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THESIS ADVISOR : ASST. PROF. KRAWEE TREEAMNUK, D.Eng., 229 PP,

Keyword: Drying Process/ Paddy/ Paddy Temperature/ Factor Analysis/ Sensitivity
Analysis/ PID Control/ Ziegler-Nichols Method/ Paddy Temperature Control

This thesis aims to develop a control system for the drying conditions of paddy
rice in a pneumatic dryer and to evaluate the dryer's performance and rice quality
resulting from different drying methods. The research consists of five key stages:
1. developing a humidity ratio control system by adjusting the proportion of
recirculated drying air, 2. studying the impact of recirculating drying air on energy
consumption, 3. experimentally drying paddy rice with constant temperature hot air,
4. analyzing data to identify the significance of independent variables on the drying
system’s performance, and 5. experimentally drying paddy rice with controlled rice
temperature. All operations were continuous and interrelated. The results indicate that
the feedback control system is more effective in reducing process errors than systems
relying on theoretical calculations. The mixed air humidity ratio control system,
implemented with a butterfly valve, achieved a return air rate as high as 83.33%, with
an average steady-state error of less than 2%. Upon integrating this butterfly valve-
based air circulation system with a pneumatic dryer, energy savings of 3.38% were
observed at an air temperature of 80 C. Utilizing factor analysis and sensitivity analysis
techniques through artificial neural network models enabled a deeper understanding
of the structure and relationships between variables associated with the drying process.
It was determined that paddy temperature significantly influences energy consumption,
drying rate, and rice quality in the drying. The final phase of the study applied the
Ziegler-Nichols method to adjust the PID controller, enabling effective control of paddy
temperature during the drying process. The system demonstrated an approximate 2%
steady-state error during operation. Drying experiments conducted at a controlled
paddy temperature of 45 'C revealed a 71.74% higher drying rate and an 8.96% higher
yield of brown rice compared to drying with a constant drying air temperature of 60 C.
Despite an energy disadvantage of approximately 13.88%, the significant increase
in drying rate and reduced amount of broken rice highlight drying with paddy
temperature control at 45 C as the preferred method for pneumatic dryers.
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drying period, Ill)

{
. -
3 =
’c : >
z . @
2 ! g
""Ufg "g{ - e>
2 ANFUINGA " e
| S
a ' e
2| 3
=l &
g [ AUBUAUYA

3

LIAN

E‘U 2 2 ﬂ’]iL‘UaEJ‘LlLL‘Uax‘iﬂ’lW%JGU‘L!LLa‘“E'Jm%ﬂﬂJ‘Uaﬂ’JﬂCﬂ,Uﬂi“’U’JUﬂ’ﬁ@ULL‘VN

Tu*‘tmLL'ﬁﬂmm%’aummma'qﬁnﬁﬂaﬂdﬂmusﬁ”mmalﬂs‘]’ﬂLuﬁﬂﬁﬁjﬁﬂﬁamm:ﬁ
maumamwmwuawummammmLimmumammuamamL‘LJuNauvLﬂumiaU a3
muwmammmam Faudnnsanomenudounazinatuiiivenudn Weauduainnigly
L:uam‘wsumaaumamEJam';a@wnﬂumssumamwmummmamaaammalﬂmmﬂmq
fraii3unin dreeunraned dunmldannsnlugaed 2 Sairnutunsfinasndsiifiansan
LLazqmmﬁmaﬁaQLﬁmmsw?{auwaﬁaamn dlenszuunisevuisiiiiunelides 9
aunsestinnutuifvesudefivisuanauardnsinisunsanuduanaielumdadieluds
fuRdadinidasmnsssmeanutuiiivesudaludaianans wgAnssuilviliiAa
Aad BuauduresnsmAnd u 15end1 Aud uinga (Critical moisture content)
memimwmiﬂivmammaamwmu’Lumamwszjm:uLmemsamwiuWuaﬁﬂmq
Iummwmmmmauammmwwmmu maua L‘UumwmmmmLmﬂmqammwmmu
fifuaz Lmuﬂammamwm LAYy awmiaa 9 MIULIAT LTUNI msmsumwmu (Moisture
gradient) w9 nfunssEmeniay umammu,a ammmamammmuawummam
198138097 YreeuLRIanas uaz msiummuauaﬂaqLuamwmwmuama (Equilibrium
moisture content, EMC) mauwuﬁﬂ‘uNaulmﬁuaqmﬂ'1ﬂmiﬁnmmuammwmjuima@uu 9



[

ol Snulideana (2564) na138INalNNITAIENAINTIULALUIADITAN
Tunszuruniseuuiedn nmsanemaudewAnd uldannnsn n1sw wagn sus$ea
anufeunuvasliauou lasfinnuieuaindinarsagaislounndsiavesian
wagnelouneundaneludanlaonisiiuaznisun $sdaruou anudeudlaiu
gnlfidumnudeunrsveanisszive dalaeiluazrunalnnisunsvesyeavad (Liquid
diffusion) kagn1sunsvasle (Vapor diffusion) lugaunassuainud u nalnd \indu
919 AAANNAA19TBIAUAUGMNARRA (Hydrostatic pressure) n3difildlotunfousinds
(Superheated steam) tJusananslunisaneleunnudeu ifeswiningeseuuisdiulng
Tuflagtudsnniuaieseuuisauiou deldornafouduiinardluniseuuis fdy
Tuunanuseluiadunisesuiendnnmsfiuguvesnisdielouaudouuazanaresszuy
puuaLuUaNSougUR 2.3 1undn

D .

o

wiadliaudau LWAISUAUTU
A15NIANTBU ATSINIAIIUTY
l T 21N
r ﬁ’a’?ﬁv‘l
n15u1ANSEU NITUNIVIUNED  N1TuNIvadle

Y >

1 o = 2
LA URUUR U AT BN-11d

I Muluian
X

JUN 2.3 nalnnisanuleumnufounasinaseninaianiuennAlunssuiuniseuwi
WUBLIAR 91N 113918891150 URRIdInTUAa i guazdandanin (vl 26), ToTad
o a o a @ 1Y)
Suliteana, 2564, NJUnNT: BongaTu.

iﬂﬁ 2.3 LLﬁﬂ\iﬂﬁlﬂﬂWiﬂl’]EJI@UF]’J’]@J%@NLLﬁ”iJ’Jﬁi”W]IN}JJaﬂﬁUE]’]ﬂWﬁGLUﬂi”U’JUﬂ’]i
UMY Luammmaulwamumsuamam U’iL')ﬂJﬂ\iﬂa'l'J"i]‘“ll‘ﬂu‘UE]UL‘UG]@EJIWEJ?E]UN’J'J’&@NU
ﬂ’l’m‘WU’]‘UENﬂm“U@UL‘UG]‘ZJU@EJﬂUﬂ’J’W@JLi’]“U@Q@’]ﬂ’]ﬂ LLﬁu@ﬂJWﬂll‘U’e]\‘l“Uu%’e)UL‘UG]f\]uiJﬂ’]L‘Vﬂﬂ‘U



10

QUNAVBIBINIATOU NITNIAIINTOULAAY UK UV UVDULYAE KV TanAEuNITA 2.5
f1sanlanniienisgnasduasueagui 2.3 (Wodaid Saulduana, 2564)

g = hTA(TOO —TS) (2.5)

edl g

HHIINTONENANNTDU (W)

o))}
©

{UUsEANSNSNIAMUSEU (W/m?-"C)

©

4

YNRvIn1sanelauANsou (m?)
amgiiveseiniaseu (C)

) Db Db Db
® ©®
0O =)

angiinivesian (O

©
o)

naINTuANNTouniIverianavgnanelaudindineluian lnenisiauseu

Weninnsanmsaiglouauseuiuuniadalukuiuny y ¥essufl 2.3 gnsimsiinnusou
ausarIlanungueslises (Fourier's law) feaunisi 2.6 Gedand Saulidvana,

2564)
dT
g = —kA— (2.6)
dy
Toedl K fo duuszAvsnnsmauden (W/m?-°C)
T Ao gaumnivesian (O)
y Ao STOgmNLUILAY (M)

Weodanlasunnuiauaineinia nasuausewmanazgnldlunisduiniiou
wialuanavesindeg nmeluiandinsunisseive mnimuaauuguliauFuT Ay
Y037dn fAnvdunaeawuiwny Tasdudedeatu nsindeunvesnnudunigluian

I I a a LY a £ ' & I ! d' 1 =
Jululaenmsunslufieniadiey dudsednsnmsunsanududuaiad wagluiinnsmenie
YeRIvesTan snsInsanemNIadsEInsalsulalagldvannisunsaunguesiing (Fick’s
law of diffusion) fsaunsN 2.7 (Fe Tl Shuddaana, 2564)

N

dc
B Yiad 2.7

dy
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Tefl N Ao PRTINTANEWNIE (Mol/s)
D Ao dulsvansnisunsAmRY (m¥/s)
A fo Mufivesnisdnema (m?)
C fo Anuuduvesi (mol/m?)

Fafnmuuansnsvosanudulutaniy mmgﬁyumﬂmaiui’aaﬁﬁmqq%Lﬁﬂ
Msunslgusnaitnnudusni mnfaisanniseusiiinden Tnewalludininuiu
FLUNTVINULAUNANVOLUEADDNINANUUUILAUAN 9 FUnTERITAUdond 1 Rrsauuen)
mﬂﬁ?umms?}uuﬁﬁwaﬁamsa’wmq’eﬁgmauLsumiﬂamswwmmsfu ANNEIN5alUATTIN

AMUYUTUBY AUAIFUUTEANT NITNILIAUAZAIURANF19TENTAMUTUTUVRIUNNRY

v
o

Y9ITan AUANNTUTUYDI YUV UWA IAgAUluduvealNureuLunvzd Avinfu
ANUNTUTRINEANIZaNNaYRdTEn nalnnsmieuduesuelalaeaun1s 2.8 (Tedm
Souliduana, 2564)

N =nh,A(c —c.) (2.8)
logfl hy  fe dudssdnsnisninig (m/s)
A Y v S da Y 3
G AD  ANULTNYUVDIUINKNIVDIER (mol/m”)
A Y v 5 A 3
Ce AD ANUVNTUTBIUMIENNZENAA (Mol/m”)

ANNAUNUST 2.5 fis 2.8 aFurenalnnisanemauToulazing fausenATeu
nluessuurisniioamgiigeingloundanuundarivesianlagnisniamiusoulazainuiu
NH79897aA L TE N800 21N1AT0ULAENITNIAIINT Y I1NTUILAAAITULANA
Y8IANTUNI oA NUNTUve I luTEn dealiiianalnnisunsanuiuainaielulan
28NUIAITAN YuELAEInU AU HvesTandsdgamgdgeazunslugaieluy

o ¥ <) a s a 4 1 dﬁl Y
gnr1siiauTewduluaunguesiisesuasnguesiing nguwarlignldiluauunisaiuny
(Governing equation) ¥@akUUTIa0INTBULIS IagideulusUveseyiusdosnuszuuiiin

(% L3

21N AAANTINTLUDN LATANANTINAY MPAIAUNITT 2.9 DadunISN 2.11 AuaIfU (Te il
Souilduana, 2564)

oM 0 oM 0 oM 0 oM
—= — |+—| b — (2.9)

=—I| D, — |+ D
Ot Ox 7 Ox ay 7 5y Oz 7 Oz
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oM 1 0 oMy O (D,0m) O oM
— = =|p +—| D r— (2.10)

+
o Aol a5 ) e\, e0) a7 &

oM 1( 0 , OM 1 0 oM D, O'M
—=—| =| 0,r + D, sin@ +— - (2.11)
ot r\or Or sin@ 00 o6 sin 95(0
19891 Desr Ao duUszAnSnIsuUNIANTUUIZANSINE (M?/S)
M Aa AuRuYesdan (kg/kg dry basis)
L%y, z 0 uaz @ fe svezmmLUILAUYDITYUURRAAG 9 (M)
uUsEaANSNITUNTANLTUUSEAVENaNFURUUANALTUSAUANNTSN 2.12
.
—_— RQT
eff - Doe (212)

ANPINYDIRTSISKIeE (MP/s)

o@D, 0
E, AB WaIUNTEAY (J/mol)
R, Ao e1asivesie J/mol-'C)
T Ao aamaliveian ()

24 asaAANNTUEIELATEsa UL
ImaﬁalﬂLLé”Jmamﬁmmqmﬁmwm%qgﬂLﬁmﬁmlmﬁmzﬁmmﬁuqa MnLani
Liléunsanmutuianasiudaiimunzauetiaiuied enneliiAanadodonandn
mamsinenshd datu Saanusidusgranniiesdeninandmnmaiuinsuwiaiiean
Arwdunoutludnufu Tnefl Sisman and Albut (2010) TduugthdsaUsinmuautiugaan
dmfuiunviudafivuiinegisasndonieldsroziaidie 4 wanidannsad 2.2
Fegnddonmsezdinnuiudumegnados 14%w.b. dmdunssaivlutiane 6 Weu
FeiuamAdeiaddednarnduidiadmiuginmaaeduund 3
A1sanA1ud ud121Ud onuuus iy (Traditional drying method) 4057170
UNUixmﬁﬁLﬂuqﬂaisﬂ@iamsammm%uﬁuaqsi’m IVHUTENOUNTUNTIETUNIAMULAL
4iadesauuisdniden (Mechanical drying method) 3nnaiu sgnslsiniy mssuduay



13

vouedasauwafinaniniudodindsnulunstuedoussuy wlsdialdieduiiiniu
Tunsindiuau Sadufunuesmiliifosiansanuuntunadud asdudssduienty
AmNALAUNS sLYRaAI Bt dendenandntnIadumiurmevesinide
fiFewhmsimunszuuseoly

A5 2.2 AsdudmsuIaiuaniivegelasnsdy (Gevavvasnuiiuiiasgiulen)

. A STYLLIANINAUY
A AN 6 o UIUNTT 6 LAY
91u151ad (Barley) 14 12
91lne (Comn) 15.5 13
& (Beans) 16 13
1139749 (Millet) 10 9
Y11Uden (rough rice) 14 12
U1IN9119T19 (Sorghum) 13.5 13
fmdes (Soybean) 13 11
waakwand (Flax Seed) 9 7
117818 (Wheat) 14 13
917185 (Oats) 14 13

NUIYLKRG 910 “Grain storage management,” 1ae Sisman and Albut, 2010, Annual

International Symposium on Agriculture Research, 15-18

MNMIUMuenasTiisatesiulssianueIsse UL aAaNY WU auvIA
Tanausugns (2565) ldlausnisduuniavedaioseuniaudniis Tnsutsnudnuas
msvativeandnlunszurumseuwiseanidu 2 via fio 1. in3oseuursnuuidaiivegiud
(Fixed-bed dryer) uag 2. 1A3 030U ahuuLLEnTiglna (Moving-bed dryer) A3 aauwis
FagniunlddmsvAnuvideluased 0 uwnd oseuuseanmean (Pneumatic dryer)
Fnoglunuianyveand ssouuisnuuiudaiivlua 1desainlunszuiuniseuuds
wdndaUdeniinnisassiiied eull lunfoudunszuaresainia uendini auwif
Tanausaugys (2565) Sildsuredelfiusouvennioseuniiniiniedeseuuiinilisy
anufiutinananuduiagfiidunmievesudsrumdniifauiugs 1iesnndidn
Fuuszdns nsanemanuseunazinags Jadanalvanianlunseuuisluianasld
pgeTINLE InFesouniinmanTigunsaitugiudeuil 2.4

ndnn1Tieueaas sseuLiiwnvzay THaT ealrannadugs (High-pressure
blower) @31en1slnasinianugUnsaivinAuseu (Electric heater) ausuAiugnAIUAY
gamnfifiled (PID - Temperature controller) tlanAneniaseu §asnislnaveseinie
fmualagaruauaudvesdyaliiiiiudunesined (nverter) Feviauduiusiu
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AuIToUvedLAl oA vzfiTdenandufugndulnsaneniuddes (Belt
feeder) Wotnugnziuamadeudafinuiigainiennigavinevestiuden (Terminal
velocity) dswalifiudatrimarduass Tunaziing Anssuuiertuvediva g voauuss
(Drying column) waglvaitnglelaau (Cyclone collector) Wewsnwdatriudenuazennia
98NN

Moist air

4 T1sC
D i .
Cyclone .
collector ' " i
i Drying — | |
Paddy column . - o

Belt feeder—a—— 0

Inverter ! o

High-pressure  Electric heater
blower

- & 1%
zﬂ‘Vl 2.4 WNUNTWLATDIDUL VN UUNING AU

a a

KRUYLAR N “Sw%wamawmwaauLLﬁdﬁﬁ@iaﬂszawﬁmwmﬂsﬁjwﬁﬂmusuaqLvﬁaaau LLﬁﬂ
—

s

wuunvizay,” tne Jogna Wanedwug, analg nlan, a1dus dugdl, dnsde

9 9 <9

Juya way AR @0 nsuseansy, 2559, 2158153 AINTTUAIARNS UN1INBNAE
= a A
ASUASUNIALSAL, 11, 1-9.

2.4.1. UIENNYIT9AUTTUUDULAIWIRZAY
Yogwa onadniug, analg lavlan, 1wt Augd, 4057y uua wae And
annsUszansy (2559) Anw1dMENavefiuUTAIN 9 LU YUIAVBINDBULIY QUNNITBULIS
ansstdeudan NilsdeUszansammsldndsnuveunIsseulialuunInay (anslunay
YIAMUFWUABINEIUTWNE, SEC) NlinsUeuianinssuunateseulagldinildeon
aa dil’ a v ) [ v 1 ) 1
NHANUTUSTUAY 30 %d.b. LlTuTanlunmageunITMnasseuLiIzkUIeaniduaesdy
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nA1IFD N13ULTHY 1 90U uarmMIDUL 2 59U MINMsANw MUY NMadfiuiegumgTauws
gnsin1sUeut1uden wavvuradunudugnansveseauwiie dnavili SEC
voanszvIumssuuaiinanadasan SEC dandildanmuideddaumiitu 1.6 MI/kgume
FaAntuluniseuuiesoudl 1 uasauiaduriugudnanavoauuis 50 mm figuundouuts
130 °C uagdnsnistioudrnddon 20 kyh Turmeilanududrgavesdrndondld
ndsn1seuuiaiien 19.3 %d.b. Fuiatundsnmseuuiasoud 2 lagldvesuuiamunauduin
Audnans 50 mm Aigamgdl 130 °C uazdnsnistiou 20 ke/h wulfieniu wadilsuandliiisiu
Tuadoseunieiiiaund uiidnenmgsuaziisaned sz luldlunsananud ududy
yeadUden TnglanizdadenitAuf el uiddldnuseauieiduauam
vowmAnfasvdanseuuiannemided

T~
Smooth
J surface

3mm

£

P4,

v
Dried paddy @4

|
|
|
®_|:| Moistpaddy:
| | |
@i | '
@ g .
L —ea

l‘

| Corrugated

T+ surface

e
!
~

20 mm

[T

PR
(T

-

P2 N A N o ——

i

h I ec] 1 I‘ | 1 /
f s &l 50 mm
</ Py ——=-»
Hot air

SUt 2.5 ununmeeseuuimveandmiuinudenautugs

nUIYLNE 10 “Performance, energy, and product quality aspects of a modified
pneumatic dryer for rapid drying of high-moisture paddy,” lag C. Nimmol,
2019, Transactions of the ASABE, 62, 1531-1539.

C. Nimmol (2019) AnwInanseNuveQMmn)ioInImeuwiesening 120 °C
014 180 "C uarA1dndIuANETIIADAIUVIVILVBINDBUKAY (C/L) iU 0, 0.5 uae 1.0
AugUT 2.5 deuszdniamnisldndsauresnszuiunisviusisuaznuaIng 1 nds
NSTUIUNTSA INAISANWINUI MeBUWRITITAY C/L geanunsnuiulgsuszavsniwnsld
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nasuveuaisseuwiald dmsuniseuniiseunsn vesuwiedifan C/L 10y 0.5 uay 1.0
aansaanmslindaauls 14% 89 17% uay 41% f9 44% auddu e Teuiiouiy
VOB ULMILUURIGEY (C/L = 0) dmunseuwsisseudiaes nuiimvnannifuvesnsldndany
Inefinnuuguszveavesunisliamnsai uusgdns nwnnsldndanuvesssuuld
dowdsuiisuiuniseuuissouusn udedidlsfinu BBnsdanmnsnanarmdutiadd
pgam1§ Anslindanulugag 4.3 89 16.8 MI/kguer UONAINT NMaifistunesgmmgd
ouwauazAn /L denaliivosiduddadudnanas dsildagluga 30.3% e 49.4%
(Waogamunu 50.4%) luraizfinavesgumgiiniseunianazel C/L lidsuaserianuum
Yo IEIIARE 19l

3897 naaundl [ ufissnisfnvfauuinianisldied sseuniadie
anaududniifanudugdludududuminiy uaznsndiniseuuiades 1 vio 2 sou
Frmaniargninludnssuiunseuwissuuuuduludusely ieflazannszuaunisvious
Tnsedududiong esouuwiinvunimzanludunouion algnad 2sddun wae niv
Imsauysal (2565) Fsdnwimsouuiedaudenlund sseuuranuudwuluviediuvan
Tagouuisddonitusumnenusd 105 uwiin 4 kg figaunaiornia 80 100 uay 120 °C
ANLEIDINIABULNY 16 m/s NORUWIINIIINTDI0 YU 90 996 WUU 8 T840 WATHUY
16 U899 NANITNAFBY WU NMTOULNSIUYBRUY 16 1990 THERTINITOULINEINTIWUY
8 ¥o90 iesanmsiiudurudesetiaiuanududavluszuveuusiarinlmAnnsanem
AudeuLazanag iy uenand mafuduresgungioiniaouuiedstioduaiu
Snsn1gouniegad umuludas ssvuiaimnsnannisldndanunusinizadld
pgslitudAgy ﬁ?iqmmméum%aqwé’wmﬁ?’]wawaa'ivwm 3.87 19 8.13 MJ/Kgyater DNUIIN
miammamaammummﬂaqLLaummﬁumuwmmJu‘lusvwaumeuaqmaﬂimmaﬂ
Snsnseuursiigay LmemwmiwmLﬂaaﬂimummsauaqL‘U‘usummmmu dawalyidn
finsunniingeessiitivdrdny Svawatidmulunsdvesnislinnudionniagesandae Fawy
MsuaniinuesinUdenegssning 37.27% fs 93.21% Wawlsuiusiegsaunu (igned
29AdUNN, 2557)

fans Msyanng (2562) Anwidvswavesgungiionireuwsiansii 60 80
100 120 wag 150 C ABIEIDINABULIAIAT 19 22 uag 25 m/s LAy 1atdeniFusu
A 510 wag 15 kg A finarosmsIn1seunie msldndsau uazaanind1ands
n1saULKIRI8LAT DpULTILUU WUNA LS ATy NATINNITAAAIINT UAIN 24%wW.b.
Ufe 14%w.b. wu11 BnSnavesgamgieonimeuwialuladedidysdednsiniseuuds
wnnidviswadu nisligamgiomasuurisgahlisnaniseuuisgedy Sasannaiouus
wazann1sldndsnuasaulude Sndenis msldgamgiionnaeuuiigendudsualidn
Fomoganuludae nisiftuanuiiandmalvisnsnisouursged wdntdooudsili

AnuduUdomasnugudusgrmnn dngwadauluiasuduvesdiuden Fanisiy

=]

wasuiuvesiiondmadsenisldndsnusazsiiuilesiduddanulgalu vl
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aurimlifauuansiuiedismauaslundeulunsnaaes manaassivinliiy
fawnlihmesfuusiuusasifidsansenudefuusny uidwiateaguiitaauisiuys
fifiunsfimnzaniign dednduazdoshmsfnuselulueuan oglsfnu vuidel
Ilduuzihdaiwdsaiunsilimnuddyresdonanildsuseninsulsauiiauls
Tnsondiogansdmseunisiigumafiansouasgn 150 'C ldauSiandgn 19 m/s
watdeniEudugean 15 kg duilidnsimseuurisgs Tiwdsenusndimesiumand
7.80 MJ/Kgyater WUBSIIUATIIAWTY 29.1% way mé’mﬁmmmﬁnagjﬁ 67.7% La8FI9819
muuiEnuTiesifuddnndu winiu 46.4% way Aduianuundn it 68.4%

MNNIANYIUITeRRILLY Wudn 1A3 pseuwanmzauiinisldwdasu
FUNILTENING 3.87 09 8.13 MJ/KSyater (ﬁmimmiamﬁa%nmm%uqawﬁq 14%w.b.)
FalndiAsatunisldndsnuvesszuaunislulssddiunnianatsvesdssinalneg
2n91891U89 1un3 w13, auvd lanusagns war Wayn seauseand (2542) Galé
Uszifluaussourszuvauuiedilulsidaualug 3 wis Isedimarianunsaananugudi
311 20%w.b. §i1 14%w.b. leiegadluseansan waziin1sldndanudnnigsivedluyig
4.25 0% 4.33 MJ/Kger WINATUTULIVBIAUAINTTIT WU T1UFNUFINTOURIA
N1 3 Wit dinnsuanitnaeudsdesdeisufisusuiniens eds Teinisuandn
Uszanas 15% lusazfinseuwsisindensomaianmzaulutagduiinisunninganii
37% (algwed 2ads U, 2557) udegdlsfinnu svvveuuisnwielvgmaiisndusod
AszuaunstunIswag (Tempering) @ 9iasldiiainda 3 Falusduwly ildlusening
nsrvINMTeULTIAnmuadLdueganfioTsulsuiusr uUsULT LU AL
uona il uuns 1398 uazane (2542) Feldldduuziiuuimianisfiuyszansain
msouwisuanifinosaziudnn Tasdhaudenddiarudusingt 17%w.b. laimsldfugumad
p1MFoULgeunn osanazyilidndeniisumniiauazinanudugsmulude
Fauugt lifinssind 1 4 89 5 $2lus i oanauLAui inng ung Svosudndn
wazflsvzinanliaruduanaeluudaind eudiui faudad nsveuuiduseudaly
seuidedoaguitaauluidvadninavesgumadennawazgumgiveauda 41
fomnzaulunssuiumssuuis Feiduldfauuigruivdvinavesiuusinansonisiia
aussougnsiuisdiemaianmean Yudymiidulssdundsivraulaunnisdne
warfigaiderfinateeluluivednusatui

2.4.2. Svdwavesnisiisusiniasuuianduanlderdanisléndsnuluseuy
AU
Fute aneWus, nsegnt viugama waz s1lndnd Fygma (2555) Anwuay

<
=

Usziluanssouziedesauuisindenuuulvananindn u lssddniwsasy Wedudoya
Tumsifiulszansamnisldndanureadesouuis nansAnyimuin uvamanausou
Tuszuusuuwisldndanugsds 93.89% vomdsnuimunfindaunszuy ndsnusuild
Tuniseulsie WinAv 7,678.08 MJ/h wag ANUAUUE DINE 1 UT LN Y WY 6.13
MI/Kgyater THUNUNITOUURS LAY 0.64 Bath/kgyuer L oM AN TUNERAIUANT I WS 9970
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Tusruvauuis szt ssuveuuisdinislindsonulunismdnoiniafougendn 90% dagadl
Huiuusvdnimslienudidguagiamuiuumenisuivdssssuuitoandunulussuy
ULV sioun aus mawiles, fign ouaqe uay a3un lvaiiuyu (2562) Ideenuuugunsal
waniUAsurufeudwiuianudoufisndualdlmiznadilussuuduennimouuieslsed
wasnildnanlinouning gunsaluaniudeunnudouiiairsduannsosevdadomas
unauld 12.88% Wleiisuiunisevuradrndonuuuidn dreliusendandsauasle
1,837,080 MJ/year anduaildanefiuseusnals 145,800 Bath/year (AafinsEevuna
Alansuaz 8 um) lnelyarUagiugns (NPV) winiiu 237,260.87 UM UagdnsWanauLNy
Ay (IRR) Wity 17.32% Tszeziiailunishumnu 6 U

ygyn3n Aan, 9AaNs Anfuda, N3 P3euSIA LA TRy P3eIusSA
(2565) Anwnnsldndsaulugvuuulafivesszuurhanudeulidueinimeunis led
nsnyudsusrnmanduanldlniludadiudiuansrsfudaug 0 8 70% Annsudneinie
gamgdl 80 °C Asaunasii 6 m/s nanismaaesnudn nsldenianyuiisudnald
nsldndanuvesunassinoiniasouanasageiniadinsauannsalunissuainu
nTanldd nsmyuiousiniad 70% atursnannisldndsauleseun 8.57%
dawssuidisuiussuuiilifnnadeueinea 35dduuimmidsunafiudssansam
msliwdsrmilunssuaumsouuidliaeduld

Darvishi, Azadbakht, and Noralahi (2018) laUs¢iTunaveInIsins ey
AI9ELAZNISUYWLIBUDBINIARDNITILATIANGIY (Energetic analysis) ke WNIYOTE
(Exergy) ﬁuaqmsﬁwLLﬁﬂLﬁﬂﬁ"uéhEJWQSIMLwﬂuamazmsamﬁqﬁLLmﬂﬁmﬁu NansAnwi
Uadogretaauimsldndsnuanasiaemsindsuiogiuaznisyuisueinia Tnenns
aeduidniwesd (Exergy loss) anasegrsunid ethernimdsnduunldlml deun Afzali,
Darvishi, and Behroozi-Khazaei (2019) a%’wuuuaﬁaamauﬁ'm NAIIUYDILD NLYDS
(Exergetic performance) 70413 edaunistuindasanfousiufudunsnsauvuaisniy
Fudes Ineld35i ufaneuauns (Response surface methodology) USUUTINTEUIUNTT
Yadanmsusulimunzan Toud Wesidudinsnyuiiausinia gaumgdonn e wasndwiu
Sursusn luvaridudsnouauss (Fauvsam) Téud narildeuwis nauveadnivesd
wagn15UTuUTedngaIn MuATedssnunansiessiniadn dauandiifuinng
Tunseuuisanandefiunsvauieuvesomeadu 50% mnduiaiudumuesifud
mevyudsuemiafifiatu uenand nsiiudedidudnimyuisuresainia gumgd
91N1ADULNY haznaaudunsnsn §aaeusulssusza@nsnmvendngasddneioe
Afmngaufignainnsuiumsimesveanszuaunisfeisiiuianevauss fo gungd
Y938 90 °C, WasLBUNTILIA 839.13 W, meviuideuennea 90% fiaisian 1 m/s
wana Nt NMsnTareuAIgnendmaansduandlififufsanumanganszainani
mamsailifiuainisnaasssaduegiuin

Tohidi, Sadeghi, and Torki-Harchegani (2017) @ n®1n15t9 Wa991ULAE
AN 12 181AT D90ULIKILUY Fixed deep bed luan1agernimauusiesng 4 e
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gaumgfienniAnsii 40 50 60 70 uaz 80 C Ara§i0InIAAsTl 0.5 0.8 uag 1.1 m/s Ay
FuinserniAnsii 40 50 60 uag 70% A uEdy FauUsvsawldsunisnsaaeudae
n1snAaeILuuduanysal (Completely randomized design, CRD) ¥n15auksied1atUden
mﬂmm%u 20.4%w.b. a3NTUils 14%w.b. wan1madeunyd JasAvsnmnislindeny
geiudoguupionirgeiuiaranaadionuiioinauaarududuivsemaiingady
Tusarfinisunninvsnsdagaduiiolfgamgfionimguuasanuiiioiniegs msunnin
anshasilenniafinrududuimsgetu Favuwnltuvesdvinailuyndoulunimagey
MMM T8 Mrunuansliiiudswuanislunisusulse
nszuauMIsUListdendaematanmeanainisuyuisunmasuuienduanlden
Feilwunliulunsannisldndsnulussuuguennadedalédndusuusndndfanin 90%
v24n15USlnAndsulussuvauuie wazdaiiinisnyuisueiniandvanlgdanulpg
sgarunsnaandsuluszuuiausould wiegslsinu draudenduiandanin
figoulmirenogunniuasarudulusiniefiudsuutasogmasaiaan dsdawalaenss
§OAMATNYBIHANE R M1NT1891UB Tohidi et al. (2017) AlFU s Fedniwainanil
g uaranauidediniua nsyuisueniadeunduunldsiamannidunis
myudsuemaludndiuasd dufu mnedszandldszuvauguunldlunsfudadan
p1mAnualasddaieeudontsgamginasauiuduing (annizenmouuis)
fisstuluusiazinsnaivessouwisdniden Bnstonaszanusavhlisednsam
nsldndanuuasauninudnfusigeluld doaunfgiuidsianusiduazdosmsasy
warAnwisaunzadlunsUssandldndnnstseluluinednusi

2.5 ununvaslgynUssAugiuszuua UL IENINEATIAZENS

Sun, Zhang, and Mujumdar (2019) Iéfﬁuwwmmﬂ%ﬁﬂﬂlﬁmﬁ’uﬁﬁmaﬁﬁ@mm
nsanszUUNsauLssemaluladYaanUseiug (Artifidal intelligence, Al) Sefinng
T nuegraunsnanglunmsuitymnsadaaansil Judadunisnsiadusueuu n1seu
Poya NM5UTUUAY 11391889 N1TINGY NMSITEeEIRUTeYa N1STIANGY NTAIUAN LAz
nsandyrusuniulumalulagnisounnaeImisrig o meaua1unsalunIsiseusies
AMUA1N13aluNITUSUAT N1sEaNsTUTeNANAN UATNUNIUABAITASI9TULUUYDITEU
wainliiBaduiidanududeuldogrsfiuszansam tnsdyyuseAusildsuanudey
luruouuinandainuns lauwn lasevielssamiiioy AsINA1EATAULATE LAYIEUY
Aidevngy 1Dudu

2.5.1. lasednguszamniiey

lasangusyamniien (Artificial neural networks, ANN) PRl UUT1ABIEMSTY

Uszananadeyadensduanuuuidenles (Connectionist) iinduannussiamalafiazadng
i3 eafled silanuanunsaifoud (Leaming) 9991304 (Pattern recognition) uaza3ns
A3l (Knowledge extraction) Wulfiendusuanansafiflegluaiowoywd
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U 7l 2.6 wadUszanmiivudians

nsUsvananaintulumheUsznanagessuaunnfiieusedeiu Sonin
Tiun (Node) Fa1dun1sdnassdnumegnisvianuuninead 7ilddsduaia (Signal) sewing
Tnunfideusiafiafu (Connection) meluagililsdtunsedu (Activation function, ) vihwthil
Avusdyyudeentaiisuntsinuluwadaussvasuywd éﬁ’ﬂg‘uﬁ 2.6 nMsAuIun1ely
L%aéﬂizmmﬁsmﬁamL%'mmﬂmiﬁﬁayjal,%’ﬂ (P) Qmﬁ’ummﬂﬁmﬁﬂ (W) Lauansuiu
nagnuaslusa (Bias, b) Ausuusiuveslusa Tne@iduusduans (Net input, n) dudallé
MNAUNITT 2,13 LavAaulsnuvoagad Usyaimuiion (Neural output, a) AuIadla
RNANNTA 2.14

n = 2WP)+b (2.13)

a = f(XWP+0b) (2.14)

n1913 eusolwas Uszamiiisuuyseenidungue ey L%‘EJﬂ’J"] Tu (Layer)

L ¥

Usenaunie SUu3U‘ZJ@3$aL“EJW (Input layer) Fuweuurs (Hidden layer) Wag %uawamaaaﬂ

(Output layer) 1/1auéuuaqﬂugﬂLLUUUsvmwuaﬂﬂswwﬂﬁvmmwmmnLmﬂmaﬂu AnlyA
waseine (2559) M uunUssanvedasieUsvamiisumusautuvedasae
lassneUsyamiiieuwuutuiies (Single layer) Fadulassinedssamifieuniinnssudeya
Whuazdadeyaruduienlosludigndadeyasandsguin 2.7 uaglassieUszamiiieuiuy
& . I 1 d A = 4 4 4 1 &
naretu (Multi-layer) Lulaser1sUszamiiisun 11As9a5199090 UL ULNIA LS 1 Fu
W nanlassassuuey eliaensuiulymniianududoudslassiielssamiio

wuutuAed llanunsaunla feguit 2.8
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—_—
— >
voyalewdn )
—_— Toyadoen
—_—
—_—
Fuiutoyateud Fudsioyanen
(Input layer) (Output layer)

JUN 2.7 Taseteusganniiganuutuiien

° ™ -
doyaldoun )
_— NG/ Y8 Tayadiean
° ° —
duFutoyataudn FULDULE UPGEUEHELRN
(Input layer) (Hidden layer) (Output layer)

JUN 2.8 Iasetnguszanmiieuiuunaiedu

lassngUsgamiiisuanunsaseuilnedivielififdnaounls fnlva wasaing
(2559) leSutenisiiens 3 suuuu louA 1. MaSeuswuuinisasuy (Supervised leamning)
HunsBeunuuinsanamnouiiielilassieiiansuiuia 2. msFounvuldfinisaou
(Unsupervised learning) tunisiseunuuliififuugin lifinsnsiadneu lnelasaieasdn
Tnssadrsdioiitosnindnvuzroatoyad lasu waz 3. msiSsuguuugnvady
(Reinforcement learning) iunsiFeuiiindreaziingiinaesriiiunsvineey usidmneg
Llagnihuuanslulaseing nanisiwindsesninlusduuugnuiedn lasstngdades
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Tuselominndayas 4 wethluufutssnmehaulididu susanisduimrignaeda
(Reward) WiefuinAAnfazldSuunadng (Penalty) Fainanonisifia/and s
vaansUeudeya
2.52. ATINANEATAGULATD
AsInAEnTAquLAse 130 Wedaodn (Fuzzy logic) liuiai safledae
lunisdadulenitgldaulaudueuvesdeya iunisldmaunawuulssuiundeiu
mMsdsuLuuisanudnuazdndulef dudouresuyud M3dn Usevuaissal, 2561)
flassadrefiugiudiddy 4 dau ldun daunisviifedfiedy (Fuzzification) 1uaug
(Knowledge base) N158UN1UNT8N15A AU (Fuzzy inference) kagn1sa W o8 A LAt
(Defuzzification) ﬁQLLﬁmSLuEUﬁ 2.9

Crisp input

J

Defuzzification

A
|

.y A I |
Fuzzification < — _: Knowledge base :
| |
| |
\ : Database :
Fuzzy Inference |&— —I :
| |

|
| Rule base :
- | |
| |
= |

L

J

Crisp output

JUN 2.9 Taseasenugnuueansaysnuluuilediaein

JunaulunIseuEumeTldaaInsuduINNTYIedTndy (Fuzzification)
A nsudasArvesdoyatndnduAiledund Inssudeyadunmnuuunsiuvsowavity
(Crisp input) AflATu 0 waz 1 ududaslinduile@dnniirogsening 0 81 1 Tunauil 2

= = <, o 1 N o v = = ' ad o &£
n1soyuunIenIsiny Lun1siAfedundrluanunTeoyu U uN HTNA T 1
P o & & ' A Aaa Py ~ 9 9

wazlonaansiluanileddiean lnongiledideuld A ngileduuy 61 - wad (Fuzzy IF -
THEN rule) o1fandnn1svanngiavia wasludunauanying Ao n15vANedAAdy
(Defuzzification) Tidur1uUnd (Crisp output) lnenisirArleddsesnuinlaududiund
Hanunsadluldaulaate Jellegviateds wu dedearcimidn I8n1smandudeis
Dudiu (ws3n Usznuanssa, 2561)
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2.5.3. nuiteiinedastunmsuszendlitiymissAuslunszusunmsauuis

Iua";uﬁyl,ﬂumsaqﬂmizﬁwﬁ’ggmﬂwmmﬂ%‘ﬁﬁﬁsum Sun, Zhang, and
Mujumdar (2019) %ma’nﬁqmaﬂwqﬂm‘%’ﬂmmwizﬁwﬁ (Al) AUNTZUIUNITOULIAIDINANT
Tuusazudyudadaluil

Sun et al. (2019) nanafawAlulagnsdeuLUUNITININUSEAYS (Artificial
biomimetic technology) L13Sn3suraaialagedunsildsullaswesnay savia
warsUdnwal Useneuddsayndiannsednd (Electronic nose) seUUATITTUTAYA
(Electronic tongue) wagn1suszulananin (Computer vision) Fudunisasvaeuuuuly
a8 (Non-destructive technique) anansausziianalauuuisealnyd Yssdniaings
wealuladdfdaldsunisiansanund udmiunsssgniidund eaflefildlunisadng
wuudaswneineimansidudeu danudunaiawuvlidudadugueglidmainay
Audgynmadmnssulunisuusguonms W 115aulie N13ARLENLUUKERDS N15TAAY
wayn1sUszliuAunMUeINaRS e ms s

andidnnseind (Electronic nose, E-nose) U9ATHToN1 AN
(Artificial nose) 1 uszuuidnnsedndfinemdsuuvulassaitevesayniininuay
IF$unmsamnionsiadusazuenueznauiidudeulagldyadumesuazimaianisandd
JULUU Usznaudie 3 dauusznauvan fie szuudsle (Vapor delivery system) gwiuiges
%5799V (Array sensor) LL@%%W@U’?%%M”}EULLUU (Pattern recognition algorithm) ¥
Fuwesuszneuiedueeiilinwizianzasdddasiall Yanuazesdusznounainviane
¥iln psdUsznouNsaretnsyIaqaaL TRTuAN1sTurosaslindudals Wuiifiyaiduises
dudatuluanafiszveld nduazgnairaduanduesd sUuvuannauiiisngnldiie
asugudeyaunaringy ‘U‘Uﬂ’]iﬁ]ﬂﬂﬁ‘dLLUULW@IV&’]@JWS@WLLumLa”i”Uﬂauwlﬁ,ﬁﬁ]ﬂlﬂ Wang
et al. (2018) AnwINAVBINTATHLAIDE 1A ETANTIWIUAALARN A DUDULITIA1835d
Susisnad unansuuatsUsgnoussme Tasaynieusldfuauld wuin ayniites
ANMTOLNUEYATLUANGAITEUINIUATEN LB UL IlaUuUsseuluanslidauuay
AULUUE1YDY E-nose vV Barie et al. (2006) laonuuu E-nose wuuluilagaide
@7fLiEfLGZ?UL‘(J’eJ{ﬂﬁIULﬁENUuﬁyuﬁ’J“UUW]L’Sﬂﬂ%Uﬂ'ﬁUﬂi“U’JUﬂ"li Solid phase micro
extraction process Y18UTUUTINTIATIHVA WA IRAaEANTUNITNAADUANN 9 Imama
LU miLLEJﬂﬂ’J’mLLGmG]’NiJmN‘WL!ﬁLL@UL‘lJa dulzsngnuazdulzanlian usiu uananil
Sun et al. (2019) §slsfananiiuda Jagdumsiseidsrdunisuszgndldaynifiousuiu
MTAATIERAMEIRsINEAqULIATe warsTUURilnIgiives drumnniuluiinisnsieasy
uazifisUszavsnmnszuaunsiliukaas msuausaludidundn

n15UsrasananIn (Computer vision) 18 uni sluimadausn 9 7149
TunszurumseuwiiosiiessyauandAvsnenmeandndusituuiFoall saufs
PR WATFUINS paonIufLlTisuenaunnuasiifinduedesmiludunsnnoaoy
AN N5 MUNUTELAY Lz sUsslunalunsuUssunandasiomsduauiin lugue
fdumalulad saasozsidanilfildnniion (Artificial eye) Tofvasn1suszanananIn gy
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muTaLE midetie warhivharedmiunsnnaaevedsioiilos msusziununw
warldfunismuaulunszuaunisouusts meluladilgnldlag Nadian et al. (2016) d iy
AnmunmsvafuazmaBsuulasdvesmaiiruiuiuuudealnifessuuussnananm
(Computer vision system, CVS) LazlduoI s n1TLUUNANNAITUAUNITOULAIA 18815 DU
Tudunouusn wagn1seuuisde$sdsunsnn sadvanfounvulauialudunoudiaes
Fadunsuszivszuond anmaaunaszuninaarlunisevuisuaz A naan s el
wuvdaeslasaigUszamidion (ANN) iflalwesdunnusznouseiad 3 wad 2 lalwes
fideunt (18 iwaduszam) uay 5 waddmiuiawesiowing gninnldiflewamuuuuiiass
flannsonsadou muay uarmansansfiveimaveduazanuiuredutumaneld
an1ENTULITIuANA 19U Tun15@n®I89 Mohammad (2017) linaunaumalulad
ANN 11 fUsEUUAIUANS 123 859993 UUTIATIERANLUUARLLATE Ll BATUANAILUS
N15719UTUTEMT 19N TEUIUNITOURA IR I80INAT U T LA UBUNT IR Taeld CVS
TumsAamumsdsuduamsvedvesiiwkuuisuuuiFealsl Yeyanimgniiouidng ANN
dieviunedmanauauiy wazUoudndnsauanudsneiiugnssu (Genetic algorithm, GA)
WieUsuszuumuRuLUUTldaodnlfngauign

wialulad Al lagianizimalin ANN gnidnunldegnaunsvanslunisuitym
msUszanaAilsidunuulsiiBadu n1snsaadusuiuy msimnudeya maiausEaniam
N1391889 MM5313dY NSAANIL N1IAIVAN N1TITLIARUTRLA NITIANFHN LALNITAN
fyaausunlumeluladnisounste Wy mameu$eusuunauuuna (Batch convective
thin layer drying) n1sviuvshuungdalagiun (Fluidized bed drying) N15vIusi e 18
5e0aluda (Osmotic dehydration) ums115a (Infrared) lalasian (Microwave) wagdu 9
Sun et al. (2019) tiauensnumuAgaiunsUszgndld Al lunisadrasuvudiassdiniy
vueuazmafinlssansaimvesmsiiomanuioutaziia uedulsuszaniam
ynagauwamans uasfulsisdnmuam sudseuauiBniaadmenimuessdefusiouus
Tuead 2012 4 2017 7 ULIRIR15197 2.3 98LiuT ANN a1ansaadisuuudians
wagviueaiulsanlies1miugnilessuiisuiuiuudiassmsgumanians
LUUBTIIALAYANLTINTLD MU TIAed AT e Usraiiend I Urosan dauAdeln 4
I¢oamannuany fedelfiuisudsiindnuudideuning swideiiaulafiesussgndld
wuudasdlassiielszamiiionlunmsiaudanvuanisii ed nwianuduiussening
FuUsdasediiA sadeaduszuveuuisd i enuuunmgaudududsiazldesune
feasTnuzYRITTUVB U AL ANy AN SEnUYefuU s B Tasioly



M15999 2.3 N15UsEEndls Al TunsguIunNITo U

AN HAAAMY | TngUIvasA AauUsAuY AauUsAY wWuUINade ANN HAN13ANYN
Momenzadeh | T | szeziim QUVHNABULIAY, | S2¥lIAN@UWAY | A BP-ANN with Toinansviunedusiug
et al.in 2012 QU7 mm%uiﬁ"u%m the logsig (Log N1 98%

RTFUREASHY sigmoid) transfer
function
Mahjoorian et | i3 Wugnsd@ | 1Ian way gumngll Sas1dIunLTy | Two-hidden layer, | Usgldiu MR waiugn
al. in 2017 AMAL (MR) | 911U (MR) BP-ANN with A1 98%
logsig activation
function
Husna and U Ussidiwdssna | w19, gaungdl, au | Ussiliud3une A BP-ANN with 10 ﬁmwmmsﬁum‘%auaé’m
Purgon in mm%u U, LIANDULI mm%u neurons in 1 wiiue (R® = 0.9847)
2016 hidden layer
Barroca et al. | wAsen UseLiunNavad QAUVTOUAY, AL AN, L8N, iajﬁéﬁ’mﬂaﬁ iy | NSUIURRBUYILIAY
in 2017 N5UNURSINEN | LUNTUTOINTA 1Ushu, taule, fnansenunoeIAUsEnau
MEAMAMYUBY | Ascorbic kawkian, Yhmanavan NNLAYUINITUDILATON
LATENDUWIAY AMUIUVUVD 13'1(;1'1&117‘1'51%&, Wi lldananamd nsuiun
Sodium ananande, A1NUA8EN5LAL
metabisulphite Wag | AULANANNVRIE fnansynutiosiign
Waue sefulsfiane

AN, auniiagian
YDIUN

G¢



157991 2.3 M13Uszendld Al lunszuiunisoulina (sie)

usis wanfuel | TmgUuszaed AauUsiu fauUsnny Huud1893 ANN HANTSANEN
Murthy and g | Anweuarans gaunQiiane, US1naumnuay One-hidden-layer | wuusdnass ANN @115
Manohar in NTOULIAS ANHLSIDIAA, 1380 BP-trained MLP DS ULAUAANENTNITOULIS
2014 UL ANN model leogranunyay
(R* = 0.998)
Nadian et al. | weuilla | S1a0s8nsnaay gaunnione, AETNG, AL | Two-hidden-layer | viuneRuaudfatay
2015 Tm%uuawhﬁ AALEIAL, AU | LAY, ANUUERS, | BP-trained MLP Snsnduanuduly
AASUIN CVS | AI9819, NANBULIAS | ANLANA19TR9E | ANN DU
wuuisealngd 1RE57U LAy
SnsdunTy
Bahmani et al. | ugi¥o Wloasu1ens Rl ERG ez LEANGR! Wasidudnis One-hidden-layer | ANN @ns15au3ud§ens
in 2016 RelaFteR qmﬁmixgmm ansazangooaluin, qzyﬁaﬁmag BP-trained MLP | vhunenasauusnllaity
youdeTifiuTy gaunQil, 1181, A Yoaudsifiudy | ANN model dlofeuiuluusiasamia
Togld ANN way | Wuduvesaisavany AMIAATANSUUUTITUA
wuuTaemne | eedludn
ANIAANEARNS

ngne 31N “Recent developments of artificial intelligence in drying of fresh food: A review,” e Sun, Zhang, and Mujumdar, 2019,

Critical reviews in food science and nutrition, 59, 2258-2275.

