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ABSTRACT

This thesis presents a desien and implementation of the 3D printer pollution
control cabinet. The purpose of this project is to improve disadvantages caused by
using the 3D printer. Based on the operation of 3D printer, it is found to produce
smells and smoke that impact on user’s health. In addition, another important
variable is the temperature that must be controlled to maintain the work piece’s
performance. In the operation of 3D printer pollution control cabinet, the activated
carbon is used to filter the pollution caused by smell and smoke from 3D printer.
Another part is temperature control. Usually, temperature around the working table
of 3D printer is increased steadily. In this project, temperature is control to not
exceed the set point value by the use of temperature sensor measuring temperature
around 3D printer. Peltier sheets are employed for control temperature to maintain

about 30-35 degree Celsius.
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Uszinnues 3D Printer ldlunisfusauagyhnsnaassluadilifudssanssuuia
\Eunanafin (Fused Deposition Modeling FOM %38 FFF) 1{uip3osfiaianuid ffeuldiu
nnfigeluiagi iesanilsmhemuviosmaiataiisimgn laeiivdnnisiauie nns
wasudunatainlvinareiJuvesvarndidneenunduduinuiiin Swnrdnnisviaud
\wsesfuia L iAo masmdunataiin waznnsanwaseiidunanain PLA (Polylactic
Adid) TailoararsudafivsneliiAanfuuaratutuin ndugeswaiadn PLA Tuasadiofy
thamalvsl insneiaain PLA dhivhareanfauaviinna danaududfusulssunded
414 30 Printer tusfodliennud1dy wszervvsiildiatymvisaunwmuinle was
Fremsf PLA duagvusagamgfldidos §1 PLA ineeuihfigamniivsesnn 50-60 o
wadea anarilimtunulindulumutununadesslé

Pndaitlinandsiuduesnuiiitgmndng aganUsensan Usznisusnazidy
Jagmeunaunasadudazinasotiymimaunin nazussmsfiaeafutigmilgumad
29361 PLA Filament fionainlifusudenisld Seiligiainlfdafuuagldiiduns
a¥fudauauanimeinAveasesiuiamuififiovstusedodeiiinannisldauves
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S1MBLarUTE VS MR TUY

2. Lﬁaﬁmanﬂsxmuﬂ1iﬂ'ﬁﬂ‘saqmmmad@'ﬂwﬂmmwmmﬂ

3. Lﬁaﬁﬂmmiﬁw\waaqﬂﬂiﬂim\'awﬁm WU WHUYANULEY (Peltier), Lauwwsasin

gaunnil (Temperature Sensor) 4iufiu
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NeHazAININNYITD4
Y

neufiszeenuuunazlusunsugmuauanineiniAveasesiuiandald azsoadl
mmFlusesineg welinedeanuinlauasiilinudanugndeaintu anudiuguild

fnasalud

2.1 32UUNT2991N1F

WANNSUZIUIDINITNTBIDINA (Air Filter System) anwAENIIVENDUNIATEINTDY
9 1Az Tusgivrwiateseymavasdluileulasviaianvosiinsesainia Jailey 4

ANBUSUARIASTUT 2.1

WanNN"3 straining nann1s Impingement

WNaNN17 Interception nann"s Diffusion

JUT 2.1 ndnmsiiugIuveInIsnseseIne

1. Straining nszuUMsTasintu Wisaynmafindeufinnfunssuaoinaduuialvg
nMosesEnNuduleveInseteIe synnlsinegivesheseniaduly Auanslugud
2.1 Wilagldfiunsesenanduseansainen

2. Impingement nszuiuNsilagiindu Weauneivunalvguaziiniuvuiwiugs
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liannsandaufilumunszuasesennia Seldannsafiesndsufinauduloveinsasernie
¥ aynpfumdouiivutuidulovensesernia wazgnivialy luuisefadulevesnses
pInAUIzLANiazadausisasiidanumilen (Adhesive) 1y tniTuifadefis
Uszandnmlunisduda
3. Interception nszUAUMSHALAnTY Lﬁaawmﬂﬁﬁﬁummﬁmﬂﬁ‘auﬁmm%’ﬂﬂ‘tmﬁa
N384 INARIUNSERaNT I aveteIMA uasiinpdeuindudatuiduleveinsasennia vl
sumagniulafuiduleveansesenmameussfagaszvinaluianafiiiendn VAN DER
WAALS FORCE é’ﬂwmxnﬁﬁl’uﬁmaummwuﬁaﬂ%fﬁ'uniaammﬂﬁﬁﬂssﬁm%mwﬂwuﬂma
4. Diffusion NsvUIUNTEAAARTY Lﬁaagmﬂﬁmmmﬁﬂmn ﬂ'\iLﬂﬁauﬁmaqaunWﬂ
sziiansifeafuluianaveseinia viilinisiadauivateymeiifiansliutuey viod
138n71 Brownian Motion LﬁaaqmﬂLﬂﬁauﬁlﬂjﬂuuﬁ’mﬁu"lwa&ﬂsaammﬂﬁazgﬂ%’uﬁmﬁﬁaa
useRpaszvinluanaueafunsziiuns Interception Msdulnauniadeisiasldiy

nseseNAfiilsEavzaIwg

HANNISNI9Y

o nevivuou (Contaminated Air) gRaaruiIngad (Fitter) Avinzay laan1sngu
yosluiiavinliiinarruaus (Negative Pressure) a1nAnasantuinsesdaduainiad

a¥a19 WIzayNATLINANE gannliludinTes wansfslugun 2.2

JUN 2.2 anMINUYeINIINTaLeINIe

aeAUsENaULAZAMENTUR

gnsesarnimdmivauresufifinsinermansuuusneg uanadslugud 2.3 4
Tssadefindrofusil

1. §aff Usznaudontsguaziulfzu iRy shanTaniinusenisianseu uasi

mMuazaIAlAdeg fedrauty wanrdoudweand watafnasulaui Aunienaliuseng

U



6

(Slash w38 Window) filadimdaldlaonisidoutuideuanilosswinied wielaenisiila
sanuyy (Hinged Window) titennuagminlunsituuisuszian duniesfainy
lugilusuuviiladwiumuguiirmienisinaveseinia laenisuiuszeziannnidsdnuly
vielddwiuduiifndasinseternia

2. vaanlWsingalsa (Germicidal Lamp) fsunalindsiinsesieln (HEPA, High
Efficiency Particulate Air Filter) Lﬁaﬂi’]ﬁﬂ'ﬁﬂﬁa’!ﬁmqmaﬂﬂaﬂmmﬂﬁ’lﬂ'ﬁadLﬂ‘lJ'l lAen1s
linaensansililalandeaninsoudessadiidumniidisanueniadu 254 uluwms g
dosaineuszine 30 Tad alkuasdansihleandanuduuseann 05 ad/misamn 7
32819 1 We naeadenaaiiongnisldaud sz 7,500 4alus uenainnislduas
dansllalansnutelsauds Seinasiansiusa®n (Antimicrobial Agent) uniAZauuusa

4 & - o ) P
Ao iaedalsa walutdundeuldiusnnin

JUN 2.3 3US199096n5890MMALUUAIY

U U

(M) gnsesermieuuulaande 1

() fnsesomAnuulaonida 2

(M) dnT0t0INIARUUAAATL
Laﬂmiﬁﬁlm@ﬂmiﬁmauﬂ,’?ém%’umaﬂﬁf}aﬁm‘ﬁﬁ}?&ﬂfﬁ}ﬂwﬁﬁ?ﬁiﬁﬂﬂaﬂgzgwmiﬁﬁﬂﬂ%‘uﬁaimﬁﬁwuﬂ%ﬁw

lidnsdilagiiadu dnviavnuiilvdaulasient wagdesdnadadadvesenasynasaninisualuld



3. vaealndesadrenigludnsasennia duuldnasnngeaisawudumnalssuna 40
$nd v3e 100 Tnd vasavgeasaleud forgnisldaulszann 5,000 4l
4. wiapauAN 19UsENRUMEAINTMUANNTY LT aID TAaY aealisTe
13A viaanlnaasaing 1a
5. $2UUAIREDU F9919U5ENaUMe fMlaruanssnsnisinavesernie dagnali
uamsUSinaeymaluenefilvaimiessnainiaiasnsesennia gamgd sy Aaanay
Funnaufeudionssualiiihvievawesiraudados
6. vinayu dwiugavseitienna Usznaumenainesuasluin (impeller) fevldod 2
WU AB
6.1 Centrifugal Fan uwansfislusuil 2.4 (n) ffednseiivapiiannn aunsaaia
muumldunn ugaeimadlutioondn fidasiiosnin annsadestui wariosty
msfalwlduritedensaiifsniung
6.2 Axial Fan uamssialusud 2.4 (o) Tusimesiifuwndnnt funszualiii
tioynin fsangn sanadasadeglumunistasiumsinalviosndn Sadeuldiamslugnies

81MATIAQN wagldlusudldfianuddeunin

() ()

UM 2.4 (n) 5Us9veIiRaNwuU Centrifugal Fan

(v) 3UT19veainauwuy Axial Fan

7. Aansad (Filter) Tugnsesonimenadifinsesliunndy 1 du iieifiudssansnmly
MINTeY wazdnorgnisldaursdingss mnseavwanilu 2 sflalugq e Mmnseuden
wazmnsaisdeteldunnnindnsealen

7.1 fnsaawis Aldludnsesemafiogvateviin e
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7.1.1 fansosnau (Pre Filter) usnsasveuiiloufadelifuniim,
nsesazdon iosnuuasazaymavualvg Ssazdednergnslinuresinsesesdensh
nsemenuiiengnisldnulszana 300-400 dalas

7.1.2 §N3939A15UBY (Carbon Filter) WWuufusiudainf1aq a1u1sa
AnFU (Absorb) AsanUsnlnsianisufiasieg Hldun Aadudmdn 11y 3 dawvesimn
dufuifud fnsesarsusustanan KMnO4 n3a Aluminium Silicate ifiatasaandlnd
(Oxidise) asfiwunaniln fegratu weoinadled venaniliienanavansilelart (Zeolite)
Fsannsogaufaueslindouazufalelasaudalndlis

7.1.3 dansesaziden (Micro Filter) ¥na1nleudia (Fiber Glass) #3o
nsziies Safeuulasefiuiumtlifioniadeing annsonseteymalueiniafiffvuadn
faus 0.1 lueseudumlildifavuun foshamu du avesunaseenls 1os1 Wouuailise
dnsuliiadedivunaifion 0.003-0.05 lasou ganseteenvmamAliinszliaiinaslsiog
wuudasy uisineguusymeiiianalyainiwiadug shnsesazdongn§endounnsaty
oonlumansavinmlunisnsesayniadsil

1, sansa g (HEPA, High Efficiency Particulate Air Filter) Wi
fufifalun1snsas (Extended Surface Filter) TngvinidugasansasmieSeaidusuid (v)
annsansedeumMAves 0.3 laseuasnatneInirlinnisegas 99.97 Wusnsotaszidun
vilafifonlugnseseinminiian ileswinyinernidliazoinléi (uiiudu 100) wazilany
nsldnuu 5-10 U

2. #7n394U1 (VEPA, Very High Efficiency Particulate Air Filter)
frnuannsanseseuniaviia 0.1 laseu sanatnemdlduinndn 99.9997%

3. fians999aU (ULPA, Ultra-low Penetration Particulate Air
Filter) anunsansesayniaymn 0.05 luaseussnananialauinnit 99.99995%

