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ABSTRACT

This comprehensive report of co-operative education presents a control system
for hydrosol extraction boiler. The control system includes a user-friendly display
screen that provides real-time temperature and pressure information for monitoring
and managing the hydrothermal extraction process. The system operates in two
modes: automatic mode and manual mode. The system components comprise two
RTD-PT100 temperature sensors, one DS18B20 temperature sensor, one HDP-500
pressure sensor, two relays, and one ESP32 microcontroller board as controller. The
operation of the system begins in auto mode, allowing users to set the desired
temperature. The default temperature is set at 100 degrees Celsius. Once the desired
temperature is set, users can initiate the process by pressing the start button. The
system will display the auto mode icon. When the temperature reached the set value,
the system will halt the process by togsling corresponding relay. If the temperature
falls below the set value by 0.2 degrees Celsius, the system resumes operation with
relay toggle. The reference temperature for operation is determined based on the
temperature measured by the RTD-PT100 temperature sensor submerged in the water.
To stop the process, users can simply press the stop button. Once the specified
temperature is reached, the automatic mode will no longer function. In manual mode,
users can press the ON button on the front panel of the device. The system will display
the manual mode icon. In this mode, the system is operated manually without relying
on temperature readings from the sensors inside the boiler. Differently, pressing the
OFF button will immediately halt all operations of the system.

From the experiment using the hydrothermal extraction control system, users
were able to extract hydrosol and aromatic oils. They obtain faster and more high-
yield product compared to traditional extraction methods (using gas) as anticipated.
The various system components performed accurately according to the design

specifications.

Keywords: Essential oil extraction, Hydrosol, Distillation pot, Control system
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Anw o USEW BwesTuau $1in

unf 2 nuifiieateduuniasnanimguififetesiewhunldlumsoonuuy
wazadnsruuauauvieanalalnsrea JaUszneudie n1sndu (Distillation) LA3 BIndY
ihifumausive Telaslea (Hydrosol) 919lod 485 (RSA85) AnudueINAfugAItenvas
lulaspeulnsaiaed Slead 32 (ESP32) Wuiwesingmgil (DS18B20) uigeasingumad
(RTD PT100) Tunaudasdyeyias (PT100 Thermocouple RS485) wuiwosinaausu (HDP-
500) ntivotevdule (Samkoon SK-043HE) wvsanussiulnilddmsulsuanu sl
nsTUans wWRLUSILNDS (Safety Breaker) lWuansaanue (Pilot Lamp) twviassiad (Power
Relay) Bmima$duni1 (mmersion Heater) lniiosudn (Power Plug) lugadstoyaszeylna
wuuldans (MAX485 TTL to RS485 Converter Module) @a3ngantdu (Emergency Stop
Switch) a3ndanesdnmans (Switching Power Supply)

undl 3 mssenuuy Tuunindmisnsesnuuussuumueundeadalelnseen dei
ugenlaozunsuntsinuuiuansunounsihuressruuLasnseenuuulAssadg

unil 4 nMsveassiazHanITAaes Tuunifnsmeassusyannmussyuuaua
wieannlalnsvea Ysznauldie nneaedludiurein1siaureiewees n1smnasg
AIUANNITYINUYRITEUUTUlnundnludd n1sveassatuaunsinauesssuululuue
AIUANAIEAWLEY N15NAaBIUSUgUMgTIvenduwes Msvnaewesszuulaesin Ussdnsnm
uavawaaNevesnsruINnInduluusazats




= a ¢ Sy
uni 5 Aianigikazasunaniimaaes luundlandiis n1sasunanimaaes uag
aunan1svinauLes ssuumuaundeainlalasyea Jaymuazauassa I5nsuiluteym
wazdalauauuzvedlasinussuumuaumdeaninlalasyen



undi 2
LIEGITRERLIHR

Tuuniaznanimguiiisdeadoniuldlunseonuuunazadssuuniunu
wioafnlelnsven FaUsznaude n1sndu (Distillation) wissnduidunenssme lelnslva
(Hydrosol) 8151ed 485 (RS485) AaiueIMafugaLienveni lulasrevulnsaiaes Siead
32 (ESP32) Liulweiingamail (DS18B20) Liutwesingamail (RTD PT100) lugaulas
dyeyrad (PT100 Thermocouple RSA85) LG uteas TnAus U (HDP-500) niinastevioule
(Samkoon SK-043HE) 2sasanussiulniilddmiuusuanuseiulnihnszuanse wiiusn
\nas (Safety Breaker) IWluansaniuy (Pilot Lamp) in11853ta8 (Power Relay) Sntmasau
11 (Immersion Heater) (w1295 Ua n (Power Plug) lugadadayassozlnauuuldany
(MAX485 TTL to RS485 Converter Module) @3n9gniau (Emergency Stop Switch) SRR
WesTwwane (Switching Power Supply)

2.1 n1snau (Distillation)

msndu iunszuiunsdsuvesmadliidulelngldmmdeundsilileniuniu
ndufureavardn mandulflunsinlvveaanuians vieldusnveavarviavisesnain
vouvardu q 1 Fsveanavaduasdesiinaansimameniniidondt nisssmeunndng
fu Tngvhluudhansiisumedieaziinudulogeiiguvniivios dauansiilissimeasdaudu
losh [1]

Uszlnnnsnau

1) NsndukuUe (Simple Distillation) Jun1snduuenansuaseananiiy

Tnganswandasdionmnisnetu 80 ssraieatuly faud 2.1

sUN 2.1 Msnaduluuing
(fian: https://bit.ly/42gmpNa)



2) Manduuuuaduau (Fractional Distillation) iunisndumileunisndu
wuudsumdumsndunuuanswaniilndidestumnn fo gaienlndifssiuinnusnisndud
sodldgamgiifiisansemin q ldwuiuagyinlviansagliuians gunsaidldlumsnaansnis
ndududn awadeiugUnsalitldlumsndunuusssun uieellgunsalfilmufiuidnan Ao
duandu (Distilling Head) agldnadutiunsndu (Fractionating Column) fisedfuwandu
nay (Round Bottom Flask) inasluiimes (Thermometer) wazdianIumly (Condenser) A4
U7 2.2 Tnwdulngjudinisndudrdudiuazuszgndldlugnamnssumsndullnsidey
(Petroleum Refineries) Ulesiadl (Petrochemical) qmamﬂﬁimﬂﬁﬁ'u (Chemical Plants)
WAZNILUIUNIINANN1Y5TTUYIA (Natural Gas Processing Plants)

JUN 2.2 MsnauluUafudI
(#n7: https://bit.ly/3NzPZZR)

3) msnduuuutsuiv (Refining) Wunisnauthdudisildmnannlgauili
fiansunnsnsiuannine ansusuazssiuasligamaifiunnsafusenlulngduiuvesnivey
Tneiazudvenduld 8 du faguf 2.3 TavasFesnnsueutiosiiuavassiulogduuy o
Beanansueutiosllunndel Anefimu ety wuwnun wuwmmin deuine dhsu
e Tiuvaeau w3 dumuazeraes

U 2.3 MSNAURUVLNTUAY

Y

(fian; https://bit.ly/3p4ovRY)



1) nanduuuvarilngloti (Steam Distillation) fesldlumsafiniituven
seve weliazansih sl neldledlunmeviiliiduneussmedulovuintule
1 uarmuwlufiguvndimnigadienvesintu wielildveanafifihifuneusyveeg tu
vuazogiuans Ui 2.4

JUN 2.4 nsnauuuvaninlagleun
(§ian: https://bit.ly/a2hA\WVR)

2.2 \penduthdiuveussive

iwesnduintuvenszve idleusniemitoonainthifuneusyive (Volatile Oil) an
Mndusng 9 veeiia Wy 510 drdu lu aen veldl Wienld uwar na Wudy Snuarues
w3 esatadudindunssiuldszuunisndudaslon (Steam Distillation) fszuuaiuay
gaun il uay Ausumely laeildiuiinisaiuiiy (Condenser) Wens1amn Usgnaunieg
fandu shdandu vieleth Fsmuutiu Sesesuinsunenssme Ui 2.5

5UN 2.5 dnvaizveantasnauiliueuseive
(#un: https://bit.ly/3FK4FC)



