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ABSTRACT

This project presents a design and realization of programmable temperature
control chamber with using PID ( Proportional- Integral- Derivative) control to maintain
stability and fast reach to set point. The proposed chamber consists of plywood
structure sprayed blue and padded foil inside, fin heater, air circulation and vent fans,
and electronic circuit used to control temperature. Fin heater and vent fan are
controlled using PID and on/ off controller, respectively. End user can set the desired
temperature value and PID parameters. Moreover, the target and actual temperature

values can monitor through LCD display.
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2.1 #7AUANLUY PID

maulnsalaesuuu PID (Proportional Integral Derivative Controller) A qﬂﬂiﬂﬂu

o v = & : = | o o °
N13AIUANSTUUAINAGBINIS Tagaziinisae SP (Set Point n3aAfedn15ld) wazian
WisuisuAual PV (Process Variable 13a@76USN52UIUNITUNIBAIRIMNATINKHANT
191952 UY) telilaAd Error LalAUlyIalansIuIA Error YUXIn1sUSULAaAT
L@1dnar3a MV (Manipulated Variable w3adudsngnaiuaw) Liteana1 Error 1ilaanign

d2u PID gaunain Proportional-Integral-Derivative lag#

(7
aaa ! s

1. Proportional Lﬂuﬁauﬂgnimma Error a4 2z (Current Error)

2. Integral \WudruljAToMAnanwasauvedat Eror Al1unIaga (Sum of
Recent Errors)

3. Derivative {udauufise iinensniinisiudsuiiaswosdl Eror (Rate at

Which the Error has Been Changing)

Has A InITnvaanaaIy FeUSuuaelaer1maeil Kp, Ki kag Kd tiislvlanis
sovauaafifenas azgniiluldlunisauaunTzuaumsiigg Wy sounIevinan duuu
¢ o & o w ) | | ' & ¢y Vet <
2182 seguniaivhnanuseu Tnenalar Gain vem enadugudiladeneulnsaiaesuuy

PI, PD, P %38 | Auadivinweuluumeld

U

2.1.1 NuAIAIUANLUY PID

M3AIUANLUY PID duuszneumeinandimsunisusuwsa 3 menmiuiuldu MV i

AN (2.1)

MV(6)=P +1 +D

ol ol oul

(2.1)

lno@ P, luaz D Wuterdwnaininay Propotional, Integral Lag Derivative

AU
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ey Proportional WaguwUainusnindiuresnl Error Yaq0U d9A1 P @1u1sa

Amwnilalaenisdaan Error uAuAUAIAI Kp deaunsi (2.2)

P, =K e(t) (2.2)
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A1 Kp fige szidumalianesinauinduaiy winar Kp anmiull ssuuenealyl
wiosld lunsesstuminen Kp desiiuluenaviliszuunsvaussdniuly elunsdil
[ {2 Qs I a " o o 1 o
Wululdinisneuaussdisna a1assgndssuniu (Disturbance) iliszuuliansavianu
Taviunis wiu Tunsissseuaiaseus Wellluannszyiduiaias wnasulnsalaaiiiasau

‘3‘ ﬂ. 2/ 1 o ot dl QI ﬂy s = Cl. 1 d o
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- = = = 1 7 £ . ! = o L5 a
e Falunslszuunlaidl Disturbance n13ldvau Proportional aeuigIdwyinlvszuuLia

n13 Oscillate 58U SP azliiatf SP wad

U

Mad Integral

way Integral 1udmsrdiunesan Error azanluniiaraa (Jagtudoululuain)
A1 1 ARIINKARMUBIAIAIT Ki AunaTasued el Julumazauves Eror fiAlsazdeagn

wAlvsnnauvtig faaunisi (2.3)
T =K, | e(dt (2.3)
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wau Integral (Weldaunumen Proportional) 9gaen 39l utInd i SP 159y
waz¥iwan Error Miinainnsldives Proportional agaifien adslsinuiilasaininmey
Integral Juiinannn1sAruaulanesin Eror MAndulusfnsigainagyinliiia Overshoot

\iu SP luarlagtudae
tad Derivative
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Way Derivative f4d@un159 (2.3)
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TUsiwadlng Set Point aglulney Derivative 33¥38am81715 Overshoot ainanimay
Integral wazaieUsulstaissnmvetszuulaasiy aglsfiniudn Derivative dussudisl

so Noise Fea1avilissuulidiadiesléivin Noise wagdn Kp gaiuly

\ias2uwmen Proportional, Integral uag Derivative i1saiunazldlaidnnain

roulnsalaes PID faunisii (2.5)
MV (6) = K e(t) + K, [ e(t)dt + K, gf e(t) (2.5)
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A1 Proportional Gain, Kp : A1fiundunu1efinisnauauaiitialiumsizaAl Error

Bann Arvawgainveniivzuniuaium Gain muaniuluassiluglusiwadliedosnis

kA4 (Oscillation)

A7 Integral Gain, Ki : ATMNINAUMLI8EIAT Error WU Steady-state a8gniindnlel

-4 <

\Fadu dedefine Overshoot An Error Muavasrasgnudie Eror Muuin neuniszuy

widng Steady-state
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= : A a s ¢
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TunisusuusesA W iwesl 3 Fsudneatl
1. MsUsunsealeiia (Manual Tunning)

aw5ulpenisianal Ki waz Kd 1ugud wazAogq 1ioA Kp 13889 3uNTeaTsuy

Suianisunde ntuldanan Kp WueSauisantu nduliSuiuan Ki aulsaainis

MOUAUBIYEITEUUTIFBIN1T Intumnduduifindr Kd aunseianismivauaiined
LY = s d] = o v a
sausulalnoifisunuilioszuull Disturbance 81483

2. M3USuLAIR2833 Ziegler-Nichols

wl3usen1sEaAl Ki waz Kd Wugudaniuasidiual Kp luautiaan Ke (Critical

Gain) SruvazsuLneliIamurasnisunide Po tagliltmisnsinsanainenian Gain au9)

A131991 2.2 A15LARIN1SAIUIAAT PID At35 Ziesler-Nichols

75 Ziegler - Nichols
Control Type Kp Ki Kd
P 0.50Kc A -
PI 0.45Kc 1.2Kp/Pc =
PID 0.60Kc 2Kp/Pc KpPc/8

3. N15USULAIRRBR WIS

Tugmamnssudrulvglutagtu avldvendurslunsAuiuuazsuiuunsan Gain

Tnsrandusavinanuleyaasislunauaziuinm Gain lulaednluidi
v o at [
Fadnnvasnaulnsatassuuy PID

Tunsaifiraulnsatandvinaruludiinainisdus (Hunt) 8199zmealgsay
aoulvisataesiuu Feed Forward selasnisuanal Bias wiudntuluaunis Mv()
Wesnnaeulusaiass PID Wuwdadu (Linear) Tunsainldiussuuiilahduldaidu

(Non-Linear) 133w#asl4n15UsuAT Gain mumi151aan wislimaulnsalaasiuu Fuzzy

Logic L



2.2 wesluaula (Thermocouple)

a = 1

wiesluAudafe aunsalingumgiilagldndnnisiudeunlasgumgll wieamuieu

U

wudsuundunsaedaulddn (EMF) waslusdilaviiuiainlavediuinanaianu 2 67

(Wan@1eTuNelATIasYatasna) Wiudeudalalavedasdimenunualsaumniaseni

yningamall dwlaedndvisldesilaliliondngneneds wmnningamiliasgnaieds

a1l w a a o

floaumaglissiufgiilinahnszualusmesluduilavisaesdns dsdudsnvesluduila

Y
2

TelgRaduanuuanseseuitmamall 2 99 nquiiugiurewannmesiudidnnin tAnen

i
= [ =t

Arsaar U LazneAusausedlans iy 3 linaausa@ngn1stwiinn

[
s as

ATeudlansiu AnuaAndtarduwusiuamiuaanii sidnaseululatesuieuredlansy

= [ 2/ ' 2/ [ << o va @ = = v ]
AN IUAMUTDULINNIUABN TR TULEY mmﬂwmaﬂmauumwmﬂlﬂmﬂmamuwu

v
= =l o = a o

figumgiiiieafuiinisindeuiivesdianasouszulniudsulyamlaveirsriiaiude idu
wuiwsedn Tavsfisaiusziinisirmudeuiineiutuies navesdudn (Seeback Effect)
Tnglivguiledeawn awsadneimlinnaunsduiininaiainguresgungianan

Husiaun1si (2.6)

Q, = QdT (2.6)

™
Il
He—5

aunsiazesuenavesiuiadanuinat EMF Mfinszludadiuiuaauunnsaves
gaungdl Jufineuuendnwesaipsilunisdeihuanuiouradans tldlavsriaiuiu
= 1

wwimeslualady EMF lsazdandugue araamgiiviaaianinwazyneisdavilounu

A1 EMF Aagtduaudssaunisy (2.7)

u

£=B@) 57 @7

Wa o APTIVSBlS LAENUSE A0 ITLTR ; Volts/K

T1,72 = gaumniiigase ; K

navadLmaLias (Peltier Effect) MinAndaunauatnkarasduin tufe ldlansh
wansniudesviaundaudesivassddeaiu whdiendieuanasuendiluiasdumeg
Iinszualualuaes ssnnauandilunisddniiuasauseuvedans wuindaniase

Waauseu (T2) wazdndavilsazifannudu (T1) Yu lnenadinaiisenin “navaana



w3 (Peltier Effect) wasgnurluldaruiivawdmiunisviiarubuivdiuresssuy

a o a6 < ar o B o =3 @ a al
2LANNIDUNE UIBLUNTTVINLATDINTIAITULEUYUIALAN GI\TEU‘W 2.1

Tanz A

T, m\ n1iMavean 1o
AN -

Metal B

1)

