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6DAHWDN

7THPD RYRJD ]DYUAQRJ UDGD MH X SRRGXKBD NVRHU P R/HQ HNWR Y HIED
SUHNR NRMHJD UH VH UHJXOLUDWL QDSRQ WH VDPLP WLPH L L
PRGXOD &LOM MH WUL PRGXOD VSRMLWL X YHUWLNDOQX NRQI
PRGXOLPD REIRH DUnapbhXkojll P tH VH SSANOMIHIQD QLVND WHPHSH
YHUWLNDOQH NRQILIJXUDFLMH 1DLPH WHUPRHOHNWULPQL PR
SRNUHWQLK GLMHORYD YUOR VX SRX]GDQL QH VWYDUDMX EX|
NODVLpPQLK PHKD QL péhjatgrijsnyauvié\pbliXdin $vQ)dy yada ne koriste nikakve

AaWHWQH NHPLNDOLMH LOL SOLQRYH 6 GUXJH VWUDQH QDMYH
UDGD NRML MHGQX VWUDQX PRGXOD pLQL KODGQRP D GUXJX
energije jer se u vHULQL VOXpDMHYD HILNDVQR NRULVWL VDPR MHG
modula, dok druga biva neiskoristiva. Zajedno sa modulom potrebno je Koristiti i prikladni

KODGQMDN NRML 0H YUXUX VWUDQX PRGXOD NRQVWDQWQR K¢
PRGXODWBWRYHU VPDQMXMH QMHJRYX LVSODWLYRVW .RULA&W
VYHVWUDQR L VYDNRGQHYQR D QDMpH&aUH VH NRULVWH X SRG

vrlo precizne regulacije temperature.

.OMXpQH WIHWHHIHOHNW Husta® 2a mRj&&hpe @eimperature, prijenos topline,
Pelter, WHUPRHOHNWULPQL HIHN
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1. Uvod

-HGQD RG RVQRYQLK ILILNDOQLK YHOLpLQD MHVW WHPSHUDYV
WRSOLQH QHNRJ WLMHOD LOL WYDUL VD RNROLQRP .UR] SRYLMH
SD VYH GR VRILVWLFLUDQLK L PRGHU QL KatPrid WrRoerBxurisrieteg aD YD O L
tijela ili tvari kako bi ih prilagodili svojim potrebama.

,JXPRP YDWUH VKYDUHQR MH NDNR VH VDJRULMHYDQMHP
prenijeti na okolinu ili pak neku drugu tvar. No toplina se ne prenosi samo kako bi se neka
GUXJD wYybu LOL WLMHOR |DJULMDOR 2VLP ]DJULMDYDQMD X QI
NRML ]IDSUDYR QLMH QLAWD GUXJR QHJR RGYRYHQMH WRSOLQH V

SRMDP XPMHWQRJ KODYyHQMD GROD]L GR lliapuduléed ikubnio JRGL
SUYL XUHYDM ]D XP MdGig&@RiokiobniiehQ MEIH] Gdkd\Mnteres tada nije bio
YHOLN GDQDV MH XPMHWQR KODYyHQMH QHL]JRVWDYDQ GLR VYDI
DVSHNWLPD QD&LK aLYRWD &niGD WRJD QLVPR QLWL VYM

ORGHUQLP GRERP GR3AOR MH L GR SRWUHEH P@RJR VORAH(
QDMELWQLMD EU]D L SUHFL]QD UHJXO.Bdkh M & cdgaddvitir@ Houe] OD]QH W
SRWUHEH pRYMHpDQVWYD L]XPOMHQL VX WDNR]YDQL WHUPRHOF



1.1. 2SLV |DGDWND ]DYUaQRJD UDGD

7THPD RYRJD ]DYUAQRJ UDGD MH XSRWUHED WHUPRHOHNWU
VXVWDY SUHNR NRMHJD UHD/NYDHNIXSRYVMHWL WDBRG@XO NDNR EL V
izlazna temperatura na hladnoj strani gornjega modula. Cilj je tri modula spoijiti u vertikalnu
konfiguraciu RGQRVQR SRVWDYLWL PRGXOH MHGDQ QD GUXJRJD 7LP
hladi zagrijanu stranu modula iznad sebe. PRPRUX VXVWDYD ]Dnad&dnjmndOMDQMH
modulima GH \pHstiti R G U H nBpQrl kako bi se postigla & H CaM#thgna temperatura.
RezXOWDWL UH VH WDGD SULND]DWL X JUDILpPNRPH L WDEOLpPQRP}
GYLMH VLPXODFLMH VXVWDYD X NRMLPD UH VH NRQILJXULUDWL L

1.2. 6WUXNWXUD |DYUaAaQRJD UDGD

8 XYRGQRP GLMHOX ]DYUAQRRDPLVIBGR IR SDADANM W W KYDUDQM!
XVNR YH]DQLK X] WHPSHUDWXUX WH SULMHQRY WRSOLQH 2SLV
NRML QDpLQ IXQNFLRQLUD SULMHQRVY WRSOLQH WH NRML VX VYH
aAWR VH REMDWEQLVWRQRMIWL ]D VKYDUDQMH SRMPD WRSOLQH
WHUPRHOHNWULPQD NRQFHSWD QD NRMLPD SRpLRB LMDPHIM RWHU P
WR WHUPRHOHWVOLQIHERGXOINWLPQL GLR ]DYUAQRJD UDGD R
S U L M @oQlavlju. U okviru zadatka, evidentirani su svi potrebni podatci kako bi se mogao
GDWL LVSUDYDQ L NRPSOHWDQ |DNOMXpDN WH XVSRUHGED L]JPH
tradicionalnih sustava za prijenos topline.



2. Prije nos topline

Toplina spada u kategoriju vrste energije. Tu vrstu energije posjeduju sva tijela, tvari i
IOXLGL D RQD MH XVNR SRYH]DQD VD QDpLQRP QD NRML VH DW|
toga WLMHOD JLEDMX 'R ]JDJULMDYDQMRVIDOW RK®SOYA KW MR ODGIQ R VRY
WLMHOD XNROLNR VH RQL QDOD]H QD UD]OLpLWLP WHPSHUDWX
VPMHUD WLMHOD YL&H WHPSHUDWXUH \8 URHEP|D UR/P MBI XW QM &HD RV
WHPSHUDWXUH SRVMHGXMH .YYTHNRYyNBOMpPpLEX WIRH YDt @EBJIJODVLW
WHPSHUDWXUQD UD]JOLND YHUD WR (/\BGRMYXMHQRY WRBOLQH EUA

Postoje tri osnovna mehanizma prijenosa topline, a to su prijenos topline konvekcijom,
NRQGXNFLMRP LAjijgrivp talind HPEH] GDW

2.1. Kondukcija

UYL QDpLQ SULMHQRVD WRSOLQH QD]JLYD VH NRQGXNFLMD |
WRSOLQH GLR WLMHOD VH ]DJULMDYD L]JUDYQLP GRGLURP VD L]
SURYRYHQMX WRSOLQH N RivivdrivbHodnhdsRAKNtildaYrid. (T &plipayse prévidsi
X REOLNX NLQHWLpPpNH HQHUJLMH L]JPHYyX PROHNXOD WLMHOD L L]
]JDSUDYR JRYRUL R EUJLQL NRMRP VH PROHNXOH NUHUX $NR MH
NUHGX SULGUNDP CGrBMX WLMHOD UD]JOLpLWLK WHPSHUDWXU
LIMHGQDpDYDQMD 7R VH YU&L QD QDpLQ GD VH PROHNXOH NRM
WRSOLMHP WLMHOX VXGDUDMX VD VSRULMLP PROHNXODPD KC
usporavaju te se sama temperatura toplijeg tijela smanjuje, dok se temperatura hladnijeg tijela
SRYHUDYD |[DMHGQR VD EU]LQ RilensStBlineML IR PRONMHMADMID WRSOLQH?
dat.).