2.3 lalaslya (Hydrosol)

lelaslan wio thafniiiuneuseve Ae ansadaluduidldanmsatadeloth
TnsunAnsartnagldndnsusteanuniu 2 du fo daufiliozane (hifunoussive) 2
aevagtuuuan wavarsatatu (lelnslea) azegiudns Tneduiiiasidonin thatanau
ponlsl (Floral Waten) faguit 2.6 ilosnniiuisfidesinnadanenliifiothaisadadang
Tulfidudunanveaniesdrens [2]

msafalngnisndudielen (Steam Distillation) \ui3nsatnanseenainvoswa
Tneldledidusharans dmsunenansiissimede ldazaneh uaglivihufasensui oen
Mnasfissmeenn nsatalaenisndudaglethuenanldatnaisssimedtseanainais
spvsgnudfsansalduenansisigaiiengsuazaanefigaiionvesiuledn znis
ndulasisimnuduleduarudulovedletuinaudulevosmesvaniifesmauen Javin
Tnwdulewifuniuesusssimaneuiguvnliazfgaiionvesveumadfideanisuen
vowmanIinduseniniiguvndiinigaiestesoanaiiisioinisuen fegrenisusnisiy
MOUTHNLOONIINAILAS 9 1oefiY LU mIusnidugaidudaninlugamauda nsuen
ihsungngnoananfaugngn nisusniitunganlung Wud lunisndulothag vl
hifumeussvenansifuleusnoonuwdouivlet Wevililevoswemamuuilaskiu
\wnsmuniuagldiuazisfuneussvetuiy wikenduduey shlfannsoueniontngy
soussvsgenmiliing dutuihiléizonds lelaslea

TunszurumsndudeletldaUszann 5 81 8 dalusduegfuriavesiienly Tu
sUsuumIndwildaesiBnudnuuenimivluniondu fe dumesiivananieth Bond,
Steam Distillation ua d1uvesiiequuradiuri1 iandn Hydro Distillation

=1

3UN 2.6 lalaslaauastnduvensyive
(Ww: https://bit.ly/42lmgYe)



2.4 913108 485 (RS485)

p15i0d 485 Ao wmsgIun1sAeansteyaRineanuuaynsy Sugnimuniundmanly
U a.a. 1998 Tnganusiuiloves aunaugramnssunsaeansinsauuAi Lag 09Ansivua
umspuAetosiugUnsaifuenians snsgruensiea 485 gnldernaunsmanglulssey
graminssy ilesnanusadedyaaildlnauassianmsadeiosanannsadedyanaild
lnauazdsanunsadaniougfuldvarsqn (3] 1dnimiiin e1diea (RS) degounanisanes
iU @urUA19A (Recommended Standard) usilesaninasgrudidunrusuiiosswing 2
i1 MeaesnisnuimnanUdsuandiiteidiea ufileie / Slete (TIAVEIA) uny
g1 dumanis ileszyfauasiiinvesnnsgiuegstaiau noseuvng slete Aldenian
wmsgIullarIAsg e fiea 485 dRldgnimuneaaiiosauiisiiagtulas fleie vl
umsgiueniiea 485 gnivdeudeidudilele-a8s (TIA-485) egadumanis usigavnemsiy
anuesduriliimnsilandauienunsgiunisieansiinensien 485 milowidu et
nsueusioansioa 485 izmmﬂ%aﬁaﬁ’mﬁuéf';LLanaziymmLLamﬁqgﬂﬁ 2.7

vanmsvhauesenilea 485 wmsgiuendlea 485 1usnnsgIunsu/dedeyalunuy
fiZend ewlgindnd (Half Duplex) Ao amnsniunavdstoyaldfiavedreuiiulalannsarh

(%
Y |

Maapsegnlaluanfeniu paeiuanvazreingdeansidesrauaduiunniazase

SUN 2.7 fregunsiensieansien 485 seninuasesilodniumuuasasyyin
(fla1n: https://bit.ly/3rZUXDn)

dmsumssu/dadoyandneanuueisioa 485 Uy avdweyalagldanelviiisaua 2
@ Ao 1o way U Wudivenasianidnea (Digital Code) Tngldanuuanstavasisanulidin
s¥Inatn 1o way U 1usueneadl

1) ie Va - Vb loussnuliniosnin -200 Sadlas fe dygramdneadu 1

¢ A

2) \ile Va - Vb laussulniannnin +200 fadliad fe dyaundneaidu 0

s

o ° s & 4 A '
NANNITNINUVDIDILDE 485 LUU LUMLIDIN UINTFTIUDITLEE 485 d1UTOLUDUMD

<9

m3sudadeyauuuia3eting (Network) Ineilgunsalluin3atnglaaegniia 32 f gdlwaTetng

W zdeatigunsaley 1 fa vihmtiiresdnAinsdeasliuniediy Bus1assenaunsalfail
Tunawes (Master) wavgunsaldrunvdeisnavisenitaan (Slave) laedl auan uiazdiay
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'
[

AAAIN

(AN

TNU18LAY LOALASE VD909 LAZLLDA? UNALADT ABINITAINITAD AwaN HIUNFLNDST LAY
Y PUTETUNINELAY woadasa LUdgunsal auan ynda Weaunsal awan lasurds

Qe
D

[ YY)

wazAduiivanglay weansa saiudaes gunsal auaw AgreuAdeves nanes

[

Hugeruly fasuii 2.8

Y

3UN 2.8 fregun1sinauretensied 485 WuuATeYNY
(fia: https://bit.ly/3RNyJ1L)

ugunsalgeanluinIeYigensiea 485 lasetngensied 485 annsadlgunsally
szuuldasan 32 i iflegunsaimantdudaudunulainnigly 12 Alalesiu uadagdy
mseenuuvgUnsalBildnnsedndlsfaunauianudunulwinaeluiigann Quvdn wm
Tovin) Bevinliiadorwenioa 485 anusafigunsalluszuuldgeaniis 256 ¢ uanani
\3etne ondloa 485 Ssansaldmueedygin dmiuifiugunsallueietngldfaanei
MuagATaUANsTEEangilansNsiUSeuigunuaudRn1e Yese15iea 485 a1sled 232
919l0d 423 uarensloa 422 faguil 2.9

3UN 2.9 madSeuifigunuaud® ensiea 232 a1siea 423 915ied 422 nled 485
(§un: https://bit.ly/3rHzfUd)
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Yofvesdyyiuensiea 485 ensiea 485 unesguiignifaundunifioaugades
YBWNATFIUTULINY 8819 D1510d 232 9ndlea 423 o1dlea 422 Ludu Fadedndn 9 ves
@5 015104 485 fteil

1) anunsadedygalalng e1siea 485 aunsodsdygalalnageanis 1,200 wns
adoinduszogmeiilnaunn Wsamademsldnululsaugramnssuegsuuusuuayay
Lﬁuiﬁ%’mﬁzEszidaészﬁmzuléfgﬂﬁ’wmﬁﬁumﬂf\]uﬁmwmmgmiummmq ansied 232 1
annsadedanaldifios 15 was winiy

2) awnsasd eusorduinderslduenanezdedygaldalnanda on9iea 485 9
ansadouseituaietne uuu fades léhe fanunsadensogunsallussuuligegais
32§ %ﬁ?dﬁﬁ@’hLﬂuﬁﬂwﬁwmﬁuﬁumé’mmm 91510d 485 LavillAY)

3) Uszuiinsuuszanalunmsifiuais 11nsg1u endiea 485 ilusnasgiuildanl
Wies 2 dilunsfudedoya WewSsuifisuiummsgiugunfiannsodsdyanlusses
winfueens endiea 422 Adesldanslnile 4 dilunsiudstoya Fsmaneiadanuy 2 unu
sggnninansiadanuy 4 wnu dafeuais luauduaiudisessuyssanaiedus og
dfngane Geildeifudnmiageuiures 01dloa 485 Lasfiien

Uoiduvesdyad 815tod 485 faudl 915lod 485 %Lﬁuuwmgwuﬁgﬂﬁwuﬁuwau
foseuifieglunasgiunn 9 luinnudrfnm uilildinezlifideideegias Inedoidevany
93 0715104 485 Teedl

1) fosldiudasdyaralumadeusetuaeuiumes ewniagiuaeuiunesi
ldfuegiulid wesn Weudednynin o1diea 485 Tnenss axiifus gioad wie endiea
232 winiu atumnisasdoudonunsalfild endioa 485 Auneuiiumesiu isdeuds
sutszananfistulunsdefulasdyna Wowdasdygyanin endiea 485 10y giead
vide i 232 lunaideudetiue

2) anusalunsiudedoya Audonsieadss ssgniauidiuauiislunissvds
fogat unnudrfeudofieusuunsgiun wifddauadiedddodeudsludnuas
WATOUIBTILIUNN 9|