UM 2.1 wavaanaiies

U

3na198¢1un1590 (Reference Junction)

2
@l

Tursesildldwesluauila Wevinnisingamgiitu aeveduasaggninmngeid

2
= = a

#i Reference Junction tWeviin1siausuaioulWininiy asseataziingaiteunosewing

Taveiindudn 2 90 Teazdwalinsaadoulivhnlaudouwdasiu uidgungll u e
o o W 2 Y

\ousreiuasneuaie 2 gatuiigamgifiviniuwseaiauliihiann 2 yetiaedndreiuly

q

@
o o) = o

wazlildsnansznusanisinusunaoulnin (Vout) setudedndudesinwigamgiiviedoin

| el @

Tdavinduuasiniieninganailin Isothermal Block Aa3uUi 2.2

Y

MEASURING (HOT) REFERENCE (COLD)
JUNCTION JUNCTION
o e iy e
: i METALA 4 - COPPER
1 1 i \& .
‘ Vi \ Vot
! { : @ COPPER
; ! METALE !
VL, ¥
Vour * &(Tyw - Te)

3U# 2.2 2sasnugulumsingumnilagly Thermocouple

luaterioufiould Ice Bath Tuns$nugumniivesgn Reference Point WillAnAsd 0
aargaLied uazf LA duans19u1AsEIL (Standard Table) szwinsgamaiifivhnisiaway
wsnpdeulwihiiiadudotausauedouliih fiAndui luisudeudumnuenasguies
nruigamgdil i anedfusiduwiilvg udnislénuatedy ice Bath fifodienuaeusens

lupevdadslainiseenuuuaasdmiveumniin Reference Junction ualuasausasu

\iNe Compensate fiunavasgaumaiifiAndu Reference Junction Aagu# 2.3



10

T1

+ A Cu
MEASURING v © >(;\
__T1

JUNCTION B Cu Cu
_®_

} V11— V2 * Veomp
(Veomp — V12)

o el
g‘d‘w 2.3 NITVALYYNAUDIGEUNS) 1IN Reference Junction

AudulfvaainailuduiUaninsgiu (Characteristic of Standard

Thermocouple)

1. aula (Sensitivity) 91NA1519US L ATEUTBS NBS LaA9I18 1UTalIAATaUIN

wesluAUTasziindasndt 100 mv uaaubifiuviasalunisldauasduegiunisliias

USuanmdyaasaziinasiuauidates miﬂw 24

S u
wwmof ludilanlane Lioksoa-

RTRN ] AmADIY

nutloniu \:\"\}()J

U 2.4 Iaseainives Thermocouple

2. 1598519 (Construction) Tassas1sveanesiualildadanuveay \ﬁ‘UIWEJG]ENiJ

U

dnuauzie danuaumualidulszansoamgiias sumusenisiinesnlyei m‘wﬂﬁgjaq

u U Y

mumaama%nmaawuﬂﬂimmm bbEYes LUUL‘UﬂLauaﬂﬁ GLIN ity % Wuldlamilansevietesiu

U

£
=

dAunnazyanuaauad adleanesluduitatiuadiuaumnuswietesiuiueasun

Y

=

fouuarddreu szvilfauanifinisiinmesludidnnindsldiunnlugunsaiinanubu
(Peltier Element) u1nndnfiagldidumesludlilaingungivuinvesaisinesluduila
Avualaainnisldauusazedne wazfvueildluannewiedeuiilinsviouinseisany

wuu lulaslas (Micro Wire) Aldiunisinaamgiinisnaulusiumadaine,

3. d1un1sldu (Range) shumii’mqmmﬁmﬂﬁmmmzmmlﬂumﬁmﬂuaqma‘ﬁ'

@/

luAUlaumasia asuanAeAUANLLARE AN IANAZATUUA luaau mmﬂa ﬂ’lLLiQLﬂﬁE]u‘lﬂ

£ v a

2ONUIIINUFAZRUNTILABIINEINUAITNAINATIIULBILARSANAY ldliignaondu

WANNLAEIAUNLAMITEUU AIRT197 2.3
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ATNN 2.3 ANTNUAMAMENUAYBY Thermocouple WAay Type

11

Type of Wire Limit of Error (Select
(USA and Canada colors) Temperature whichever is greater)
Range Standard Premium
Grade Grade
Type T -200 to 0°C +1°C or £1.5% -
CoppaErConetanman 0 to 350°C +1°C or +0.5°C or
(Blue or brown sheath; blue+,red-) +0.75% +0.4%
-300 to 32°F +1.5°F or +2% +0.75°F or
32 to 700°F +1.5I8QR +1%
+0.75% +0.75°F or
+0.38%
Type J 0 to 750°C T2 28 or M N°C or
tron-Constgnian 32 to 1400°F +0.5% +0.4%
(Black or brown sheath; +0°F of £0.5% 3% b
white+,red-) oAk
Type K 0 to 1250°C +2.2°C or b 17 for
Chramel- gk 32 to 2300°C +0.75% +0.4%
(Yellow Sheath; purple+,red-) 1.7\ o L9°F or
+0.75% +0.38%
Type Ror S
Platinum-Rhodium/Platinum 0 to 1450°C 0 to 1450°C -—

(Green sheath; black+,red-)

32 to 2700°F

32 to MU T

Type B 800 to 1700°C 800 to 1700°C -
Platinum309% 1600 to 3100 °F 1600 to —
Rhodium/Platinum6%Rhodium 3100°F

(Grey Sheath; grey+,red-)

Type E 0 to 900°C 0to 900°C | +1°C or +0.4%

Chormel-Constantan
(Purpleorbrown

sheath;purple+,red-)

32 to 1600°F

32 to 1600°F

+2°F or

+0.38%
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FastrauRLAeiy
Type S : wzfunsliuluanzifnufizead
Type R : Wuuwuuiimneiunsinaamgias

Type B : wziumsldsnluanmegiiiujasewuueendladauazannzidey

Type J : ldunaniidusnvindumesluadila

'
=

Type K : 1unuunieuldunsvaisuinign
Type T : wanziunisingamgisniigadonudwey

Type E : IwLLiaLﬂaaulvdﬁwaaamumuamu AiukUUBUY TuansLagIiy

80 =
- E
70 = "
E-u:
i K
T3 50:
e i
5 e J
B3 ” [
b e -t
— - e
5303 / -
20 3 T /',R 2
] / P
=
0 T T T T T O T T T T T T T T T T T T T T T T T oY
500 1000 15 2000 25001
TEMPERATURE

JUT 2.5 namikanussiuuazaamiives Thermocouple vilnm1e9

2.3 nalan1sanewmalusau

AUTDUAD NAIUTAEmMIENINgRFeIgaluangna Miieluainandldauga
yepEfauTesIndesgaty MstemAioude mademmdsuitiadeinaiill
aunansaiauszingaaesgaluiniia laeanufeusziiemainyniiflguvgiigenda

linaiitigumgiidiniinalnnisdemaiudauie Bnsiianufoundeuiionnganiidy

9 U

dnsnaludsdnyanisludnina laenalnnisaraimanuieunuyudAununaill 3 35As ns

l =

1IANUTBU NITWIAMUTDU LaEAITUHTIEH
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wnadumgaids Faduanzndaldiinisfuny Tl a.e.1893 Jawedy Ju dnidndvaeesiu

W ' a YY) 1o ' w <4
Aunud gamgiivasdansulsunduiunsusaduwiminluih Aaunisi (2.8)

A =0.0029/T (2.8)
o o ) 2 1 el ol 1
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= o ot ol r [ a
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REINAINaNNY

AT e

mwm‘mﬁu (am) ——>»

AJ LY T ! o lar al
JUT 2.7 aruduiusieringungiinaynsukisdveaslany

2.4 99a2aY1AI1N5 U

gnimas (Heater) tlugunsailiariuieouuntuavlulssugnamnssu lngly
pann1sinenseualwialvacuaindiii (fmaudumu R) dedanaliarnathianuseu
Wntu Tneuwvasirglwansaldlaiuusediu 220VAC uaz 380VAC virlvildamnsaldaugn
W - ) ot o ) a ° v o
WaslAdIsLazasaIn Lha1Innsldeudamasiudiuisatrlavdnnisvineuladng Falu

s i Y at q' -3 < e
Uaguulsseugramnssudinilvy deuiunl98amasuingetu (e nsmgn uazduuin

el

sUnse wazTaalamuainusiainis lagdudsenovaiulngvednnaiilaad

1. ausuwuniidenesales (MeO) AasduTRiiramivnelwie uiinudeula
= = o v oS ' v o < ¢ @ < o v )
fun Fuiwmdinnunatsssninaiaiididaeeifiulasnlane ivedesiulilviinssuaih

- ¢ v a T & 3
(Leak Current) anandamasaanludsfalavs gedrdgfe wulinuduluauiuiain
asninazirldainudlniagedu Bmsudlvfenisihdamesldevlumeuiield
&
ATY
2. uanuiaa (Stainless) Milglunisndndamesiognatevin dudasvinasi

ey 1 o o é’
AaaudRwanseiuly fadl

+Stainless 304 : lglurunidesn1sTusuiienisanusisliaisau amnsadeiu

atulmdusgieg
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+Stainless 316 : gnaanwuulidestuaiulaifusdied aruasaldluay
ar 2 da |
QRAMNTTINN LLauamuﬁ’LﬂawaLawummtﬂumﬂ—mqga
+Stainless 430 : Wuuanuaamilasiloududulszaou 100% wazilloniaiia

afudaynitues 300 Fanasuaanuuitsuiunnuasnislu

3. aINFRABTTUTENTY @19 Nikrothal 80 w3a R80 laedldunauvasiliia 80% uay
TAsiiles 20% Feanunsavugamgiigeanlata 1400 asmigaidea Ineilauaniimile) uay

nuauiaulagedie 1400 asrvaidea
=1 l a 1 [ = ] -1
Fnmasgnuieaniuiiasiieg audnvasnisidnunuanatesiudiail

gmmain3u (Finned Heater)