2.2. Konvekcija

'UXJL QDpLQ SULMHQRVD WRSOLQH NDUDNWHULVWLPDQ M|
konvekcija. Do prijenosa topline dolazi zbog gibanja toplih, odnosno hladnih dijelova fluida
LIPHYyX SRGUXpMD UD]JOLPLWLK WHPSHUDWXUD ORt@kbzMaX@® D UQR JO
VWUXML PDWHULMDOQLK pHVWLFD X NRMRM MH QDUX&HQD WRSE
DNWLYLUDQ QD GYD QDpLQD 3UYL QDpLQ DNWLYLUD JLEDQMH



JXVWRiUIH GRN VH GUXJL QDpPLQ RVWY ekeXvihiskeNddeR A -RYWYODWH\GNLIF D
HQFLNORSHGLMD NRQYHNFLMD3 EH] GDW

3UYL QDpLQ MH SRVOMHGLFD SULURGQRJ NDUDNWHUD D SU
RNROLQL MHU VH WLPH PLMHQMD L VDPD JXVWRUD IOXLGD 7R I
prirodno VNDNDQMH PROHNXOD IOXLGD 6D GUXJH VWUDQH NRQYHN
QDPHWQXWD 7DGD VH JLEDQMH PROHNXOD XJURNXMH SULPMHOC
pumpe ili recimo ventilatora. Kod prisilne konvekcije, prijenos topline je intenzivniji nego pri
SULURGQRM NRQYHNFLML MHU VH WDGD DNWLYLUD JLEDQMH YHUI
GRYRGL L GR YHUHJ EURMD VXGDUD L]PHYX pHVWLFD

2.3. Radijacija

=D UD]JOLNX RG SULMD&EQMLK QDpLQD SULMHQRVD WRSOLQF
eOHNWURPDIQHWSWRHAHUDLPpPIRMHN XOH VDVWDYOMHQL RG QDELMHC
VWYDUDMX HOHNWURPDJQHWVNR JUDpPpHQMH L QD WDM QDpPLQ
zagrijanog tijela. SSIMHGHUD ELWQD UD]JOLND X RGQRVX QUDSHQYMHGNDRQL
princip prijenosa topline direktno ovisi o temperaturi, dok je kod konvekcije i kondukcije bitna
VDPR WHPSHUDWXUQD UD]JOLND L]PHYX VAtjahes@plind RVEHH )Y GBHAVSULM

=DQLPOMLYR MH a8WR WLMHOR Q' UNRPNDH QHW X WRM DB B RMH Q
ELWL SRG XWMHFDMHP WRJ JUDpHQMD 7LMHOR WDNR PR&H WRS
pDN SURSXVWLWL .DNR EL GRAOR GR 1DJULMDYDQMD WLMHOD
IDMRpLWLMLIBHYPMKQADHL =HPOMH JGMH SODQHW =HPOMD GLR ]
Sunca apsorbira, a dio reflektra L QD WDM QDpPLQ RGUADYD WHPSERUDWXUX
Siegel, i J. Howel, 2002, str. 2).

7DNRYHU NRG UDGLMDFLMH ERM [Eakitra Eagriaan@ tjeldsGnaW DY OM D
NRMH XWMHpH WRSOLQVNR JUDpHQMH .DNR MH & IGNMUEKE D”p LHMCHH N V
XWMHpPpH QD VYDNX SRMHGLQX ER MKktré'G@&3keyRpexita. MIBRXEiR@QIX GXOML
FUQH ERMH VH WDNR EU aHdd brddUtojd pr¥dstavija RdsliktubRsvjetla i time

apsorbira sve vidljive valne duljine elektromagnetskog spektra.



3. 7THUPRHOHNWULPQL NRQFHSW

7HUPRHOHNWULpPQL NRQFHSVWR RIBORARER RIMVHRWLYRRRWL WHI
UD]JOLNH QD NUDMHYLPD YRGLPD L SROXYRGLpD V REJLURP QD H
SULQFLSX WHUPRHOHNWULpPQRJ HIHN WBplinskd Xenizori N/ RmajuH Q H U D W F
PRIXUQRVW GRYRYVHQM EnjdiGMR $aQnBkoB BeVaRy aXPLJD 0 *UyDQ -
+ X § H2007).
3RVWRMH ]JDSUDYR WUL UD]OLpLWD HIHNWD NRMD ]JDMHGQR

GRELOL SR VYRMLP SURQDOD]DpLPD

WHPSHUDWXUQD UD]JOLND GRYRGL GBeahdky DUDQMD HOHNW

HOHNWULpPQD HQHUJLMD GRYRGL GR SURFHVD KODJHQMD ]

VYHREXKYDWQR REMDAQMHQMH WHUPRHOHNWULpPQRJ HIHN

3.1. Seebeckov efekt

6HHEHFNRY HIHNW RSLVXMH SRMDYX HOHNWULpPQH HQHUJLWN
ai PHYXVREQR VSRMHQLK YRGLpPpD SROXYRGLpD RVMHWL WHPSHU
MDYOMD MRa VH L QDJLYD 6HHEHFNRYD HOHNWURPRWRUQD VLOD
razlike iskazana je Seebeckovim koeficijentom (, aXPLJD 0 *U XY @2007)+

Talijanski znanstvenik, Alessandro Volta, prvi je puta opisao ovaj efekt 1794. godine.
Efekt je ipak naziv dobio po QMHPDpPNRPH IL]JLPpDUX 7KRPDkb}jeRjlkeieiQ 6HHEH
VDPRVWDOQR RWNULR L GHWDOMQLMH RSLVDR 'R RWNULUD MFH
SULPLMHWLR pXGQR SRQDaADQMH LJOH QD NRPSDVX 1DLPH X ]
VSRMHQ VD GYMHPD UD]JOLpLWLP &LFD EBEmMp&atuirkhuMa¢likyEfékU DMHY LP
MH SURL]JYHR HOHNWULpPpQX VWUXMX D VDPLP WLPH L HOHNWURI
QHRELWD® NRPSDVD .DNR 6HHEHFN WDGD QLMH VKYDWLR GD MF
energije, on je taj fenomen nazvao termomagnetskim efektom jer je bio siguran da je
SURX]JURPLR PDIJQHWVNX SURPMHQX XWMHPDE®IHWHUDHO MWNH SKR I

LVSUDYLR GDQVNL IL]L pO2idted RO Y& t&da ptvVpdnieguo i opisao izraz
W HUPRH O H NAV Y HUPRHDIHFWE LEH GDW



3.2. Peltierov efekt

JRGLQH 1UD Q Beaw OHarleks PiHabalde Peltier opisao je efekt suprotan
6HHEHFNRYRP HIHNWX .DNR 6HHEHFN JRYRUL R SRVWL]DQM
temperaturne razlike, tako Peltier opisuje nastanaN WHPSHUDWXUQH UD]JOLNH QD NU
XNROLNR VH NUR] QMLK SXVWL HOHNWULpPpQD VWUXMD 7DNR VH |
GD VH QHNR WLMHOR |]DJULMH LOL SDN RKODGA7KRNUPRHORFWR N
HITHFW?3 EH] GDW

PHOWLHURY HIHNW VH PRaH VPDWUDWL SRYUDW@&RBP DNFLM
JERJ WH SRMDYH 3HOWLHURY HIHNW VH NRULVWL NRG WHUPR
WHUPRHOHNWULPQLK WABWKEBERRK MUHYWMDEH] GDW

3.3. Thomsonov efekt

2YLVQR R YUVWL PDWHULMDOD NUR] NRMH WHpH VWUXMD
RGQRVX QD WHPSHUDWXUX .DNR MH 3HOWLHURY HIHNW VXSUR
XWMHpPH RYD SRMDYD 'HWDOMQLMH MH WR RSLVDR aL&®LDP 7KRP
Kelvin. IDNRQ 34WR MH GHWDOMQR SURXpPLR WH]H L]JQHVHQH RG VW
NRQDpQL PDWHPDWLPNL L]UDpXQARH @\MURRH GEHN VEDMp QL HIHNW