2.5 ANmRUBINAUAIRaAva s

rndaninlugumnifes Unfudrgadenvesnit azegfi 100 esriwaidea wide
ruthluiuifidaugafiatudy sean anudueimaszanas shliiauieavostianas
Udae [4] Arwgailifiaudu 11 wes ArwfuusseIniaazanas 1 dadwmsusen un 9 27
fofunsuson aiienvosinnzanas 1 ssrwaldea insizazstunaiduluuuganiigsdy
297 w3 yafonvesinnranas 1 asrwaliea (uduoInimasan) duife dusudily
anuiifigedu ynidionvasingsiing 100 esmuuaidea
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2.6 lulpsaoulnsataas Blodan 32 (ESP32)
lulpsreulnsaaes Sieadt 32 WudevedleTlulrsreulnsaaesfisesiunisidouse
ey uag ugns 4.2 Jiead Tuda fegy 2.10 nanlaguTen leamsadn ndsenadu [5]
Taesnled Sieait 32 Sawalnvazidon el
) Fiigldandnenssy Wudadn wadingd 6 wuu 2 unuanes dygauniin 240
WNeL8Ing
2) fusulusn 512 Alalus
3) sesfumaidensiosenneuengegn 16 winglus
4) wmSeuity Mevhe wesgu 802,11 9/348u sestumsldrurislulnun andy
5) gavof way 1evihe lasn
6) flugyslusi seafumsldanululuun 2.0 uaglvun 4.0 Giead
7) Tusesulninlunisieu 2.6 Taan o9 3 Tad
)

8 NWUI@‘VI@EU‘MJ’IEJ 40 B9ATATEA §19 125 a9A AT

=

AIYLIR ﬁ Sleail 32 Junungdmsuianlgauuin a G]'JEJLMG]NEW]NGH‘UTW]’] LLauU'iuﬂ‘V]ﬁﬂWW
it

JUT 2.10 lulpsmeulnsalaes deai 32
(fhan: https://bit.ly/3gnqoXl)

2.7 \Juiwasingungil (DS18B20)

Wuwed foa 18 U 20 1uduwesguvniivszianmiluagliniseugumgdl 9 Jn
fa 12 On Aunaniluansgamgfivesgunsniiane msdeansvendueediasoiliing
aeden Wslnpeala sziﬂsua'msua;gjamsﬂummamamumﬂu Lulasinswaies (6] Aegy
- S = s o vo i 1% o o & W v
1 2.11 usnaniliguiresidalasu unasneln lnensnaredeyaiialvlidnludedld
wiasanglnateuen nisldnudugesgamgll dwea 18 O 20 léun szuugnainnssy
HandaigulnausinaszuuninuleruieussuumuaNg v iikazasueilines
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=1

JUN 2.11 Wuwesingamgil (DS18820)
(fian: https://bit.ly/3Ddu7OK)

[ a

2.8 1 U3 Inauunll (RTD PT100)

q v
saa

815977 100 Tanann1sAAIAINAunIuinsiasuwUasiusg fuaundl sntyluy

Y 9 Y
v

NugRaMNTsu [7] fagui 2.12 Wunsiuaiawes (Transducer) ngamall (Temperature)

a

Tngordenannisiudsundasaianudiuniuliivesian daidunsuadnwesuszian
W1a@n (Passive Transducer) N13vhausasofeunasanglinisuendeulviuias lnuea
arusunmulwihesfaguargamninanimuduiusuundsiunse Taoidogumgiiiuiy
Apuiumuastangasiiagedu lunslfnuasdenldagfiaduusyanimnusuniu
a1 mzidefimsasunlasguunfilufisadndesranuduniuvedavzazidsuutas
agafaLu

Fandeuldvie1$7d Idun unaniidy (Platinum) dntAa (Nickel) uagnosung
(Coppen) 10 udiu waaumuazﬁﬂLﬁaLﬂu’S’aqﬁﬁmeﬂ Usznaudne Fedenlveulugig
gaumniien Tagialunsldavlugnavnssuuarluiesujudnisdenldensiiadviuian
uwnanfituanndign iesandanuiieanss (Precsion) wazdmundududu (Linearity) 49
fian witareutrunadenFouiieuiuiaguiindu

a % < XY a saal [} LY}
SUN 2.12 dduweiingaumgil 91596 wuulnsuiukuuminglvan
(WAw: https://bit.ly/3xeyvcr)
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2.9 Tupaudasdyeyrae (PT100 Thermocouple RS485)
Tupawdasdyaraninesiuaviladuensiea 485 ulugauvasdayayrunin A

A7}

b

100 lngdoanssnu #15tea 485 Ae3UN 2.13 @11508UAIANUAIUNIU Lag Qunnives
#1100 3 a1e waw 2 a1eld ¥ensingamgll veslugadilanunsasualanaus -20 89 400
ssrwaldva uasiiAmataaion Ussana 1 wWesiiud (8]

gﬂﬁ 2.13 lugauvasdayayrad (PT100 Thermocouple RS485)
(§iun: https://bit.ly/3CFUUCG)

2.10 WuasInANGU (HDP-500)

Wuwesinauau fAe gunsalinanudu Wugunsalnsiainanuduves vemad
fe dnuarnsinny fe Wuweswzddygramaliindifanudiustuanudy wues
grauliiidonnsiimuiiannsaldssemuauduinuiily Geszsuanulfse aunsain
IdFemaasuntasmnudiuniu vie madsuulawesnaiiulsey uaginstmun
Fey q dwduldnulurasnnudiusing 4 Weuszandlflugnaivnssu (9]

dmsuludagiuldiinsilasairesdumesussaniuiwundussuunisia
wssfuLazLIIRuaY FaguTl 2.14 fifiauanBoagedmvivanugpavnssussquay
MaAvAsMoLaziAazugnamnsuAlTgUuUULAE AN v TiuAnm1sTY Pressure Sensor
wsnadnuagnismuauld 3 Ussam deil

1) 1nATAAIUAY (Pressure Gauge) 19U naTaa1udu dutlaglaiale amsadn
audulitanssduing enududuysal uazagginia lnszuansuaifuuuueundonue
wuuidy 4of fo F91angn Aadedns wiazanasogiualdesnaien launsaussgndldan
\Fouseswiugunsniduls

2) aindmuaNALFY (Pressure Switch) Tngldmsdnvdosrensasluiiniilonimsu
feandlsnimualy adndauauentudy danmnsaldmumuauanuduialy endregraty
msdisiemsviheuestiu

3) gUnsal YAAuAY (Pressure Transmitter) 7 LU BUAINAUNIINAK1UYA
NIUERIYes (¥ia mmuma)IﬁLfJué’ﬁyﬁyﬂmmquﬁﬂugﬂLLUUGzJaaamﬁaﬂ L 0 919 20
fiaduoud 4 f 20 faduend Taad 0 83 5 1Iaddd 0 3 10 Taaddd (Judu waz gunsalin
AnusuansatsdeldnusdugUnsaiuansuanieniuaudu 1y aeulnsalass
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(Controller), fiwas (Meter), W3ofiuaad (PLC) 1Uudu iowansaussnulunisiildaiuau

Tuszuule

a < s [y a 4 [y
g‘lJ'VI 2.14 1 GULYDIINAINUAU hUU AINVAIVANAITUAY
(#Aw: https://bit.ly/3TVuDqq)

2.11 wiirvaeydale (Samkoon SK-043HE)
wiveleudule Wugunsalfigneenwuunnvldnusinduszsuumuausnlud® wu

fuoad ugunsalfldnuiiannsndinsuazuansuavessruumunuiiu 1 sonudusunin
TaAINAITNYT AN 9 dyanuel N1sudnien N5 a9 [10] fe3U 2.15 vulslalag
Aidoulusunsudoniine uwsuna wale-043 1owd Hu 1 Ty usw uay wisy Winwesd luh
Jeenansalusunsuuseinananfg o wazthunaninalalaglddowiunisauiuniu fkea
%

%39 919

sU# 2.15 wihestenidule (Samkoon SK-043HE)
(fian: https://bit.ly/3KYPASR)
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2.12 2asaaussiulnilddwiudiuaaussiulniinszuanse

esaRLsITY veiSEndnuUUIY Taneunesines Tdanussiuainussiugliisnas
Timdnnsainde-munioni Soiliianuieunazarmgydeidslides limiloutunis
anussiulngld 1od nseqa 78xx / 317 luilindnnisaamewhliiAnauiougs 2easdn
AouDSnDsTloanussuawdaIdnsua voen Wudu [11] Tdnvuedgui 2.16

JUN 2.16 19sanussnuliihlddmsudsuanussiulniinssuanse
(#Au: https://bit.ly/3UOKTtA)

