NCHRADA RECLNEHO ZAFEZENE MODELEM V
SIMULINKU
- ODUH3% 'XaHN+RQF
9\VRNi A&NRODWRKRAKRQEOMRILFNi OVWDY SRptWDpRYp D tG
THFKQLFNi 3UDKBPHVNiIi 5HSXEOLND
SQLYHU]JLWD)BDXGXWEL HD HNW U RWMNFKOQUNG DDLQIRQPBWRFHYV
6WXGHQWYVNI BDUGXELFH yHVNi 5HSXEOLNI
HPDLO IUDQWLVHN GXVHN#XSFH F]

Abstrakt

PSi inovaci $dicho systdmu pece pro $2zen® vyh$?vgn? vki§dan®ho chemick®@ho
reaktoru podle definovan®ho prTbihhu teploty bylo potSeba vytvoSit programove
vybaven? pro novl hardware T CompactRIO fy National Instruments. KromD
programu pro $2zen? teploty pece bylo nutn® nov vytvoSit i program pro
experiment§In2 promNSen? dynamickTch vlastnost? $?zen®ho systdmu. Vzhledem
k pougitdmu HW bylo potSeba vegkerT SW vyw?jet v prostSed? LabVIEW. Protoge
experimenty na re§In®@ peci byly lasovl) n8roln@ (zejm@na zdTvodu lek8n? na
vyhladnut? pece pSed daljm experlmentem) byl vytvoSen systdm simuluj2c?
dynamick® chovgn? re§In® pece ag na Y%roveR fyzicklIch sign8IT. Tento syst®m, jehog
z8kladem je spojitT neline§rn? dynamickT model pece v SIMULINKu a hardware NI
USB6009 (A/L a L/A pSevodnzk pSipojenT pSes sbirnici USB k PC) byl pougit pSi
vIvoji a odlaNov§n? programoveho vybaven? v prostSed? LABView pro $2dic? syst®m
CompactRIO.

Abstract

Real system substitution by the model in Simulink is described in this paper. Reactor
furnace, as real system, is significantly nonlinear system. New control software was
necessary to made on the innovation of the system. Except control software it was
necessary to do a program for getting experimental dynamical data. Everything was
requested to do in program LabVIEW. Experiments at the real system are very time-
consuming (because of long time on cooling) and dangerous (because of high
temperatures), so another solution was needed. The real system behavior was
supplied by the model as a block diagram in Simulink and was connected to the
control system in LabVIEW by the help of NI USB6009 unit.

1 Dvod

1D .DWHG H I\]LNignQty FEHALH 3D U ®REFIHFH E\@BVWURMHQD V
DSDUDWXUD SURQEFKHQt R{GEDNpQtFK YODVWQRVWt NDWDO\]iWR
Y\K tYiQt YODVWQtKR UHDNWRUX gb & <GROWGEQORWRANBORNHP MF
UHDNR®OHS] MEN@HWHSFRWQt N LYN\ 3URYR] S L WHSORWIFK
URJVDKX E\ P O EEW NUIWNRGRE& FFDP GHYtWRNLGRIDQ tF KHDLN WHRE
YODVWQRVWt NDWDO\]iWRU$ S N DM D@3 FMHVSISRIRW RAK Q 5D NW R Q
SO\QX GXVINYRGINH® WODVWQRVWL P HQpKR NDWDO\]iWRUX
FKURPDWRJUDILFN\ Y\KRGQRFRY D Q¥FKL O R VWRLQ 6 B QMHIDFRWY RIGHL

90DVWQt SHF MH WYR HQiDiDFHRNVH. GYWEPLV®D MHKR YQ
SOiIAWPHUQPKR SOHFKX 3URVWRU PH]JL SOidW P D YQLW QtP
PDWHULIOHP -HGQRWOLYi YLQXWt MVRX QD SiM$tQD /aPD RREMRIR G
GYRX 6ROLG 6WDWH]BEOB\ tNeBBGX SHFH MH UHDOLJRYIQR &t NRY
3:0 S LYiG QéPL QD 665 1D SHFL MH WHUPRpPOIQNHP W\SX . P
NWHUi MH JiURYH UHJXORYDQRX YHOLPLQRX 6FKHPDWLFN\ MH