7LPH MH RSLVDR KODYyHQMH RGQRVQR JULMDQMHN&YRGLpPD N

temperaturni gradijent (, aXPLJD 0 *UyDQ2007)+XyHN



4. THUPRHOHNWULpPQL PRGXO

,DNR VX UDQLMH VSRPHQXWD WUL WHUPRHOHNWULPQD NR
PRGXOD QDMYL&H MH ]DVOXabDQ HIHNW REMDaQMHQ RG VWUDQH
WDNYL PRGXOL pHauH QD]JLYDMX B3HOWLHURYLP PRGXOLPD RGQR

4.1. Komponente

7HUPRH O HioMlUdupfpravo vrlo jednostavnoga dizajna EDUHP &@WR VH WLY
VWDQGDUGQLK PRGHOD 6YDNL 3HOWLHURY PRGX@SmwbtyWRML V
2018):

1) Pozitivne i negativne HOHNVWWEBQMUR] NRMX VH GRYRGL LVWRVPMH

2) 9LAHVWUXNR FEtRYNMWIE. KROXYRGLpPD

3) (OHNWULPpQRJ LIRODWRUD QDMpH&UH NHUDPLND

4) (OHNWULPQRJ YRGLpD QDMpHaUH EDNDU

Heat Absorbed (Cold Side)

@

Positive (+)

P-Type Semiconductor
Electrical Conductor (Copper)
n-Type Semiconductor

Electrical Insulator

(Ceramic) Negative (-)

Heat Rejected (Hot Side)

Slika 7THUPRHOHNWULPQL PRGXO OHGLFDO'HVLJQ 2XWVRX



4.2. Karakteristike

6YUKD 3HOWLHURYRJ PRGXOD QDMpH&UH gvoHjeRaEGNORWHQMH W
]JDJULMDYDQMH QHNRJ REMHNWD NDR JODBQREPLUOOGIXRDRID XDAQE
je poznavati osnovne karakteristike, odnosno specifikacije Peltierovog modula.

6YDNL 3BHOWLHURY PRGXO GROD]L VD RG@t&lobhu Rdwpsi RP SRSU
RSLVDQD VYD QMHJRYD YDaQD RELOMHaMD .DNR EL X QDVWDY
NRULAWHQL WHUPRHOHNWULPpQL PRGXOL ELOR UD]XPOMLYR NRM
osnovne specifikacije modula A&RQUDG (O KF VEWR GIDFWG

1) &Gp¢eSUHGVWDYOMD PDNVLPDOQX WHPSHUDWXUQX UD]OLN

modula.
2) Tiodli 8 gs0znaka opisuje koliki je maksimalni napon u voltima GRS Xa\W MWD W L
kroz modul kako bi se postigao & §¢ s

3) 4pgovori R PDNVLPDOQRM NROLpPLQL VWUXMH SULND]DQRM X
&Qoe

4) 3;6s6SUHGVWDYOMD PDNVLPDOQX NROLPLQX HQHUJLMH RGC
NRMX MH PRGXO X PRIXUQRVWL SUHQLMHWL

4.3. Princip rada

Standardni Peltierov modul TEC1-12706 za svoj optimalan rad zahtjeva napon u iznosu
od 12V te struju od 6A. Kada se takva istosmjerna struja pusti kroz modul, dolazi do Peltierovog
HIHNWD WH VH MHGQD VWUDQD PRGXOD KODGL GRN VHaGUXJD VV
SUROD]L NUR] YLAH SDURYD SiRapieM&E WILE XREROWYRGQHPD .DNR H
SXWXMX NUR] SROXYRGLpH WDNR VH VD KODGQH VWUDQH PRGX
NRMHJD VH @&HOL RKODGLWL 6 GUXJH LVBDWMDPHH & B NWULRMID QDHV R/

tako zagrijava tu stranu modula (Crotti, 2019).



5. 6XVWDY |]D XSUDYOMDQMH WHUPRHOH|

*ODYQL GLR RYRJD UDGD MH ]DSUDYR VXVWDY NRMLP U0H \
pojedinom Peltierovom modulu kako bi se SRVWLJOD &a4HOMHQD L]OD]QD WHPSHI
UHDOL]DFLMX RYDNYRJD VXVWDYD NRULAWHQR MH QHNROLT

komponenata, od napajanja do mikrokontrolera.

5.1. .R UL aanplikacije i alati

&MHORNXSQL VXVWDY ]D XSUDYOMDOQOMWDVWWR KR HWOH NRGU I/ [iX
komponenata:
1) THUPRHOHNWULpPQL RGQRVQR 3HOWLHURYBLLMREBEXUH R]QI
VWDQGDUGQLP 3HOWLHURYLP RBEGKXOLPD YHOLPLQH PP

Slika 2. TEC1-12706 (Google slike)

BUHSRUXpHQ MH UDG QD LVWRVPMHUQ R Maksiwidlhd katineRG $ WH
WHPSHUDWXUD RGQRVQR WHPSHUDWXUD NRMX PRaH SRGQL
138°& ALYRWQL YLMHN PRGXOD L]Q@é&bltom ispod piikeZa@d ¢G4 VD W L
QDMY.MEIY RELOMHAaAMD XSUDYR WRJ PRGXOD D VYH R]JQDNH
7DNRYHU MH YDaQR QDJODVLWL GD VH VYL SULND]DQL UH
tolerancijom od 10% A&RQUDG (OHFWURQLF 6(3 EH] GDW

&Qoe 70
Ny 16.0
hoe 6.1
3a0¢ 60

Tablica 1. Osnovne specifikacije TEC1- PRGXOD A&RQUDG (OHFWURQLF 6(3



2)

3)

4)

5)

6)

7

8)
9)

Hladnjak sa popratnim ventilatorom koji radi na 12V. Potreban je kako bi se posljedniji,
QDM]DJULMDQLML PRGXO awWR YLaH UDVKODYLYDR

(63 PLNURNRQWUROHU NRMLP VH XSUDYOMDMX VYL SRSUDV
rezultati u sustav zbog daljnje analize.

Dva DS18B20 temperaturna senzora koje napaja mikrokontroler s obzirom da rade na
QDSRQLPD L]JPHYX 9 L 9 1D kb{d md@u ivvnieMiSAddsiDIA K ddR

maksimalna iznosi +125°C sa tolerancijom od +/- 0.5°C.

DHT22 VHQ]RU NRMLP VH PMHUL WHPSHUDWXUD L YODaAaQRVW RI
na jednakim naponima, dok temperaturu mjeri u intervalu od -40°C do +80°C uz

toleranciju od +/- f& 90DA&aQRVW ddDRid OB Mipadatke prikuplja svake

dvije sekunde.

Napajanje Keysight E36233A koje napaja dva Peltierova modula. Napajanje ima dva

L]OD]D RG NRMLK VYDNL PDNVLPDOQR PRaH Stdxo@BbDWL QDSF
20A.

Napajanje Keysight E36231A koje ima samo jedan izlaz te stoga napaja samo jedan

Pelterov PRGXO ,]OD]QL PDNVLPDOQL QDSRQ WH VWUXMD MHC
napajanja.

Napajanje posebno dizajnirano za ventilator kako bi optimalno radio na naponu od 12V.
(NVSHULPHQWDO®QDSRBRSBPMW®LP aLFDPD GYD RWSRUQLND Vi

jedan otpornik snage 10k Ohma.

2VLP ILJLPNLK NRPSRQHQDWD VXVWDY SRpLYD QD SRGUAFL

koji su povezani u cjelinu:

1)

2)

3)

KeysightBench9 XH VOXAaEHQL MH SURJUDP NRMLP VH XSUDYOMD .+
VOXpDMX QDSDMDQMLPD

Keysight CONQHFWLRQ ([SHUW VOXAaL NDNR EL VH SUDYLOQR S
Keysight BenchVue programom s obzirom da ESP32 mikrokontroler ne spada u
NDWHJRULMX .H\VLJKW XUHyYyDMD

Arduino IDE program kojim se konfigurira ESP32 mikrokontroler kako bi pravilno

prikupljao podatke putem senzora te ih slao nazad sustavu.
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5.2. lzrada sustava

Sam naslov ovoga rada govori 0 mjerenju temperature u vertikalnim konfiguracijama
WHUPRHOHNWULPQLK PRGXOD .DNR EL VH RSUDYGDR WDNDY Q
konfigurirana su tri zasebna temperaturna senzora. Shematski prikaz spajanja ESP32
PLNURNRQWUROHUD VD WULPD VHQ]RULPB(6GULNO]DQ MH WJOMHG
dat.).