=l g o =] a V¥ as ny ¥ s o v = = 1
gnwainTufe gunsallumnuioudutunulesldudnnisiimiaiuseu dasudiy
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i, auldl, suwanadin, avaiwis warasaudulusyuuiauey Wuau dsandugy
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JUN 2.8 Bmmasuuuasy

Fama3A13M3Ad (Cartridge Heater)

(7

P '3 £ o ¢ N o Fa oA W o = v oo °
gnnosa1ivininsednmeduisfe aunsalliamuseunntuaulaglindnnisi

v v v c‘ OI ar 1 < L v 1
auiau leglvrufeuatiuasadade muizdmivldlunudu vialvauiauun
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arswail Wudu Eamadn1inied (Cartridge Heater) gnaanuuuuiluguuuuwnis nstiluly

ot 1

a | \ ¢ a o 4 o Y s O
ﬁﬂu%maumﬂmmﬁmm ﬂau'[.ﬁaﬁLﬂaiﬂ']{qﬂiﬂﬁHﬂlULwawqﬂ'J"liﬁﬂu VAATTTIEN fL'Lm"l'i’
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nsthemaudeuiulueguiiuszaniam westisdaongnisldou duandduzuil 2.9

= o
JUN 2.9 Emaiuuumining

Fawmasinna (Band Heater/Nozzel Heater)

Fawmoiaviana gunsalldanufeuiuiusulasudnnisinwou Timwieu
asiaue sonuuudugunssnszuon Weldmiumieviedmsanszuen wangdmivnuil
Lidasnslirusoutuinglnenss islumanunszuiunsadaidessinsldmniou 1y
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anarain wie Widluduuszneuluntsrdantaddlnily u wifawedng, nasiniriou

s fauanslugud 2.10

d al 1
JUN 2.10 Bnmaiinvie
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gnmadaiauLagdna |, U (-U Stainless Heater )

Bnmasaumuiaas | i U Aa gunaailirudousuiunuil Samnsdmiuey
auWavialU Wy audsnsud, Ramanianues, suduledh, sududiueslvdsooud, wlfus
wanafin, widulany, Hesmruauar iy Afidaanislianuieulunisauiuuedis
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af1aasgIuRun W LHAUAT Fausndnnndawmasawmuiadas | i U wuudulusiowmain
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Faumaidunse (Infared Heater)

=) & < o 2 IAU aal 1as v d' 1

Fawmeiduisafie aunsallimiuisuunduailaedgnisudiadnnuiay Faunnsng
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2. imupvinakazguasaliveddluniaihnutesdaiunugumgil
3. penuuugAIUANg amaiinaslusunsy SolidWorks
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3.2 gunsaliiaadas

gunsafildluntsduiuad

1. Arduino UNO R3

- Microcontroller
- VCC

- Digital 1/0

- Analog I/0O

- Clock Speed

Ul 3.1 Arduino UNO R3

ATmega328
5v
14 1/0 with 6 PWM
61/0
16 MHz

2. Digital Temperature Temp Sensor Probe DS18B820

'g‘dﬁ 3.2 Digital Temperature Temp Sensor Probe DS18B20

21
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fiaauautinsai
- Power Supply Range z 3V to 5.5V
- Adjustable Resolution : 9-12
- Operating Temperature Range : -55°C to +125°C
- Cable Length : 100 cm
- Stainless Steel Tube Size : 6 X 45 mm

3. 1602 LCD (Blue Screen) 16 x 2 LCD with Backlight of The LCD Screen 12C

Interface
3t 3.3 1602 LCD (Blue Screen)
finnuaud Al
- Supply Voltage \ 3.3V-5V
- Characters Displayed : 16 &2
- Weight : : 5¢

4. Power Supply 24V AC-DC PMC-24V050W1AA

sUTl 3.4 Power Supply 24V AC-DC PMC-24VO50W1AA



fanuaudAgd

- Output Voltage : 24V

- Output Current £ 2.1A

- Input Voltage ; 85-264VAC
- Power : 50W

5. DC Tangential Blower

gﬂﬁ 3.5 DC Tangential Blower

finauasiiaeil
- Input Voltage : 24V
- Speed 3 1600 RPM

6. Finned Tubular Heating

-

gﬂﬁ' 3.6 Finned Tubular Heating

o af

o 1

uqmanumﬂu

- Input Voltage . 220 VAC
- Power : 400W

S
AN

)

25



7. Cooling Fan ORIX MU9255-41X

- Input Voltage
- Ball Bearings

- Impedance Protected

8. Solid State Relay SSR-15DA

- Input Voltage
- Output Voltage
- Response Time

- Leakage Current

220VAC

DC to AC

3-32 VDC
24-380 VAC
<10 ms

<2 mA

24



9. Panasonic Circuit Breaker 30A 2P

E‘Uﬁ 3.9 Panasonic Circuit Breaker 30A 2P

fauautAai

- Range 30A 240VAC
-l 1.5kA

- Time Tripped ! 0.01s

sl

3.3 YanAwITTIAEYaq

3.3.1 Wswnsueunaainisvineny : Arduino

5

Arduino

sUTl 3.10 lemeulusunsu Arduino

25



gﬂﬁ 3.11 w1 lusinsa Arduino

- 3943UaUNTlTUAN Y V83 Arduino Ll UNO R3, Mega, Nano
- 7893UsBUUUURNS Windows XPNVista/7 (32-bits/64-bits) 8/10 (64-bits)

e U ol { Yo = @ o >
- FONALITEMTUNITVYUFINITNNIUTBS Arduino

3.3.2 TWsunsuasnuuugUnsniuazdalunugamgil : SolidWorks

&

SolidWarks 2014
64 Edition

5U# 3.12 lamaulusingu SolidWorks

26



Sarhaldi ks Proeisons T v Fobtrien

JUT 3.13 wifenalUsunsu SolidWorks

- 8AWUYUNTAINAG 3D Lag 2D

- 5893UsEUUUURN1T Window7 (32-bits/64-bits) 8/10(64-bits)
3.3.3 TUsunsuaaniluy Schematic waz PCB : Altium Designer 2016

.‘56
g

Altium
Designer

3Uil 3.14 lemeulusunsu Altium Designer 2016

27
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| wemsan v T | wiose

| RORCT I RaiN]  gee

« Projody ' fosici ] oo I e Ly W ntochaionl 3 B Wecwical 1 B Mechancal 15 I echunca 16 Top Oy, I Bomons Overary B8 Top barse B bomom Pace Bl Top Sekde s

Uil 3.15 visinalusunsy Altium Designer 2016

- ganlAwITeaniuuNasaannsaiind

- 5995UT¥UUURTRN"S Window7 (32-bits/64-bits) 8/10(64-bits)

3.4 N13DONLUULAYINUNLNITVINNIY

A1588ALUUNISNIUAzLUATY 4 atsda

A L o -
1. ﬂ']T.l'N%.LN‘L!LLa‘:ia'e]ﬂLL'UUIU‘iLLﬂ'Si.ll.‘ﬂEIF]'JUF]S.Ia"!ﬂUﬂ']‘J'Vi’N’IU‘UEN Arduino lag

o’

TN15LEUNTTRITUAT

° | 4 9 3 0w
- f1Mua Input waz Output #1199 Walvitslazasaanlunisuiledidiunis

VN9 TuRaUEY LUsWnsU

A v o o o °
- enldamdruulusunsuivaisauwas nadaun1svinauresluswnsy

- uilvlgymwedlUsunsuiindunazvin1snadeulud
2. nMTNUEUNseenLUUgUnTallasdauaNaamgilnialusun Ty SolidWorks

o m el v
= muuﬂ‘umma:Laaﬂqﬂﬂ‘imwmaami

a

- YINSRNIUUAAITUAND N

4

e

- Ymmgunsalmunaantind vualy
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3 a e =Y ) [y a o . s .
3. 29NLUUUBININITBLANVIIUNFAINIUNIIARGY Arduino Aelusiasa Altium

Designer WagnN15eanuUUATE9RTBENNIolndasuLLNY PCB

- Amuegunsailuniseeniuy
- ¥INN1598AKUY Schematic LﬁaaaﬂLL‘U‘um‘n%amiaﬁwdw3qﬂﬂifﬁma'lmws
o ' A o ¢ ¢ a d a
- MUUATUIATBILRY PCB 1eYin15I9gunsalatuasnisdianvseiingd
- 1IAANY9TAIUULEY PCB ﬁ'm'ﬁaaqﬂﬂiﬂi&é‘ﬂmaﬁﬂﬁuawa%ﬂ
Microcontroller

- VAEDUNITVINIUYBIUaSA9ATAANNTatNd

4. Uszneulashnsiaunsallundazaiuindieiukasvaaaumunugamiinig
Tuguazuiletayininau

=

- UsgnaugaiuAugnmail

U

2
a as a

- finggunsniasuugAIuANgamMall

U

=

- vagaun19vieIuedlusunsy PID unisauaugamgil

U“

- YFuguamsiwes

- M eassgIantuinsiiuaAILas Tuinga

3.5 35n150 U9

Asnmsandustunusaanttiu 5 aszuaunis Ao

a

3.5.1 AFEUIUNITIBNUUUNTTNINIUVBIFAIUALGUNA]

Y

TunszuiunIseanlUULAsAUANNITIIIUYesgAUANRMMANa I salUsLN S

q U

16 Aeuavhnsesnuuufaual PID sxsesihnmsimusaunsainldlunisaiuaulunisds

= o

N153UAT Input WAz Output SaMfeUsziavvestoyafivulszaananiduns Analog uaz
% L 1 [y e o o o 'c8 2 =l ol . o
Digital iy Fanisiwvuanisiauinludesinislisu Block Diagram lunisgnisvineu
YBINTLUIUNITUALATUIUAIANES] EIUNITVNIUNITAINITVBITZUY a1u150U10 8 Data
Flow Diagram tiagn1sviaunasuszinvuasnisiuteyauagdstoyalunisussuiana dagl