9¢
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2.6  mMswAIIRANlo

nslinegtiela (Sensitivity analysis) Wuin3asiieddnlunisnsaaeunginssy
vowmadWSafauUsBaseing q Jamil et al. (2021) Fuugdn msdiangdinnalaninssy
SvsnavesiiuUsdassurazifidemanasuUsnud auleldegadvoddny uaziiuen
fensusutgsnmseenuuudmiunfideluewianld unaaludiuiiduniseSunevdnnis
3meﬁmm1mwmm§m (Normalized sensitivity analysis methodology) s?fqgmaua
Tne Jamil et al. (2021) Tuunveewiisde Heat Exchangers il ol 81udladandnang
flugruvosnsiieszinnuhdaduiiaeldidemdvedusunsudnioguiiewided
Talunsfinen

msiszsiaablagldunagda (Partial derivative based) Wuwilsluasnidedeld
warldfuagnaunivians lukuamnall dudsdassviedaudsiu (X) agsauA1sey (Nominal
value, x) wazaulunuuay (U,) goaaulsiiy 9 auaun1si 2.15 Aulyudueuly
ausIauzvesimILUseNu (Y) ilesainauliutueuvesdulsdase (X) uanddaaunisg
7 2.16 n3ddeTevanedus Arauliutueusinvesilsidunateduysamnsaidey
Isaunnsfl 2.17

= x*tuU, (2.15)
dy
u, = —u, (2.16)
dX
a 2 1/2
(. Oy
u, = Z a_XUXj (2.17)

#uUsv090YHuSgoy (Partial derivative parameter) luasunisii 2.17 nuneds
Arduszansanula (Sensitivity coefficient, SC) vassaudsnuiidon LﬁlaLLUaQLﬂUEULLUU
1955 1ULED FendnAduUsEAns aaalaund (Normalized sensitivity coefficient, NSC)
Tnsmuguenaliutueuludiuysauuasfuusdufessyiiaonadesiu Adulszans
mmhﬂﬂmﬁmsm%auLﬁauﬁaLLUsﬁuﬁwmﬁﬁmmmLLmﬂGiNﬁ'uasJ’mﬁﬁsJﬁﬁzg WA1584190
nansenuiidrfdefauusauiidesns Weudumnuduiusnsadamansldfeaunis
i 2.18 W efmualianuliuiueun1nsgIu (Normalized uncertainty, NU) L ulunny
aunsf 2,19 fauaulinuuansginresiaulsniu (Normalized sensitivity, Us/y)
Analaelagldauns 2.20
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Oy x,,
NSC = Z . 3 (2.18)
S\OX y
2
N = | 2 (2.19)
XXJ
) 2 1/2
U “( Oy x,, U.
—~ = Z — 2|2 (2.20)
3% =1 OX y Xy

drusiudusing (Relative contribution, RC) tlusuusérdglunsimsgianula
wuvaasgrukazldlunisssydwsidaaduayuanuliviusuilaaay lnani1ssa
Adudsyansau it uanuliuiuoufinuaseuaunisn 2.21

oY
8)(/_
RC = ———— (2.21)
U 2
Y
Tnen X Ao MnUsAu M3e AkUTDasTy
X Aa ANTEUYRIALUT
Uy Ao AnulivuuauYILUsDEsY
\% Ao FakUsay
A ATEYTDIFIUTAY
Uy Ao AnulinduauYewILUIANY
nj A8 WIUNUAY L, 2, ..., N

Eﬁgumumﬁmeﬁmml’sqummgmuameﬁ’qgﬂﬁ 2.10 13191NN5EBNEIUYS
Saszuavdudsmudniuiansan @uneuit 1) ndeanduiudenauliulueunse
msremuszuy el fe 1% vesdrsey Gumeudt 2) Tutuseud 3 Hunsldeyiustes
dusuiguiuusauLsiaziAuiuUIBaTEeng 9 Fupeud 4 vnmsenamdudseans

a
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aahalngldaunisd 2.16 anduismmaramnuldudueunuwazanulunnsgiuves
fautsmalagldannis 2.17 uay 220 Tudumeud 5 uar 6 audidy ludunougadine
FeinammanudAyiazaulaanureianUsdasz Tuudves NSC was RC Tngldaunis
71 2.18 way 2.21 snuddiu

Selection of parameters
Output performance parametas )

U7 2.10 uunmnsieszsiaanal
nU18LAG 910 “Exergoeconomic and normalized sensitivity analysis of plate heat
exchangers: A theoretical framework with application,” Tae Jamil et al,,
2021, Heat Exchangers.
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nsAnwBnEnavesiwlmen1siaTginulilsinglusesuves Khoshroo,
Fmrouznejad, Ghaffarizadeh, Kasraei, and Omid (2018) ﬁlﬁﬁﬂmﬂﬁ]%ﬁﬁawgwaq&?ﬁ@ia
nanAnodu Tnowauiuuuiaeddasmevsramidonduioviunenandnequd e
mslindsruguuusing 9 vianntuidesginnulriusuuaedaseisyssamdon
fidefield (HrumsnyvaeunNugnAesd) namsAnwmud wesesinsidulledenisvina
aviiandenandn Toyaiiiusslmidonisuimadanisnssuiunisudasiely uenani Adeyi
et al. (2022) lafnwINaeeufiog 1z uN TN A UL DIAUAIANSNITOULITDY
nafisnAa (Miracle berry fruit, MBF) s1uidedldssuueymuiisduuuusuald (Adaptive
neuro fuzzy inference system, ANFIS) d1m5uasauuuinassuazuseiiunnulivesdads
TumseuLifiTinasenisUasuLasAsnIIdLANNTY (Moisture ratio, MR) Nan15@An"
wuin sruveysnuileduuudfumaldaunsaviiuneadandiunnutiulfogiauiug uas
mamﬂﬂ’]ﬁl,m’wﬁﬂ'g'mlw'qgﬁyd'} natlunisevwiadudadedrAygeansanisanas
v0s8nTAmANTULD WA A el mumwmumumﬂ%ﬂmmﬂsvmwﬁmwma 1
weSutgmLdus T eI udefuUIL Fauuudassiifimuiideegundniy
iﬂi‘Uﬂ’li’JLﬂi’]u‘wﬁ’ﬂlﬂi}LWEJR]@ﬁ’W]UWJ’]iJﬂ’lmUﬂJENG]’JLL“LJiEJa%'wVlﬁﬂwaﬂiuVlUﬁlaGl’JLL‘UiGl’]ﬂJ
padtldud avwnsadilldnasunisdanislunssuiunimdaldog1anssuseidu
F3nssenandsdmutauladiazinunvszg ndldiud yniluszuveuuietindden
LU A T

2.7 iz‘uumuqaﬂunizuqumiauLtﬁa

mATeAnTonfsUMsouLTLLdafivuare s Hinuaniduns@nwiAety
MseRRNTLLAE AL MBIKARS MTMAINToULIFBIAT DsR LTI ULH 9 Taeiily
fnagfinisimunid oulunisvaasad ofnwrdsaniimungaui galunisdidusuves
\PSesouuay 9 usegnslsfinna TumsUAcR JeulviivhnisAnuinasudsidasuniuna
v3ohildfialinsiiauely iy annduisuduresian gaunionmeanndeuiiingszuy
aud uidsuuladluusazsaurasnisouus maenaun1siUA sunUasnaauifcng q
fiAsadostuomsninmsiiliaansomuauannizeis 4 IWanduld dufussuuaivaa
Fadhundunuimdfydeanniedidanufuniulunsruiuniseuuiuagnssuiunisuaa
wnntulutagiu

a3t muRsty way Ussn yaeniivna (2560) lanumulamlunssuiuniseuwis
Usznouludae 1. msnuguautugaiisliduluaudidenis 2. nmsanaanudenis
NFIUVDNLAT 09OULIS uay 3. MIvalrsszuulunsdifiaud uvestagluasiaue
uenaniinidedenan Seldnmaenanslutel wa. 2548 1 2555 wudn fn1sAauay
N3EUIUNNTYDNAT D3BUURIRY 4 JULUL TduA n1saruauuuudoundy nMsAIuANLUY
Jouluthamih (Ravnaseliluite 2.7.1 fit 2.7.2) NM13AIVANKULATINGAANTARNLATO
wazn1seuRuuuUlaseeUszamiiion @nanfudlude 25.1 s 2.5.2)
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2.7.1. szuualuauuuutaundu
szuumuANLUUTaundy (Feedback control system) niefifisniFoniiuii
52UUAIUANINUA (Closed-loop control) Wunismuauszuunaiflinansvaweaduluniy
Afifmun (Setpoint) B3UnesBuHUWUERN (Block diagram) a8nadeagu 2.1

Setpoint Error Input Output
—-—b@—-—b Controller »  System [—T1 >
I Sensor output Sensor

JUN 2.11 uwunwszuuatuanwuutdaundu

Proportional term (P)

v

k,e(?)

Integral term (1)

t . . : (t)
r(t) @ e® > k,.je(ydt w System 4 —

Derivative term (D)
> k de(t) Ud(t)
dr

JUT 2.12 urunmudendmsunisauauuuuiiled

93U 211 1 udnuvaugnisvieuvesszuuamuqusunduLUUaY
(Negative feedback) Insiindnnisvineiuiiugiu Ao daaauau (Controller) agA1uIaueAn
FaynraimauRu (Control signal 38 System input ¥3® Input, u(t) i evaLveuAszUUlY
sUnuudgaraudeudng sruy doszuuudygadeudala q (nput, u®) 9e4AnnIs
ARUAUDITUIULAAYTOUVBINNTYNY (Output, y(t)) mamauauaq‘ﬁ%Lﬁuﬁumiﬁ@:ﬂﬁﬁ’amu
Tanuaulafiazaualfidulunutmanedideld Setpoint, it) nsmuauuuuon
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ﬁi"]Lﬁuazﬁaq:ﬁqﬂﬂiiﬁ@iaﬁué’m@ﬂmmauauaﬂma'wﬁgu (Senson) iieluiSeulfisusuen
91984 (Setpoint, r(t)) %amimwuLLuuaU%ﬁﬁayjamﬂLs'fiuwa% (Sensor output) luvinau
FuA1819849 Wil orwAIRANaIR (Error, e(t) 91nNTEUIUNIT (System w30 Plant 3o
Process) uarAfianaIniazgnifoudgiimunui ofumadyyusawedely uii
é’hmuqmu,azwlﬂﬁﬂmimuqugmwﬂmiQﬂﬁmuwfuMWMﬂﬂuwaiuﬂaqﬁu WARIAIUAN
AlsFuanuievegaunsnaglugnamnssuuazgnnanishninii e fmusuuuiiled
LLaz(?hmmmeﬂ%%aa%ﬂ (W53@ Usenuglssa, 2561; sia w1a1ng, 2561) Flugqud
;iL‘?J'ﬂuﬁlzsuaﬂa'ﬂ’Jﬁﬂﬁ’m’mquLLUUﬁlaa (Proportional - Integral — Derivative controller,
PID controller) 1undn 1iesniduismsauauitldsunsldaulugaamnssunit 90%
vadlan (580 11a1ns, 2561) LLﬁ%@hﬂ’JUﬂmLL‘U‘U‘W%%&E]%ﬂﬁgLsﬁﬁJuléjﬂa'Tﬂ%LLéj’ﬂuﬁ’lsﬁa 252

FEUUMIUANLUUEREIU-UTHUS-auus wse szuumuauiled Jussuu
muAuuUUoundud dldfunsuszgndldluuduneng 9 vesnisaiuny nqussasduns
fhauauelind Ao MsanmAanaavioanALARIAIREuTBINIE LN IV osTian
NNsUSuAEIudoud1nIEUINNT (ANFAWEAILARIALAT DUTBINTEUIUNTT) 7
AIuANdlef Usenausdy 3 wad laun waddndau (Proportional term), watiu3wus
(Integral term) wag navieyitus (Derivative term) 13U 2.12 viieonailioudunnudinius
Tulawmnan (Time-domain) leidsannisi 2.22 Tuvislonaenanuiiunisldaudniua
Snwgiifiosilsdiaaszuuuy 1wy n1smuUANLUY P, Pl via PD Jusgfuauiminzas
TumsUszendldiuszuunainiunnsineiu

Uy = [ Ked] + k,__[emc/t 37

0 / D

de(t
20 (2.22)

1087 Upg Ao dyaneIuANINfInIuANtes
e(t) AD AU IaRaNAIAINNTTUIUAIT Y(t) BUAURYIM189 ()
ko ki, kg Ao msiivizesnsvened o wae # auddu
n A9 91UUTBUNSTINNU (N = 1)

Weoudndau (Proportional term) vuii1figaiseA1AINAANAIARIN
N1SABUANBIYDITEUY NMIAASATIVEY K, AasdfuAana1n et) s Al o dawali
feyyIuAIuUAY Uy ﬁﬂ'ﬂqaLﬁammﬁmwmmﬁuaﬁzwqq Tunenduiu dyaraaiuay (up)
sefiasdisAfianainainnszurunisiiisuiuaigisdadadios nanafe Artenan
Fudndnfatunasiu uasiiedemmneadullldidfiamauuazuon wendadiuduigae
dueumisnevausduannziiagifuetned
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WoNUIHUS (Integral term) YIUENAVALYEANRANAIAUDITLUU LaadiAT k
gnAMUINUNATINANEANAINNLIATLA 9 danaliseuudnIsvaeAILAa1LAT DUYBY

Y
(% '
=] ¢

Hunlangmlsening et) duat (O Tulawuaan mewUsiusdrdged1aunndesyuuinln
Usumwﬂua (Type 0 of open-loop transfer function) mmmmmmﬂmmﬂaauaaWLszm
(Offset error) Aeduainmanevaueseflsiduni maenan (Unit-step input) leann
fudstithedaaiunmsvameanuamandoufisroznaotufidumudlummgud (ndidss
AudaEunntun1uiin)

weseyus (Derivative term) WunagaAiAsi ky fusnsinsiasundas
ANANAIAIINNTEUIUNITIULA ALY INIAT (ANTUVRIAHANEIR) LWTsulaiounal
Aransaivanisainiefiansanfianinanouaussslulundagdaanan meneywus
PwzasdnsInsiUAsuLUawesdyyINYIeenvesTEuy FaelRszuuaIuAudigYn
ifosn1s anvunvadlonesyailinanmenuInusuaziliiadosnimveanissiufu
YOITHUUAMILANATY a819l5RnY YU1AvesAn ke HrastsINdoaNDYRUS MINTEUY
fdynusuniui nsznusedyyradanainainszuugauiulvenadwaliszuuiie
Anuliliadesta

2.7.2. szuuadvauuwuudauludiamiin

nsaruAuLUUY ouluT1eamdn (Feed-forward control) L un1sLiia
ANENNN5AVDINTAUANUNATUANIEATIN5TUNIY (Disturbance) M3Y9TUTBITEUY
mvAuwuudaulutminagiudygue1989 (Setpoint) deddfarun vouzfidayayol
sUNIU (Disturbance) g nd i 1naosdaulua1uni (Feed-forward) n3auuudnasy
AN vaLYee wazdoudrgyauTeuineudayy1ad (Comparator) nasaud Ly
Fyanumuaudsdoindudunmingssuuuaslnanauausdluvineian

Disturbance
—| Feed-forward

Setpoint

Input Output
Controller System f—

v

SUT 2.13 urummmsmuauiuudeuluthamih

9aUsTaIRvaIsnIsll Ao N1sAIUANAIETY wmmaaﬂiﬁﬂulﬂmmﬂmma

o

mald I(ﬂEJﬂ’]’ﬂ@NaﬂiuV]U‘ﬂ’mﬁiUiU’Wmiu‘U‘Uﬂ'J‘LlG]’N i ﬁf\] LNAINARDIZUUN N TR GN‘LJ‘L!

<
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Juduiidaauitssuumuguuuudeulddrmiiagiueg funuudiasmieadamanives
szuulumsiugnisneuaueeInszUIuNIsHon siuAsuLUaB uNRLa Ay ITUNIY
Fadlyannisaagun 2.13

2.7.3. uRenngrdesiun1saiuauluszuuauwig

S. Atthajariyakul, and T. Leephakpreeda (2006) o158 UUAIUANYLA
nIINEARULASEWUUUSURILA (Adaptive fuzzy logic control) dmSUMNUAGNTIENITBULIA
i & D = = a 4 a - ao &
Mmnzadluesesouuisiildenuuuiasesigdladiuaviinlnaving (3Uil 2.14) 91uidedl
aulanruauan1tzalunis laun gumngiionireuwis (T) wagdndiunyuisueinie
ndunle (R) Fegnusuliiianmunzauriunssngrauasefiatunsausungniseuuula
Al sadunisanalaudunusiuaudut1IfieaniannaIesey (M) wagnshd

[ Aa a a = < dl' Yo w a a

wasuniivsEansam (L Seuladudmievesnismvauielilamainninganan

Air outlet

T

T.E.w, R —

Paddy inflow

; M.F,T
i p’p
Drying section
Air inlet

Paddy T.Ew, & T, E.w, @ A —

outflow V)

Burner Fan l T.F,
M.E.1, Fuel oil damper on oo

tank

= X
=

U7 2.14 uuamieSsseuuisindenuuuiniesigdladiuaviinluauing
nugLng 10 “Fluidized bed paddy drying in optimal conditions via adaptive fuzzy
logic control,” 1ay S. Atthajariyakul, and T. Leephakpreeda, 2006, Journal
of food engineering, 75, 104-114.

(%

nsvhauvesszuumuanidnduagdesivunaisudunig 9 wWiludeszuy
U ANYWTHAUYY (M) dasinisdeudniilden (Fy) uazgaumgiivesdn (T,) wWiesnw
ANUTUgAYIEvRIT AN TN SEAUNAeIN1T (M) wasldndssuegadivsesdnsam (L)
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Fofu M uag L Fududediiddyidosndivssvuiauldnuaiiidonis suil 2.15
LARIAINTIUNTHNLYBITFUUAIUANLAS DIBURH s I8 TTNZARILAT DUUUUT U LK
Tudrun1susuliimunzay (Optimization module) dnsdaunnAl M wag L 31nASEUIUAIT
wazdoumniuludmigiuiaaminzaufiga (Optimizer) d9aziTouiiisurves M
way L idulumudaduesszuu ledmuann T uay R fmsnzauiigauesiulsniuay
At i FuannmireAuadmzauigaazgnieuludaiiauaurianssnsaquiaio
LﬁaLﬂuﬁﬁayjaé’wqﬁqﬁﬁaqmﬂunﬂ%gumawaamiﬁﬂmm (Updating time step)

Optimization module

Process
conditions

Optimal condition Optimizer

(Gradient-based method)

A

LK

Learning module

/— Learning rule <—€C/<+——

y 4
+ T
o | Fuzzy A Actuator | 7. R Fluidizedbed | A7.L -

logic [———» 5 > >
+ dryer
controller

1 Y+

Control module

SUT 2.15 UHUAMNSINNUTBSTEUUAIUANATINEARUIAT BLUUUT UGS
nu8Lne 910 “Fluidized bed paddy drying in optimal conditions via adaptive fuzzy
logic control,” lag S. Atthajariyakul, and T. Leephakpreeda, 2006, Journal
of food engineering, 75, 104-114.

ludiuaiuau (Control module) fmIUANTlnnITINEARNATLIYURYA
Y a Ay = = Y] a s & & = v a Y a
919897A8IN5 (T, Ry) WiguiiguiugumgienniAkazilasiiudn1sigwueINIANSULALS
31NNTEUIUNS (T, R) Teiianarafiinduasldlungniseuuusuuiledasiniielvigamai
91N1ABULINT3Y wazwosidudvesonimleunduidilndaigedaunnian (@enrdesiu
o o aa Y o a a Y] = o
mwdsainaula) wenaind dwdsludmmuaueiianssngaquinsegnuiulagngnisiseus
A1ul7 (Sensitivity leamning rule) LW aAT DR ANAINTENT1AILUTATUANAUAID 1989
INMUIATWIUANNNIZANT AR HaNIIAN T IR UAIAIINAINITOVOITEUVAIUAN
AIINEANENTARAULATBLUUUSUALLA FallusednSaingalunisiinunan1igniseunis
Trdenuuuiivalng Insanizarunisusuliinunzan (Optimization module) AL
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flunumdrdalunisiivunaaifulss1adang 9 Wewssuiiisunanisiauvesssuy
muaunanainiuanissiasmeadnmansiinsimuaaniizniseunisnad wui
szuumuatlunuissiiansadanistuissuniuressruunatn fnvissduaudugniine
wavanuniivestniUienlaegiusiug

Jin etal. (2022) An¥1N1520NUUULUUTIADILATIVI8UTEZAMIT 8
fumnzaudionuauaiesouidaiivldesnefivszansamuniy mnmamsfnyiludiuin
WUUA1889 Back Propagation Neural Network (BPNN) losunisamdenidunuudians
funzand galunisiuneaud udiuagsrezinansenosuained s uenE adi
MnAIIAUAN 9 (@anzenA 198n91nLA3 aaluuAazdIu, 81N ALINABY,
ArutuazgaugidnaFus) ) Igfiansaneumiganniuinmaseun g mig
afid (R% MAE, MSE) ndsa1nrivusluing BPNN flmnzauiigaudd szuumuaudiases
7il4 BPNN ﬁqgﬂﬂ’mmﬁﬁu Tae BPNN predictor @nsnsamanisainugudnildainnisusu
dnsmsudesndndinveaai sseunisilinismugunszuiunsiduldldegagndes
LUUTIaeINIsAtUANlasIttlsraniisula SunisTiaelagldinalulagnisdnaes
migAaNImeS LaglasunsuulsiimneganlaenisiUioufisunansiaseiiuna ves
MMAABY HaNTITenUITEUUMUALSaRSuLTle T unsUSUUsslaely BPNN Sideldiuieu
Tufumnuaiosiudunssuaznsdanadessuniuda wazerad@nenwi Admiu
nsAnwnsldanulueues

a3ty wmuivey (2563) I szuuauausAlud@dimiuing esouuis
wuuanilla §39851099091 “nseuuidiein eseuuisiildszuumunuuUUUTURs
wisiwoiaed audeulunimmeass uandliiiuinnsusudannndnedilivangan
fuanuaseuntsvyuredaninduararunieeinaloutrdmalifnnisiundes
ndsuiigedu Sniadildduarsoiununislindanlunissiiduniseuuiednds”
FeduinausiFnrsmunuiniessuui Usznausaes msUsudiuanutudiadeniionas
MIULIANTWALARTUNITOULNY Uagn1sAnueaInun1sAIUANIINTayanaaay Tudiu
wsn: sEuUUse mefmmuwaaiwulmumiwmuwumﬂmimﬂmammﬁuaammﬁ g5
GHIIBHER sruvasavssiunniudldegausiugilugag 21%wb. 81 15%wb,
dossufisunanisussiiutuiniomsniaaudunanisé wud danueaiaiedeu
Fuinsvesnnuiugaine Yssanm 4.3% luduiiaes: Iddnwinaveaiauysdiiunisg
(AuFiseulsnindiuazanuiienniavieenialesauue) senslindsuveanies
Tadaudsimand fauduius fugamgduagainud ueniafi eenainiad osa uuis
fatudaldadsaunisonnesdaduiieusununaseunsnyuvedsmindiuazanuiis
Euaqmmmnaaﬂaﬂﬂaé’mﬁuéﬁuqmmgﬁuazmmﬁué’mﬁwémmmwaaﬂmmﬁ%aauLLﬁa
vl il elanasufuilsdduimanglunsldndsnudosiian 11nn1s@nwinuin
sruumuRuiiiaTuannInUfunnsseumsnyulsminduasanuiie maouus
yeenldnimdinute SnitedianusaUszanauseduaud uaaiisvestinudon
Lﬁaiﬁﬁﬂﬁﬁaqwuﬁmﬁuiﬂmqmma@um%ﬁﬁ uanni MIANIUYBITTUUAIUANEIANNTE
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anAuA uUdeandsusunigadldde 33.2% e suiisufuszuuiidnisududs
miwosa

ns1e01u3Teluiate 2.5 way 2.7 Ak uukanwiudsunumd ey
veatlyaUszivguagsruumunuiidimanonssiilunuvens sseuwidlugaiagdu
filundvesnisUssndandaany msmuauAann wazdu o Widuldmudmnefidivue
Tngdanasesnnsoszuuiidunainilidudaudug sgraguszuveuwia vilvinisfaun
FamuannsavesnseuLisuunmEaitasiinnannsnunnssansaluiide 24
$udurzdesfinudninavesiiulsduiidmansenundnsesuusnusig o faulalussuy
AUWITIAI8LAS D90 UWT I MranTTlnIni1u (Batch type) muiade 2.6 LA Uszenald
nquijresizuumuailunImuaNAN LGy gdnnsuidmuiafudnsnaiianulnaisu
tfu q ndnnstieaduisnmsvieiifuultuiflunsdanmsndinureaeioouuiiuasadly
Fenmuamuassandald og1lsfnu Awndrisidursdesiiunssuiunmsigadauuigiu
pundnnsiseesnsiiunaginsinuseluluinednusatiuil

2.7.4. nmsuFuusdsinaruauinled

Juiinsuiudidmuauiledlssumnuisuuazgnmirluldlugnavnsy
nsudmvaslanagneninenng esmnszuuauausindannsouduusiauysaunuld
TngordunsdunananouaueeInTzUIUMs TIRHUATRunedpsdnsanusausuds
AuUsmuauiiledldedniieme TnegrdsnnUszaunisaliinuifiunginssunouaues
yeszuulunuUang 9 deananududeulus e9v0in153LAT12UUUTIABIVRITEUY
Snvidiatsandefisnainainmsoenuuusauailuisnidu 1 fsndufesdimnudiieaiu
o AIuAdlugEnanme

g3%y WSy (2563) BaUN8UUINITUTULAINAIUANDE1IEBE 2 WINTS
lawn 1. n1susuudeiimuaualgde (Manual tuning) Uag 2. NMSUTULAIAIEITAITVEY
Finos-1lpad (Ziegler—Nichols method) §401/8N153LAT 1L HNENBUAUBIVEINTZUIUNTT
Jundn eaziBuaddisaiunsiinmyinaneuausikaznIsUiuusisimuauLandld
Sahderaluil

2.7.4.1 WANBUAURIVRINTTUIUNTTIUIALUWLIAN
Tudniifunseduneranouaussmosszuy Tngendoganauauns

YesszUUsBdusuans (Ul 2.16) dwsuusznouniseSunenadnuazaig 9 Aaonay
143 insgsinaursusenisludiudnld ded §@nwranusnufuussiaaiuauliszuy
fnansvauondulunmuaudnwazag 9 LasiIMUAAIIUABINITVDINANDUAUDY
yoanszvIunInsiemiiosuneludiui

max final

%0S = X100 (2.23)

Yﬁna(
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Tl %0S e wWosiduinswuiu (Percent overshoot)
Yoax A0 HANBUAUBIAIUANGER
Yial A9 WARBUAUDIDNNDY Y130 NANDUAUBILUANIZAIF

5in w1a1ns (2561) Suunuansvausslulawunateandu 2 du
léuA wanouauesiang (Transient response) waznanauauadluan1IzAwi (Steady state
response) dmiunaneuaueddang unsiansaniedvessanouaueuenszuIunIg
feldsunansgnuandaisouinoudigauna duusiiaaudedlamand Teud taam
1 (Rise time, Tp) Fadurhananfinisnevaussirsausd 0.1 1 0.9 veaATvLNg (7"
vafsenafiansananautuninisnouauss (Slope) lutiaiudurnenszuiuns
Ifiguiu uagyasiangegn (Peak time, Tp) lunanfinansvausainigegn Tundyuves
mmﬂmmLﬂﬁauiuﬁaaﬁﬂﬂazﬁaﬂimﬁaEm'wLU@%L%uﬁmsw:dLﬁu (Percent overshoot, %0S)
Fadusnndinvesamaiugegaiouisuiuaiianiizasiinieandimaine (Yo.)
Auanldanannisi 223 dagauna (Settling time, To) W utduuy wunsening
wamauauaﬁmﬁuazwamauauaﬂuamwmﬁaéﬁ’ﬁsﬂﬁ 2.16 Iﬂaﬁﬂ'wmmdamavﬂuswmm
‘1/1svumsmauauawumvmawamauauawawwamammauammw 2% %38 5%
vosAfinna1nd i ueg fuaud asnsesTzUUAIUALTY 1 ndsantussuuasdng
PasanurasiafIsUTl 2.16 mamauauaﬂuamummLﬂumumﬂagmmfﬂw%wmmw
ATWEANNNS0DISEUUMUAY iaruYsadana HaneuausstesruUTIiAnTuatufiey
FUAI81989 (Athung) Sendn ARenanafiaa usass (Steady state error, Ex) 1ufien
Fenfun e(t) Mnonandadluiade 2.7.1

max

Yﬁnat \_-f;—_ S ——
O'Qquml \/

Uy

+ 2% or 5% Error

ar
o

HANDUHUDIVDIT

—[HanauauadTaITEuy

01y g8

final

. T, 181

(%
Y

gﬂ‘ﬁ 2.16 MInpUAUDIIDITTUURRd QI tutulaninhelulamuian
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wueillifiszieuisnsianed d@ulvgdoulasusunimdnsiveny

28199d5Y

= PN Ay a1 a
M990 2.4 NasU@Qﬂ'ﬁLWllﬂ']m'lLLUiWI@ﬂ@EJ'N@ai%
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kg 1nUD19BINANDUAUBDIAIANT N 2.0 FITUULHATDINITLNUAIRILUTN LA

. , P Wastdud , ARANAIAT -
Auds YAIWIAVU . a L’Jﬁ’]?qj’d&lﬁ]]a o ALY INAIN
N1IWINUY #A01ULAIRN2
~ Wasuwlas
ko an L3 g v an an
WNUDY
ki an KT LiNa ANRIAUNUA an
Wasuwas Waguulas an
K < o anag anag . L
WNUBY LNUDY (N8 kg 011)
RIUTYLNRE 910 “PID control system analysis, design, and technology,” 1m e Kiam,
Gregory, and Yun, 2005, IEEE Transactions on Control Systems
Technology, 13, 559-576.
1 PID ; C}
- 35+ 5542

JUN 2.17 msfiansanranavausseasilanduaeloududuassmensuTulsdaiinluay PID

a5ty sy (2563) Wideuuzilunsusudadesiu Tnssmunen k
LA kg AU 0 waziuAY k, minfissannansvauevesilaidunteloudsgui 2.17
Msifistuvesan k, danalvinginssuvesszuvaziinsnevaussnuguil 2.18 ey k,
avilssuuinnsunisuvanveuuiiisuivane k, aseiewilosanfi (Advinliszuu
Aansunda) Taevhluudrssuviinasienueanaedeudatulusuuuurainiuaainadou
oovlan (Offset error) Aslugud 2.18 WioanArupaIaedouiiinty Sauusilifua k
unsesiseerlienanaduanfidosnis ninfiansanaugud 2.19 Yedanndinu fe
mMaiinduves k inaudulveadwmalinadnsduintu (szuuliados) edaslsfinnm
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LSIEIUITOAANANTTNUVDINITAUN 1A8N1TUSULNHAT kg FUNTENINANBUAUDIVDITEUY

aglusgAuvausulanugun 2.20 weinssuinaunlaenaneaiun1sei 2.4 mewuiu

a1 (ui)

18
16 + Kp=1, Ki=0, Kd=0 ====Kp=5, Ki=0, Kd=0
ST e Kp=25, Ki=0, Kd=0 Areneda
2
212 +
rd
@
2
TZ | e " ey .et®"ttccsssssessssssasssssssesesessssstansesestesstatstsetnrstanes
z .
=
@
; ----------------------------
@
=
[
o<
1 1 I 1 1 1 1 I 1 1 1 1
0 5 10 15 20
a1 (i)
SUN 2.18 MIRDUANBIVRITTUUIINMSNAIBATIVEEN (k)
18
16 + it
> MOT i .
B2 4 r‘ ¥
Tl 3 [
Lrd < : ) 3 oo
@ M -2 o - A A ML
% 1 u'v v A wruels {x & i
Sos 1] M
3 o
& 06 T .':
[ *
= .1 Ko=25, Ki=1, Kd=0 = === Kp=25, Ki=5, Kd=0
o2 4 e Kp=25, Ki=25, Kd=0 ANE1981
0 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 5 10 15 20

JUN 2.19 nMsmauauasveIsTUUNNISINA8ns1engle (k)



1.8
1.6 T
5 14 T
-
P12 T
oz
@
g 1
g y
2 .
@
&
= Kp=25, Ki=25, Kd=1 ====Kp=25, Ki=25, Kd=5
-------- Kp=25, Ki=25, Kd=0 A181984
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 5 10 15 20
= =
a1 (un)

SUT 2.20 N3R9UANDIYRITEUUIINMTANAIENTIvE8R (ky)

2.7.4.2  MIUTULAIRIAIVANAIEITNITVRTINAS-UlAad
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Finaed way 4laad (Ziegler and Nichols) laWaIu13§n15UsuA

v (% a d‘iy Y a [ 3 a d
amwmmmmmuquwiam U lngedenisnaassuasItAsisvinalagtusaulviau

funseuIuMsEe 9 Tuanamnssy nMsuTuudsiinIvaumeISveinaes-ilaad (Ziegler-

Nichols method) & 2 38 laun 38n15u5n283%inans-ilaad (Ziegler-Nichols method:

First method) waz35n157 aesveedines-Tlaad (Ziesler-Nichols method: Second

method) f51eagBensase Uil

ASZUIUNS
(Plant)

—

~
Ll

deyeu1aasan (Input)

—

~
Ll

Aeyeyneuaan (Output)

sUN
Y

2.21 NINBUAUDIIBINTTUIUNITRBA T muUTUTUle



a2

2 Ed o o,
Lﬂuiﬂﬁﬂﬂﬂ‘itl']‘tlﬂﬁﬂi%u‘luﬂ 19

NARBUEUDIVDINISUIUNG

LIR

JUN 2.22 mydnAdiklsannidulasuisenveinseuiuns

35n15usnvesdinaes-ilaad vieasusendn T3n13UGA5 e
UBINTEVIUNTT (Process reaction method) msU%’uﬁwé’mmmmaa&f’mwﬂué’aaﬁ%msﬁ
Ténstoudyanandwuududulalufszuuiiaulaudrdanmranouausseinssuaums
Tnemaaosiuszuviadn faguil 2.21 ndulsinAndaulseng 1 1dun A1ainuas (Delay
time, L) way A8 (Time constant, T) IMNNAMBUAUBIVDITYUY (U)NT81v89
NILUIUNT) ﬁqgﬂﬁ 2.22 Toeil A8mTWENe ko, ki Wz ky AMlANANTISR 2.5

a o Y aa = & a s
MIINN 2.5 ﬂ']@@]i'ﬁ]EJ’]EJGU@Q@'ﬂﬂ'ﬁUﬂﬂJi@ﬂ'ﬁﬁﬂ’ﬁLLiﬂGEJ@\TGULﬂaaﬁ-UI?Iaﬁ

AIAIUAY ko ki Kd
P T/L

PI 0.9T/L 0.3ky/L

PID 1.2T/L ke/2L kpl/2

nuELe 970 “Optimum settings for automatic controllers” lag Ziegler, and Nichols,
1942, Transactions of the ASME, 64, 759-768.

F8n1sfiaesvesdinaei-ilaad ursadaionit 18nstndnsaniine
(Ultimate cycle method) '3%'msﬁi%"uéfua'mmsﬁﬂﬁswuLLazﬁaﬂmeﬂuiwumuam
wuutleunduriadndru (Proportional Control) ileagnaiien FelumalfiRaginisusu
A18RIIeUTHUS (k) wagdni1vensouiud (k) Windedesiian (daviduaud)
Mndudafiuendnsveedadan (k) 910 0 unsetsmsarmeednddilndadnsvens
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A9 (ko) Wlerdasvenedndiudavintudnsensingd (o, = k) NARBUALDIVEITEUY
aziinnisnTaundanuuanyaveuss19seiil e (The sustained oscillation with critical
period) F33UT 2.23 AruLianingd (Critical period, Pe) waz A18MIIEBINGA (Critical
gain, k) ﬁﬂszL:ﬁuléfmﬂmami‘mmaaagﬂﬁﬂﬂiﬁumiﬁﬂmmméfqLmssm 9 Fa51991 2.6

A

pA | P l P I

<

= I

2 !

. !

@ I

=

o7

@

=

©

2

@

&=

©

<

a0
U7l 2.23 MIundauuvanyaveusg1sseiios
M9 2.6 AT vevesiimuanlniBnsiidevesiinass-ilaad

AIAIUAY Ko k; kg
PI 0.45 ke 0.54 P -
PID - classic 0.6 ke 1.2 Ko/ Pt 0.075 ko/Py
PID - no overshoot 0.2 ket 0.4 ko/Pg 0.066 ko/Py

nUBLE 10 “Optimum settings for automatic controllers” 1ng Ziegler, and Nichols,
1942, Transactions of the ASME, 64, 759-768.

IINUITENNIUUINUIT Aisuwarya, and Hidayati, 2019 Ussend by
aa = 5§ a (X U 1 U a a o L U o v !
FBusnvesdinaes-laadlunisusuussiimuauitlefd msuauaunisdneidaluiun
YAaIN1AIUNT sulagd Tna UseasAii ealua N e v du1v0AT 09918W15 0 U

=3 a a = = | A a = =
nan1snaaelulunugun 2.24 WletTeuiisunaseninessuuiiinisaiuaukuuiiled
Auszuuit ldfin1smaual WUl ssuufinuaualgflnluANilefausasnwaiesnIn
vosgauuniunFoulianlmuneg e 92 'C ssuvaunsasnwigumgilalugie 92.31 °C



aq

492,62 “C (Amduninuaainad ou 0.67%) vz szuud liddaaauauliaiuise
Snwnadvsninvetsgamgiiunfeuls laei gumgidanuiuniudseuia 3 'Cae5°C
INQUNNNL1984

95

85

75

65

55

Temperature (°C)

45

35

25

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Time (Minutes)
SetPoint -No Controller (°C) PID Controller

JUN 2.24 nsil3gunaneuauasuesmmiitiseusEninssruunduay llidimuay
nu18LKe 910 “Implementation of ziegler-nichols PID tuning method on stabilizing
temperature of hot-water dispenser,” lag Aisuwarya, and Hidayati, 2019

Anto, Asumadu, and Okyere, 2016 1935n15usnv9gnaes-ilaad
Tunsusuussiamuauiilofd msulsuusaussauese FUUNINTOEIANESGEER (Maximum
power point tracking, MPPT) 98452 UUNa Y11ULE0 T RE AT eusaiun3a nansEny
Y93fAIUALT LofH 0F U UTANTIAULVOITT UL INTOATIAIGIANARNIR ISR 2.7
nsfniiuginfmuauiileddusiuuddasisuesvesdinaed-dlaad annsaddn
MIvihauinrunasiaunndy 30% (Rarsanarniedidudnisnafulunasei 2.7)
nanBntfevils Ae szuumuauiithannisanydevesszuulunewdufuas 30% uenanni
fatheannaigaunavesszuuas 236 ms eisulitsufuszuuiala(szuuiuuiin)

FBmsfinanuniiduisddydmsumstaunssuumuauluiubudy
MneAfefHundusuI MU U sTmuuieisnsves dinass-tlaadanusalda
aAfusruuiilddndudesdnuaiiosnmegadsunduunin faguszuuidsnnuiou
Snvia IBnstiinnududoutiosnitssuumunuiinaniduiade 2.7.3 falarumngan
somsdnuiludusuresinerinusativl egrlsfinu mnfigiudrinismuauandnue
U19U551UNTEUIUNTE UL AN 5T B NANTTOULYRINTEUIUAT LA BB aUTTa T



a5

N1571A5199 TP VURURIAIBE 1TaURBUYIENBUA U RN IS AtuALTugs d ud g lu
ren1sAnwvasvesieluluauen

P59 2.7 HANTENUVBIFIAIUALN lOARDMILUTANTTOULYDITLUUMNTOIIAAS G0N

N AauUsauTIOuL
AAUAN ce o 4 oa , , P
) WasktuANITWaNUY (%)  Hatgauaa (s) FL01UU ()
syuuIatn 35.056 0.616 0.123
P 13.224 0.450 0.016
PI 10.171 0.510 0.112
PID 0.510 0.380 0.018

nuELne 910 “PID control for improving P&O-MPPT performance of a grid-connected
solar PV system with Ziegler-Nichols tuning method,” 1ney Anto, Asumadu,
and Okyere, 2016.
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3.1 UssUnsuasnguiiegig

nuATeildURenuInenuzd 105 fifinawzUgnluniudl suavuoag
gunemmsny Famtauassvdun fuiiealuyasd 2565 - 2566 1udszaInTdIMTY
nsmeass Tuusaziioulunisnaassnguiaeg1s91U3ua 20 ke Wifunaquediedne
dedmsdoumuduuarldlumvaasfaglinarieluluiadesng 4 veauni

32 doudiviniee

Asendusunieldveuwnve ingridnugaduifind ulul ufivesumiinede
weluladgqsuns Uszneusne 3 9adidny dun e1asiedesile 3 @msuhanuazenndn
Tuiate 3.3.3) 01A151a5 0eile 4 Addmsunisnnaesluiave 3.10) uaz 91A159n3na
nsinens (ddmsunisneasdumde 3.11 69 3.14)

33 ia3esilefldluside
33.1  AsedEsANsIEmAILTauLAzIa

muAfeillfiaTesaBnnistiemanudounarang (Lanwasuil 3.1 uas 3.2)
dmiuAnuinasnuaen1sinuYesdIguLuLg 9 lunsryuisuesinmeeuwienduin
61 waeimussuumuaumINaNa MAsuLiIsundudfuonialufidnginiosouu
STUUAUANMIKANMIATITALITUAINNSANYIKIuAT e s BAMSEmATI DLLAZIa
wiseenidu 2 ¥iln ANUTENNVB91AIAIUANNTTINA (Flow rate control valve) laun
sruumuAuSITA@LALTua NAINE IMUANNsvatiinleduosd (Solenoid valve)
uay srUUAIUANENIEINANLTuaINIAIINIEIRURUNTIvaTiadndide (Butterfly
valve) Tughuvaamsvinuesisaosssuuiiagsenanedisazdendnasiluide 3.10

1T BaaBansteImANTeuLarIna RN TIUYBAAN (Blower)
ASTUARSIYLIN 24 V 5.5 A 3700 RPM Tunistuiadeusinia Tnsenniawandon (A inlet)
Ivaidhandsszuu 997 1 (Point 1) uazlnasugunsalinnislvauuunuys (Ventur flow
meter) A132B58IMA A A7 4 (Point 4) gnArunwliasil 6 m/s naeantsMAaBIIY
Regulated DC Power Supply §1%o ATTEN 3u APR3010H Aatdudnsinisluaidsliuins
0.01478 m¥/s enmmawaiignaulidgumgiigeiuseinioshnruiou (Heater) Fwhau
SufugAAIUANE UM TLUUTTLeR (Temperature Controller) §u REX-C100 Tunismiuny
pamqiivesorneliiasil 80 °C masnn1smaaes o1NAfouma gnasdngosouuis



a7

(Drying chamber) iswanildsunnudounaziialudiudaly dwsunieluresiasounis
Usgnavuludaeaniulos (Spray nozzle) 1 shwiihiidniuazessiilngldiadsagui
LLNG‘TNQQ (Water pump) gﬁa SEAFLO i;u SFDP1-013-100-22 4u1® 12 V 5 A A21UAY
100 PSI @5 19Us9AULATZUUNUN DY Lﬁammﬂ%’aué’uﬁaﬁuauaaﬂﬁwuLﬁ@midwmmm%@u
LLavuaamuﬂﬁaiuivuuaqma’lwammmmmmﬁa@mLLa mﬂmuauwmwmmmﬂawu
mmsvmumiamammuLLavamm’]mm 9INATINILNTEUINTHINGT ﬂﬂu'lﬂaUEJ’ls[,‘U‘U’l
(Return air) laglvaw mmaamuqmmﬂ‘wa (Flow rate control valve) U3 1184810
ffosnsnduldlisnlesunssnalaglilasaoulnsiass (Microcontroller) uazilonne
'Ufma"suqﬂUa'aaﬁyﬂaaﬂmmzw (Air outlet) NTTUIUNITHALDINIALUULDLAUILURAN
(Adiabatic mixing process) Lﬁm%uﬁﬂﬂwam (Mixing point) amefildsunisuanuds (Mixed
air) wanssagndt 3 (Point 3) sruuiardnfiuseunisvhauseluiFes 4 wuAuganITnaes