Emm
I EEl N
EHEEIE __
* e e o0 e & o o 9 * o o o @ * o o o @ (I E NN

e s 0o 0 o T A o o 0 e . e B'EE -

mEEE
A EEEEEEE R EEE] . .ollllo
¢ o 0 e e e e e e e e ')

vin oMb CHP SP3 5D2 P13 DPL2D14 D27 D2k P25 P33 D32 P35 D34 VN VP EN I

HYHHHHHY

©

AARARARRRARA

CLE =0 SDL PO DLS D2 D4 RX2 TX2 BS D18 D19 D21 RXO TX0 p22 I23 .

w3

*® & & & 0
e & & & @
* @ ¢ 0 0
¢ & & & 9
e o @ o 0
* @ @ o @
e & & & @
* & @ 0 0

's
;

L]

L]

L]
o

Slika 3. Shematski prikaz spajanja (autorski rad u programu Fritzing)

Na slici 3 su prikazana dva DS18B20 senzora (crni) te jedan DHT22 senzor (bijeli). S
REJLURP GD MH VOLND LJUDYHQD X EHVSODWQRPH SURJUDPX )UL
doslovnojer SURJUDP QH VDGUAL LGHQWLpPQH NRPSRQHQWH RQLPD NF
sustava 1D SULPMHU (63 PLNURNRQWUROHU QLMH MHGQDN RQRP
WR MH QDMEOLAL SULND] NRULaAWHQRJD PLNURKRUIWANBSEDHUD ,V W
VX NRULAWHQL VHQ]RUL LVWRJ PRGHOD VDPR EMRRVMXHY Q3B RRDWA
da su se kod spajanja DS18B20 senzora koristili otpornici snage 4.7k Ohma, dok se kod
spajanja DHT22 senzora koristio otpornik snage 10k Ohma (A (63 '+7 '+7 3 EH]
dat.).
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5.2.1. Arduino IDE

Naravno, kako bi ESP32 mikrokontroler mogao komunicirati sa senzorima, ali i sa
RVREQLP UDpXQDORP QD NRMH @a8DOMH SRGDWNH SRWUHEQR JD
=D WR MH NRUL&WHQ I3 RigrokoRrolkUse MSDMD SXWHP 86% SULNOM:
UDpXQDHOBXWHP $UGXLQR ,'( VXpHOMD NUHUH NRQILJXUDFLMD

B3UYR MH SRWUHEQR SUHSR]QDWL XUHYDM RGQRVQR PLNL
parametre kako bi se on mogao ispravno Koristiti, ali i konfiJXULUDWL .OLN®&R3QD WLSN
RWYDUD VH SDG phkazarslkppRUQMNM MH YDAQR RGDEUDWL SROMD R]
ERMRP 3UY ® RIRyoudrHo Bojemu je zapravo mikrokontroleru ULMHp WH QDNRQ aW
RGDEHUH SUDYLODQ XUHYyDM RVWDWDN SDUDPHRDUDNRML S\RH/ W L
SRWUHEQR UXpQR RGDEUDW 2Q SULND]JXMH XOD] QD NRML MF
SULNOMKXRNRPH VOXpDMX ULMHp MH R XOD]X A&20 3

Tools Help
Auto Format Ctrl+T
Archive Sketch
Fix Encoding & Reload
Manage Libraries... Ctrl+Shift+]
Serial Monitor Ctrl+Shift+M
Serial Plotter Ctrl+Shift+L

WIiFi101 / WIFININA Firmware Updater

| Board: "ESP32 Dev Module”|
Upload Speed: "921600"
CPU Freguency: "240MHz (WiFi/BT)"
Flash Frequency: "80MHz"
Flash Mode: "QIO"
Flash Size: "4MB (32Mb)"
Partition Scheme: "Default 4MB with spiffs (1.2MB APP/1.5MB SPIFFS)"
Caore Debug Level: "None”
PSRAM: "Disabled”

| Port: "COM4" |
Get Board Info

R

Slika 4. Odabir pravilne konfiguracije za ESP32 u Arduino IDE programu

Nakon postavljanja tih parametara, potrebno je poslati signal mikrokontroleru kako bi
VH RVLIXUDOR GD MHKa¥rkd DDS\RPMEQMGIDSURIJUDPLUDQMH VDPRJ P
kako EL NRPXQLFLUDR VD VHQ]JRULPD WH UH]XOWDWH VODR QD]DC(
SULND]DQ X QDVWDYNX QDNRQ pHJD VOLMHGL QMHJRYR REMDA&Q

12



O©CoOoO~NOOULE, WN P

#include " DHT.h"
#include < OneWire.h>
#include < DallasTemperature.h >

#define DHTPINS
#define DHTTYPEDHT22

const int tempWireHigh = 13;
const int tempWireLow = 14;

DHTdht (DHTPIN DHTTYPE

OneWire tempHigh (tempWireHigh );
DallasTemperature  firstSensor  (&tempHigh);

OneWire tempLow( tempWireLow);
DallasTemperature  schdSensor (&tempLow);

void setup () {
Serial . begin (9600);

dht . begin ();
firstSensor . begin ();
scndSensor . begin ();

}
void loop ()

if (Serial .available ()X
int state = Serial . parseint ();

if (state == 1){
firstSensor . requestTemperatures ();
scndSensor . requestTemperatures ();

float firstTemperatureC = firstSensor

. getTempCByIndex( 0);

float scndTemperatureC = scndSensor. getTempCBylndex( 0);

float  humidity = dht.readHumidity ();

float ambientTemperatureC = dht.readTemperature ();

Serial . print ("Vlaznost zraka: " );
Serial . print (humidity );
Serial . print ("%, " );

Serial . print ("Temperatura okoline: "
Serial . print (ambientTemperatureC );
Serial . print ("°C," );

Serial . print ("Temperatura zagrijane strane:

Serial . print (firstTemperatureC );
Serial .print ("°C,");

~—

Serial . print (F("Temperatura hladne strane: " );

Serial . print (scndTemperatureC );
Serial . printin ("°C");

}

13



/ILQLMDPD L XNOMXpXMX VH ELEOLRMIHSUYL SRIWWUSHFERH XO
WHPSHUDWXUQLK VHQ]JRUD .DNR MH ULMHPp R QHWLSLpPpQLP VI
LQVWDOLUDQH L XNOMXpHQH X $UGXLQR ,'( SURJU DstaraleDNR EL V
potrebno je kliknuti na Sketch A Include Library A Manage Libraries . Tada se otvara
takozvani Libary Manager RGQRVQR SUR]JRU X NRMHiastalratiHEO MSIGHW H D & |
bibiloteke:

1) DHT sensor library by Adafruit
2) OneWire library by Paul Stoffregen

3) Dallas Temperature library by Miles Burton

/ILQLMD RSLVXphH QD RERMURMR @WUROHUX SREIHMORHGEHURMPC
OLQLMRP GHILQLUD VH WLS VHQ]JRUD NRML VH NRULVWL X RYR
kreiraju instancH GYDMX '6 % VHQ]J]RUD NRMH VH WDGDpWbBNRyHU GRG
awR MH YLGOMLYR X OLQLMDPD L

60MHGHURP QDUHGERP SULND]DQRP X OLQUHMte mus?lUHLUD V

dodjeljuju parametri definirani linijama 5 i 6, odnosno pin te vrsta senzora.