7 3.16 uagsuR 3.17

v
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L
/

PID Heater Chambe

Temperature Sensor

R(s
gy
|
r
B
J

| < 5 a ar 1 i
35U 3.16 Block Diagram veagmuaugamyiuuuliuald

Power Supply
SSR* Cooling Fan
Arduino : : #
S % g
R \
z ».A
b #1,
- }
Finned Tubular Heating P '
Temperature Regulator i
DC blower
. Power Signal  *SSR = Solid stale relay

o A e a Y] 1 i
EU‘VI 3.17 Data Flow Diagram 'uax‘lﬂmuP]uqmwgmi,uuﬂ'mﬂﬂﬂ

3.5.2 assu "J‘Llﬂ‘]'i'ilE]ﬂLL‘U'Uﬂ‘ﬁﬁ'l\‘i’]ﬂi!a\‘l‘[ﬂiuﬂiuﬂ?UQu

=

TuduvainisesnwuuTusunsuietanmuauaumginelugauaug uvgii
amnsaviualaazldlusunsy Aduino lumsi@eulsunsuedsnisviouludiuesa
AIUAN Arduino UNO R3 Tnaideusaiusae USB port delunisesnuuunisdiiaiuues
Arduino vulenisesnuuLiiasduuiiuimndiunUssneudhedeaslssnausae 4

dulsun
1. PID Controller
Tudasimuauuuy PID agldnisdntsviheussnunduaunislunisduamm

Arsuwn FelunisAtulaegefuAInIsilees luwAazautnuIA U MEIUaNN1TALAYN

Asivuasiyshd #aluninidenldmusazldnds Float dsanunsaiuandunalisunay
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o ° v a = | [ ') vay v o o | s o
dnndAaldaziden AsgUi 3.18 daudruiuuailasgainluiuialudiuvesiteidy

PWM

;i;dﬁ 3.18 lAan1svinauaadlusunsy PID

2. Sensor

N19%1971u%89 Sensor 3¥NAIUANIALNIU Port Digital Input 983U85A Arduino

a

UNO R3 iiveTuAvetaamgiinialugaivaneumgiuaziilussanana @ Sensor #iltidu

¥ll@ One-wire Sensor lun13dIN1sviNIuTsein aienld Library Insldride “dinclude
s » 3 a4 o a1 a 1 o as o

<Onewire.h>” lun13i3un Library iavitn1susgamgi daudrdelunisinm gauanslu

Ul 3.19

gﬂﬁ 3.19 Temperature Sensor
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e Edit Sketch Tools Help

SW_CODE_SENSOR_PID_3

SenscTy.reguest

texp[0] = sensors. Tenpl (I_asde[0]):
terp(l] = senscrs. Texpl (T_addrfl])s
lcat room = (temp[0] + templl)) JS2 ;

‘PIC COMTRCLS /240 44f

flzat pIriziin = room
f£iloat Error = (Setpoint VALDE+Q.1l) - positien ;
if (abz(Exror) < IntThresh)
{
IntThresh = Integral + Erzer ;
H

Integral = 0;

1

double SexplelimeInSec = {(dcuble)SaxpleTize) 1000 ;
P = Error * P_VALUE ;

I = Integral * (I_VALUE*SarpleTizeInSec) ;

D = {LastErrar - positian)® (D _VALUE,SamplelirelInSec) :
STexp=P=-1+0D;

LastErzor « positase
dnlay (80):

L£(5_Temp 5= 0)

PR() 2

if [zocm > Setpoint VALUE+#0.S)
A1 71L0IN1ce (3, BIGE) 7
at_VALTE:D.4)

if {voom < Setpoi
' Nz ice ) 7

{

d o ; a
3U 3.20 Adalun13vinaunes Temperature Sensor

3. PWM (Pulse Width Modulation)

Tunsyharutesdrusd wdedleridu PWM wiotilumuau Port Digital Output Tu
MsAIUANMSIINYEY Solid State Relay iomunuammgivesmainamdou dudu
gunsalliausounngrivangamgl nisvinuvasiledtu PWM Ty Arduino Tasundiudy
Digital Port azamnsaiileiuA 2 danug A HIGH (V) fu LOW (0V) windu Failwadne
fyaaaednldiies Wandela 39 PWM ssgninanléideli Digital Port awnsadoudls
1NN HIGH w3a LOW lagdtnsagldnisuiuanusvesdyaaasin HIGH/LOW d@duiy
Tangheauami Tﬁaﬁwﬁlﬁﬁu%ﬁuaéﬁ’u”ﬂehuua"l’uaaﬁ‘muzym“luﬁwnmﬁ'ﬁamus
u HIGH wavdniifaausdu Low Taadrnaniiwassanuzidu HIGH dussidunds Pulse

Width Tnadyanaiadiiiowisu % vesianaiidu HIGH M3afifle % vas Pulse Width) fiu

i w & u'.: 1 a o
% 293AULIA1 (Peroid) wealadgniiug aei3andn Duty Cycle fagud 3.21
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0% Duty Cycle

25% Duty Cycle

LT 1T

50% Duty Cycle

75% Duty Cycle

SESSNKZZZIN !

100% Duty Cycle

gﬂﬁ 3.21 NMIVNU8I PWM

drunisldery PWM Ledmrmuaun1nda-Unves Solid State Relay Awunlld

| o

A1 Carrier Frequency 10 Hz Lial# Solid State Relay aauausaiusadyains PWM W
\le4991nANBY Carrier Frequency #lAain Arduino fiA1 490 Hz Feunniundifinednisaes

N15A9AINITNIIUEY ATmega328 auAdenisinauikandluguil 3.22 fagui 3.23

'
=4

WaEIUN 3.24 Landngiu PWM filgfann Output ¥834 Controller

U



TIRIR = [1CCCOMINL) | (DECCTNIRG) | (1CNRILL) | [OCHRAN) ;
TOCRAD « (LGOI} | (LooMGIAT) | (1<cBB1) | (BceSEL) | (1cetinay;
TCTHIC = Cadd:

TITIN = IONTIL = Cat0r

ISRIE = 023D ;

NIMIOH_STATE = Bp :

sridicmss (1_ad3c(O0], €);
2 (T_asar(l], b);

1
i

2i2n (T_aadze|0
=T adidz {1

1 v
o et

fl 3.22 frdadam Caner Frequency vas PWM il 10

Hz

()

# (WINON_STATE == )
t
WINOOK_STATE = KL

I
e (F(NIBOOK_STATE me #3)
{

WINIOK_STAIE = B4 @

y
#re 22 (MIBD0W_STAIL == 3)
i

NINXM_STAIE = Setpoist :

)
oo 17 (NINDCE _STATE == Secpolac)
{
FDICH STATE - &
}

arial.prine s (12N
5 ply
$TEXP w~ WINICR_TENE)
! TOMP = WINTONX. ;

L4D% - TOW K

IO = WIKDCE_TD@ ¢

3 = (LS624/200) 9 _Teap 5

OCRIBA = (3 >3 B}
OO - (] 2
U

U 3.23 flariduntsvineuzas PWM
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Select
| Measurement

Snapshot
1 All
{ Measuremnts

Ch2 Pering
999.8mg

2.00v

¥
‘inznm ACh2s 3aay

4. Interface

Tudrudds Interface auitiududdluntsumnisldanangld (Usen Faglda
ARIUANGLNTANTAUTUAI TITIMEIHIUINAT Interface wazaTHITagAIEN LAY 1A
uminge LCD Tnnasiuranneg Tnsegldmdadu input PULL-UP e Push Button

Switch 1mi1n13 Interrupt Tumsuszanaddluga Arduino fagUdi 3.25 feguil 3.27

External pull-up Internal pull-up
SVA \ _
Arduino Arduino
5V
3UTTON BUT TON
+————Linput pin — 1+ input pin

sU#l 3.25 nmsvieumas PULL-UP
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o B

l'-" a 1 v
U 3.26 waasauanInanITVeUKIUMUNae LCD (1)

é o ) v
;a;‘i.l‘w 3.27 NAADLEAINANIININUHIUKMUIRe LCD (2)

3.5.3 n1999nLuu43s5 Interface
Tun1588nLULL935 Interface d1nsunisdivasaisasiidnnsatdndlufnnaasld
TUsunsu Altium Designer 2016 Tun1seenuuu laalusunsuazamsalfisuwuy Schematic

[ = < = 1 & 1 3 = ) [
fAagu 3.28 waldlunisidansegunsalineg neluveineasdidnvselind uaz1na189993



.