URG HQ@D GYD VWHMQp S$OYiIiOFH D OJ]H ML RWHY tW pHKRA VH Y
SURXG Qt Y]GXFKX D WHG\ XU\FKOHQt FKOD]HQt
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2EUi]JHN6 FKpPD UHDNWRURYp SHFH

=KOHGLVND t]HQHQHQWHE®O @RX VRXVWDYX VH GY PD YVWX:!
WHSORW.D PNRBGQ@tP YEVWXSHP WHSORWD UHDNWRUXs D5HJXOR
DNpQt YHOLPLQRX S tNRMIDPVEHB CBRYBD RNROHQi SRUXFKD =GURM
PHFKDQLVPXV S HVWXSX WHSOD 3 L Qt]JNEFK WHSORWIiFK VH MHC
Pi QD S HVYWXS WHSOD QH]DQHGEDWHOQé& YOLY L ViOiQt

2 PTvodn? Segen? $2dicho syst®mu

$SDUDWXUD E\OD t]JHQD V Y\XaLWtP 3& DNYI$SLR@tBK NDUL
tGLFtKR D LQIRUPDpPpQtKR MRAM D& SWIBQREBEROG '26 .DUWD $;
Y\X4LWD SUR P HQt WHSORW\ UHDNWRUX WHUPRpPOIQHN W\SX
VLIJQIiO R NRQFHQWUDFL YRGtNX D WDNYRXKIR\GZDRMRR'Y p] Q Bl Q ROV
3XOVH :LGWK ORGXODWHG SUR VStQiQt QDSIiMHFtKR QDS Wt W
SHOD®@ >

3 Nov® Segen?

THFKQLFNp SURVW HGN\ QRYpKR tGLFtKR VA\VWpPX MVRX WYF
3$& BURJUDPPPEOYHREXWRQWUROOHU I\ 1IDWLRQDO ,QVWUXPHQ\
tGFMHGQRWND MH GRSOQ QD UHNRQILIJXURYDWHOQéP SURJUDP

F5,2 RWPL SR]JLFHPL SUR PRGXO\ DG\ & 3UR P HQt WHSOTJ
DOPMIRYEFK YVWXS$ 1, XUpHQé SUR S LSRMHQt WHUPRpPOiIQNS$
SRXALW PRGXO GYRXKRGQRWRY&FK Y&VWXSS$ 1, 7HQWR PRGX

VLJQiO VH [YROHQRX IUHNYHQFt D P QLWStQQ®RXQ\D i MGHRXt GRRR W
VSLUIO SRPRFt 6RGLG 8WDWH 6FIOMAD ]DSRMHQUHDBWLE R MRIGRQ & WA
]JQiJRUQ QR QD REUIJNX



Termoclanek (K)
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Napéti termoclanku
Teplota (°C)

PWM 0 — 100 %
PFikon 0 — Epmax (W)

D00/00 — TCO+/00 ||
z = DO1/01 TCO-/01 g
g @[ Dpo2/02 23 . [ Tct+/02
T 3 5 [Do3/m M= T
S & =|Do4iod = - ES[Tcziu
< & = [ D05/05 £ E 21702705
> [=%
3 ;‘% DO6/06 (;_) & 2| Tcs106
~230V o~ 2O | 05T « H g TCso7
N SSR P S o §| N &2 E[ _Noios
PWM S 2 | comios — 2 & 2| comio
Z 310 Z -

NI cRIO-9014 Real-Time PowerPC Controller NI cRIO-9114 Reconfigurable Chassis
+embedded controller runs LabVIEW Real-Time for deterministic control,
data logging, and analysis

#400 MHz processor, 2 GB nonvolatile storage, 128 MB DRAM
+10/100BASE-T Ethernet port with embedded Web and file servers with
remote-panel user interface

+full-speed USB host port for connection to USB flash and memory devices
+RS232 serial port for connection to peripherals

+dual 9 to 35 VDC supply inputs

¢ -40 to 70 °C operating temperature range

2EUiI]HN6 FKpPD |DSRMHQt tGLFt MHGQRWN\ &RPSDF

#8-slot reconfigurable embedded chassis that accepts any CompactRIO
1/0 module

+ Xilinx Virtex-5 reconfigurable 1/0 (RIO) FPGA core for ultimate
processing power ability to automatically synthesize custom control and
signal processing circuitry using LabVIEW