7.1.4 fanseanas (Post Filten) LHudinsaaneudugaiine anadau

furiuud Herdpnautazdsanysniioravanasnsenuludugaie

7.2 fanseadendnddluiaiomanainie (Air Scrubber) Seldsauiugaant
winiiviothanadeis fanseadisnazimihdigadu vievihanefwvadlavasansiaiiuag
WRaR199 1Tu 3R A Sadled Alau anlaleu Usen arsiudundad 1a Seasdasannis
Uaeniasasilaingmanianimdesengoinianisuantiosufifinisly veavaaiildmen
ansfwmanifivaneviin fagratu 1-5% NaOH (ddmiurndaufarasiu ufadamesln
aanlem wazlevesnsa HCl, HNO3, H2S04) 1% NaOCl (Igdmsunidaniunazlovss

a1sazangdunsd) 1% nsadnsn (admsumanniavauluile) Wusy
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mswenemeasissnseadoninulemsldiaiesgu (Pump) gavesivanfianzas
(Scrubbing Solution) A nfafvdanuidaliiduazesswuindnlunnnsenuiinzunss
(Water Web Mesh) #4flea1vhan Polyvinyl Chloride (PVC) Mﬁ'\mm‘iu’umﬁ’wmgm*uaa’luﬁ’m
gromAderuiinsenlen arsfivsineg szgngeduliluvaavadiiliddaansfiy anniadi
russnumdInsudeniedianuuiqviinntu duveunmitfiarsfivgnidesfisluvie

gnaanduanl¥gan uansdslugui 2.5

= o o v a oo
sUN 2.5 (n) lassaisvesinnsesuisriindinsasasiden

(1) nsanRaAlInTantunluAsaavanainie

FUAVDILATDINTDIDINA

s L4 @ 1

A oo ° o a £ a a
\A3ReNTeseINAlIT s iemAuTans wasliingUsrasdniaaneiu n1suuie
AIVANAINUAIL

1 s F7 ) -
LUIRINANEAULAS IFUIY 3 YinfD
@ P A P %) ° o
1. Industrial Clean Cabinet L'ﬂuLﬂiaqmma1mﬂ'ﬂaaﬂLLUU“I,wmmzaummmm

m«‘%mmmsmma”uﬁmm v ~ LY L L .
LONAITULUULDNANIINENIU 'Jﬁ?‘ﬁi‘Uﬂ'ﬁﬁL“NWuLW@ﬂWiﬂﬂUWLWWUU VL:ua‘Lgﬁywmﬁlwuﬁiﬂ%ﬂiﬂaﬁwmumim

lidnsdilagiiadu dnvivnuiilvdnulasilent wagdesdnadadadivesenalsynasaninisunluly



10

2. Biological Clean Cabinet [iugnsasenniaiidasiunisuuiouratoyninain
MeyuangnseeeIna Fee1aseniwluviie “Jesiunandn” (Product Protection) Inenns
Snwanudunelugligeaninuduvesenianeueng

3. Biohazard Cabinet fguldnuniaiugianssy 1unahiiaing wa+ vieinae
melugliazarnlaglidinges wardaafunisunsidalse a13%ed arsouzie 1a aanan
UBNANTBIBIN Iﬂami%’nmmmﬁumaiuﬁﬂ‘immmﬂ‘lﬁﬁwﬂ'jwmmﬁumaammﬂmauaﬂ

fnsesemedntles ileUasfunisuudeunandn doafuduitfom wasdilagluuiion
1nd1Aea (Product and Personal Protection) ‘H%@Lﬁaﬂmﬁ’uﬁgﬂﬁﬁamuaﬂ’mﬁm (Personal
Protection) ﬁﬂia&aﬂﬂﬂﬂﬂjﬁﬂﬁmﬁ]L%Efﬂﬁﬂ%a‘mfiﬂ’i’l “Microbiological Safety Cabinet” &4
annsauldeseenlaliudn 4 9femiderunuad National Institute of Health (NIH-03-

1120) fiah

& o

Fuil 1 (Class 1) sanuuuiiiotlostunisunsnszareveadelsa tazarsinileanunide
Uiluemanmeuen dussludussedafuiiiau wedegluvinalndifos dnseseme
mﬁmﬁﬁnmulmam‘s@ﬂmﬂmmnﬂwuaﬂﬂhuﬁuﬁﬁﬁﬁ’ﬁmu (Working Area) H1UsIN584
ey lushnsasauden (Micro Filten) Ao namnimeandnieuantisnm (100%) lusas
Uszanas 450 gnunAdiums/alug kazdnuidiaumng qeeenates 0.7 was/Awnd ifledn
Uszadnsasemiauansslusud 2.6 (n)

Fuil 2A (Class 11A) BuvhaulagnisgneinieainaneuentiteseInIA (Grill) Fu
uenfnsesonmmhuiuiiufiRnuasgiuats dhiugduuumsosmtuimmdsornmediy
{iuszanndosas 25 gnivehushnsosauBunasndeinirneuon anrduiuaeilisy
s“hﬂ'iaaamﬁamﬁﬂﬁaﬁﬁqaaqﬁuﬁﬂﬁﬁﬁmﬂuum?ﬁ nistvavesanmiasianavitliAs iy
shuematesiudalsauazloasiall snusonuinistesemafuningnsesermamuids
axluwnfauas mnusiaudngnsoseniriieiusgain 0.4 1ms/Au7 (BS 5726, FS209 B)
uanaisluguil 2.6 (2)

uiil 28 (Class 11B) Yioumiloudad 2A uanseumsefisanuuulienimeang
mevenUsznafesas 70 uanssaluzui 2.6 (A)

Fufi 3 (Class ) wnndsandudunsedifigeasnsannd vieillonsu (Neoprene)
Uatesermemumih enaneuangngaiingnieluinusnsesazideadimunindigaiely
WufnsesaziBamuuugnseseinimiuiuiiu o LLﬁqﬁqiwauu%udﬁwuuuﬁwuﬁa
nsesavifemoangdeiniAnieuanivun ludnsussuna 180 gnuaafiuns/dalas

Lgamﬁﬂugm‘f’i 2.6 (q)
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Ui 2.6 (n) AemanslvavesenidlugingesenAiud 1

2
s

() ﬁﬁ'mqmslvra%ammﬂluéjﬂ‘saamm%um 2A

D

(A) Birmnams navespndludnsesomniedud 28

(1) imyamsinavesenialugnssseniatun 3

' ar 1 v e a o
LL‘Us'iﬁl"l1.I‘s'-lﬂm#ﬂ'ﬁhﬂﬁ‘ﬂ‘ﬂi‘iﬂﬂ‘TﬁLLU\iE]E)ﬂ‘LﬂLUU 3 YUAAD

1. sime1mdlwaau (Turbulence Flow) ialvienirAazainlaenisgaainiaanysn
HUINTaaLe (Dry Filter) w3asanTastan (Wet Filter) wdrdenssuaainrazain (Clean
Air Stream) 28A3LIBINBYAIANILUBNGNTBIBINA Uian1Aneludnsasainalinng
Inaaunanefians Suinlkeynameg gnindneenlufivihiiens mmwazeinvesenimegly

141,000-100,000 fe 819ty fannfurdnilifanses (Fitration Fume Hood) waz

s

Microbiological Safety Cabinet du#i 1 dudnaniusiaiviearnianielug dn1slwau

wiloufuudlefiwvIoauniarie) azgneaesngainianieuanies Taerulumuviedeilald

U

Mnsas shifudeneliiinuanessamalaunn daeatusiaiivioudsseseantfidu 8n 3
WUy fg

[ = v

wuu Conventional iuwuufinuléluwasufifnisig T mmﬂﬁnﬂmauaﬂ%‘mﬂu

= W 1y nv ) = o s a |
AANNFARALNA ALY TUAD '\ﬂJLﬁrJIU 40-120 WH/Un 'Ll 3 140 HN
L@ﬂﬁqﬁ‘HLUUL@ﬂﬁ'ﬁ GNIE)! '}’aqﬁiUﬂqi %QWULW@ﬂqi ﬂ‘H']Wnuu He ‘léﬁy']@rst TJTWLQ%%U@WUﬂ ﬁ\ﬂ7

v v v o
v a =

lidnsdilagiadu dnviavnuiilvidnulasilent wagdesdnadadadivesenalsynasaninisunluly
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AMundauaziuniiusiuumiila (Baffle) ldemadsnislugesnlunuvieszuieseng
Meuan mnTwarUiinaemailvaiuiuivjifouaansamunulaonisideulssgd
X | b= é’ a4 awva = - o Y, a
Tuas namAeAMTIee ML naiuiuiRnudunnigaiioUssagdUaiovain uay
mnaszanawnusdudlaldauszgdnindudess
- v o o o : = <
WU Bypass aanuuuLiteantaiduvesgnaaiuiuu Conventional Aflmnuisavas

augannilaUaussgdiievain Geenailiingiuidng aeludpeaiuiianisisnszane

usninldie fefurladifiuvedienidlvainfivinasuuuasfiuane sssad vl
anurvesavitluaiuiivU iRl dsuwasnnluannstaviadngin

WU Add-air fimnuuanseInasuuuusnnssiisiviegainranmeuentinute
ldgomAneludgaaiuasn ieaansgrainianigluvisseanunifunnusnfulasans

osUSuaINEILIALE D

U 2.7 (n) AevanislvaveseniadalauaslaUssadiuy Conventional

U
(v) Brmnamsivavasemaileauazlnussgauuu Bypass

Laﬂmi‘iiﬂuLaﬂmiﬁaﬁ‘}?ﬁ%ﬁ%%ﬁ%’l@%ﬂEWQH%%’%@%@@%WWJ%@WHizia%ﬂé’mmié’w

lidnsdilagiiadu dnvivnuiilvdnulasilent wagdesdnadadadivesenalsynasaninisunluly
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2. vlimemdlnalianiafignluwuiuau (Horizontal Lamina Flow) vinlennie
azaralaunsidienieruusiuiinsesazBeaiiysdsdinuluduudy senungduningds

\Ualas omeaglnaluiiemafendussifevainaualufiniemyuiu Swemnsavirliennie

azaalanety 100 duviiafdesiuduitRnu inuwuuideniuusenialuandufiania

U

Au

d = L = = =
JUT 2.8 (n) Arvensivavesenmdlugnsesernimiinernialuafianiafienluwuieu
wuudeanunanan
(v) fidmnsnsinavesemalugnseseniariaemealvafirniaielutuiuoy

wuudesiuduiFieu

3. wilaomAlvaiiamadealuwuifa (Vertical Lamina Flow) viliiainieazenn
Tnegn v3arennesiusnsesazBunluutnfendiuuugfuiu fofenu (Down Flow
Type) n1seenuuulvemdluaiiuszidevluieniufsregrainanelidfinislvaiuves
o e iliduszaniaanlunismdnoynaléd (mrvazeinveseiniaegluty 100)
usnanvznulusUvesgnsesenmuds auliluguvesgerquiameiuiififasnisdeaeain
Tumsirdeuineuasimnzaufunuunassian fegiatu inaueissussgesminide

vinasidn uiiashugdiegnivasn Wusu dauwuvennirlvaluwfsenduasiug
AU (Up Flow Type) ffananisinasesennialumenseatudiy waldfeuldunmindu
rilnendlvaas ndnduiedsansesernialusiowmain anafinnsesnwuulfuanaisluain
wuudnanudtieiy ileufivussaniamlunisnsesernid Tnefieuusnsafdlumums

yiauaydnIuvesinTenly
wnasiiluenansianulidmsunmsldnumenisfinwmingu ldeygalinhluldussleviiunism

lidnsdilagiiadu dnvivnuiilvdnulasilent wagdesdnadadadivesenarsynasaninisunluly
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2.2 BANNISNI9IUYBILATDINUNEUTRA