‘Uﬁ 3.1 miaamﬁmmimammwmauuauma

€aN

Temperature controller
with k-type thermocouple
Drying chamber o Venturi flow meter
(Point 4)
—l—[ , 2 ) / a Blower
Spray nozzle
Heater
Water purmp ]
Q9 .
Air outlet Microcontroller \y \___,,_./__{/ Mixed air
Water - i
Regulated DC (Point 3)
———————————————————— . Power Supply
> [ #
Flow rate control valve Return air A
(Point 2) '
Mixing point -
Air inlet o
(Point 1)

= = a i 1%
E‘U‘VI 3.2 LNUNINLATENEIEANITOELNAIINIDULLALUIR
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33.2  AsedaULTIwIMzANAULUY

mATeidiauiedeseuuimraudunuudmiuAnuniseuurisiniden
fa3ufl 3.3 uay 3.4 swazidunvesgUnsnidiualusing 9 Usenousae sinau (Blower:
Ventex, Model: 2RB 710 H16, 2.2 kw) du§uasianisiuasinieniuiad osiaiuiou
YUIA 4 kW yeusiuduyaniuaug v duuuiles (Band: RKC, Model: REX-C100)
\iendneniasounueiifenis unesines (AC inverer Hitachi 2.2 kW 220 V 1 phase,
Model: C1-0225FC) yhnthiimuauenasiseunsianusesinaudsliimuasasinisiva
vosormasuwislunsvaaes lnsnuidsimuunnuiionimeuuiaiisuviiannuia
gavnevaet1ulden (Terminal velocity) 3191338909 algnas WATUN N3¥d AT1UTIA
waz i aeusIa (2565) fldasil 8.5 m/s edndenanduivlnaasmiunss
Tuahadrgaunsalsnedviinauis (Ribbon screw feeder) & smyusieaiuiisounad
50 RPM Taenisdnglil 12 V unnameslniinssuansawuuiies 4nilionazgnduduidng
NOOUI (Drying column) A88031N15UU 3.3 kgyy-soie/Min mmﬂ%faué?fqﬁmm,%qaﬂdw
audigariisvesdindenniliudatrivadusssiunesuuiadglelaauiionsn
wénd1iuazeoiniAeenandudegaasiusinglusuil 3.3 gunsalmalaiiingie o 13y
n13037137nlnedines W1 (Power meter, Brand: NATIONINE, Model: DD28, 15/45 A,
1 phase 2 wire) lunsdifivin1s@nuinavesnisvauiisueinianduunlderaunsn
Usudadrunsiivueinialaendimuaunsivaiiusngeglugud 3.3 uas 3.4

C—> Air direction
——) Paddy direction

==} A and paddy direction

Flow rate control valve]
3,5 mym g

= = t% v
E‘U‘VI 3.3 IATDIDULVNWINSANAULUY



Exhaust air

i | Return air
;

Air inlet

——————— = T ———~
" DHT22
<R |
Cyclone ‘ ! I Paddy inlet |
separator | | ' ;
L ‘
v | e
A fommmmmemom oo Data logger
v ZL,KT’}YEE}T‘EC’H‘?EEUEE'% ..} (Arduino DUE)
Drying Pacdy 3 iiiiiiiiiiiiiiiiiiii
column Power meter
CZZZT A
ooy 1| ]
N - I S
A D
Paddy outlet
Temperature :
Ribbon controller ;
screw feeder
k <+ - T Heater B Blower
H
K-type thermocouple

=i = 1% o
E‘U‘V] 3.4 LHNUNTWLATDIDULNNINEAUAULUY

3.3.3  guUnsaldmsudaLmsENnI9e819917
ienruAuiIwlsWInTRLLAnTINaenIUENTo U ¢ TenausUudun
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o Y a = = Ao S v = o < [V 4
iliiAnaiuaatnad oudulunisvaaes 11u3deldddiniesinanuazeinudnnug
AIEATUNTILATILIIAN G SEEDBORO Ju LALS avgun 3.5 dmsuAnuenvuinLay

MAuazanwantnnldanneautinundneseuanutuluiite 3.5.2

= 5 [ [ v 6 Y
E‘U‘VI 3.5 LATBINIANNATDIALUAANUTAIYASUNTILLATLLINGY
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gunsaidmsuduneusisunruiudiiuden wanaasuil 3.6 Usznaudae
(n) nszvendntiaunm 650 ml lddwsudauilutuneunisuiiedns (@) iniesisnanea
nadley 2 fuwds 8% Sartorius JU BSA3202S-CW #ifin 3200 g Aaztden 0.01 g @3y
Fanavesdnuazii (r) ndeufiudm e INDEX fu 3eln 6045 4unm 36.5 x 24 x 26.5 cm
(1) fouaudou So MEMMERT Ju UF30 THevldaudusanainudadiudondimsy
Tinngiuiinaauduluudeiy 3) §ifu 2 Usen 5o SANDEN Ju YEM-1105i 1u7n
28 Q Mifuiedetnidenduneuhumaaes

T.

l \\\-
4 \\ < 4/:.*
—
(n) (@)
(m) (9) @)

JUN 3.6 gunsaldmiuinmIsuiiegnetn

SUN 3.7 gUnsaldmSunsIaaeuALLLAZANA NG

9 9
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334 gunsaldmiunsaseuanutuuazamnindt
miTeildindosdefinuannsgrudimsiauagiianuuidedonnanisén
dufunsraaouaududn Yszneude (n) wesgiideudniuldmesadndouauiou
(1) \r3ostsidnea nadlew 4 duvis Bvo SHIMADZU fu ATY224R #iffa 220 ¢ A mazLden
0.0001 g uazgouauiou (GUf 3.6 (3) uenanidilaliindostionnuisn fiea.du e
1im Tunsmsaeaeugan i léud (a) edesnzimzdnndosviingnetsd su NW - 150
(1) indosdnuendninuuunsnszuen iesdesuniuansdiasuil 3.7
3.3.5 Wuwesuazaunsaiddnnsedindluauide
wdosfiotaundnillilumnuidedldsumatauituannmadeulusunsuuy
wwannesuezaaly (Arduino) AIUANNIIINUTE LT LD WA UNTalBiannIadndsng 9
Fauandlupsei 3.1

a < s fa & a av
AN 3.1 L%L%iLLaqummmammaumﬂumm%

U Yagunsal WUszaeA

a a

avauli Agd (Arduino DUE)  lulaspeulvisaes

Y

Iu@ai’mmmﬁummﬁ (Air ’S’mmmé’ummﬁluqﬂmd
Pressure Sensor Module - #529@2U8MS1015bAA LU

HX7108B) Y3

lodueerndl (solenoid A UANNITINAN TUVBY
valve) 3u 2W-500-50 2INA

12vDC (27)

lodinawnn3siad (Solid State  in-A939ATAIUANNITIINGY

l&i‘r@ 7 Relay) FOFER SSR-25 DD vodla@usssngn
\““:.T"«%?\‘ 25A DC-DC 5V-60VDC
ad output
woslmemes (Servo Fuindauluinvesndadn

motor) J1 MG90S tilas Hide Wadsugnsnising
lane YBIDINIAIHUNSY




= < s fa & a a v 1
M157°9% 3.1 WuesuaraunsaiBidnnselindlunuide (se)
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yoaunsal

[

nqUszaeA

DHT22 Humidity and
Temperature Sensor
Module (AM2302)

Lﬂéa\iﬂwﬂuqmwgﬁ
(Temperature Controller)
8% RKC ju REX-C100

lganainnsiad (Solid state
relay) FOFER SSR 3-32V
DC TO 24-380V AC Single-
phase output

K-Type Thermocouple
with MAX6675 module

K-Type Thermocouple
Temperature Sensor -
Wire 3 m, Stainless Steel

Probe Length 100 mm

[

AOUNANLAAIILYY
(% v 6

UNNBUBIDIAFA

AITUANGUNNNBINIAB UL
wazaunitUFen

FIN-ABI99IAIUANNITINUY
YDIVAAINYINAINUS DU

Tngumaiinsziunzudia

Trgaumaiinsziuzudi

3.3.6 \Usunsuntglueuive
n1skystuneniseatntudagUudsasulvilusunsuyasdnsieau

VNEIAINTIUAATULIOENUNINATY FIUABTAIEATIALTITUANATUATNAN BUZVO 9T

ez luld e1uddedidenldlusunsudiuan 4 Wsunsulunsandumnuise ldun
1. Wsunsu Microsoft 365 l451uTiuuaraiUnadoya Aaaanaudan1ITaIuNIeaIueNans
2. Wsunsu MATLAB Tdfszyiendnuaivesszuu S1aesaniunisal sonuuy wazidoudds
Mgl luldnufussuuiididafinu 3. Tsunsu IBM SPSS Statistics T¥Aiasgviteya
NEdAANN 9 817U NIIATIADVANNAFIU N1534AT1ETTY N15TLATIENRUUTIADS

lassneUszamidien WWudu uwag 4. Wsunsu Arduino IDE T@eumdsniuaunsvinauun
L3 3 . [ < ¥ (% 1

vosalulasaoulnsaiass (Arduino DUE) lun1smuauszuukagdaiutayan1singiu

PLX-DAQ 11¢ Microsoft Excel lag#igg1uaunsadnu1isn1sieuddalaainingrinus

s

a a

Y4 BAANT ANALNT (2564)
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3.4 MUTEIUAINGNABIVIUUUTIADINNANAAIENST

MuiTedldiudmeadd 2 42 Tunisussduaugndesuasuuuiiang
n1andna1ans i wwudu Ussnaudae Ardudsedni nnsdadula (Coefficient of
determination, R) wag Asnfidesvetninunainaiourndsaeaads (Root mean square
error, RMSE)

Arduuszansnisdnaule Tnevialuisenda arendaund (R-Squared, RY) wJuaniild
oS uruANARARdBIBIt By ATENIAIAINA (A161989) FuAITildanuUUTIaes
napdnmans muialaanaunisf 3.1 (eAans Anfuia, 2564) Ardilaaziiansening o
fe 1 w1 R dalnd 1110 9 Asiluansisnnuaenadosmastoyaildainuuuiiass
fanlndiAgafuAsdannaulume

mMs¥ananuLlugveuUTaemAdinAansd fyegabereruideionay
msidenlduvudiass Asnfiaesvesmnunainindeuidsassiads (RMSE) 3ainazgnld
ATIRABUALWILEN YL UUTIABIAIUARUAN R LiBsa1ngIinsisianunsauysaldine
LAz LA LRI UR LU TN TUN 19U MnRansINan T UL BUAI NI UE
vouduwesingumgifaaznanisluiite 3.5.2 wuin A1 RMSE Sawsindu 0367 Fauda
anumngldin Ineedsudiaunisasuiiisvaiansayiuienagaumgiaainindouiia1un

a v A

WsBAaU 0.367 °C A RMSE Useiiluladsaunisi 3.6 (0Aans fndud, 2564)

n

Z(y/’ " Y pred )2

2 i=1

ro=1-— (3.1)
2
Z(y/ / yavg)
i=1
4 2
Z(yi,pred _yf)
RMSE =\|— (3.2)
n
[ Y AD AIELNANTEAD19DY
Yipred A9 AEILUIANNAINBUUTIADS
Yave Ao ALRALUDY Y,
n A Iuteya
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3.5 NIATIRABUAINNYNADIVNLATDINDTIA
dieliiulaladduresinnueggniewariivssdninm nuidelifaeudiou

v

Wuweswaraunsalnisinudazyianeuiuildinnisveass lnsodeyateyanisnnaes
< ¢ a & = = 1Y) 4 A o v a dd aAavy v v o &
Pndugesviniy 9 lWSsuieuiuniedleindadeiienelanaiFeadennuduius
A g a % ] A A v oA v =~ | Sy o s v a
WeldUssiliunatayasiely wn3esllednnlasunisaeuiiouluduil laun Wuwesingamal
LazANUTUFNINSVIeINIA (DHT22) iWwiwesinamngll (K-Type Thermocouple) wag
YATATNIINITINAVDI8INIALUULIYS (Venturi flow meter) Fadilugainaiiuduainie
(Air Pressure Sensor Module - HX710B) tludiuusznaulunisin
351 nsaouifieuduesinaungiuacanutuduivsvaseinia
a < =~ < s a &
g wielselau (2564) lauen1saeulilsuidulresingun)iuazaiuiuy
duinsvesenie (DHT22) Ingldansarareindedudivilanie q lunismvuaaniizaivay
aelunaesUaninlugisgaumglinaus 25 °C f9 65 “C Nan1IMAaBINUIT 1uLges DHT22
linan1singaumndndadnuudug1fn R? winfiu 0.999 uag RMSE iy 0.539 uanainil
gelidadunafisanuaainnd eufiing W uainnisinaududuinseiniamdoduges
Aeamdgyiugumngiiviiugs lnelanzegeda lugrugumgiaaue 55 °C 3 65 'C muidy
AanaFaiwIaunsaeuiisul uandmsuiduges DHT22 tneaniy gaflnnnugndes
Y9I FInMNTUdNTIMSeINIARY N R? WU 0.993 wag RMSE Wity 1.616 aun1si 3.3
TgdmTuuTuudrngaumgll uazaunisi 3.4 IdmsuuSuunaanuudimsennia auns
wianilgniunldlunisusudssanulivuueuvesnisinluanuideimeui

measurement 15816
prediction (3 . 3)
0.9418
(0.02368T,_ o = = 0.03745)
RH _ RHmeasurement g 19635€
prediction - (34)
0.001062T +0.9492
measurement
1087 Tprediction Ao gauuNliNANNTARULTIEY
Treaswement A9 0UYHINNTIAGILGULDS DHT22
RHorediction A ANUIUFUTINSDINAIINANNTERUTIEU
RHmeasurement  AB AMUIUFURNSDINAINATIAMEGUDS DHT22
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3.5.2  nsaoufieuduresinaungd
Fuwesaguugdnnduildlunismaasdldsunisnmeasuanugnios
Tneta3osingamnsl TM-902C \Juinesiatnnsda (Uil 3.8) ldgeuandeulunisimun
pamgdaeuifisudaus 26 °C s 140 °C ununwvpITEULABUIT B U LIRS T Mg T
LATHANIADUITIBY wansaguil 3.9 uag 3.10 muddy

Resolution: 1 °C

Relative humidity: <75%RH
Dimension: 25 x 70 x 105 mm
Accuracy: 0 °C to 750 °C + (1%=1 Celsius)
/ Measurement range: -50 °C to 1300 °C
: Working temperature: 0 °C to 40 °C
Storage temperature: -10 “C to 50 “C
Net Weight: 85¢g (not included battery)
Power: One 9V battery (not included)
Color: Black

material: plastic

SUT 3.8 isesinanmgil TM-902C

U

& &
AauadITaU

i3 sTngaumnill TM-902C (26 °C #4140 °0) oS inanmndl

&+ —15%

1 <

a

JUT 3.9 uHunMYedsTuLdeuisudugeTing gl

Y

[ (%
v AaaA o Y

Wuwesingamnnd (K-type thermocouple) 7ildluanuidedisnuiuniedu
567 M avuad basunisaeusisuadnuudug lug g g I swn 26 ‘C a9 140 °C
NANITATIVEOUANLLUWANIA U 3.10 Fuludiegnvesmansaeuiiisuraduiges
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[

Trgaumiaaf 1 uazduwesingnmgiidinu 9 duhlilunan1snsiadeuwuuieniu A R?
Uszdiuldnndueesiis 5 67 Ay 1 waz RMSE SA1egsening 0.367 1 0.438

160
- e
- .
~ 120 —+ .
o~ B .0
P - =
2 i .
o 80 T ‘__..
2 i e g
§ r .._..-‘ y = 0.997x - 0.178
a0 + Lo Rz =1
I RMSE = 0.367
0 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 40 80 120 160
gamgiindaaniduwes (C)

a

U7 3.10 aunisdouiieuidugesingamal

Y

3.53  YAININIINTTINAYIDINIALUULIYS
YATATNIINTINAVDIBINALUULIYS (Venturi flow meter) Nl lusida

[ Y %
a VU a

3.10.3 iedu 2 ya uiazyaldinnasuiisuieutlunaaeusietaguil 3.11 gunsniin
AMuL§Iau81989 Ao a3 eetpAnasrauuuuluin (Testo 410-2 NTC, Rotary Vane
Anemometer, 20 m/s Max) Bsliiannuisian & Yaemseenvesszuy (Meeenvesgnes
Aunssnurnilevessuil 3.11) 1a3eathan (Blowen) siwmthiduindeusinia Usuamnuidiau
FeBunedines (inverter) faud 2 m/s i 8 m/s nashusefidvuavtndn 2 i
desuflunsasuifivugunsal Tugatnaausueinia (HX7108) az5ue
AUAY 2 9 (MUARRAI8E19INYATABNIINTLNA) MntudshuAnanuduuandig
wiliteyaddmivaiannisuisuiisuaauiiausely ofs nsmaaedludaud
yhnsusuisuannuiemeadundn fasthanusiemeluanasamnisinadnade
TunsneasauvuFealng esannslvadunaveseinialulued fuaumuiuiuyes
voslnadaldsunlasmugamaliiuandieiu fegrnsaiiaunsaouiiioudmivyain
dnsnisinaeiniayeil 1 uansfegui 3.12 Tnefinnsaeuifisvyed 2 Tuudldudedfu
mﬂmimuaaummaﬂmawaqmﬁmmammmau wud gadndnanisivaresennie
LUULY TG uanansovhwsaEauiia R? 49091 0.99 uar RMSE 61ndn 0.081
(FrsawamaihueangnindninisinavesetnmawuuyIiassyn)



JUN 3.11 MsaeuLiiguyningnsInisinareteInIAwuUnY3

10
—~ 8 T 8
2 ..
£ | .
a§ 6 I ..I"
2k L o
= o
@ k
& T .
= I o y = 8.9252(n(x) - 26.364
— o
g , 1L .. RZ =0.9961
L RMSE = 0.081
O 1 1 1 : 1 1 1 II 1 1 1 II 1 i 1 I 1 1 1 I 1 1 1
0 10 20 30 40 50 60
AMUAULANEANY (Pa)

U7 3.12 aunnsaeuiieuanusiay

Fa7na1uIa2luiite 2.5.1 849 3.5.3 AU NTULEDS LaLLAS 93dl R

(%
a v v 1

#9150u1 A1 R? 491 0.99 Auly Bnvisdadian RMSE lng 0 1n aneldgunisvinau

¥
=] o

¢ o ~ v ¢ ' P | ' |
Faihmsaeuiisuuniuad gunsalmanilazgniluldeulunimaassvesdiusing q sely
Tunendnusatuil

#
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3.6 MIASIVANNTULAZIALATEUABENIE
361 NN5AIEBUANTUTAUEEN
ﬁaaa'wﬁnLﬂﬁaﬂlﬁ%’ﬂﬂﬁmiaaaaa‘umméﬁyumﬁﬁmmmmaﬂ AOAC
945 15-1990 (AOAC, 1990; ng, Teng, and Lin, 2018)eziauﬂ'smumiaaamaasuamaaq
119991033 N15MT19BUAILT UN9AT (Direct method) NTEUIUNITATIVEDUAINTY
LLammgU‘m 3.13 Li:umﬂmsqmmamqsunasmmal,waimﬂumLmusummasmwauhﬂﬂm
Tuaaunsaiiu 9 U 3 A8 MnnudnhfegdnluFuariuiindmaturesing
(M) foudd1davaufouliiossimeainuiu lnsf fuusdeuluniseu sziveanudu
ﬁqmmﬁmmﬂ 105 °C fuszezinainid 24 Falus Gi’mﬁmu%umauﬂﬂLLé’ammsaaqmu
19’1’3"1Lﬂuﬁﬁnﬁﬂimmﬂﬂfm‘%ammgzﬂ?uagimﬁﬂu Zon91 1280 (My) HaRN9TEIINIaTy
LLazll’JaLLﬁQGUENGZ’JI’I’JL‘UﬁE]ﬂLLﬂﬂQﬁﬂﬁ’m%@ﬂ’J’msﬁuﬁﬁ@EqJJ'ﬂ’]EJIuLllﬁ@] Tneiluudau3una
audumantiinasAnesnududesaviuisuifioutusiad unseslauiennuaunisa 2.1
way 2.2 Juegifuinguszasdiiapiiluldousioly wanidlesandognsdniisiuou 3 feda
(Wnnsafunisnnassiitinisyig) ai’ﬁmuéhasi'mméwﬁ%gnﬁﬁmmmLa?i'asummm%u%’n
Tutumeugaiine

v e 10 JuUnuIanauay
f20819717 ¥
o S =y —> | lamudiy, my
(3m9814) LK ;// Gotn)
: My PRI

YUNNUIANEI0U

|

lammudy, me | <33 | s

(369814) . “5 L
b -

105 °C 24 Flug

ANUAIUSLNUANUTURLALNIST 2.1 YD 2.2
LAEANANAINUTURAE

gﬂﬁ 3.13 MansdeunNuuiUden
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Faiinanauudiluiade 3.3.3 fnwdenduihumsdaruiauagyhnuazen
udgmirsieumudulasnafuiinduindaiegisirufielidndenutudulua
figoans yATeitmualdmutuSuduresiidenililunmmasssddszanudosas
24 anpsguden videUsznadesay 32 unsgIuLie nerUIuManIBlANTuT LY
nMsaTIIdeuANNTudnGufy Ussduldainaunisi 3.5 mndufahauduin
Sudulusmumamusinuifigefiundulussotrsmuaunisit 3.6 offs waukeiiusing
Tuaumsemauiaimuaveshegeiiianessunuiluutazeds uazaududmane

Jupnudundidedesnshildmussinadosay 32 mnsgiuwis

initial

mwater - md (Mtarget B Minitr’al )

1087 MCiiral Ao AuTuTELR (Medea)
MCarget Ao AuutfideIns Matoa)
My fio watiadentu (o)
My AiD LAY ()
Muwater fo wathdmsuiunduldaseds (o)

i
.

g
<

N

5,;-'»'

Uil 3.14 N15in3gufeg1aniunm

CaN

(3.5

(3.6)
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3.6.3 MIAsEUIRE19AUAN
fegrsmuaulunuitednsanudaineg1sdedsdmiuTouiioy
Aun g 1fuieg i ndinssuiuniseuusdeiaT osouuienmean fegranani
drunszuIumaIsuanuduluiade 352 deuflagiiluannududieisuasunnuay
AusTIUIARIIUT 3.14 Tasmuaueamunestulilaszanm 2 81 3 mm

3.7 MsUSHUENTIOUTNITOULIAY

3.7.1  9RIIN1TOULIAY
SM5INNTOULIA (Drying rate, DR) Lun1susziliumusunanirdessinesen
Nnanseniienaildluniseuunis Awlnilaainaunisi 3.7 (igned wddum, 2557)

m/. _mf
DR = ——— (3.7)
t
Mgl DR A® OM5IN150ULAS (KSwate/)
=} ¥ = 1 ¥
m Ao watUdennouauwiie (kg)
= ¥ = LY v
me  Ae watndenudeeuLite (ke)
t Ao ankgauwie (h)

372 auAuBeandsnusiwe
AYA U B INE 1 UT LN (Specific Energy Consumption, SEC) 1Ju
nsussdiunslindanuresssutsomhemarenhiissmeooniy nsuvadu 2 daw éun
duildndsnundngagelunszuiuniseuus Send1 msAuide sdsnudunizUsugd
wuldluunasndnniuiou wagdauiians 1Fen11 auduiude mdsnudunigyfogd
FausziiuannslindsnulugUnsaldauniuding o lui3oseuus Auraldainainis
7l 3.8 (clgwa 2adtium, 2557)

3.6E
SEC = —— (3.8)

m. —m

Tefi SEC  fa muduldesndanusinng (MU/kgyae)
E fo waaulnihildluszuu (kwh)
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3.8 N1IATIVEHIUAMNINGT?
fegsmuauLariieg i Ivdinseuwisgnihunzimeidenlneiaiosnsine
T1andosfsg Uil 3.7 (A) uagdanond1inesnaindrufumdadieind sadnuandin
LUUNSINSEUaNAIgUT 3.7 (1) iiledegeiildindanatnazyseidunanuaimd
Fetesolud
3.8.1 Josaruandnt1INges
Xopavnanand1indes (Brown rice yield, BRY) 1usw iy

-@I a 1 4 ¥ d‘d 'S 1 dy a 14 14 o
Fanarsanludiuvvestindesiifiniuanysaini 80% Yuluiiigunut1ina el
ANINTUNIANNIST 3.9 (Behera, and Sutar, 2018)

ARMAING 1Y

mhead

BRY = X100 (3.9)

total

A b4

g7l BRY A Seuavnananv1Inasd (%)
Mhead B 1IAVBIUTINADIAUNTAMUANYTUAY 80% VUl (9)

A vy o =
Miotal  AD UIAVIVRVNANUINE (9)

3.8.2 FouaznanAnd1INARIduNNS

faudirdesaznandnd1indendusuusiiflunisnsreasunmnind
FaUFuna wangelsinny msiSeuiisunaatnnguiieg1esnsiuenaiiinisiasizing
Ananuemaedeuld dadulunsdidnmawieudeuSesasnanaadnndasnnngusiagng
1NN 1 Ngu %maiﬁmimLU‘%EJULﬁa‘u%aazmamémﬁ’uﬁaaﬂwmuqmmﬂduﬁu 9 99N
JuSevaznisgudenandndndes (Percent loss of brown rice yield, %Loss) ANaNNTT
7 3.10 91ndus shunAndudesaznanant1indosduiing (Relative brown rice yield,
RBRY) 91n@un"5% 3.11 audeu (Behera, and Sutar, 2018)

BRYcontro[ o BRY
%lLoss = X100 (3.10)

BRY

control

RBRY = 100 — %L oss (3.11)
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lagfl - RBRY AD FPURTHANANTINADIFUINS (%)
A b 4 = a v v
%Loss Ao Sevarnsgaydunandndinges (%)
BRYcontrol AD FPUATHANENT1INADIVRIRIBEIAIUAY (%)

3.9  Sdutunaunainise
Inendnusatuditudunnmssunsudgmlutagtuiifnasmunelussuuouus
fdenuszneutumsiudutoyanuitefiietesfiofumituiivinnuide aannisine
wuinirfesar 90 vewunulumssuuiagnldlumssdnonmaoudundn Savisdemuin
msitdenldsuaadeugaiunanuudsalidnvdsnszuiunsouuiaiansunnsin
a1 MafufiTeiaulafiazmuquanizniseuuilaglfiad sseuuiemugauiiwanty
1uviawgummi ioUsuUgsausTnurUUsEN190s T UUUMR LU AL IR AT Y ddfy
TUNBUNTNAABILAENFAFIUALLRFIUAS 9 UARIALLHLNINFSTUT 3.15
ﬂ']iml,ummmwﬁﬂL“LJumi‘wmmiuquunaummﬁwmaumhﬁzjg’] Tneiaun
FIAIUANNNTNENDINIATENTI N9 INABUITT LT U2 T uoImAlmsif i g1AS Bao UL
9nmsldnda 2 suuuu Idun dmdinlsduesduasnddniide dessuuvia 2 viin 165
msisuiisulszansamnmihnuiedensyuuiivinzaunldiuedsseuuiinvizan
Turnsfientu n3eseuuonmzanduuuuflasumstanntulussssaguuudy
AuuAgIuLINTvnNsaTREey fe nsilsueiniaiianduunldgiansarisan
nsliwdseu anssaznanvhuieddenlduield nameasdudniavrendiisesis
azifualuiade 3.11 wansfnuvudasdunuiinisisueimanduunlddramisoan
mslindsnulussuveuiisuumvzanlfifioe 3.38% dafuindosunnideiuseuiie
fuauidoves ous aeuidies, 430 souaqe uay q3en leaumu (2563) Snadainli
vansiivesnseuuisszeznafiiuuuduailinssuiunmsinslindsnuiliunneis
Mnszuuainodsiidedidy enuideludrunsnlivszauanuduie §idedald
vmsvaasaiiandsluunsdssiiu (ndnegnasidenluide 3.12) ileUssidiuaussouy
Y09AT DIV WEANTI AT U ARenILMILLINISasan L3 Te TasAnwmanseny
YouwlsBaseang q Mierdestunssuiunseuuiafiosnseiuauaunsalunsauuis
Tiigetusioly
IINNIANYINANTENUVBIRIUUITBATZAN 9 siafuUsnny wud1 guugiidriuden
dusvsnalasaud smansznurenisananufudii nslindanurennioseuuis uas
Sovarnananinndos gels 429% (nandswanisvanosiogvanBesluiade 4.0) §ide3ald
yn1snsvapuanufgIuilasnnsfinnsunaiaiinaivesnsiingungddndonain
nsdssueInAseugunndnsiiasa o lurianaifuanisiu Tngnete1ueuuis
Igumngiivestwdenagludae 42°C fis 44 °C uandIouiisunisidndeany szeziia
yus uazauandAuITounisguuuuBuiineyhiunuda iensreaouaundgui
wdanudn aundguilifuate ndmfe BBnseuuiilsaiuaugumgidnidenludnis
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! a1 U tﬂl = 1 a o o U a o gj dild Y
ﬁ’m'ﬁﬂﬂﬂ&laﬂ(ﬂ@m?LL‘LJiG]’]ﬂJVIﬁUI‘UﬂﬂH’]EJEJ’NZJUEJﬁ']ﬂiy, ﬂ’]i’J"ﬂEJITJ@NU%Q‘UiBQﬂGﬂ‘UG]’Jﬂ’JUQN

= o a

filafdmsunruaNgugiTnFanlunsEuIuNTaUWRIN AN R WA INILATIE
WAZITEUTIBNUHANSANIAUUNUATNAIFUT 3.15

nymussunssudsdes ][ numuiisgmiinueiussuvauuiilulagiu J

wikIndiuvsanszrunseuwiililiausiouz gy

!

NIAIUANANTITYDINITOULINDE U119 aR AR AN TILY M TOUUN

i . l

WA TEUUATUANAN IS INIABULAY Faviuntasouuianmyay

MnnsUSudadaueiniadaundunis
TwAussama waz 1artnide

:O:
!

WiBudigunTs lmaIITEVe

nmseuwiuulicisueme fu
syuuilimamyudsuainianduunlis

1

JUN 3.15 dfuduneunsinidy
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3.10  NITWAINITZUUAIUANSATIEIUAINTUBINIABULENRINNNTUSUFRd U

2INABULKILIBUNAUAIYINAINIUANNIS LA

nsnnaedludnilfiniswadanisanemanudeusazaina lukde 3.3.1 dnsu
a¥sEnmrouwRmauuMssUL it Idonnietseuuionsanunelg) i Litean
AldinuazszsrnanaIsansfionafiaiuannsmaaeufUsEUUaULINS SPUUAIUAN
Shsdrunud uenireuwitanInn1sUSudRdue N M UL BT Bund U T Wau Ty
wuseanilu 2 lia mudszanvesndiniuaunisiva laun szuumuqmé’m’]dauﬂmwﬁu
91N1A31N183AIVANNTT Iavilaleduaes (Solenoid valve) waseUUAIUANSATIEIY
mm%ummﬂmmﬂa‘amuammﬂmmﬁﬂﬂﬂﬁL?:a (Butterfly valve) FsazaBureiBniswaun
wiavszuvetsasdunlutdesoluil

3.10.1 NTZUIUNISHANDINTA

N3¥UIUNITRLALULUAN (Adiabatic process) 1 unszuIUNITNIQ VNG

Aransd sl dnsasmaudowdniesenainszuy TnetaluniswaueniAty
TunszuaumsuiueniasinazeBuremeusun miasuil 3.16 Fauanafamssunsziaeinie
Maeudnaeiy Sniinsruiunisinaatnaziinsuanuasunnudoutudwindoy
fomannannmsdeuseuszuumeTantuauieuiiotestumsinavesmudeu femnil
mimammmﬁﬁaﬁgﬂa&‘Jj'uuamﬁgwusuaqmzmumsazLﬁﬁufuﬁﬂ 138N “NITUIUNITHAY
DINALUVOZLABLURN (Adiabatic mixing of two air streams)” (Cengel and Boles, 2011)

JUN 3.16 NSHaANDINATY

ngne 910 Thermodynamics: An Engineering Approach Seventh Edition, ng Cengel
and Boles, 2011, New York: McGraw-Hill.
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JUT 3.17 WHUNINNTZUIUNTHANRINATU

66

MUNBLAE 91N Thermodynamics: An Engineering Approach Seventh Edition, 1ny Cengel

and Boles, 2011, New York: McGraw-Hill.

1PgUNALAINTEUIUNINENDIN A NLALIAINATDIULAE NSIURBULUSS

YDINFIUIAULATNAWUA NG LT 9991N A UYL DNSNar 9N UIUNITIN YA N e

AIUUANADAUIVDIDINIAKIY AUAANIAVDIANNTUIUDINIA Lazaunana 1 udImTU

NITUIUNITHANBINIAWUUBLALUUANIINGUTN 3.17 Fauanslansaunisin 3.12 feaunisi

3.14 MUaIAU

e

al a2 a3

mala)l +m02a)2 - ma a)

m b+ h = rm_h

b

[

i A9 NUIRININUANTIE (state)

m,  fie dWIINTTINaITaNIATeseINIARAY (kg/s)
® A9 9NTIEAIUAINTUVEIINA (KSwater/KSd)
hi Ao Lanalvesenie (ki/kgys)

(3.12)

(3.13)

(3.14)
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3.10.2 m‘sﬂizLﬁuﬁhé'mqdwmm%umnmmnLs'fml,sda%"s'mqmwgﬁLLazm'm%u
dUWNS (DHT22)
§n51d1uANT uvo I8N (Humidity ratio, @) L\ ufuUsnouaues
(Output) Fuiteiaulamuau Msnsriaguantiornadieduses DHT22 aglden
VBIQUNNIANTEUIBUAS (Tyy) LagANNT uduimSYesenna (RH) AULAALINTADDNUN
etk FedeniAmnlsdananufuatiiemaArsasdunnuturesenadluldazaniig

d' [ o [ [J Y 1 &
E‘U‘Vl 3.18 LHUNINUABDNAINIUNITATUIUAIBATIFIUAIUTUDINA

ATl daun1smnduiussdnauanimnsnisviiauieu
mmlﬁuLLﬁ”ﬂ’]i"d%ﬁJmmﬂLvaﬂ’dM%aLm"%m (American Society of Heating, Refrigerating
and Air-conditioning Engmeers ASHRAE) Iumimmmmamwmum'}mummﬁmﬂsuama
fieralagiduwes DHT22 Tunsunisiuasuandues DHT22 91uAgUNYTINA
lunirgresesmieaded (0) wazwlasrrgamgiidunitenaiu (K) newdrluAiuin
AU uled Ui (Saturation vapor pressure, Pg,) AINANNTST 3.15 (ASHRAE, 2009)
mmvﬁmm%uﬁ’mﬁwﬁmmmmiwmﬁwmmmmmﬁula%ﬂmmﬁ (Vapor pressure, P,)
ANNANNTST 3.16 (ASHRAE, 2009) ammmammmmmlam mmmlﬂmﬂmmauwuﬁ
AounthumMAsnIdIuALT uTeteNIARENN1ST 3.17 (ASHRAE, 2009) waziilosann
n1snaaedluiated 3.10 fn1519lUsunsy MATLAB Simulink Tun15i8 suuagWaun
szuumuAN MafwaieIinsildnaniniignideusgluzuvesununimuden (Block
diagram) me(ﬁﬂgﬂﬁ' 3.18

&
(1 + G+ Ty + G+ T+ Gl Tde
.
J— db

= e (3.15)

N%
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RHX P
p=—" (3.16)
100
p
® = 0.621945—— (3.17)
atm v
Wedl Py e enuduledushvesennie (Pa)
P, Ao Ausulovesenie (Pa)
T AD Qmmﬁﬂﬁzl,mzl,t,ﬁwaammﬁ (K)
C A -5800.2206
C;  Ap 1.3914993
C;  f® -0.048640239
C,  P® 0.00004.1764768
Cs Ao -0.000000014452093
Cs  AB 6.5459673
RH o Anutuduimduosenmie (%)
Q) 0] é’mﬁmumm%mmmmﬂ (kSwater/KSqa)
Pam  AB AIUAUUSIEINTA (Aviualvidandy 101325 Pa)

3.10.3 NIWAUITTUUAUANSATIEIUAMLTUDINIARININFIAUANNTS VA
P IE IR
spvuiildndrmununisivasinlsdussd (Solenoid valve) n3a3dniiu
Tuuad “leduesindy” dmsududndruanireuniafildudlinduinafuoiniel
Snafaluudazseunisieu wisileduesdnalazdnginssunisyauuuuda/Aa
(ON/OFF) uwsiem3seiildsunsadumalannmaiinnmsusuanuniswesdayanamad (Pulse
width modulation, PWM) andsegndldiundrdnuasd Tneswisinazauaunsha
yendlimgAnssuduieaiuanunhavesdyaaiadiiieliansanuausninisiva
vosonatuld Tudunouvasnisiadinisvaaes {3deldRadaduiseiuazgunsaingatn
i 9 hfuesesanBanistemanufeulazinadsgui 3.19 STUUMUALSATIA AL
p1meluiadaildsunsianndu 2 sUuuu Idud szuumuaudasduaudueinie
Fedsauamangul (e5unsluiade 3.10.3.2) uassvuumuaudaTaIAINTUEINA
wuutlounaumauisn1sves Ziegler — Nichols (@5unelusiite 3.10.3.3)
N15USUAIUNT19VRId ey e ad (Pulse width modulation, PWM)
Jumailadmiveuuazileudeyauuvaunden (Analog signal) AedyaauuuAines
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L [d A a

(Digital signal) namfie PWM Luisnsassdyanfineanianvasiluguriudvaeumie
dyeyraiad (Pulse signal) Milauaipsiineiios dygruninandaniug 2 JULUU Ao

Y

a

aouzilu 1 vi5e HIGH wavaniuzilu 0 wSe LOW (Dunn, 2005) wanenaguil 3.20

To Personal Laptop

Inlet air | Pressure sensar

® ||
% Solid State Relay
e ]
'g_;tjs Outlet air
Pressbire kensar "] W i
Venturi !‘ ||

l Recirculating air EFQFEE DHT22

<~ _I_ S (@ D JENL.

Solenoid valve
PID Temperature Control

K-type Thermocouple

Spray Nozzle
i Blower Venturi ! )
i Flow measurement N Heater High Pressure Purp
I A
i -1
= 5 :
!i,,,,,,,. Ld 0 Water B
! T 4 ——
DC Power Supply DHT22

'
a

JUT 3.19 Mmsfnfaduesdmsuiinuszuumuausnsdunudumeleduayfing

Period i

i Period = TimeHIGH + TimelLOW !

1 (HIGH) -

TimeHIGH TimeLOW

JUN 3.20 dnunizvesdayaiauuuy PWM

ANMULANFE1TBILFazAn ULlY 1 AUaT (Period) WiatunAsUSsuLigy
[~ v 1 dy [ 1 & @ I3 1 a
WUS08a8581319 2 @0nusll dad1uUas Ui vUa9an Uy HIGH Tuwnaza1usian deny
Aena1sEndn J9Insn13vieu (Duty Cycle) Hanuduiusasaunisi 3.18 (Dunn, 2005)
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TimeHIGH
Duty cycle = | ———— [X100 (3.18)
Period
Tefi Duty cycle e dndruvesdnius HIGH luusazaiuiian (%)
TimeHIGH Ao ANUNINUBIENIUL HIGH (sec)
TimelLOW A9 AINUNIN9VBIENIUE LOW (sec)
Period Ao A1ULIE (sec)

3.10.3.1 N5ANYIANTUNUS sEUT9AunT1evsd W adi dna
ARdNIINNTIMATDIDINIABULKILIUNA

msmaaﬂudauﬁaﬂﬂﬁﬂquaﬂssumiﬁwmmamwa‘amuammﬁlwa

yialedusen laef1muad)inin131191u (Duty Cycle) 139A1UNT 19 YY1 UWAH

¥

Wudgauda (nput signal) Tdiawdu 0, 20, 40, 60, 80 way 100 ¥8IAIULIAT (Period)
0.2 Junfl pudfu WeAnwinaneuauewednsIn1TmadUsuiastesenamisundu
o f\;mi’m‘ﬁ' 2 98954 3.19 ﬁswﬁc’ﬁ’ﬂLﬁumimum%aﬁ%ﬁmﬁ@mmﬁ’aﬁ (Programmable
pulse generator) UULUSWATH MATLAB Simulink Gﬁ’qgﬂ‘ﬁ' 3.21 AMYAUAYDUUUYDILNEIY
T (Amplitude) idn 12 V wardnsnasivaidsUiunsveserniaauuiesunduaiunse
Useiduldlaguseg ndldaunauravesninud uluoinianuaunisi 3.13 wsdae

AMUNUILUUUDIDINIAVAUEYIINITNAGDY

Input

To Workspace
o)
Amplitude Pulse width Generated
Period ARDUINO
Group 1 Pulse
% Signal 1 » PulseWidth Pin: 44
Digital Output to Selinied valve
Input {%Duty Cycle)
PhaseDelay

Programmable
Pulse Generator

= [ o o O o a 3 L3
Eﬂﬁ/] 3.21 WNUAINUARNENSUdIN1 SN uTedleiuesfIg)
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3.10.3.2 NMIWAUITLUUAIUANSAI1E1UANT ua N 1AR 2835 Auan
NINQ
szuumuauiafordonaiudeyanniaiestiotamugud 3.19 iield
Usziflumandnsinisivavesenmaioundudisiesnts (u 9af 2) seaugaulaLazauga
AU UNANNITT 3.12 uar 3.13 MUEIRU LHLUAINNITAIUIAISRTINTSInae NE
suwiadsundunaslusunsumuaunsinuvedledusssndinansiaguil 3.22

Humidity ratioat point 3 ()3 - Setpoint) |—H> Mathematical

‘ Venturi flow meter at point 3 |——1> calculation
ARDUINO H| ¢ ‘

i | caleulation to 1ity The relationship of | ARDUINO

T—e it pat 2 YoDuity
humidity ratio (1) > flow rateto PWM . ﬂﬂ
= 5 n'13c03 - i’)-’ll(fjl (%eDuty cycle) cyete Pin: 44
DHT22 at point1 | Venturi flow meter at poin‘[ 1 |—0 mz B Digital Oulput o Scliniod valve
w,
e "% caleulation to
_ ¢ humidityratio ((02)
000ca0

DHT HI

I e — B = e ::I
Compare setpoint // cutput

e L ¥ calculation to

883638 T humidityratio ()

DHT '” Output (Humidity ratio)
DHT22 al point3

‘:4' ) | & Y ado a
EUV] 3.22 LLNUﬂ']Wig‘UUﬂ'ﬂUﬂ@J@@i’]a’Ju@?qN%u@qﬂ’]ﬁﬂfrlﬂﬁﬁﬂqu’]quﬁ/@@a

LUSUNTUAIUALLT UAUIINMIVUAAIEATIAIUAIINT UDINANE AN

1999013 (5 - Setpoint) karaudayadnaunsalin o nne99 lokA DHT22 i gain

a

7l 1 woe 2 SrwAmmanTRoIALArUsEduASAT A NTue A AusTade 3.10.2
Ynuskiieatiu Ardasinsinalianavesoiniadainlag Ventur flow meter $aufu DHT22
flgatasine goldidudeyatioudundilusunsadmnunundnnsaunanudulusinia
(@umsi 3.12) Wiloruinmsnnsinaeinia a 9ad 2 ofls anuduiusseninedne
N151A28301N1ABULTLIIUNAUADAIIUNI19VOIT Yy 1auWad (The relationship of flow
rate to PWM) Msingluguit 3.22 WuanudiiudiBadusseiidnuiluinde 3.10.3.1 Hidle
fvuadn PWM dwiuludygradoudidmiudmsihnuvededuessings wenani
duusgdmlugudadunisifudeyaSeuiisuseninmanavausivesssuuaiunuinle
fuAnthmneiidesns Tnsfimsdsnunazdniind1nn 9 0.05 Junit eldlinszsinasely
3.10.3.3 N1IWAIUITEUUAIUANSATIA2uA1NT uantAuuudaundu
ANUITN15V89 Ziegler - Nichols
szuumuRusaTdumLtusULudsiunstessuuauauiled
wuu29da (Closed-loop control) & uTsum1dan1sviraruuulusunsy MATLAB Simulink
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1 g Arduino DUE Tasrvunlifszuuuszanana daeu waztufindoyann 0.05 Jund
maddyyanduesfifies 1 gauiity dufe Yeyavniduimes DHT22 w9
7l 3 493307 3.19 Fauduonetuvdnszuaumanaueinie

ndnmvnauiiugiuvesssuuil Ao DHT22 o qniadl 3 vimiidieuen
AuaniRornauazdssiiumsasdunnuiuoinia auiate 3.10.2 lnefid1dmndau
auduemafisudiuldazgninluIeufisusuasasaiautussdeteguil 3.23
Tnehluudssuuiiduiiunuegtuinasdiaeaandouiniu mamueainndeuiiintuil
aggnidgimuauitlofiil oA uuAvalrgALAAIRLAG DULAEdIN15YA1 U DS
lgdusgdindleg1eduius duarvatvedwalinansuauesvessrvuda v ue ud
flszareriudnumguiinunuuuunaiadn

Compare Actuator
Input §®\ Error> PID Duty cycie> 0 Output
Humidity ratio > —2" controller R & Humidity ratio
(Setpoint) Arduino DUE = Mixed air (Actual)
Feedback

JUN 3.23 WHUANIEUUAIUANENTIEINAL TR M ALUUTa UG

uiTeidenld55 57 aewes Ziegler - Nichols d1miudduusa
Amaitsing 9 Tuszuumuauitled Taeduduainnisvhszuulidussuumuguliounduuas
Famuauisududuriadndruiisseg i (Proportional Control) @slumisufiasyin
nsUSuASaTuenEUTuSLarSn v soyiusindetioeiian (Sandugud) andus
uAsnsvendndau (Ky) 990 0 aunsziiadnsivetedadudilndasnsueieingd
(Ke) ilorn Ko = Kot mé’mfldauﬂmu%ua’]mﬂﬁﬂszLﬁuléf (NAMDUAUDIVDITEUU) LLANNIT
nfaundenuvaNyaveustselowisguil 2.23 munaiifaldannsmaaey (P.) uas A
Sareneingd (K) galdlunisduimmdudseing 9 famsei 2.6 Taefidaemug P, PID
- classic kag PID - no overshoot 4 al¥nsUsuuaui uAuldfunisnnanauaz@nun
namevauedluinednusatiuil