2.13 wwdtusnines (Safety Breaker)
AL UsNNeS Aa aindiinonludfieontuuuiiataaiuiaasiuinainalnu

dovnediAnannszudlniihdiudy faguil 2.17 TeemluiAsanlvasiiunieluiidanses
nMvin 9 Ao Fanspualilihudanasanuanuinundluiasiiin Soduugunsaidld
doafunszuafuvdedmaasiiuieiuing udasuanisiunsefidlofiniasudrannsadios
Uowidoste 2easldvtuiindsnudtymuda [12) vangdmivindetuedowinthau gidu du

11 919U whTesdndn wargunsalaus visludhuinerdunazennisansisae

Ul 2.17 wwilusnines (Safety Breaker)
(fiann: https:/bit.ly/3rftle)
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2.14 lwaanuaud (Pilot Lamp)

Inuansanue A naenliuanin1sviuveAIesInsiudnIuedn o douinnsed
Usnagmuau lagdmiivdn Ae vananugn1sinau Wy Mawinauey neanisingu

v oA Adaa a A a X S o A P a

udafoulunsainddsinunfindu uonanddiamisalansaniugdu o lanudvesviasn by
MUTEeaNLUUAYIUA AegUR 2.18

Twansaniuy duszlevilunisidadeainisiaunfveessuu nsisedessuy
NILUIUNITNEN WaEN1TNTITRUTEUY Y bilAnAuRanaindeenToliiiiniae 419y
[ 6 & ¥ =3 2 a, = a,
dunansalfugguaszuuiannsaunlalymlsde Msde vie Ua seuu Inuanaaszuy
T wazdue [13]

Ui 2.18 Twaonuaud (Pilot Lamp)
(fian: https://bit.ly/3rFb6h5)

2.15 wLe53tad (Power Relay)
s ¢ & ca & a e¢a o v a a cw [ v
LWILIBDIIL0Y AD Q‘UﬂiﬂJ@Lﬁﬂ%i@Uﬂﬁ‘ﬂ%ﬂ%‘uww Lﬂuaﬁm‘fﬁ]ﬂ-m@'ﬂﬂ‘ﬂii@ﬂi%

s o =

wimantiln Fagui 219 waznisiagliduiauidestglnlisadiimmun Wednelu
Tifudsiad vinlimihdudaiaiu naeduisnsln wasaseiuiuinlildaelnliteg Sad
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LS 9AIUNTNALYN TS LagVinau [14]

D

5UN 2.19 w1e3siad (Power Relay)
(#A: https://bit.ly/44gFW1E)
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2.16 awasauu (Immersion Heater)
= c v - @ § @ d' d‘ < ~ 5y 1 k% - )
gamaiauun Uudnwmes Aeguil 2.20 Meenduniieldivvesas Wy Auul wse
guinliu Msfassausavilalneweunderfmidefniuduailddnnes auuiunugs as
seialdiiduvesdnmesinaiuvewnaisoudaiuld viliengmsldaudu waziialinig
Founszangluinds msiadsluinniuvesvame [15]

5UN 2.20 Eawmasauii (Immersion Heater)
(#A1: https://bit.ly/3RuMzXz)

2.17 wa9sUan (Power plug)

esUdn Ydnluiusegs ugunsaldadeaslviaudniiviiviiniid euse
uwdstngl diugunsaling q imnesudniidasvhantagiildannm nunu asnsaiu
i uld nudeuasuanldednad ummudenisinndoumanedmiuldiulugnainnsam
[16] anansaldanldiilusuuaznanauds aunsafadsldionds mihgroumuues uazuuy
Udesassldnuaiudonis lunisldnuasdidmuszneu 2 dau Ao dwifuudndiguas
diifuudniadle faguil 2.21 fddenvannvanesuuuulfonldfunseuags q TWiden
gy 100 wawt fiusadu 600 Taadled anunsaldmutussuunsdiglniwiauuy 2 fnby
way 3

) <~

JUN 2.21 Yandruimdudandy wazdrunlulandade
(#A: https://bit.ly/3CIPTxz)
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2.18 lugadedoyassuzlnawuuldany (MAX485 TTL to RS485 Converter Module)

lugadidoyaszelnawuuldany 915i0d 485 anunsaanalgendlang 1.2 Alawns
TEndaausiunn aunsadaliidu #2350 vie ddeld nisdeurearsdraiisaudi
anedyaaseartiiu 2 i wetiiuea anansaldaulaviuil sessululasreulnsames o1l
yhauiussiu 79 5 fs 24 Taadt [17] foeedsgud 2.22

Ui 2.22 Tugadsteyaszezlnanuulians (MAXass)
(fiun: https://bit.ly/3RNZIUD)

< a

2.19 #indaniadu (Emergency Stop Switch)

aindyuneanidu wie Msenialuinadndiain degui 2.23 denldiudunen
LA38TNINAANY 9 WeTesuiumgNsalanauaRfnTy wazlledwialdnu Yiuiisna
A a a B Y | Ay a ¢ a o v A
My alndanduy wsesdnsnaynegnnivuaindUuneanidu agveanisinenulusiu e

Josiun1siingUhimneng « Nonvaziintula [18]

sUN 2.23 aindanidu
(#n7: https://bit.ly/3TarLGA)

2.20 @3NTANNIDITHNAEY (Switching Power Supply)

AAndanieidnmats Ao gunsaluvamussiuliinssuaaduiidusadiugs wu 220
Tased dussesulnfififuseiusi Ty a3ndaniessnnats azviauludnvas
Wenfufunioudasusaiuinly uniluseansnmdinniuasivuiadnnin [19] Taeudnnns
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Temp < Threshold Relay OFF ]
Display status
» on HMI
monitor
Temp > Threshold Relay ON -

JUN 3.2 wnudanansnsviauvesmiinasendule Tulnuadnluds

3.2.2 WHURIN199191UYRTEUUAUANUL dad alalaswaalulnuanIuANA Y
RIGN
WHUEIN159191U0958VUAIUANN analalasgoalulnunAIUANA I8 L0V RS
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Start

Y Relay ON & Display on HMI
Check Button ON
Monitor
Y Relay OFF & Display on HMI
Check Button OFF
Monitor

JUT 3.3 uwnudawansnsvieuvemiivsendule Tulnuaamuausiediies

3.3 N190ONUUUNAST
3.3.1 N1599NLUUNITIINVRITEUUAIUAUMIiaainlalaswea
1995570 vssTUUAIUANNL padnlalasyea tnelivisoewdule 1Wuda
Uszaaman siausuauazdsaludeindioan 32 lngisanusaniuaussuualuaulag
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R, = —
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o 3.3V
47 50mA
R, = 661

AurnsduniuesUldauraldnes (915 3) lagldaunisn 3.2

Ve = I X Rg (3.2)
Vg
Ry =—
E IE

fnualinszuasauldlaelundinszuadu 50 Jadaueud way V wirdu 5 1ad

-
E ™ 50ma
Rg = 10002
TnefdunuLeasilaeldaunisy 3.3
Viep = ILgp X Rigp (3.3)
VLED
Rigp = i
LED

AMUUA NS LALDADANAT 20 Nadwauy way V iinnu 3.3 1as

R 33V
LED = 20mA

RLED = 165Q
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915U 3.23 nienalusunsufianudiudie dauvesiule (Window) nnseenuuy
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MODBUS pressure transmitter communication protocol

One. General information:

This protocol complies with the MODBUS communication
protocol and adopts the subset RTU method in the MODBUS
protocol. RS485 semi-duplex works.

Second. Serial Data Format:

Serial port setting: no check, 8 bit data, 1 bit stop bit.

Example: 9600, N,8,1 meaning: 9600bps, no check, 8 bit
data bit, 1 bit stop.

The serial port baud rate supported by this transmitter is:

1200,2400,4800,9600,19200,38400,57600,115200

Polynomial for CRC verification: 0xA001.

The data in the process of data communication is all
processed by two-byte signed plastic data. If the data identifies
the floating points, the writing needs to read the decimal point to
determine the size of the data.