7DNRYyHU MH SRWUHEQR NOddWirtl kaké bi $e@26WMhin@i kdinunidiratD
sa programom, nazvane tempHigh i tempLow te im dodijeliti prije definirane parametre (linije
13 i 16). Nakon toga, u linijama 14 i 17, definiraju se instance tipa DallasTemperature te im
VH SURVOMHYyXMX QheWkeUIBQHR W IINSPOML UH PMHULWL ]DJULMDQX
firstSensor, dok scndSensor SUHGVWDYOMD WHPSHUDWXUQL VHQ]JRU NRML
dio, a to je mjerenje hladne strane WHUPRHOHNWULPQRJ PRGXOD

Svaki program pisan za ESP32 mikrokontroler, sastoji se od GYLMH NOMXpQH PHW
setup i loop. Prva metoda |[DSRpLQMH OLQLMRP L ]I DYUADYD OLQLMRP
konfiguraciju mikrokontrolera. Druga metoda |D SR p LGQNDH M R P L ]JDYUADWYD OLQLM
VH LI]IYRGL EHVNRQDPQR PQRJR SXWD RGQRVQR L]JYRGL VH WD
XNOMXpHQ

Linijom 20, deklarira se serijski ulaz sa brzinom prijenosa od 9600 bitova po sekundi.
7D EURMND MH Y U®Rsijé Morgtdi pvllikdoh KoHfigdracije sa ostalim programima
NDNR EL PLNURNRQWUROHU VODR SRGDWNH RGJRYDUDMXUH EU]L

inicijaliziraju se sva tri senzora metodom begin.
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Tada se dolazi do glavnog dijela programa, dLMHOD X NRMHPX VH J]DSUDYR
potrebna mjerenja. /LQLMD SURYMHUDYD GRVWXSQRVW VHULMVNRJ P
P HYy XV S ikdd pagira te sprema u varijablu state. Linija 32 provjerava dalije GRKYDUHQD
vrijednost jednaka predefiniranoj YULMHGQRVWL X pRV&d&d d&/ D)X jiiebena
YULMHGQRVW MHGQDND $NR MH UH]XOWDW XVSRUHGEH SR]JLW
SRQRYQR YUDUD QD OLQLMX V REDLBRYN®RI MHQ W 5 W ONMHO L GL

Linifjom 33 i 34 poziva se funkcija requestTemperatures SULMH VWYDUQRJ GRKY]
temperature. Kasnije su definirane dvije nove varijable tipa float, varijabla firstTemperatureC i
varijabla scndTemperatureC. U te varijable spremaju se GRKYDUHQH WHPSHUDWXUH Q
getTempCByIlndex 60ORYR A&3 X QDUHGEL JRYRUL GD iH GRKYDUHQH Wi
stupnjevima Cel[LMHYLPD D DNR VH RBOHQERIMWLVWPDWIMKGQRVWDYQR
]JDPLMHQL VORYRP A)3 XQXWDU SR]J]LYD QDUHGEH

Temperatura RNROLQH L YODAQRVW JUDND GRKYDUD VH QDUHGED
su nove varijable tipa float. U varijablu humidity VSUHPD VH UH]XOWDW YH]DQ X] YOD
GRKYDUD VH MHGQRVWDY Q teBdH&Rdity idd RIhCoDbjéktdrG. Stdruge strane,

u varijablu ambientTemperatureC sprema se rezultat poziva naredbe readTemperature
WDNRyYyHU Q D GIhR&mezditdtWwrBdBtavlja temperaturu okoline iskazanu u stupnjevima

Celzijevima.

1IDSRVOLMHWNX SUHRVWDMH GRKYDUHQH UH]XOWDWH SUL
Serial.print X U Hy$eMaHH O M HQ IQ DVE D p L £ peoblijédiR/aijabla u kojoj je spremljen
nekirezultatiise MHGQRVWDYQR XQHVH @&HOMHQL WHNNVGE X @XWDYURYLR

sa pisanjem koda, potrebno je kod verificirati te nakon toga poslati na mikrokontroler.

@ 2xDS18B20_1xDHT22 | Arduino 1.8.15 @ 2xDS18B20_1xDHT22 | Arduino 1.8.15
File Edit Sketch Tools Help File Edit Sketch Tools Help

oo m Verify °° m Upload

2xDS18B20_1x0DHT22 2x0S18B20_1xDHT22

Slika 5. Verificiranje i slanje koda na ESP32
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Ukoliko i verifikacija i prjenoV NRGD QD PLNURNRQWUROHU SURYyX XV¢
otvoriti takozvani Serial Monitor WH PLNURNRQWUROHUX SRVODWL YULMHGQR

vrijednost 1, dolazi do ispisa prikazanog kao na slici ispod.

@ coma - O X

1 Send

Vlaznost zraka: 42.70%, Temperatura okoline: 25.00°C, Temperatura zagrijane strane: 24.19°C, Temperatura hladne strane: 23.37°c
Vlaznost zraka: 42.80%, Temperatura okoline: 25.10°C, Temperatura zagrijane strane: 24.25°C, Temperatura hladne strane: 23.37°C
Vlaznost zraka: 42.80%, Temperatura okoline: 25.10°C, Temperatura zagrijane strane: 24.31°C, Temperatura hladne strane: 23.44°C
Vlaznost zraka: 42.80%, Temperatura okoline: 25.00°C, Temperatura zagrijane strane: 24.19°C, Temperatura hladne strane: 23.37°C
Vlaznost zraka: 42.90%, Temperatura okoline: 25.00°C, Temperatura zagrijane strane: 24.31°C, Temperatura hladne strane: 23.37°C
Vlaznost zraka: 42.90%, Temperatura okeline: 25.00°C, Temperatura zagrijans strane: 24.31°C, Temperatura hladne strane: 23.44°C
Vlaznost zraka: 43.60%, Temperatura okoline: 25.00°C, Temperatura zagrijane strane: 24.31°C, Temperatura hladne strane: 23.44°C
Vlaznost zraka: 43.60%, Temperatura ckeoline: 25.00°C, Temperatura zagrijane strane: 24.31°C, Temperatura hladne strane: 23.50°C
Vlaznost zraka: 43.80%, Temperatura okoline: 25.00°C, Temperatura zagrijane strane: 24.31°C, Temperatura hladne strane: 23.56°C

v}

[] Autoseroll [] Show timestamp Newline ~ | |9600 baud ~ Clear output

Slika BULND] LVSLVD GRKYDUHQLK UH]XOWDWD
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5.2.2. Keysight Connection Expert

Program Keysight Connection Expert SUXaD MHGQRVWDYDQ L VLJIJXUDQ C
YDQMVNLK XUHYyDMD VD RVREQLP UDpXQDORP $XWRPDWVNL GHW
VX VSRMHQL VDWW RARIARBPYD NRULVQLNX XYLG X RVQRYQH L
VSRMHQH XUHYDIMIKKW 7HAN® RREHJIJGDW

Naslici7 YLGL VH GD VX QD UDpXQDIWRYW QM XV QRJ WBIRMH Q.[B1 \ Vv
napajanja E36233A te E26231A automatski su detektirana te su uz te instrumente dostupne

GRGDWQH LQIRUPDFLMH SRSXW QD]LYD kog Braja Ytrefubne DerzjeU VWH PR
VRIWYHUD 6 GUXJH VWUDQH PLNURNRQWUROHU (63 WUHED UX

Keysight Connection Expert 2021 B ? -0 %

Instruments = PXI/AXIe Chassis

M = . . .
My Instruments *+Add & =B Y Details for Keysight Technologies E36233A
~ LAN (TCPIPO ~ > f -.'g
¢ ) ‘W 4 x m: - ]
I I (el ety GBS e el Check Edit Remove Interactive 10 Monitor Command BenchVue
Status 10 Expert
; _ ‘ Manufacturer: Keysight Technologies
- Model: E36233A
v COM (ASRL4) Serial Number: MY59001039
No Instruments Found Firmware Version: 1.0.0-1.0.2-1.00
h ' COM (ASRLS) . .
Q Connection Strings
“ USB (USBO) VISA Address Aliases
E36233A, Keysw'ght Technolog\'es } 0| USBO::0x2A8D::0x3302::MY59001039::0::INSTR | USBInstrumen
USBO::0x2A8D::0x3302::MY5900103...
USBInstrument2