3.10.3.4 n1siUSsuLfiBuaNTIOULYRITIUUAIUANSATIEUANT UBIN"A

NMAIANNS Inavlialwduoea

nsnaaedluiite 3.10.3.2 war 3.10.3.3 lasunisnaasussuulay
AMUARYYIIO198Y (Setpoint) LLUU%uﬁ’ulméﬁgﬂﬁ 3.24 ArdnTEIIAUTUS BT mun
Usgneuale 18, 17, 19 uay 20 g,/kges 5&@Lwiszi';qsuaqmé’mﬁqgﬂﬁmumLﬂu 100 3wt il
AnnananeUALBIvBITEULLALTlsar N TemeTinanouauaIveIszuUazitngAd1sds
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aussaurveIsruUAIUANluLAazIs lasuN sUsTliulaefandseng 9
Failinanl3Tukaded 2.7.4.1 uaz 3.6 Usznausae 1. Anudunsan (Slop) §431n51e
Tuthasusuvesmsneuaues TasUssanauutiwesnududadu 2. nargauna (Setting
time, T) LﬁUiSEJSle‘ﬁi%‘U‘ULéNWBUﬁU@QQUﬂSBW@@jL%ﬁdﬁﬂﬂzﬂdﬁﬁ‘ﬂ@ﬂﬁﬂﬁﬂﬁwﬁ 2%
vasAdana1n 3. 1esiduin1swaifiu (Percent overshoot, %0S) Lay 4. 15107 @4
yosmnuAmmAAouidsaeaads (RMSE) THlunsiinsizsinnuaenndesveadoyaszning
AIMDUANBIVBINTEUIUNTT (Doyrper) AUAIMBUAUDIT AN1IEAIR () Tl iATI29
NANDUAUBIMAINTHLNAFaNAa

25
Signal 1

15

10t Group 1

i Signal 1 >
L]

Setpoints

o 1 L i 1 1 1 1 J
1] 50 100 150 200 250 300 350 400
Time (sec)

Riaht

JUN 3.24 dnsrduANLTRedsuuudule

' o '
IS~ v A

JUN 3.25 MdmuaumsinasinUndidetunfoumewesliueines
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3.10.4 NMIWALITZUUAUANSATIE1WANT UBINIAIINEIAUANNTS I
wiiatnfida
sevuillddaeuaunisinasidadndide (Butterfly valve) dviuufu
dadmemauuisitldudalinduumantvenialnidnaddluusazsounsviien Taed
waslauowed Ju MG90S vihmihiimsduindeuduTnfidovesndadgui 3.25
szuvfitaunluiided dn1sfadegUnsaldidnnsedindadeadstuseun
muaNdaTduaiuemauulounduanleduesdndiluite 3.10.3.3 uandnaiu
fszuuilldnasagud 3.25 lWunuilleAuesnndr nindinduesiumesuaniiigud 3.26

Temperature controller (PID)
with k-type thermocouple

p Venturi meter
Nozzle spray = | :

I — < - Blows
(- ) - d I "\
L "_1 —| [
L == { ‘
O | e
~ Water pressure pump
I . 99l A4
o . i Mixed air
Regulated DC
Power Supply
Butterfly valve Recirculating air K

& lo

Ambient air

1%

a a o & ) YR o \ & v ¢ A a N
EUW 3.26 ﬂ']ﬁ@@@ﬂLGZJUL"?I@ﬁa']'vﬁ'UWWU’WSU‘Uﬂ?Uﬂ@J@Wﬁqﬂﬁu@qu%u@I’JEJ'J']@'JUﬂNLﬁEJ

3.10.4.1 LUUTIARIMNNANAAIEATVDITZTUUAIUANDTATIEIUANYUDINTA
NMFINVANNSIEaTNaUNRELED
N159N9UVBITEUUAIVANSATIAINANNTUDINAIINNA TR UNHLED

¥
a A

wansRsguUT 3.27 Sasnnslvavesernimeuuisisundugnuiudadiudiedrdniid
e?fw‘f'mui"mﬁ’umaﬁwama%ﬂimamqLLawﬂ’inﬁamaummﬁmuﬂsxmumimaummﬁ
WUURELALLUAN (Adiabatic mixing of two air streams)
Asnaaesiiuualidyaraidndudesidudlunsdalniig
oA aus 0% e 100% é’mﬁuﬁ‘ﬁumimmﬂmflﬁaﬁ 0 919 90 83A" dUFYYIUVIDON
Amuadur1nsdunIug eI ANS INsEUIUATTHEY ANTNIIUTBITEUURINE 12
LLam@’w’wLLmumWUﬁaﬂﬁ’quﬁ 3.28 MATERWINTRITNL UL aeIRdamEnS oS
szuveonlu 3 dwumdn 9 liun 1. WUUTI89WBITTUUAIUANFILALINITRYUVBIUBLADS
(Gpostion) 2. WUUTIRRsIETEUSHTINMSINaveI0 AU sTIUAsUlU NI uUT U
(Guatve) UAY 3. LUUTIABIVBIWBIHANDINATE VIS ABULT AT sgnUS Udadufue e
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wandeuiiinginseseuniit nsudazaiugninunudugluuuilsiduaelousinvesszuy
(Grota) B ESEYRNINYRIVDITEULKATRONUUUMIATUANTIzNAN A Ud WAl

Exhaust air
A

Servo motor

o)

pi{D)Adt)vi(t)corft)

v

m, @,

F-———f -

| Mixing point

Mixed air

my;

~

__________________________

Adiabatic Mixing of Air Streams
.fi"i'1 (1)1 + ’”2(02 = Hi"3ﬂ)3

Polt)Ao()Vo(D)00(?) |

r g

Air inlet
m,e,

JUN 3.27 MevhaugesndnivaunsivaviaUniide

(%

h
 039)
N 3
Gmixing point 4—’
| (Output)
|
Giotal )

U1 3.28 WHUANUAONTBITZUUAIUANSATIEILAINTUINMAIINIEIUNALED

(%
a A

( oI ‘.
1 H |
LOLED— k P @) O L ene ) ] 1869
! ! R+Ls Js+ [, s T
| |
| l |
1 ! 1
| Vi (s) |
| 3 e |
N o (_Triotfr” \
1
Gpasihun:

P

-

1

U9 3.29 WNUANYBITEUUAIUANAILMUIN TV UVDINDLADINTELANT
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WINTUITLUUAIUANFILMUINITNL UVDIUDLABT A1UFUN 3.29

MsmuRuNaineinszuanswlilasnsuuAuswiuiTeliuisesiuees (Armature
controlled) \iloUszgndlingnisiadouivesidafu (Newton's Law) Lagnguediassvemi
(Kirchhoffs Law) aglfanuduiusvesszuuidulumuaunisil 3.19 uazaunisi 3.20 1l
haunshsdesnulasararsuazivundeuludududuaud sgldnadsaunisi 3.21

WATALNNSN 3.22

dq2 (t)
T )=kl (t)=J—"—+ FQ (t)

m ta v m

dl_(t) di_(t)
VIO =R +L ——+V =R +L ——+kQ (t)
dt dt

K.l (s)=1UsC2 (s)+ £ _(s)

V(s)=R I (s)+Lsl (s)+kC (s)

(3.19)

(3.20)

(3.21)

(3.22)

Fomavannisit 3.20 uazunue 1, (s) adluaun1si 3.22 agldiladdy
eleuvesuamaifaunisil 3.22 lnsilumnasinammalniiinazgnaziaglunisionsan
desnndafesunnideifisufudinsiiniana fduisannsoangaunsd 323 16y
aunsdl 3.24 flsddudrelonannisinsussiunnveinesifienyuiduyuesnla q mldain

AUNNSN 3.25 LATEUNITA 3.26

t

Q2 () K

(o) (Ls+R )(Us+ £ )+kk,

motor

Q (s) k,
(5)=——=
v.(s)  R,(Js+f)+kk,

(3.23)

(3.24)
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0(s) 1 k,
position = = (325)
V(s) s|R (Js—i-fv)-l-ktkb
0 ) k /(R f +tkk K
0 _k/( J__k (3.26)

position

\/a(s)_ s(7s+1) _2'52+5

diehsruvaunsva il ssvlidenndeiuseuuAIuANAILILS
NIMYUTERTesINmesnINTUN 3.29 Usuuilanduaieleusinniseuvdenduluniy
aunsi 3.27

CACH KK

T

(3.27)

position

O(s) 75" +s+KK,

Ao wssUnvasuewmas (N-m)

= < a I3
Qm  AD AMULINVIYUVDINBLADT (rad/s)
l, Ao NIzuEDTsiULees (A)
vV, Ao wsaulnAN el AkA9958156L905 (V)
L, Ao ANUMATREINDSILABS (H)
R, AD AUAIUMIUDISLULRDS (Q)
ko Ki A8 A1Refiwsadnuaduowmas (N-m/A)
J Ao luudauley (ke-m?)
f, Ao AIAITLLBIRINAUESANIUNLA (N-m-s/rad)
ko Ky #B AAsfksaadaulidindaundu (V-s/rad)
K AD INIIVENBVRITEUUAIUANAIUALUILBLADS
0, AB AN N1984 (rad)
0, Ao AuruLgaundunale (rad)
< An ANMINANNSUTIUNIUS YT 1987 Kr = ke / (Rofy + kekp)
T A AIAILIAN 18N T = Ry / (Rofy, + kikp)

= fU a v
S Ao WaNTUT U
Gmotor A8 MaNTURlaUVDINBLADS

= s 1 ° I a ¢
Gpositon A8 TanTuaelaUMUMINTINNVDINBLN DT
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forsanaunisi 3.26 Wetdeudmaaduia (V) uivewnes dawals
uamaiﬁmmsmu%ﬁuLﬂ?{amﬂﬁﬂﬂﬁLﬁya’LﬁmuLﬂuquaqmsi’m 9 (0,) s
vl uiindrdnrinsnisinaiinnsasunlas §ns1n1sinalfswnavesenimeuiis
Bounduianisasunlasmuludie ssuudenanaiunsafiansanldainnisinaniuve

lNunndas1aiufsgUn 3.30

JUN 3.30 n1slnaruvieveveslva

A15uAd ouT vesveslnaniudunisnisivasind ui nddn A
TUSuiiniem A, B3 UNLAIYANNITVRIRUTYAS (Bernoulli’s equation) Feaunisd 3.28
\lofinrsunnsivadissiuanugaieddu (h=h,) uazveslnaiduveslvasindadalals
(Incompressible fluid) ansil 3.28 ﬁqgﬂaﬂgmﬁuammsﬁ 3.29 upe 3.30 swady il
aunsf 3.30 gninguuuulidhurnvessunmsiduanuisimsesnvesmsinaiiosnnngide
aulafiarsannisivaveswediva a Yemseenvioainnisidsunlasiuiiniadawang

nsbrailuman
1 2 1 2
p1g1h1+;p1v1 TA= ngzhz—l_;pzvz TF (3.28)
p
Ap=p—p =—(v§ —vf) (3.29)
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p

v (t)

2

(3.30)

WeRtansannisivaidanavesvedlnaisldvszyndldannisves
AuABLies (continuity equation) ﬁuﬂ@gmiﬁmmimlmamm’lﬁm’mﬂu AINAUNTT
7l 3.31 nduTwhmsulasaunisd 3.31 %aagﬂulmLuunmé’w‘i‘ﬁlmmmﬂaw (Laplace
transform) Mduaunisi 3.32 ieRensanilsdugielouuu s - domain tned A1msil K,
Juduussansvesmuduiusseninsdadruiiuiinidaviedadu (A) fuitufinddnse
Mnszozdauvomamed (0) fadu faddudislouvesdninisinavesernimouni
ﬁLﬂﬁlaulﬂmmﬁmguU%’U’néa (Gyane) WARSIERIANNTST 3.33

q(t) = pOAt)v,(t) (3.31)
Q(s) = P(s)A(s)V,(s) : A(s)=K,0(s) (3.32)
=22~ pow s (3.33)
S)——= ' ] S .
( 6(5) 2 1
edl q,Q fe nslvalsnavesediva (ke/s)
P A AIUNUINUY (kg/m?)
A Ao NuRNTNFnYeNsva (m?)
Aa AnUlsaaseinusaldualsaddan (m/s?)
Mg AEs (m)
vV fe anuswesvedlia (m/s)
P Ao AUy (Pa)
AP AR AUAULANAIY (Pa)
Guave A8 TantusrelauvasdImuANNIsivg

AT suananALduAIBaTEAINNET (x(1) NTEUIUNITHANDINA
=2 o [y 1y 6 d' I [ a q‘ [ 3
FEANVAUNUTANY Ky x(t) 1089 K, LT uduUse@nSunanssuiun1suauannie aaduaiuans
VININTULIANIAIFUNTN 3.34
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— 0)3(5) —
Gmixingpoint(s) - - KZX(S) (334)
Q(s)
gl x, X A8 A19EIEAINLIEN
ko, K, AB dUUSEansueInssuiunsuadannia
W;  AD SRNTIEIUANNTUYBIDINIANRINTEUIUNTTHAN (Kgyater/KSaa)
Griing  AB TNTUA8TOUVBINITHANDINA

defansaniladaielouasuite 3 d1unda laun Gposition (5) Guatve ()
A Grmiing pornt TNATUENETOUTILVOITEUY (Groral) Lﬁmmﬂmiqwﬁaﬂmﬂﬁ’sumuﬂgﬂ 3 @
HFsreemanneuntint wuusasmeadinmansiildiduilaidudieloususuass (Second-
order transfer function) é’qaumiﬁ 3.35

_@,(s) KK KK,p(s)V,(s)X(s)
o 0 (s) s’ + s+ KK,

i
Input signal —e—» —e—» Output signal

System Identification

(3.35)

a4-----
-

(Least Squares Method)

|

Transfer Function

JUN 3.31 MIseyeNanuaivesseuy

3.10.4.2 mssqu,aﬂé'nwnj%aassuumuqué’mﬂdqumw%ummﬂmn’né’a
auAunsluandintinfide
N1338YLeNanwalvedszuy (System identification) v U35 n15ase
wuudnaeamnadineanivesssuulauniinlagliteyadyayralouduardygyrameuaues
YDITEUVINNITNAADY (Ljung, 2010) muf‘;%’85L§@ﬂ16€fm5Lﬁu%’a:4aLLuuaaﬂmiuImLmunm
dmulflumsssyiendnvaivesssuuniulusunsa MATLAB sheisidsaeaosdian (Least



81

squares method) WiuIfuRUTULULTIUYBaszUUSUSUTI@e (Second order system)
paALnsT 3.35 dnfuiuneulunsssyendnuaivesszuy ansnsadeuduumunmeis
feldiFasuit 3.31
3.10.4.3 N199ANLUUAIAIUANNLD

wuudiaeaeadamansiiiunsszyiendnwaivessruugnmianly
lTunseenuuudmuna TneiFuannisdstafuunniseanuuy (Design specifications)
NATel Amuslfa1nuaaaedeuluaniza (Steady-State Errors, E) winfiuaug
Wostdusnisnaiy (Percent overshoot, %0S) Waen3n 25% uaziiatgauna (Setting
time, To) 71 2% waanuamaedeu litfu 60 Juit Fofmuamanignldlunsdiuaum
9A98NUUY (Design point) A1uANN1TA 336 A3 3.38 9T uTeTiATIEdmILAuIIn
e uunddnsveneiiuazle neldteulvvesss (Angle condition) wazioulvvesuin
(Magnitude condition) TsszuuiingAnssululuaudernunnisoanwuy (Ogata, 2010)

4\ Control System Designer* o x

Root Locus Editor for LoopTransfer_C

Stable locp

‘ GM:in . ;

‘ Frocelyt - ) Real Axis
| Step Response
| om 1 Tay

JUN 3.32 MIUTULEUMAAUIINYBITEUY

enddedlditaddu sisotool vaslusunsa MATLAB Tunsusuidunis
AusinvesszuuRsguTl 3.32 Wedesnisesnuuudmunuiile msUsuidumadiuiin
yosszuvIsdududeainlnauazdlsliaenndosivsunuuiladdudrelouvewinmunuiile
paanms 3.39 slusideiivinisusuiivii Root locus editor fisauuruasguil 3.32
LAZATIVADUHANBUAUBIVBITTUUATUA19YIVDI Uity diudiudrevesguiluna
Fapuddsanunsoldeenuuimmuauiloldguiieadu 38nsldnuileddu sisotool
fiulduuuflumanun o vesinerdnusadiuil
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(n (%05)
¢ = - - (3.36)
(n"(%0S)+ 1w
4
0 =— (3.37)
TS
S,= —¢w tjm\1-¢" (3.38)

G, ()= k, +—= (3.39)
S S
Toedi ¢ Ao 9RIIEIUN1TUUN (Damping ratio)
®, o anudsssund (Natural frequency)
Si, A Iwawiuﬁisé’fﬂuamaaﬂuw (Design point)
G (s) Ao Hlaidurieleuvessnmunuiile
kn A ANdI1vENERIIAIUAL (n = p, i)
Z. Ao @l (zero) 1%1‘71' Zc = ki'ko
Input l Plant :
Q~{rlp e, | [oms g o | Lg 0
Scope
Mathematical model Slation
Setpoint Value

1

JUN 3.33 WHUAINTBUUAIUANENTIEIUANMLTNRINIAIINIAIUNHLED

Wolarinsivasdaniuau lawn ke wag k 910N1359188958UY
HULUUTaRIeAliaansua (Simulation) fmuauiiledegniluAnnsiussuuaiuny
1Y) | & I3 a a a & ) @ a
gNIIEIUANUTUDINIAIINIIAIAIVANNS IavlaUndALde wuudeunduwanifagun 3.33
IAENAFBUAILAITATIAINAMUTUDN9E 2 JUBUU LauA 1. ArdneBasuutudula (Step)
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mugUil 3.2 WielflTeuifisvanssougnisiausussuumuausnduALTue N e
mndmuaunsinasialsduosdluiate 3.103 ua 2. AdsBauuunay Fadifaguuuy
Futulauazuuuaiaides (Step and ramp) Wedunanisviauressyuudl ofesndey
fuannefinainuans laef n1snaaesludiudldesnuuuinlssneds (@-setpoint)
Wlusiag 17 89 23 gu/key, wansssgui 3.34

24
Signal 1

23

J
0 100 200 300 400 500 600 700 800 9200 1000|
Time (sec)

[

Ul 3.3 ArdrsdslunmsmedeuszuumUANSATAIUANLTUB ARG DniLEe

3.11  n1SANYINAYBINITUYULIBUBINIAB UL Ina VI Idgsan1sTdnaeeu

lunszuaunisaunriadnaaen

nsnaasslududldiad esouursnine ausuuvudnduAnwInislindeny
voansrUILNTaULIiIden sruumuausaTdmA T ueIMATINTATe 3.10 AT
nsdaLden (srutauausnIIduAMEueINIAIINdruAuNTIvasiadndide)
gninsadnfuiedossuuiedsgui 3.3 dieldusunsluavesennmeuuriadounduddludaui
dunisneasstudesduit eguualduvesnisldndsndlundagszuu Tnoaaed 3.2
uansTazdeaLarAaIaLsing q fnuidetmunsliesiinaennisouusis

d' A Y = " a o = )
MI1F19N 3.2 LQ@UVLﬂJﬂ']ia‘ULL‘W\TSU']'JL‘Ua@ﬂLLUUVLlIL'JUUE]']ﬂ']ﬂﬂaULLa%LL‘U‘UL'JEJu@']ﬂ']ﬂﬂa‘U

fauds szuuuuulaidsuennie FEUULUULAEUDINA
AT LRy 24%w.b. 20%w.b.
ArduigaTig 14%w.b. 14%w.b.
1addenTuBudy 20 kg 20 kg
AILSIDINADULLIAS 8.5 m/s 8.5 m/s
ansnstdautradden 3.3 KSary-solia/Min 3.3 KSdry-solia/Min

nsduiinteya N 15 Uil NN 15 Uil
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nsnaasswuseandu 2 dw liun nseuuistnldeniaelddnisvyuisusinie
nau @andimuAunIsiva) kagn1seunistndsnlagvyuilsuainianduunaslny
(1Uandrmuaunisive) Mnseuwisirildeniiguvnfionniafeunsii 60 °C uay 80 °C
AU EUdenIsUINNeuLi Adulavihnaduaaed 191 w mseenveslalaau
Aulilureslandnifionsaaeutu wagtufindrfierunnidueesdsiafauiniasauns
yn 15 117 leliTiszsinansvaassdely

312 mseuwiidndendaeisaruauanmniiannAeunsiensii

FeuwidnlasmuaugumgionneAsuuisasiinasanisnaaey (Air temperature
controlled drying method, ATC method) 1Ju3Snnsfinuiuleiluluaudunisounis
Fannsmaineas esannisvaaeduide 3.11 Ustnavasnmsanmsldndanuvessyuy
Afmsmyuisueinaisunduliiiies 3.38% uazdwilisnsnseuwistasluuinsd
denalinisldndanulnesiuressruuwnuaglifinnuunneaisduinfiaag (na1fwa
AsmAaesiluide 4.2) fujunisneaedludiuisresennanisnaassaniade 3.11
Tagyhniseuuisfignmaiionniansii 100°C s ludIuvesszuuwuyliisuoiniandy
nafe veaese ULt TigaMaTienna 60 80 waz 100 C mudiiy Feulviuusemun
Duluauansnsit 3.2 Inevmsnnass 3 Filuusaziioulanaaey %’ayjaﬁlé’mw‘fgﬂﬁﬂﬂ
UsilluaussnusagAuNINU1INEINIToUWAE AaanaudnlullAsgrinansenuveiwlsau
fofuUsnny Wevuuimafitaussousvenaioseuwisaly

3.13  MTAATIzRaNsEnUYasiauUsAusafuUInn eI

Tayan1iaaadluiite 3.12 gninandAsigilasEsenuduiusuasnanseny
yesfuUsHuLAaziIATinarafuUsamselUsNTI IBM SPSS Statistics 1ilenUu1INNs
FamsfufuusfidmansenugeaaroszuufifansanuasimuisauaunszuIuMIa UL
suuuUlmielUluaunan dwsumalieresitoya fideduunoondy 3 dudeidaseluil

3.13.1 myaseitadevesdayaniseunvietnaaen

mesgiludusniidunininendeyanismnaessiuau 159 gadoya

WAAs1z9tIads (Factor analysis) Wiednenlassadeauduiusvessulsiiauls (eAdns
AnAu, 2564) afatladomeniTiiasieziesAusznaunan (Principal component analysis,
PCA) v uwnuilafedaes Varimax fuusiivhaiansunludud Ussnoudae gumnd
9991NALINADN (Tey,) mm%ué’mﬁwémaqmmﬂLLfmé’au (RHsurr) Qmmﬂﬁﬁé’hamﬁaﬂ (Tpaddy)
pamgdenime UL (T, nardildeunis (Time) Armdud1adenszninanszuauns
(MCyp) Mstgndsnulugiveamiiglih (kwh) uazSesasranini1indas (BRY)
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3.13.2 mMsafeiuudnaadlasetigussamiiioy

Tumsfnuil uuusaedlasseyssamidionld$umsianutuoulusuns
IBM SPSS Statistics TugUwuuvas Multi-Layer perceptron nfauUsie 8§ Aindnaanudn
Aounthil Tnsutsoonidu 2 dau Ao Muusdase uasiuUsna uansdamsnedl 3.3 doya
msnasonaigninuvad 2 g 1iun yndeyadmitfinaeu (Training data) $1uan 70%
vosdoyananun wasgadouadmiuns19dauaIILgNfBIveILUUTIABY (Testing data)
117w 30% vesteyanmun lassadmesuuiasdasaisussamifionddnynduuuy
1 Hidden layer wag Activation function 10 4wy Hyperbolic tangent GTJQEUVTI 3.35
Tnsuuusaesiimuntuildfunisussdiunnugniosiiea R? wag RMSE smuviade 3.4

d‘ U o U 1% o 1 a
A7 3.3 AUsansuassuuuInasslasngUsea e

fauUsdasy AauUsnnu
QUNNNVDIDINARINREN (Teir) AT UELUAN BN TEUIUNT (MCy)
AN EU0901MALIAEDY (RHoy) nsldwdsnulugdvaamielain (kwh)
NIUIUFEN (Tpaday) SovavNanant1INaes (BRY)

9
9
QUUNTRINIABUWAY (Tap)

AN gaUWIAY (Time)

Input layer

Bias
Tair

Output layver
Time

O MCu
Teatsy - (O O kwh
T () BRY
RHSU]"I

JUT 3.35 lassasnavasiuudnaedlassigusyamniiey
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3.13.3 nmsamseiandlesdayanisauniadiawaen

BM (2024) 53y21n13Anwinansznuveadulsfui d6efuusniy
TulUsunsy SPSS @"'1Lﬁumiuuﬂyugmmaamﬁmiwﬁmmla (Sensitivity analysis)
Fauisei lduuusianddasiieUszamiisnaniadensunt1un3iasizdaaula
MnnsuUsiuvesiLUsiuLiazia nansenuilintuainnsudsusiuvesiuysdass
Usngluduusanudiauladnw Tngialuidunisussidum arduuseans auliung
(Normalized sensitivity coefficient, NSC) u19A$ 991908 lug Uraanisiidausudusing
(Relative contribution, RC) #udun1snszateannurfyveiiulsesnaudndn Jamil
et al,, 2021) s‘ﬁw’lu%’afﬁwLauammﬁ’]ﬁ@mm@'{aLLUié‘aiw'aé'hLL‘UimﬂugULLU UV

(%

nstlduTINduInsamEuiY 158071 ANEIAY (Importance) WalidanAdaINUNAS NS

o

nldsunsudniaguild@ne 3n1simseideyamielusunsudnsaguiildluanuide
Adeulauuulilunanuin v vesine1inusil

_______________________ _’ \
( ™
- Exhaust air
,,,,,,, %
Sy & = | - -
Cyclone ! i
separator | | ] .
o |
“.‘_%_-}' i
I m | OB B B AR _J'__
? ¢W71V e thermocoup! Al >e3 Ci:ﬂ
Drying : Paddy —
colurmn | i
72y
Airinlet

Heater R St Blower

K-type thermocouple

(%
Y a

JUN 3.36 UHUNINLATDIDULIGLAZNNSARAIYAAIUANUAN RKC Ju REX-C100

3.14  aseuwiidnaaendgIsaIuANauugivesdUGen
AUt ilagauAugmnitnlaen (Paddy temperature controlled drying
method, PTC method) 1Juignmsauwisguuuulmifiimuntudeanniseuuialaeaiuny
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pumgfioniadouasitluiate 3.12 (Wuuiis) vesingndnusatul ssuvavauludaud
T4ia3 0smunugunnfl RKC Tu REX-C100 Tunsdsdnemasluiuiiad ssirnnudeu
(Heaten) Ingideusiiduimesingamaiidadendriudafudnmugui 3.36 (Fuduns)
iiesudnazsagunaitudenasludniv daunnsisainssuunuuLind fuen
Fyanagungiveseiniadeu i nseenveueieinuounuu 3.4 uagguil 3.36
(GiRTEEE )

MuAdelHI8n1usnvesdinaei-ilaadlunisuuudsdaniuau PID Tnsiden
mimauauawaaammmnmaaﬂiumau%ammwammummﬁ 60 "C anisAaunu
ammmmmmaumm (it 3.12) mﬂiummﬂ’]mwmamma (L) waz AAsiitaan (T)
mmauimﬂgmmmaanumumamgﬂw 2.22 AAsil k, ki Uag kg RaNsanliaInangns
2.5 Tunmeaedlaviinisasuauaiudsang 9 ARSI 3.2 I@aﬁgwi’lqmmﬁﬁnmﬁaﬂ
Wmnedl 42 45 uay 48 °C mudiiy ludiuvessruutiuiindeya fidelMTeuddslunsly
Wuwefeing 9 dslunmil 3.36 sruuaztuiinAsu Arduino DUE $auffu PLX-DAQ g
Microsoft Excel 1 2 3undl dmsunsidesulusunsuuaznisldauiugiumani §equ
anunsafnyifisiddldannianuanues aAans snduf (2564)

paddy

TDaddy WA Error | G Power'.' G L 4G
(Reference) Controller Heater Tpaddy

(Process)

~ —_— - — —— -

JUT 3.37 UWHUNMUABNYRITYUUAIUANDEMOITTIWGDN

aNNIIIUYeITTUUAIUANE AT A BneS uelddasununInud on
FaguTt 3.37 wnunmdananUsznoume UAenueIianIuAN (Geomole) UABNVBITEUUEY
91119 (Grieater) UaE UFDNTMATTTNURRNTUSNRY (Grpacs,) dWSuMsnanasludud
Funtsrvuadgumgditimanevesdiadent 42°C 45°C uay 48°C muddy Ky
Amanisaduagnads (Tpaday — reference) Tuusaziloulansvnnaes sausfisyuuyiney
Wulwes T ungdarsur1d Yo g d91391n052UUN1T (Thaddy — process)
uUIsuifisuduangneds ieduinmauaainiedouiliind uiuszuy (Eror) Gafian
Fuldldtsunnuazau wé’ﬂmﬂﬁ?uiwmzf]aué’ﬁgmmmwmmﬂLﬂﬁaulﬂé’qﬁaﬂaussgmﬁiaﬁ
demmnuardaiedygaenseudaunsaiguerna (Heater) lufiae Usuauidslil
(Power) fifanuRud s 1eliungunsalguoniaiules mdslusind 9elungunsal
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szdmnuduius fudvuinueuioud ssuuguoimaanansoyiliune naeuuils
na1afe mniin1saremasiiindgeunsalguainiadudiuiuuin enimeunis (T,)
wiunltuvesgamgiifiugatu lumemssiudng wnfeuaudsinemdslifdndaunsal
guoInatios gumnivesenmasuuisiasdadesnuiuluse Fuuildunsvieai
muaammmwmammaaumamumumwLﬂmsuuiumimaaq Luasmwaaﬂlmumwmau
MnoMAsULs $1BentefigumniiiiugeiuiFos aunseviagiddandnsde ifosann
SEUUAIUANA LAY AMRANEIAYBINTEUIUNTANUN WA UALLUUAREEN



unil 4
NANT1SANLEUIUIRY

HenluuniviauenanazniseAusienansiselunrazdruisndunissiumn
nunil 3 Usznousae wamsﬂfmmszwmu@mmé’mﬂmumm%ummﬁ NAUBINISLILY
onAnguL g IR on1sUTERTANS 1 1lUNSTEUIUATTOULKE NANTSILASIER BN A
YOIFIUTBATET A INANTENUADANTIAUSVDINTZUIUNITOULH S LATNATDINITUTBYNA by
seuumuAuiloalunisavangungitIiUienlunssuiuniseuwi nelsiuaziden
Fahdereluil

4.1 WaNIIHAILITEUUAIUANIATIEIUANNYUDINIABULENRINNITUTU

dndauaIn1A UL IUNAUAEI1IAIUANNIS LS
iu‘uummmamwmummmmmﬁauLLmlmumiwwuwummwmmmmum
ToAuosduazndmuaeiaUniide andnvaznsrhauesszuumuaudnsdiunuiy
wAagFULUY wansatideseluil
411  spUUAUANEATIEINANNTUEINIAIININFanduAunsInavTialsAuand
uamsnaaesluduidnuanuamsalumshauresdmuaunisiva
yiialeduoss nieunnaLLIMNIAIUANSNTIAIUANITUDTINADULIAY 2 uuane Tdud
SEUUATUANSAIIEINAIINT Lo NIARIETE A LI E] warsEuUAUANSRIIAIY
muduemasuudoundumaisnisvesdinass-ilaad uninseinsTinuYeITEUY
WaR9RIiITe 4.1.1.1 D9 4.1.1.4
4.1.1.1  anudunusseninsanunisuesdunnwadifinadesnsinisiva
VYBIDINIABUAIILUNAY
nnsnaassluiade 3.10.3.1 Wedmuaigdnsnisvina Outy
cycle) vsoauniesdygraiad dudygyradeudidssuudouoina (edusedindd)
NaUDISNIINTInald s vete Uk Bl sunduiineuaueteanuIIN i
Uauignasing 9 LLamﬁqgﬂﬁ 4.1 wualduennuduiussyrinsdyerauloutnuazdyguoen
fdnvasnduamuduiudidadunss faunsi 6.1 puduiusivadasnansdoundu
184911 01 9AiAT 2 veaIesandanisanemanuiounazina Jewvsiududadudu
TnInsmsihanuresas nanfie mnszuuldsudyaudoudias naansvensnouaues
(@nsnnsinavesernieeuwisisundu) Avediargwnuldaie lunenduiu mnszuuldsu
Fouaautloudin nadnsvesnisnevaues (Sasinisinavesernideuwiaiaundu) axiia
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maseuiy Wuluaiuaunisi 4.1 Gsanuduiusigninluldlunishialudiuves
SYUUAIUANSNTIAILANNTUBINANIETI AN ) (HTe 3.10.3.2)

=5 —18
Y = [(3X10 ") X] — 10 (a.1)
lnen Y AD INININITVINNIU YTAIUNIDIFYY IR (%)
X Ao onsINslralteUsnInsueseInIAo UL IBunay (m?/s)

0.003
= 00025 + y )
£ i -~
£ _-
g 0002 + _
% - P
qu—_,""’ 1 -
‘Té 0.0015 _ o
£ ' L X
1 . ) )
w 0001 - Y = [(3x107) X] - 107
L -
& e R? = 0.996
s 0.0005 o g
blc) | P
- -~
O 'p 1 1 1 1 II 1 1 1 1 : 1 1 1 1 : 1 1 1 1 : 1 1 1 1
0 20 40 60 80 100
AMUNISYBSAIAE (%)

Ly LY

JUT 4.1 enuduiugseninananevesdyanaiaduasiosnsinisivarasonaisundy

a5 nUS Ui o udadiuUs U1 a1 1A o UL LT sUn &Y
paUsuiansinaldeusuinsniglussuvaisaniseunins wulin nsatedygyrutdeuldn
fumnensfudssalidadiunsmyuisueinimeuuiandusntdlmiduluamgui 4.2 msde
Foyaradfoudadaud 0% fa 100% Wﬁ’ma'aummm%uﬂé’uaaﬁ 0%, 2.71%, 5.03%,
8.37%, 11.86% Wway 15.18% A1Ua1AU TULIVDINITNI9IU ﬁzuumuﬁaummﬁﬁﬁwmﬁfu
nledusysinaafinsnevausssIng sEUUhsumnuyAusTUUT daen1saugoel
Dudivae widlsaruluuuidy Tedusssndrasinanufouazauusnaunada bl
Fao1adamaneUsvavsnmluszezenld vonani maﬁ;ﬁmuamﬂauﬁmmmﬁqLTJ@/TJmWé';
azilnsvualvaniuvnainledusen ﬁﬂﬁaumLL:J,Jmﬁﬂﬁqgﬂqulﬁm?{@uﬁwwuzLLiaﬁumaﬂ%q
nsvuaumsidadestadusgrann Seonaldmnzaumnissuuiluldlusnaisenis
mawey aanailunsteldiuiouasdesfnfiintuanmsneasdudiud
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20
[ Oow 0O20% H40% BEe0%w 080%  [E100%
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c
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& I 8.37
s I
[ B
@ - 5.03
0T '
3 I 2.71

[ 000
O v as ar -4
A21UN19VB e UNAE (%)

'
Ly

JUN 4.2 Sevazvasnsisusimandunildlvdreninuninsesdygyiiad

4.1.1.2  3TUUAIUANATIHIUANTUDINIARILITATUIUNING ]
HANDUANBIVRITEUUAIUANAIBATIAIUAIUYUDINIAAILIT AU
NN W) waneiegun 4.3

22

320 T

| ‘

Y

518

o

=

a"g 16

=

P

2 14

£ —— 1971994

c

E = o =

w 12 — TBeunamang i)
10 1 1 1 1 I 1 1 1 1 : 1 1 1 1

200 300 400
a1 (un)

JUT 4.3 HanBUANBIYDINTIAIUAIINTURINIARIEITATUIUNNG YY)
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firsumadwslneniniu nud Bastiineueaiaedeuiianius
asia Tudnwazvesanunaiaindeusenien (Offset error) Suiesnainaugndoves
53UV 17lU AnuAALAdsuresnLduuSITaduildmuaunsiuvesleduess
Néadsaunsd 4.1 wazynnfinnsanluudyuvesnalnmsidia Anndoanuivesdayaya
Joud wuin Snswadiduanmeudniivilfornmaiaauaididesainonaianis
Aosuuvunmsivalurnediinindavielninda dwaliiAneueanedout uluszuing
mslnavesemaruamuAuileiisufunansnaaeduiade 4.1.1.1 fidnmaaou
nslnaernmasiensdandined a nsteduaateudila o
dedadeyauanizduniii 40 e3uniti 100 e uandudais
vosnuenaadauluaniugasia (Percent error) fA0gd 3.691% Aeutiini8nsdlasdan
Aawannainnisuszinaluaniizasdaiindy widiianaiadnanenagnuiuudeae
arwdiiusvnsndamans defaulaannsniniemdnnsiluvssgndlilussuuiifsades
soluly dmsumuussdaussousresszuumuauiandlifmed 4.1

M99 4.1 AUTIOULVITLUUAIUANDNIIEIUAIIUTUDINIAMIEITAIUINN N 6]

o/ 1 nly v a
DNINFIUAMUTUDNDY (Snater/KSda)

fanUsaNTIaue
18 17 19 20
Slope 0.458 -0.043 0.081 0.049
T, (s) 21.180 11.860 14.420 16.080
O (Suater/keas) 17.490 16.500 18.330 19.490
RMSE 0.533 0.589 0.778 0.489

9NAN5197 4.1 amﬁauzﬁuaqszwmuamé’mmﬁaumm%ﬁmmﬁé’w‘i‘%
Auramangud fd1rutu (Slope) veensmgsanalurias udunisvinuvesszuy
Lf‘iaqmﬂszwéfaqmsmﬁmuﬁaummmqa iiollrndIus1sweInLAaINAR BuaIN
nsAuanluwsarsoureIn1syineu Jevilrnsianududy 0.458 Aadu 5 fia 10 Wi
dedleufunisnevauesodynyinsndduszesnds | iwmi%%jama (T.) 3@ 21.180
At wazdlovhnuudsiUdsumuénddu JEUUEIAIANANINTAtUNTROUALDIFHNA
I§sndn 16.08 Fundinedu ludruvasidnsdiunuduluaausasiiiinduilalngifes
AuAtenedalasAulandu RMSE windu 0.533, 0.589, 0.778 Uay 0.489 guaer/Kgs @195
msmuamé’mﬁmumm%uﬂu 18, 17, 19 482 20 guate/KSda ANUAINY
4.1.1.3 ixuumuqué’mﬂd'sumw%ummﬂuum’]auné’umu%%mwaa
Finaes-Ulaad
INNINAasIliuRAIAIsRTIvE T leAn1uisnsTidesesdinaes-
Alead wud1 A1dRTveeingd (ko) Avildssuufanisniaundsuuvanveu Sy
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50 %28 TAAIUNITWNTITNGA (Pe) le’fuﬁu 15.61 Tu19 9157991 4.2 WEAIAIDNII1VLY
YDIRIAIUANLUUANG <) mﬂmimmmm ky 48 Py lUANUALANTIN 2.6 NaRBUALDS
suaquuum‘umamwmumﬁmumaqmmﬁmmﬁmimawmaai Wead LLammiUw 4.4

M1547 4.2 A1BRTIVYIYVBINIATUALILUUANY

YAYBIRIAIUAY Ko k; kg
Pl 22.500 8.429 -
PID - classic 30.000 3.842 0.240
PID - no overshoot 10.000 1.281 0.211
22
"X 20 pon—
i P I]
< -
218
\95 I%%—?Mv -
aﬂg 16
2 — A998
P
E —
= 14 =]
= _
[ —PID - classic
g 12
PID - no overshoot
|
10 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 100 200 300 400
e Guni)

JUN 4.4 HaNBUANBIUBITEUUAIUANENTIEIUANYUBINARILFIAIUANIUUA 9

9150 NANBUAUDIVDITLUUAIUANAITUR 4.4 wudn szUUAILAN
ShsrdrmauTueImARefATUANLUY PID - classic fimsnauauasiidanudedlgian
(Audugegn) Wewisuifisutiuiauaueiadulunn q Ardnsdruaududies
sesasudufimuauuuy Pl uazifigaiduiiaiuauuuy PID - no overshoot Lflesann
AdnseedndIl (k,) YB9FIAIUAN PID — classic, Pl uaz PID - no overshoot fiA1Lvinfu
30 225 way 10 muEdy 1 eR91sANAINANAT 2.22 aziulddn nadvesdndau
(Term P) \Junanmuszmiaadnsveedndiuiuaianainvesssuuluudazsaunisineu
(e(t) Fududnnavdniidamalvszuuiiaanuioshgunnluianiufunazanainiunm
Faudsiunueiawaindianasmalusae (ﬁmimgﬂﬁ 2.18 Usznav) vaiziinaainnail
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U3us (Term ) Fadunasiuvesnnuianaralunniiana esiufunadvesdndqu
(Term P) azthoisanszurumsliiingaaiideanisuazvdnaruiianaiaiivdoogainnisly
wavosdndnld uazidesannatvesUifiusidunsnevaussdenuiiananazaulusin
ﬁqﬂiﬁﬂgmimuauawaqsswL*fJuLﬂai‘Leﬁuﬁmswuﬁumugﬂﬁ 4.4 MARANTUNAIUYS
9M319818U8969AIUAY PID - classic LB UiU PID - no overshoot 93L#iudN WUV
AUWUS (Term D) Wrunddiutierrassnsin1sa sunUainesd I mveenveds UL
uaztranruIaresnstaAuiiRetudestuudosidunsuuinuey Pl 91nn1svngey
szuumUAL WU Andesidudnajaiugsganuldanszuudanuaulaefinuguuuy
PID - classic 58989178 fuaNLuY Pl uazgavnaiduiniuAuwuy PID - no overshoot
dofasannanouauasluaniuzesia wui fmuauiis 3 ULUU anselinanouauss
AlndiAssiuArdrsdaduegiann (@rmnuianaineyluvouisn 2%) dmvanssous
Y03TEUUAMUANSITIE AU N ANLABNSveEinaes-Tland wandlddmneed 4.3

P13V 4.3 AUTTOULVDITTUUAIUALTNIIAIUANINTURINARNNIBNSY0eEnaes-Ulnad

- . . DNTIEIUAMNIUDN9DY (Sater/KSda)
YUAVBINIAIUAL ALUITANIIOUL

18 17 19 20
Slope 0.780 -0.124 0.174 0.092
o Ts (s) 32.70 9.44 12.39 9.45
%0S (%) 422 0.71 0 0.15
RMSE 0.137 0.113 0.087 0.112
Slope 0.912 -0.162 0.347 0.144
T, (s) 31.19 7.64 18.79 7.20
PID - classic
%0S (%) 11.69 1.72 2.11 0.76
RMSE 0.093 0.105 0.088 0.245
Slopeint 0.619 -0.040 0.102 0.045
T, (seq) 38.82 16.39 19.30 10.99
PID - no overshoot
%0S (%) 291 0.59 0.38 0
RMSE 0.143 0.159 0.113 0.278

91NA159T 4.3 AIAIVANKUY PID - Classic Minanauausslidauia
gfama (Ts) im'gmﬁ'mam amnuiuﬂsm‘vlmamwmumm%umaaqumnfdu 19 Suater/kSua
Fafapuay Pl Iwmamauaumaamami’smiamwmmmmwu PID — Classic 19990
anudunsinluszezs udu (Slope) 7 fiAg9v89dIAIUAY PID - Classic vl syuy

AaUasidusinsnaiu (%0S) 7 2.11% Fadiaaigaunaadinulusieg walinunisvauiu
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dmsunaneuauasvesfinauaa Pl luragiu wenani susnavesnareuriuslufaiuau
WUU PID - Classic naudigdaasuiatesnnveinanauauadlulan1ugAswiivemad ng
mm’mqué’mndaumm%yu&gaLwi 17 89 19 Quater/Kgua datNALAAINAT RMSE dAtiosunn
Tui9aniiu uag RMSE ﬁmqﬁmﬁasswwmmmmmmé’mwdaumm%ﬁ 20 Swater/kSda
ofiansanludinvesianuatuy PID - no overshoot WU fenueudsna1 lvinadns
Tuthsanugasiliiupnieaindamueaudy windufidnandaunaunnindemuauuuudy
Tunnnsdl uazlresfidudmaaiuiosiandewisuifisusummunudulunmasesi

folfiTouusznisusnainismemugudnsaiuaudueinede ssuy
muankuudoundu fe nanevausessruuluyanurasiilliamgidndAndmunes1ess
ilviAn RMSE vearadnsogluyie 0.087 89 0.245 gater/kgua %aﬁmdwwummmé’mmu
AraufeIERaavguiedieditedidny doldiusuusenisiiaes fe sruumUANLUY
Houndumaniimslfnudumesnmaindeyationniisiunumimnud Seinsldgunsal
fndnsnsivaeiniauarldiduises DHT22 mnndraewinduly edrlsfionuy wnfiansan
n1seuwisiannunsluanuduais nmseuwiadndudesdinailunisaniuniseniuiu
vanedlasdmiunisanautuluiannensanndanduiivmnzanlunisdafiu (14%wb.
dm¥udruden) nsiarsansanevausdlutiuiuduidianudndudesniiiasves
nanaUauedluanIuzaw mndesgiuarUseduranauaueninisniseng q fildunaue
snfeuntihi asdiuléin nstszsndldnuszuumusuuuutiounduiuszuusuusdiqaiy
TushunsdamsfuAanueaadeuiiaougasivesan e nAeULisisEuUFBInTld
wazdiauuiugige fafudamnzanegnadaremussgndldszuuilunsmuiieusinia
funszuIumseuwisialUluauien

nan1aageuiilimauiedesidavesndimuaunisinarialeduess
Aldiluszuumudousina dewesliernadoundulsgsanil 15.18% vesmslnasinie
avluszuuarsanisouuisneldifeulunisneaevi widtlunismaassazdnisan
fufiviidnvestemisaanainiaanszuuLdfiny udfedmunsanenweeslsiuesd
Médiiuiinindalntunislvage (gldandeyaymavedavenidilunauuin) dwali
vaslyaluszuuriuldlddosideIouisuiudnuasmenenmyssueandiiiuiusmeilo
lunuideves yunin @an, pAdns Anuia, N5d 367uTIA war T A3sIUTTA
(2565) m3tenligunsalfifidnwarnindnunanisivatesaduuummilsdunsveona
uazUFeuidieufistef/doideresszu dadu nanmesaduidedaluindunaresnis
fiaresensrUUMUALSITdIIAITueIMALUUTaunUIN S ImUANNsinawiaTn
Ade TnefignuszasduiiaiivanssournshauisluudvesmafiauiiaeiniaFoundy
waymsldnussuumuauieunduiifiaiosnmely