2D Printer

2D Print

5UN 2.9 dnvaisreunIIiuiELlALaya0 iR

3D Printer w38 Rapid Prototype (RP) w3afiaulnaiSantasosfiuniauild wioafius
audaduildtuaniov 30 Jud wildifuluedate luussmuunelng wielu Lab Tnaiq
winiu W eldFuanufentudlisiuaumn wasiisatana ileuszsnad 2009 dias 30
Printer Huausaaetuswiiuingdudads (3 §R) frmunin-dngs ivdounias
Printer uwuy 20 Midlaeluifuvivindasuunseny 1wy mafuignuoaasuunszaiy
(20) 9zléinszawiilisugnuaasy wivnnfiusiann 3D Printer agldanvaansanauuindsuy

Nla

WANNITNI9IU

3D Printer \iauvniaIaatulivanmsifediu Ae fuvaedld widuluwnszuuiuiiy

Tan XY nau duiifunifen1ndneing Cross Section vaeingiue 1aa waftuviiasaluasa

fduduaesrzifouguiuilufinddudaly fudluisos vasios wareiudu ausanin
= ' aa = & | P a ¢ =l o Y o aaa

Juguseauiid nsideuduvseas (Goulunwinnu 2) vesgufiaus desihliiiadag 3
o alg v . | ) a _ a = 2 - a '

wiin#ildvas 3D Printer unnsnaiuesn virlafiuilnedndunarafinoanuin visudany

Wns3uaonut wargrunadbisdundslunrazdu vissdadadiuud 3D Printer adat,

11M1a 3D Printer ¥nuuy viSaaLduwad 3D Printer Aunisiuaensidudy Tneundiuas
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JannuazBualunisfiuviveaaios 30 Printer luniheluasewu 1wy 100-Micron (0.1mm)
Aot ‘wmammdﬂuuoﬁas%uﬁm‘%awxﬁmmﬁﬁmmq& 0.1mm G‘{qﬁ?umﬂ"[mmaﬁmmqa
10mm iA3asfiuiazRurivianan 100 $u winfiufifinuaziden 50-Micron Latasasfiu
Faun 200 Fu FawrusufiruaziBon 50-Micron thildnuasBsandiuagaisniuiuoy
wildfnanfintuussanauing Indgildsuiedesiusianudifdudulndauia Lmuﬁﬁmﬁugﬂ
amwmileuluieIesRuivunszatwialu 30 File fo19a%19910TUSUATH 19U AutoCAD,
SolidWork, 3Ds Max, Zbrush, Maya, SketchUp %38 PhotoShop Sulusififidrufl Support
3D Printer

svuudadunatafin (FOM w3 FFF) Wuedesfiuianniia Adeulddusnianly
UagUu findannisvinnufe msvaemdunatadinlinanaiiuveavaiuaidneanundudy
H1UEn (Nozzle) malSouliisuaslSoudiouldiudiunfldsumaly 1n3es FOM 3D

2
@

: o a 4 a - | - & = o
Printer ﬁ]ﬁ?qﬂLE{UWﬁWaﬁ]ﬂ“ﬂQﬂQﬂaaﬂuﬂ LUU?UTNINLLHULLF]U?%U']U FUBLATAYUNRUIS) NE

Aunlutunie WU 1leasuraissos wiavatenuawwes fazlaaanunduingidafiu

9

Material Print

5UN 2.10 anvaziaIssiuiauiifuuussuudndunaiain
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< o = N v & Aa s Ly ]
Wusyuunlleuiian uasgnfige Tladuaumndssian Junuiifivdaunsada/uny

9 U A
v

wela anunsaldduduaiuluniesdnsle drunlylaasa dnftamsesdiarnsalddagla
NaINMany Lazn1ladnenuvianana Lwu ldu PLA, ABS, Nylon, Wood (wana@neaulsd),

Bronze (wanafnuaunaavdeq) iusiu uideidefie Arnuifiuieenunlusesssuudun

2.3 uruinAuLgy (Peltier)

nssnunshanudusessuuyhaby Aldreunsawesiiumgadaansyang

e A a v ) | aa o w Il = o g
By fetlluFesidieiquinsiuegua ludinuss9iu mszliiazdussuuimandy

AN sEAUgRamMNTIN MAUfeTEULLeUS agliy Aldnuiuluasisou Aauudumdy

Lil

= & @

syuuvanuduildreunsaasidusduiniou Feszuuvhanuduildmaumnsawaiiy
hduindeuil forudundnmsmanuduinyedaindy uagldnumnunuiviest uile
Lundlinds Sudmsdnednvlguauvvesnisyimnuiduinldnuegienseds ludnvus
A3 UL UUNAAEAA T UTEUUIALLEUR T AR S ALY B S gsnnsvhanudulugiuuul
ladesldmasnsaiwes wiadruilunalnduindoulng warlddesldansitanududu
o = | o w =, o & M

fnatslussvumileuguimeyindu wsstdunmsynanuduildainnislraveanssualiin
1 dl’ o/ ) o/ s 1 ddi I I3 = e = € = &
Wruarsisiadiudnnisianaialaedt imesludianyia aalaas waifles TEC
(Thermoelectric Cooler Peltier) Fudutkuiiannisoastannudulafiaiunils vazlass

14 aal o = = 11 2/ ' 5
AIUIDUBDNUINDANTUNUL LWENLLﬂﬂ"IEJIWﬁ’WﬂS&LLﬂG]‘NL‘U']I‘ULW?uu

3UN 2.11 dnvarvoauruiaubu (Peltier)
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UszdRanuduan

dlod A.a. 1834 tniveneandvdiaea 2 au Aifidedn wisud Sadianed (French
Watchmaker) wae Sy v151ad losuad naliies (Jean Char Athanase Peltier) laAuwy
UsingmsaifiSendn maiiesiaviding (Peltier Effect) Tnevisaasiddunuin dlevinisene
Inszuansddiituansiafnd wdmuihfiionas duee sansieihadousn 1Aar
Soutuiiiia (Hot Surface) uavfiimeansduvesansasnidnsdafiAnanuEuiuia,
(Clod Surface) IneiRntuaenndosiuiianienisinavesnseualudih uazlumanduiu &1
winfinsWenufeudiiadunilsvesansfsini AavdsaviliAauiasensatudraduls
Aenduusesuluiduan Sond Fudalaang (Sec Beck Voltage) Tassadnadasduves
uunaLfies (Peltier) Usgneumeaisfiasithvdady (N-Type) wazuiail (P-Type) uy
wiaifles (Peltier) wuulasisinaglse gnasieiunnaingas 2 uiin 1Hun Jadfa Bismuth : B)

Fadusiaifiarezaou 83 uazdndmilafie inagay (Tellurium : Te) Fadusigiifias

D¥MOL 52
HEAT ‘
ABSORBEDY
(Cold Side) il 1 8
. . p-type
"= sgmiconductor
Conductor -

RELEASED
(Hot Side)

= 1% & v e .
Eﬂ“ﬂ 2.12 T,ﬂ5Qﬁ3WQLUBQWU"UE]\1LLN‘UVﬂﬂ'ﬂNLﬁu (Peltier)

C Y Wall By
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NANNTTVITUVDILE U AULE Y

ddﬁ 1

wann1sviuve i uianuduwaiies iy [Jundnnisidden wmedludidanin
(Thermoelectric) ndnnisvhanudunuuiiintuld Tnennsldansisitiuuy f-dy (PN
Type) Tsansfadiniuuufi-+fu feduusynaundnussuruihanudumaiiies Tnonisvi
anuduazintuldfsedle fnsergliihnssuansa (Direct Current : DO) ve AT T
uruvhANuduwaies wmsLﬁaﬂ‘izLLa‘LWﬁnLﬁumamu"j’aaﬁﬁﬂmauﬁ’?xtﬁumsﬁaﬁaﬁmé’a
fastfanisviifsentu e wufdu Seeilniy definszualwitlvaru fos
fnspanduiuvedidnaseuiindeusinssiundsnusmaiuasiafuhuuud ludseeiu
wé’wmﬁqqndwmaé’wuaﬁﬁqﬁqﬁmwLﬁu nszUALNIRInamamalFRiduvisvo awHy
waiflesiinsgandumaniou fefldanmnuouieginoseutiues iearuely
vinaseuq gngavdiun Aasvililuviuaduiionmgiivhas fedwdifedurianudy
Tules uarlunsidieniu ﬁ%Lﬁmm‘a@mnﬁwaqﬁlﬁﬂmaumn'ﬁxﬁuwé’amuﬁﬁa Tuansia

] s

nhuuuey qsmuwé’wuﬁﬁ‘i’ﬂﬂfh Tuansfsiniuuudl dsaliAnnismepmiuieussnin
fusnnimihwesdnsunils

Mavdnnsvhawildesugtuinsudy slfansodishumaiiesiilssendldny
Wituvanan & ilaaimuannmiliri nsinamddludunsihnauindssandld
U LﬁaLﬁuﬁﬂwﬁwmﬁaﬂﬁ“w%’Uﬂ'ﬁﬁ'\mmﬁw‘%aamqquﬁ wuvlsifosianissuuiin

I i 2/ &
ANMUEUNTTADULNT ALY DS

HEAT ABSORBED

- -

Ceramic Pl_at es Metal conductors

—
(=) Negative

(#) Pusicivc Thermoelectric N,

P Elements
HEAT REJECTED

5UR 2.13 wENATYULE e s uve YA Y (Peltier)
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AuauURvauHwiAdY

1. dledauluiinnszuansudndtu aslimuianisaiommdsnunnudouduinly
sunilefounazdnduniisasifu Fadusouazdauii 90 seen fatumsiiususs ey
Souldliiufouivauiamudemetuld daususursifuauinauasfiie (au 5 Sau
10) FuagilvuinuazMdswasuiy osnidunisiiauduitligenn dudou Lifesld
thewhamuduiainisthuldounisieanudu vdeusag inane

2. evliduniisdeunasduniadu szviliiAnnssualniieanuiansiudy
nszuanss sndeualdnd s numnudoufindeddinduundulniniethuldnudely

3. laifidsauaznsindeulnluvasiivinay Sslidadsssuniu

4. ﬁmmmﬁﬂﬁqmmzéwﬁa;w’iumsﬁwmwmﬁu e wranglwiaz sz vy
Saudanunsaldanula

5. 91mlganuuuiy 10 U

6. WNLALULASHVUIALED

Aragramsthusuiianuduluyssyndldny

2
v @ s s

A sqv g o A i - o ek s
1. ffunaciies [udifuniowna sy don udu Fadudidunivvinu Tnenns

U

<

UH VWAL 251 ARLHUSZUIEANIS D ULAY ARG Ausauliuens ﬁmzﬁul*’ﬂuﬁ LA
wrasanalunszuanss e Meaglnvasrauiimes, wralaasivas wndielwiiy wihiAaels

siunnadnlildnuiuanslugui 2.14

d s 2/ =
JUT 2.14 dnvaisaeadifumaiies
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2. WOSTUIALANNTYNNYNAATE Auglau Wewededlddunuiuanndu ngsdmiu
o ¢ & Yo & o < v
Muesvunanlvdnifoudng lures