E36231A, Keysight Technologies Installed IVI Drivers &3 Update
USBO: :0x2A8D: :0x2F02::MY6003326...
USBInstrument1

Remote 10 Server Off  32-Bit Keysight VISA is Primary ~ Version: 18.2.26526.0

Sika .H\VLJKW &RQQHFWLRQ ([SHUW VXpHOMH

=D UXpQR GRGDYDQMH (63 PLNURNRQWUROHUD SRWUHEC
mikrokontroler spojen U6% SULNOMXpNRP =ERJ SULMD&QMH NRQILIJXUDFLI
odabire se ulaz COM (ASRL4). Klikom na njega, dolazi se do glavnih informacija vezanih uz
taj ulaz. Potrebno je skenirati ulaz, te nakon toga kliknuti na gumb prikazan na slici 8.
Detail for ASRL4

g Rescan E/r Edit x Remove +Instrument

Slika 8. Dodavanje ESP32 mikrokontrolera
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Klikom na taj gumb, otvara se novi prozor prikazan na lijevoj stani slike 9 putem kojega
se konfiguriraju svi potrebni parametri kako bi ESP32 bio prepoznat od strane Keysight
programa. 9DAQR MH QDP M H VBdloVRateSra 9aDE® $1dhziddun da je tako definiran
prilikom programiranja u Arduino IDE programu. Sa desne strane slike sada su prikazana sva

wWuUL VSRMHQD XUHyDMD (63 VSRMHQ MH NDR ILN&dpg®L LQVWU
stoga nosi ime Unknown.

Add an RS-232 serial instrument X

V' COM (ASRL4)

USB-SERIAL CH340 (COM4)

Specify Connection Addresses:

Unknown

VISA Interface ID: ASRL4 - ASRL4::INSTR
SICL Interface ID: COM4 -
Logical Unit: 4 hd

v €3 com (AsRLS)

Configure Serial Properties:

—

IBF‘“““E: o600 - I Stop Bits: |1 e No Instruments Found
Data Size: 8 - Parity: NONE -
Flow Control: | NONE - SRQ Line: | RI - v USB (USBO)

Auto-Identify This Instrument

Ver . E36233A, Keysight Technologies
erify Connection:
USBO::0x2A8D::0x3302::MY5900103...
Test This VISA Address ASRL4::INSTR USBInstrum ent,?

Verified

E36231A, Keysight Technologies

USBO::0x2A8D::0x2F02::MY6003326...
USBInstrument1

‘ OK ‘ Cancel

Slika 9. Konfiguracija ESP32 mikrokontrolera
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5.2.3. Keysight BenchVue

60XAaEHQL SURJUDP .H\WLJKW NRPSDQLMH ]YDQ .H\VLJKW %
korisnicima MHGQRVWDYQR SUDUHQMH VYRMLK LQVWUXPHQDWD 3U
VSRMHQLP LQVWUXPHQWLPD YU&AaLWL VYD SULSDGDMXuD PMHU
XVSRUHYLYDWL EH] SRWUMHBMY 8§ URWUTHAKIDPDROVRILHY % HQFK9XHS3

Benchy XH SURJUDP UDGL VD YLd4H RG VWRWLQX pdptOLpLWLK
napajanja L RVFLORVNRSD 9UOR MH SUDNWLpPpDQ MHU RPRJXUDY
LQVWUXPHQDWD aWR XYHOLNH XEU]DYD UD]YRM SURMHNWD .H\V
imRELOQLP XUHYyDMHP LOL WDEOHWRP 'RYROMQR MH VNHQLUD'
LQVWUXPHQW XQXWDU %YHQFK9XH VXpHOMD

'RELYHQL UH]XOWDWL VH PRJX VSUHPDWL WDEOLpPQR LOL
MHGQRVWDYQR XVSRUHVYyLYDWL URMOWIPWM I D WDL KE H]S FSNR MQULHKE |
XVNODYLYDQMD L XVSRUHyYyLYDQMD 2QL VH WDNRVHU PRJX L]YHV\
analize, poput Microsoft Worda ili Excela.

ORAGD QDM]DQLPOMLYLMD VSRVREQR\Bahch\Qaviest Flow.D QD MH
Ona RPRJXuDYD NUHLUDQMH YODVWLWLK DXWRPDW HAg@mQLK WHWV\
drop tehniku koja potrebno znanje o programiranju svodi na minimnum. 8SUDYR MH QD WDM Q
kreiran sustav koji je tema ovoga rada.

.OLNRP QD +MdP¥dtvAra se veli SULMH V SE It
SURJUDP .H\VLJKW &RQQHFWLRQ ([SHUWIINEGEGEGEEEE
SURJUDPD YHU SaktliSKeysughtvBenchVue odobrava
XUHYyDMH ]D GDOMQML UDG .DNR EL V
SRWUHEQR MH |]DWUDAULWIL @HRRQEXR B M]
od kojih postoji i probna besplatna verzija u trajanju od jedne

HyDML SXW

.H\VLJIKW
b HO D

Power Supply

godine. Osim dvaju napajanja (Power Supply), prepoznat je i USBInstrument2
ESP32 mikrokontroler u obliku serijskog kontrolera (Serial v
Control).
.DNR EL VH NUHQXOR X NRQILJXUD D SRWUHE
Power Supply
SULWLVQXWL GYRVWUXNL NOLN PL&HP e EMHGLQL XU
UH]XOWLUDWL RWYDUDQMHP NXXPpHOMD S v DLNRP

Serial Control
COM Port

Slika 'RGDYDQMH XUHYDM
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Slikom 11 prikazano je osnovhos XpHOMH %HQFK9XH SURJUDPD SRWUHEQ
strane vidljiva su sva tri spojena XUHyDMD GRN MH VD GHVQH VWODQH Y
BenchVue Test Flow VXpHOMH X NRMHPX 0H VH NUHLUDWL SURJUDPVND

O Keysight BenchVue A Home > Benchw
oqoarmu OcmpAu B & [ ecoral

1 Power Supply // E36231A // USBInst 0 [l w4 2 Power Supply // E36233A // USBInst 9 7 & x

Output 1 Qutput 1 Output 2

Measure Measure Measure Measure
105 yv 809 yA | 680 UV 908 pA

Measure (I):
992 YA

Measure (V):
-79 uv

Thm 00 bBeoon

° Start

3 Serial Control // SERIAL DEVICE // C @ @ 0 X

° Start

S\, Instrument Settings
4 Settings
= Port Settings
COM Port:
Baud Rate:

Parity: None

App State File] [Comm £ b iy @° [2 Export

Slika

O ®HO-5x%

¥ BenchVue Test Flow P Instruments

02 x

BenchVue Test Flow - Untitled Sequence

Show More Blocks Clear Sequence Show On-Screen Tips

Power Supply
usaInstrument 1

Workspace  Preview

Poweer Supply
usaInstrument2

r

pasueApY ‘Yiep ‘Sajqelep ‘sdooT ‘SAeaq - S3DOIE 0K

& Export

SGHuE = e

%WHQFK9XH VXpHOMH

KDR &WR MH YHU idHQNVOWRI XPHOINLRP VH PRAH XSUDYOMDWL N
Sviparameti NRMH MH PRJX(iH SRGHADYDWL REUXEOMHQL VX QDUDQDp
SURMHNWD QDM Y D &/0ltagk SextiXg SIDrceDt Ry U L

Power Supply // E36231A // USBInstrument1

E:" Data Logger

\ Instrument Settings

Output 1

Measure (V):
Voltage Setting:

Voltage Range:

Show Advanced Options

Log voltage

° Start

App State File

Measure (I):

Current Limit:

Log current

o H ri @ 00 EExport

Slika 12. Detalji E36231A napajanja u BenchVue programu




6XpHOMD ]D QDSDMDQMD VX LGHQWLpPpQD RVLP @&WR QDSDMDC
PRaH L XSUDYOMDWL VD RED L]OD]D 1R VXpHOMH ]D VHULMVNL
QHEAWR NRPSOHNE @iNDRD]XMBLNKBUDYR WR 2YGMH MH YDAaQR Si
RGJRYDUDMXUH SDWCOR Rt UeHBRIR BateWpolja te kliknuti na gumb Apply .
8NROLNR MH VYH X UHGX LVSLVDW UH VH SRUXND R XVSMHaQRP

IDNRQ XVSMHAaAQRJ SRYH]LY D Q Mdd miekantidteEaQakdjélpMeH VW LUD V
LVSURJUDPLUDQR (63 GRKYDUD SRGDWNH L] WHPSHUDWXUQLK
XNROLNR PX MH SURVOLNiképiH&gdDmB BntHGQRVW A 3

4 Settings

Log History Clear History
=  Port Settings

Establishing connection to COM4
COM Port: COM4 ()I(;nl;ected to COM4

<< Vlaznost zraka: 48.40%, Temperatura okoline: 25.90A°C, Temperatura
Baud Rate: 9600 zagrijane strane: 23.94A°C, Temperatura hladne strane: 23.00A°C

>>1
Parity: None << Vlaznost zraka: 48.40%, Temperatura okoline: 25.90A°C, Temperatura
zagrijane strane: 24.00A°C, Temperatura hladne strane: 23.12A°C

Stop Bits: 1

Data Bits: 8

Flow Control: None

Slika 13. Konfiguracija ESP32 mikrokontrolera u BenchVue programu

N 1DNRQ aWR MH WHVWLUDQD YH]D VD VYD \
~ Basic Blocks @ sa drag-and-drop kreiranjem testa za ovaj sustav. .RULAWHQMH
Delay je vrlo jednostavno te user friendly. Takozvani blokovi
UDVSRUHYHQL VX X QHNROLNR NDWHJRULMD
blokova, blokova koji predstavljaju petlie poput for i while,
PDWHPDWLpPpNLK EORNRYD LOL SDN MR& VOR

Wait Until

If Then Stop

If Then Else .
kategoriju Advanced.
Frompe 2VLP VDPLK EORNRYD PRJXiUH MH NUHLUDV
Ask User X NRMH VH VSUHPDMX 8HOMHQL UH$XOWDWL F
Pass/Fail Test 0 programiranome testu.
p— 7HVW VH NUHLUD QD QDpLQ GD VH VD OL
P AHOMHQL EORN WH RGYXpH QD GHVQX VWUDC
+ Loops
Variables © QLAX MHGDQ LVSRG GUXBIBWIDIjiQD WDNR]YDQRN

-

Slika 14. BenchVue Test Flow
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Slijedi glavni dio ovogaradD D WR MH SURJUDPVNL GLR QD NRMHPX S
PMHUHQMH WHPSHUDWXUH WHUPRHOHNWULPQLK PRGXOD

Slika 15. Prvi dio BenchVue Test Flow koda

Program, odnosno sustav
]DSRpLQMH WDNR GD SLWD NRUL
WHPSHUDWXUH &HOL GD VH WH!
PRGXO RKODGL .RULVQLN WDN
unijeti i temperaturu nakon koje bi se
VXVWDY SRQRYQR WUHEDR XNC
SRQRYQR QDSDMDWL L WLPH
modul. Uneseni podaci se spremaju u
varijable betweenMin te betweenMax.

6XVWDY SRVHEQR XNOM
napajanje za svaki pojedini modul.
8QRVRP aHOMHQLK YULMHGQRVW|
signale napajanjima te postavlja napon i
MDpPpLQX VWUXMH Joddly DNL SRMHG

Nakon konfiguracije napajanja,

GROD]L VH GR EHVNR@EDpQH SH
SUHVWDMH LVNOMXpPLYDQMHP VXV

OLNURNRQWUROHUX VH aDOM
A3 NDNR EL VH XNOMXpLR
WHPSHUDWXUQH VHQ]RUH ]DE
dohvatio rezultate te ih proslijedio
susWDYX 'RKYDUHQL UH]XOWDWL \
u dvije novokreirane varijable. Senzor koiji
mjeri temperaturu na zagrijanoj strani
sprema podatke u varijablu tempHigh, dok
VHQ]RU ]DGX&HQ ]D KODGQX VWUTL

podatke u varijablu tempLow.
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Slika 16. Drugi dio BenchVue Test Flow koda

Tada se dolazi do bloka koji
predstavlja while SHWOMX 'UXJLP ULMH
EORNRYL XQXWDU WRJD EORND |
tako dugo dok vrijedi kreirani uvjet,
odnosno sve dok je temperatura na
KODGQRM VWUDQL PRG&HOD YHULC
WHPSHUDWXUL GR NRMH &HOLPR
sustav. Blokovi unutar te petlje ponovno
GRKYDUDMX WHPSHUDWXUH L
senzorima.

IDNRQ a@&WR MH SRVWLJQXWL
niska temperatura, sustav izlazi iz while
SHWOMH WH LVNOMXpXMH QDSDN
modula. Time se prekida njihov rad te se
PRGXOL QHUH UDVKODYLYDWL L\
temperature.

6XSURWQR SULMDaAaQMRM SHW
provjerava temperaturu hladne strane
modula. Blokovi unutar petlie se
LlyuabYDMX VYH GRN VH KODGQD
prekida rada modula ponovno ne zagrije
do postavljene temperature.

Izlaskom iz posliednje petlje,
SRQRYQR VH XNOMXpXMX QDSDMD
modula. Tadase VXVWDY YUDUD QD SRpl
bloka Repeat Forever V REJLURP GD MH UL
R EHVNR QD p QrReNEe &sigwwado\dla
hladna strana MRGXOD SULEOLAQR R\
LIPHyX GHILQLUDQLK WHPSHUD)
NRULVQLN XQHVH QD SRpHWNX UL
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5.3. Testiranje sustava

1DNRQ &WR MH VXVWDY ]D DXWRPDWVNR PMHUHQMH WHPSH

WHVWLUDWL RGQRVQR YLGMHWL NDNR IXQNFLRQLUD X VWYDL

VLPXODFLMD QR X RYRPH UDGX ELWL tH SULND]DQH VDPR GYLM|
B3ULOLNRP WHVWLUDQMD YUOR MH ELWQR VKYDUDWL VYH

WHUPRHOHNWULPQLK PRGXO De YadRsEb d REN0G® mudiluy 2D tri

PRGXOD NRML VX X PHYXVREQRP GRWLFDMX 6WRJD SRMOMHGQM

VYRMH KODGQH VWUDQH QHJR VH PRUD QRVLWL L VD XWMHFDM
GRGDWQR RWHADYD VWYDUL

5.3.1. Simulacija 1

3UYRP VLPXODFLMRP SRND]DW iH VH &WR VH GH&ADYD XNRO|
LGHQWLpPQD NROLPLQD ®DSRQDL LGRHWRX MR RBEWHULYDQMD ELOR
NRULAWHQD MH VQDJD X L]QRVX SUHSRUXpHQH RG VWUDQH SL

6YDNL PRGXO SULPLW UH QDSRQ X L]JQRVX RG 9 WH MDpLQX

EL WUDMDR SUHGXJR AaHOMHKQD &R WW 1QJi§oxd\sBbne/ terfpBratur® W
koja trenutno iznosi oko 25°C X] YODaQRVW JUDND RG

