» Use of AC sold state relays may, according o the application and the load current, cause conducted radio interderences. Use of mains fillers may be neces-
sary for cases where the user must meet £M.C requirements. The capacitar values given inside the fitering specification tables should be taken only as indi-
cations, the filter atteruation will depend an the fimal appication

» The' has set the maxim deviaticn under the influence of RF1I0 +/% 1.0% FSD or 441 step in distributed modes.

~ Control input lines must be mnstaled togather to i lity to Radio Fro y int e

- Parfarmance Critera 1: No dagradation of performance ar loss of function is allowed when the product ks operatad as intended.

- Performance Criteria 2: During the test, degracatian of performance or partial loss of funcion is aflowed. However, whan the test is compiete the product
shoud retum operating as intanded by ftsolf.

- Performance Cratera 3: Temporary loss of function is allawed, provided the function can be by of tha controls..

Specifications are subject to change without notice (23.08.2021) 3

31]17'; .16 Yayainie Carlo Gavazzi Solid state relay (3)
fian : https://www.elfadistrelec.no/en/solid-state-relay-rm23-spst-no-25a-265v-screw-

terminal-carlo-gavazzi-rm1a23d25/p/13745030
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" '

CARLO GAVAZZI
Connection Specifications '
Connection terminals L, T A1, A2 A1, A2, A3
Stripping length (X) 12 mm 8 mm
Connection Type M5 screw with captivated washer RM1E.AA.: RM1E.V..:
M3 screw with 3 pins, pitch 2.54 mm
captivated square pin 0.64'
washer Accessory: RCS3-100-1
terminated cable
Rigid (solid & stranded)
UR rated data X
1x25-60mm? 2x25-6.0mm? 1x05-2.5mm?
1x 14 - 10 AWG 2x14-10AWG 1x 18- 12 AWG
Flexible with end sleeve 2%1.0 -2.5 mnm?

1x1.0-40mm?  2x25-40ma? 1x0.5-2.5 mm?
1x18 - 12 AWG 2x 18- 14 AWG - 1x 18 - 12 AWG
2x14 - 12 AWG

Flexible without end C 2x1.0 - 2.5 ma?

sleeve 1x10-60mm? 2x2.5-6.0 mm?
1x 18 - 10 AWG 2x18 - 14 AWG
2% 14 - 10 AWG
Torque specification Pozidrive 2 Pozidrive 1
2:4 Nm (21.2 |b-in) 0.5 Nm (4.4 Ib-in)
Aperture for termination
ug 12 mm 7.5 mm
Housing Specifications Functional Diagram
Weight ’ V4
25A,50 A : -
75A,100 A, 125 A ) i
Housing material 5
Baseplate H
25A,50 A :
75A,100 A, 125 A praren
Relay :
Mounting screws
Mounting torque . AMIE.AA..
R
(k) AN Q- byt
s 3 | - Mﬂ
Q g:ﬁ '
?aw!‘n pa ki O -
\ — AMIE_V..
4 Specifications are subject to change without notice (23.08.2021)

;nlﬁ .17 %’agaﬁ%ww Carlo Gavazzi Solid state relay (4)
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CARLO GAVAZZI
Thermal Specifications Isolation '
Operating temperature  -20° to +70°C (4" to +158 ‘F) Rated isolation voitage
Storage temperature | -20° to +100°C (-4 to +212 F) _!nput to output = 4000 Vrms
Junction temperature | <125°C (257 F) Outputtocase = 4000 Vrms

Heatsink Dimensions (load current versus ambient temperature)
With the output fully ON (360° conduction angle)