[
e

' o = < o ] I = &
AYUUUNUNBILAY PCB AagUN 3.29 iiaurluviaudui9as PCB lun1sinnegunsal

a o = [
dannsetndls

o : a a . =
5UN 3.28 Schematic 1847437 Interface Mauulaslusunsu Altium Designer 2016

CE-EICE 1B

]

A

CELLEY FCEEELLE-F
(LGB

B8 plsus plsde pPLsH F

molmelmol m

0] (0]

(o)

molloe

gﬂﬁ 3.29 18435 1993995 Interface MTsulaslusunsu Altium Designer 2016

3.5.4 nszurun1seanuuugaIuaNanm)ll Taslusunsu SolidWorks
Tdlusunsy SolidWorks Tunisesnuwuugaiuaugaumail uagldlunisdnnesiumia
¢ = a v a ¢ 3 e w v
gunsal SaudamsimuaruinvesgaIunuguugiiuazgunsainanuanldaielug lny

ad A = wody 7
wwzaalaluviin Sketch way Feature luniseanuuu Tnefigunsalunmindedldiuy Sketch
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7 4 2 1 v ot ci = t:r'
Tunrsszyaalilinunigifeanis Wy 1aInRINTBLIUUATU LandfIguin 3.30 fegul
3.36

R 3 k-
@ UK

gdﬁ 3.30 M1199n15M19U2e9LUSIASH SolidWorks (1)

b L‘ <1 a 3D representation of a single design component I
Part
< a 3D arrangement of parts and/or other assemblies '
Assembly
CAE
i i
iJF a 2D engineening drawing, typically of a part or assembly
Drawang
| Advanced | Cox ] [caest | [ rven |

gﬂﬁ 3.31 nthvensvieuradusungy SolidWorks (2)
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SchdWorks Premium 2014 54 Edition

Editing Fat MMgs -

Uil 3.32 wihaemevinurestusingy SolidWorks (3)

Pi‘{_j,‘n:’@ - |
|
I"_‘,\_é';_‘; - [
RS e
{ {‘5 t ™. { T
' 4 i i e
3 g : Iy
et o h .‘3!! ’ A
i - i
o Pt Ty Tty o ) T
‘ ikt
4 0 0 e |
¥ "-_:" 1
~ . kA LW 7
: 2
b S
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'
)
-t 'Y e
: *
-
Y s

B ——————
El & IN-O-p-H| ¥ T ) £\ Mirror Entities
Sketch |  Smart Trim € :
DimT:sion -~ @ » A Er;;;;?es E::;ir: éi}if:.et EEE Linear Sketch Pattern
o NULes -
" “ B-8 ) %l . 4 P Move Entities

Ui 3.34 iadesileildlumseenuuululusunau Solidworks (1)
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2
25 SOLIDWORKS

[{_i Cé’@ L?E, Swept Boss/Base @ @‘ i @ Swept Cut
Extruded | Revolved [} Lofted Boss/Base Extruded Hole Revolved (] Lofted Cut

Boss/Base | Boss/Base Cut Wizard Cut
) Boundary Boss/Base # Boundary Cut

L] b @ Rib i@ Wrap L5 4 U

Fillet Linear Reference Curves S
Patter, W Draft () Intersect Chduainy Instant3D

2 4 sheit 0B Mirror . 3
QG S EB Do @R -

3‘Uﬁ 3.35 idasilafldluniseanuuululusunsy Solidworks (2)

)

SIS, 1E il S AR bttt

SCALET1:2

=
JUT 3.36 LUU 2D UB9UARIAAITMTEULILATY
= & = o
3.5.5 N3EUIUNITUTENBULATAAAILNEVARBUNTHINN
nszUIUNIsUsENBuMeRde U N ITuIsiiiasnsagideianainiiaziiniu
o 4 a o A
Talunisesnkuy wazaIuAuAIsIIuTaIgAIvAlgumginausalusunald tleay

u

anusounlelymldegramngay dsgun 3.37 fagui 3.40
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NAN1SATLLUITIU

ad
4.1 MmysanuuUgAIvANAaIMginasalusunTula

Y ad . Az
nn1sesnwuUgaIuALguuginauisalusunsuldlaglusunsy SolidWorks 1e

9 J

a

o ¢ v o o o
nadnszULuurasgmuaugamaiidudaiivanslugui 4.1

u

(-1 Top Plane
: ) Right Plane »

- L. Origin
210 () 550:550<1> (Default << Defan.

Cut-Extrudel
i G 30550 <25+ 31 (Defauit < <Oefa
48y 400x550 4> 7 (Defaut<<Defer
419, ) 40055055 > {Defaulte <Dy
1 S () 550540 back< 2> (Defauitc
i % i} doerels (Defaultc< Defauits
% ) hingebi<1> Dcfavie< <Defer .’L.
¥ R hingedd<1> Defmukes Defults
R w1 Mk P

“Isometric

E I
SelioWerks Prerreum 214 564 Edten Under Defined  Editing Assemnbly MMGS <« [}

= [ a sl vy g
U 4.1 msesnuuuvesgmIUaugum)ifiasolusunsulanelsung SolidWorks
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4.2 nmseanuuulusunsuAlIuAu PID

nnseankuulsunsumuaNuwuy PID Tulusunsu Arduino lanadwsuadlusunsy

o]

SW_CODE_SENSOR_PID_3 = (1<<COMIB1) | (0€<COMIBO) | (1<CWGMLL) [ {OCCWGMLO) ;
TCCRIB = (1<<WGM13) | (1<<WGML2) | {1<<CS12) ! (0<<CS11) | {1<<C510);
TCCRIC = 0x00;

TCNTIA = TCNTIL = 0x00;

ICR1H = 0x3D ;

a <EEFROU.B>

<DallasTesperature.hd> ICRIL = 0x08;
' /piakede (10 ,CUTFUT);
ONE_WIRE_SUS_1 2 DDRB |= {1<<FB2):
OneWire oneWire_in(ONE_WIRE BUS 1);

sparature sensera{soneNire_ia); WINDOK_STATE = Hp
i TEMP = WINDOW K :
(9€00) ;
HE

Serpoint 4

WINDCW_TEMF 5

WINDOR_K &

address to 0%27 r a 16 chars anid Z%lin
lcd(0x27, 18, 2);

sensors.teql
Setpoint VAIUE = €0 ; sen30rs.q
L tesp(2]:

3e030r5,7
int SampleTime = 1000 : sensors.g

s (T_adde(0), 0):
I_addc{if, 1)7

n(T_addr{0], 11);
T_addr{l], 11):

IntThresh =0 ; 2 ello Werld®);

© § Texp ;
TCCRIA = {1<<COMIB1) | (0<<TOM1BO) | (1<<WaMLL) | (0<<REM10) 7 LE({IEMP == WINDOW_TEMF)
TCCRIB = {1<<WGM13) 1 {1<<WGMI2) | (1<<CS12) 1 (0<<CS1L) | (1<<CS10} 7 i
TCCRIC = 0x007 TTI I L AaRs a1 TE 1 1
TCHI1H = TCNT1L = 0x00;
ICRIH = Ox3D : sensors.rejus zparaturesi):
ICRIL = OxQ2

H texp[0] = senscrs. exp” (T_addr{0]):
texp[i] = sensora. (T _addc[l]) s
Zicar room = (vexp[0] + tempfl]] .2 ;

RB (= (1e«<FB2):

vold lzee{)

/P _VRITE = EEFRCM.read(0):
= EEFRCM.read(l);
4. read ey ; 1
point VALUE = EEFRQM.read(3); IntThresh = Integral + Erxor !
f/iZ{digivalReadil) == ()

Exror = {Serpoinc_VALUE+Q.l) - positisa ¢
if {aba{Exrez) < IntThresh)

)
elz#
{

Integral = O;
)
doubie SewpleTimelnSec = ((doublz)Saxplelime) /1000 ;
P = Exzor + P VALLE ;
I = Incegral * {I_VALU
pl): D = (LastError - [
STexp =F+I+D;

*SarpleTimeInSec) ;
) (O_VALDESaxpleTimeInSec) ;

LastError = 3
sel27(86)
22(S_Texp = 0)
YY) ;

4f (zoom > Setpolint VALUE+0.5)
1323, )
if {room < Secpcint_VRLUE+0.4)




Serial.printin{S_Texp}:
led.clear()s
lcd.setCuzaor{,0);

led.print ("TEMR : "):
led.print (room) ;
led,setCurssz{d, 1)
led.princ (“"DOTY CYCLE : ") -
lcd.print(S Temp);
//Serial.printlinizoom):

1
elee 11 {TEMP == WINDCW_K)
[

//B_VALUE = EEFROM.read{0):
//I_VALUE = EEFROM.read{l);
f/0_VALUE = EEPROM.read{2};
//3etpeint VALUE = EEFRCM.readi{d):
1Z(NINDOW_STAIE )
{

fldigizaliead(4)==0)

P _VALUE = B VALUE#:
delay (1000 ;
}
elae 47 (ddg1taliead (5)==0)
{
P_VALUE = F_VALUE:0.01:
delav(100);

}
else if(digitaliiaad(6)==0)
{

P_VALUE = P_VALUE-0.01:
delay(100):

}
elee iI({WINDOW _SIATE == Kd)

18{diqie21REad (4)==0)

{
D _VALUE = D _VALUE+1;
J/EEPRCM. writel2, DOVRLUE):
d=lay{100)%;

}

'lssliffdigicalRead(5)==0)

{
D_VALUE = D_VALUE+0.01;
F{EEBRCM.wrise{2, D VALUEY:
d=lay(100);

}

else 1f(di7izalBead (6)==0)

{
D_VALUE = D_VALUE-1:
S/EEFROM.write(2,D_VALUE} Y
delay{100);

}

else if(digitalReed(7)==0)

{
D_VALUE = D_VRLUE-0.01;
//EEPRCM.write{2,D VALUE);
delay (100} ;

}

//0_VRLUE = EEPRCM.read(2):

lcd.cl=ar(};

led.print ("Kd®);

lcd.setlureor{d,l;

led.print (D_VALUE):

d=lay{100);

}
led,clear
led.print("Kp");
led.geclursor(d, 1)
led.print (B_VALUE) ;
dalay (100);

0:

e
in

}
elze »I(WINDOW_STATE == Ki)
{

2Z(digatalRead(4)==0)

{
I VALUE = I_VALUE+1;
f/EEFROM.write(l,I_VALUE):
delay (100);

}

2lse 1f(digitalRead(5)==0)

{
I_VALUE = I_VALUE+(.01;
F/EEFROM.writeil, I_VALUE):
delay (100);

1ze 1T(4igicalFRead(6)==0)