412 szuumUANSATIEILANTURIMAINMEIRUANNsInaTinTnfide

wananaaesludrudtnausauamnsalunisieuresndiniuay

nslvariadnfide Heddudrelouresssuuanisszyendnual nanisoanuuusiamuay
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filo aussnurveaiamuANAsanLUY nasnIuIUSsuIisuaNTIALENNIAIUANSATIEIY
Arufuszyihsszuumuauiianlududiussuumuauitiautunledussdndg
4.1.2.1 anuduiussznineiesazvanisidanndldadniinisivavaseinia
UL IBUNEY
HanaUANadluIUhUUBITNIIN1TIATeI0INIABULA BT B UNEY
iesnndyyradeudile q uansdaguil 4.5 mslualdaiuinsvesenniaioundy

]
[
=

fannudwludndiunsigannlugiaiszuulasudyaraudoudaus 0% 89 60%
=

(13 1Um 0 B9 54 83A")

0.014 l

0012 + I Sl
001 + ..
0.008 -+ P

0.006 y

lwadiauSunns (m3/s)

0.004 [ 4

anN3IINIg
T

o

0.002 2

0 20 40 60 80 100
fopazveinsUnan (%)

JUT 4.5 anuduiussenineiosazveimsiUnaednsinsivalealiuing
YBIBINAD UL IBUNGY

Jodunainuainnsneassil Ae nsmniinisaedyyrudeudndu o
(1ma10a) Wyl dornaunsdlruiianissalualt g siosuausinialugns 0.0014 m/s
a & v ) N Mya v ! ¢ PN ¢ a A a
woAnssutldsmalinsnaslugui 4.5 ldldsuduaneaud luragingila Wefiarsanain
JUN 4.5 wud mMsdnedyyiadeudinaudan 0% e 50% dwalviszuuidnsinisivagedu
ludnwarvesmnuduiusidudunss Turgrwesnnududadugeiliinnisyuisueinie
aunisnduanldaulnilagedia 75% uanesluguin 4.6 8n9n1sivaldeal3unnseIniAa UL
Suiinsdsunlasissaudetnedygrudeudniunia 50% Wuduly 9annimaass
WUTT 9RIINITINRALTIUTNINTT90INIAB VLRI BUNEUINNNITT 18 ey Ut o uLdn
Faum 60% 89 100% duuldaniuduiies 10% Fein1siudsunlastiosunii oliguny
v iudadudifilasenuun 081lsinu MnRINTUININTILYDITLUU AU
v 1 = = 4 (% L4 v v =
sruuaenanfidngainlunisvyuisueinasuwianduinldnulmilaaegnis 83.33%
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Anssedyndoudniu 100% (ndula 90 ssm) ilewTeunuanvurYBINITAY
o1nasuwiandvaldlvdseninandrdniidefulsduosdndilusade 4.1.1.1 wui
MéwdalnfdeaunsaifisTinunmsisuenmasuuisnduinldlmildgduanleduosd
1éais 68.15% naniaveaesiiduuuiliufiddenisatuayunddnfidedmiutssend
THmilussuvsuwindessuuduifioimnisuiinumesuisusinagesely

100 O 09
= % T g BL67T 8333 B 10%
S 1 75 76.67
S 80 B 20%
3G B 68.33
(‘% 0T 67 @30%
= 60 T ; [ 40%
g - r 48.33 |
2 I &1 50%
E a0 + 36.67 -
= 26.67 i EaEs
g 30 A B 70%
393 -

[
= 20 T B 80%
8 L 10
10 T B 90%
0 M@ 100%

{ovazvin1slnanan (%)

' [

JUN 4.6 SevazveimsieuenAnauildlnsedesazveinisiUanaiUndide

4.1.2.2 WANIT5TYLINANEAIVDITZUUAIUANDATIEIUAIINY UBINA
3 a 8 A dly
31NMAIAUANNTS InavtinUnHLHD
HAIINNITIFYLONGNBAUVBITZUUANNIITD 3.10.4.2 WU F3aaes
Wedlgnaiuisausvanardnlsnusngluilsidudieloududvass (aunisi 3.35) Lo
AeaUNIsi 4.2

0.002263
G(s)= (4.2)

s> 4+0.28425 4+ 0.01332

nansUszRnuA e vaenndesiuteyanismaaesdu 85.51% uag
ISP [ /1 A A 14 [ ! 2/ ad o
{1f1 RMSE 10y 0.288 wiihssuuiiiedesiunsmemannusounazanayidesuniug v
Tiwuudiaesiilaunien R? ag 0.86 usagslsinuy fedduaialoudsaunisi 4.2 diduna
AA7NaAINNITNAaAAUNATYANTT 10 AT KATNAAIINKIUEIIVDILUUTIADIAING 12
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TnatAwaAuarudITeuas T. Pongam, J. Srisertpol, and V. Khompis (2013) Fal@dinng
srylendnwalvesTEUUNNIgAMAINYBLAeUmANL sBanuUUFmUANiTl TuluInIa
Featu fafu anuuslugwesuuudassiafismenoniniluldosnuuudauauile
war 190Ul NN UALBITEI TEUUAIANS M TIAIUALT LB INIATINIEIAIUAY
mslvasdinTnfiderouhludszgndldmuaufuszuuaisluddls

fisaNAAENYAILYDITTUUNANNTT 4.2 Wuin szuuiiing (poles)
FeeeguuunuiuInaie 2§12 Ao -0.0592 waz -0.225 AagUil 4.7 Wlenaaouilsrdy
sheloumonsdedyanadouduuuiutulaniionhs wui mamauaum%"aﬂﬂuéawﬂaﬂ
na1Pu (Rise time) fA0u 32,5 Junil angaunadl 2% veseuamalAdeuiianuasi
(Settling time) fiAnTu 58.6 3unfl uaziihganuzawiien 0.145 faguil 4.8

Pole-Zero Map

021 015 0.105 007 0044 002

o o o o
o (S} = 2} co

o
&S]

Imaginary Axis (seconds'1)

o
~
T T

06 L AR R R R R IR I ]
082 NPy :
0.8 (T & oF B E e W TSNS TVEE £ £ 1 b B L LTt R ,OIB_
. 021 0.15 0.105 007 0.044 002
gl Sl R ITTT TP YOOPPOPPPPoO bl I N T .
-0.25 -0.2 -0.1 -0.1 -0.05 1 0

Real Axis (second 5'1)

' 1

SUN 4.7 WU nlna-BlsuesssuumuANsnsIdIuAINTUeINIARINEUNALED

9130190307 4.8 nudn szuuianuaainied owfind ulugUuuy
panLwn (Offset error) é’ul,ﬁaqmmﬂszumqﬁmﬂizquué (Type 0 of open-loop transfer
function) terndnAuemaadeuiiistull Jdarudnluasdesuiuusinnuenaiadey
Tuanugasilviantesiiandefemueuuuuiilonaiade 3.10.4.3
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Unit step input
1 A A
.
08} Steady state error |
1
| !
. .
Sost ! !
g i i
1
® i |
04 i — |
S i | Final value:
1 i . Settl t o I
Rise time: cllling ume ; 0.145
32.5 seconds 58.6seconds |}
1 1
T 1 Vi Vi _\
T I ——— i
| | |
O 1 1 1 | I 1 L1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
Time (seconds)

E‘U 4 8 mamauauawaa‘iywmumamwmumwmummﬂmmﬂmmmu
SU‘Llﬂ‘UﬂNLﬂ@@@‘WQﬂ‘UU%UULﬂ»@MUQMU’JS

4.1.2.3  HANITBONWUUAIAIUANNLD

1nnseenuuusmuauiloluited 3.10.4.3 silildesnswened
(ko) WinfiU 11.22 waz Ardnsvegle (k) wiriu 0.9884 dwaliszuuiinginssuduluny
Foulvesnuuuanaunisfi 3.38 :1eazidealnanazdls (Poles and zero) Y9453 U
Fagnanivelaeiinruguiilenanslddsgud 4.9 mafiudlsuussuiusiuiuaied -0.088
WAEUY E‘iﬂNﬁl‘iﬁ‘waLﬁﬂ?’]ﬂﬁ?aaﬂﬁ’mmﬂLLﬂuaumﬂﬁ‘WNWﬂ%ﬂLﬁ@LﬁﬂUﬁUi”UULaﬂuiﬂﬁ 4.7
Iwamuma\ii”uuumuiwam&m (Complex conjugate poles) ‘Nawmuui‘“u’m -0.0837
+]0.11 denalisy suUneUALBNS T uLazIinnsHuTe ManaUAuBIH Bt e T ud utule
nilamhegainnsdassneuuudasmisadaamans TaedanUedidudnisaiu iy
16.5% (f1n71 25%) Waghangauga Wity 42.8 (#0160 3undl) Fagudi 4.10 wadnsdle
Frudulunudefmuaniseenuuuiifesns faduadnmuesilodinaniegmily
WﬂaauLLazLﬁumamiwmaaaﬁuszwmuQ:ué’mwdaumm%ummﬁiuﬁﬁuffﬂiﬂ Tutuneou
mnagouffeldimunadmnevesnismuauusgliinsiamuiaitusageas
TudnyugroIdy1anuun1saln (Ramp signal) Usﬂuiﬂﬁuﬁ’ggigmuuwﬁguﬁ’ulm (Step
signal) uuUFY WieAnwinuansalunisfnaunanisauau Wessuuiianudeanis
Adnsdunutunullaiivan dunisuansdsdnonmusanisauauiiazilulda
AayanluauAg
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Pole-Zero Map
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100

JUT 4.9 UHuAINLNA-Zl3Y8958UUAIUANBATIAIUAINYLDINIATIYALYLAILFAIAITUALTLE

1

U

=
]

Overshoot (%): 16.5
At time (seconds): 25.3

Settling time:

Amplitude

0.5

42 .8 seconds

% — %
Rise time- Final value: 1

11.1 seconds

10 20 30 40 50 60 70 80 90
Time (seconds)

100

4.10 MINavWanaUAUBIvaITTUUARTlanTuTudulanllantsaefinIuaLitle



101

4124 ANTIOULVBITTUUAIUANSATIEILAMLTUBINIAINIEIAIUAN
nsluavdiatnfide
Ul 4.11 UARINARDUALBITBITLUUIINMTAIVANIILFINUANT LD
Tnedl nszuauns e A1dnTIdIATIELDINIANEVEINITHALLEIIINNITNARBIATY WAy
LUUTIA0Y AD NARBUANBIINLUUTIABIAINANNIST 4.1 § i Tudyyruvnive
NndmuAuille fasananeUausIweIsEUUINMSIREeRmuUaNTlonugUT 4.11
wui1 ArmgndeslunseSunedeyanuuudiassfiensszyiendnualiifidngsis 85.51%
Tiinanouaussfiaenadoafunssuiumsiiiatuais witluunsdsaninaueaiaedou
nMsviuneRad wuusiasliaiuisaesuieldasudau ik Annas19sEndng
A191NNTEUIUNTUATUUUT 0T ufsnInwe1s 0819lsfin1a mnfiaTsmInaTedTEUY
Tunwsan 9ziuin MeuauitlefiesnuuuinaiunsailinanouausswenszuIuig
ogluraafivensuld WosidudnsnuuiiAedulugasusniiandu 25% uasnargauna
fiendu 52 Jufl dsnanevaussveansruIuMsingAinssugidigasedslunaidamm
JeArdreBainnisuiudeulussesvds nanevauesiiind uildnledidunisyuiu
antiaEataINT s NTisEUUE uweg i Teddy el 91nmsUssifiusnUsaussouy
YesszUUAIUAY WU Wediiunsauduluszesuds deiinit 3.512% wnnsdl (defing
UuidsuA1é1989) uenaniéanudn sruuiimsldaagaunasiinia 20 Judt uynnsdl
feiguiy 9n7inanun agiuldin daauauitled dnsamedrauinlunisuiuuse
AAuAmAlAdDuTianIuzAw Tnesyuumuaudannsafamudygadmaouassaire
mnueaaLadouviliARanannvesszuuiidilngen o luihefian
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413 wawFsuifisuanssousszndneszuuaruausnIdIual1ud uainia
1ndaruaumsvavialsdussduazeiadniide
el suifisuanssousnisianuszninese Uumuma‘”mwdaumm%u
p1AnIdInuANnsinasinlsiuesduazeiadniide {idu3dldvaaoussuuaiuau
amwmummsﬁummwmﬂﬂmLaaLWmmu‘ima%mawaqmeﬂumimaau3 YUUAITUAY
Snsnduaruiuaniyaussdng mamimaaamulﬂmugm 4.12

25

- N |t — -

g

215

o
e

E 10 A

g — A191984

[

) a & <
A —lv@usesnng
E 12

@ PUGRRIED
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a0 (uni)

1%

JUN 4.12 HaneUauaswadszuuAIuANEnTdIuANIuIINleduesRakar EUNRLED

MITNA 4.4 AUTIOULVBITTUUAIVANSATIAIUAIINY UDINIAININAIAIUANNIT NG

upazuiin

FTUUAIUAY A191989 Wasidudnsnaiiu nangduna
SnsdIuAuTy (Swater/KSda) (%) (s)
l9aUaEAIA7 18 4.22 32.70
N Unilide 18 23.65 45.68
leauouna 17 0.71 9.44
N Tnfide 17 2.07 10.80
loauouna 19 0 12.39
N Uniide 19 4.76 27.25
lgauaEAIA7 20 0.15 9.45

MéTnide 20 2.60 24.30
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WITUINARNDUAUDIVBITFUUAIUANENTIAIUANYUANFUN 4.12 WU
TuIaSUAUNITIY SPUUAILANAIEATIEINANUTUIINTTEUREAIIET (FIAIUAN PI)
fiNIROUALBIBEINTINSINOAI19DIN 18 guaerkess TIIEIANENAASINIITZUUAIVAY
[ ] dy & =] dslu = 1 < a a dyd 1
9951871UANUTUIINNEITNHLA DD Y 40% pe1alsAnu BnSnatdianulaneuanie
lugraisusunIsaaesyinty Weivsanludnsdiuanurus1edwinll wui seuuaIuny
F991d1UANUTUIIN A UNRLFDAIUNTARDUALD IR DA NS IAILANLTUlA IV UI AL U
98191110 WAGIATEITINITEUUAIUANSNTIAIUAINTUAINIBA UBEA NG 10 UsEaa 7%
HAWTEUIBUNITABUANDITENINTUUAILANBNTIEIUANTUlnled uBuAIA INAE I
P 4 o a | g ° ¥ | ¢ < ¢ I\ a
Unfideuananenisned 4.4 lagludruiidunsdnauedoyanizalosidudnisnaiu
LazALIAGaUnaINTIY Lﬁaamﬂéhufdsﬁ’aﬂa'niﬁ%’aqgaiuLLdsuaﬂmmdmhLLazLaﬁasmw
BITTUUADAIDNNDITIYRDNITNINTUIADYDA bUNTLUIUNITOUMIAS

L.Lﬁdﬁzuumuqmé’mwﬁ’mmm%ummﬂﬁﬂﬂﬂtﬁawﬁmLU@%L%M@L%
LATLIANE AUAANINNTITEUUAIUANDATIEIUAINT UIINIAUREA A UNNAE 1989
(WANTUINIUAITINT 4.4) Leog19L5ANIL NINRIITUIDITLUUDULIIZITNI1TAMTUIIY
a ) ¢ o a & ANaa ) a
Nenuuvaedalug HanauaueIuedTsuUAIUANIN G nHdelunsandnsUsuwWasy
AND19DITLHENAS 9 ﬂé’ﬂﬁwamauauaaﬁﬁﬂ’ﬂué’mmaqL‘U@%Lsﬁwﬁmi‘vﬁqLﬁuLLammzjauqa
fe1utAy 5% wag 30 Ul euaidu dnvanTsUSuUasuneedstidunisusuasu Ay
130a99819NTLNUIU %@awwuL%@ié’ﬁ@ﬂiuﬂaﬂmLﬁuﬁ]‘%uﬁaLﬁsuﬁugmwummﬁmmﬁu
lusguvauuie 1y NMsanaasetiiadulusunuuresilsiduiondlnuuiea (Exponential
Function) 1u@u AIUUMINAAITUINITVIINUTBITEUUMIUANIIN T WUnAE o lidanAges
) £ @ | a = ~ a ady v o | a g
Auflandusenany JUil 4.11 Fsenauisuiagensaldlaiduegnes uenainil seuuatuAy
91121820 NRLE B E9AIUTAL S UDINABUWIAIT L waINa UL g9 9 n31 83% va9n15hvia
lussuvauwisivegeu FelinnudanegusianisidauunniissuuauanNtwa oA
daariilumvenaadvayuiifaenisiansanlinissuuaugudnsdiunnudueinie
NNSUNAEeUsBENALERUSTUUB UL INANAAVNaNSinwassa U LA luawAn

4.2  wavssntsnyuiisusinidauuianduunldardanisldnd ey

Tunszurunisauuisdnauaen

nmanaaeduhde 3.11 deimddnfideannnmeaeunountinanfadadafu
P atULT I zANFuLULWAaTadeuUTzUY HalududsadunsSeudisusewinsssuy
flsifinsisuenna @andnuaumsiva) uarszuuiidnisisueinasuuianduuilisn
(\Bandmuaunsivagean) dWefnwiarudululilunisiienssuumunuaiuiueinie
suwadgunduinldivszuveuuiadniien sugnaaedldindnsinisivagianveteinie
Founduiisruvaunsoviald dandu 56.52% veadnsinislnaluszuveuuis Andu
Snrnslnaidaiinnsedil 0.019 m¥/s navesnsananududng madsuulasgumni
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JUN 4.15 nswdsuwdasgaumgiitiaudentunssuiunmseuwianuulidisueinie
wazlIgueInANauUIn g

mﬂgﬂﬁ 4.13 fansanmsidsuslasnnuduinnddendinaisis 9 TunszuIunig
ouwie au WWeoulvgamadiennimeuuis 60 C fududfih wui Usinmanududiaden
anawuszEzaTiiuty wualiidvnngiduiszuveuniaund (Wifimadeueinie)
waszuuiinsnyuieuonandy efinnsanlunivessninisiudsuutaseiuiy
(rudunsin) axiuldan szuveuwiaund (Fudidu) annsoanmnutuldsngania
szuvauuisiinsmuisuemanduanlden (Fuitheon) Inefissuueuuiauniannsn
anAud iU g uaaiiesindn 10%wb. aa1 360 uni vgfiszuvauLis
wuumuisuenmandudndudoddinaiuiuds 390 wiiduly (Fnameuuiunudy 8.33%)
dofinnsunisldndsnuresszuuisassiginnaugadindos wudn nafiuduves
nsldndsnulussuueuuisiifianisiiaenndosiuniaeiszuy wagdnnindisundas
Lilduanededuunnidn (Warsananaudureansiv) asgediniesdunazyndiviosesy
Tuguil 4.13 Suilesnangaumniivindouvayyinnsmaassiiiudsundasegsewing 30 °C
04 32 "C uagAUuANANTENIUNIvInTEUUgueINIa (Heater) Augumgiitdmvung
(60 “C) fiAtoe Favilviautuvensmsenineseuuouwisund (RREmdesdy) wagseuy
aULIMUUNY W gUaINIANG U (Rndwdstesw) luladiauunnsisiusgianudn
ynfinanmssuwisdndeniinaidaus 120 uiildudulunseitsauduannszuaunis
itd Pasnaudiidenisnsniseuuiianasaindaniudui fonseuuisnsd
p1madeudiidusuanud uanwdadnlunesuuangsuaud ulddosasmuaan
(ﬁmamgﬂﬁ 2.2 Usyneunisedune) aiqNaiﬁmzmumiamqmmﬁLLazLﬁumm%uLLfimmﬁ
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duldlufianisanas Wefiarsminssuiunisevuisluiisvesennie dufuernmouus
AT sunduidunaniveinialuineutdngiai ositran Blowen) Feflgunnias
puszezaaouLie viliiAaauuanasresautunsinudad ulug e
1090581IUN1T Feusiinadsueiniaeuuiandvanldshes Suszlovdaenisan
nsldndanulussueuuianinnisifienufoumdomioogluenia udeinimuaitu
fanuduunsduisunduitundsssuvouuiednuiendeuiy dwmaliaiuann
Tumsfuanuturesenmeandasasmuludie vswadusngesistaauluauunnsing
seviadudiudunandudiigouvessuil 4.13 1Wumaliszuveuuisuuuidsueinie
dodldazorinalunisouniauiudu aunssiisdamasenslindanuvesszuugelu 3.92%
Tuefian nanisnaaeuiaonadosiusiuidenes ifesidnd laln wazanz (2561) 7
§fnwinseuuisdiiiudensieind ssounsismnvzaumyuiou 91nnsUudadiueinia
(81N1ADULAATHUNFUADDINIALING BUYNLTT) 3 A1 bAKA 0:3 1:3 wag 2:3 MINEIRY
Tne ifesidng Taln uazane seyin aududdemdnusumsveiniseuuisiidionne
nduanldlndfiannslindsnugedu esainoimadiinduundlwdfiniud ug el
Auannsalunsssmeeanand nlienluneduianasniudadiuoiniaiiiuty
Humgliisunuseumseuuisiinntusazdmadesnmnsounisiianasieiduiy
13U 4.14 wgAnssunsiUAsunlasmndudinddenlunssuauniseui
7 Foulvgamgiiennia 80 °C fdnvazdunisanasuuunsd seuveuwiandldszazinan
DULWY 240 Uil vauzdl szvusuwiaLuuIgueinialdiian 245 unit dalndiAssiudu
og19un (flesangampivesenniseuniadudvinavdnlunisiuindeunalnnsaiemina
vosnnuudindoninnninriuiianiuuatne madaisundusndngssuueuns
ylsigadugansruiunslinnuienaeiuiios 5 Wi uasinauuanesEenIanas
vosnrmiuinIUdensenitssuueuwisUnd (1§ude) wagssuueuwiuusuenia
(Fudn) Wiendndes egdlsfiny nsdsusrnmaouuiandualderanunsoanniss
N13911ANTBUVDITIUVE URINIARLLA WA bAINAINTUTRINITINS 11ulusTUL
BULIUNG (9ATEIUY) LAZTEULBUMNKUUIBURINTA (R0He7881)
dowFeuiisuanuunnsnsdunisldndsnuresssuuiisuainanduunldan
sewinalieulunsouuisil 60 °C wag 80 °C wuin msthszuumuisusmaluldiussuu
puwisiifigumgiasiu dwasonisannissnsyhauieulussuuguoinelianasld
usinin szuvsUwisuUUGBueIA a1 Reulveuuaiionmgil 80°C annsaannislindany
voaszuuldifies 3.38% dsannslindsnulddosunnideisufsuiunuidoves ous
AauLla, 139 PoUARY WAy d381 Isumﬁlumu (2563) Darvishi, Azadbakht, and Noralahi
(2018) wag Afzali, Darvishi, and Behroozi-Khazaei (2019) fig1u1saannisle wasenu
Tusruvsuwidluguuuuduvdetutagduadiéinnnit 10% Wuduld uenainid mnfinnsan
mim?{ammmqquﬁ%aﬁnLﬂﬁaﬂiuﬂszmumsauLLﬁwmgﬂJﬁ 4.15 wu31 aNsna
vosniuiiRniniueinimounisisgnifeunduaaadlval (nsdiieusme) Lilddmade
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AuuAnAsvesguvgitinddeniiiiudulussnitnszuaunsudodidla uiguvgd
vosemAsuLITiuundudmalitndendgnmofifiugstuetedideddny
nannsnaaesludlud ildnsuisdodifnvosssuunuisusiniAouuis
ndumldadenislindsnulussuveunisddenuuunineay szuunyuisueinie
Frvannslyndsnuluszvusuusisuvummzanls 3.38% luli eulveuusisii 80 °C
wiludeulveuusil 60 °C nduvilvssuuisvsznandiiiuniseniunniu umelfszuy
Téwdasugedunuludae (gedu 3.92%) Fuasdandrduarudsmsdundsnu
Afpafiansandenisuszgndldszuumiuisueiniasuniaiusyuvauusd UG on
wunmgauil Tnsmgiuiaissouudsiifnshauwuunanuiiigumaisinit 80 °C
wisruuandunafineniseuurieandunesruugiuuduitlidesiivss Tiogumniionnea
guiAundt 80 °C 3y ilesnnuuldumanismeassludindvsdin szuunguisusinie
awannsoannslindanuresssuuguenialdaty Weldszuuilfiunseuuieiidniuay
meldgumgigaduluiFes 4 dudu nsvhaluddudaludsduduniseuuiaduia
viadeuly mudiszyluiate 3.12 1 et doyaiidogunlddinsesinauazmiuuinig
Tumsifiuaussauzgmseuuisinidendeiesseuuisnnzausely

43 wansauurstnauFendeisaauanaumgiionniAsuuisnsii
siadeiliauenavesnsouuiedndonaelddoulvgumnfionnimeuuisasi
3 gamgd Idun eulvgaumafiennaa (T.) iy 60 °C 80 “C uag 100 °C muddiy
thiauenadudedsvesiulsuazsn Sdldinannsmnaest 3 manasedluwsiasitouls
43.1 sauwamaninisauuisiiudendeandeugumgiingg
ﬁmimmsmﬁauLLanmmﬁm’mLﬂﬁaﬂiuﬂssuauﬂﬁauLLﬁqéﬁ’ﬂgUﬁ 4.16
wui Aududiadenanawmusregiaeuusiiinty waRarsanuunliuniseuws
Imitgangfionniafounsile 4 w1 maiinduvessmmnionnaouuisdsualy
nsgvaun1sgRlatu Tnsfiniseuiste a deulugumgienniaasi 100 °C anunsnaniian
auuIaadlania 58.33% uay 33. 33% ersuitsuiiudoulveuuriaiigamaiennie 60 °C
uwag 80 “C mudnu wamswmamuaamaammmﬁ]am’m 9 mﬂsmumumuaﬂumma
2.4.1 wdduuiingedn miL‘wmammmmmﬁauLmewamaﬂmwmummammm
Trudennuguil 4.17 mafiansanmuannisi 2.12 aziiuldin Ardudseansnsuns
ATMTUUTEANSHA (D) drwdwiusivgumaiveanaadrdentunssuunssuuis
Tudnwazvpsmnuduiusuuunustunsstu dafu mafinduresgumnionnimeuns
Sedamaronisiiduvesddulssaninsunseudussansua iliAamsdnamung
wnfu wazhliinszuaumseuuisgRisidunuing
nsldndasnuvesgunsallilinvesias osouuianivzaunsaaunis
LUUMIUANEMMYTeMIARSH LanafagUTl 4.18 msldndanuresgunsalluiluauided
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5 4 ___ = 8 88
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E‘U N 4.18 ﬂ’]iisdwaﬂmusll@\‘iﬂiu‘U’JUﬂ’ﬁ@‘ULL‘WQLLUUﬂ?UﬂN@ﬂJMﬂ&JBWﬂWﬂﬂQVI

HATIINTIENGIUTERINEINUgU Iz FRiendl (Total) wansssgaiiy
voadayanisouuis w deulusing q Fguil 4.18 mamsvaasstuandliifiuin msldndaany
Tunszurunmseuwsisdlvafinduiiunamannnudouuinnin 90% JulU Ssdenndes
fuaAdeues Tudy greiud, nsegnn wuguma woe Slwdnd fygun (2555) Aldsoau
nslindsnuvesiai ssuusiidndsnuuulnangnind u 15addansiasey Aitnsld
ndauvassruulunEneNIAsouds 93.89%

mna‘dﬁ 4.18 nsuslnandsauvonadesguaniadiafiugadunuing
TH91u vonand nafinduvesnisy auTeu (ammummmmmaawu) danali
gn31n1lnau (audunsiw) mewumslﬂjuﬂu Lmemuuu QRERNI AR PIRIERR
dnsudnfuegieuasade Snasdigasfinszuaunisiierudy 10%wb. daflduusdiuna
duiAgates vilinslindanuvesszuveuwisiiteulvgamaiiennia 60 °C slerdiian
(2.45 kwh) iler3suifisufudoulamseuuisdulunismeaesd sesunie Foulveuus
7 100 °C finsldndearuogd 3.84 kwh uazgavineiiudoulvouuiadigunnd 80 °C
finsldndanugeiign(a.1a kwh) doifsuiuideulanimaaesduludui ielinanis
naaesdaudaaunniy §ideiahdeyaildluduidluvssiiumanssousvonnies
suwanvzanluitadaly

43.2 aussauzvenATesauLiitUFanuUUNIMEaNAIEITATUANg UMY
9IN1ABULTIASH

pusenuluiate 4.3.1 densvuiumseunisduduludamd nafudy
vosgamgdiennmeuuiainnuduiuslaenssdenisiuturosgungidn uasnisfigumad
frudiugetu demalirnduUssansmaundaruiulssAnuagetunuludie mnfinrsan
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AUNNIAIUANYDILUUTIABINITOUNKIANENNTST 2.9 §9 2,11 aziiud Beandulsedns
nsunsAnudulsednsnaiaigelu snsnsddsuntasanudurestan viedne
miauLLﬁﬂLLﬁqﬁ%QqsﬁummMﬁwLﬁduﬁu (Li, Wang, Li, Jiang, and Lu, 2016; N. Srisang, S.
Soponronnarit, R. Thuwapanichayanan, and S. Prachayawarakorn, 2016) A IYLU quﬁ
Sasnsouuistdenisdunldufugeludodivdenviendoundyiuiouls
msouwisiiflgamniionnimaeiudagud 4.19 Tnefiniseuusis o eulvgnmndionnia 60 80
wag 100 C fonsinisouniadu 0.46 0.71 way 1.11 kgyae/h ANAIU
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ﬁaﬁmmm??umﬁaawﬁmuﬁwwazsamaqmia‘uLLﬁ’qﬂmgUﬁ' 4.20 WU
Foulveuusaf gungfennie 60 °C Aaud uidesmdssudunizsausigad
3.17 MJ/KSyater YUz L‘q"auisuauuﬁqﬁqmuqﬁa’]mﬂ 80 °C way 100 °C fiArmnududes
WAIIUTUNEINTU 530 LA 4.99 MI/Kguater ANNEIAU BINNA1TUNUS ULT BU
ANUUANAISTEIINI TN 1 uvesdaulvauwiedl 80 °C uay 100 °C 9ziudn NMsauLe
Tugregung daana1dn1slana Ui UL g9 0.35 MI/Kguater bUUMELA BITY
wnSeufisunsldndnuvesieulaeuuian 60 °C fuiloulvauusiedl 80 °C wag 100 °C
WUT7 euuandafuRaus 1.82 89 2.17 MI/kgyue Woulvouuwisfigumniionnie 60 °C
ansaannslindanuesszuvasiduszana 1.5 wh anieulvgamniiennia 80 °C uas
100 °C egraitulddn agrslsfny Weoulusenansndudesfinsanvuioulusanddsy
frudnsnseumskasavinun It 1Inelun1aU s
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433  quamdvaimseunieiaeisaruguaumgiienniasuuend
Yovaznandndnndesannseunisiniudenaeldieulvgumgiennia
oULIAIT 60 80 uay 100 °C uanadsguil 4.21 nseuwisiiiioulvgamgiiennia 60 °C
ovaznandnindondu 51.91% vauriifeulveuuisiioamaiennia 80 °C uag 100 °C
ouazNaNAnT 1IN VIR 39.01% Way 41.15% mudfu ofiansanauuAnm1ses

Wy 100 ‘C deAFogaznandnt1indouand1eaiuiiiss 5% varnkeulveuwisdnndien
#1 60 “C dr13pvarnanantndosgeiunteulygumil 80 'C uay 100 °C Uszana 20%
f14 25% nan1snnaelaonAa a9t UNANITII0IAUAUN AT UULLEAT1INdB3UBY
N. Srisang, S. Soponronnarit, R. Thuwapanichayanan, and S. Prachayawarakorn (2016)
NUITIAINANILUGINIANAEMVBINAREAT1IN D TUAATUIINTNTNAVDUNTHALY
AINTY (Moisture gradient) UWIIAAT1ITANEITY LHlBIAINNSIRLTUVDIRUNYTBINTA
suwimugiunanseuwiiduiudvdnasiulunisfiansan
NnkuIliuranisnaaeduduidilvmiuin guvgiiveseiniAsulis
gaunniveatnuuden waznanluniseuwie danuduiustiuuasiusgndudou urazda
WUSAINEIHANTENUADNTIINFNIURAT AN MNVBINGAS WNAITUT 4.16 D19 4.21 Wl
v I~ Y v a o &) oAl = Y 1% a v
tdenazlasuniseuwisil 60 “C iluszgznanunIdoulvay windulvinandngin
g49an YeTINToUwRY o Weulveuwitgaumnll 100 “C Hxandnainittoulvouwisaumil
[} & A o v & J [ Y a A < ' U
80 “C ¥4 q Nilsreznawiuiedundt vilriaanuegueseluusUTsiiuveIusaziIuUs
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SedesiasaundulsiuiesuUsmuiiazs ludnudyuvils snavfinsanavesgumyi
dnffnduainnisouudsludeuladig 9 asdiud gumgidaluioulvouuds 60 °C
Faiire Iinavesdesaznananinandesgs wilumsnssiudiy gumgidnveaiouly
puuedl 80 °C fldsnindeulusuusie 100 °C usilteulveuurisdl 100 'C nduiidriosay
wandnd1ngenI1douly 80 °C anflundregnandnsiu szifuinideyaursdiuideud
nalumsasuna dadu elfAnaunseanmesfudsiuiidmansenudeduusnisly
Inerdnusdinndu Sesududoshdoyansmaasdludindlvinnginadomadada
nanamalls (Factor analysis) wagiasizsiaanuly (Sensitivity analysis) aoluluiide 3.13
Tnefidaiunedranesuieduiiadliifuogisdnudanniy
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INTBYARIFUN 4.20 ua 4.21 M IAIENUANUMNNEANYRIRAA LTINS
d' v d g v v o a a' °
Y94AT BeUUAIT1IIUA BN UUNIvzauTaeldn1seuLisiiguungianniaasil 60 °C
Wt Jua JusenaunsinaglianudAguLadun uA NG uLaT AN
vosndndmueilumdn wiiinseuvwiigamaiiennia 60 “C inavesdnsiniseuwiemini
Reulvduiniu uslunansatudy Jeulvindulinisldndinudnmzigauasisovas
a v > A o~ o A o D a ° o
Handnt1naesgeaniaiisuiuteauludeulveuuwisiigamgieinia 80 °C uag 100 °C
mgmnil §Idedudendeulveuuisigamgiionnia 60 C (T, 60 C) Wudeuluiifvign
meldannzeinireuniasiiainnmeasil wagldnadnanidudunulunsseudiey
% a a - ]
ANTTOULVDITLUVDUMINIINTBAIUALUNTNAALT (ATC method) sialy
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1A% psauutanivranlusuised (Feuly Tair 60 °0) Tdndsausinia
Lﬂ%‘l@ﬂ@‘uLLﬁQLLUUl‘ViﬁﬂQﬂLﬂﬁW (Mondal, Shiplu, Sen, Roy, and Sarker, 2019) 8¢ 23.43%
weAseigedddssaznanlunsyiuienuiunit 36% lunsanaaududnein 24%w.b.
A9UIAINTT 14%w.b. YnizTi SosaznanandTiladAilnd Aty 1aSesouutenmzand
FafinslindsnulndiAsaiuiad oo Uit U o nRUUNTERATUIMIUS LA UN AT AL
(C. Nimmol, K. Sathapornprasath, and S. Devahastin, 2012) Lﬁ‘aﬁmim’m’liau b9
F1dent 70 °C TnanAudud1191n 21.87%w.b. awNud 17.62%w.b. nuin fevas
nandndnvesuitedinanainiinuisedey 20.72% mnFeuifisvausiouzyos
wInseuuiannzanluanuidedfuind eseunisuuuilviunaudase @ins a3saans,
2562) G afifaenisuanlnatdoaty a 1S eulun1seunted Au§aeanad 19 m/s
wrathdeniiudiu 15 kg uazgamgionmaeunsidlurag 60 °C fis 100 °C amguil 4.22
Azuulen Lﬂ%‘IENEJ'ULL‘I;NLL“U‘U‘WTViza?,Jﬁ“ﬁ@lﬁL‘U%ﬂUV}zﬂé’mﬁmi@ULLﬁGﬁQ\‘mﬂ’] AUEIRG IR
sndrfenilsessruunuuidniu Sniadanuindadinisuanindesndtlunndrgumgd
YBINTOULRS Aananidvinliied sseuutenmyan Sanadududeniinunnisiauisesen
dinsesinseuwissyfunansiinnsieunuunadusgiann
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4.4 WANTENUVRWILUIAUARAILUIAINTUNTZUIUNITAURAINIVIZAY

foyanisouuisdnidonaniade 4.3 Idsumsiinsegidaduiiednuilaseaing
AnudusiudvesiulsiliAsadesiunsruiunseuuisuuunmean Uszneusie gavgil
(Taur) WAZALAIUEIINS (RHayr) V030IMALINEDN grungivastidenlufafy (Toa,)
QauNNHINIABULAY (T nanldeunss (Time) Anududidenlunssuiunseunis
(MCyp) MsltinasnulugUvaanuagluin (kwh) wae Sesavnandnd1andas (BRY) n1evds
MnnsAnwlassaieanuduitusvesiuds iTedsldhdeyamaduimuuuuiass
TasstneUszanniisndmiumsiasginnula edssifiunmansegnuresduusdse
WRazA (ANUFIAYUDIPILUTDATE) sefuUsmuitauladnundwhdoselui

4.4.1  wamsnszvidadevesdayanisauniisdiaaen

myieswitadiemaiaiingiesduszneuvdniunisluifiesed

atAuuuna1gAILyUs (Multivariate Analysis) dmsuAnuilassainsanuduiusvesteya
Fruuann Taedstyadunisanifvestoyanaz Ssanunsoudladgmanesudunsmy
(Multicollinearity) laoginafiusednsain (@eva duauysaines, 2559) ﬁaaqmﬁmﬁm
AIdedsunaliafindnunlddnseideayaniseuwisainnaluinde 4.3 nan1siasen
JadusryinmsoSuisiuUsimennudusius seninaziuniadovesesdusznoundnd 1
LazoIAUTENEUVANT 2 anunsnesulsANLUTUTIuTe ATy aLANligal 86.175%
AwdusAenanesuelfigun 4.23
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Yauziidnsnad duuildudaud sty wurldudfraiunieiy) sseerisueeinUssening
WALBIAUTENDULARITIAZLLUY IR NE RS e BN wasywinsTauUsTididery wenanil
ns1sFLLnuesrUsEnauluLwIf g siuLas funansd b ninadi ld fnadedy wio
wnuazlifinanenu
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Aodld kwh qaﬁuu VULAIINU T paddy ﬂ%Lﬁuqaﬁﬁummzaznmé’hmﬁ'uﬁu Tudnnands
157 RHeur 08 danalsy MC,p anassnassaeuiu snswaiidunsasuiulufienisau
ToyauuunuesdUsznaundnil 1 Ut anulaaau 2 Usenis A maiituduves Time
f8n3nant 19116 N15a0AV83 MCyp oy NS4 uduzes kWh f8vSnass1auin
AEN1TANANTDY MC,y, AIBLTUNAY

f91505udsuuLIUBIRUsENOUMENT 2 wud Msifiutures Tair dwa
s BRY tuegnan Svdnaiiinulamrugianuuunuesdusznoundnil 2 sesasunfe
Toaddy e?faﬁivazﬁwiwmwﬂﬁﬂiﬂé’lﬁmﬁ’u Tair \luegnaunn nafinduvesen Ta, wae
Tpaddym"[,‘w Time anas wenand mne1smianisesuudldud uiiy 9 mmw
MIANTUYBY Toy AHATONITRY Toag, hae KWh Iummqmmﬂu SvSwawmaiany
Juduse mwmnu BRY wag Time %uamamwwm Tair WY Toagay Lﬂummm
Susuduy q insznusiederay wamammmaqmvumumﬁauLLmLLavamwauLawaqmim
1% kwh FLmzwammuwmqwu Wil Time anad YET Ty WA RHy, unuazliidng
far T, wiedatla eRarsanninsuainits 2 unuesduszneu wudn dauus Tpaddy
Lﬂué’hLmiﬁﬂmﬂgmwaﬂmﬂLﬁuﬂg«,muaqﬁﬂizﬂauﬁ 1 uaz 2 FenNseNUReNITanadved MCyy
AsiLTures kWh uaznisanasvas BRY %ﬂLﬂué’hLLUiﬁmu"ﬁsfﬁﬁmmﬁﬁ@ NIAWUS
Toaday bl UNAIAEE DUAINNI TR UT WBBS Tair way Time HauUsd Suduiivrduniues
fon1stuiansandnuddyvesiaulsdasruareraldidudeilved aawanseny
oszuvauwtanmzald ag1alsinny navnnsinsizddadedildiiudwualdy
aruduiusvesianUseae 4 Wity dedsliidun1sd daisnsnavesiauys Tpaddy
sefinnuddgydedwusnuiiaulafnwegiuiase anmsmunmiuissanssyluinde 2.6
wuin Mmsdeszvianuhvesdeyaniunvuiias s sanuduiusildvinuenginssy
yoswhuusiureuus 1B NsTiransadnnteiuiudeauisnilfesnundnunty
Fatu Tudrudaluiadunisindeyanismaassiiioglulnasulassigussamifio
LarATIvABUAMLLLLSIvBILUUTIaesdTTe 3.13.2 uavthuuudiaesdiladluldinsev
Anulluite 3.13.3 muasu
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4.4.2  ANUQNABIVBILUUINIGRIlATIUIBUTEE LY
TnssadevetuudanilaseieuszamiiouiildainTusunsy 1BM SPSS
Statistics uansdasUTl 4.24 Usgnaudneduindrdoya duneuuss 1 $u uazdudsesndoya
‘WqﬁsﬁbuﬂiwfwmguuauLL&NLﬂmmulmwaﬂuﬁmmuwuﬁ (Hyperbolic tangent) uag
Fugdsoeniduuuuund (Identity) TnofiAnduussaniveauuusiasdlasaioUssaniiion
(Fnghetimin) waneamsnsd 4.5

Synaptic Weight = 0
m— Synaptic Weight < 0

Hidden layer activation function: Hyperbolic tangent

Cutput layer activation function: |dentity

el' ° ! a = v
E‘UVI 4.24 LL‘UU"U']@ENI@iQﬂJ']EJUﬁ%ﬁ'W]WlEJ@JIUﬂ'ﬁﬂﬂ‘U']aNiiﬂu%ﬁgUU@‘ULL‘WQ‘W']‘WSGN

HaNSYIgATILUIININLUUTaedlassgUsEaiiguIsuiieuiy
AnMnAaes uansagui 4.25 wudiaeddasneussamifeniiimuntuainsnshung
pafudseuii 3 fogauiugt fnnsanannmisnsiiveseyaumdunuadnabs (Fuls
A1) vos3UR 4.25 fleR s manisUszidudieiudsnisaialunsied 4.6 wuii
lugadayailnaeuuuudiaes (Training data) A1 R? U89 MCus KWh waz BRY 1du 0.997,
0.999 uaz 0.999 mua1fiy RMSE A ndu 0.169, 0034 uaz 0.161 Aua1fy Yauzd
YATBYANTIVAOUAINYNABY (Testing data) TA1 R? U89 MCyp kWh taz HRY 10w 0.997
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0.999 hay 0.999 MIUEIAU ey RMSE A 1vdu 0.192, 0.036 waz 0.166 A1UAIHU
nansUszdunugndesueauuuTaesInie 2 gadoya et R saud 0.997 uduly
wazen RVMSE Sandlndaudiduesnaunn wanviuuuiisedasstevssamidioudan
YUNENgANTTUIAUNAAIART V0I5 U It 1A BnAeIAS pso UL nza L
othauiud ewTouiisunavesnuiseifuuvusaedasiisuszamidendldiie
NOANIIUNITOULTIVEIluUIBLAY (Sarimeseli, and Yuceer, 2015) WUl A1 R? wag RMSE
fuuilufidenndasiu Tnsianz R Afiduiundt 0.999 uay RMSE Mdlng 0 fauanil
HumsBusuimuuaedaseisussamidionlunisinuiivssansamgdunisviue
Adaudsmusi 3 wazanunsadiuldesneinrailneluls

d‘ 1 L a Q‘ o ! I
ANTNT 4.5 Adulseansvesiuuinasslassnglseaiiiey

v . %uLL’e)ULLNQ %udaaan%’aua
1AS9a319LUURAD9 Y
H(1:1) H(1:2) H(1:3) BRY kWh MCub
(Bias) -0.034 0.211 -0.173 - - -
Tair 0.453 1.186 0.426 - - -
%o s Time 0327 -0.439  -0.148 - - -
YUSUVDUA
Tpaddy -0.763 0.821 -0.091 - - -
Tsurr 0.041 -0.290 0.028 - - -
RHgurr -0.010 0.385 0.478 - - -
(Bias) - - - 0.245 -0.079 -0.241
P H(1:1) - - - 1.364 0.280 -1.103
YULLDULLHG
H(1:2) - - - -0.253 -0.902 0.945
H(1:3) - = - 0.887 -0.285 -1.143

1599 4.6 HAN1TUTZIUANLYNABIYRIMULTRadlAT I gUsEa LBy

Y N _— fausnny
YAUBUA AUUININEDR
o MCb kWh BRY
o R? 0.997 0.999 0.999
Training data
RMSE 0.169 0.034 0.161
R? 0.997 0.999 0.999

Testing data
RMSE 0.192 0.036 0.166
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JUT 4.25 AnugnFesvelLUUIaaslaTId e UsEaniiuy

4.4.3  wamswnszianalivasteyanisauwisdiauben
TuduiidunsthuuusasdassineUsvamiioniidedoldan e 4.4.2
(R2 = 0.997, RMSE < 0.192) gninanlddmsviinsigiiaiulinielusunsy IBM SPSS
Statistics NadWs91nN1531As1ERANIUIT Baruddy (kansEny) veiaulsdass
uiazfidsenisanautudn nmsldndinuy wasdevasnanandindadluaudde

Tpaddy
Time
33
e
e
@ .
) Tair
&
Tsurr
RHsurr
0 0.1 0.2 0.3 0.4 0.5
AUdAyuasiuls (nAtiew)

JUT 4.26 AnudIAvesiiuUBaseNinasoausIaULIDINTEUIUNITOUNAITILUREN
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AN AU UsBassuiaziai muialdainnisTnseiaingls
UTENBUAIEY Toacay, TiMe, Tap, Teur 488 RHay TeiiAnaudidvasianusiiu 42.08%,
30.60%, 23.92%, 1.87% uay 1.52% Aud1sy uansAmailusuuuunadendagud 4.26
NnMsAEnwInUI gamgivestiudenfidsunladunszuiunmseuuradudulsdass
fifanulanidugsiian Ineflauddgiievadmiwodniwaromund frodudsniy
deifisufudiuysdaszd ui fasan vugd nawarguugdonimeuuiadudauys
fifinnuddysesan uenani wasnnsiessdanhdwansdiiiuinaniazeinis
windaudifinsuasunlainaeaiianddninadenszuiunisevuialosannileiisuu
guvgiidnn nan wargampdenniaouuis anmsienegitadeluidereuntni wu
fimnenisua sundaslduvesgumgidiilden danuduiusduianisvesnan
LAZRUNYNBINIABULIAY YINNITUINANILUITEVEY N. Srisang, S. Soponronnarit, R,
Thuwapanichayanan, and S. Prachayawarakorn (2016) 2zt ule 21 Qmwgﬁﬁﬂmﬁaﬂ
dusudsddalunismnunainisaiemua @ansanaunisd 2.12 Usgneunisedune)
uenaniinsidniigamgliaeddmaliiineuduuuiadadnlussminssuauniseunts
9’1’38 alundveemnndudinuseukazauduannshaseRuresnud uuwude
fofu wansesgianaliludnii weuteauufsruvesiuuswouuds (Fuds Toaday)
Tuded 4.4.1 sszmm‘lmmummia@mwmu MSLUNE9Y uazTouazNaNantI W
dlunnuesdusenaundni 1 wasndndl 2 Walusedunils egalsinny nadenarnduifisg
M3IATIEiRaLdailavInuuUTInedlaTet e sraiisud wilsuidesusingnisal
YeesrUUBUR IS luan s iduUsAuiinsdouulasdasing q deaviniu (Simulation)
Jdefuduteauniguiegudnuda fideidldvhnmesssiiunfuionsnaeutoifaie
aaznansiolUluinte 4.4.4