# DIN-rail mounting options

¢ -40 to 70 °C operating range

3.1 Motivace pro n§hradu re§In®ho za$?zen?

+ODYQt PRWLYDFt SUR QiKUDGX UHiOQpKR 6P X]®IQQ NXD B\HDARD
IMHGQRGEBHBHSHpQp ODG Qt tGLFtKR SURJUDPX SUR F5,2 .RPSOH
VLIQQOKUDJRtKRQt D SYUDFHKRNWWHMQpP UHALPX MDNR S L UHJXC
YPHWQ pWHQt D JiSLVX QD , 2 SRUW\

1iKUDBG\@MWSWPR RYD HODIG Qt YWRMMZIPKR MH S L]SSVREHQ PR&Q
1, 86% SRX&LWp SUR S HYRG YHOLpPLQ PDWHRD®IOBNHPRRO PRG
RGSRYtGDMtFt WHSORWUJI RIMBHK XVOA t Y W@RHVIRMNIOX WHUPRpPOIQNX N
YGHVIWNiFK PLOLRR/GVREXIURWRPMH Qt VLIQiOXSWKERBREKEO| QN X

P HQt QNRWODKX “ ORYDDRMNi®Rt S tNRQX SHFH SRPRFt 1,
VLJQiOX 3:0 MH QDKUD]HQR PRGXOHP VWDQGDUHEXHERYIQD QR SR\
YUR]VDKX “=P9QD S HSRpWX PH]L P HQ@&P UR]JVDKHP VLJQiO$ D R
MHGQRWNDPEHIH P AHQDURIED PX YH Y\X&LWD VWDQGDUGQt PR&C
QDVWDYLW S HSRpHW VLJQiO$ 6FDOOLQSURIUGHRN SRXEQYIKDUG?Z

1D VWQDKUDGWWKRpPX WDWR PR&QRVW QHO]H SRRAMH SUR
Va6 % P S LVWXSXMMHODBQOQRXXKQNFtP RYODGDpHPL,HQI®F D SU
QDS WWR]YD]tFK GDQ&FK PRAQRVWPL MHGQRWN\ 86% 0 HQp
YUR]JVDKXD Y®VWXSQt QDS Wt DQDRR/IRKIY B\BRKBW @B RGSRYtG



LQAHQEUVNp MHGQRWN\ MH SRW HED SURYiG W MDNRKWURXPQMW D
]D t]HQt Y\XAtYDBItPFX O RBNRURD KD REUI]NX

Simulace Pec
X
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2EUi]HN1iKUDGD UHIi@QpKRGHOHA Y 6LPXOLQNX

4 Popis n§hradnzho syst®ému

=iNODGHP QiKUDGMHKRDW WD RX FNoA PRGIHINSHBRGH®HHS HGSR
SHF O]H SRSVDWVMDHINVR\ \PRXNDVWIDFLWDPL L]JRODFH VSLUIOD YQL
NDSDFMHNV®BEWRX FKDUDNWHULVWLENRX SRMFPRERR GXRYQQ tSRISH
VRXVWDYRX pW\ QHOLQHIUQtFK GLIHUHQFIKDQDNN K& M ERFANVE |
YLIRODFL Y\Q3IW i@t S U BV WRDNKWISHPHJHDNW R U X