- e

I_VALUE = I_VALUE-1;
J/EEFROM.wxite(1,I_VALUE) 7
d=ldy{100);
i
alzs if(digicalRead(7)==0)
{
I VALUE = I_VALUE-0.01;
#/EEERCM.vwrive(l,I_VALUE):
deizy{100);
}
A/I_VAIUE = EEERCM.read(1);
ledeciear(]);
led.FranC(TRiY) ;
ded.getClr age {0 L)
led.rrint{I_VALUE):
d=lay{100) 7

}
£ise 1Z{WIRDOW_STATE == Setpoint)
{
riSerpoint VALGE = EEFRCM.read(d):
1f{digasalRezd [4)==0)
{
Secpoint VALUE = Serpoint VALUE+1:
//EERROM, write (3, S=tpoiat VALUE):
delay (1004
}
#lze 1 {digicelRend (5)e=l)
{
Secpoint VALUE = Setpoint VALUE+Q,01;
/ /EEFROM write (3, Setphint VALUEN?
delay (100);

Ire aEf(d1pituiResd|6)==0]

— e

Setpeint VALUE = Setpoint VALUE-1:
L/EEFRCM. wrized3, Secpoint_VALTE) ;
dalap{100);

}
else 212{dt3
i

Secpoint VALUE = Setpoint VALUE-Q.01;
/(EEFROM.¥T1te {3, SaTpeint_VALUE) @
delay {100} ;

]

led.zi=ac ()2

{"Setpoint™);

a,1);
led.print (Setpoint_VALUE) ;
d=lay(100);

I

delay (100) :

45
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vead ()
|
12 (KINDOW_STATE == Kp)
{
WINDOW_STATE = Ki :

}
else 1 (WINDOW_STATE == Ki}

{
WINDOW_STRIE = Kd :

1
=lme 1Z(WINDOW_STATE == Kd)

4
WINDOW_STATE = Setpoinc

:J.ae £ (WINDOW_STATE == Secpoint)
' WINDOW_STRIEZ = Hp ©
;-?m.pzmnm('m') :
\]n.-m =14
{

&= A Y o o v a P & | ) o ¢ v o
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AUAULUU On-Off Controller

o kg ﬂd 2/ a/
MNAIIMAFBUNISIIUTBsgRIuANgamgifawtsalusunsuldlagldiaiunu
WUy On-Off Controller ¥inl#iudeuszaniainvesnisarvangamvginielug lnens
o ' a v Pu] & ° o 1 o & ° a <5
AvuaAIguuiiiesn 25°C uarviinasasandmuies 40°C, 50°C uag 60°C @3

@t o - o o @
NAVAFBULAAIPIZUN 4.2 BagUW 4.4 muaIny

Temperature response (On-Off Control)

Time {Sec)

= o ) - el ] oY)
JUN 4.2 namsvadaunisvieuvasgmuansamgiianusalusunals lnglddauau

WUU On-Off Controller figampflmang 40°C (gaumgiivies 25°C)
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Temperature response (On-Off Control)

Temp{C}
&
o

0 200 &0 50 a0 1000 1200
Time { Sec )

o o w < s
U7 4.3 namavadeumsvinusesgeuaugamgifansalusunsule laglddaun
5

Wuu On-Off Controller Naaunniiidviang

9 u

0°C (gaumgiiviea 25°C)

TEMPERATURE RESPONSE ( ON-OFF CONTROL)

TEMPERATURE {C)
w
=)

1] 180 360 540 720 500 1080 1260 14490 1620 1800
TIME { SEC}

d o A‘d 2/ ot
UM 4.4 nanisvageumaviinuvesgniuatsamgifianinsaldsunsuld lngldimauau

WUy On-Off Controller igamgiitimany 60°C (gamgiivies 25°C)

u




49

o v ad 2
4.4 HANINAHIUNITIINUYEIGAIUANAMUAT Nau1Talusunsulilae g6

A3UAULUU PID Controller

1nA1INAFEUNTUYeIfAIuANguMgiifiaunsalusunsulalesldiniunu
wuu PID Controller vinlvituiiaUszdviameanisauauaamvgiateludlnsdmuals
qquﬁﬁaqﬁ 25°C wagAvuaandiuung 3 81 Ao 40°C, 50°C waz 60°C Tunisvadsu
AamuauLuy PID Idvinaveaeulaafmuasimisidwesidu 2 ga fs (Kp = 80, Ki = 15,

Kd = 0) uaz (Kp = 100, Ki = 15, Kd = 1)Imuwaﬂﬁmmaauuamﬁqguﬁ 4.5 ﬁagﬂﬁ 4.10

TEMPERATURE RESPONSE ( PID CONTROL)

TEMPERATURE [ C)

0 50 100 150 200 250 300 350 400 450
TIME { 56C }

o o v a e W (YY)
E‘UVI 4.5 Naﬂ’li‘ﬂﬂﬂaUﬂﬁﬂﬁﬂu‘UasﬂﬂﬂQUﬂuQtﬁ‘\ﬂﬂllﬁﬁ"lﬂ’liﬂiﬂﬂmiulﬂ Iﬂﬂl'ﬁm?ﬂ’JUﬂ

U q
=

Wuu PID Controller Vigauugiicimung 40°C
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TEMPERATURE RESPONSE ( PID CONTROL)

——

a5 I

TEMPERATURE (£
&

Q 100 200 300 400 500 600 700 800
TIME { SEC )

d a =Y H W L
JUT 4.6 wamsvadeummiuresgaiuaugungilianusalusinsl laalddnunu

u
a

wuu PID Controller ﬁqmwnmﬂmma 50°C

u

(ﬁqquﬁﬁaq 28°¢, K,=80, K,=15 K,=0)

TEMPERATURE [ C)

TEMPERATURE RESPONSE ( PID CONTROL)

S el
55 L o

/’—-

o 100 200 300 400 500 600 700 300 900 1000 1100 1200
TIME ( SEC }

< o ad W
JUN 4.7 wanmsvedeuniinuresgaiuatgamglnannsalysunsula lasldianuny
= a o
WUy PID Controller igaungilidmsing 60°C

(Mmumaiivios 25°C, K, = 80, K, = 15, K, = 0)
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TEMPERATURE RESPONSE ( PID CONTROL)
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TEMPERATURE ( C )
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AMANUIN N

Datasheet 9849 DS18B20

Ds18B20

General Descniption

The DS15820 cigial thermomeder provides S-bit tn 42,08
Ceisus temperature measuremenis and has an slam
functon ‘with nonwolatie user-programmable upper and
lower ngger poents. The DS18820 commumicates over &
i-Wiire bus that by defnition nequires only one dsts line
{and ground) for communicaion with a central micro-
processor In addition. the DS15820 can denve power
directy from the data line {*parasia power’), eiminating
the need for an extermal power Suoply.

Esch DS15820 has a unique £4-07 senal code. which
alicws mutiple DS1EE20s to function on the same 1. Wire
tus Thus @ is smple fo use one meroprocessor fo
tontrol many DS13B20s distributed over & large area
Appications that can benefit from this festure inciude

Applications
» Themmostatic Controis

Oridering Infarmation appears at end of data sheet

feibim 3 8 of Maim Froducte. Ins

T3THET M L VTS

Programmable Resolution
1-Wire Digital Thermometer

Benefits and Features
= Unique 1-Wire® interface Regquires. Only One Port
= Reduce C Count with
Tempersture Sensor and EEPROM
* Measures Tempersiures from -55°C to +125°C
(67°F 10 +257°F)
* $0.5'C Accoracy from -10°C to +85°C
* Programmable Resciution from S Bits 1o 12 Bts
* No External Companents Requined
» Pamasite Power Mode Requires Only 2 Pins for
Operation (DQ and GNDY
» Simgiifies Distributed Temperature-Sensing
Appicatons with Muttdrop Capabiity
= Each Device Has a Unique 64-Bit Serial Code
Stored i On-Board ROM
= Flexitie User-Definabie Nonvoiatie (N Alarm Settngs
with Alarm Search Command idenitfies Devices with
pres Cutsde Progr Limes.
Avadable n 8-Pin SO {150 mis). &-Pin ySOP and
3-Pin TO-52 Pachages

Pin Configurations

TAVEN

30

o om

)

| e B 2
TO-52

(DS18830)

31J‘ﬁ n.1 'ﬁ'auuaﬁ"'ﬂ.ﬂ’ﬂm DS18B20 (1)

57



DS18B20 Programmable Resolution
1-Wire Digital Thermometer

Absolute Maximum Ratings

Voltege Range on Ary Bin Belstive to Ground 0 %W 1o +A 0V Storuge Tempersture Renge BEC g0 +128°C
Opmrating Tempersiure Range A8 Tro «128°C Sokter Termparsture Reder fo the IPCUEDEC
JETO0C Specication

TRRIE B AT BITGE AN B0 SACIINN SPEWIRT O TN DITR I TS O Iy ST COMUTRCS BOEVE INME RIS e SOPITT BESTEAL 67 CRRCT 3 A s Beockt
IR maRmU SNy CGETTT B BERADES CNOCT O TTE TR ST e,

DC Electrical Characteristics
(S8°C 1o +128°C Voo = AV 0 5 5V)

PARAMETER SYMBOL CONDITIONS N TYP  MAX | UNITS

Supoly Veitage VG Local ptwer (licte ') +30 ] v

Pullup Suppty Voltsge Vey i {Motes 1. 2) gid bt v
Lacal power +10 Voo

Tharmometier Ermor wir A0'Ceo $38°C Mot 3) s c
AT le #125'C 2

frput Logee-Low W Notes 1. 4. 5) 03 08 W
Locel power 22 The iower

Ingit Logic-Hgh Ve {Niotes + %) e off%er| v
Farasde power 30 Vop+ 03

Sk Current W Vi =0 ey 40 mA

Standty Curtent Ioos Nictes 7 3) 7501000 A

Actve Corment 1 oo | Npp = svitieke @) 1 e

O nput Cirrent oo | Mecte 10 ] wA

oo hiote 11) \ o #02 <

Note 1. AZ voltages are referenced 1o ground

Note 2 The Pullup Supply Voltsge spacification snsumas that the pullup Sevice @ esl and tharelors Bhe tagh level of the
pulip i egual 19 Vi In orger to meat the iy spec of e USTEB20. the atusl yupply rad for the strong pullup transis-
o st include margin for the VORSQE drop BOTOSS the TRNSISIDr when # is lumed on Thus VPy_ACTUAL ® VPU_IDEAL *

VIrRANSSTOR

Note 3 See fypical perforrmance curve n Figure ©

Note & Logic-iow volisges are specified st & mnk current of 4mA

Note 5 ﬁ{m-mmmnwmmeuaumhnmuwbnhn
ary

Note € Logre-high voltsges are specifed of & source curment of TmA

MNote 7 Standby oument specdied up 1o +70'C Sindby cument tppecally is JuA st +128°C.