3. Fawaasguan vinbiihluguanduasdutminiou

4. syuuhmaduauyana Wuanesadediofauduiwaiiies lindnnsiinideiied

udenlvaiileidoatgaumgimaevyuieuluismerilisdnauietu

2.4 NWHNITAIUANKUY PID

TEUUMUANLUUAREIU-UTUS-8 WS (PID Controller) ussuumuauuuutounay
fldfuaenininenne Gaeithlulilunsdurmadudimisfanaaiivananeniuuanss
vosfudslunsyuiunisuaginiifesnts famuasaznesuanmAnnaaliivietesiian
fensuuAmdyauidiveinssuiunsuagsadaklsves PID Aldazusuildsuniy
5ITUNFAUDITTUY

FBuraives PID uagivamiuysie adadau, USWus uazouius Adnday
fmunanwavasnmiianaislutiag iy, Ausiusivunnnrauuiugiuresasiany
Aawanniidaiiarusiuly, tasmeyiusimunanrauuiusessasnisdsuudanos
fanuAsmann tndnfidennnssisiue e dilunsuiunssuaunis

Tnen1sufuansiily PID MmuaEaansayvsvkuuasavaulimusfud
N3EUIUNTTABINISLY NisnavauetesinuAnageglusdvanislufuesfnuauaui
AIAURANAIA AN AL (Overshoots) waEAILNIIv8 955U (Oscillation) 35 PID 'l
Suusziuldinussuumunuiimnzandign uoaansavilinszuunisiianuatios
uiuay nsUszgnAlionuinie el femilaiensguuuy Susgiunssuiunisudiy

PID U ATIRZYNITENIIMITAIUANLUY Pl, PD, P w50 | Buagivinlduuuulatia

» P K e(1)

3
—Setpoint Err Output—»

JUN 2.15 vdenlaesunsuvesnismvesnuuiiled



21

NMIMUANLUY PID Iddemunissaniuvesvenvessiuusyiammaaunisd (2.1)
MV(t): PourtlourtDout (2.1)

W18 Py, lous 48E Doy MIUNATDA U0 10U19BNAINTFUUAIUAN PID 2 NUGALINDUT

denumusigazdenmuais

s

AU

WauvesdadIu (§ns1ve1e) asldsunlaududndiuvesarnuiianain nns
nevauaatdnduansavhldlagnisammALianaindieansi K, niefi3endn
SRsvNTdng U

wanveadnguaz dulusuaunisi (2.2)

W Py = AU UT00nTeNmBNEnE Y
Kp = 8n31vengdnany, sawdsusumle
e = AANUEANAA (SP-PV)

—
1l

L2817

o at 1 d‘ 1 = EJ 1 af 1% =
HASnIv ARG MAnuAaaInszUisuasnnuiy udigaiulussuy
agliliafiosld lumemssiudunavesdnsiveiedadauiin ssvununazinansuauase

nszUIUNsUasmulUme
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15 T T T T T T T

Kp=2
Kp:% —
1F
‘K Mgt

Kp=1Ki=1 Kd=1

T T
reference signal

05F .

0F— g

1
0 p. 4 B B 10 12 14 16 18 20

d 1 éll o ! 1 d‘
JUN 2.16 N3 PV fialaa wiaimunen Ky tTu 3 fn (K was Ky Aeil)

USHWus

NAINWaNUINUS (Reset) LUUAAA I UVRWUIAALEAANA N WaZILUEIA1UIAIY
Aawann wasiuwesRmAnraInlungILIan (Usiusvesmufianain) sxliaowwnazay
fimsazulunounii AdiianaIna sasIzgnAln g SR B UTHLS RV INATD

1 o

WaNUSNUSIEAMMUALAL NIV g USHUS, K

wianUswusazdulusnuaunisi (2.3)

lou= Ki [ e(r)dz (23)

e |y = AYQ 100N NNUSHUS

Ki = 8ns1ve1edsnus, swdsusuanle
e = AANURANAIA (SP-PV)

t =1

T = fAsiten

s , A | o

weanUIwus (Weswiuwendndiu) azisanszuiunsiidngyaiidans uazvdn
Auianarniwieagiiinannisldiewnaudndiu uiogalsianumenyinusilung
mavauasamianaaazasluedn JansavihliAndwaiuld (hugefidesnisuasiia

AsHULUlUNeRANI99Y)
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1 .5 T T T T T T T T T
reference signal

sU 2.17 09 PV siavaa) dlarmunan Ki Wy 3 a (Kp way Kd Asi)

ayUWUS
BRI INITUAUULUAIVRIAIURANAINIINATZUIUNTSHY ATUIIRITINALT UV
AnuiawaInynY a1 (dufs Wueyiusduduniduiusiunat) wasnuiesnsvey

BUWUS, Ky TUIAYBINATBINELBYWUS (U19RTA5EN §Rs1) TuiUshIIveeayius, Ky

weveyiuSdulusmuauns T (2.9)
d
Dowt=. K4 Ee(t) (2.9)

W8 Doy = ARUe)10uvI08NYBUNDUBYIUS

s

Ke = ansivengayius, faudsusuanla
e = MANUAANAIR (SP-PV)
t =1

weNeyusIzIzandnIINTIUABLLA wasdy N TR EUUAIUAL Tazay

'
1 =

Wszuumunuinggaidesnis fduumeneyiusagldlunisanvuinvesamjaiuiifiagin
wonUsRUS wagvihlilafissnmwveanssiuiuvesssuuniuaudtu sglsfinueyiusvas
dysumungnuanglussuumuauashiunnsenmssumulumenvesemiuiinnain uay

v v ot u ¢

annsavilinssuiunishitatiesld Sdygrasumuazdasvangeyiuslvnaluge
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1 5 T T T T T T T T T
Kd=05 reference signal

Kp=1 Ki=1 Kd=1
05

Ul 2.18 N5 PV slavan ilermunen Kd 1Tu 3 A (Kp way Ki Asi)

G ERPEY

(2

wandnadiw, UIWuS, uarouiius avihinsaufuludyginmioena nisaunuuuy

o

PID vl u() Wudyannmesn gun1sgayiewesis PID Wulumuaunisi (2.5)

LA

u(t) = MV(t) = Kpe(t) +Ki [ e(t)dt +Ka % e(t) (2.5)

nsUTugualeie

Srszuuinsriiny Suwsnliiee K was K, \urud i K, qunseisdaynne
aaniinnTsunaa (Oscillate) wdamedn K, IindonimilsvasendidliiAnnsunisdmsums
AaUAUDI¥UA "Quarter Amplitude Decay" wandiy Ki ﬂ]uﬂsxﬁ&@ﬂﬂﬁﬁﬂgﬂﬁaﬂunmﬁ
waLlgareanszuIun1s widh K wnluasyilsliiadios Tduen Ky aumgﬁ”&qﬂa@‘iumﬁu
fleousuld usdh K, inniulvasdumalinisneuausuasionefymausauiuld Undins
U§ugu PID Eiinlanesyaidntiosasteliingyaiisesnaiatu udluvsssuulianunse

vaulviiinlaiiaiyale wazdnan K, vesiiulufashliiAnnisunds
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o a1 oA
A1599 2.1 HaT2INITINNAMILUSDEN9DATY

, P . NAgaNna | AURANAINED LA
. a1ty | lawesyn . -
AU (Settling ] LARYIATN
(Rise time) |(Overshoot)
time) (Steady-state error)

75115 Ziegler-Nichols

Tnstiauslng John G. Ziegler uay Nathaniel B. Nichols lunSafneissu 1940
H v 4 =1 Ty =1 & a a { ]
Fuusnlinse Kouaz K, iumud iudnsivens P aafian, K, aunssnasuianisunas i

1 U 1 1 1 o/ Ail L= s A
A K, LazAIuINITeAe Py 1WA US IS aNIeNT 1N 2.2

A15197 2.2 Ziegler-Nichols Method

Control Type Kp K; Kq

wnasiiluenansianulidmsunmsldnumenisfinwmingu ldeygalinhluldussleviiunism

lidnsdilagiiadu dnvivnuiilvdnulasilent wagdesdnadadadivesenalsynasaninisunluly
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2.5 Arduino

g‘d‘ﬁ 2.19 UasA Arduine

Arduino 83131 (91-0-9-14 %38 3nelu) LﬂuuaﬁlaﬂmﬂaﬂmaLaaﬁfmsqa AVR 3

Y 9

N139WAILILUY Open-Source Aa iin15ila e doyanafiu Hardware Wa e Software #72

77
L 4 v =

vesa Arduino gneenuuuiilfulding fatudummed wivdBaduinw Haiildnuds
ansafinuag L wasinuTrRasaniuasausalusinTuse liE Ave
A8 YB W SR Arduino lunnsdegunsaliaSumiag Ae dlduaiunsasedsss
dilinnsedadeinarsusnndaiiaustaidnniiu 1/0 vesusiauanfislugui 220 uieiite
AMuazmNAsadendefiuuesmas (Arduino Shield) UssLansnas wanssialuguil 2.21
L9 U Arduino XBee Shield, Arduino Music Shield, Arduino Relay Shield, Arduino
Wireless Shield, Arduino GPRS Shield {lusu 1nidsuiuuasauuuesa Arduino Landey

TUsunsuwamusale

sUl 2.20 va$a Arduino ferfu LED
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sU 2.21 uesa Arduino siefiuvein XBee Shield

Layout & Pin out Arduino Board (Model: Arduino UNO R3)

28 —=
o as
-~ " uw il
3.mefa ICSP ; vy USB interface EEE g2 =
s 2 £2g-4 4 wodn VO
G G

2.0:1 Reset

1nafn USE

I | Snods ICSP: Atmega32s

10.MCU : AtmegalbU2

0.5i93 Power jack 7-12 V 6MCU.; Atmega32s

...............

4 .