44.4  wan1sRTIIEBVENNAIUAIRUNSBULTTagATlafsgamaiidiaden

Asnaaesludiuid i suussduaalannaneuideves Xu et al (2022)
ﬁﬁﬂmmiauuﬁﬂsﬁnmﬁaﬂLLuuquqﬁaaﬂ%u (Two-stage temperature drying) 41U348
fsnaniinsiuasefuresgumgiennmaiou 2 5edu WiedAnwianssauznseuuste uaz
mamzwumaﬂmm‘wsunsumg“dquma‘auLLﬁﬁzm’mmﬁﬂaULLﬁ’aquqmmqﬁam%’ju
fumadinouuiaiuugnmgionniensi msﬁﬂmﬁszq’h ﬂ’]’iallLLﬁQLLUULLUUQﬂJMQﬁﬁ@&%ﬂ
Humaiaftanansndhdisfupaussnuzveamsvhuiuuiiudnisdidaaiuaanmdn
VRINTFUIUNNTOURASLUNNER

n1snAaesi sseenuuunITnsal (Profile) 810 1nIABULRIAd1EAG AU
nseuLisuuugumgiaosdumusuil 4.27 Tnegavidligumnivesiriudonvmzouu
fideglugas 40 °C fs 44 °C (FosnsligamgfidaiialndiAvaduidouly Tair 60 °C
dieldiu3euiiteunanisnaass) il ngmsalvesernideuuieiana ittt
ot edaszdmsunsrsasvanuAgiud atuniseuuislnelinud Ay ive ungd
veatrnddenludud osfurindy waznavesnisnaassluiideidunisiiauedaie
gesulsnnmsnaassiusinay 2 81 Sennansmeassiuduilin nan1saasseuuis
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yedunndudnsdiuanuduveseinieresnin3eseuwisaindeuly T, - step uonanil
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finsunnsiasundasgumaiid1nfeguil 4.28 wuin rvdeniloumad
Auged uegremamsalutiag 15 unfiusnvesniseuuds ilesninddudatueiniadeu
100 °C wardmdtnsiunliuvesnmgiifivastuiEos 1 Wodsundafueinaiou 80 °C
soilesaufieuniifl 60 weanszuruns Vilidrsnaniiiansdiemanufeunaziiagaun
ewisufuleuly Tair 60 °C amgud 4.28 way 431 vaiziietu mslindanuvesszuy
Tugasnadindniidgaiummilufeidedisutudeuly Tair 60 °C augud 4.29 dorusiu
1 lususnvesniseuudts samafivestrnddeninginssuanasiesainnsmiauen
laganimauLagamdl 60 C annsilTeuiesugamgdd1dlunszuiuniseuuis
PIu3UT 4.28 wuin gaumgiivestniudenvesds T, - step lusvogndaifiasiniideuly
Tair 60 °C flsgozinanfeatudausufif 90 (Huduly aunseiduaanssuiunis dawals
p1madousuarudundlddosndniouls Tair 60 °C nugud 4.31 egefny
MINR91TUI9AE UAANTELINNTIINFUT 4.29 azifudn 35 T, - step anunsaniaa
yeenszuIuMIovadls 30 undi uazlimslimdsnuvenszurunsegluseAuilndidsiu

fiansanaunntandnnseunisainidoulasing 9 faguil 4.32 wudn
ATBULKIUUY Tair - step annsaifisfevasnananinndesanismunugaumniienniaa
Tuynideuly uagnsumnnaesdna (%Loss) 19NANTBULTILUY Tair - step Fiftes 7.40%
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yaugdiidouly Tair 60 'C Faduioulviidfignainsiade 4.3 fn1suaninveat1nrign
fi 12.21% efiansanlun msamaziiuinniseuwienuy Tair - step Inodilsiagunn
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451 A19AIVEENEBAINN1SUSLEUAINATNISHSNVRITNaRS-Ulaad
NNTUTTUIUAIIAIMUI (L) wazAaaInei (T) anadulasuisen

a0

POUAUDIYDINTTUILNIAROULY Tair 60 °C wuin Amsil L fldwiniu 0.7 uidl wag T flen
Wiy 22 wiil WerhAumandfmumunised 2.5 a¢ld Aasiif P) lo () uas @ (D)
Jandu 37.71, 26.94 waz 13.99 MUaeU ﬂ'wmﬁmmﬁqﬂﬁﬂﬂéjﬂﬁﬂuﬁmwﬂmﬁl@ﬁmaq
ADIMUANgNMNT RKC U REX-C100 siald manasesludruiidunsfinuniseuusisdn
Tudeulvgumnfidrndenasit 42 °C, 45 °C wag 48 °C Fondoulumaniin Tou, 42 °C
Toaddy 45 'C % Tpaaay 48 'C MINAGU
4.5.2  @usIAUENIAIUANaMNITIUGRNdefIAuAN e
naduilauenInuaussgangdt1uUdenainmsteueinimouuis
fflgungiedrsduiusiudmuevesgamniidn a Heulvgumgiddenasi 42 °C
45 °C uay 48 °C n¥oufUTIEIUNAYDIAN1ILBINIAIINLAT BIB UL LUA suLYAY
paaAnszUILNT Matiaueraludmiifunisauesedimanimaaes 1 afwinnieving,
Budwau 3 afs Tnsfinanismnaswusazessduunliuvesdeyaaenndosiu viail Liiean
$ruruteyaddoudannauduly
4.5.2.1 HAMBUAUBIVBITTUUAIUANRAMATIINUFENT 42 °C

gﬂﬁ 4.33 UARIHANISNDUAUDIVBINTEUIUNT (@unniitnauden) uag
qquﬁmmmuLLﬁ’dﬁ'ﬁ’uﬁ’uﬁ‘ﬁuﬁﬁymﬂmwLsuaﬁma’m'w 7 4 130Ul Toagay 42 °C
Sofinnsumansvauosvesgumgiitiauden (Fudindu) wuii dmuauilefaiuse
gaeduaunnuranmdsuvessyuuldiduegned Tnowmglurifissuusudunisvhay
AfaNaNA9INNSEUIUMSEIANEeanTs 13 °C (5UM 4.30) TneenAnnaawanilayunisne
dregampdienniadou 125 °C lunsgudlifonmgigstuogismnilugag 4 uniun
n¥antufmuguilofzandaygimeneeas (angumnienidouunis) auaRanain
fianas faaziudn 929 4§ 15 wdl gaugiiennideuusisgnanasegssiniid uaz
finmsanaseg1erariosingungil 85 °C awnfs 70 Cilfutian 30 uritdaun ndsanniy
M ioIMAIzanaIIUTEIYIATIINTY (AUARIAIATSUBINTFUIUNITANAY) AUNTEIS
gumgilenAeuLisimgavinveensEuILMIeEiUTEINal 55 °C G 60 °C

Tukdvananauauadtulaulial Wulin NSNBUANDIVBINTTUIUNIT
fiosidudnsnaiuogfl 5.209% Ratuluwiifl 25 uargiinandauna (1) lu 45 und
nFsntiy HaReUALBIIRINIFUILNITIINNIATUANGIBRInUANTLeR Tateglurauin
2% YA mNg91984 (42 “C) naenn1MAaed
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wiinsguuazaniunisiaedaniizsuniueylnesoutiudiuiuuininiu uadiaiua
fldvaansisnseuannsolumsianstuiigmldlnefionmgddriudendsaseglutag
auaaAedeu 2% aandmanedisinuald wnldudldnawuudersuiunuisenes
Aisuwarya, and Hidayati (2019) a2 Anto, Asumadu, and Okyere (2016) Falgldndnnns
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vosdanIndeuseuinosauuis doyatigminlusnamarsadiunrutureseiniatln
[ ue3 pseuuVInaduddueegUT 4.36 vzl annrerniavieen wanudugngd
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Overview

The Arduino Due is a microcontroller board based on the Atmel SAM3X8E ARM Cortex-M3 CPU
(datasheet). It is the first Arduino board based on a 32-bit ARM core microcontroller. It has 54 digital
input/output pins (of which 12 can be used as PWM outputs), 12 analog inputs, 4 UARTs (hardware serial
ports), a 84 MHz clock, an USB OTG capable connection, 2 DAC (digital to analog), 2 TWI, a power jack, an
SPI header, a JTAG header, a reset button and an erase button.

Warnmg: Unlike other Arduino boards, the Arduino Due board runs at 3.3V. The
maximum voltage that the I/O pins can tolerate is 3.3V. Providing higher voltages, like 5V to
an 1/0 pin could damage the board.

The board contains everything needed to support the microcontroller; simply connect it to a computer with
a micro-USB cable or power it with a AC-to-DC adapter or battery to get started. The Due is compatible
with all Arduino shields that work at 3.3V and are compliant with the 1.0 Arduino pinout.

The Due follows the 1.0 pinout:

TWI: SDA and SCL pins that are near fo the AREF pin.

The IOREF pin which allows an attached shield with the proper configuration to adapt to the voltage
provided by the board. This enables shield compatibility with a 3.3V board like the Due and AVR-based
boards which operate at 5V.

An unconnected pin, reserved for future use.

The Due has a dedicated forum for discussing the board.

ARM Core benefits
The Due has a 32-bit ARM core that ean outperform typical 8-bit microcontroller boards. The most
significant differences are:

A 32-bit core, that allows operations on 4 bytes wide data within a single CPU clock. (for more information
look int type page).

CPU Clock at 84Mhz.

96 KBytes of SRAM.

512 KBytes of Flash memory for code.

a DMA controller, that can relieve the CPU from doing memory intensive tasks.

Schematic, Reference Design & Pin Mapping

EAGLE files: arduino-Due-reference-design.zip
Schematic: arduino-Due-schematic.pdf
Pin Mapping: SAM3X Pin Mapping page

Summary
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Microcontroller AT91SAM3X8E

Operating Voltage 3.3V

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital I/O Pins 54 (of which 12 provide PWM output)
Analog Input Pins 12

Analog Outputs Pins 2 (DAC)

Total DC Output Current on all I/O lines 130 mA

DC Current for 3.3V Pin 800 mA

DC Current for 5V Pin 800 mA

Flash Memory 512 KB all available for the user applications
SRAM 96 KB (two banks: 64KB and 32KB)
Clock Speed 84 MHz

Power

The Arduino Due can be powered via the USB econnector or with an external power supply. The power
source is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The adapter
can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads from a
battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however, the 5V
pin may supply less than five volts and the board may be unstable. If using more than 12V, the voltage
regulator may overheat and damage the board, The recommended range is 7 to 12 volts.

The power pins are as follows:

VIN. The input voltage to the Arduino board when it's using an external power source (as opposed to 5
volts from the USB connection or other regulated power source). You can supply voltage through this pin,
or if supplying voltage via the power jack, aceess it through this pin.

5V. This pin outputs a regulated 5V from the regulator on the board. The board can be supplied with power
either from the DC power jack (7 - 12V), the USB eonnector (5V), or the VIN pin of the board (7-12V).
S‘tixpplying voltage via the 5V or 3.3V pins bypasses the regulator, and can damage your board. We don't
advise it.

3.3V. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 800 mA. This
regulator also provides the power supply to the SAM3X microcontroller.

GND. Ground pins.

TOREF. This pin on the Arduino board provides the voltage reference with which the microcontroller
operates. A properly configured shield can read the IOREF pin voltage and select the appropriate power
source or enable voltage translators on the outputs for working with the 5V or 3.3V.

Memory

The SAM3X has 512 KB (2 blocks of 256 KB) of flash memory for storing code, The bootloader is preburned
in factory from‘Atmel and is stored in a dedicated ROM memory. The available SRAM is 96 KB in two
contiguous bank 0of 64°KB and 32 KB. All the available memory (Flash, RAM and ROM) can be accessed
directly as a flat addressing space.

It is possible to erase the Flash memory of the SAM3X with the onboard erase button. This will remove the
currently loaded sketch from the MCU. 'Fo erase, pressand hold the Erase button for a few seconds while
the board is powered.

Input and Output

Digital 1/O: pins from o to 53

Each of the 54 digital pins on the Due can be used as an input or output, using pinMode(), digitalWrite(),
and digitalRead() functions. They operate at 3.3 volts. Each pin can provide (source) a current of 3 mA or 15
mA, depending on the pin, or receive (sink) a current of 6 mA or 9 mA, depending on the pin. They also
have an internal pull-up resistor (disconnected by default) of 100 KOhm. In addition, some pins have
specialized functions:
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Serial: 0 (RX) and 1 (TX)

Serial 1: 19 (RX) and 18 (TX)

Serial 2: 17 (RX) and 16 (TX)

Serial 3: 15 (RX) and 14 (TX)

Used to receive (RX) and transmit (TX) TTL serial data (with 3.3 V level). Pins 0 and 1 are connected to the
corresponding pins of the ATmega16U2 USB-to-TTL Serial chip.

PWM: Pins 2to 13

Provide 8-bit PWM output with the analogWrite() function. the resolution of the PWM can be changed with
the analogWriteResolution() function.

SPI: SPI header (ICSP header on other Arduino boards)

These pins support SPI communication using the SPI library. The SPI pins are broken out on the central 6-
pin header, which is physically compatible with the Uno, Leonardo and Mega2560. The SPI header can be
used only to communicate with other SPI devices, not for programming the SAM3X with the In-Circuit-
Serial-Programming technique. The SP1I of the Due has also advanced features that can be used with the
Extended SPI methods for Due.

CAN: CANRX and CANTX

These pins support the CAN communication protocol but are not not yet supported by Arduino APIs.

"L" LED: 13

There is a built-in LED connected to digital pin 13. When the pin is HIGH, the LED is on, when the pin is
LOW, it's off. It is also possible to dim the LED because the digital pin 13 is also a PWM outuput.

TWI 1: 20 (SDA) and 21 (SCL)

TWI 2: SDA1 and SCL1.

Support TWI communication using the Wire library.

Analog Inputs: pins from Ao to A1l

The Due has 12 analog inputs, each of which can provide 12 bits of resolution (i.e. 4096 different values). By
default, the resolution of the readings is set at 10 bits, for compatibility with other Arduino boards. It is
possible to change the resolution of the ADC with analogReadResolution(). The Due’s analog inputs pins
measure from ground to a maximum value of 3.3Ve Applying more then 3.3V on the Due’s pins will damage
the SAM3X chip. The analogReference() function is ignored on the Due.

The AREF pin is connected to the SAM3X analog reference pin through a resistor bridge. To use the AREF
pin, resistor BR1 must be desoldered from the PCB.

DAC1 and DAC2 ,
These pins provides true analog outputs with 12-bits resolution (4096 levels) with the analogWrite()
function. These pins can be used to create an audio output using the Audio library.

Other pins on the board:

AREF

Reference voltage for the analog inputs. Used with analogReference().

Reset

Bring this line LOW to reset the microcontroller. Typically used to add a reset button to shields which block
the one on the board.

Communicatian

The Arduino Due has a2 number of facilities for communicating with a.cgmputer, another Arduino or other
microcontrollers, and different devices tike phones, tablets, camerasandso on. The SAM3X provides one
hardware UART and three hardware USARTs for TTL (3.3V) senal communication.

The Programming port is connected to an ATmega16U2, which provides a virtual COM port to software on
a connected computer (To recognize the device, Windows machines will need a .inf file, but OSX and Linux
machines will recognize the board as a COM port automatically.). The 16U2 is also connected to the SAM3X
hardware UART. Serial on pins RX0 and TXo provides Serial-to-USB communication for programming the
board through the ATmega16U2 microcontroller. The Arduino software includes a serial monitor which
allows simple textual data to be sent to and from the board. The RX and TX LEDs on the board will flash
when data is being transmitted via the ATmega16U2 chip and USB connection to the computer (but not for
serial communication on pins 0 and 1).

The Native USB port is connected to the SAM3X. It allows for serial (CDC) communication over USB. This
provides a serial connection to the Serial Monitor or other applications on your computer. It also enables
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the Due to emulate a USB mouse or keyboard to an attached computer. To use these features, see the Mouse

The Native USB port can also act as a USB host for connected peripherals such as mice, keyboards, and
smartphones. To use these features, see the

The SAM3X also supports TWI and SPI communication. The -\rdumo software includes a Wire library to
simplify use of the TWI bus; see the documentation for details. For SPI communication, use the Sﬂ_lmm.

Programming

The Arduino Due can be programmed with the Arduino software (download). For details, see the reference
and tutorials.

Uploading sketches to the SAM3X is different than the AVR microcontrollers found in other Arduino
boards because the flash memory needs to be erased before being re-programmed. Upload to the chip is
managed by ROM on the SAM3X, which is run only when the chip's flash memory is empty.

Native USB Port
S

Programming Port
o

Either of the USB ports can be used for progeamming the board, though it is recommended to use the
Programming port due to the way the erasing of the chip is handled :

Programming port: To use this port, select "Arduino Due (Programming Port)" as your board in the
Arduino IDE. Connect the Due's programming port (the one closest to the DC power jack) to your
computer. The programming port uses the 16U2 as a USB-to-serial chip connected to the first UART of the
SAM3X (RXo0 and TX0). The 16U2 has two pins connected to the Reset and Erase pins of the SAM3X.
Opening and closing the Programming port connected at 1200bps triggers a “hard erase” procedure of the
SAM3X chip, activating the Erase and Reset pins on the SAM3X before communicating with the UART.
This is the recommended port for programming the Due. It is more reliable than the "soft erase" that occurs
on the Native port, and it should work even if the main MCU has crashed.

Native port: To use this port, select "Arduino Due (Native USB Port)" as your board in the Arduino IDE.
The Native USB port is connected directly to the SAM3X. Connect the Due's Native USB port (the one
closest to the réset button) to your computer. Opening and closing the Native port‘at 1200bps triggers a
'soft erase’ procédure; the flash memory is erased and the board is restarted with'the bootloader. If the
MCU crashed for someredson it is likely that the soft erase procedure won't'work as this procedure happens
entirely in software onthe SAM3X. Opening and closing the native port ata different baudrate will not reset
the SAM3X.

Unlike other Arduino boards which use avrdude for uploading, the Due relies on bossac.
The ATmega16U2 firmware source code is available in the Arduino repository. You can use the ISP header

with an external programmer (overwriting the DFU bootloader). See this user-contributed tutorial for more
information.

USB Overcurrent Protection

The Arduino Due has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra
layer of protection. If more than 500 mA is applied to the USB port, the fuse will automatically break the
connection until the short or overload is removed.
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Physical Characteristics and Shield Compatibility

The maximum length and width of the Arduino Due PCB are 4 and 2.1 inches respectively, with the USB
connectors and power jack extending beyond the former dimension. Three screw holes allow the board to
be attached to a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil (0.16"), not
an even multiple of the 100 mil spacing of the other pins.

The Arduino Due is designed to be compatible with most shields designed for the Uno, Diecimila or
Duemilanove. Digital pins 0 to 13 (and the adjacent AREF and GND pins), analog inputs 0 to 5, the power
header, and "ICSP" (SPI) header are all in equivalent locations. Further the main UART (serial port) is
located on the same pins (0 and 1). Please note that I°C is not located on the same pins on the Due (20 and
21) as the Duemilanove / Diecimila (analog inputs 4 and 5).
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HX710(A/B)

24-Bit ADC with Built-in Temperature Sensor (HX710A)

24-Bit ADC with (DVDD-AVDD) Voltage Difference Detection (HX710B)

DESCRIPTION

Based on Avia Semiconductor’s patented
technology, HX71(0(A/B) is a precision 24-bit
analog-to-digital converter (ADC) with built-in
temperature sensor (HX710A) or DVDD, AVDD
voltage difference detection (HX710B). It's
designed for weigh scales and industrial control
applications to interface dircctly with a bridge
sensor.

The input low-noise amplifier (PGA) has a
fixed gain of 128, corresponding to a full-scale
differential input voltage of £20mV, when a 5V
reference voltage is connected to the VREF pin.
On chip oscillator provides the system clock
without any external component. On-chip power-
on-reset  circuitry simplifies digital interface
initialization. There is no programming needed
for the internal registers. All controls to the

HX710 are through the pins.

FEATURES

On-chip temperature measurement (HX701A)
DVDD and AVDD supply voltage difference
measurement (HX701B)

On-chip low noise amplifier with a gain of 128

On-chip oscillator requiring no external
component

On-chip power-on-reset
Simple digital control and serial interface:
pin-driven controls, no programming needed
Selectable 10SPS or 40SPS output data rate
Simultaneous 50 and 60Hz supply rejection
Current consumption:

normal operation < L.2ZmA, power down < luA
Operation supply voltage range: 2.6 ~ 5.5V
Operation temperature range: 40 ~ +85C
8 pin SOP-8 package

Charger

LI TN
Battry Ilu

H|

LA

vbD
VREF  AVDD
AND  DVDO
INN DOUT o
INF DMK o
HX710 MCU

Fig. 1 Typical weigh scale application block diagram using HX710(a/b)

Information contained in this document is for desagn reference only and not a guarantee, Avia Semiconductor reserves the right o modify it without notice,

Tel: (592) 252-9530 (China)
Email: sales@aviaic.com

AVIA SEMICONDUCTOR
www.aviaic.com
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Pin Description

AD Conversion Reference Input VREF [] 1 ® & [CJ AVDD  Amalog Power
Ground Input  AGND [} 7 3 DVDD  Digital Power
Differential Signal Negative Input INN ] 3 6 [J DOUT  Serial Data Output
Differential Signal Positive Inpst ~ INP [] 4 [ PD SCK Power Down and Serial Clock Input

(=
]

"-

SOP-8 Package

Pin# | Name Function Description
1 VREF |Analog Input |Reference input voltage: 1.8 ~ 5.5V ( <=AVDD)
2 AGND |Ground |Analog Ground
3 INN  |Analog Input |Differential signal negative input
4 INP  |Analog Input [Differential signal positive input
5 PD SCK |Digital Input  |Power down control (high active) and serial clock input

6 DOUT |Digital Output |Scrial data output
7 DVDD [Power Digital supply: 2.6 ~ 5.5V (DVDD >= AVDD)
8 AVDD [Power Analog supply: 2.6 ~ 5.5V

Table 1 Pin Description

AVIA SEMICONDUCTOR 2
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KEY ELECTRICAL CHARACTERISTICS
Parameter Notes MIN TYP MAX [UNIT
Full scale differential
input voltage range V(inp)-V(inn) +0.0039*VREF mV
Effective-Number-of-  [G2in=128. Rate=10SPS 19.5
Bits (ENBs) " Gain=128, Rate=40SPS 18.4
Noise-Free Bits (NFBs) Gain=128, Rate=10SPS 17.1 Bits
2 Gain=128, Rate=40SPS 16.0
Integral Nonlinearity Yoof
(INL) Differential input. end-point fit +0.001 FSR
[Common mode input
range AGND+0.9 AVDD-13]| V
VREF input voltage
range 1.8 AVDD
[Output data rate 10/40 Hz
[Output data coding 2's complement 800000 TFFFFF | HEX
Output settling time 400/100 ms
Input offset 0.01 mV
Input referred noise S50 InV(rms
- 5 nV/T
emperatare:drift Input offset 15
Gain £7 ppm/C
Input common mode
rejection 100 dB
Power supply rejection 100 dB
DVDD 2.6 5.5 A4
Power supply voltage
AVDD 2.6 5.5 \
lAnalog supply current R yr00 B
Power down 0.3
Normal 100 HA
Digital supply current
Power down 0.2

(1) (2) ENBs = In(FSR/RMS Noise)/In(2), NFBs = In(#SR/Peak-to-Peak Noise)/In(2). FSK 1s full-
scale input or output. RMS Noise corresponds to input or output RMS noise. Peak-to-Peak Noise
corresponds to input or output peak-to-peak noise.

(3) Settling time refers to the time from power up, reset, input channel change and gain change to
valid stable output data.

Table 2 Key Electrical Characteristics

AVIA SEMICONDUCTOR 3
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Analog Input

The differential input is designed to interface
directly with a bridge sensor’s differential output.
It has a fixed gain of 128. The large gains arc
needed to accommodate the small output signal
from the sensor. When a 5V reference is used at
the VREF pin, the full-scale differential input
voltage range is £20mV.

Power Supply Options

Digital power supply (DVDD) can be
connected directly to AVDD supply. But it should
be the same or similar voltage as the MCU power
supply to ensure proper communication with the
MCU.

If battery output is directly connected to
DVDD pin and a regulator output is used for
AVDD supply, battery output voltage can be
detected by detecting the voltage difference
between DVDD and AVDD pins (HX7108),

A/D conversion reference voltage (VREF)
should be connected to load-cell's supply voltage.
It can be connected directly to AVDD or through
a resistor to reduce the power consumption by the
load-cell.

Clock Source, Output Data Rate and
Format

HX710 uses the on-chip oscillator as clock
source. The nominal output data rate is 10 or
40SPS.

The output 24 bits of data is in 2's complement
format. When input differential signal goes out of
the 24-bit range, the output data will be saturated
at 800000h (MIN) or 7FFFFFh (MAX), until the
input signal comes back to the input range.

Temperature Measurement

HXT710A has an on-chip temperature sensor
that can be used to measure system temperature

for temperature related system level compensation.

It has an effective 15-bit accuracy. Typical
measurement  resolution is  about 204 LSB
readings/C (15 bits).

The on chip digital temperature sensor has
significant chip-to-chip variations in offset and
gain. When using it for absolute temperature
readings, these need to be calibrated out. However,
if it's used for temperature related system
performance improvement, it's not necessary to
calibrate out gain and offset,

Serial Interface

Pin PD_SCK and DOUT are used for data
retrieval, input selection, output data rate selection
and power down controls,

When output data 1s not ready for retrieval,
digital output pin DOUT is high. Serial clock
input PD_SCK should be low. When DOUT goes
to low, it indicates data is ready for retrieval. By
applying 25-27 positive clock pulses at the
PD_SCK pin, data is shifted out from the DOUT
output pin. Each PD_SCK pulse shifts out one bit,
starting with the MSB bit first, until all 24 bits are
shifted out. The 25" pulse at PD_SCK input will
pull DOUT pin back to high (Fig.2).

Input sclection and output data rate selection is
controlled by the number of the input PD_SCK
pulses (Table 3). PD_SCK clock pulses should not
be less than 25 or more than 27 within one
conversion period, to avoid causing serial
communication error.

PD_SCK Pulses Input Data Rate
25 Differential input| 10 Hz
Temperature
» ;
el (HX710A) tak
DVDD-AVDD
5l aix7iom) | 02
27 Differential input| 40 Hz

Table 3 Input and Data Rate Selection

AVIA SEMICONDUCTOR
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Currest Output Data Fext Output Data
v One comversion period }
d
i
DOUT MSB X X X g I LSB / |
Slie 7 n 5
. e
Newt Copversions Differcatial input, 1082
¥D_SCK 1 2 3 4 u 25
H L
i L0 Neal Conversions Temsperature out (HXTI0A), 40 Hz
PD_SCK 26 | Newt Consersions DVDD-AVDD (HXTI0B). 40 Hz
PD_SCK 7 | MextConsersinge Differential inpet. 4082

Fig.2 Data output, input and data rate selection timing and control

Symbol Note MIN | TYP | MAX | Unit
T, [DOUT falling edge to PD_SCK rising edge 0.1 us
T, [PD_SCK rising edge to DOUT data ready 0.1 us
T; IPD_SCK high time 0.2 1 50 us
Ta IPD_SCK low time 2 1 us

Reset and Power-Down

When chip is powered up, on-chip power on
rest circuitry will reset the chip.

Pin PD_SCK input is used to power down the
HX710. When PD_SCK Input is low, chip is in
normal working mode.

Power down:

POSCK

OB Power down Neemal

g

Fig.3 Power down control

When PD_SCK pin changes from low to high
and stays at high for longer than 60us, HX710
enters power down mode (Fig.3). When PD_SCK
returns to low, chip will return back to the setup
conditions before power down and enter normal
operation mode.

If PD_SCK pulse number is changed during
the current conversion period, power down should
be executed after current conversion period is
completed. This is to cnsure the change is saved
before power down. When chip returns back to
normal operation from power down, it will return
to the sct up conditions of the last change.

Application Example

Fig.1 is a typical weigh scale application using
HXT710(AB).

AVIA SEMICONDUCTOR
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HX710(A/B)

Reference PCB Board Design (Single layer)

Cc2

N
<] %
1Pl 0. 1uF e
8
1 VREF  AVDD
3 — l AGND DVDD [—
2 200 | 3 = INN  DOUT |—g
L R TR INP  PD_SCK [—
200

HX710

Reference Driver (Assembly)

I——eeee S5SSC
Call from ASM: LCALL  ReaAD
Call from C: extern unsigned long ReadAD(void) :

unsigned long data:
data=ReadAD() s

---------------------------------------------------------------------- */

PUBLIC ReadAD

HX71OROM segment  code

rseg HX710ROM

shit ADDO = P1.5;

AVIA SEMICONDUCTOR 6
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HX710(A/B)

ReadAD
CLR ADSK
SETB  ADDO
JB ADDO, $

MOV R4, 224
ShiftOut:
SETB  ADSK

NOP

CLR ADSK
MOV C, ADDO
XCH ART
RLC A
XCH ART
XCH A, R6
RLC A
XCH A, R6
XCH AR5
RLC A

XCH AR5

DINZ R4, ShiftOut
SETB  ADSK

NOP

CLR ADSK

RET

END

Reference Driver (C)

sbit  ADDO = P1°5;
sbit  ADSK.= PO 0:

AD Enable (PD_SCK set low)
Enable 51CPU 1/0
AD conversion completed?

PD_SCK set high (positive pulse)

PD_SCK set low
read on bit

move data

//moved 24BIT?

unsigned long ReadCount (void) |

unsigned léng“Count:

unsigned char i%

ADDO=1;

ADSK=0;

Count=0;

while (ADDO) ;

for (i=0:i<24:i++)
ADSK=1;
Count=Count<<1;
ADSK=0;
if(ADDO) Count++;

AVIA SEMICONDUCTOR
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ADSK=1;

Count=Count 0x800000:
ADSK=0;

return(Count) ;

Package Dimensions

e R—

¥

-

coo 22 “":ﬁ a7 A
e

il

wax

np— Unt: e
w

SOP-8 Package

AVIA SEMICONDUCTOR 8
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Solenoid Valve

2W Brass Series 2-Way Direct Acting Solenoid Valve Normally Closed

e The Prol al Sol Valves

U 160 1 15 JAC220V]

2\1‘/33( Orifice Pipe Size Available

Direct Voltage
Acting
AC:110V
AC:220V
DC :24V

Contact the
Factory Blank:NBR
for Others  V:For High Temp.

Specifications

Model code  pwo2s-06[zwio2s-0slzwoso-10]2w0-1d2w160-15fw200-20[2weso-2sawaso-aslzwaoo-4d 2wsoo-sdl
Symbol Al Ty
Fluid Media Ai;Water, O, Gas
Ogperating Mode Direct Acting
Type Normally Ciosed
Orifice 25 & 16 20 25 35 40 50
Cv Factor 0.23 0.6 48 76 12 24 29 48
Pipe Size 18" | 14" s | am | w2 14" | 1 | 1 2
Viscosity Under 20CTS
Operating Pressure Water0=7 Air0~7 Oil.0~5
Fluids Temp. -5~-80°C
Avadable Voltage +10%
Body Material Brass
Seals Material NBR or VITON

Construction Dimensions Chart

$30_3 U1 a/8-iuf, 432

2W025-06 2W040-10
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2W Brass Series 2-Way Direct Acting Solenoid Valve Normally Closed

@The Prof lenoid Valves ifactory
Construction Dimensions Chart
HE &
I I
/r‘
K B
Nut
Plnger Tube Assembly
o Fluid Flow Chat
Lead Wires Seal
N1k
Cover
=
Draphragm /‘/ 4]
mis i
2| TH
3 D%
[ 1 L1+
Valve Body
Pressure differential
2N160-10  2%W200-20 2N350-35 20500-50
2ZN160-15  ZW250-25  ZN400-40
. Alr
Technical Parameter
Modeicode| A | B | € | D K 35
‘L

2W160-10[101.5 | 57 | 117 | 69 |PT 3/8"

2W160-15[101.5 | #57.[“117 | 69 |PT 1/2"

2W260-20 107 | 57 |123.5) 73 |PT 34"

Use pessume i,
i
V]
M
i
L] ’
i
g
i

2W260-25(111.5 | 73.5 [1345| 99 | PT 1"

2W360-35 142 | 95 | 172 | 112 [PT1 14"

2W460-40( 142 | 95 | 172 | 123 |[PT1 1/2°

2W560-50| 172 | 123 | 209 | 168 | PT2"
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Solenoid Valve

2W Sstainless Steel Series 2-Way Direct Acting Solenoid Valve Normally Closed

eThe P | Solenoid Valves

Technical Parameter

Model code] | H Pipe Size
2W025-06B | 40.5 75 PT1/8"
2W025-08B | 40.5 75 PT1/4
2W040-108 | 52.5 85.5 PT3/8"
2W160-108 69 17 PT3/8"
2W160-158 69 117 PT1/2"
2W200-208 73 1235 PT3/4"
2W250-258 99 134.5 PT1"

2W350-358 | 112

172 PT1 1/4"

2W400-40B | 123

172_| PT1 2

2W500-508 | 168

209 PT2"

2W250-25FB| 135

160  fuspsComecscnd Hoies

2W350-35FB| 152

212 s Commecton 4 Hoie

2W400-40FB| 152

215 g Comecton 4 Hos

2W500-50FB| 200

252 [ Commecicn 4 Hoiw

Specifications

Mods! code 5068 [2W025-08B PN040-108 2w160-108 p160-158 [pw200-208 pw2s0-258 |awaso-as8 [awieoo408 |wso-508
Symbol Al [% L
Fluid Media Al Water, 0il, Gas
Operating Mode Direct Acting
Type Normally Closed
Orifice 25 B 16 20 25 35 40 50
Cv Factor 0.23 0.6 4.8 76 12 24 29 48
Pipe Size 1/8" r 1/4" 3/8" 3/8" 1/2° 3/4" 3" 11/4" 112" 2"
Viscosity Under 20CTS
Operating Pressure Water:0~7 Air.0~70&0~5
Fluids Temp. -5~80T
Avaiable Voltage + 10% AC220V 110V DC24V Contact the factory for Others
Body Material $.5.304 (S.5.316 Special Made)
Seals Material NBR or VITON

Construction External Dimensions Chart

2W025-068B




165

CEBHO

2W Brass Series 2-Way Direct Acting Solenoid Valve Normally Open

eThe Professional Solenold Valves Manufactory

Characteristics

Normally open, open when de-energized,
Closed when energlzed

Body material: forged brass

They are capable of operating at zero differential pressure

Avadable voltage:
Vaitage tolerance:

Inapplicable Fluids

Fluids that will turn to liquid after being heated and
become solid after being cooled

Strong corrosive fluids

Flulds that have kinematic viscosity over 50CST

Technical Parameter

Model Code L H Plpe Size
2W025-06H 40.5 110 1/8"
2W025-08H | 40.5 110 1/4"
2W040-10H 52.5 115 3/8"
2W160-10H 09 136 38"
2W160-15H 69 135 112"
2W200-20H 73 142 K
2W250-25H | g9 150 v
2W350-35H 12 186 PT11/4"
2W400-40H | 123 197 PT1 112"
2W500-50H | 168 225 PT2"

Specifications

Attention

Make sure the pipe is clean before installing
Pls fix a Y frame fiter in front of the solenoid vaive, (Q

for longar life-span

Construction Dimensions Chart

|=—p—1I

Model Code 5 OGH[ZA025-CBHZINGA0-10H[2W1E0-1OH [2W160-15H 20200 20K 2W250-251] 2WAS0-35H] ZWACO-A0H 2WS00-50H
Fluid Media Air, Water, OF, Gas
Operating hMode Direct Acting
Type Normally Open
Orifice |, 25 4 16 20 25 a5 40° 50
Cv Rating 0.23 0.6 4.8 7.6 12 24 29 48 |
PipeSizo | 1o f (T pve owe [ [ @u o g [ | 2
Viscosity 20CTSEE
(Operating Prossure | Wator,0~7 Ar0~7 OiL0~5
Flulds Temp. 5~80°C
Avallable Voltage| +10%
Body Material Forged Brass
Seals Matorial NBR or VITON




166

Solenoid Valve

2W Stainless Steel Series

eThe P

2-Way Direct Acting Solenoid Valve Normally Open

Valves

tory

Characteristics

Normaily open, open when de-energized,
closed when energized
Body material forged brass

They are capable of op g at zero diff
Available voltage:
Veitage lolerance:

Inapplicable Fluids

Fluids that will tum to liquid after being heated and

become solid after being cooled
Strong corrosive fluids

Fhuids that have kinematic viscosity over 50CST

Technical Parameter

Model Code | L mm | H mm | Pipe Size
2W025-06BH | 405 10 s
2W025-08BH | 40.5 110 1/4°
2W0M0-10BH | 6526 15 38"
ZW1B0-10BH| 69 135 38"
2W160-15BH | 69 136 1/2
2W200-20BH 73 142 34
2W250-25BH| 99 150 1"
2W3B0-35BH| 112 186 PT1 1/4°
2WA00-40BH | 123 197 PT1 1/2"
2WE00-50BH | 168 225 P12 !
2W250-25FBH|[ 135 160 | Fenge Convect dboks
2W3B0-35FBH| 1562 230 | Fangs Comecsond boes
2WA00-40FBH| 152 240  |Flnge Coneadion dHoes
2WB00-50FBH] 200 270 [Fioge Comede d Hoes

Specifications

Attention

Make sure the pipe is clean before installing
Pls fixa Y frame filter in front of the solenoid valve,

for longer life-span

Model Code [2wo25-088H{2w040- 108H[2w160-108H[2w160-1 58w 200-208H[2W250-258H[ 21 350-358H[2W400-40BH[2WS00-508H
Fluid Media Alr, Water, Oil, Gas
Operating Mode Diract Acting
Type Normally Open
Orfice 25 4 186 20 25 35 40 50
Cv Rating 0.23 0.6 48 7.6 12 24 29 48
Pipe Size 18y e = am | am o 12 ] e ™ e |1z [ 2
Viscosity Under 20CTS
O Pr Water0=7 Air0~70iL0~5
Fluids Temp. -5~80°C
Available Voltage +10%
Body Material $.8.304
Seals Materlal NBR or VITON
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HVAC Air viaaa7/adia Air DUCT Damper/aatnasinan
WRIRAN

MR A (mn) B(am) C(nn) i (g)
75 82 75 146 181
100 98 90 146 235
150 148 140 146 345
200 198 190 146 470
2inya NN

da air auvqgiyas #a ammgiidni

wessuvsa lidu RS g3 dila

WAL

ANueY Adue Jan wansn

Taseaso AMIAIUANQUE nsaaniluiusas NONE

A CN (unaosiLiiaduen)
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FOTEK SSRSERIES SOLID STATE RELAY cW¥us C €

* High Reliability by SM.T. & TQC.
( Surface Mounting Technology )
* High Isolation over than 50MQ/ 500VDC
* High Dielectric over than 2 5KV
* Low Enable Current less than 7.5mA / 12VDC
C MOS IC or TTL Compatible.
* Low EMI / EFI & Surge by Zero Cross Trigger Method.
* High Surge Current Duration Over 10 Times of Rated Current / One Cycle
* High Surge Voltage Duration by Snubber Circuit.
* RERSEEGR R 2T - BERTHY SSR
WOEMSESUEE 50MQ /500VDC
e o BT 2. 5KV
o AERREH/INR 7.5mA 1 12vDC A CMOS ICR. TTL IUAS
* BRARR LR IR T
e TSR TE T » AR O R E R —E
o SR MTELRE AT SR 2

BGuiding of Model

Terminal Type PCB Type
Ex.SSR-40D A-H Ex.SSR-P 03D A
@3@® P @@

@ Product #7541 @D product # 5,5

SSR:SINGLE PHASE SOLID STATE RELAY SSR : SINGLE PHASE SOLID STATE
PR R T 2
STR:THREE PHASE SOLID STATE RELAY
A T A O R

(@ Output Current #Hi ¥ (2 Mounting Method {5 /7 7%
10:10A 25: 25A PCB:PCB TYPE
40 : 40A 50 : 50A
75 : 75A

@ Input Voltage & A 7% (@ output Current #it 3
D:DC3W~ 32V<ON/OFF> 03=3A
AAC80~250V <ONIOFF> 05 = BA
L:4~20mA(linear)
V:VARIABLE RESISTER

@ output Voltage - 8 @) Input Method & A 754
A:AC VOLTAGE D : DC VOLTAGE
D:DC VOLTAGE

() Output Voltage Range i1 BE 45 (® Output Voltage g 1458 &
H : High Voltage Type < 90 ~ 480VAC > D:DC5 ~60V

Non: Standard Type < 24 ~ 380VAC > A:AC 24 ~ 280V
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SSR SERIES s CE FOTER

W Control Method

Zero Cross Trigger Method
Output TURN ON or TURN OFF LINE —Avﬁvzﬁv—

only on Zero Cross Point of sine wave , may avoid surge :
wpyr —— N

or EMI / RF1 occurring. | 1

Specially suited to control resistive , capacitive and OUTPUT _QW%_

Non - saturated inductive loads.

BHU R W SRR - AR
BOR EM / RFI B EMEE ST - MEHERIAN
RGBT RURE

le istanc r h

< Trimmer Control Method > LINE — OO\
Power Output is Controlled by the Trigger Angle of Triac 0% —%Av%—
with Variable Resister 250K Q/110VAC, S00K Q /220VAC - :I A A

MRS RIH 250K Q110VAC, 500K Q/220VAC

SO0 Trine MRAIEIETIE - 100%  — A A iy ——

B Application Hints

input [ NPN [ Output] NO [ Input | PNP [Output | NO [Input [ LS [Output | NO
Ve
44 1 wak | T ~nr 1 2
<, 13 2 'j. O
r—.< 3 2 ’.L: 3 2
Ve
Input | NPN [Output| NC [ Input | PNP [Output | NC Latch Circuit ( AC to AC )
. 47KQNW
—4
Tl ‘ } & 1=
22 }
[—:3 2
Ve
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FOVEE SSRSERIES DCT0AC SOLID STATERELAY <FAXus € €

WSpecification

Type Terminal Type PCB Type
Model SSR-10DA |SSR-25DA |SSR-40DA |SSR-25DA-H | SSR-40DA-H| SSR-PO3DA
Rated Load Current 10A 25A 40A 25A 40A 3A
Input Data
Operating Voltage 3~32VDC
Min. ON / OFF Voltage ON>24V, K OFF <10V
Trigger Current 7.5mA/ 12V
Control Method Zero Cross Trigger
Output Data
Operating Voltage 24~380VAC I 90~480VAC l 24~380VAC
Min. Black Voltage 600 VAC < Repetive >
Voitage Drop 16V/I25C
Max. Durated Current 135A 275A 410A 275A 410A 135A
Leakage Current 3.0mA 3.0mA 3.0mA 50mA 50mA 3.0mA
Response Time ON < 10ms , OFF < 10ms
General Data
Dielectric Strength Over 25KVAC / 1min
Isolation Strength Over S0MQ2 /500VDC
Operating Temperature -20C~+80C
Housing Material Intensive ABS
Weight Appr. 105g Appr. 15g
Connection Diagram

o § ol

T
I -
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FOVER SSR SERIES HIGH CURRENT DC T0 AC SOLID STATE RELAY

WSpecification
Type Terminal Type
Model SSR-50DA SSR-76DA | SSR-50DA-H | SSR-75DA-H
Rated Load Current 50A 75A 50A 75A
Input Data
Operating Voltage 3~32VDC
Min. ON / OFF Voltage ON>2.4V OFF<1.0V
Trigger Current 7.5mA/12V
Control Method Zero Cross Trigger
Operating Data
Operating Voltage 24~3B0VAC 90~480VAC
Min. Blocking Voltage 600 VAC<Repetitive >
Voltage Drop 1.6V /25C
Max. Duratde Current 550A 820A 550A 820A
Leakage Current Max 60mA 6.0mA 6,.0mA 6.0mA

Response Time

ON<10ms , OFF<10ms

General Data

Dielectric Strength

Over 2.5KVAC/1min

Isolation Strength

Over 50M 2/ 500VDC

Qperating Temperature

-20C ~+80°C

Housing Material

Intensive ABS

Waeight

Appr.125g

Connection Diagram/Dimension

-

b 60.0

70

1

47,0 ——
6.0 -

LIND¥LD
L0OdNT

- HEsReH
! =

24380V -

1

=W

S,

3

(=3 [4f
ealf

L—’llOl)
| S - —
o
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SSR SERIES

s CE FOTEK

B Curve of Characteristic

Max. Allowable Case Temperature

WA TRENRE

Max. Allowable Case Temperature (°C)

i §

5 88 38 8

T

G135 30 35 0 3% 43 45 30 35 0 s W S W

B Dimension

ON State Current (A) BIFEFT

Peak Surge Current/Surge Current Duration

(a)

Peak Surge Current/Surge Current Duration
EREN RZR

800

500 ™

400 \N.,..
300

120

100

~
S4 -

40
30

1874

20

1

10

100 1000

Surge Current Duration (Full cycles)

Terminal Type PCB Type
-!—'-.— t" @ —i—rl &0 | = —43.0 -+
[ was ‘'l o ssa-poaoA]

100
47.0 600 1 [ Q% Q’F@

[elofel*

4 koo 70
|£2]
| 225
| =
oy

I 30

el

i
QL‘=

s E
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FOVER SSR SERIES s € €

B Dimension < Heat Sink >

Standard Type
[ . 0] 0]
920 W @
f 820 47.0
275 100.0
{ ™ M40.5 920
100.0 b 2
- 2-R2.25
! 1 ‘
' M —
- 820 y - a:so?E ~ 850 o
- 95.0 ————— - L -
H Type
H . 4 W @454 S & Y
A I
1 - TE M4
\ML 4 N
765 765 600 47.0
W h q
U " )] ()
: 2 Mol
-§ . m
& 54505~ T f— 250 —
et — :
MODEL LENGTH(L)mm |CURRENT DURATION| PCS OF SSR
HS-50H 50.0 10A MAX. SIGLE
HS-100H 100.0 25A MAX. TWICE
HS-150H 150.0 40A MAX. THREE
HS-200H 200.0 FOUR
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MG90S ’ ;L —

Metal Gear Servo

MG90S servo, Metal gear with one bearing

Tiny and lightweight with high output power, this tiny servo is perfect for RC Airplane,
Helicopter, Quadcopter or Robot. This servo has meral gears for added strength and
durability.