Note 8:  To minimare ions. DO should be within B folowing ranges GHOSDQSGND =03V or Vop-0SVEDQ s Von

Note 3 Actve curment refers 10 supply curtent duning scive Wempersture conversiont of EEFROM writes

Note 10. DQ hne s igh high-Z state)

Note 11. Dt dats is based on 8 1000-hour stress teat of +125'C with Vg = 5 5V

e mEGTiTiegrated com Maxcm intagrated | 2

Ui n.2 Fayavialuves DS18820 (2)

U
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DS18B20 Programmable Resolution
1-Wire Digital Thermometer

AC Electrical Characteristics~NV Memory
(85°C 10 +125°C Vop = 3OV R 55V)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
NV Wit Cycle Tima 0ne 2 10 ms
EEPROM Writes NEgwR | S5°Cto+55C 50k writes
EEPROM Dsts Retentar SEDR | -S5'Cio +55°C 10 yosrs
AC Electrical Characteristics
LE'C i +126°C. Vpg =30V 10 S5V)
PARAMETER SYMBOL CONDITIONS MIN  TYP MAX | UNITS
2-bit resclubon B3ITE
Termpersture Conversion Tene oM b o Lt e i s {Note: 12) i -
114t resolution s
12-bit resoluticn T80
Time to Strong Pullup Or 1SEON Start corvert T commaend ssued w0 e
Tune Siet | ~Teag {Note 12) 80 120 s
Recovery Time treC {Nole 12} 1 us
Wit O Low Tame Youo | Note 12) & 120 oS
‘Winte 1 Low Time Lowa Ncte 12) 1 15 HE
Resc Cats Vabd ROy | (iow 12} 15 s
Reset Time Hgh RSTH (Mote 12) 430 s
Resat Time Low WETL | Motes 12. 73 450
Frasence-Detect High tprrace | (Mowe 12) 15 a0 ¥s
Prasence-Datect Low FOLOW | (hote 12) &5 240 ¥
Secatatce Cmout % o

Note 12: Sae the timing dagrams in Sgure 2
Note 13 Uncer paraste power #5357 > PA0US. 5 power-on reset can ooour

D132 TYPICAL ERROR CURVE
s
- T =
£ w “REWRN
g ) ey s
£ =
4 i -
i i o
¥ AEAN SR
<4 v -
2 -
z il 2 = & = = L
TENREAET R Oy
Figure 1 Typcst Performance Gurve
I macenissegrated com Maxm inegrated | 3

U 0.3 Feyavialuves DS18820 (3)
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DS18820

Overview

Figure 3 shows a block diagram of the DS18820, and
pin descriphions are given in the Pin Description table
The 54-bit ROM stores the dewice’s unique serial code
The scratchpad memory contans the 2-byte temperature

Programmable Resolution
1-Wire Digital Thermometer

DQ pn when the bus 1s gh The high bus signai also
charges an intemal capacior (Cpp). which then supplies
power to the device when the bus is low This method of
deriving power from the 1-Wire bus is referred o as ‘para-
site power " As an aflernative, the DS13820 may also be

regisier that stores the cigital output from the temperature
sensor In addtion, the scratchpad provides access to the
1-byle upper and lower alarm ingger registers (Ty and
Ty) and the 1-byle configuration register The configura-
tion regesier aliows the user fo sef the resoiution of the
{emperature-to-digital conversion fo 8, 10, 11, or 12 bits
The Ty, Ty, and configuration regisiers are nonvolatile
(EEPROM). 3o they will refain data when the dewce s
powerad down

The DS18820 uses Maxim's exclusive 1-Wire bus proto-
£ol that implements bus communication using one control
signsl The control ine requires a weak pullup resistor
since all devices are finked fo the bus via a 3-siste or
open-dram port {the DQ pinn the case of the DS18820)
in this bus sysiem,_the microprocessor {the master
device) identfies and addresses devices on the otus
using each device’s unique 64-bit code Because sath
device has & unigue code, the number of devicas that
tan be addressed on one bus i virually urkmaed The
1-Wire bus protocol. including detaded explanations of the
commands and “time 3iots." i covered n the 7.1\ ire Sus
System sechion

Ancther feature of the D518820 is the abiity to oper-
ate without an extemnal power supply Power is nstead
suppled through the 1-Wire puliup resistor through the

P d by an supply on Vpg

Operation—Measuring Temperature

The core functonality of the DS128B20 is its durect-to-
digital temperaturs sensor. The resolution of the tempera-
ture sensor s user-configurable to 8 10, 11, or 12 bits,
comesponding lo increments of 0.5°C, 0.25°C. 0.125°C,
and G D625°C, respaciively The default resolubon at
power-ug 15 12-b% The DS13820 powers up m a low-
power idie state. To initate a lemperature measurement
and A-to-D conversion, the master must issue a Convert
T {44n) command Foliowing the conversion, the resulting
thermal data is stored in the 2-byte register
in the scratchpad memoany and the DS18820 retums fo s
idie state. if the DS 15620 s powered by an extemnal sup-
ply, the master can issue ‘read ime siots” (see the 71402
Bys Systen secton) after the Convert T command and
the DS18820 will respond by ransmiting 0 while the tem-
peralure conversion is in progress and 1 when the con-
Version is done If he DS18820 s powered with parasite
power this nobification technique cannot be usad since
the bus must be pulied fugh by a strong pullup dunng the
entire temperature conversion. The bus requirements for
parasite power are sxplained in detasl m the Powsnng the
OS18E20 sechion

.
a'ﬂ:% SENARTEEONERTROUT

. e

Lt

< %
e [ rone 1
!m.vmszi

2

BT Y
i REGTER

IR

Frgure 3 DS18820 Biock Dragram

U .4 Foyavialuss DS18820 (4)
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DS818B20

The DS18B20 output temperaiure data 18 cakbrated in
degrees Celsiss, for Fahrenheit applications, a lockup
table or conversion routine must be used The tempera-
ture data is stored as a 16-b4t sign-axtended two's comple.
ment number in the temperature register (see Fouwe 4)
The sign bits {5) indicats f the temperature 15 positive
or negative: for positrve numbers S = 0 and for negative
numbers S = 1 if the DS18B20 s configured for 12-bit
resolution, all bds m the temperature register will contain
vaid data For 11.bit resoiution, bt 0 is undefined For
10-bt resolution, bis 1 and 0 are undefined. and for S-bit
resoluton bits 2, 1. and O are undefined. Tabie 1 gives
exampies of digial output data and the coresponding
temperalure reading for 12-b& resclution conversions

Programmable Resolution
1-Wire Digital Thermometer

Operation—Alarm Signaling

Afier the DS18820 performs a temperature conversion,
the temperature value 3 compared to the user-defined
two's complement alamn trigger values stored in the
1-byte Ty and Ty registers (see Figure &) The sign bé (S)
indicates f the value is positive or negative for positive
numbers 5 = D and for negative numbers S = 1. The Ty
and T, registers are nonvolatie (EEPROM) so they wil
retain data when the device is powerad down Thand Ty
can be accessed through tytes 2 and 3 of the scratthpad
83 explained in the A mary section

Only bits 11 through 4 of the tempersiure register are
used in the Ty and T; comparison since Ty and Ty are
B-0it registers. If the measured lsmperature is lower than

ey BITE BIT§ BIT4 BT BT 2 BIT1 BITo
tsovee | o) L —A0 [Na ] B i—ea Ul 23" [ S\ ]
BT 15 [ BIT 13 BIT 12 BT 1 BT 10 BIT § BITS
wsevie | 8 | s | s ] jos s afsE [ > G
S = SN
Figure 4 Tampernture Regrter Format
Table 1. Temperature/Data Relationship
TEMPERATURE {°C} DIGITAL OUTPUT DIGITAL OUTPUT
135 QOO0 01t 19010000 07Dk
wEE 0000 0101 040% 0000 Desor
423 0028 Q000 0001 Y0O1 0001 DeRn
M0 12g Q000 000G 1010 001G O0AZR
+38 0000 0000 000G 1000 00088 &
0 D000 000G 0000 J0o0 0000k
ok 105 4451 1171 1000 FFFBA
10125 1111 41190101 1110 © FFEm
-2 0824 111 10040 11 FESFR
55 1141 1100 1001 0000 FOR0n
"The powercn reset vakie of the Nempenature register iy +85°C
BY?y BITE BT 8 BIT 4 BIT 2 Br2 BIr 1 BITO
s DA 1" VoloF A f\b % PP | 5 ]

Figuem § Tiqand T( Fwgister Format

Muom istegramed | €

3t n.5 Fayarialunes DS18820 (5)
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Datasheet 984 Power Supply 24V AC-DC PMC-
24VO50W1AA