Third. Communication format:
1 read command farmat (03 fimetion eade) for examnle
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code @) (459)]
0X01 | 0X06. | 0X00. 0X00. 0X00. 0X02. 0X08. | 0X0B.
The 3. exception response was returned
Addr | Functi | Exception code CRC16 | CRC16
€55 on . §

code @) (H)
0X01 | 0X80 | 0x01(Invalid directive)

. + 0x02(invalid address)

functi

on

code
Fourth. Supported commands and commands and data
implications:

The list of MODBUS-RTU protocol commands is as follows:
Nu
mb
Funct | Data
. er |Data Command
10n start Data range ;
of |bytes meaning
code |address dat
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4- Pa.
5- KPa.
6- MA.
0x03. | 0x0003 |1 2 O-#i# decimal places
- # represent 0-3
2 decimal points
3-#.#itt respectively
0x03. | 0x0004 |1 2 -32768-327 | Measure the output
: 67 value
0x03. [ 0x0005 |1 2 -32768-327 | Transmitter  range
N 67 Zero
0x03. | 0x0006 |1 2 -32768-327 | Transmitter range 1s
67 full point

0x06 function code to

write the data

0x06. | 0x0000 2 1-255 Overwrite the slave
; address
0x06. | 0x0001 2 0-1200 Modify the aud rate

1-2400

A AONN

68



69

dy ~ v o v v =~ = ' gj i v o v o v
wnansiidwenarsianubidmnsunislynuiionsfinwimuu lueugnlnillsdsslosununisen

lunsdllas visdu dnnamuillndaudadlieuaneseidadiaivetenarsynasminisintuly



= Converts 12-bit temperature to digital word in 288 - - T
750 ms (max.) © > pa M GND
= User-definable, nonvolatile temperature alarm
settings DS18B20Z
= Alarm search command identifies and 8-Pin SOIC (150 mil)
addresses devices whose temperature is
outside of programmed limits (temperature PIN DESCRIPTION
alarm condition) GND - Ground
= Applications include thermostatic controls, DQ - Data In/Out
industrial systems, consumer products, Vpp - Power Supply Voltage
thermometers, or any thermally sensitive NC - No Connect
system
DESCRIPTION

The DS18B20 Digital Thermometer provides 9 to 12-bit (configurable) temperature readings which
indicate the temperature of the device.

Information is sent to/from the DS18B20 over a 1-Wire interface, so that only one wire (and ground)
needs to be connected from a central microprocessor to a DS18B20. Power for reading, writing, and
performing temperature conversions can be derived from the data line itself with no need for an external
power source.

Because each DS18B20 contains a unique silicon serial number, multiple DS18B20s can exist on the
same 1-Wire bus. This allows for placing temperature sensors in many different places. Applications
where this feature is useful include HVAC environmental controls, sensing temperatures inside buildings,
equipment or machinery, and process monitoring and control.
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DS18B20
DETAILED PIN DESCRIPTION Table 1
PIN PIN
S8PIN SOIC | TO92 | SYMBOL | DESCRIPTION

5 1 GND Ground.

4 2 DQ Data Input/Output pin. For 1-Wire operation: Open
drain. (See “Parasite Power” section.)

3 3 Vbp Optional Vpp pin. See “Parasite Power” section for
details of connection. Vpp must be grounded for
operation in parasite power mode.

DS18B20Z (8-pin SOIC): All pins not specified in this table are not to be connected.

OVERVIEW

The block diagram of Figure 1 shows the major components of the DS18B20. The DS18B20 has four
main data components: 1) 64-bit lasered ROM, 2) temperature sensor, 3) nonvolatile temperature alarm
triggers TH and TL, and 4) a configuration register. The device derives its power from the 1-Wire
communication line by storing energy on an internal capacitor during periods of time when the signal line
is high and continues to operate off this power source during the low times of the 1-Wire line until it
returns high to replenish the parasite (capacitor) supply. As an alternative, the DS18B20 may also be
powered from an external 3 volt - 5.5 volt supply.

Communication to the DS18B20 is via a 1-Wire port. With the 1-Wire port, the memory and control
functions will not be available before the ROM function protocol has been established. The master must
first provide one of five ROM function commands: 1) Read ROM, 2) Match ROM, 3) Search ROM, 4)
Skip ROM, or 5) Alarm Search. These commands operate on the 64-bit lasered ROM portion of each
device and can single out a specific device if many are present on the 1-Wire line as well as indicate to
the bus master how many and what types of devices are present. After a ROM function sequence has
been successfully executed, the memory and control functions are accessible and the master may then
provide any one of the six memory and control function commands.

One control function command instructs the DS18B20 to perform a temperature measurement. The result
of this measurement will be placed in the DS18B20’s scratch-pad memory, and may be read by issuing a
memory function command which reads the contents of the scratchpad memory. The temperature alarm
triggers TH and TL consist of 1 byte EEPROM each. If the alarm search command is not applied to the
DS18B20, these registers may be used as general purpose user memory. The scratchpad also contains a
configuration byte to set the desired resolution of the temperature to digital conversion. Writing TH, TL,
and the configuration byte is done using a memory function command. Read access to these registers is
through the scratchpad. All data is read and written least significant bit first.
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DS18B20
DS18B20 BLOCK DIAGRAM Figure 1
MEMORY AND
> CONTROL LOGIC
64-BIT ROM A
DQ AND il
T-WIRE PORT < TEMPERATURE SENSOR
INTERNAL Vo SCRATCHPAD HIGH TEMPERATURE
TRIGGER, TH
: o L LOW TEMPERATURE
TRIGGER TL
POWER
Voo SUPPLY |—»| 8-BIT CRC
et GENERATOR CONFIGURATION
REGISTER

PARASITE POWER

The block diagram (Figure 1) shows the parasite-powered circuitry. This circuitry “steals” power
whenever the DQ or Vpp pins are high. DQ will provide sufficient power as long as the specified timing
and voltage requirements are met (see the section titled “1-Wire Bus System”). The advantages of
parasite power are twofold: 1) by parasiting off this pmn, no local power source 1s needed for remote
sensing of temperature, and 2) the ROM may be read in absence of normal power.

In order for the DS18B20 to be able to perform accurate temperature conversions, sufficient power must
be provided over the DQ line when a temperature conversion is taking place. Since the operating current
of the DS18B20 is up to 1.5 mA, the DQ line will not have sufficient drive due to the 5k pullup resistor.
This problem is particularly acute if several DS18B20s are on the same DQ and attempting to convert
simultaneously.

There are two ways to assure that the DS18B20 has sufficient supply current during its active conversion
cycle. The first 1s to provide a strong pullup on the DQ line whenever temperature conversions or copies
to the E* memory are taking place. This may be accomplished by using a MOSFET to pull the DQ line
directly to the power supply as shown in Figure 2. The DQ line must be switched over to the strong pull-
up within 10 JIs maximum after issuing any protocol that involves copying to the E* memory or initiates
temperature conversions. When using the parasite power mode, the Vpp, pin must be tied to ground.

Another method of supplying current to the DS18B20 is through the use of an external power supply tied
to the Vpp pin, as shown in Figure 3. The advantage to this is that the strong pullup is not required on the
DQ line, and the bus master need not be tied up holding that line high during temperature conversions.
This allows other data traffic on the 1-Wire bus during the conversion time. In addition, any number of
DS18B20s may be placed on the 1-Wire bus, and if they all use external power, they may all
simultaneously perform temperature conversions by issuing the Skip ROM command and then issuing the
Convert T command. Note that as long as the external power supply is active, the GND pin may not be
floating.

The use of parasite power is not recommended above 100°C, since it may not be able to sustain
communications given the higher leakage currents the DS18B20 exhibits at these temperatures. For

applications in which such temperatures are likely, it is strongly recommended that Vpp be applied to the
NSIKR2N
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DS18B20
For situations where the bus master does not know whether the DS18B20s on the bus are parasite
powered or supplied with external Vpp, a provision is made in the DS18B20 to signal the power supply
scheme used. The bus master can determine if any DS18B20s are on the bus which require the strong
pullup by sending a Skip ROM protocol, then issuing the read power supply command. After this
command 1s issued, the master then issues read time slots. The DS18B20 will send back “0” on the
1-Wire bus if it is parasite powered; it will send back a “1” if it is powered from the Vpp pin. If the
master receives a “0,” it knows that it must supply the strong pullup on the DQ line during temperature
conversions. See “Memory Command Functions” section for more detail on this command protocol.

STRONG PULLUP FOR SUPPLYING DS18B20 DURING TEMPERATURE
CONVERSION Figure 2
+3V - +5.5V
DS18B20

+3V - +5.5V Ci [

GND ‘ Vop
4.7k J7
uP A4

USING Vpp TO SUPPLY TEMPERATURE CONVERSION CURRENT Figure 3

TO OTHER
DS18B20 1-WIRE
DEVICES
+3V - +5.5V
4.7k 47 5
DD
————0 EXTERNAL
uP ® 1o +3V - 455V

SUPPLY




DS18B20

OPERATION - MEASURING TEMPERATURE

The core functionality of the DS18B20 is its direct-to-digital temperature sensor. The resolution of the
DS18B20 is configurable (9, 10, 11, or 12 bits), with 12-bit readings the factory default state. This
equates to a temperature resolution of 0.5°C, 0.25°C, 0.125°C, or 0.0625°C. Following the issuance of
the Convert T [44h] command, a temperature conversion is performed and the thermal data is stored in
the scratchpad memory in a 16-bit, sign-extended two’s complement format. The temperature
information can be retrieved over the 1-Wire interface by issuing a Read Scratchpad [BEh] command
once the conversion has been performed. The data is transferred over the 1-Wire bus, LSB first. The
MSB of the temperature register contains the “sign” (S) bit, denoting whether the temperature is positive
or negative.