2 Taofa /0
2wasm Power

AG412C) SDA ||
A5{12C) SCL | I

SUl 2.21 dhutsznaumesuain Arduino UNO R3

1. USB Port : [duiusiadiu Computer iftedninaniusunsudn MCU wazsaglu
Tvfiuuesn

2. Reset Button : 1 utjy Reset Tnaifladaanisl MCU Funisvianlvsl

3.ICSP Port 94 Atmegal6U2 1 unasaiildlusunsy Visual Com Port Uy
Atmegal6oU2

4.1/0 Port : Digital /O #awsiwn DO 1 D13 uananduns Pin azvimiinisug
Lﬁmﬁmﬁaa LY Pin0,1 W Tx, Rx Serial, Pin3, 5, 6, 9, 10 uag 11 v PWM

5. ICSP Port : Atmega328 Junesnfildlusunsy Bootloader
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6. MCU : Atmega328 11 MCU fildfusuasa Arduino

7. 1/0 Port : uananasidu Digital 1/O udr Savdsudutesdudygaeuidon fu
271 AQ-A5

8. Power Port : lniiissvavasadiofosnmsaelwliiuiasaiouen Usznaudhen
Ides +3.3V, +5V, GND, Vi,

9. Power Jack : §ulW91n Adapter TmaﬁLmﬁuagswdw 7-12v

10. MCU 984 Atmega16U2 iy MCU fiviwiiiiidu USB to Serial Tne Atmega328

yAnRaiU Computer KU Atmegal6U2



Ui 3

YUABUNITNLATIUY

Tumstaiilasenu SasgaivatanmemMavasasasfiuianuiinl daruusznauild

Tunnsasnauau Inewuadudiuves Hardware uay Software @3Usznaumesail

3.1 Hardware fl9lulasaanu
1. wwaties (Peltier)

Wunsuiaiunsaadesrnudulafdunis wazdassmiusousanunfisnmumnil

Tnedaeaelwiinssuansudily

g‘dﬁ 3.1 TEC1-12706 Thermoelectric Peltier Cooler

2. NeaNszUIgaINd

= o i 2/
3UN 3.2 Winaw lay Heatsink 33U18AUT0Y



3. Arduino UNO R3

duvesalulasraulvsaaesfldlunsmunugunsalsineg

MW VT Mm NS
1 [} 1

¥
DIGITAL (Pw~) E &

sUTl 3.3 Arduino UNO R3

4. Driver Motor

- 2A Motor Drive Shield (L298P) lglunispavaunmsyiiuvaswamesiaay

5Uf 3.4 2A Motor Drive Shield (L298P)

30
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- Power Electronic Switch Relay -1Channel Kits Power MOSFET (55V 49 A
IRFZ (44with Opto-Coupler ulugainiesdidnvsedindaing wie Sidnnselindiiad
wuu 9o ldwiesueawaiuas 1IRFZ44N (55V 49A) agldlunismununisinuveana

=
LNET

gﬂﬁ 3.5 Power Electronic Switch Relay 1-Channel Kits Power MOSFET (55V 49A
IRFZ44) with Opto-Coupler

5. §15n3509A5UB U

Lﬂumiﬂ‘saaﬂﬁuauLLuuwmvluLﬂ%’aqnia&ﬁﬁaﬁ@mauﬁ'ﬁﬂuﬁq@m%’u LazAn

AseeRvinlvia1snsasmIsuauinuansaluniTnTeInay wazaduld

JUT 3.6 813N399A1SUBULUUNEY



32

6. KiNvauanINa LCD

nuakARINa LCD Iuualavidinidu suna 16 fanws 2 ussiia lagazudans

gaumgitinlanelugnivananimeiniavouasosfindauds

RECDEFGHI JKLMNOP |

= S i
abcdefghidk lmnopR

g‘d‘ﬁ 3.7 1602 LCD (Blue Screen) LCD with Backlight of The LCD Screen

7. Temperature Sensor

wuwasingumgl Ingld IC 1ues DS18820 wuuiuile

E‘Uﬁ 3.8 Digital Temperature Temp Sensor Probe DS18B20 for Thermometer
Waterproof
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8. Power Supply

PMT Panel Mount Power Supply 350W, 12VDC/29A, Input Range 90-
132VAC/180-264VAC

3‘1]17; 3.9 PMT Panel Mount Power Supply 350W,12VDC/29A

3.2 Software fl4lulasesTy

USB

U 3.10 guuuna@sulusunsuuy Arduino

1. Weulusunsuuumeufiomed eunislusunsy Arduino IDE Ssansnsanmandlvanld
910 Arduino.cc/en/main/software

2. wrnAdoulAnlusunsudsusosnd Tgldnudaniuvesa Arduino flduas
WueLaY Com Port



Auto Format
Archive Sketch
Fix Encoding & Reload

34

Board h
Serial Port 4

|
Programmer P}

Burn Bootloader

Serial Monitor Ctrl+ShiftsM

Arduino Uno

Arduino Duemilanove w/ ATmega328

Arduinc Diecimila or Duemilanove w/ ATmegal68
Arduino Nano w/ ATmega328

Arduino Nano w/ ATmegal68

Arduino Mega 2560 or Mega ADK

Arduinc Mega (ATmegal 280)

3U% 3.11 msidensuvesna Arduino fiFeen1s Upload

ools|

Auto Format
Archive Sketch

Serial Menitor

Board

5 ia Mot -

Pregrammer

Burn Bootloader

Fix Encoding & Reload

Cerl+T

Ctrls-Shift+

'V | coms3

5UN 3.12 n1sdenyuunaay Comport 784U05A

3. nAYu Verify titamsiadouAugnfesuas Compile TAnlUsunsy 91nduna

Un Upload 1A Tusunsulugavasa Arduino Wunisans USB Lile Upload 3audesudn e

WAMITDAMULAUTINEIS “Done Uploading” wazuasnagisuvianumuideulusunsulile

s

=
Un



pinNode {led, OUTHUT):

gﬂ‘ﬁ 3.13 Compile Program

hae Upload Program

35



File Edit Sketch Tools Help

Code_Caonfrol

//%ensor must be installed as libraries
#include <ineWire.h>

#include <DallasTemperaturs.h>

§define ONE_WIPE_BUS 1 4

Wirs oneWire in(ONE_WIPE BUS 1):
DallasTemperature sensors{sonsWire_in):
DeviceAddress T addr[2];

fleat temp[2]:

flcac setpoint = 40 ;

Parameter for PID CONTROLLER
int Kp = 10 ; // (S=r Gain Freportional)
int Ki =0 3 / (Set Gain Integral
irt Kd = 0 5 i
int SampleTime = 1000; 1

Set Gain Derivative

tlcat Integral= 07
int LastEcror = 0;
int IntThresh = 0;
int 5_Temp »

Display mu
#include <Fire.h»
#include <Liquidlizys
LiquidCrystal I2

B o 23
1ed(027, 16, 21

//Parameter for FAN COITROL

const byte PYEK = 32 // FWE control speed) for FARCL
const byte = 11; |}/ P& control | | for FAl B
= 12;// Dagectiof eonifol for Fili'a
const byte DIRB = 13; // Dircetion fontrol £5r FAX'E

//Paramster for PELTTEF
censt byte PUXC = §; |7/ F¥Ni@Gontrol (PELTIER! fox FELTIER D
te PUMD = £;

const by

$define FANA 0
#define FAIB 1

vcid setup()
[

A.ini

tialize serial communice
#f initialize

Serial.printin{"Dallas Temperature Cantrol ");:
9ens0rs.nEgini);
sensors. getdeviceComtd | ;

sensors. getiddress(T_addzr(0], 0):
sensors. gethddress(T_adde{1], 1):

sensors.setResolutioni(T_addc{0], 11):
sensors. setResolution(T_adde(1], 11);

rial.pzrint

Serial.printlni)

1f (T_addz[1]{1} < 1€) Serial.print(®0*):
Serial.print(T_addr[1]){1], HEX):
}

Serial.printin();*/

secupFanDriver()

/ All pins should be setup as
pinNode (PVMA, OUTFUT):
pinMode (PUMB, OUTPUT)
pinMode (DIRA, QUTFUT):
pinMode (DIRB, OUTPUT):

// Initialize all pins as low:
digital¥Write (PWMA, LOW):
digitalWrite (PWMB, LOW);
digitalWrite (DIRA, LOW):
digitalWrite (DIRB, LOW):

light{);
led. setCursor (2, 0);
led.print ("Temperature");

void loop(void)

{

Ensor / INERE

sensors.requestTenperatures () ;

temp[0] = sensors.getTenpC(T_addr[0]);
temp[1] = sensors.getTenpC(T_addr[1]);
float room = {temp[0] + temp[l]) /2 ;

al.printin (Loom):

APEIEFE / /P10 EONTROL 7o 1y

ANt pLaiIiin = Yoom. )

int Egxor = posit

if (abs(Eecer) « TntThresh){
IntThresh = Integral + Error:

)

£l (

Integral = 0;

ubde SampleTimeInSec = {(dowble)SampleTime) /1000:
= Errar * Fp ;

= Integral * (Fi*SampleTimeInSec )7

= {LastError - pes.ct.an )% (Rd/SampleTimsInSec) ;
STewmp =P+ 1 +D 1

oo —

LastBrror = position ;
BOY;

Pl (7T /7 7L/ f¥Fan/Control
FanDriver (FAU &, 1, 3255): FAN & at
FanDriver{FAN B, 1, 255); ¢/ FAN E at

LIELS TV 1 1 EF

if(coom > 40)(
amalog¥rite (PWHC, § Temp):

Frp=ltier Control //7i47/07

analogWrite (PWHC, 0):

Serial.princln (koom);

i { I Displag//
led. s=tCursor (2, 1):
led.print("Roon = ");
led.print({rocm);

void FanDriver (byte fan, byce die, byte spd)

T (8D == FAN_AI
1
digital¥zite (DIRA, dir):
enalogicite (PUMA, spd);
}
If ifan == FAN B)

Le(DIPB, dici:
©e (PVMB, spd);

7014 stopFanbriver(lyie fan)

FanDzriver(fan, D, Qi

JUT 3.14 TdsunsunsmuRugaviveanieafiuiauii

- setpeint ; VoSt

36




3.3 sUuuuvesgauaufiaanwuuldlulasesiu

[Gp]

rS
o 1
i
B
DOURZIENS AT 505
P Q20
it AT | i
|
] Ol | 20
1] {
i
.. ) Y
e '
Front View
-~ 50—t 5
AT YA,
B | A |
\fQ AR :
470
|
|
A
Top View
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"‘Eégiﬂ — 50
S (e
] ?
i
|
550
i} '

Side View

Overview

5U# 3.15 jUnuuvasgmuauieaniuuldlulasau
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NaN1sALHUU

4.1 wan1snAaUlULNTUNITAIUAN N

=

JUR 4.1 myvegeulsunsunismuaNenmndl

U

In1snaaaslagnisluasesiuna U dinuNt ua uaanu@udIurils Inoldalunis

fusiUszanaanudlus  Idnan1IvnaesennsIsn 4.1 Waggui 4.2

(@unqll moulaAiesegil  25.81 aerLyaITua)



= o 2/ - =3 & aa
M54 4.1 NANITVNAFDUNITNINUNN EJ‘LUQF]’]‘U ﬂllﬁﬂ']‘waﬂﬂ’!ﬂ“U'eNLﬂiENWSJWﬂ'IlI&JW

39

Time

(sec)

38

26

Temp.
(Celsius)

29.26

Time

(sec)

86

98

110

Temp.
(Celsius)

Time

(sec)

146

158

172

Temp.
(Celsius)

34.65

34.74

34.86

] = ¥ o [ v B = 3 1 Y o 1% & Y 1%
nansiiluenarsnanulidmsumsldanuienisfinwivinuu Weygalnihlulduselesiamunism

lidnsdilagiiadu dnvivnuiilvdnulasilent wagdesdnadadadivesenalsynasaninisunluly
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Temp(c)
40

35
30

25

20
15

10
5 v — ——

0 ‘ ; : ,  Time (min)
0 S0 100 150 200

5U% 4.2 iamsmageumsinnuniglugmuauaniwenave s eafiuiauii

1NATA 4.1 yhmanaaeunisinaumeluginiuntanmainia seaeiosiuiany
ffflegnistudsuudaswsgamgil annsathuwdesunsilifeguil 4.2 viinismeaey
TnsnsRusigusnlaglinafmatszana 200 ua wuhaziinsfsduresonmgiidesy
aunsyiagaingiiluthe 30-35 eamiwaifea wivinaubuduieuuesgamaiioviing

£

Winfued 19ty auUsnal 35 ssrigalded aamaliaviuanal Tnen1siiLLaN15anveq

R

gamaiinzifintuegnstng W dusisadldnannulunsvegaunisinu
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4.2 HANISNAEDUUILEANTAINNITNIIUYDILHUTTIAULEY