Slika 16. Unos parametara sustava

1IDNRQ 4WR VH XQHVX SRpHWQH YULMHGQRVWL VXVWDY ]DS
hladne strane modula prikazan je slikom 17. 3SURJUDP ]DSRpLQMH X WRpPpFL $ GRN
prikazano SRVWL]DQMH aHOMH Q HCwakergetiheDnWidtd)iH 7 Reékundi. Nakon
WRJD VH QDSDMDQMH PRGXOLPD REXVWDYOMD +0ODGQD VWUDQL
WH VH QDNRQ WRJD SRVWHSHQR J]DJULMDYD VYH GR WRpNH & ]EI
VREQH WHPSHUDWXUH 7RSOD VWUDQD PRG K@bitngri ssAehDNRYHU Q|
odnosno nastavlja se grijati, no nakon 20-WDN VHNXQGL VH L RQD SRpLQMH UL
XWMHFDMD RNROQH VREQH WHPSHUDWXUH 1DNRQ &a4WR VHQ]RU N
se temperatura podigla do unesenih 15°& V XV W DaYnaldjabjéi modulima te ih tako
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ponovno hladi. 6HQ]RU NRML PMHUL WRSOX VWUDQX PRGXODGQLMH GRV
QR ]DSUDYR WR QLMH WRpPDQ L]JQRV WRSOH VWUDQH VHQ]RUD
WHUPDOQRP SDVWRP |D KODBRMDNW R MARRIQO W MPSIHUDW XUX WH
VDPR WHPSHUDWXUX RNR PRGXOD NRMD VH ]JDJULMDYDQMHP &LU

Slika *UDILpNL SULND] UH]XOWDWD SUYH VLPXODFL

5.3.2. Simulacija 2

Simulacijom 1 prikazan je rad sustava ukoliko se kroz sva tri modula pusti jednak napon
L VWUXMD 8 RYRM VLPXODFLML QDSRQ L VWUXMD ELWL UH PD
specifikacijamodula A&RQUDG (OHFWURQLF 6(3 EH] GDW

Slika 18. Omjer DT i Q Slika 19. Omjer DT i U
Conrad Electronic SE (bez dat.) Conrad Electronic SE (bez dat.)
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Slika 18 prikazuje ovisnost struje |, temperaturne razlike DT i topline 3¢ Slika desno
WDNRYHU SULN EJtXperatdmuuragiMu<DT, ali u ovisnosti o naponuV. .RULVWHGOL WD
dvagrafa LJ]UDpXQDWH VX RSWLPDOQLMH SRpHWQH NRQILJXUDFLMH

SBULOLNRP L]JUD p XD K NI DibpMNiBAY er3t@o,.odnosno pristup odozgo
prema dolje (Curious Scientist, 2020) 7R ]QDpL GD uUH VH SUYR UDpPpXQDWL NRC
JRUQML PRGXO D QDSRVOLMHWNX ]D |IDGQML GRQML PRGXO NR
PRUD SULPDWL QDMPDQMX NROLPLQX QDSR@D® MDIN\R YBIpQE RWEHAI
KODYHQMH PRGXOD LVSRG VHEH -HGQRVWDYQLP ULMHpPpLPD VYD
WRSOX VWUDQX GUXJRJD PRGXOD PRUD SULPDWL YHUX NROLpPLQ

Prvimodul SULPDW UH VQDJX VWUXMH X LIQRVX RG RPWHIQHSR® RIA
graf na slici 19 PDNVLPDOQD WHPSHUDWXUQO. Sada]kaddNde zhd @RVLW GH
grafom na slici18 RGUHYyXM®@DYB® KODYyHQMD X YDWLPD NRMD L]J]QRVL SU!
SRWUHEQR LJ]UDpXQDWL VQDJX JERJ NRMH VH PRGXO ]DJULMDYD
8NXSQD vQDJD NRMD UH ELWL LVSXaWHQD QD |]JDJULMDQRM V

+ L s#475 L uaiBa& @ L tw%i 3¢ L U9
2L %075 L ua9
3epesaal 2 E 3¢ L x&9

Drugi modul WDGD PRUD L]J]GU&ADWL VQDJX ]DJULMDYDQMD SUYRJ P
zagrijavanja koju sam proizvodi. 3¢ WDGD WUHED ELWL YHUD LOLv&4HGQDND
PRGXOD .DNR EL VH RVLJXUDR VLIJXUDQ UDG PRGXOD GRGDWQR
3 LIQRVL : 6XNODGQR WRPH JOHGDMXiUL JUDIRYH GROD]L VH

3A, napona 9V te maksimalne temperaturne razlike od 47°C. Snaga koju proizvodi drugi modul

MHGQDND MH D XNXSQD VQDJD ]DJULMDQH VWUDQH WDGD
LJUDpXQRP LVSRG

3 L x&9 EWO L ssk9 a4 L u#a7g L {84a&GL Vy%
2L 075 L ty9
3epeasal 26 E 3 L UZX9

7UHIUL PR@XD]GUADWL QDMYHUX VQDJX ]DJULMDYDQMD WH UH VV
QDSRQD L VWUXMH .DNR MH VQDJD ]DJULMDYDQMD GUXJRJ PRG
PLQLPDOQR : L] VLIXUQRVQLK UDJORJD 3RQRYQRXpOIBGCDM X i L
WUHUL PRGXO WUHED MDpPLQX VWUXMH X LIQRVX RG $ WH QDSRQ
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WHPSHUDWXUQH UD]JOLNH RG f& ,JUDpXQ VQDJH X RYRPH VOXp]
WRSOD VWUDQD QHiH GLUHNWQR XWMHEWWLKQDYVEDDMKGDGQRR

ventilatorom.
3oy Luz9 EwWo L vuk9 4+ L x#47;, L svBa&6G L ty%

IDNRQ VYLK LJ]UDpXQD PRJXUH MH WHRUHWVNL RGUHGLWL PLQLP
modula, koja tada iznosi - f& X] SUHWSRYV Wdgrijadastama pokljednjeg modula
iznositi 50°C). 1IDUDYQR WR MH X VWYDUQRVWL QHPRJXUH SRVWLUL ]JE
raznih vanjskih utjecaja poput sobne temperature. Slikom 20 prikazan je model sa tri vertikalno
SRVWDYOMHQD WHURRMD SNWNWHPRY WRSOLQH L]JPHYyX VYDNRJD R

> &G L tw%
> &G L Vvy%
> &6 Lty %

Slika 5D]PMHQD WRSOLQH L]JPHYyX PRGXOD DXWRUVNL

8QRVRP L]JUDPpXQDWLK YULMHGQRVWL X VXVWDY WH SRVWI
temperatura=10°& WHPSHUDWXUD SRQRY&RG RELYHXAIMDX VOMHGHUL U
RYRM VLPXODFLM lienéGtehp&3tDrdl u @dpor@ttbi sa prvom simulacijom je znatno
NUDUL WH LIQRWSuUNODIBNRQWLPH LQWHUYDO L]JPHYX WRpPpDND % L .
jedne minute,dok MH ]|D SRQRYQR KODYyHQMH PRGXOD SRABD).HEQR VYHJD

Slika *UDILpNL SULND] UH]XOWDWD GUXJH VLPXODF
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5.4. Usporedba rezultata

XUHY DM H P tempRratQrihid idstrumentom Voltcraft modela PL-125-T2USB VS. Rezultati

8 SULMDaQMHP SRJODYOMX

UH]XOWDWL

VX SULND]DQL
XVSRUHYHQL WDEOLpQR NDNR EL VH EROMH SULND]DOD YUHPH
unesenim parametrima. 5SH]XOWDWL SULND]DQL WDEOLPQR GRELYHQL VX

RSWLPDOQRJ WHVWLUDQMD ELWL UH WDNRVYHiogBdthLND]DQL L JUDI

Modul 1: 6V, 3A Modul 2: 6V, 3A Modul 3: 6V, 3A

Os 15s 30s 45 s 60 s 75s 90 s 105 s 120 s
6/, 64 6/, 64 6/, 64 6, 64 6/, 64 6/, 64 6/, 64 6/, 64 6/, 64
C 1O 1O |2 12 [Q |o |Q o |[Q o Qo @ o |9 |lo |@
S |9 |® oo o |5 @ |h [Y|s |2 [% [ | | Q@ |& |®
S [ 3 |F (& |2 [& |© IR ]e |[& | | & [~ [ |~ Q|- |

Tablica2. 5SH]XOWDWL SUYH VLPXODFLMH VQLPOMHQL 9ROW

Modul 1: 3.3V, 1A Modul 2: 9V, 3A