Table 2 describes the exact relationship of output data to measured temperature. The table assumes 12-bit

resolution. If the DS18B20 is configured for a lower resolution, insignificant bits will contain zeros. For
Fahrenheit usage, a lookup table or conversion routine must be used.

Temperature/Data Relationships Table 2

| 5 | a2t | 30 |2‘l 9% 2'3|24| LSB
MSb (unit = °C) LSb
|S|S|S|S|S 251 2° | 2* | MSB
TEMPERATURE | DIGITAL OUTPUT | DIGITAL
(Binary) OUTPUT
(Hex)
+125°C 0000 0111 1101 0000 07D0h
+85°C 0000 0101 0101 0000 |  0550h*
+25.0625°C 0000 0001 1001 0001 0191h
+10.125°C 0000 0000 1010 0010 00A2h
+0.5°C 0000 0000 0000 1000 0008h
0°C 0000 0000 0000 0000 0000h
-0.5°C 1111 1111 1111 1000 FFF8h
-10.125°C 1111 1111 0101 1110 FF5Eh
-25.0625°C 1111 11100110 1111 FFGFh
-55°C 1111 1100 1001 0000 FC90h

*The power on reset register value 1s +85°C.

OPERATION - ALARM SIGNALING

After the DS18B20 has performed a temperature conversion, the temperature value is compared to the
trigger values stored in TH and TL. Since these registers are 8-bit only, bits 9-12 are ignored for
comparison. The most significant bit of TH or TL directly corresponds to the sign bit of the 16-bit
temperature register. If the result of a temperature measurement 1is higher than TH or lower than TL, an
alarm flag inside the device 1s set. This flag 1s updated with every temperature measurement. As long as
the alarm flag is set, the DS18B20 will respond to the alarm search command. This allows many
DS18B20s to be connected in parallel doing simultaneous temperature measurements. If somewhere the
temperature exceeds the limits, the alarming device(s) can be identified and read immediately without
having to read non-alarming devices.
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ROM FUNCTIONS FLOW CHART Figure 5

MASTER Ty
RESET PULSE

DS18B20 Ty,
PRESENCE
PULSE

1

MASTER Ty ROM
FUNCTION COMMAND

DS18B20 Ty FAMILY MASTER Tx BITO
CODE
1BYTE
DS18B20 Tx BIT 0
DS18B20 Tx BIT G
MASTER Ty BIT 0O
DS18B20 Ty BIT 0
SERIAL NUMBER MATCH?
6B
¥
DS18B20 Tx BIT 1
DS18B20 Ty DS18B20 Ty BITT
| CRC BYTE l I MASTER Tx BIT 1

¥

DS18B20 Ty BIT 63

MASTER Ty BIT 1
N N
v ¥

MASTER Ty BIT 63 DS18B20 Ty BITES
MASTER Ty BIT 63
N
BIT63 B BIT 63
MATCH? MATCH?
Y v

MASTER Ty MEMORY OR CONTROL
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DS18B20

1-WIRE BUS SYSTEM

The 1-Wire bus is a system which has a single bus master and one or more slaves. The DS18B20
behaves as a slave. The discussion of this bus system is broken down into three topics: hardware
configuration, transaction sequence, and 1-Wire signaling (signal types and timing).

HARDWARE CONFIGURATION

The 1-Wire bus has only a single line by definition; it is important that each device on the bus be able to
drive it at the appropriate time. To facilitate this, each device attached to the 1-Wire bus must have open
drain or 3-state outputs. The 1-Wire port of the DS18B20 (DQ pin) is open drain with an internal circuit
equivalent to that shown in Figure 9. A multidrop bus consists of a 1-Wire bus with multiple slaves
attached. The 1-Wire bus requires a pullup resistor of approximately 5 k€.

HARDWARE CONFIGURATION Figure 9
+3V - +5V

BUS MASTER 47K DS18B20 1-WIRE PORT
Rx < i I > Rx

SHA g T
T

i Typ.
MOSFET

Rx = RECEIVE
Tx = TRANSMIT

The idle state for the 1-Wire bus is high. If for any reason a transaction needs to be suspended, the bus
MUST be left in the idle state if the transaction is to resume. Infinite recovery time can occur between
bits so long as the 1-Wire bus is in the inactive (high) state during the recovery period. If this does not
occur and the bus is left low for more than 480 s, all components on the bus will be reset.

TRANSACTION SEQUENCE
The protocol for accessing the DS18B20 via the 1-Wire port is as follows:

= Initialization
= ROM Function Command
*  Memory Function Command

» Transaction/Data
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.

.

.

.

Simultaneous support for Infrastructure BSS in
Station mode, SoftAP mode, Station + SoftAP
mode, and promiscuous mode

Note that when ESP32-C3 scans in Station mode,

the SoftAP channel will change along with the
Station channel

Antenna diversity
802.11mc FTM

Supports external power amplifier

Bluetooth

.

.

.

Bluetooth LE: Bluetooth 5, Bluetooth mesh
High power mode (18 dBm)

Speed: 125 Kbps, 500 Kbps, 1 Mbps, 2 Mbps
Advertising extensions

Multiple advertisement sets

Channel selection algorithm #2

Internal co-existence mechanism between Wi-Fi
and Bluetooth to share the same antenna

* Access to flash accelerated by cache

* Supports flash in-Circuit Programming (ICP)

Advanced Peripheral Interfaces

* 22 x programmable GPIOs
* Digital interfaces:

- 3x 8Pl

- 2x UART

- 1x12C

- 1x128

- Remote control peripheral, with 2 transmit
channels and 2 receive channels

- LED PWM controller, with up to 6 channels

— Full-speed USB Serial/JTAG controller

— General DMA controller (GDMA), with 3
transmit channels and 3 receive channels

- 1 x TWAI® controller compatible with I1SO
11898-1 (CAN Specification 2.0)

* Analog interfaces:
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OMmROoN

Specifications

Bl Coil Ratings

700-mW Type (G5LE-G)

Rated voltage 9VvDC 12VDC 20VDC 48VDC
Rated current 77.8mA 58.3mA 35.0mA 29.2mA
Coil resistance 1167 Q 2057 Q 5714 Q 8229Q
Must operate voltage 75% max. of rated voltage (max.)

Must release voltage 10% min. of rated voltage (min.)

Max. voltage 120% of rated voltage at 85°C, 150% of rated voltage at 23°C

Power consumption Approx. 700 mW

Note: The rated current and coil resistance are measured at a coil temperature of 23°C with a tolerance of £10%.
400-mW Type

Rated voltage 5VDC 9VvDC 12VDC 24VDC 48VDC
Rated current 79.4mA 45 mA 33.3mA 16.7 mA 8.33 mA
Coil resistance 630Q 200 Q 360 Q 1,440 Q 5,760

Must operate voltage

75% max. of rated voltage (max.)

Must release voltage

10% min. of rated voltage (min.)

Max. voltage

130% of rated voltage at 85°C, 170% of rated voltage at 23°C

Power consumption

Approx. 400 mW

Note: The rated current and coil resistance are measured at a coil temperature of 23°C with a tolerance of £10%.



OMmRON
M Characteristics
Contact resistance 100 mE2 max.
Operate time 10 ms max.
Release time 5ms max.
Bounce Time Operate: Approx. 0.6ms
Release: Approx. 7.2ms
Max. switching frequency Mechanical: 18,000 operations/hr
Electrical: 1,800 operations/hr at rated load
Insulation resistance 100 M2 min. (at 500 VDC)
Dielectric strength 2,000 VAC, 50/60 Hz for 1 min between coil and contacts
750 VAC, 50/60 Hz for 1 min between contacts of same polarity
1,500 VAC (for suffix -G) 50/60Hz for 1 min between contacts of same polarity
p withstand voltage 4,600 V (1.2 x 50 us) between coil and contacts
'r‘_ lati Creepage (Typ) 3.3 mm
Clearance (Typ) |2.7 mm
Tracking Resistance (CTI) 250V
Vibration resistance Destruction: 10 to 55 to 10 Hz, 0.75-mm single amplitude (1.5-mm double amplitude)
Malfunction: 10 to 55 to 10 Hz, 0.75-mm single amplitude (1.5-mm double amplitude)
Shock resistance Destruction: 1,000 m/s?
Malfunction: 100 m/s?
End Mechanical: 10,000,000 operations min. (at 18,000 operations/hr)
Electrical: 100,000 operations min. (at 1,800 operations/hr) for standard type

36,000 operations min. (10A at 250VAC)
100,000 operations min. (at 1,800 operations/hr), 12A 250 VAC) - applicable for
G5LE-1-E NO contact only

84
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Vcc)..
Control Input Vokage (RE, DE).
Driver Input Voltage (DI)........
Driver Output Voltage (A, B)
Receiver Input Voltage (A. B)...
Receiver Output Voltage (RO)..
Continuous Power Dissipation (Ta

+70°C)

0.5V to (Vcc + 0.5V)
0.5V to (Vcc + 0.5V)

0.5V 10 (VcC +0.5Y)

-8V to +12.5V
..-8V 1o +12.5V
MAX4_
MAX4_

_C_ _/MAX1487C_A ..