UM 4.3 MIVAgauNTiIUTauEYAILEY

dvihnnsnaaeslimnassdasnisldvaealvuuin 100 W iednladuiilunisvhany
AU AT llunsuAaeIUsEINUNat I sE UA LW Ran1saaadRlald usannsen
4.2 waguh 4.4



CJ = = o 1 o
15199 4.2 HANISNAADUUIEANTNINAITN I UVDILHUN ﬂ'J']l]LF‘j'U

Time

19

Temp. (Celsius)
(Without peltier)

2951

o e

51.53

31.66

31.78

Temp. (Celsius)

(With peltier)

29.25

5116

31.31

31.47

42

] = ¥ o [ v B = 3 1 Y o 1% & Y 1%
nansiiluenarsnanulidmsumsldanuienisfinwivinuu Weygalnihlulduselesiamunism

lidnsdilagiadu dnvivnuiilvdnulasilent wagdesdnadadadivesenarsynasaninisunluly



43

d = = o 1 ] 1
15199 4.2 Han1SNAgeUUsEENSANAISYINaTUTDILHUYIAILEY (sa)

31 32.03 31.71
33 32.13 51.18

35 B.22 31.84

a5 > ¥} 32409

a7 <Al 4114 32.13

] = ¥ o [ v B = 3 1 Y o 1% & Y 1%
nansiiluenarsnanulidmsumsldanuienisfinwivinuu Weygalnihlulduselesiamunism

lidnsdilagiiadu dnviavnuiilvdnulasilent wagdesdnadadadivesenalsynasaninisunluly
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AN5199 4.2 HaN1SNAAaUUSEENIANATYNNUTRALNLYINAIULEY (Fia)

59 30.72 30.22
61 30.44 29.91
63 30.16 29.66

] = ¥ o [ v B = 3 1 Y o 1% & Y 1%
nansiiluenarsnanulidmsumsldanuienisfinwivinuu Weygalnihlulduselesiamunism

lidnsdilagiiadu dnvivnuiilvdnulasilent wagdesdnadadadivesenalsynasaninisunluly
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33

——With out peltier

temperature (°C)

T m—yith peltier

28 ¢ e —e

U 4.4 nan1svnaauusyansnwn1svinaursiuihA by

11507 4.2 ¥nsnsnedeuUsEansninnisiutesusumaiies togns
Wasuulasvesgamal ansaviwndamdunsinldfisud 4.0 wudnsdduitiiy
( Without Peltier) fﬂ3LLamaﬁaﬂmﬁuﬁumaaqmmﬁmxmiamawaaqmmﬁiwmﬁuﬁuma
Weslaiviau nsmidudiuag (With Peltier) ssuansfiamsifiutureasanngivagnisanases
gaungiluvasiuiumaliiesinnu ssnuanidowiumadosinshaunisnduiues
gampfezdiniflunsdifiunumaioslivinny uasnisanasvesgumnilunsdifuiunaiiies
veazisninsdfuiumaiiofliviiny ddudeudumaiesinsyhauazase

muANgMYIMElUAAIVANANINEINAYD LATEIRNNAUTIRLE
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5.1 a@gunan1saniiunig

Tﬂiwmiﬁuimwwﬁgﬂa%’wﬁum iaudladeunnsasvaueiosfiunianudii a1nns
Udosndy, afu uazmiuauannni ileanauidssiionnaninanansenuseauninias
Tunu Fehnseminimshauresnszeznafieiealiamsyhanuiianseanauuasaiy
waziileiwuigasingumgdamadulindigumgiviu 30 ssmwadea (nnsiue) 2z
TimaflehanuitefisshnsuSvaamgiilitlaamgiifimngay

MARaNsAFaUNUIERUANEN e AT w3 B ILYTANEA annsnAUANUTIM
vosndunazaiuliiviinaioas tasaruaussmailuoglunasiifslide Tut 30-35

perwaLdeala

5.2 Usynivimusaziuanianisuile

5.2.1 Usyniinu

L o ,

1. fgviainusvesa3an danaudussline

2. nMsvianaduresnuyihanuuliisawe 1esnnedasiuianudfiviay
uazazynliiiaAINIaunaanLIa)

3. nsneasunsPuANEMgilinay e s nguvg i Tuaziuty
DT

5.2.2 wuI9NIs by

1. fEANNAIaY0IANMALIIBIRgRsAsaAR Iavhanuddudiunnysenay
ATHIGRTE PP NIER

a

2. WiudrwunsidnussHuwal oS uasunuLa Ao ngnded (Heat Sink) 7
LEE

3. atussasiattunmsnaaou 33ldivinanuiouidus iy vasnlW Wudu
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AMANUIN N

Datasheet U84 3alanipa LCD

1602 LCD
General Description

e 16 characters (5x8 dots) x 2 lines FSTN Positive Black & White Transflective Dot
Matrix LCD module.

e Viewing Angle: 6 Oj clock direction.

e Driving scheme: 1/16 Duty, 1/5 bias.

e HD44780 LCD Controller and Driver or equivalent.

e 40-Channel Segment/Common Driver for Dot Matrix LCD or equivalent.
e Connector: 16 pins ZIF SMD connector (CON-IL-402).

e White LEDO5 backlight.

Description

kﬁp:/}lhs._gg phtcom/ ApOEEdOK-fg,/

4 1

S, S R
%‘h,f;; %, A

.4



Pin No. Symbol Description
1 VS§S Ground(0V).
2 VDD Power supply for logic (+3V)
3 Vo Power supply for LCD driver
4 RS Register Select Input:
“High" for Data register (for read and write)
“Low™ for Instruction register (for write),
Busy flag, address counter (for read)
5 R'W Read/Write signal:
" High" for Read mode.
“Low" for Write mode.
0 E Enable.
Start signal for data read /write.
7 DBO Data input/output (LSB)
8 DB! Data input/output
9 DB2 Data input/output
10 DB3 Data input/output
11 DB4 Data input/output
12 DBS Data input/output
13 DB6 Data input/output
14 DB7 Data input/output (MSB)
15 LED(+) Anode of LED backlight
16 LED(-) Cathode of LED backlight

Wiring Diagram
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example

#include <LigquidCrystal.h>

// initialize the library with the numbers of the interface pins
LiguidCrystal led{l2, 11, 5; 4, 3, 2);

void setup() {

// set up the LCD's number of columns and rows:

lcd.begin (16, 2);

// Print a message to the LCD.

lcd.print ("hello, world!");

}

void loop () {

// set the cursor to column 0, line 1

// (note: line 1 is the second row, since counting begins with
0):

led.setCursor (0, 1);

// print the number of seconds since reset:

led.print (millis () /10009 ;
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Datasheet 4849 Arduino Uno
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*ARDUINO ™

Arduino Uno R2 Front Arduino Uno SMD Arduino Uno Front Arduino Uno Back

Overview

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet).
It has 14 digital input/output pins (of which 6 can be used as PWM outputs), 6
analog inputs, a 16 MHz ceramic resonator, a USB connection, a power jack, an
ICSP header, and a reset button. It contains everything needed to support the
microcontroller; simply connect it to a computer with a USB cable or power it with
a AC-to-DC adapter or battery to get started.

The Uno differs from all preceding boards in that it does not use the FTDI USB-to-
serial driver chip. Instead, it features the Atmegal6U2 (Atmega8U2 up to version
R2) programmed as a USB-to-serial converter.

Revision 2 of the Uno board has a resistor pulling the 8U2 HWB line to ground,
making it easier to put into DFU mode.

Revision 3 of the board has the following new features:

e pinout: added SDA and SCL pins that are near to the AREF pin and two
other new pins placed near to the RESET pin, the IOREF that allow the
shields to adapt to the voltage provided from the board. In future, shields
will be compatible both with the board that use the AVR, which operate
with 5V and with the Arduino Due that operate with 3.3V. The second one
is a not connected pin, that is reserved for future purposes.

e Stronger RESET circuit.

o Atmega 16U2 replace the 8U2.

"Uno" means one in Italian and is named to mark the upcoming release of
Arduino 1.0. The Uno and version 1.0 will be the reference versions of Arduino,
moving forward. The Uno is the latest in a series of USB Arduino boards, and the
reference model for the Arduino platform; for a comparison with previous
versions;see-the index of Arduino boards:
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Summary

Microcontroller ATmega328

Operating Voltage 5V

Input Voltage 7-12V

(recommended)

Input Voltage 6-20V

(limits)

Digital I/0 Pins 14 (of which 6
provide PWM
output)

Analog Input Pins 6
DC Current per I/O 40 mA

Pin

DC Current for 50 mA

3.3V Pin

Flash Memory 32 KB
(ATmega328) of
which 0.5 KB used
by bootloader

SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock Speed 16 MHz

Schematic & Reference Design

EAGLE files: arduino-uno-Rev3-reference-design.zip (NOTE: works with Eagle 6.0
and newer)

Schematic: arduino-uno-Rev3-schematic.pdf

Note: The Arduino reference design can use an Atmega8, 168, or 328, Current
models use an ATmega328, but an Atmega8 is shown in the schematic for
reference. The pin configuration is identical on all three processors.

Power

The Arduino Uno can be powered via the USB connection 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:

e 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, access it through this pin.

e 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 connector (5V), or the VIN pin of the board (7-12V).
Supplying voltage via the 5V or 3.3V pins:bypasses the regulator, and.can
damage your board. We don't'advise it.
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e 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum
current draw is 50 mA.
e GND. Ground pins.

Memory

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also
has 2 KB of SRAM and 1 KB of EEPROM (which can be read and written with the
EEPROM library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using
pinMode(), digitalWrite(), and digitalRead() functions. They operate at 5 volts.
Each pin can provide or receive a maximum of 40 mA and has an internal pull-up
resistor (disconnected by default) of 20-50 kOhms. In addition, some pins have
specialized functions:

e Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL
serial data. These pins are connected to the corresponding pins of the
ATmegaBU2 USB-to-TTL Serial chip.

o [External Interrupts: 2 and 3. These pins can be configured to trigger an
interrupt on a low value, a rising or falling edge, or a change in value. See
the attachInterrupt() function for details.

e PWM: 3,5,6,9, 10, and 11. Provide 8-bit PWM output with the
analogWrite() function.

e SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support
SPI communication using the SPI library.

e LED: 13. There is a built-in LED connected to digital pin 13. When the pin
is HIGH value, the LED is on, when the pin is LOW, it's off.

The Uno has 6 analog inputs, labeled AQ through A5, each of which provide 10
bits of resolution (i.e. 1024 different values). By default they measure from
ground to 5 volts, though is it possible to change the upper end of their range
using the AREF pin and the analogReference() function. Additionally, some pins
have specialized functionality:

* TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication
using the Wire library.

There are a couple of other pins on the board:
e AREF. Reference voltage for the analog inputs. Used with
analogReference().
e 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.

See also the mapping between Arduino pins and ATmega328 ports. The mapping
for the Atmega8, 168, and 328 is identical.

Communication

The Arduino Uno has a number of facilities for communicating with a computer,
another Arduino, or other microcontrollers. The ATmega328 provides UART TTL
(5V) serial communication, which is available on digital pins 0 (RX) and 1 (TX).
An ATmegal6U2 on the board channels this serial communication over USB and
appears as a virtual com port to software on the computer. The '16U2 firmware
uses the standard USB COM drivers, and no external driver is needed. However,
on Windows, a .inf file is required. The Arduino software includes a serial monitor
which allows simple textual data to.be sent to and from the Arduino board. The
RX'and TX LEDs onthe board 'will flash' when 'datais being transmitted via'the
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USB-to-serial chip and USB connection to the computer (but not for serial
communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Uno's
digital pins.