4.1 MatematickT model

1HOLQHIUQt PDWHPWWRGNEOPABENOFMWRXVWDYRX GLIHUHQFLI
>@QY\FKi]HMHQHAK JHWLFNéEFK ELODQFt

, JRODNBSDFLWD ¢ WHSORWD 7

3 HGSRNOiGi VH YéEP QD WHSOD

]JH VSLUIiO\ GR LIRODFH YHGHQtP L ViOiQtP
] SURXVBRUL]JRODFH YHGHQtP

]LJIRODFH GR RNROt YHGHQtP L ViOiQtP
]LIRODFH GR UHDNWRUX ViOiQtP

D$%6$% 7% 7$ D$& 6$& 7& 7$ 6 V7% 7$
D$% D$&
Gy
D,6, 7 7, 6VT7, 7, 6V7 7 PyF

D$2 3%



6SLUIMNDSDFLWD 20 WHSORWD 7

3 HGSRNOiGi VH YéEP QD WHSOD

]JH VSLUIiO\ GR LIRODFH YHGHQtP L ViOiQtP
]JH VSLUIiO\ GR SURVWRUX YHGHQtP

]JH VSLUIiO\ GR UHDNWRUX ViOiQtP

GiOH VH S HGSRNOiIGi OLQHiUQt ]JiYLVORVW RGSRUX WRSQp V¢

(
T L%%Qwﬁz% 7& E%&a%&7% 7@ 6 V'ﬁb I

% D$% D%&
G
GW

6 V7 7, Py,E
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9 QLWURVSHRFMD SDFLWD & WHSORWD 7

3 HGSRNGIiG &P QD WHSOD

]JH VSLUIO\ GR SURVWRUX YHGHQtP
]SURVWRUX GR RNROt YHGHQtP
]SURVWRUX GR UHDNWRUX YHGHQtP
]SURVWRUX GR LIRODFH YHGHQtP

[%&6%& 7% 7& [&2 6&2 7& 72. [&' 6&' 7& 7

D%& D&2 D&’

Gd

Do 65, 7. 75 P, E—2
$& Y3& & 'S &&GW

D$& 3&
SHDNWBYDFLWD." WHSORWD 7

3 HGSRNOiIGQ VWV HNHERO D
]SURVWRUX GR UHDNWRUX YHGHQtP
JHVSLUIO\ GR UHDNWRUX ViOiQtP
] LIRODFH GR UHDNWRUX ViOiQtP
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Op- . P VGNRHILBSLHQWX SPHNBSDPBLIVMD P L
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6 6 ®>P@SORFK\ UHDNWRUX L]JRODFH YQ MIRFR MHWQK® W
ViOiQtP

P>NJ@ KPRW QRYWDSDFLW)\

F>- .NJ® P UQVHS Qi NDISDFLWD

>. @ WHSORWQt VRXPLQLWHO VSLUiO\
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D_M q_l\ﬁLM

3 PR



4.2 Popis realizace v Simulinku

9SURJUDPX 0$7/$% B6LPXOLQN E\O WHYRWIDLHFG BRGHOX M R{HK
VRXVWDY\ E\O\ S HSViQ\ GR EORNRY&FK VFKpPDW 6LPXOLQNX
PRGHOX FKRYMXEVHFWpP RIHY MUUENRQ @WHSORWDF@NROt 7
YEVWXSQt YHOLPLQRX WEDSYERW/IXSURDPKA RUBERAtL SUR ]QiJRUQ Qt
WHSORMIGORWOLY &FKK VWOERKGWRDPPD HAHQt NRQNUpPWQtFK GLIHU
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9VWXSQt D Y&VWXSQt VLIJQiO E\OR SRW HED QDSRMLW QD
btWH)EPL KRGQRWDPL PRGHOX D QDS WtBE\DK\GR XM QIH GIGIR\Y R D
6,08/,1.X MHGQRGX&H SRXA&tYDW E\O QDYAUKaH® t MtVGH Qt ®LNAMN XD/
P HQ&FK KRGQRW D VRXpDVQp QDVWDYHQt Yé&VMEHBIWEKLKRERAk
Q]YHP SUYQt SDUDPHWU EORNX 0 HQt LMOIBWVWPYRROQOQtY EDW
VYROLWHOQRX SHUPR®RXE GRIXXé [5DVUFXIOWRQL]RYVQ MSHRFOH QD )\
SHREL WHNXQG|RB&R JDHiHP @tFH Y >

1D REUIMIK ]Qi]RARHODRRYE& PRGHO YPHWQ EORNE6PMPMLEADXMtFtK
VIQFKURQL]DFL VLRRUBPQIKROREPX V

Simulace Pec

—# z0 l-l )
okolni teplota el R e Teploty A+B+C+D
0-50 ol
1 P EOD e l'-l_l
TO (ol
Constant prikon tapeni (oL
0-1000 Wy Manual Switch Teplota D
Model PEC
E ()
prepocet prikon 0-1000 (o0 -+ 0-5 ()
T=1 sec
w TO
prepocet Mz EE. u Al E (1
teplota u]
B Selectar
a0 sfUSBEI0S
(00 oo ?h-
Constants Terminator
Lewvel-2 hd-file
0-10 (4 -= 0-1000 (00 S-Function