RM1E..25 RM1E..50
o i — iy e —
250 | 323 | 280 | 237 | 194 | 151 | 1.09 50.0 | 1.25 | 107 | 0.88 | 0.70 | 052 | 034
225 | 370 | 321 | 273 | 224 | 175 | 1.28 450 | 1.46 | 125 | 1.04 | 084 | 063 | 0.42
200 | 430 | 374 | 347 | 261 2006 | 149 400 | 173 | 1.49 | 125 | 1.0 | 077 | 052
175 | 507 | 441876 | 3.10 |'2.44 | 1.78 350 | 208 | 1801151 | 123 | 08¢ | 088
150 | 6.12 | 533 | 4.54. | 3.75 | 296 | 217 300 { 256 {222 | 1.87.| 153 | 1.18 | 084
125 | 758 | 661 | 564} 466 | 3.60 | 272 250 | 3.2¢4 {281 | 238 | 195 | 152 | 1.09
100 | 980 | 7.19 | 6.14-}'5.08 | 402 | 287 200 {426 371 | 815 | 259 | 203 | 1.47
7.5 | 135 |11.80 [ 10.00 | B.37 | 666 | 4.:94 150 | 5980 | 522 | 445 367 | 290 | 242
5.0 - | 183 | 157 | 1304 | 1039 | 7.74 100 | 9.49 | 827 | 7.06 | 585 | 464 { 3.43
25 - - - - - 7 5.0 - 175 | 150 | 124 | 991 | 739
20 30 40 S0 60 70_|" 20 30 4 s0 e 70_l"
Arrtient tarvp. [0 Asvbiare Seergy, ['C)
RM1.60..50 RM1E..75
et i g = L
e
500 | 0.92 | 081 | 063 | 0.4¢ | 026 | 0.08 750 | 1.00.| 088 | 0.75 | 0.63 | 0.50 {038
450 | 1.28 | 107 | 086 | 0.65 | 044 | 0.23 675 | 1.15 | 1.00 | 0.86}0.72 | 057 | 043
400 | 164 | 140 | 1.15 | 0.91 | 067 | 042 600 | 133 | 116 | 1.00 | 083 | 0.66 | 0.50
350 | 211 | 182 | 154 | 125 | 096 | 067 525 | 156 | 137.| +.37 | 098 | 0.78 | 058
300§ 260 | 225 | 120 | 155 | 120 | 0.85 450 | 188 | 165 | 141 | 1.18 | 094 | 071
250 | 330 | 285 [ 243 | 190 | 155 | 1.11 375 | 233 [ 204 | 1.75 | 146 | 1.17 | 087
200 | 436 | 3.79 {822 | 265 | 2.08 | 1.51 300 | 3.01 | 264.{ 226 | 188 ) 1.51 | 1.13
150 | 61 | 54| 46 | 377 | 297 | 218 225 | 416 | 364 | 312} 260 | 208 | 156
100 | 976 | 852 | 73 | 60 | 48 | 354 150 | 6.46 | 566 | 485 | 404 | 323 | 242
50 | — - 1547|1285 | 1024 | 786 75 |13.42 | 1174|1006 | 839 | 6.71 | 508
20 30 . 40 50 60 70_1" 20 30 40 50 60 70_1"
Arisant s 'CJ Asmbuare wevp. ['C)
Specifications are subject to change without notice (23.08.2021) 5
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Heatsink Dimensions (load current versus ambient temperature)
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\4

RM1E..100 RM1E..125
Load Tharmal resiatancs Load Thaesrad
current [A) rcwW current [A] ow
1000 | 0.60 | 052 | 043 | 0.34 | 0.26 | 017 1250| 063 | 055 | 047 | 0.40 | 0.32 | D.24
900 | 0.74 | 064 | 054 | 0.44 | 034 | 024 1125| 073 | 064 | 054 | 045 | 036 | 0.27
800 | 091 | 0.79 | 068 | 056 | 0.45 | 033 100.0| 0B4 | 0.74 | 063 | 0.52 | 042 | 032
700 | 1.09 | 096 | 0.82 | 068 | 055 | 0.41 875 | 099 | 0.87 | 0.74 | 0.62 | 0.50 | 0.37
600 | 1.33 | 1.16 | 1.00 | 0.83 | 0.66 { 050 750 | 120 | 1.05 | 080 | 0.75 | 060 | 0.45
500 | 166 | 1.45 | 124 | 1.04 | 083 | 0862 625 | 148 | 130 | 111 | 083 | 0.74 | 056
400 | 216 | 189 | 162 | 1.35 | 1.08 | 0.81 500 | 192 | 168 | 144 | 1.20 | 096 | 0.72
300 | 3.01 | 264 | 226 | 1.88. | 181 | 113 375 | 265 | 232 | 198 | 1.65 | 1.32 | 099
200 | 473 | 414 | 355 | 298| 237 | 178 250 | 412 | 3.60 | 308 | 257 | 206 | 1.54
100 | 9.84 | 870|745 | 6.21 4.97 | 373 125 | 855 | 748 | 6.41 | 534 | 427 | 3.21
20 30 4 _s0 e 710_|" 20 3 4 s0 e 70_|"
Accbieee g, 'C) Ambiact emp. ['C|
. .
Dimensions
P ]
1 [
= o 1 <
® L] A
! ] TaMs (.| 2xM8
o & s Y @] °
u ™ ¥ u ]
APPL APPLY
B4 s HEATSINK Flap HEATSINK
.l COWPOUND | psich 344
e e i
5 @ o [+ ] o]
- AMIEAA 2 RMIE.V
Al Serardions in Al demendicnd 0 faen
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CARLO GAVAZZI
Applications
AMIE.V.
1
el [lek
o
o ow m i @ ) Une
i i T
Transfer Characteristics
Output power as a function of control output
Control current Control voltage
(mA) (vDC) Output power
4 o 0
8 25 25
12 5 50 This relay is suitable for control of heaters, lighting and
16 75 75 shightly inductive loads such as small fans. The relay can
aiso_be used-for soft turn-on of high-power incandescent
20 10 09 lamps.
Heatsink Selection
.
Ordering Key RHS..