The ATmega328 also supports I2C (TWI) and SPI communication. The Arduino
software includes a Wire library to simplify use of the 12C bus; see the
documentation for details. For SPI communication, use the SPI library.

Programming
The Arduino Uno can be programmed with the Arduino software (download).
Select "Arduino Uno from the Tools > Board menu (according to the
microcontroller on your board). For details, see the reference and tutorials.
The ATmega328 on the Arduino Uno comes preburned with a bootloader that
allows you to upload new code to it without the use of an external hardware
programmer. It communicates using the original STK500 protocol (reference, C
header files).
You can also bypass the bootloader and program the microcontroller through the
ICSP (In-Circuit Serial Programming) header; see these instructions for details.
The ATmegal6U2 (or 8U2 in the revl and rev2 boards) firmware source code is
available . The ATmegal6U2/8U2 is loaded with a DFU bootloader, which can be
activated by:
* On Revl boards: connecting the solder jumper on the back of the board
(near the map of Italy) and then resetting the 8U2.
e On Rev2 or later boards: there is a resistor that pulling the 8U2/16U2
HWB line to ground, making it easier to put into DFU mode.

You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac
OS X and Linux) to load a new firmware. Or you can use the ISP header with an
external programmer (overwriting the DFU bootloader). See this user-contributed
tutorial for more information.

Automatic (Software) Reset

Rather than requiring a physical press of the reset button before an upload, the
Arduino Uno is designed in a way that allows it to be reset by software running on
a connected computer. One of the hardware flow control lines (DTR) of the
ATmega8U2/16U2 is connected to the reset line of the ATmega328 via a 100
nanofarad capacitor. When this line is asserted (taken low), the reset line drops
long enough to reset the chip. The Arduino software uses this capability to allow
you to upload code by simply pressing the upload button in the Arduino
environment. This means that the bootloader can have a shorter timeout, as the
lowering of DTR can be well-coordinated with the start of the upload.

This setup has other implications. When the Uno is connected to either a
computer running Mac OS X or Linux, it resets each time a connection is made to
it from software (via USB). For the following half-second or so, the bootloader is
running on the Uno. While it is programmed to ignore malformed data (i.e.
anything besides an upload of new code), it will intercept the first few bytes of
data sent to the board after a connection is opened. If a sketch running on the
board receives one-time configuration or other data when it first starts, make
sure that the software with which it communicates waits a second after opening
the connection and before sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on
either side of the trace can be soldered together to re-enable it. It's labeled
"RESET-EN". You may also be able to disable the auto-reset by connecting a 110
ohm resistor from 5V to the reset line; see this forum thread for details.

USB Overcurrent Protection
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The Arduino Uno 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.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches
respectively, with the USB connector and power jack extending beyond the
former dimension. Four 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.
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AMANUIN A

Datasheet 9849 Arduino Motor Shield (L298P)

| Introduction

This DFRobot L298 DC motor driver shield uses LG’ high power H-bridge driver Chip
L298P, which is able to drive DC motor, two-phase or four phase stepper motor with a
maximum 2A current. The motor output uses eight high-speed Schottky diodes for
protection. The circuit wiring of the shield is well organised and the stack design makes
it directly mountable onto our Arduino compatible Duemilanove 328 or Mega.
The Shield can switch between PWM speed control mode and PLL phase-locked loop
mode through setting the appropriate jumpers. The power supply can be achieved
either via Arduino VIN input or PWRIN input on the sield through setting the
appropriate jumpers. The speed control is achieved through conventional PWM which
can be obtained from Arduino’s PWM output Pins 5 and 6. The enable/disable function
of the motor control is signaled by Arduino Digital Pins 4 and 7.
The Motor shield can be powered directly from Arduino or from external power source.
It is strongly recommended to use external power supply to power the motor shield.

e Logic Control Voltage: 5V (From Arduino)

e Motor Driven Voltage: 4.8~35V (From Arduino or External Power Source)

e Logic supply current Iss: <36mA

e Motor Driven current lo: <2A

e Maximum power consumption: 25W (T=75°C)

e PWM. PLL Speed control mode

e Control signal level:

High: 2.3V<Vin<5V
Low: -0.3V<Vin<1.5V

Il Diagram and Control Mode Setting

Speed Control
Mode

RS
Power source selection jumpers

Figure 1 L298 Motor Shield
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Control Mode Selection Jumpers (Figure 2 below): The shield supports PWM and PLL
(Phased Locked Loop) control Modes. The PWM mode uses E1 and E2 to generate PWM

signal. The PLL mode uses M1 and M2 to generate phase control signal.

Figure 2 Control Mode Selection Jumpers

Motor Terminal (Figure 3 below): Two DC motors are connected to blue motor terminals.

The male header behind the terminals are the same as the motor terminals.

Figure 3 L298 Motor terminal

PWRIN (Figure 4 below) : The motors can be powered by external power supply
when the motor current exceeds the limits provided from the Arduino. The switch
between external and Arduino power is implemented by two jumpers.

e PWRIN: External Power

e VIN: Arduino Power

Figure 4 The motors are powered by external power supply

Figure 5 below demonstrates how the motor shield is set to be powered by Arduino power

only.
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Figure 5 The motors are powered by Arduino power supply

NOTE: When the motor shield is powered by external power source, make sure the external

power source and Arduino have the same GND.

Control Signal Truth Table:

E1 |M1 E2 (M2
L  |X |Motor1Disabled |L = |{X |Motor 2 Disabled
H |H {Motor1Backward |H  |H | Motor 2 Backward
PWM |X | PWM Speed coritral | PWM | X _| PWM Speed control

Note: HisHighlevel; Lis Low level; PWM is Pulse Width Modulation signal; X is any voltage level

Il Pin Allocation

Digital 4 Mntor Direction control ] Digital 4 | Motor 2 Enable control 1
Digital 5 { Motor 2PWM control | ' Digital$ | Motor 2 Direction control |
Digital 6| Motor 1PWMcontrol | Digital 6 | Motor 1 Direction control |
Digital 7 | Motor 1 Direction control | - Digital 7 | Motor 1 Enable control |
IV Sample Code

PWM Speed Control



1 //Arduino PWM Speed Control:

2 int E1 = 6;

3 intM1=7;

4 int E2 = 5;

5 int M2 = 4;

6 void setup()

7 {

8 pinMode(M1, OUTPUT);

9 pinMode(M2, OUTPUT);

10 )

11 void loop()

12 {

13 int value;

14 for(value = 0 ; value <= 255; value+=5)
15 {

16 digitalWrite(M1,HIGH);

13 digitalWrite(M2, HIGH);

18 analogWrite(E1, value); //PWM Speed
19 Control

20 analogWrite(E2, value); //PWM Speed
271 Control

22 delay(30);

23 }

24 )

PLL Speed Control

1 //Arduino PLL Speed Control:

2 inpEl =.7;

3 intM1=6;

4 int E2 = 4;

5 it M2 = 5;

6

7 void setup(}

8

9 pinMode(M1, OUTPUT);

10 pinMode(M2, OUTPUT);

11 y

12

13 void loop()

14 {

15 int value;

16 for(value = 0 ; value <= 255; value+=5)
17 {

18 digitalWrite(M1,HIGH);

19 digitalWrite(M2, HIGH);

20 analogWrite(E1, value); //PLL Speed Control
21 analogWrite(E2, value); //PLL Speed Control
22 delay(30);

23 }

24 )
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AMANUIN 3

Datasheet 494 Pelier’s Motor Drive

Power Electronic Switch Relay 1-Channel Kits Power MOSFET (55V 49A
IRFZ44) with Opto-Coupler

PD - 94053
International

IGR Rectifier IRFZ44N

HEXFET® Power MOSFET
D
- Advanced Process Technology Vpss = 55V
- Ultra Low On-Resistance @\
- Dynamic dv/dt Rating A Roson) = 17.5mQ
- 175°C Operating Temperature ¢ ) ‘
- Fast Switching o = 49A
- Fully Avalanche Rated g
Description

Advanced HEXFET® Power MOSFETSs from
International Rectifier utilize advanced
processing  techniques to ~ achieve
extremely low on-resistance per silicon
area. This benefit, combined with the fast
switching speed and ruggedized

device design that HEXFET power MOSFETs are well

known for, provides the designer with an extremely efficient L Scaly
andreliable devicefor useina wide variety of applications.

The TO-220 package is universally preferred for all commercial-industrial applications at power
dissipation levels to approximately 50 watts. The low thermal resistance and low package cost of the
TO-220 contribute to its wide acceptance throughout the industry.

Absolute Maximum Ratings

Parameter Max. Units

Io @ Tc=25°C Continuous Drain Current, Vgs @ 10V 43
To@ Tc=100°C| Continuous Drain Current, Vgs @ 10V 35 A
Ioa Pulsed Drain Current CD 160
Po@Tc =25°C Power Dissipation 94 W

Linear Derating Factor 0.63 WreC
Vs Gate-to-Source Voltage 20 vV
lar Avalanche CurrentCD 25 A
Ear Repetitive Avalanche EnergyCD 94 mJ
dvidt Peak Diode Recovery dvidt ® 5.0 Vins
T, Operating Junction and 95 to+ 175
Tste Storage Temperature Range o

Soldering Temperature, for 10 seconds 300 (1.6mm from case }

Mounting torque, 6-32 or M3 srew 10 Ibf«in (1.1N-m}




Thermal Resistance

Parameter Typ. Max. Units
Rauc Junction-to-Case _— 1.5
Racs Case-to-Sink, Flat, Greased Surface 0.50 — *C/W
Rgua Junction-to-Ambient — 62

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ.|Max. |Units Conditions
Vismoss Drainto-Source Breakdown Voltage 9 [ —|— 1V [ Ves=0V, lo=250pA
TVjswoss/DT;| Breakdown Voltage Temp. Coefficient| — |0.058] — | VI"C | Referenceio 29°C, Ip = 1mA
Rosion) Static Drain-to-Source On-Resistance| — [ — [ 175 [ m& | Vos=10V_ I =25A ®
Vasun Gate Threshold Voltage 20 | — 1[40 | V | Vos=Vgs, o=250pA
O Forward Jransconductance 19 | —[| — S | Vos =29V, Ip = 25A®
' . — | —] 25 Vs =90V, Vgs = 0V
bss Drain-to-Source Leakage Cumrent i PA Vo =44V Vos =0V T,=T50°C
S Gate-to-Source Forward Leakage — [ — ] 100 - Ves =20V
= Gate-to-Source Reverse Leakage — | — [ -100 Ves =-20V
Qg Total Gate Charge — | —1] &3 Ip = 25A
(67N Gate-to-Source Charge — | —1 14 | nC | Vos =44V
Qgg Gate-to-Drain ("Miller") Charge — | —| 23 Ves =10V, See Fig. 6and 13
taeny Tum-On Delay Time — 2 == Voo =28V
t Rise Time — | 680 | — Io=25A
ns &
taem Tum-Off Delay Time A V. | ym— Rg=
Tr Fall Time PO = 12%
Lo Intemal Drain Inductance ~Lepia h = T TrrpeRey.
wiemeam - || (B
; m
Ls Internal Source Inductance e A1 RS o c'::’::e::gfedieconlact T
Css Input Capacitance — [1470] — Ves=10V
Coss Output Capacitance O ELLGROUIN Vos =25V
Cres Reverse Transfer Capacitance — | 88 | — | pF | f=10MHz, SeeFig.5
Eas Single Pulse Avalanche Energyal — 5309 [150® [ m | Tas=20A L= 047mH
Source-Drain Ratings and Characteristics
Parameter Min. | Typ.| Max. | Units Conditions
Is Continuous Source Current P A Vi~ e MOSFET symbol
(Body Diode) A showing the
Isu Pulsed Source Current ) integral reverse
(Body Diode)D T e p-n junction diode.
Vsp Diode Forward Voltage — | — 13 V | Ty=25C,Ig=25A,Vgs=0V @
tr Reverse Recovery Time — | 63 95 ns | Ty=25°C, Ig =25A
Qr Reverse Recovery Charge — | 170| 260 | nC | di'dt = 100A/us @
ton Forward Turn-On Time Intrinsic tum-on time is negligible (tum-on is dominated by Ls*Lp)
Notes:

@ Repetitive rating; pulse width limited by

max. junction temperature. (See fig. 11)

@ Starting Ty = 25°C, L = 0.48mH
Rg = 250, Iag = 25A. (See Figure 12)

T,;<175°C

® Igp < 25A, di/dt < 230A/us, Vpp < V(BR)DSS:

@ Pulse width < 400ps; duty cycle < 2%.
@ This is a typical value at device destruction and represents

operation outside rated limits.
® This is a calculated value limited to Ty = 175°C .
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Peak Diode Recovery dv/dt Test Circuit

t—+ Circuit Layout Considerations
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Package Outline
TO-220AB
Dimensions are shown in millimeters (inches)

10.54 (.415) 378 (.149)

287 (113) _ ] .20 (408) [ B354 (120) 88 [185)
2.62{103) 420 ( 185)
e e
T -
15.24 (.800) 4
14.84 (.584)
—‘i 1.15 (.045) LEAD ASSIGNMENTS
MIN 1-GATE
1 20113 _t o 2-DRAIN
3-SC0URCE
| 4 -DRAIN
14.09 {.555) 1
13.47 (.530) | 4.06 (.180)
3.55 (.140)
I J'J | 0.93(.037)
i [ o
140 (085) * 0.00(027) et % 333 ;['\ﬁi
¥ yas(oen T [@Los e [E[A M) 2824115
TN T
22X
NOTES:
1 DIMENSIONING & TOLERANCING PER ANSIY14.5M, 1982, 3 QUTLINE CONFORMS TO SEDEC OUTLINE TO-220A8.
2 CONTROLLING DIMENSION . INCH 4 HEATSINK & LEAT MEASUREMENTS DO NOT INCLUDE BURRS.
Part Marking Information
TO-220AB
EXAMPLE - -THIS IS AN IRF1010
WITH ASSEMBLY s O J
LOT CODE 9B1M INTERNATIONAL PART NUMBER
RECTIFIER \ IRme‘/
nor TOR 9246 e
(S i DATE CODE
ASSEMBL AYWW)
LOT .CODE = R
WW = WEEK

Data and specifications subject to change without notice.
This product has been designed and qualified for the Automotive [Q101] market.
Qualification Standards can be found on IR’s Web site.

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245,
USA Tel: (310) 252-7105
TAC Fax: (310) 252-7903

Visit us at www.irf.com for sales contact information.01/01



69

AMARNUIN 3

Datasheet 984 Temperature Sensor

DS18B20 Waterproof Temperature Sensor Cable

Product Description

This Maxim-made item is a digital thermo probe or sensor that employs
DALLAS DS18B20. Its unique 1-wire interface makes it easy to
communicate with devices. It can converts temperature to a 12-bit digital
word in 750ms (max). Besides, it can measures temperatures from -55°C
to +125°C (-67F to +257F). In addition, this thermo probe doesn't
require any external power supply since it draws power from data line.
Last but not least, like other common thermo probe, its stainless steel
probe head makes it suitable for any wet or harsh environment.

The datasheet of this DS18B20 Sensor Cable can be found from:
http://www.quick-teck.co.uk/ElectronicElement/eelist.php?typeld=97ittitle

Feature:
Power supply range: 3.0V to 5.5V
Operaling temperature | cooc to 41259 (-67F to +257F)
range:
Storage temperature range: -559CC to +125°C {-67F ta +257F)
F =
Accuracy over the range o +0.50C
10°C to +85°C:

3-pin 2510 Female Header Housing
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Waterproof Stainless steel sheath

Stainless steel sheath

Size of Sheath: 6*50mm

Connector: RJ11/RJ12, 3P-2510, USB.

ED: \Y -
Pin Definition: R cc Yellow: DATA

Black: G
ND
1meter, 2r 4
Cable length: re”;j:;: IR 30, 4 are |
Application:

The DS18B20 Digital Temperature Probe provides 9 to 12 bit
(configurable) temperature readings which indicate the temperature of the
d evice. Information is sent to/from the DS18B20 over a 1-

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

Because each DS18B20 contains a unique silicon serial number, multiple
DS 18B20s can exist on the same 1Wire bus. This allows for placing
temperatur e sensors in many different places. Applications where this
feature is wuseful i nclude HVAC environmental controls, sensing
temperatures inside buildings, equipment or machinery, and process
monitoring and control.

Details : o
v gﬂ S 5
, y%ﬁfﬁfﬁ b%e&%@ o

£6*50mm

Figure 1
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Cable length: 100 cm (39 3/8in) +

/

d=6mm{14in)

|
R

I

{

L |

1

i

)

\

|

" = i i e L S R ~ s — R R N R R e O ST e ]

Figure 2
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Datasheet w824 Peltier

Fu'_} Hebei I.T. (Shanghai) Co., Ltd. Thermoelectric

Cooler

TEC1-12706

Performance Specifications

Hot Side Temperature (°C) 25°C [ 50°C
Qmax (Watts) 50 57
Delta Tmax (°C) 66 75
Imax (Amps) 6.4 6.4
Vmax (Volts) 144 16.4
Module Resistance (Ohms) 1.98 2.30
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Fu'} Hebei I.T. (Shanghai) Co., Ltd. Thermoelectric
Cooler
TEC1-12706
Performance curves:
Th=25C Viv) T 508 Viv)
- L JB0A 160 —=J._|_ TTH0A l:m_ 18.0
: 1 T ety | § N
- 15.0
4 1458 | 12.0 b 1450 |
—_— I [ B
' 10.0 n.L ! 20
S.OJ‘L_____ﬁ-“_‘— a0 __‘*'—31.; _-_?[_‘_—__._ g'G
| 6.0 | . l "
| | 1.54 f et .§_#_._ A\ 6.C
—7= ==/ 4ol) — =]
= i/ 9 3.0
| ‘ ‘ : 0.0
80 70 60 50 40 30 20 10 0 BO 70 60 S0 40 .30 20 10 O
Deita T(C) Delta T (C)
Qe(w) Qo(w.
N 120 , 120
J‘ i
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E 60 60 60
|% 0 [ ,/// A 40
e P /5’{’ sos-T
A ROk Yt 2 :
- : 20 =~k " —=1 20
L~ ~ |1 A -1 -
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/’/f/: f"/’ / \_:'//"‘Q': : : 0
80 70 60 50 40 30 20 10 O 80 70 60 50 40 30 20 10 O

Defta T(C)

Delta 1 (C) |
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}‘”} Hebei I.T. (Shanghai) Co., Ltd. Thermoelectric

Cooler
TEC1-12706

r—A

(+) RED
AWWG 16 TEFLON

: :
1

() BLAC

THICKNESS) C
i 1 A “X7%]

lainjuin|sia)sin) S i) o a—— riwimlwin]e|sjsjus|s sy

-

Ceramic Matenal: Alumina (Al,O3)
Solder Construction: 138°C, Bismuth Tin (BiSn)

Size table:
A B
40 40 39

Operating Tips

e Max. Operating Temperature: 138.,C
¢ Do not exceed Imax or Vmax when
operating module.

e Please consult HB for moisture
protection options (seeling).

o Life expectancy: 200,000 hours

e Failure rate based on long time testings: 0.2%.
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3D Printer Pollution Control Cabinet

Phongphak Sangkaphan and Suneenut Suthiwan

This project presents a dasngn and implementation of the 3D
printer pollution control cabinet. The purpose. of this project is fo
improve disadvantages caused by using the 3D printer,

Based on the operation of 3D printer, it is found to produce
smells and smoke that impact on user's. health, In addilion, another
important variable is the. tempamture that ‘must be controlled to
maintain the work piece's performance. In' the operation .of 3D
printer pollution control cabinet, the activated carbon is used lo
filter the poliution caused by smell and smoke from 3D printer.
Another parl is lemperature control.

Usually, temperature around the working table of 3D printer is
increased sleadily. In. this project, temperature is control to not
exceed the set pnlnt value by the use of temperature sensor
measuring temperature around 3D printer. Peltier sheets are
employed for control temperature to maintain about 30-35 degree.
Celsius via PID controller.

Keywords — 3D Printer; Carbon filter; Peltier; PID Controller
| Introdu

The advancement in. lechnology of 3D printing is another
technology that is gaining popularity.

The principle of a three-dimensional printer. is to melt plastic
(PLA) into liquid and inject it through a nozzle. When dissolved
plastic, it will cause smells and smoke. The smell is a variable that
3D printer users need to focus on. Because it can cause health
problems. And the PLA is less resistant to temperatures, which PLA
softens al about 50-60 degrees Celsius. As a result, the workpiece
does not meet the work piece as desired:

From the problems mentioned above. There are two major
problems. First of all, it is a problem of smell.and smoke which can
affect health problems. And secondly, it is a problem at the
temperature of the PLA filament that could damage the work piece.
The organizer saw and created a 3D printer pollution control
cabinet to improve the disadvantages of the 3D printer.

stiedzegy.

1. Learn the basics needed such as the knowledge of air filtration
to understand the basic principles.

2. Test many kind of carbon filter to find the carbon that is suitable
for this project.

3. Design systems and the control cabinet.

4. Make control cabinet and install equipment inside.

5. Programming to control by using the Arduino program.

6. Test and modify the operation of the pollution control cabinet of
the three-dimensional printer.

;EE

ENGINEERS
LADKRABANG

Smmans-doaoonunido sa-nluifosoodony

Experiment by using a 3D printer, print the parls came out of one
piece. It takes about three hours and printing results and results will be
summarized by the graph below.

This projecl was created to fix @ 3D printer defect from the smell
smoke and ' temperalure control to reduce the risk of impact on the
workpiece. The air filter works throughout the duration of the machine.
And when the temperature sensor detects that the temperature
exceeds 30-35 degrees Celsius, the peltier will work to adjust the
temperature fo value properly.

Based on experimental resulls, it is found that the temperature is
increasing to the set point, then the temperature will decreases and the
temperature is maintained.

[ vivisntesiaunn doanhiideriunsowm. Retrieved 10 august 2016,

from Web site : www.acal.or.th/download/acat_or_th/journal-
17117%20-%2006. pdf
[2] srqmif 033ms yased Sssunmaanier Retrieved 10 aug
site : hitps://home kku.ac.th/chuare/12/a
[3] Siamreprap.” nmiiinnes 3D Printer ssuu
2016,from Web site : hitp:/fwww.siam
fdm-3d-printer/
[4] Print3DD 3D Printer Store.(2015). *3D phi
10 august 2016, from Web site : http:/AW