Servo can rotate approximately 180 degrees (90 in each direction), and works just like the
standard kinds but smaller. You can use any servo code, hardware or library to control these
servos. Good for beginners who want to make stuff move without building a motor controller
with feedback & gear box, especially since it will fit in small places. It comes with a 3 horns
(arms) and hardware.

Specifications

Weight: 134 ¢

Dimension: 22.5 x 12 x 35.5 mm approx.

Stall torque: 1.8 kgf-cm (4.8V ), 2.2 kgf-cm (6 V)

Operating speed: 0.1 s/60 degree (4.8 V), 0.08 s/60 degree (6 V)
Operating voltage: 4.8 V-6.0V

Dead band width: 5 ps




176

Qcc = Red (;—j —
Ground=Brown (=) —

P — dang
1-2ms
Duty Cycle
48-6V |
Power
and Signal ™ |

20 ms (50 Hz)
PWM Period

Position "0" (1.5 ms pulse) is middle, "90" (~2 ms pulse) is all the way to the right, "-90" (~1

ms pulse) is all the way to the left.
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Aosong Electronics Co.,Ltd

Your specialist in mnovating humidity & temperature sensors

Digital-output relative humidity & temperature sensor/module
DHT22 (DHT22 also named as AM2302)

R G B
"‘HFHII.-
S & = W N T

Capacitive-type humidity and temperature module/sensor
I
Thomas Liu (Business Manager)

Email: thomashul198518@yahoo.com.cn
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Aosong Electronics Co.,Ltd

CHUT S vating humadity & te
1. Feature & Application:
* Full range temperature compensated  * Relative humidity and temperature measurement

* Calibrated digital signal  *Outstanding long-term stability *Extra components not needed

* Long transmission distance * Low power consumption #4 pins packaged and fully interchangeable

2. Description:

DHT2Z output calibrated digital signal. It utilizes exclusive digital-signal-collecting-technique and humidity
sensing technology, assuring its reliability and stability.Its sensing elements 1s connected with 8-bit single-chip
compuier,

Every sensor of this model 1s temperature compensated and calibrated in accurate calibration chamber and the
calibration-coefficient is saved in type of programme in OTP memory, when the sensor is detecting, it will cite
coeflicient from memory.

Small size & low consumption & long transmission distance(20m) enable DHT22 to be suited in all kinds of
harsh application occasions,

Single-row packaged with four pins, making the connection very convenient.

3. Technical Specification:

Model DHT22

Power supply 3.3-6Y DC

Dutput signal dizital siznal via single-bus

Sensing element Polymer capacitor

Operating range humidity 0-100%RH: temperature -40-80Celsius
Acouracy humidity +-2%RH(Max +-3%RH); temperature <+-0.5Celsius
Resolution or sensitivity | humidity 0,1%RH: temperature 0,1 Celsius
Repeatability humidity +-1%RH: termperature +-0.2Celsius
Humidity hysteresis +-{).3%RH

Long-term Stability +-0.5%RH/vear

Sensing period Average: 25

Interchangeability fully interchangeable

Dimensions small size 14% 1 8*5 Smm; big size 22¥28*Smm

4. Dimensions: (unit----mm)

1) Small size dimensions: (unit----mm)

Thomas Liu (Business Manager)

Email: thomasliul 9851 8ialyahoo.com.cn
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Aosong Electronics Co.,Ltd

Yo

@5.0%_7@?“;%\

specalist i innovating humidity & temperaiure sensors

=—15. 1

(w]=)

o
(mlnln ) ()
Iuln]n 20.0
000

Pin sequence number: 12 3 4 (from left to right direction),

/7.7

Pin | Function
1 YDD-—-power supply
2 DATA--signal
3 NULL
4 GND

Thomas Liu (Business Manager)

Email: thomasliul 9851 8ialyahoo.com.cn
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Aosong Electronics Co.,Ltd

Your specialist i annovating humidity & temperature sensors

5. Electrical connection diagram:

DHT22 1Fin

M C U A 2Pin

4Pin

GND

3 l’in-—-]\'C, AM23'|]2 is another name for DHT22

6. Operating specifications:

(1) Power and Pins

Power's voltage should be 3.3-6V DC, When power is supplied to sensor, don't send any instruction 1o the sensor
within one second to pass unstable status, One capacitor valued 100nF can be added between VDD and GND for
wave filtering.

(2) Communication and signal
Single-bus data is used for communication between MCLU and DHT22, it costs SmS for single time
communication,

Data is comprised of integral and decimal part, the following is the formula for data,

DHT22 send out higher data bit firstly!

DATA=S8 bit integral RH datat3 hit decimal RH data+8 bit integral T data+8 bit decimal T data+8 bit check-sum
If the data transmission is right, check-sum should be the last 8 bit of "8 bit integral RH data+8 bit decimal RH
data+8 bit integral T data+8 bit decimal T data”.

When MCU send start signal, DHT22 change from low-power-consumption-maode to running-mode. When MCU
finishs sending the start signal, DHT22 will send response signal of 40-bit data that reflect the relative humidity
5

Thomas Liu (Business Manager)

Email: thomasliul 9851 8ialyahoo.com.cn
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Aosong Electronics Co.,Ltd

Your spectalist in mnovating humidity & temperature sensors
and temperature information to MCU, Without start signal from MCU, DHT22 will not give response signal to
MCU. One start signal for one time's response data that reflect the relative humidity and temperature information
from DHT22. DHT22 will change to low-power-consumption-mode when data collecting finish if it don't receive
start signal from MCU again.
1) Check bellow picture for overall communication process:

Host computer send out

start signal. Data transmission finished,
Sghsor send out and RL pull up bus's voltage
regponse signal.  Output data: 1bit"0" for next transmission
—= LY e —e [DHTER e ¥gor e

"(‘(‘ ..................................................................
GNI-»s+++r=smnseed 4 RS - B+ ove - onnrern NIRRT - - - - enveewerrasrnanransaraansed
' En | | sy | | b
Ros l e R - - WEY - <ol W & 50us
fa SR ig:
e — N
FNHES DHT %
Pull up and wait Host's signal &¢or's signal Lulpul data: 1bit"1"
response from Sensor Sensor pull down
Pull up voltage and bus's voltage
ready for sensor’s output.

SMlc-hus output

2) Step 1: MCU send out start signal to DHT22
Data-bus's free status is high voltage level. When communication between MCU and DHT22 begin, program of
MCU will transform data-bus's voltage level from high to low level and this process must beyond at least Ims to

ensure DHT22 could detect MCU's signal, then MCU will wait 20-40us for DHT22's response.

Check bellow picture for step 1:

Thomas Liu (Business Manager)

Email: thomasliul98518(@yahoo.com.cn
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Your spectalist in mnovating humudity & temperature sensors
Host computer send start signal Sensor send out response signal
and keep this signal at least Ims and keep this signal X0us

A
Host pulj up voltage

-and wait sensor's response Sensor pull up buk's voltage

Signal from host Start data transmissi

Signal from sensor

Single-bus signal

Step 2: DHT22 send response signal to MCU
When DHT22 detect the start signal, DHT22 will send out low-voltage-level signal and this signal last 80us as
response signal, then program of DHT22 transform data-bus's voltage level from low to high level and last 80us

for DHT22's preparation to send data.

Check bellow picture for step 2:

Thomas Liu (Business Manager)

Email: thomasliul 98518(@yahoo.com.cn
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Your spectalist in mnovating humidity & temperature sensors

Start transmit 1bit data Start transmit next bit data

26-28us voltage-length means data "0"

3 ' ---------------- SEe e T T-__bit ﬁa

Host signal Sesnor's signal

Single-bus signal

Step 3: DHT22 send data to MCU

When DHT22 is sending data to MCU, every bit's transmission begin with low=voltage-level that last 50us, the
following high-voltage-level signal's length decide the bit is "1" or "0".

Check bellow picture for step 3:

Thomas Liu (Business Manager)

Email: thomasliul 98518(@yahoo.com.cn
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Your specialist i annovating humidity & temperature sensors

TOus voltage-length means 1bit data 17

Start transmit | bit data Start trapsmit next hit data

TOus ['-_
. Fr U i

"-(‘([ e G J|I """ |‘ ".'"'“'"‘-"' e I ------ "Fw—l'ltmﬁ‘
CN) -==-==========-{ |- e Y
I |
i

f

Haost signal Sesnor's signal

Single-bus signal
If signal from DHT22 is always high-voltage-level, it means DHT22 1s not working properly, please check the
electrical connection status,

7. Electrical Characteristics:

Item Condition Min Typical Max Unit
Power supply DC 3.3 5 i) W
Current supply | Measuring 1 1.5 mA

Stand-byv 400 Null 50 uA
Collecting Second 2 Second
period

*Collecting period should be : =2 second.

Thomas Liu (Business Manager)

Email: thomasliul 9851 8ialyahoo.com.cn
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Your specialist o
8. Attentions of application:

(1) Operating and storage conditions

We don't recommend the applying RH-range beyvond the range stated in this specification, The DHT22 sensor
can recover afler working in non-normal operating condition to calibrated status, but will accelerate sensors’
aging.
(2) Attentions to chemical materials

Vapor from chemical materials may interfere DHT22's sensitive-elements and debase DHT22's sensitivity.
(3) Disposal when (1) & (2) happens

Step one: Keep the DHT22 sensor at condition of Temperature 50~60Celsius, humidity <10%RH for 2 hours;

Step two: Afler step one, keep the DHT22 sensor at condition of Temperature 20--30Celsius, humidity

=T70%%RH for 5 hours.
(4) Attention to temperature's affection

Relative humidity strongly depend on temperature, that is why we use lemperature compensation technology 1o
ensure accurate measurement of RH. But it's still be much better to keep the sensor at same temperature when
sensing.

DHT22 should be mounted at the place as far as possible from parts that may cause change to temperature.
[5) Attentions to light

Long time exposure to strong light and ultraviolet may debase DHT22's performance,
(6) Attentions to connection wires

The connection wires' quality will effect communication's quality and distance, high gquality shielding-wire is
recommended,
(7) Other attentions

* Welding temperature should be bellow 260Celsius.

* Avoid using the sensor under dew condition,

* Don't use this product in safety or emergency stop devices or any other occasion that failure of DHT22 may
cause personal injury.

Thomas Liu (Business Manager)

Email: thomasliul 9851 8ialyahoo.com.cn
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Thank you for purchasing this RKC product, In order to achieve maximum performance
and ensure proper aperation of your new instrument. carefully read all the instructions
in this manual. Please place the manual in a convenient location for easy reference

/I\ [WARNING |

= To prevent injury to persons, damage to instrument and equipment,
a suitable external protection device shall be required.

 All wiring must be completed before power is turned on to prevent
electric shock, fire or damage to instrument and equipment.

« This instrument must be used in accordance with the specifications
to prevent fire or damage to instrument and equipment

» This instrument is not intended for use in locations subject to
flammable or explosive gases,

« Do not touch high-voltage connections such as power supply
terminals, etc. to avoid electric shock.

« RKC is not responsible if this instrument is repaired, modified or
disassembled by other than factory-approved personnel.

Malfunction can occur and warranty is void under these conditions.

-

This product is intended for use with industrial machines, test and
measuring equipment. (It is not designed for use with medical
equipment and nuclear energy_)

This is a Class A instrument. In a domestic environment, this instrument
may cause radio interference, in which case the user may be required to
take additional measures.

This instrument is protected from electric shock by reinforced insulation.
Provide reinforced insulation between the wire for the input signal and
the wires for instrument power supply, source of power and loads.

Be sure to provide an appropriate surge control circuit respectively for
the following:

- I input/output or signal lines within the building are longer than 30 meters.

- If inputioutput or signal lines leave the building, regardless the length.
This instrument is designed for installation in an enclosed instrumentation
panel. All high-voltage connections such as power supply terminals must
be enclosed in the instrumentation panel to avoid electric shock by
operating personnel

All precautions described in this manual should be taken to avoid
damage to the instrument or equipment.

All wiring must be in accordance with local codes and regulations.

All wiring must be completed before power is turned on to prevent
electric shock, instrument failure, or incorrect action. The power must be
turned off before repairing work for input break and output failure
including replacement of sensor, contactor or SSR, and all wiring must
be completed before power is turmed an again

To prevent instrument damage as a result of failure, protect the power line and
the inputioutput lines from high currents with a suitable overcurent protection
device with adequate breaking capacity such as fuse, circuit breaker, etc.

« Prevent metal fragments or lead wire scraps from falling inside
instrument case to avoid electric shock, fire or malfunction

Tighten each terminal screw to the specified torque found in the manual
to avoid electric shock, fire or malfunction.

For proper operation of this instrument, provide adequate ventilation for
heat dispensation,

+ Do not connect wires to unused terminals as this will interfere with
proper operation of the instrument,

Turn off the power supply before cleaning the instrument.

» Do not use a volatile solvent such as paint thinner to clean the
instrument. Deformation or discoloration will occur. Use a soft, dry cloth
to remove stains from the instrument.

To avoid damage to instrument display, do not rub with an abrasive
material or push front panel with a hard object.

When high alarm with hold action is used for Alarm function, alarm does.
not turn on while hold action is in operation. Take measures to prevent
overheating which may accur if the control device fails.

NOTICE

This manual assumes that the reader has a fundamental knowledge of
the principles of electricity, process eontrol, computer technology and
communications.

The figures, diagrams and numeric values used in this manual are enly
for purpose of illustration

RKC is not responsible for any damage or injury that is caused as a
result of using this instrument, instrument failure or indirect damage.
RKG is not responsible for any damage and/or injury resulting from the
use of instruments made by imitating this instrument,

Periodic maintenance is required for safe and proper operation of this
instrument, me components have a limited service life, or
characteristics that change over time.

Every effort has been made to ensure accuracy of all information
contained herein. RKG makes no warranty expressed or implied, with
respect to the accuracy of the informafion. The information in this
manual is subject to change without prior notice.

No portion of this document may be reprinted, modified, copied,
transmitted, digitized, stored, processed or refrieved through any
mechanical, electronic, optical or other means without prior written
approval from RKC.

.

.

-

All Rights Reserved, Copyright © 2012, RKC INSTRUMENT INC.

e | 1. PRODUCT CHECK
REX-C100/C400/C410/C700/C900 v
( sl A L ) ci00000-000  $419 oon0-00 00
MNZC22-E1 (M2 G 4 6 Eggp (1) (3) @)E) 6UT)

(1) Control action
F: PID action with autotuning (Reverse action)
D: PID action with autotuning {Direct action)
W: Heal/Cool PID action with autotuning (Water wo\lng! !
A : Heat/Cool PID action with autotuning (Air cooling) ”

(2) Input type, (3) Range code
Refer to ‘9. INPUT RANGE TABLE."

(4) First control output [OUT1] (Heat-side)
M: Relay contact G: Trigger for triac driving *
V: Voltage pulse 8: Current (4 to 20 mA DC)
(5) Second control output [OUT2] (Cool-side) 3
No symbal: When control action is F or D. M: Relay contact
V. Voltage pulse 8: Current {4 to 20 mA DC)

{G] Alarm 1 [ALM1], (7) Alarm 2 [ALM2]
N: No alarm H: Process high alarm
A: Deviation high alarm Process low alarm
B: Deviation low alarm : Process high alarm with hold action
C: Deviation highflow alarm Process low alarm with hold acllon
D: Band alarm © Heater break alarm EHBA}[CTL 6] *
E: Deviation high alarm . Heater break alarm (HBA)[CTL. 12] “
with hold action : Control loop break alarm (LBA)
F: Deviation low alarm
with hold action
G: Deviation high/low alarm with hold action

Awurxs

' ©100 cannot be specified in Heat/Cool PID action.

For the C100, when control autput is trigger output for triac driving, only the
ALM1 is available.

For the C100, there is no second control output.

Heater break alarm (HBA) cannot be specified in case of ALM1. Also, it isn't
possible to specify when control output is current output

¥ As control loop break alarm (LBA), only either the ALM1 or ALM2 is selected.

m Check that power supply voltage is also the same as that specified
when ordering.

s w

<A ies>
® Mounting brackets (C100/400/410/700/900): 2
® |nstruction manual (IMNZC22-E1): 1

2. MOUNTING

RKG@ RKC INSTRUMENT INC.

2.1 Mounting Cautions

(1) This instrument is intended to be used under the following environmental
conditions. (IEC61010-1)
[OVERVOLTAGE CATEGORY Il POLLUTION DEGREE 2]

(2) Use this instrument within the following environment conditions:

= Allowable ambient temperature; 010 50

« Allowable ambient humidity: 45 to 85 % RH

+ Installation environment conditions:  Indoor use, Altitude up to 2000 m

(3) Avoid the following conditions when selecting the mounting location:

= Rapid changes in ambient temperature which may cause condensation,

+ Corrosive or inflammable gases.

= Direct vibration or shock to the mainframe.

= Water, oil, chemicals, vapor or steam splashes.

= Excessive dust, salt or iron particles.

= Excessive induction noise, static eleclricity, magnetic fields or noise.

» Direct air flow from an air conditioner.

= Exposure fo direct sunlight.

+ Excessive heat aceumulation.

(4) Mount this instrument in the panel considering the following conditions:
= Provide adequate ventilation space so that heat does not build up.

= Do not mount this instrument directly above equipment that generates
large amount of heat (heaters, transformers, semi-conductor functional
devices, large-wattage resistors.)

« If the ambient temperature rises above 50 “C, cool this instrument with a
forced air fan, cooler, etc. Cooled air should not blow directly on this
instrument,

+ In order to improve safety and the immunity to withstand noise, mount
this instrument as far away as possible from high voltage equipment,
power lines, and rotating machinery.

High voltage equipment: Do not mount within the same panel.

Power lines: Separate at least 200 mm.

Rotating machinery: Separate as far as possible.
» For correct functioning mount this instrument in a horizontal position.

(5) In case this instrument is connected to a supply by means of a permanent

connection, a switch or circuit-breaker shall be included in the installation.
This shall be in close proximity to the equipment and within easy reach of
the operator. It shall be marked as the disconnecting device for the
equiprment.
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2.2 Dimensions

2.3 Mounting procedures

Maunting bracket

Panel thickness: 1 to 5 mm or 5 to 9 mm (C100)

2

1 to 8 mm (C400/410/700/900)

C100 [} 100 m C100
1 ® When the controllers are mounted on
(Unit: mm) panel with 1 to 5 mm in thickness
g}] ¥ Since the mounting brackets are already
installed on the controller, insert the
48 25 45" controller into the panel front without
aE removal of the brackets.
. o
2 2 E ¥ N ® When the controllers are mounted on
E = panel with 5 to 9 mm in thickness Mouniting bracket
[ Remove the mounting brackets from the
controller with a slotted screwdriver. Halle far 510 8 fmen
Engage each mounting bracket with holes Mot for 1198 men
C400 — marked with 5-9 on the housing and then
== insert the controller into the panel from the
%F - panel front
{Unit: mm)
- = C400/410/700/900
4 —i FZ-'r 100 4 oML 1. Propare the panel cutout as
[ — ified in 2.2 DI ' Insariion Brack
C 2. Insert the instrument through the recess 5;,2,2;
L panel cutout.
2 Col2 ;:\ 3. Insert an upper mounting bracket
: = - along the bracket insertion groove
L from the back, and then engage a |
r projection at the bracket end with a E";f::r:::‘
L = recess at the groove front and also  goawe sy
= insert metal fitting legs into slots.
’—|4 4. Tighten a bracket setscrew from the rear of the bracket with Phillips
screwdriver. Do not overtighten the bracket setscrew.
5. The other mounting bracket should be installed the same way described
M 12 100 in 3 and 4,
r‘ C300 is used in the above figures for explanation, but the same
{Unit: mm) .j mounting procedures also apply to C400/410/700.
=
b
c 3. WIRING
96 g 923"
1 A
N =241k
s ) ~ To prevent electric shock or instrument failure, do not turn on
the power until all wiring is completed. Make sure that the
wiring is correct before applying power to the instrument.
€700 3.1 Wiring Cautions
= For thermocouple input, use the appropriate compensation wire.
(Unit: mm) | + For RTD input, use low resistance lead wire with no difference in resistance
=) between the three lead wires.
« To avoid noise induction, keep input signal wire away from instrument
power line, load lines and power lines of other electric equipment.
72 12 100 . 25, oy = Signal connected to Voltage input and Current input shall be low voltage
r‘rﬁ defined as “SELV" circuit per IEC 60950-1
= + Ifthere is electrical noise in the vicinity of the instrument that could affect
= " operation, use a noise filter,
el Lol | i - Shorten the distance between the twisted power supply wire pitches to
b :FS T & achieve the most effective noise reduction.
= = Always install the noise filtter on a grounded panel. Minimize the wiring
-~ e = distance between the noise filter output and the instrument power supply
) to achieve the most effective noise reduction
: ! = Do not connect fuses or swilches Lo the noise filter oulput wiring as this will
reduce the effectiveness of the noise filter
900 Ingtrument power Twist these liadwires ]
Instrument
Pawar
{Unit: mm) terminals
= Shorten distance betwean Minimize
pitches distance
= Allow approximately 5 to 6 seconds for contact output when the instrument
is tumed on. Use a delay relay when the output line is used for an external
. 25 s interlock circuit._ ) _
h « Power supply wiring must be twisted and have a low voliage drop.
= This instrument with 24 V' power supply Is not provided with an overcumrent
protection device. For safety install an overcurrent protection device (such
ol 3 as fuse) with adequate breaking capacity close to the instrument
& 2] - Fuse type: Time-lag fuse (Approved fuse according IECE0127-2 and/or
UL248-14)
- Fuse rating: Rated current; 0.5 A
[ = For an instrument with 24 W power supply input, supply power from “SELY"
| — — circuit defined as |EC 80950-1.

A suitable power supply should be considered in end-use equipment. The
power supply must be in compliance with a limited-energy circuits
(maximum available current of 8 A).

IMNZC22-E1
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3.2 Terminal Configuration

m + Tarminals which are not used according ta the contrallar

Cc100 Alarm output
Reiay """“ Power supply
—al 113 14§
(Alarm 1 or G oC_+
Control loop ALME 2 7} €] L G o
reak alarm —
P S rer T 2 3 a—— |0
alarm or Control loop 4 o
break alarm e
=G 5 1112 10, sav
m N
o T ICQ’I'ItI'D| autput CT input Input
rigger Hage pulse/
e tiiving | Conrant | RetaY contact St TC input RTD input | Veitage/Curren]
ranslommar
" ou1 out ot iy a: \Ely
o RTI
T |—{2] . {5]e
Le | o 5 @
cl—5| 45 | © T e

type are all removed.
+ When Contrel sulpul is trigges oulput for wac driving, e
number of alarm oulpLt points becomes 1
» Use the solderless terminal appropriate to the screw
size
Screw size: M3x6
Recommended lightening torque:
0.4 Nem [4 kglem)
Specified solderess terminals:
With Isclation
Applicable wirs: Salidiwisted wire of 0.25 to 1.65 mm®

6.2 mm (024 inch) or lass

« Make sure that during field wiring parts of conductors
can not come inte comtact with adjacent conductive

NO: Narmally open

parts,

Alarm output
€400, C410, C900 <l Ground — <1 oo oy contact
{ 2 1% 10 y
— — pf:e' f”pp"‘ 3 o T input 7o
{2} ez} % ‘ o2y [ e |
24V 24y 100-2400 5 2 13 ransformer input| o o—f s
| 1 1 WO |Alarm 2, Heater break
el {z» 12 i 22 “‘]_ o alarm or Control loap
7 @ 15 et — | break alarm
oo oreakalam
Contral output a 24 18 @ [iip— o
NO: Normally open Voltage pulse! | Relay contact _ -
NC: Normally closed Cumvent ouTz m + Terminals which are not used according 1o the cantroller type
+ In pul are all removed,
s « An example of the C900 is described here, the same wirng
g or | Voligae pufse!| metay comtact || qu7a T R W pv— examples alsa apply to CA0010. Tenminad numbers 17 o 24
P i MR rent are not provided for C400/410.
& « Use the solderless terminal appropriate to the screw size.
out OuTY Serew size: 13 % &
™ ’_. 7 {B— Recommended tightening torque: 0.4 N-m [4 kgf-em]
o o L Specified solderless terminals:  With isolation )
° Applicable wire:  Salid/twisted wire of 0.25 to 1.65 mm
i 5] i o | @@t
+ +
B.1 mim (0.32 inch) of leas
F, D action typas W, A action types ' !

+ Make sure that during field wiring parts of conductors can not

come into contact with adjacent conductive parts.

Cc700 01 Ground —C1 14 N[ Alarm output
Power supmly—-[z " y fictay cortact
B LpfE _m[e 1y &l 18 021 CTinput (& Alarm T or
T T T 4 17 I A Cantrol loop
2y 2av 100-240V 5 - Wl f— 5 |bresk alarm
omEl ) L—{3) L3 - NG |Alarm 2, Heater break
[ 19 12 slarm or Cantral loop
or MM | break alarm
Control output .n 20, 13 E o]
- WO
:8_- r\":”'“"")‘ “IW:d Vollage pulsel | Relay contact
= Narmally clost Curn outz m + Terminals which are not used according 1o the contraller type
—{Z Input are all removed.
Trigger for [ Vallage pulsel] poo o O‘m 4 P » Use the solderless terminal appropriate to tha screw siza.
triac driving | Cumrent ! |”n TC input Voltaga! Scrow size: M3 x 6 Serow size: M3 x B
Tz |_—@ Current (Terminal Na. 1ta 10) (Terminal No. 11 ta 13)
&.2 mm (024 inch) 8.1 mm (0.32 inch)
8| 8 E = Recammended tightsning torque: 0.4 N-m (4 kgf-cm]
out ouTt | HOY TC Specified solderiess ferminals:  With isolation
G L@ L ? ! @ Appiicabls wire: ﬁ:m;;au wire of 0.25 ta
F. D action types W, A action types * Make sure that during field wiring parts of conductors can not

come ino contact with adjacent cenductive paris

B Specifications

Input:

Input type:
Thermocouple: K, J,R, S, B, E, T, N, PLII,

W5Re/W26Re, U, L

Input impedance: Approx. 1 MO

RTD: P1100, JPt100
Voltage: Oto5VDC, 1105V DC

Input impedance: 250 kO or more
Current: 0to 20 mA DC, 4 to 20 mA DC

Input impedance: Approx. 250 £ |
Sampling cycle: 0.5 seconds |
Input range: Refer io Input range table
Control method: PID control
ON/OFF, P, PI, or PD actions is available
Control cutput:
Relay contact outgut 250 V AC, 3A (Resistive load)
lectrical life:
300,000 times or more (Rated load)
Voltage pulse output 0112 V DC
Load resistance 600 02 or more)
to 20 mA DC
(Load resistance 600 02 or less)
Trigger output for triac driving:
Zero cross method for medium
capacity triac driving (100 A or less)
Load voltage used:
100 V AC line, 200 V AC line
Load used: Resistive load

Current output:

IMNZC22-E1

Alarm output:
Relay contact output:
250 V AC, 1A (Resistive load)

Electrical life: 50,000 times or more |

(Rated load)

Heater break alarm function:

Measured current:
0'to 30 A (CTL-8-P-N)
0 to 100 A (CTL-12-556-10L-N}
Maximum current rating: 120 mA
Input impedance: Approx. 2.5 0

Input rating:

Performance:

Display accuracy

(at the ambient temperature 23 °C + 2 °C):

Thermocouple (TC):
+ (0.5 % of display value = 1 digit) or + 3 °C [6 °F]
Whichever is greater
Rand § input: 0 ta 388 °C [0 to 789 °F]:
+6°C[12°F]

B input: 0 to 399 °C [0 to 799 °F]:
Accuracy is not guaranteed.
RTD: + (0.5 % of display value + 1 digit)

or + 0.8 °C [1.6 °F]
whichever is greater
Voltage/Current: + (0.5 % of input span + 1 digit)

Memory backup:
Backed up by Nonvelatile Memery
Number of write times:
Approx. 100,000 times
Data storage period:
Approx. 10 years
l Power:
Power supply voltage:
85 10 264 V AC (Power supply
voltage range), 50/60 Hz
Rating: 100 to 240 V AC
21.6 to 26.4 V AC (Power supply
voltage range). 50/60 Hz
Rating: 24 V AC
21.6to 26.4 V DC (Power supply
voltage range)
Rating: 24 V DC
Power consumption:
6 VA max. (at 100 V AC)
9 VA max. (al 240 V AC)
6 VA max. (at 24 V AC)
145 mA max. (at 24 V DC)

Weight:
C100: Approx. 170 g
C700: Approx. 250 g

C400/410; Approx. 260 g
C900:  Approx. 340 g
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4. PARTS DESCRIPTION

€100 €400 (3) (1) ca10

) B
e | Eaaak -«

€700, C900

| I'BBB8

+
1

T D ED, (3)
(3)4) (5) (6) (7) =& @
CED+ (4)
I ¥ A ) « 7 A
4 I 4 ry
| b =] | =
(5) (6} (7) ) () 6 (7
S) Measured value (PV) display [Green) Autotuning (AT) lamp [Green] (4) G;,) (Set key) ® 5 (DOWN key)
isplays PV or various parameter symbols. Flashes when autotuning is activated. o I v
(After autotuning is completed: AT lamp Used for parameter calling up Decrease numerals
(2) Set value (SV) display [Orange] will go out) and set value registration a
Displays SV or various parameter sel values (or Shift (4] = (UP key)
CT input value). Control output lamps (5) "ll (Shift key) Increase numerals.
3) Indication lamps (OUTA [Yellow], OUT2 [Green]) Sr?lfl mgd\ls when settings are
- L i change
Lhrm output lamps (ALM1, ALM2) [Red] OUT1.I'L\?:§1z:e‘n contral output is 9

ALM1: Lights when alarm 1 output is turned on. : A
OUTZ: Lights when coel-side control To avoid damage to the instrument,
: 4 ! . i "
ALM2: Lights when alarm 2 output is turned on oulpUt s timed an. m never uss a sharp object to press keys.

5. SETTING
5.1 Operation Menu

Power ON

Parameter Setling Mode

This mode is used to sel the parameters such as alarms, PID constants, etc, (Refer lo 5.2 Parameter List.)
The following parameter symbols are displayed as the SET key is pressed.

| Input type and Input range Display |

| Current transformer 1 Control loop break Coal-side
T, tm -t ;m Hoopbreak mogrime > P poporionng

(i 4 saconds | Press and hald| nd
manitor 1Fey
ieplay he SET ke T
FWEW Display Mode '[:“K__ﬂzs_ SET key SET kay SET key SET kay
The contrallar will display the measured| €<—— Alarm 1 set value Lbd LBA deadband - Derivative fime dh Deadband *
L YT L =
value (PV) and the set value (SV). L = B )
‘T&- SET key SET key SET key SET kay
ress the SET key " Coal-side
| Aarm 2 set vaiue [ 1 ]| Autatuning (AT) Anti-reset
L r = | proportioning
SV Setting Mode e {ALMZ) ' o windup o cycle *
Pr o hak SETk SET key SET key
This is the mode used to set ihe SV. | ins SET key = - SEY e
for 2 sacancis Heater break alarm lj| ;‘m»:nrivanal [ ] Heat-side | [ 1] setdatalock
an
SV setting —| {HBA) set valug — [P_ 0001 ] - g =
SET hay SETkmy \OMOFF acton SEThey SET ke
Faciory sel value: 0 °C ['F] or 0.0 °C ['F] Return to the first parameter
This instrument ratums to HuaEAERE Parameters which are not related to existing * These parameter are not displayed
display mode if no key operation is functions on the controller are not displayed. in G100 controller.

performed for more than one minute.

B Input type and input range display
This instrument immediately confirms the input type symbol and input range following power ON.
Example: When sensor type of input is K thermocouple.

7 Symbel * Input Type Symbal Table
=T T =
P P | sutomescany [V} 57 J | Inpast ranga high Symbol | L/ JlesTelE[Flal P T & ]UIL o
For p| I |- Ingut renge tow  Themacouple (TC) : ‘
Input type y5
T A Input iype symbal * puttwe | s lr|s B |E | T N[PLN e o
Unil for inguat and SV display o |

(Celsius. °C, Fahrenheit: *F, Voltage/Current inputs: no character shown)
5.2 Parameter List

The following parameter symbols are displayed as the SET key is pressed.
[I] Parameter symbols which are not related to existing functions on the controller are not displayed

Symbol Name Setting range Description Factory set value
= Current 0.0to 100.0 A Display input value from the current transformer.
L transformer (CT) [Display only] [Displayed only when the instrument has the
input value monitor heater break alarm (HBA)]
I [ | Alarm 1 setvalue | TC/RTD inputs: Set the alarm 1 set value and alarm 2 set | TC/RTD inputs:
L 1| (ALm) Deviation alarm, Process alarm: value. 50 (50.0)
~1999 to +8999 °C [°F] or )
— Py ~199.9 to +999.9 ° C [°F) @ :g;;h? alarm action type, refer io Valtage/Current
arm 2 set value ) . inputs: 5.0
;q ;_ 8 (ALM2) go\tagle;'Curent. '"‘1"5‘;’-‘3 +200.0 % | ‘arm differential gap: i
eviation alarm: — to ! TC/RTD inputs: 20r 2.0 °C [’F]

Process alarm:  —199.9 10 +300.0 % | vgjtage/Current inputs: 0.2 % of input Span

4 IMNZC22-E1
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I~ 1 1| Autotuning (AT)
A

1: AT start or execution

Symbol Name Setting range Description Factory set value
Heater break 0.0 1o 100.0 A Alarm value is set by referring to input value 0.0
H h alarm (HBA) sat from the current transformer (CT).
value Used only for single-phase.
! g Control loop break| 0.1 to 200.0 minutes Set control loop break alarm (LBA) set value. 8.0
[N alarm (LBA) time *
| [ | LBA deadband * TC/RTD inputs: Set the area of net outputting LBA. 0
L b (] 0 to 9999 *C [*F] No LBA deadband functions with 0 set.
Voltage/Current inputs: Differential gap :
0 to 100 % of input span TC/RTD inputs: 0.8 “C [°F
Vaoltage/Current inputs: 0.8 % of input span
0: AT end or cancel Turns the autotuning ON/OFF. ]

Proportional band

TC/RTD inputs:

Set when Pl, PD or PID control is performed.

TC/RTD inputs:

;} !‘01(:3 [‘Dﬂseggnlurjnn Heal/Cool PID action: Proportional band 30 (30.0)
170 [F] resolution: setting on the heat-side.
Within 899.8 °C [°F] Voltage/Current
Voltage/Current inputs: ON/OFF action differential gap: inputs: 3.0
0.11t0100.0 % of input span TC/RTD inputs: 2(0.2)°C[*F]
0 (0.0): ON/OFF action Veltage/Current inputs: 0.2 % of input span
] Integral time 1 to 3600 seconds Set the time of inlegral action to eliminate the 240
] {0 second: PD action) offset occurring in proportional control,
Derivative time 1 to 3600 seconds Sel the time of derivative action to improve 60
D’ {0 second: Pl action) control stability by preparing for cutput
changes.
'_ Anti-reset windup | 1 to 100 % of heat-side proportional Overshooting and undersheoting are 100
Il
I

Set data locked

(Al parameters locked)
Only the set value (SV) is
changeable with the set data
locked

0101:

0110:

(ARW) band (0 %: Integral action OFF) restricted by the integral effect
Heat-side: 1 to 100 seconds Sel control output cycle Relay contact output: 20
proportioning {Not displayed if the control output is Heat/Cool PID action: Waltage pulse output/
cycle current output.) Heal-side propertioning cyele ;F!Q_Qﬁf UZUIPUl for triac
riving:
Cool-side 1to 1000 % of heat-side Set cool-side proportional band when 100
I | propartional band | propartional band Heat/Cool PID action.
| Deadband TC/RTD inputs: Set control action deadband between 0or0.0
In} b —10 to +10 °C [*F] or heat-side and cool-side proportional bands.
—10.0to +10.0 "C [°F] Minus () setting resulls in overap.
Voltage/Current inputs:
10.0 to +10.0 % of input span
Cool-side 1 to 100 seconds Set control cool-side output cycle for Relay contact output: 20
& proportioning (Mot displayed if the control output is | Heat/Cool PID action Valtage pulse output: 2
cycle current output.)
I I~ || Setdatalock 0100: Mo set dala locked Performs set data change enablefdisable. 0100
Lol t (LCK) (All parameters changeable)

1 Heater Break Alarm {HBA) function

The HBA function moenitors the current flowing through the load by a
dedicated current transformer (CT), compares the measured value with
the HBA set value, and detecis a fault in the heating circuit.

Low or No current flow (Heater break, malfunction of the control

device, etc.):

When the control output is ON and the current transformer input value is
equal to or less than the heater break determination point for the preset
number of consecutive sampling cycle, an alarm is activated.

Over current or short-circuit:

When the control cutput is OFF and the current transformer input value is
equal o or greater than the heater break determination point for the
preset number of consecutive sampling cycle, an alarm is activated.

m Precaution for HBA setting:

.

m Precaution for LBA setting:

.

Displayed only for when LBA is selected as Alarm 1 or Alarm 2.

No LBA function can be used at Heat/Cool PID control action.

The LBA function can not be activated when AT function is turned on.
The LBA function is activated when control output reaches 0 % or

100 %. The time required for the LBA output to turn on includes both
the time from the initial occurrence of loop failure and the LBA setting
time. Recommended setting for LBA is for the set value of the LBA to

be twice the value of the integral time (1),

.

the LBA selling time should be lengthened.

If LBA setting time does not match the controlled object requirements,

If setting time is not correct, the LBA will malfunction by tumning on or

off at inappropriate times or not turning on at all.

? LBA Deadband function

..

.

.

Displayed only for when HBA is selected as Alarm 2.

HBA is not available on a current output.

Set the set value to approximately 85 % of the maximum reading of the
CT input.

Set the set value to a slightly smaller value toa prevent a false alarm if
the power supply may become unstable.

When more than one healer is connected in parallel, it may be
necessary to increase the HBA set value to detect a single heater
failure.

When the current transformer is not connected or the HBA set value is
set to “0.0,” the HBA is turned on.

? Control Loop Break Alarm (LBA) function

The LBA function is used to detect a load (heater) break or a failure in the
external actuator (power controller, magnet relay, etc.), or a failure in the
contral loop caused by an input {sensor) break. The LBA function is
activated when control output reaches 0 % or 100 %. LBA monitors
variation of the measured value (PV) for the length of LBA time. When
the LBA time has elapsed and the PV is still within the alarm
determination range, the LEA will be ON

IMNZC22-E1

The LBA may malfunction due to external disturbances. To prevent
malfunctioning due to external disturbance, LBA deadband (LBD) sets a
neutral zone in which LBA is not activated. When the measured value
(PV) is within the LBD area, LBA will not be activated. If the LBD setting
is not correct, the LBA will not work correctly,

i LBD differential gap 1

Alarm area fAlNonaalarm area lEf Alarm area
Low iy

High
Set value (8V)

A During temperalure rise: Alarm area
During temperature fall: Non-aiarm area

* TG and RTD inputs: 0.8 °C [°F] {fived)
Voltaga/Current inputs: 0.8 % of input span (fixed)

LBD set value

B: During lemperature rise: Non-alarm area
During temperature fall: Alarm area




191

5.3 Changing Parameter Settings

Procedures to change parameter settings are shown below.

To store a new value for the parameter, always press the SET key.
The display changes to the next parameter and the new value will be stored,
A new value will not be stored without pressing SET key after the new
value is displayed on the display,
ra naw value has been displayed by using the UP and DOWN keys,
the SET key must be pressed within 1 minute, or the new value is not
stored and the display will return fo the PV/SY monitor screen.

® Change the set value (SV)

Change the set value (SV) from 0 °C to 200 °C

1. Select the SV setting mode

Press the SET key at PVISWY monitor screen until SV setting screen is displayed.

300 o [C_30

=3 | 5 satting deplay
] 3] | 15w setling mode)

PVISY mandor display [
(PWISV display mode) |

2. Shift the high-lighted digit
Press the shift key to high-light the hundreds digit.
The high-lighted digit indicates which digit can be set.

[ 30 = 20|
GO0z il

3. Change the set value
Press the UP key to change the number to 2
= =] 2 ral

=7 ]| R =7
" ooog o200
4. Store the set value

Press the SET key to store the new set value. The display retumns to the
PV/SV monitor screen
i T
1 Joi

|3

=

6.3 Autotuning (AT) Function

Autotuning (AT) automatically measures, calculates and sets the optimum PID
and LBA constants. The following conditions are necessary 1o carry out
autotuning and the conditions which will cause the autoluning o stop.
Caution for using the Autotuning (AT)
When a temperature change (UP andier Down) is 1 °C or less per
minute during may be before
calculating PID values. In that case, adjust the PID values manually. It
is possible to happen when the set value is around the ambient
temperature or is close to the maximum temperature achleved by the
load.
B Requirements for AT start
Start the autotuning when all following conditions are satisfied:
= Prior to starfing the AT function, end all the parameter seftings other than PID and LBA.
« Confirm the LCK function has not been engaged.
When the autotuning is finished, the controller will automatically returns to
PID control.

] for AT

The autotuning is canceled if any of the following conditions exist.

= When the set value (SV) is changed.

When the PV bias value is changed.

When the PV becomes abnormal due to bumout.

When the power is turned off.

When power failure longer than 20 ms occurs.

m If the AT is canceled, the controller immediately changes to PID contral. The
PID values will be the same as before AT was activated

When AT is completed. the controller immediately changes to PID control. If
the control system does not allow the AT cycling process, set each PID
constant manually to meet the needs of the application.

7. INITIAL SETTING

/N [WARNING |

Parameters Lr;;he Initialization mode should be set according to the
0

ol 2= | Rl

® Change parameters other than the set value (SV)

The changing procedures are the same as those of example 2 to 4 in the
above "® Change the set value (SV)". Pressing the SET key after the selting
end shifts to the next parameter. When no parameter setting is required, return
the instrument to the PVISV display mode.

6. OPERATION

CAUTIONS

& All mounting and wiring must be completed before the power is turned
on. If the input signal wiring is disconnected or short-circuited (RTD
input only), the instrument determines that burnout has occurred.

- Displays:
* Upscale:  Thermocouple input, RTD input (when input break)
* Downscale: Thermocouple input (specify when ordering),
RTD input (when short-circuited),
Woltage input {1 to 5V DC), Cument input (4 to 20 mA DC)
= For the voltage (0 to 5 W DC) or current (0 to 20 mA DC) input, the
display becomes indefinite (display of about zero value)
— Dutputs:
« Control output: OFF (Heat/Cool control: the control output on
both heat-side and cool-side is turned off)

« Alarm output: Baoth of the Alarm 1 and Alarm 2 outputs of this
instrument are tumed on when burnout occurs
regardiess of any of the following actions taken. (High
alarm, low alamm, etc.) In addition, when used for any
purposes other than these alams (event, elc.), specify
the Z-124 specification (not to be forcibly turned on).

® A power failure of 20 ms or less will not affect the control action.

When a power failure of more than 20 ms occurs, the instrument

assumes that the power has been turned off. When power returns,

the will retain the that existed prior to shut down.

The alarm hold action is activated when not only the power is

turned on, but also the SV is changed.

6.1 Operating Precautions

(1) All mounfing and wiring must be completed before the power is tumed on.

(2) The settings for the SV and all parameters should be appropriate for the
controlled object,

(3) A power supply switch is not furnished with this instrument. It is ready to
operate as soon as the power is turned on

6.2 Set Data Lock (LCK) Function

The set data lock restricts parameter sefting changes by key operation. This
function prevents the operator from making errors during operation,

Set value Parameters which can be changed
0100 All parameters [Factory sel value]
0101 No parameters [All Locked]
0110 SV

Parameters protected by Set Data Lock function are still displayed for
monitoring.

re setting any parameter related to operation, Once
the Parameters in the Initialization mode are set correctly, no further
changes need to be made to parameters for the same application
under normal conditions, If they are changed unnecessarily, it may
result in malfunction or failure of the instrument. RKC will not bear
any responsibility for malfunction or failure as a result of improper
changes in the Initialization mode.

7.1 Go to Initialization Mode

1. Turn on the power to this controller. The instrument goes to the PVISW
display after confirming input type symbol and input range.

2. Press and hold the SET key for 5 seconds to go to the Parameter setting
mode from the PVISY display.

3. Press the SET key until "LCK" (Set Data Lock display) will be displayed.
4. The high-lighted digit indicates which digit can be sel. Press shifl key to
high-light the hundreds digit. (The section in each image of the
controller shows the digits which are not high-lighted.)
I L ;‘: I, St data kack funticn display
g {og
5. Press the DOWN key to change 1to 0.
N
= 0: Initialization made unlocked
S [0000]] |z miistzation mase tocked

6. Press the SET key to store the new set value. The display goes to the
next parameter, and the Initialization mode is unlocked.

’1 E r H| ertimnput vais aispiay
3 The parametes displayed varias
on the inslrument saecification
7. Press the shift key for & seconds while pressing the SET key to go to the
Initialization moda. When the controller goes to the Initialization mode,
“SL1" will be displayed.
CT1 nput value, —r ! 1
oLl o,

display T ]
T 0 E:> F 0000 of inilislization

mota

e

[CLY 1 the contral s set o the inital set mode, all outputs are tumed OFF.

7.2 Exit Initialization Mode

When any parameter setting is changed in the Initialization mode,
check all parameter set values in SV setting mode and Parameter
setting mode,
1. Press the shift key for 5 seconds while pressing the SET key from any
display in the Initialization mode. The controller goes back to the operation
made and the PVWSY display will be displayed.
Press and hold the SET key for 5 seconds in the PV/SV display.
Press the SET key until "LCK" {Set Data Lock display) will be displayed.
The high-lighted digit indicates which digit can be set. Press shift key to
high-light the hundreds digit.

B

L EIU Set data lack funclion display

[0 Qg
5. Press the SET key lo store the new sel value, The display goes to the
next parameter, and the Initialization mode is locked.

[

“] [ |

T 1 [I0]| e geremeter dssiayed vaies on
ALH | the instrument

CTH input valus display

IMNZC22-E1




7.3 Initial Setting Menu
Display flowcharts in Initialization mode are shown in the following.

Do not change to the [Jsection parameters and any parameter in
the Initialization mode which is not described in the initial setting
menu below. It may result in malfunction or failure of the instrument.