_E__IMAX1487E_A

14-Pin SO (derate 8.33mW/°C above +70°C)...
8-Pin pMAX (derate 4. 1mW/*C above +70°C) ..
8-Pin CERDIP (derate 8.00mW/°C above +70°C). 2
14-Pin CERDIP (derate 9.09mW/*C above +70°C).......
Operating Temperature Ranges

.0°Cto+70°C
40°C to +85°C

89

8-Pin Plastic DIP (derate 9.09mW/°C above +70°C) ... 727TmW MAX4_ _MJ_IMAX1487TMJA 5°Cto +125°C
14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)..800mW Storage Temperature Range .. -65°C to +160°C
8-Pin SO (derate 5.88mW/"C above +70°C).....c.ccccueeun 47TmW Lead Temperature (soldering, 10sec). st 3007C

Siresses beyond those listed under "Absolute Maximum Ratings™ may cause permanent damage to the device. These are siress ralings only, and functional

operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to

MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487

absolute maximum rating conditions for extended periods may affect device reliability.

DC ELECTRICAL CHARACTERISTICS

(Vee = 5V 5%, Ta = Timin to Tmax, unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Differential Driver Output (no load) VoD1 5 A
Differential Driver Output R = 50Q (RS-422) 2

: Vobz - v
(with load) R = 27Q (RS-485), Figure 4 1.5 5
Change in Magnitude of Driver
Differential Output Voltage for AVOD R = 27Q or 504, Figure 4 0.2 \
Complementary Output States
Driver Common-Mode Output Voc R - 276 or 506, Figure 4 3 v
Voltage
Change in Magnitude of Driver
Common-Mode Output Voltage AVoD R = 27Q or 500, Figure 4 0.2 \
for Complementary Output States
Input High Voltage VIH DE, DI, RE 2.0 \
Input Low Voltage ViL DE. DI. RE 08 v
Input Current IN1 DE, DI, RE +2 pA
DE = 0V;
Ve - 0V or 5,25V, Vi=12¥ 149 -
Input Current all devices except e |
(APB) liNz | MAX487/MAX1487 VN =TV 08
MAX487/MAX 1487, Vin =12V 0.25 ER
DE =0V, Vec = 0Vor 5.25V | ypy = -7V 0.2
Receiver Differential Threshold
Voltage VTH -V sVemsi12v -0.2 0.2 \%
Receiver Input Hysteresis AVTH Vewm = 0V 70 mv
Receiver Output High Voltage VoH 10 = -4mA, V|p = 200mV 8.5 \
Receiver Output Low Voltage VoL Io = 4mA, Vip = -200mV 0.4 \
Three-State (high impedance)
Output Current at Receiver lozR UsvisVosiza £l A
-7V < VcMm <12V, all devices except 12 KQ
. . MAX487/MAX1487
Receiver Input Resistance Rin
-7V £ Ve < 12V, MAX487/MAX 1487 48 kQ
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

DC ELECTRICAL CHARACTERISTICS (continued)

(Vce = 5V £5%, TA = Tmin to TMAX. unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
MAX488/MAX489,
DE, DI, RE = OV or Vcc 120 20
MAX490/MAX491,
DE, DI, RE = OV or VcC 300 500
MAX481/MAX485, DE = Vce 500 900
No-Load Supply Current RE - OV o V.
(Note 3) lcc = orvVcc DE = OV 300 500 pA
MAX1487, DE = Vcc 300 500
RE = 0V or Vcc DE = OV 230 400
MAX483 350 650
MAX483/MAX487, DE = 5V [
RE = OV or Ve | MAX487 250 400
DE = OV 120 250
Supply Current in Shutdown ISHDN MAX481/483/487, DE = OV, RE = Voo 01 10 pPA
Driver Short-Circuit Current,
Vo - High losD1 -7V £V <12V (Note 4) 35 250 mA
Driver Short-Circuit Current,
Vo = Low lospz -7V £V <12V (Note 4) 35 250 mA
Receiver Short-Circuit Current I0sSR 0VsVosVcc 7 95 mA
SWITCHING CHARACTERISTICS—MAX481/MAX485, MAX490/MAX491, MAX1487
(Ve = 5V 5%, TA = TMIN to Tmax, unless otherwise noted.) (Notes 1, 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
. tPLH Figures 6 and 8, RDIFF = 540, 10 30 60
Driver Input to Output ns
P P tpHL | CL1 = CLz - 100pF 10 30 60
Driver Output Skew to Output tskew | Figures 6 and 8, RpiFF = 54Q. CL1 = CLz = 100pF 5 10 ns
Figures 6and 8, | MAX4B1, MAX4B5, MAX1487) 3 15 40
Driver Rise or Fall Time tR. tF | RDIFF = 54Q, MAX490C/E, MAX491C/E 5 15 25 ns
CL1 = CL2 = 100pF| MAX490M. MAX491M 3 15 40
Driver Enable to Output High tzH Figures 7 and 9, Cp = 100pF, S2 closed 40 70 ns
Driver Enable to Output Low tzL Figures 7 and 9, C = 100pF, S1 closed 40 70 ns
Driver Disable Time from Low Lz Figures 7 and 9, CL = 15pF, S1 closed 40 70 ns
Driver Disable Time from High tHZ Figures 7 and 9, CL = 15pF, S2 closed 40 70 ns
Figures 6 and 10, | MAX481, MAX485, MAX1487] 20 90 200
Receiver Input to Output tPLH. tPHL | RDIFF = 54Q, MAX490C/E, MAX491C/E 20 90 150 ns
CL1 = CL2 = 100pF [ MAX490M, MAX491M 20 90 200
| tPLH - tPHL | Differential i Figures 6 and 10, RpIFF = 54€, i3 s
Receiver Skew CL1 = CL2 = 100pF
Receiver Enable to Output Low tzL Figures 5 and 11, CRrL = 15pF, S1 closed 20 50 ns
Receiver Enable to Output High tzZH Figures 5 and 11, CRL = 15pF, S2 closed 20 50 ns
Receiver Disable Time from Low iz Figures 5 and 11, CrL = 15pF, S1 closed 20 50 ns
Receiver Disable Time from High tHzZ Figures 5 and 11, CRL = 15pF, S2 closed 20 50 ns
Maximum Data Rate fvax 25 Mbps
Time to Shutdown tSHDN | MAX481 (Note 5) 50 200 600 ns

ARTSCHIP
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MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

SWITCHING CHARACTERISTICS—MAX481/MAX485, MAX490/MAX491, MAX1487 (continued)