« Heatsinks and fans

* 5.40°C/W to 0.12°C/W tharmal resistance
« DIN, pansl or thru wall mounting

« Single or multiple SSKR mounting

Heatsink Range Overview:
https://gavazziautomation.com/images/PIM/DATASHEET/ENG/SSR_Accessories.pdf

Heatsink Selector Tool:
hitps://gavazziautomation.com/nsc/HQ/EN/solid _state_relays

Spacifications are subject to change without notice (23.08.2021) 7
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Short Circuit Protection v

Protection Co-ordination, Type 1 vs. Type 2:

Type 1 protection implies that after a short circuit, the device under test will no longer be in a functioning state. In type 2
co-ordination the device under test will still be functional after the short circuit. In both cases, however, the short circuit has
to be interrupted. The fuse between enclosure and supply shall not open. The door or cover of the enclosure shall not be
blown open. There shall be no damage to conductors of terminals and the conductors shall not separate from terminals.
Therese shall be no breakage or cracking of insulating bases to the extent that the integrity of the mounting of live parts is
impaired. Discharge of parts or any risk of fire shall not occur.

The product variants listed in the table hereunder are suitable for use on a circuit capable of delivering not more than 65,000

Arms Symmetrical Amperes, 600 Volts maximum when protected by fuses. Tests at 65,000 A were performed with Class J,
fast acting: please refer to the table below for maximum allowed ampere rating of the fuse. Use fuses only.

Co-ordination Type 1 (UL508)

Part No. Prospective short Max. fuse size [A] Class Voltage [VAC]
circuit current [kArms})

RM1E..25.. 65 30 J/CC 600
RMIE.50.. 65 30 J 600

20 HSJ20 (Mersen®) 600
RMIE..75.. 65 100 3 600
RMIE.100.. 65 80 J 600

60 HSJ60 (Mersen®) 600
AMIE.125.. 65 125 J 600

60 HSJEO (Mersen') 600

Co-ordination Type 2 (IEC/EN60947-4-3)

Part No. Prospective short Max. fuse  Brand Model Size
circuit current [kArms) size [A]

RM1E 025, foc =23, 40,48) 10 25 Mersen® 699RB 10-26 10.3x 38
RM1E60..25.. 10 20 Mersen® 6.99RB 10-20 103 x 38
RM1E0c50.. fox = 23,40) 10 50 Mersen® 6.9zz CP gRC 14x51/50 14x 51
RM1E20c50... pox = 48,60) 10 50 Mersen* 6.9zz CP gRC 22x5850 22x58
RM1E0 750 fiox = 23,40,48,60) 10 63 Mersen* 6.922CP gRC 22x58/63 22 x58
RM1Es0c 100.. (xx.= 23,40,48) 10 100 Mersen* 6.92z CP gRC 22x58/100 22x58
RM1Exx100.. (xx = 23, 40,48 10 80 Mersen® 6.9zz CP gRC 22x58/80 22x58
RM1E20 125 (xx = 23 or 48) 10 125 Mersen® 6921 CP URGD 27x60M125 27 x60
2z = 00, without fuse trip indication

2z = 21, with fuse trip indication

* Formerly Ferraz Shawmut

8 Specifications are subject to change without notice (23.08.2021)
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CARLO GAVAZZI
. . .« . . . '
Type 2 Protection with Miniature Circuit Breakers (M.C.B.s)
Solid State Relay ABB Model no. for ABS Model no. for Wire cross Minimum length of
type Z-typeM.C.B. B-type M.C.B. sectional area [mmz] Cu wire conductor [m)*
(rated current) (rated current)
RAM1E.28_ 1-pole
S200-Zaa A S201-B22 A 1.0 210
S201-26 UC {5 A) 200822 N 10 21.0
15 ns
AM1E._50.. 1-pole
§201-210 (10 A} S201-B4 (4 A) 1.0 7.6
1.5 14
180
S201.- 216008 A S20Te5EN 1.0 5.2
1.5 78
28 120
40 208
S201-220 208 S200-810 (M0 A 1.5 1286
25 210
S20%Z2625 A S2o-81312 A 25 250
40 400
2-poles
S202.225 (28 A} S22 813134 28 190
4.0 304
RMIE.JB. 1-pole
RAM1E..100..
S201-220 (20 A S201-e10 10N 1.5 42
28 7.0
40 1.2
8201232 (R A S200EE 16 A 25 130
a0 208
60 N2
2-poles
§202-220 20 & see-ewficy 1.5 1.8
28 30
40 a8
S02-22 32 N S202-816 (16 A) 25 50
40 8.0
6.0 120
10.0 200
$202-250 (SOA S202,825 (25 A 40 148
€0 222
100 370
AMIE._125.. 1-pole
5201250 (50 A S201-828 25 A 40 48
6.0 12
100 120
160 182
S201:253 (63 A S201-B32 {2 A 6.0 72
100 120
160 192

* Between MCB and Load {inciuding retum path which goes back to the mains).

Note: A prospective current of B kA and a 230/400 V power supply system is assumed for the above suggested specifications. For cabies with different cross
section than those mentioned above please consult Caro Gavazzi's Technical Support Geoup.

Specifications are subject to change without notice (23.08.2021) 9
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