I PV/ISV display mode or Parameter setting mode

Press the shift key while pressing
the SET key for 5 seconds with
the unlocked. g

1 [l lecti
;, Input type selection .
)
SET key SET key
Temperature unit and
L «cooling type selection

PV bias
()
SET key SET key

ON/OFF action
L7 17| differential gap

g

SET kay SET key
5 i’- L" :;TQEL:,YPS ! aJarm 1 differential gap
(5141
SET key y
:;T;;‘Zﬁ:,wm Alarm 2 differential gap
(5L5)
SET key SET hay

® Change Settings

Example: Change the temperature unit of the Heat only type
from “°C (0000)" to “°F (0001)"

1. Press the SET key uniil SL2 is displayed.

2. Press the UP key to change the number fo 1

152 L 5Lc
707 Rl 77X,

3. Press the SET key to store the new set value. The display goes to the
next parameter,

7.6 Alarm 1 [ALM1] Type Selection (SL4)
Alarm 2 [ALM2] Type Selection (SL5)

If the alarm function is nat provided with the instrument when shipped from the
factory, no alarm output is available by changing SL4 andior SL5

SL4 is set to 0000 in the following cases.

= When the instrument does not have ALM1 output

+ When Control Loop Break Alarm (LBA) is provided and assigned
to ALM1

SL5 is set to 0000 in the following cases.

+ When the instrument does not have ALM2 output

+ When Control Loop Break Alarm (LBA) is provided and assigned
to ALM2

= When the SV alarm is provided and assigned to ALM2

= When the Heater Break Alarm (HBA) is provided

Factory set value varies an the

Setting limiter low Set value Details of setting
SET key L 0000 No alarm
1SLL) SET key 0001 Deviation high alarm
0101 Deviation low alarm
. 0010 Deviation highflow alarm
* 0110 Band alarm
7.4 Input Type Selection (SL1
When any parameter setting is changed in the Initialization mode, LA Frooess high alam
check all parameter set values in SV setting mode and P: 0111 rocess low alarm -
setting mode. 1001 viation high alarm with hold action *
Factory set value varies depending on the input type 1101 Daviation low alarm with hold action *
010 Deviation highflow alarm with hold action *
Set value Input type lation highflow alarm with hold action |
o000 T put typ: 011 Process high alarm with hold action *
o001 3 111 Process low alarm with hold action ™
010 L * Hold action:
011 E When Hold action is ON, the alarm action is suppressed at stari-up or the
100 N control set value change until the measured value enters the non-alarm range.
A
111 R Thermocouple i
—To60 s o) ® Alarm action type o
007 B Both of the Alarm 1 and Alarm 2 cutputs of this instrument are turmed on when
010 WEREIWIER burnout oecurs regardless of any of the fellowing actions taken (High alarm, low
i € alarm, etc.). In addition, when used for any purposes other than these alanms
? : Pl'i'” (event, etc.), specify the Z-124 specification (not o be forcibly tumed on).
10 ] B Deviation high alarm (dho5V A Alarm sl value i Alarm differential gag)
Deviation highilow alarm
100 P00 WJISIEC) hlam st value s greaterthan
1101 JPI00 (JIS) a 9 — 4 & O py — QF?.L T PF& Oy pv
AL Bt YaluG 5 lass than O Band al.
T Seovss Voltage D o A e, 3::mm oy
- a o it & T
1 Deviation low al
1110 0 to 20 mA DC Current E o ol B g thon Erocess high alarm
[REE] 410 20 mA DC ERe—e o ——or Oy

Conduct setling so as to meet the instrument specification (input type).
Setting change between different symbols may cause malfunction,
but the setting can be changed when hardware types have the same
symbol. However, when the setting is changed, always reset "SLH™
and “SLL" (Refer to page 8).

® Change Settings
Example: Change the input type from “K" to “J"

1. Press the SET key. The display will go to SL1. F 1 1
_ I
" |oooo

Input type eelaction
"] Sr 1
_ I

- ogg !

2. Press the UP key to change the number to 1.

3. Press the SET key to store the new set value.
The display goes to the next parameter.
7.5 Temperature Unit and Cooling Type
Selection (SL2)

Inappropriate settings may result in malfunction. Control type between
Heat Only and Heat/Cool cannot be changed by this parameter.

Factory set value varies depending on the instrument specification.

Set Description
value Temﬂt:‘q:lure Cooling type selection
0000 °C Air cooling {4 b or Heat on/ e (F, D type)
0001 °F Air eooling (A type] or Heat only type (F, D type)
0010 “C Water cooling (W type)
0011 °F Water cooling (W type)
IMNZC22-E1

T A @b o Lo Hon
(Alarm o1 value is less than 0.1 Process low alarm

ON T OFF " oN oFF
o ) Y L Low [y Heh!

® Change Settings

Example: Change the ALM1 type from “Deviation high alarm (0001)" to
“Deviation low alarm (0101)"

1. Press the SET key three times at SL1 until SL4 is displayed

2. Press the shift key to high-light the hundreds digit.

3. Press the UP key to change the number to 1.

5 Y i o
(s 7] = F ol

4. Press the SET key lo store the new set value. The display goes to the
next parameter.

&

7.7 PV bias (Pb)

The value set in the PV bias is added to the input value (actual measured
value) to comect the Input value. The PV bias is used to correct the individual
wvariations in the sensors or when there is difference between the measured
wvalues (PV) of other instruments.
Setting range: TC/RTD inputs: —1999 to +9999 °C [*F] or
~199.9 10 +999.9 °C [*F]
Voltage/Current inputs: —199.9 1o +200.0 %
Faclory set value:  TC/RTD inpuls: 0°C[*Fl or 0.0 °C [*F]
Voltage/Current inputs: 0.0 %

Continued on the next page.

7
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Continued from the previous page.

B Change Settings
When the is by two instruments
'When the measured values (PV) are as shown in the following:
Main unit = 198 °C
Recorder = 200 °C
If a PV bias correction value of +2 °C is added to the measured value the
main unit, the displayed value become:
Displayed value = Measured value (PV) + PV bias
=198°C+2°C =200°C
The setting procedures is described in the following.
1. Press the SET key at "Pb" is displayed =u|

1. Press the SET key at "SLH’ is displayed B =
[
i_ 11
= 1gas
Ly
atting irite [high) dispiay

2. Press the shift key to high-light the tens digit. P

© [1igog

3. Press the DOWN key to change the numberto 8. [m

|Ln
~
|

|;
=~
Oy

B
[
]
0
o

4. Press the SET key to store the new set value.
The display goes lo the next parameter.

2. Press the UP key to change the number to 2. F

3. Press the SET key fo store the new set value.
The display goes o the next parameter.

7.8 ON/OFF Action Differential Gap (oH)
Setting range: TC/RTD inputs: 0to 100 °C [*F] or
0.0 to 100.0 *C [*F]
Voltage/Current inputs: —189.9 to +200.0 %
Factory set value: TC/RTD inputs: 2*C[*Flor 2.0 °C [°F]
Voltage/Current inputs: 0.2 % of input span
B Change Settings
Example: Change the On/Off Action differential gap from “2 °C" to 4 °C"
1. Press the SET key at “oH" is displayed
2. Press the UP key to change the number to 4.
3. Press the SET key to store the new set value, The display goes to the
next parameter.

7.9 Alarm 1 Differential Gap (AH1)
Alarm 2 Differential Gap (AH2)

8. ERROR DISPLAYS

m Error display

El‘f‘

W Over-scale and Underscale

RAM failure (Incorrect
sel data write, etc.)

Tum off the power at once. If an
error occurs after the power is
turned on again, please contact
RKC sales office or the agent,

Measured value (PV)| PV is outside of input
: range /\[WARNING
Flashin
L 9l Overscaie: To prevent electric shock,
oooo PV is above the high ;mg:m:g:::::;oh
[Flashing] input display range limit.
Check Input type, Input range
INgRyR ] g.\}d:;;fg:' the low and connecting state  of
. 0 " sensor. Confirm  that  the
[Flashing] input display range limit. | S2030% ORI droken.

9. INPUT RANGE TABLE

Setting range: TC/RTD inputs: 0 to 100 “C [*F] or ®TC/RTD inputs
Voltage/Current inputs: g'g o 1806%-(: el D e el Tnge [eeel  Gaor —|—|':°°'E
Eb ey 0w200°C |k |01 Olod00C  |K|02| GOm0 | K |03
Factory set value: TC/RTD Inputs: 2°C[*F] or 2.0 °C ['F] pwomec ||| omiooc |kos|  ommoe-c |k ol
Voltage/Current inputs: 0.2 % of input span K 01572 °C | K |07 Dio100°C | K [13] 00300°C  |K |14
] change Seﬂingﬁ 0o 450 °C K |17 010 500 °C K |20| @ %o 80D F K [A1]
0 ta 1600 “F K |a2| 0o 2502 F K |43 20t 0 F K [ag]
Example: Change the Alarm 1 differential gap from “2 °C" to "4 °C" ow200°C |40 DlodonC |J o2 [FEE EE |
1. Prass the SET key at "AH1 is displayed. 4 OondC  fJ {04 O 1000°C |J 105 G t200°G )06
2, Press the UP key to change the number to 4. s I o Lol seeme 10
3
3. Press the Si‘r key to store the new set value. The display goes to the = e GG e TRl TerE T T
next parameter. owseot |mlat]  owszer |r|az — —|]
8 Ota 1600 °C s|m 010 1768 “C 8 02| 0o 3200 °F & [a]
i imi i Ote3zie F |5 |az] — —|— — —|]
7'10 Sett!ng L!m!ter ngh {SLH) 8% 400to 1800°C |8 |01 Din1820°C | B [0Z| S00w3200F |B [A1
Settlng Limiter Low (SLL} TC Ota33e F |8 a2 — | - |
. e r [P BED Dioi000 G |E[0z]  Ow1a0aF | E [A
For voltage or current input, set scaling within the input range. E P e et _ . o |
& Referto 9. INPUT RANGE TABLE. " 01200 °C [N |01 D10 1300°C | N|02] Ut 2300°F | N [A]
Factory set value varies depending on the instrument w23tz [n a2 — —|— — — |-
1 S—m - 198.9 1044000 °C | T (011899t 41000 °C | T (02]-100.0'10 +200.0 “C | T (03]
nput type etting range | T 0.0t0350.0°C | T [o4| 190010 7520 F | T [at]-100.010 2000 F | T |ag
K Oto 1372 °C 0to 2502 °F 100,010 +400.0°F | T |A3] 000 450.0°F |T|A4] 0010 7520F | T [As)
J 016 1200 °C 0o 2192 °F WERe/W2ERe| 0102000 °C |won 0102320 ¢ w0z 0104000 °F | |a1
R 010 1769 °C 0 io 3216 °F o 0o 1300°C | A (o1 [CEGE BE BEEEEER A E
5 Oto 1769 °C Dto 3216 °F Oto2400°F | A Mt 0102534 °F | A |z
~ - S199.8 1046000 C | U [01]-19aamsi000c|Ufoz|  oowasonc [U ol
TC E 8:31%3“3 g:gﬁgg‘ “IE 8 199,94 +1990.9°F |u A1) 100010 2000 F |U |A2]  00wesancF |ufag
< Gwane G |L|of DInBl0 G |L|0z|  GweanF L [A]
N 0to 1300 °C 0 1o 2372 °F L owieF |L lag
T 199910 +400.0°C 189910 +752.0 °F 19681046450 °C| 0 |01| 189810 +200.0 G | O | 02| 1000 I +500°C | & [03]
WERe/\W2ERe 0to 2320 °C 0to 4208 °F o |o|-wo0w+a0c|ofos| ocowsioc |oog
PLII 0o 1390 °C 010 2534 °F ofer| oowz00°c |ofos] cow0nc ||
1] ~189.9 to +600.0 °C__ 1999 to +999 9 °F P00 o (10| 19991t 10999 F | O [A1] 190,810 4000 F | D [43)
L o300 x 010 T600°F o Gomtoaot |o|s| oowaeort |5w| sowmast |o g
RTD P00 159810 +649.0°C__ -199.9 10 999.8 °F Ao |o|u A ol ] I 1M
JPH00 199.9to 1649.0°C 192910 +648.0 °C | P (01199910 +200.0 °C | P (02 -100.010 +50.0 °C | P (03]
* Limit setting becomes SLH = SLL seepe | 100 1000°C]# (o4 000t 2000°¢ | P los]  0owm0C P o5
[ (I} vnen changing tne nighviimit (SLH) and tha low-imit (SLL) limiter e ||| cremmere (Pl e meste 1P 6
seftings, always set the set-value (SV) within the limiter range. 01390 0079 FI 6 T2 A
B Change Settings 70 to 399 °C [0 to 799 °F): Accuracy is not guaranteed
Example: Thh. input ra:‘ng_a (";1“:1%‘32 51:1':9-] is from 0.0 to 100.0 °C, #Voltage/Current inputs
the setting limiter high is 80 " Type Range Code Type Range Code
Sefting range ) 0105V DC | 0.0t0 100.0 (Foced) | 4 [ 01 [ 01020 mADC | 0.0to 100.0 {Fixed) | 7 | 01
t t
0.0°C atf%‘l: 1000 °C 1105v0C | 00ta 1000 Fied) | 6 [0t [4t020manc | 0.0t 1000 (Fixed) | & | 01
Setting limiter
higl

The first ediion: DEC. 2012 [IMQO01]
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EVALLUATION KIT AVAILABLE

Click here to ask about the production siatuz of specific pant numbers.

MAX6675 Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

General Description Features

The MAXEETS performs cold-junction compensation and » Direct Digital Conversion of Type -K Thermocouple
digitizes the signal from a type-K thermocouple. The data Output

Is output in & 12-bit resolution, SPl-compatible, read-only + Cold-Junction Compensation

format.

. # Simple SPI-Compatible Serial Interface
This converter resolves temperatures to 0.25°C, allows ) N i
readings as high as +1024°C, and exhibits thermocouple » 12-Bil. 0.25°C Resolution
accuracy of 8 LSBs for temperatures ranging from 0°C to # Open Thermocouple Detection
+700°C.

The MAXGETS is available in a small, 8-pin SO package. Orderi ng Information

Applications PART TEMP RANGE  PIN-PACKAGE
# Industrial MAXBETSISA -20°C 1o #85°C 550
e Appliances
. HVAC
Pin Configuration Typical Application Circuit
TAP VIEW oo

sofr]’ (0] ne
L EJ PR i
=[] 6] o
o E B ST

MAXBETS
an WCRDCONTROLLER
EHETE

ECH f— 3¢

w=E

maxim
integrated.

15-2235; Rav 3; 621
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MAXE675

Absolute Maximum Ratings

Supply Voltage (Ve to GND) .. e -D3V D +EY
50, SCK. C5, T-, T+ to GND <03V to Vg + 0.3V
ESD Protection (Human Body Model) . +20004
Continuous Power Dissipation (T, = +70°C)

B-Pin SO (derate 5.88mW/"C above +T0°C) . 471mw
Operating Temperature Range ... -20°C to +B5"C

Strmeyoe bayone fross Vled under “Absolfe Masimom Ratings” may cawss parmansal damasge jo the devics. Thess am sims
aF @y ANV ConNLGTS bayand Mass MAcaled i fa aparanions scrons of e Seeckicaians & rof Imphed. Erpasure io abaaks

s kb

Electrical Characteristics

Cold-Junction-Compensated K-Thermocouple-

to-Digital Converter (0°C to +1024°C)

Storage Temperature Range -65°C to +150°C

Junction Temperaiure cnnnnens #150°C
S0 Package
\Vapaor Phase (60s) .. +215°C

Infrared (15s) .........
Lead Temperature (scldering, 10s)

+220°C
- +300°C

b ol and funchiona operadon of the: device af dhese
AT Fafing Sonaivans for axtandad panods majy sfect

(Voo = +3.0W 10 +5.5Y, Ty = -20°C to +85°C, unless otherwise noted. Typical values specified at +25°C.) (Nata 1)

PARAMETER SYMBOL CONDITIONS MM TYP MAX LNITS
TrHERMOCOURLE = +TO0°C, Ve = +3.3V -5 +5
Ty = +25°C (Mote 2) Veg = +5V £ +6
TTHERMOCOUPLE = 0°C to Vep=433V | 8 +8
T fure E LSE
empareiurs i +T00C, Ty, = +25°C (Mote 2) Vg = 45V 9 9
TTHERMOCOUPLE = #700°C Vg =+33v | 17 17
10 +1000°C, Ta=+25°C (Note 2) |vog = +5V -148 +18
Thermoecouple Conversion
Constant 10.25 uWILSE
Cold-Junction Ty = -20°C to|Yco=+3.3V -3.0 +3.0 .
s c
Compensation Erar +B85°C (Note 2) (T—, -3.0 +3.0
Resolution 0.25 c
Tharmoecouple Input 60 K
Impedance
Supply Voltags Voo a0 5.5 W
Supply Current oo 0.7 1.5 méA
Power-On Reset Threshodd Vg rising 1 2 2.5 W
Power-On Reset Hysteresis 50 my
Conversion Time (Mote 2) 07 022 ]
SERIAL INTERFACE
0.3x
Input Low Valtage V) v
B | 18 Voo
. 07 x
Input High Yaolt W W
nput High Vaoltage H o
Input Leakage Current Ieak | Vi = GND or Ve +5 [
Input Capacitance Cing 5 pF

www.marimintegrated.com

Maxim Integrated | 2
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MAXE675

Electrical Characteristics (continued)

Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

(Ve = +3.0W fo +5.5V, Ty = -20°C to +85°C, unless otherwise noted. Typical values specified at +25°C.) (Mate 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Output High Voltage Ven Isouree = 1.6mA Vgg - "
Output Low Voltage Vel I = 1.6ma 0.4 W
TIMING

Serial Chock Fraquency fgoy 4.3 MHz
SCK Pulse High Width 1oy 100 ns
SCK Pulse Low Width toL 100 ns
CSB Fall to SCK Rise toss T = 10pF 100 ns
C5B Fall to Output Enable toy Cp = 10pF 100 ns
C5B Rise to Output Disable TR CL=10pF 100 ns
SCK Fall 1o Output Data Valid oo Cp = 10pF 100 ns

Mote 1: All specifications are 100% tested at Ty = +25°C. Specification limits over temperature (T = Tpyy t© Tpax) are guaranteaed
by design and characterization, not production tested
Mote 2: Guaranteed by design. Naot production tested,

Typical Operating

Characteristics

(Voo = 3.3V, Ty, = +25°C, unless otherwise noted.)

OUTPUT CODE ERROR
v, AMBIENT TEMPERATURE
1 5
B
&
g o
g
g6
u |—
3 4 L~
£
-
o
o 15 30 45 &0 I 80

www.marimintegrated.com

TEMFERATURE {*C]

CUTPUT CODE ERROR L5E)

wn

OQUTPUT CODE ERROR
v, VOLTAGE DIFFERENTIAL

/

TR ok

Iy

|

-

0 0 Hoo3 40
WOLTAGE DHFFERENTIAL (mv]

50

Maim Integrated | 3
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MAXE675

Pin Description

PIN | NAME FUNCTION

1 GMND | Ground

2 T. Alumel Lead of Type-K Thermacouple.
Shaould be conneacted to ground axternally.

3 T+ Chromel Lead of Type-K Thermecouple

a Vee E:;al!cll\{;él.gﬁlg Bypass with a 0.1pF

5 SCK | Serial Clock Input

6 TS _Chip Select. Set TS low to enable the seral
interface.

7 50 Serial Data Output

] N.C Mo Connection

Detailed Description

The MAXEETS is a sophisticated thermocouple-to-digi-
tal converter with a built-in 12-bit analog-to-digital con-
wverter (ADC). The MAXEBEG75 alsc contains cold-junction
compensation sensing and correction, a digital con-
troller, an SPl-compatible interface, and associated
control logic.

The MAXBETS is designed o work in conjuncticn with an
external microcontroller (uC) or other intelligence in ther-
mastatic, process-control, or monitering applications.,

Temperature Conversion

The MAXBETS includes signal-conditioning handware to
convert the thermocoupla’s signal into a voltage compat-
ible with the input channels of the ADC. The T+and T-
inputs connect to internal circuitry that reduces the intro-
duction of noise errors from the thermocouple wires.
Before converting the thermoelectric voltages into
equivalent temperature wvalues, it is necessary to com-
pensate for the difference between the thermocouple
coldjunction side (MAXBB75 ambient temperature) and
a 0°C virtual reference. For a type-K thermocouple, the
voltage changes by 41pVI°C, which approximates the
thermocouple _characteristic with the following linear
equation:

Vot = (41pV [ °C) x (TR - Tame)

www.marimintegrated.com

Cold-Junction-Compensated K-Thermocouple-

to-Digital Converter (0°C to +1024°C)

Where:

Your is the thermocouple output voltage (pV).

Tg is the temperature of the remote thermocouple junc-
tion ("C).

Tame I8 the ambient temperature (*C).

Cold-Junction Compensation

The function of the thermocouple is to sense a differ-
ence in temperature between two ends of the thermo-
couple wires. The thermocouples hot junction can be
read from 0°C to +1023.75°C. The cold end {(ambi-
ent temperature of the board on which the MAXBETS
is mounted) can only range from -20°C to +B5°C.
While the temperature at the cold end fluctuates, the
MAXEETS continues to accurately sense the lempera-
ture difference at the opposite end.

The MAXEETS senses and comrects for the changes in
the ambient temperature with cold-junction compen-
sation, The device converts the ambient temperature
reading into a wvoltage using a temperature-sensing
diode. To make the actual thermocouple temperature
measurement, the MAXEETS measuras the voltage from
the thermocouple's output and from the sensing diode.
The device's internal circuitry passes the diode's volt-
age (sensing ambient lemperature) and thermocouple
voltage (sensing remote temperature minus ambient
temperature) to the conversion function stored in the
ADC to calculate the thermocoupla’s hot-junction tem-
perature,

Optimal perfarmance from the MAXSETS is achieved
when the thermocouple cold junction and the MAXEETS
are at the same temperature, Avoid placing heat-gen-
erating devices or components near the MAXEE7S
because this may produce cold-junction-related errors.

Digitization

The ADC adds the cold-junclion diode measurement
with the amplified thermocouple voltage and reads out
the 12-bit result onto the SO pin. A sequence of all
zeros means the thermocouple reading is 0°C. A
sequence of all ones means the thermocouple reading
is +1023.75°C.

Maxim Integrated | &
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MAXE675

Applications Information

Serial Interface

The Typical Application Circuit shows the MAXBETS
interfaced with a microcontroller. In this example, the
MAXEETS processes the reading from the thermocou-
ple and transmits the data through a serial interface.
Force CS low and apply a clock signal at SCK to read
the resulls at S0O. Forcing CS low immadiately stops
any conversion process. Initiate a new conversion
process by forcing 5 high.

Force CS low to output the first bit on the SO pin. A
complete serial interface read requires 16 clock cycles,
Read the 16 output bits on the falling edge of the clock.
The first bit, D15, is a dummy sign bit and is always
zero. Bits D14-D3 contain the converted temperature
in the order of MSB to LSB. Bit D2 is normally low and
goes high when the thermocouple input is open. D1 is
low to provide & device |1D for the MAXEBETS and bit DO
is three-stata.

Figura 1a is the serial intarface protocol and Figura 1b
shows the serial interface timing. Figure 2 is the SO out-
put,

Open Thermocouple

Bit D2 is normally low and goes high if the thermocou-
ple input is opan. In order to allow the operation of the
open thermocouple detector, T- must be grounded.
Make the ground connection as close to the GND pin
as possible,

Noise Considerations

The accuracy of the MAXBETS is susceptible to power-
supply coupled noise. The effects of power-supply
noise can be minimized by placing a 0.1pF ceramic
bypass capacitor close to the supply pin of the device.

www.marimintegrated.com

Cold-Junction-Compensated K-Thermocouple-

to-Digital Converter (0°C to +1024°C)

Thermal Considerations

Self-heating degrades the temperalure measurement
accuracy of the MAXEETS in some applications. The
magnitude of the temperature errors depends on the
thermal conductivity of the MAXBETS package, the
mounting technique, and the effects of airflow. Use a
large ground plane to improve the temperature mea-
surement accuracy of the MAXGETS,

The accuracy of a thermocouple system can also be
improved by following these precauticns:

#» Lse the largest wire possible that does not shunt
heat away from the measurement area.

» |f small wire is required, use it only in the region of
the measuremant and use extension wire for the
region with no temperature gradient.

= Avoid mechanical stress and vibration, which could
strain the wires.

& When using long thermocouple wires, use a twisted-
pair extension wire,

»  Avoid steep temperature gradients.

# Try to use the thermocouple wire well within its tem-
perature rating.

& LUse the proper sheathing material in hostile environ-
ments to protact the thermocouple wire,

»  Usa exlension wirg only al low temperatures and
only in regions of small gradients.

+ Keep an event log and a confinuous record of ther-
mocouple resistance.

Reducing Effects of Pick-Up Noise

The input amplifier (A1) is a low-noise amplifier
designed to enable high-precision input sensing. Keep
the thermocouple and connecting wires away from elec-
trical noise sources.

Maxim Integrated | 5
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MAXG675 Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

\ /
= [ udvdvuduyL—
0000000000008

Figure 1a, Serial Inferface Profocol

Figure 1b. Sedal interface Timing

DUMMY 12-BIT THERMCOCOUPLE | DEVICE
BIT | sian BiT TEMPERATURE READING INPUT o | STATE
Bit 15 14 13 [12 | 11 10 g a8 7 B 5 4 3 2 1 ]
0 MSB LsB 0 Thres-
state

Figure 2. 50 Oulput
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MAXG675 Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

Block Diagram

COLD-JURCTION
COMPENEATION

|5

i §k ~

REFEAENCE

WOLTAIGE
J?- e ]
Chip Information Package Information
TRANSISTOR COUNT: 6720 Far the latest package outline information and land patterns
PROCESS: BICMOS {foslprints), go 1o wWw. imintegrated.com/p ges. MNate
that a "+, "#", ar °-" in the package code indicates RoHS status

anly. Package drawings may show a different suffix character, but
the drawing pertains fo the packsge regardless of RoHS status.

PACKAGE PACKAGE | OUTLINE LAND
TYPE CODE NO. PATTERN NO.

21-0041 20-0096

830 Sa+2

Maxim Integrated | 7
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MAXG675 Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

Revision History

REVISION REVISION PAGES
NUMBER | DATE DESCRIPTION CHANGED
2 414 Removed automotive referenca 1
3 621 Updated equation in Temparature Compensation section, 4

For pricing. delivery, and ardering imfarmation, please Kaxim Infegrated s onfine Slorefront al hi harare maziminteg rated comenstarefranbisionefront, kml.
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TEMPE RATU 143 SE NSOR Type K thermocouple(Some are UL certified.)

Temperature sensors for our digital temperature controller “MonoOne” series.
It is ready to use if your temperature controller supports thermocouple K and Pt100Q.

Type K thermocouple

Sheet type K thermocouple

on Standard

This is formed of a thermocouple on an insulating sheet. and
is suitable for measuring surface temperature.

It is a sheet-like thermocouple that is stuck on the surface of
the object to measure surface temperature quickly and'accu~
rately.

Sheet type K thermocouple(Coated with Fluororesin) T"G02es

Mas  Fea Coated with Tefion !

+—

Wnize | ]
[T s 7r
— L Sy 20

Normal limit: 200C Tolerance: Class 2{425TC or £ 0.75%)

TH-8297-1 iy 10
TH-8297.3 |~ NPRpQp
i '—1’;‘0:8297-_;9‘ [ 100 o

Normal Limit of temperature sensing section

Cuter diameter of shaath g¢mm) Normal Limit TISUSS16)

101823 650

2332 780

heath type K thermocouple

This is a stainless steel sheath tube filled with inorganic insu-
lator at high pressure through a thermocouple element, and is
excellent in sensitivity, vibration resistance, and economical
efficiency

Howevaer, the durability of measurement in a high-temperature
activated gas atmosphere may be extremely poor

Please consult us in advance.

Sheath type K thermocouple(Coated with glass)

M3%  Rug Skeeve — SUS
— —d

white
L2 ‘ L

Maximum cladding matenal temperature, 250T (Sieeve BOT) Tolerance: Class 2

v

Product code @ (m) L1(m) L2(m)
TH8159 32 100 15
TH-8158-1 32 100 30
TH-8158-2 32 100 50
~ THaiss [ a2 300 30
7 Theisz |2z | s0 | a0
8192 | a2 sa | ao
TH-8163 | e 00 | a0
TH-8168-1 e 100 | 18
TH8198 1.0 100 30
Sheath type K thermocoupie (Coated with silicone)
M35 Roa ~ Coatad with silicone —S'gl:::‘:’e SuUs
= - il =
b — 2 -‘ !- Lt—
Maximum cladding material temoerature. | 80T (Sieeve BOT) Tolerance: Class 2
; @ (m) L1(m) L2(m)
TH-8173 23 0 | =20
| TH8I174 | ’ 00 | 20
Sheath type K thermocouple (Goated with Fluororesin) 8 f;mk“m}fmw i
Mas Reo F=Coated with Tetlon (/" —~5US
. WY rAv— @
,L ww* o L2 L —-1[

Maximum cladding matarial tamoersture 260T(Epoxy resin1 50T) Toleranos: Class |
Waterproof type

Product code o(m) L1(m) L2(m)
TH81002 | s2 | wo | =0

THREE HIGH CO.LTD,

I: ‘* it % *i 2 U . , \ ‘{ \a:ﬁinnwf‘:v;.\fg::::;?:::r(;rhlgn.coJD
JAB

SRR 4-42-16 Higashivamata, Tsuzukl Ward, Yokohama City. Kanagawa 2240023 JAPAN
TEL: +81-45-590-5561 FAX: +81-45-590-5571




TEMPERATURE SENSOR Type K thermocouple(Some are UL certified.)

Ultrafine type K thermocouple

andard

It Is suitable for measurement of ultrafine part and gas tem-
perature

This ultrafine thermocouple with ultra-high-speed response is
one of the industry’ s bast in the field

The tip of the thermocouple Is a tharmocouple with S0um

diameter,
*The to is not soherical

@ 100um . o50um
4+ | Red ~~ Coated with Fluororesin _l
=== Width 28mm
wnite R
Standard length approx. 10mm
ot -

Notmad limit: 260T Tolaranoe Class2(t 250 o 20.75%)
Product code L(m)
TH-8910-1 1.0

Stick type K thermocouple

It is reacommend If the datection section Is planar or flat,
This Is a sensor with stable sensing of its haat resistance of
260T and high durability

il o ; ~case  Aluming
< /— Costed with Fluorofesn T.
‘e o
= H
White | ¥
- —_ .l -

L 15

Normat limit; 260C Tolarance Class2(42 5T or £0 75%)
~
Product code Lm).
TH-8282 20

Mold type K thermocouple

tion Standard

The tip is molded with resin and is recommended for measure-
ments In liquids
The sensor with heat@sistance of 200T and waterproofing

M35 Aed Comtad with.Fluororesin
A —

\
White
: Il
Normad limit: 200T Tolerance Cluas2(+2 5T or £0.75%) Watarproaf tyoe
Product coda Lm)
TH-8484-3 30

Duplextip welding)type K thermocouple

The duplex type K thermocouple is the one whose thermo-
couple element wire Is coated with Fluororesin or glass, It is
used without protective tube

Duplex type K thermocouple ¢*
(Coated with glass) f‘,_&;

Congustor
nusator; Glnss fiber

Sraathy. Ghans fonr

MAS  Hed PV 1
! Sl TTEITETTTTTTTTTETRS
r — L
Normad limit. 2600 Tolerance: Closs2 (£2 5T or 20 75%) Wire dlameter: 0.32mm
Product code L(m)
TH8162-1~TH-8162.20 2,000
TH8282.2 20 7
TH8282.3 30
TH-8282.5 50
TH-8282-10 100
TH-8282.20 200

Notmol limit 250T Towrance: Clsss 1 (£ 1 5T or £0.4%) Wire dlameter. 0 32mm
Product code L{m)
TH-B8296-1 1.0
TH-8296-2 20
TH-8296-3 30
TH-8296.5 50
TH82096-10 100
TH8266-20 200
- Conduotor
Duplex type K thermocouple §' mautator FFA
(Coated with Fluororesin) ;‘& | mausator Pra
M35 fad tamm Y
- J— .
white ]
= .. ]
Narrral limit 2007 Towtance: Clasd2le® BT or 0 78%) Wira diameter: 0 32mm
Product oodo\‘ L(m)
TH-8181.1 10
THB18T.2 20
TH8181-3 30
TH8181-6 50
T™H8181-10 100
TH8181.20 200

203

Il ka4t 2V -\«

l THREE HIGH CO.LTD

R 4-42-16 Higashiyamata, Tsuzukl Ward, Yokohama City, Kanagawa 2240023 JAPAN
TEL: +81-45-580-5561 FAX: +81-45-590-567 |

Wab: www.threehigh.com
Mail:info_overseas@threshigh.co.jp




204

TEM PERATU 143 SENSOR Type K thermocouple(Some are UL certified.)

Type K thermocouple

plex (tip welding) type K thermocouple

Duplex type K thermocouple

(Coated with Fluororesin)
M35 gag

: —A"a o

- ¢ -

Norma! imit: 2601 Tolerance: Ciass 1(£ 1.5T or £0.40%) Wire diametar 0.32mm

L{m)
10
TH-8391-2 20
TH-8391-3 A 30
TH-8391-5 | sol B B
;;—8397—10 | 100__ B
TH-83¢ [ 200

Duplex type K thermocouple
(Coated with glass)

M35  geg

T

Wit

Norma# fimit: 350T Tolersnoe C

or 20.75%) Wirs dismetan QS2mm

Product code ) [
TH-8284-1 19
TH-8284-2 y 20
TH-82943 w .- NV
TH-82945 - | B==nEo \\I7
TH-8294-10 =N Smiah N
TH-8294-20 S 200

Normad limit: 350T Tolerance Class 12 18T o =0 40%)/Wr

Duplex type K thermocouple
(Coated with silica glass)

[ L)

L
Normal fimit- 400T Tolerance: Diass2(+2 5T or £0.75%) Wire diametar: 0.32mm

Product code L(m)
TH-8292-1 10
TH8292.2 | 20
TH8292.3 a0
TH8292-5 50
TH-8282-10 100
TH-8292-20 200

Normal limit 400T Tolerance: Cisss1(21 5T or =0 40%Wire diameter 0.32mm
Product code Lim)
THB8396-1 10
TH8396-2 ' 20
T THs3963 30
| = TH-8396-5 S0
T Hse3se-10 | 100
TH-8395-20 | 200

Dupiex type K thermocouple

(Costed with Fluororesin) UL certified
<L A

et

1 Fuororeen resn

—r

negave tu 1o UL
mit 200T Tolerence

5C or £0.75%) Wre diameter: 0 65mm

Product code Product code Lim)
TH-8395-1 TH8290-1 10
TH83082 | TH82902 4! 20
TH83985 | 30 THE2908 % 30
TH83985 W) 50 TH8IA0E 50
THeassl0 | ' ) )Ge \ A Uritgzso-10 100
TH-8398-20 [ -2-05 LLELLS — TH-8290-20 200

Changesable to circular terminal as optional (Extra charge)

Product Duplex type K thermocouple  Pleasa consult us

#ERz# 2U-)\

THREE HIGH CO.LTD

Wweb: www.threehigh.com
Mail:info_overseas@threehigh.co.jp

CEEEEEEED <-42-16 Higashiyamata. Tsuzuki Ward. Yokonama City. Kanagawa 224-0023 JAPAN

TEL: +81-45-580-5561 FAX: +B81-45-590-5571
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N1352YLNANYAlURITTUUAEIUTINTY MATLAB
FBnsszyienanvalvesszuuludwiidumseSuigveiemnuiedisnsiiuindv
\Wewnanviade 3.10.4.2 Tuuni 3 lngaddelandunmsuulusunsy MATLAB s1eastden

2.1

TuRaUNTIFNUAAN 9 geruaunsafinuildainguninasieludl

[
v

Workspace 499lUsunsy MATLAB a9 U7 .1 31nduL
Identification a9 MNTUALITIANYIUARTUINAIFUN ¥.2 1§en Time domain data

Yunauil 1 1d5en Open iountayadyyrudeudiuasdygyimeanvaszuuidiundmi
d9n APPS Lagldan System

System Identification

Uaya Input wag Output
(R1NN1INNEY)

JUN 2.1 Msdudvoyaudelusunsy MATLAB

4 System Identification - Untitled = (m] X
File Options Window Help
I Import data v Imnart madals o
-
DI, t8@N Time domain data
Freq. domain data < Prepr
Data object i m m m
S— ‘ ‘ ‘ ‘ | ‘ ‘
|:H:| Horng Date H H H ‘
l:l |:| Estimate —> e ‘ ‘ ‘ ‘ | ‘ ‘
Data Views Model Views
Time plot Model output Transient resp. Honlinear ARX
Data spectra _ Model resids Frequency resp Hamm-Wiener
e AeE ”” e s
Noise spectrum
Trash Validation Data
Enter input and output variable names

sUn
U

2.2 Maiiddeyalamunaindmin System Identification
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Funaud 2 {eusingmiin Import Data linsend edauusasluludauves Workspace
Variable (nsoufun) MntudsnseniaBufuiazanufivestoyaiiazidoyauninnsanly
d71 Data Information (n5eU&LT87) nd191n%y na Import Foyadzgnindiundani
System Identification #1unSoUEF Y é’a'gﬂﬁ' v.3 @5uaqdliidan Estimate wdaLden
Transfer Function Models éﬁ‘g‘d‘ﬁl .4

4 System Identification - Untitled 4 Import Data - O X

File Options Window Help [l e e e

Import data ~ Time Domain Signals ~
m Operations
. |
<- Preprocess v -
mydata | Workspace Variable
_ Input Input
* — L| | Output Output
mydata B
Waorking Data
-‘ Data Information
Estimate —> ZI L_| DataName mydata
Data Views i
To To Start Time: 0
(] Time plat Workspace || LTI Viewer Sample time 0.05 lar AR
("] Data spectra Wiener

- - Mare
(] Frequency function L

Reset
Trash

Vali
Close Help

Data set mydata inserted. Double click of

JUT 2.3 Malwseudeyanaunssuunsseyendnyal

Estimate —= ~

Estimate -
‘ Transfer Function Models. ..
State Space Models. .. i
Process Models_
Polynomial Models._..
MNonlinear ARX Models. ..
Hammerstein-Wiener Models._.
Spectral Models. ..
Correlation Models...
Refine Existing Models... [
Quick Start

JUN 0.4 nsiunuagusuuilendulunisyseane
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Funaudl 3 szyswaulna (Pole) wardls (Zero) vossvuuitauladinu lushegsilifuszuy
Sudy 2 Beillwadutu 2 #1 uazdls 0 f Teseylddaguil 2.5 Grurndie) anduiden
Estimate svuvarUszanaminsluilsiduaeloulnossidovuidnsuazmssarnsy
wdudFuduinmsgiuvestusunsy MATLAB vl feruannsnufuudaiaildaindu
Estimation Options §a3U#l 4.5 (Frudheile) nadnduesnisszyendnualuansfesudl v.6
waz 9.7 lavfiilsiurnelougldanmasudananiintinadnsougud .6

4. Estimate Transfer Functions - [m] X 4. Estimate Transfer Functions - [m] X

Madel Structure Estimation Options Maodel Structure Estimation Options

» General

~ Fit Frequency Range: 0.000 - 62.832 rad/s

Orders and Domain

Minimum  Jt e e e oo T
Number of poles \2—[ 0 2094 4189 6283

Number of zeros | 0 Maximum [ 'rrrrrprrnre ey 62.832 | rad/s
0 2094 41.89 62.83

() Continuous-time

() Discrete-time (0.05 seconds)

~ Search Options

Search method \ Choose automatically (Auto) v

» Delay
Multi-output weighting

Maximum iterations 20
Tolerance 0.01
Qutlier threshold 0

-

) (o) || =

JUN 0.5 Msssydaulnauasdlsvesilenitngloy

RESULT

Termination condition: MNear (local) minimum, (morm(g) < tol)..
Number of iterations: 2, Number of function evaluations: 5

Status: Estimated using TFEST
Fit to estimation data: 94.58%, FPE: 73.9369

Naﬂ'ﬁ‘U‘53Lfl‘LJﬂ"J’1SJﬁ'e]ﬂﬂgaﬂﬂaﬂﬁayja’\]'\ﬂLLUUﬁi’]aaﬂ

JUN 2.6 NadNSAINNTTEYLNANBAITDITEUY (ANNKIUEIVBIMUUTIABY)



4 System Identification - Untitled - [m} x
File Options Window Help
Import data ~ o & a |mport models ~
; Operations AULUAAAN ;
<- Preprocess ~ ’\—{ ‘ ‘ ‘ ‘ ‘ ‘
mydata f 11
* mydata
|:| |:| Horking b ‘ ‘ ‘ ‘ ‘
|:| |:| Estimate —> h ‘ ‘ ‘ ‘
Data Views Model Views
To To
(] Time plot Workspace LTI Viewer () Transient resp Monlinear ARX
() Data spactra [ Fraquency rasp Hamm-Wiener
(] Frequency function (] Zeros and poles
Trash [ Moise spectrum
4. Data/medel Info: tf1 = [m] X
Model name: 1
Color: [0,0,1]

From input "ul®™ to output "yl":
16.15

82 + 1.249 s + 0.1065
Nams: tfl

Continuous-time identified transfer function.

Parameterization:

Number of poles: 2 Number of zeros: 0

WeRvuanelaunlaainnisg
SEULINANBAIVRITIUU

L]

Diary and Notes

% Details about Estimation Data
% Import mydata

% Transfer function estimation
Options = tfestOptions;
options.Display = 'on";
Options.EnforceStability = true;

tfl = tfest (mydata, 2, 0, Options)

Show in LTI Viewer

Present Export Delete

Close Help

JUT 0.7 mMsrydmaulnauasdlsvesileniangloy
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V.2 N199NLWUUAIAIUANAIIUTINTY MATLAB
AUAINEINISMAlElag ANUINNIAB NN MBS YNl N1TRRNRUUAIAIUAY
TudagUuauisarlavainvareIsiulusunsudnsagy Tudud diauenisoonuuy
fmuAu 2 35015 legandun1siiulusunsy MATLAB Usenaunie I5USuldumaiusin
YBITLUY WA 35n15UTUMAIUANAIE PID Tuner 1w MATLAB Simulink
2.2.1  NM3IPNKUUAIAIUANAIEATUSULTUNIBAUIINYBITEUY
FBisndudeatmusitsdtunielouuulsunsy MATLAB fou wdaaniu
Ja3unlddds sisotool ilpUuLdUMAALYDITINGITUT 9.8 LAy 4.9 A e

1.2480,11065;

>> num = [16.15];
>> den = [1 1.24% 0.1065]1;
>> G = tf(num,den)

161500

G =

572 + 1.249 5 + 0.1065

Continuous-time transfer function.

......

Model Properties

|
|
|
|
1
|
|
|
16.15 1
|
1
|
|
|
|
¢ >> sisotool(G) :

JUN v.8 Msfmuailendunielouuazisenlyimd sisotool UNLUSUNTU MATLAB

Root Loeus Editor fer LoopTransfer_C

Step Response
Fram ( To'y

Time iseconds).

JUN 2.9 mihsdmiulSudumaiusnvesssuy
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¥.2.2  N39NKUUAIAIUANGLE PID Tuner Tu MATLAB Simulink
8n1staluauuy MATLAB Simulink Tagthiafdudeleuainduney
nsmuuUTaomedamansunldassiiogransuauosesruunugUT v.10 910ty
nA Run Lﬁa@mamauauawmszwﬁLﬁmsﬁu (lig9udosszym PID)

] » PID(s) ——» % o[

JUT 2.10 N3591909NaND UALDIVRITFUUAIUAY PID
P Yo
Wassuulasu
AaATINaBa PID(s) Nandlusy

Y

Yy aE A EUNTINASUAILIASEY LU Trduita

Gl
1 9.10 vielingvinsinaUTulsaimAIuANAsIUR 2.11

Block Paramete
PID 1dof (mask) (link)

This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as anti-windup, external
reset, and signal tracking. You can tune the PID gains automatically using the 'Tune..." button (requires Simulink Control Design).

Controller: PID ~ | |Form: Parallel 7
Tme domanm: : Discrete-time settings

= o v v
\RanddnIuANndanI sl

O Continuous-time
N Sample time (-1 for inherited): -1
() Discrete-time

¥ Compensator formula

Main  Initialization Saturation  Data Types  State Attributes
Controller parameters

Source: internal =

Proportional (P): 1

Integral (I): 1 i () Use I*Ts (optimal for codegen)

Derivative (D): 0

Filter coefficient (N): 100 5 Use filtered derivative “
) taan Tune...
Automated tuning

Select tuning method: Transfer Function Based (PID Tuner App) > Tune...

‘ Enable zero-crossing detection

0K Cancel Help Apply

JUN 2.11 wieing Block Parameters dwisuuSuusasn PID
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ﬁwé’uﬁmuﬂﬁﬁéﬂmﬁaﬂﬁamuﬁmﬁé}’aamﬂ%am Mntuden Tune Tusunsy
@ ‘W’lL“UWﬁﬁuWUiULLGNGI’Jﬂ’JUmJWHJSU% v.12 Imﬁ,mUiULmewummmqummsu
Aidesnsmunseuduns aantuna Update Block ImaaaLﬂmwamauauawLﬂmsuua'mwmﬁ]a
yodlUsunsuaunsyisldnanavauesiideints wideamthandusunsy wadan PID udsan
1310 Update Block azgnuuiinlugantin Block Parameters (g‘dﬁ 2.10) Ineonlulf

PID TUNER
_ o —|
Type PIDF | Domain @ f i / i ] > = @ @ D
— Slower Response Time (seconds) Faster
Form Parallel || Time )
Plant / 'y Reset Show Update
- Add Plot ~ | : | ! | - ; o
£ options | & AddPlo Aggressive Transient Behavior Robust \ﬂb Design Parameters || Block
PLANT | CONTROLLER DESIGN TUNING TOOLS RESULTS
Plant List Step Plot: Reference tracking X .
Name Class
Plant ss Step Plot: Reference tracking
2 T T
! Tuned response
18 1| = = Blockresponse | |
I
16 ]I || |
1
| III 1
1
14} I: Wy,
1‘/"1 iy g,
- |l||||,|,|||,‘-,1
=
1 1
2 iy T T
[ | gl N TR
E II | Iy ll ]
e II'IIIII||| l‘l"j'
Preview | g ht
I I l ny .
U.6 I
I I
Ly
0.4 ||
02
0 I | I L I
0 10 20 30 40 50 60
Time (seconds)
)| Controller Parameters: P = 0.009974, | = 0.001555, D = 0.002559, N = 18 6

JUN .12 vti16i9 PID Tuner dwsuuSunsananauaues

2.3  msasertadunlelusunsy IBM SPSS Statistics

MTAsesitads (Factor analysis) iuisnsmsadAnldlunisimasevideyanans
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1@ Multilayer Perceptron
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Total 10 100

@ Use partioning variable to assign cases
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Typeof Training
| @ Batch

© Online

© Mini-bateh

Optimization Algorithm
® Scaled conjugate gradient
© Gradient descent

Training Options:

Option

Value
Initial Lambda 0.0000005
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Interval Offset +0.5
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Calculation of independent variable importance becomes increasingly time-consuming with both the number of
predictors and the number of cases.
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