TECHNICAL DATA SHEET

PMC Panel Mount Power Supply
24V 50W 1 Phase / PMC-24VO50W1A[ |

PMC

Highlights & Features

< Universal AC mput range fom 85Vac to 264Vac wathout
power de-rating

- Full Alammium casing for hghtweight and corrasion tesistant
handing

~ | Ceaform [0 harmonic carent {EC/EN 81000.3.2, Class A

~  Hgh MTEF > 700 000 brs. 35 per Teélcordka SR-332

— Owervoltage / Overcurment / Over Temperature / Short Circuit
Frofections

~ . Also avadable 320 connecior

Satety Standards

CE Mus @ ®

CB Certified for workivade use

Model Number: PNIC24VBSDWIAT
Unit Weight £265g
Dimensions (H x W x D): 12359 ¥ 33 mm

General Description

The pew Panel Mound Power Supply rs the latest offenng from one of the wond s largest power supply manafacturers and solubon
provders - Delta The product range offiers 3 nomanal output vollage of 24V, 3 vade femperature range from -10°C fo «70°C and a
Paghiy dependable mmimum hoidup tme. The state of $he.art design s made fo wilhstand harsh indusinal enviconments What makes
the product stands oul from the crowd is s bghtvveigiht full Aluminum body design which can withsiand shock and sibration agrordmg to
IEC 6D0ER-2-6 Dela's Panal Mount Power Supply aiso ofiers overvoltage andd overioad protection Using 3 wade mpul voltage range
design, # i compabble workdvade. The mput also maludes DC oparating voltage from 125-375Vde. Best of all s excelient design and
qualty does ngl come wath a big prce tag

Model Information
PMC Panel Mount Power Supply

Model Number Input Voltage Range Output Voltage QOutput Current
PMC-24V050W1A T 85-254Vac (125-375Vde 28V 2 10A
Model Numbering
M Cc- 24V 050w 1 A 3
Panel Mount Product Type Outpot Voltage  Owiput Powver Single Phase No PFC Connector Type
C - Enclosed A - Terminal Block

4 - 1P20 Tesminal Block®

[ Al paramelers are specified at 25°C ambient unless othenmse noted
T | www.DeltaPSU.com (September 2013, Rev, 01) AELTA
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TECHNICAL DATA SHEET

PMC Panel Mount Power Supply

24V 50W 1 Phase / PMC-24V050W1AL[]

Specifications
Input Ratings / Characteristics

Nominal lnput Voltage
Input Voltage Range
Normeal Input Frequency
Input Frequency Range
torminal DC input Voltage
DC input Voltage Range
input Current

Eficiency at 100% Load
Max Inrush Current

100-240Vac

85-Z64Vac

50-60Hz

47-63H

125-250Vdc

125-XTSvdc

< 1 104 @ 115Vae, < 0 504 @ 230vac
> 85% @ 115Va0 & 230Wac

<304 115Vac, < 50RE 2WVac

Power Faclor Condorm to EN61000-3-2
Leakage Cugrent < imA @ 240Vac
Output Ratings / Characternistics
Hommal Output Voltage 24vdc
Ouiput Violtage Tolezance * 2% (indlial set paint folerance from factory)
Ouiput Voltage Adustment Range 22-28Vde
Oetput Current 216A
Quitput Power SOW
Line Regulabon <0 5% yp (@ 85-264Vac nput, 100% load)
Lead Reguiation < 1% typ. (@ B5-264Vac mpud, 0-100% load)
PARD (20MHz} < 150mipn
e Tene % 30 @ nodsnal o (100% load)
Stad-up Time < 2500ms & nomenal mput { 100% lcad)
Hold-yp Time = 15ms @ $115Vac. » 90ms & 230Wac (100% load)
Qynamic Response (Ouershoot & Undershiool O/P Volage) £ 5% @ 0-100% load
Start-up with Capactve Loads 8.000uF Mxx
Mechanical
Case Cover Alumanum
Dumensions (L x W x D) 126 £ 97 % 38 mm
Unit Weight 0264
Indizator Green LED (DC OK3
Cooling System Corwvection
Terminal PMC-24VOS0WHAA M3 5 x5 Ping (Rated 300V/154)
PMIC-24VOS0W1AL M3 5 x SPins (Rated 300V7204)
Wire AWG 22.72
Norse (t Meter from power supply) Sound Pressue Level (SPL) < 40dBA
;| S ——— £ nerra

3Ui 9.2 Fayaitilunes Power Supply 24V AC-DC PMC-24V050W1AA (2)



TECHNICAL DATASHEET

PMC Panel Mount Power Supply
24V 50W 1 Phase / PMC-24V050W1A[ ]

Enviconment
Sutrounding A Temperatire Operating  -10°Clo +70°C
Starage  -25'Clo =85°C
Power Devating > 50°C detate powet by 25%°'C
Operating Humidity « 5% RH (Hon-Condensing
Operating Alttude 3,000 Meters
Sheck Test (Non-Operading) (EC 60065227, 306G (300myS™ for a durathon of 18ms
3 times pet directon. 10 hmkg in ol
Vibrabon (Not-Operiding EC G0068-26. 10H Jo 150HT @ S0mVS* (5G peak]
S0 e pes s for gl X ¥, 2 deechon
Polubon Degree
Prolections
vervollage ' € 0V £10% SELV Oulpul, Hice-up Mode
Ton Lafching (Auto-Recovery)
Overoad ! Overturrent » 120 of raled load cament. Hict-up Mode
Hon Latching  Auto recovery;
Oroar Temperature < 75°C Ambient Temo 100% ioad
Mot siching (Auto-Tecovery )
Short Ceecuft bhccop Mode Feon-Latchaig
{Audo recevery when the talt is removed)
Protection Against Shotk Class [ wilth PE" conpection
PE Prosy n
Rehabilty Data
MTEF » 700 000 tws. % per per Telcordia SR-332
Epecied Cap Life Time 10years (115Vac & 230Vac, 50% load B 40°C)
| Al parameters are speciied al 25°C ambient unfess offverwise notad A
3| www.DeRaPSU.com (September 2013, Rew, 1) MELTA
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PMC Panel Mount Power Supply
24V 50W 1 Phase / PMC-24V050W1A[ ]

Block Dwgram
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& POWER STAGE
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e I www Deltal' SU com { Seplember 2013, Rev. 01)

All parsmaters are spacified st Z8°C ambuent unfeks otheraise noted
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TECHMICAL DAYASHEET

PMC

Panel Mount Power Supply

24V 50W 1 Phase / PMC-24V050W1A(]

Dimensions

HxWx

128 x 97 x 38 mm
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Fig. 1 De-sating for Verficsl and Horizontal Mounting Orientation

6 i All parameters are specified ot 26°C ambient unless ctherwise noted

> 50°C de-tale power by 2 5% O

www DeltaP SU com (September 2012, Rev. 01}
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Note

Power supply componants msy degrade  of
be demaged when the powe supply =
eanboududly uted oultide ha shaded ragan
cgler 10 the graoh shown  Fig ©

i fhe oltput copetity s not reducesd whan
sutrounding — sir temparatum  >50°C  the
devce wll run o Over Temperatuae
Protechon  When  sictvated  the  output
voltage wl go into bouncing mode and will
recover | when e  surroundng e
temparstun is lowared o the load i reduted
as for 2% necessey 1o kedp the devica m
working condition

I order for the dewice to futclion o the
orannwer edended. | s also neceusary 10 kesp
i satety distence of 20mm with admcent units
while the dewce i in speration

Depending —on  the surrounding  aw
tempasature and output iosd debwared by the
power supply. the devics can be very hott

f the device has 1o be rmounted i Bny other
ormntabon please do not hesdale 1o contact
info@@deltapsu com for more delais

A MELTA
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Programmable Temperature Control Chamber

Napassorn Suttipattanakit, Pragrid Phasutha and Yannadej Thanasupawut

This project presents a design and realization of programmable
temperature control chamber. The proposed temperature control
chamber is stabliity and efficiency controlled using proportional-
integral-derivative(PID) controller. User can press the button to set
the desired temperature value. Moreover, the target and actual
temperature values can monitor through LCD display.

L ome
Thepurposeofﬂiapmieﬂhloimﬂunmtmelmpuﬂmmai
chamber with lower cost than commercial chamber. By using
inexpensive component such as plywood, acrylic, slotted angle
steel to build chamber. And by using basic electrical component
that easy to buy such as arduino board, fin type heater, metal
cooling fan in electrical system and controt system.

Step1: Chamber design

Step2: Electrical system and contral system design

Step3: Build chamber

Step4. Install electrical system and control system in chamber
Step5: Programming

Slep6: PID tuning and testing

Slep7: User interface design

Figure1 ‘dhlmbnr Model

“o ) () ()"

Heater Chamber

Temperature Sensor
Figure2: Block %Iﬂ‘lm control system

* Solidwork program is used 1o design the chamber frame

» Chamber made from plywood and slotted angle steel

+ Ghamber door made from acrylic and wooden drawing board

» Insulation is used to store heat in the chamber

= Squirrel cage fan is used to compress air thru heater
+ Proportional-integral-derivative(PID) and pulse width medulation
(PWM) are used to control power that supply to fin type heater

Figured:Control system and output signal

Programmable lemperature control chamber can be buill with lower cost
and still work for the purpose like commercial chamber. The chamber
can raise temperature up to 80 degree Ceisius. This project can be
devalop to lower the cost and increase the performance of chamber in
the future by redesign the chamber and improve control system.

[1] http:liemmakerciub.com/2016/06/show-tell/casy-diy-pid-lemperature-
control-aven-tiaszeumaoins/

[2] Riewruja, V.(2557). "iﬂ':n“umsmuquu.uuﬁlinmaini Bangkok: {4
wwaFin dwvann
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