(Vce = 5V £5%, TA = Tmin to TMAX. unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Driver Enable from Shutdown to .
Output High (MAX481) tzH(SHDN) | Figures 7 and 9, CL = 100pF, S2 closed 40 100 ns
Driver Enable from Shutdown to
Output Low (MAX481) tzL(sHoN) | Figures 7 and 9, Ci = 100pF, S1 closed 40 100 ns
Receiver Enable from Shutdown Figures 5 and 11, Ci = 15pF, S2 closed,
to Output High (MAX481) TZHSHDN) | A 7R _ oy s000 w000 | e
Receiver Enable from Shutdown Figures 5 and 11, CL = 15pF, S1 closed,
to Output Low (MAX481) "ZL(SHON: | g~ A - oy 00 1000; | W8
SWITCHING CHARACTERISTICS—MAX483, MAX487/MAX488/MAX489
(Vee = 5V +5%, TA = TMIN to Tmax, unless otherwise noted.) (Notes 1, 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
1 - 250 800 2000
Driver Input to Output PLH Figures 6 and '8, Rpipr~ 540, ns
tPHL CL1 = Crz = 100pF 250 800 2000
: Figures 6 and 8, RpiFF = 54Q.
Driver Output Skew to Output tSKEW CL1 = Ci2 = 100pF 100 800 ns
. Figures 6 and 8, RpjFF = 54Q.
Driver Rise or Fall Time tR. tF CL1 = Cy2 = 100pF 250 2000 ns
Driver Enable to Output High tZH Figures 7 and 9, C| = 100pF, S2 closed 250 2000 ns
Driver Enable to Output Low tzL Figures 7 and 9, CL = 100pF, S1 closed 250 2000 ns
Driver Disable Time from Low 1z Figures 7 and 9, C = 15pF, S1 closed 300 3000 ns
Driver Disable Time from High tHZ Figures 7 and 9, CL = 15pF, S2 closed 300 3000 ns
t = 250 2000
Receiver Input to Output PLH Fijires 6:and 10, ROIFE =540, ns
tPHL CL1 = Cr2 = 100pF 250 2000
Itpry - ter | Differential Figures 6 and 10, RDIFF = 54,
i t 100 ns
Receiver Skew KO | i1 - L2 - 100pF
Receiver Enable to Output Low tzL Figures 5 and 11, CRL = 15pF, S1 closed 20 50 ns
Receiver Enable to Output High tZH Figures 5 and 11, CRL = 15pF, 52 closed 20 50 ns
Receiver Disable Time from Low 0z Figures 5 and 11, CRrL = 15pF, S1 closed 20 50 ns
Receiver Disable Time from High tHZ Figures 5 and 11, CRrL = 15pF, S2 closed 20 50 ns
Maximum Data Rate fiviax tPLH. tPHL < 50% of data period 250 kbps
Time to Shutdown {SHDN MAX483/MAX487 (Note 5) 50 200 600 ns
Driver Enable from Shutdown to t MAX483/MAX487, Figures 7 and 9, 2000 i
Output High ZHISHON) | ¢ . 100pF, S2 closed
Driver Enable from Shutdown to t MAX483/MAX487, Figures 7 and 9, 2000 e
Output Low ZL(SHON) | ¢y 100pF, $1 closed
Receiver Enable from Shutdown N MAX483MAX487, Figures 5 and 11, 2500 -
to Output High ZHISHON} | ¢, - 15pF, S2 closed
Receiver Enable from Shutdown MAX483/MAX487, Figures 5and 11,
tZL(SHDN) 2500 ns

to Output Low

CL = 15pF, S1 closed
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

NOTES FOR ELECTRICAL/SWITCHING CHARACTERISTICS

Note 1: All currents into device pins are positive; all currents ot of device pins are negative, All voltages are referenced to device
ground unless otherwise specified,

Note 2: All typical specifications are given for Vcc = 5V and Ta = +25°C.

Note 3: Supply current specification is valid for loaded transmitters when DE = OV.

Note 4: Applies to peak current. See Typical Operating Characteristics.

Note 5: The MAX481/MAX483/MAX487 are put into shutdown by bringing RE high and DE low. If the inputs are in this state for less
than 50ns, the parts are guaranteed not to enter shutdown. If the inputs are in this state for at least 600ns, the parts are
guaranteed to have entered shutdown. See Low-Power Shutdown Mode section

Typical Operating Characteristics

(Vce = 5V, TA = +25°C, unless otherwise noted.)

OUTPUT CURRENT vs. OUTPUT CURRENT vs. RECEIVER OUTPUT HIGH VOLTAGE vs.
RECEIVER OUTPUT LOW VOLTAGE RECEIVER OUTPUT HIGH VOLTAGE TEMPERATURE
a5 — 5 20 3 4.8 - i
W ] H a8 i 46 180 = 8mA— §
2 3 // - -16 S 14
£y / Eu g 4.2 ™~
5 A R 5y - ~
s % = 2 40
=1 / 210 =
2 2 N g s
5 / E 8 ™ =
E 15 / E N\ £ 36
S / S a N )
5 ] \ 32
0 ) 3.0
0 05 10 15 20 2§ 15 20 25 30 35 40 45 5.0 50 25 0 25 50 75 100 125
OUTPUT LOW VOLTAGE (V) QUTPUT HIGH VOLTAGE (V) TEMPERATURE (°C)
RECEIVER OUTPUT LOW VOLTAGE vs. DRIVER OUTPUT CURRENT vs. DRIVER DIFFERENTIAL OUTPUT VOLTAGE
TEMPERATURE DIFFERENTIAL OUTPUT VOLTAGE vs. TEMPERATURE
[X] T <I= % , 2.4 — "
08 =sma—|f 0 ! sa23 R=540 |3
g o7 g 22 I —
S 0. P = 2 —
- T L
g 0s =) \\ 2 21 —
5 -
2 o0s & 50 \\ g 20
2o = ) N 3 19
=
E 03 E 30 Ig- 1.8
ERY — 2 g
e 0. 20 E 1.7
0.1 10 \ a 1.6
o ] 15
-50 -25 0 25 50 75 100 125 0 05 10 1.5 20 25 3.0 3.5 4.0 45 50 .25 0 25 50 75 100 125
TEMPERATURE (*C) DIFFERENTIAL OUTPUT VOLTAGE (V) TEMPERATURE (°C)
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MAX481/MAX483/MAX485/MAX487-MAX491/MAX1487
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Typical Operating Characteristics (continued)

(Vce = 5V, TA = +25°C, unless otherwise noted.)

OUTPUT CURRENT (mA)

g

=
=}

0
H

8 & 8 8

)

o

OUTPUT CURRENT vs. OUTPUT CURRENT vs. MAX481/MAX485/MAX490/MAX491
DRIVER OUTPUT LOW VOLTAGE DRIVER OUTPUT HIGH VOLTAGE SUPPLY CURRENT vs. TEMPERATURE
5 120 600 T T Tt z
r § H MAXAB1MAX85; DE = Vg, RE = X H
/ \ 100 500 — i
- :
- 400
\ : :
3 — x
| & g o
] : 5 [ |
E -4 g 200 MEX0MAXIS 1 DE - 7 = X
/ H 2 | |
. L 1
\ MAX4BY; DE =0, RE = \ky
[] [
2 4 s 8 W 12 7654321012345 50 25 0 25 50 75 100 125
OUTPUT LOW VOLTAGE (V) OUTPUT HIGH VOLTAGE (V) TEMPERATURE (°C)
MAX483/MAX487-MAX 489 MAX1487
SUPPLY CURRENT vs. TEMPERATURE SUPPLY CURRENT vs. TEMPERATURE
600 . 600 .
g e
S 400 MAXABS; DE = Vg, RE =X 5 400
= = Vg, RE=X
£ w0 — 5§ w0 =t
> eV Bex | | L - """i.—-———"“"
£ 200 [~ MAX483MAXABT; DE = RE -0, Em =
H NRXABB/MAXABS; DE = RE - X a o e 0, T X
N — -
AXASSMAYAST; DE = 0, RE = Vir:
0 = : 0

-50 25 0 25 S50 75 100 125 -60 -40 -20 0 20 40 60 80 100120 140
TEMPERATURE (°C) TEMPERATURE (*C)
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151 mm

ml |,
o |8
||
Front The back

39 mm
>

142 mm \




interfaces - e b e
Network interfaces None
USB device interfaces 1
USB main interfaces None
SD cards None
Service !1fe of back 60,000 hours
light
Touch screen plate 4-wire high precision touch plate
Comnminication
: USB, RS232, RS422 RS485
interface 2 2 2
User memory 12M
Power supply DC24V (£15%)

Power consumption

3w

CE certification

Meeting EN50022 and EN50024

FCC compatibility Meeting FCC, Class A
Dielectric strenp 1,000V AC, 1 minute
test
Protection grade IP 65 (front panel)
Amb;‘enttemperamre 10 t0 65°C
or running
Ambient hui:mchty for 10 to 90% RH
running
Shell plastic

Engineering plastic ABS +PC

Outline dimension

151%93%39 (mm)

Opening dimension

14285 (mm)
Weight About 0.2kg
Configuration
software

SKWorkshop 4.0.0
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5-wire electric resistance type touch screen plate, with high touch precision, high durability, and long service life. The display
screen brings TFT LCD 260,000-pigment true color display.

1.6.3 Communication module

This module is designed with high resistance against interference, high voltage and lightning. It has enhanced communication
accuracy and reliability and supports RS232, 485 and 422 communications.

1.6.4 Memory module

FLASH with power failure retention is used as ROM, providing rapid access and a high capacity for all models up to 128M;

1.6.5 Power supply module

High-precision switch voltage-stabilizing power supply is used, with lower power consumption.

1.7 Industrial environment

Samkoon series touch screens meet the standards of EN50022 and EN50024. and the reauirements of FCC. Class A. Thev
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