2EUIJHABFKPPD S LS R M HIQH GROFRRGAHFCHX 8% %

4.3 Dohled§n? nezn§mTch parametrT

"\QDPLFNp FKRYiQt ]D tJHQt MH SRSViIiQR pW\ PL QHOLQHiU
REVDKXMtFtFK QH]QiP&FK SDUDPHWUS$ MHMLFK& KRGQRW\ MH !
GDW -HGQi VH R S HVWXS\ WHSOD YHGHQtPU DRV D\%R H D PBX SIX&\

ViOiQtP 666 6 WHSHOQp NDSDFLW\ 3% 3% 3& 3E D WHSORWQt VI

3UR OHSA&tpEXRNBEMALPDOL]DFH 6DE 6 BEDPPHWARY VURYQDWHE
VRVWDWQtPL KOHGD Q 6 AH B DPHGRNM D BXRE\OV DIGW P SRV XQXWD

= GDWP HQEFK Y PLQXORVWL QD UHIiOQpP ]D t]JHQt E\O\ Y
IPLQVHOGRERHGIQ\ QH]QiPp SDUDPHWU\ SUR SRXA&LWt VLPXODpQtl
VKRG\ S L GRKOHGiYORtGHIUQRMVDWRS UERY QL Ft




NGH
T.o QDP HQé WHEWRW SHBNWROMQE LQWHUYDO Y]JRUNRYIiQt 7

T. Y\SRPWHQ& MH®RMBUQHIUQtKR PRGHOX SUR VWWHW®E LQW
SUS$SE K S tNRQX

1 SRPHW SUYN$ SRPNMVMRWPX HQEFK Y]JRUNS$

TDEXONRKOHGDQp SDUDPHWU\

parametr hodnota parametr hodnota

i [s:

3 DY

3 H
3 6

R 6

D, 6 H
Q- 6

Ls

4.4 OvhSen2 modelu

BFKRSQRVW PRGHOX SRSLVRYDW VNXWHPQé SUSE KDVHSORYV
REUIJNX MH ]JQiJRUQ Q SUSE K P HQ&FK WHSORW UHDNWMRUX WPELC
RSWLPiOQt KRGQRW\ SDUDPHWUS$ PRGHOXRPt WD @ SWHSHERRY W \ W
VY WOi NORERR S tSDGHFK MGH R RGH]YX QD VWHMQé& SUS$SE K Y\
YREUIINX ]JDNUHVOHQ

“H] HMPp &H VKRGD @HSUR S®®i HELRPPP XODFH G\QDPLFNpKR
VIVWpPX MH VKRGD YtFH QH& GRVWDpXMtFt

f&

2EUi]HN2Y HQt PDWHPDWLFNpKR PRGHOX



5 Z8vir

YyOIiQHN VH ]DEéYi SUREOHPDWLNRX MWEDRBY pQBHOFBGIQR ]D t
]D t]HQtP JHQHUXMtFtP SRGREQpP pDVR¥INODEHEHR\QIRGD'RY EER DL
PDWHPDW LF NEL PRGIERSD I HLEQRGXFKEP $V D y $, SS6RGQtNHP
'$YRGHP QiKUDG\ MH MHGQRGX&4t YéYRMtFLE&R G/ QAWSIPRI U\DPIRW pF
,QVWUXPHQWY &RPSDFW5,2 1, F5SURBWODEIUDPRYDQpPKR Y

+ODYQtP S tQRVHP QiKUDG\ UHiO&AXRD [ QWG @R BREKRIHE Y
SURJUDPRYpKR Y\EDYHQt ]JHMPpQD WY RUGENFH B QRGN Q t& K P DN RIS
1iKUDGQt V\VWpP VH MHGQRE X aW\ \SWLERRO/R QW BUBRVWR VWHMQpP |

MDNR S L UHJXODFL UHIiOQpKRIi[DQpM @D W BWQV HSQLi PH] LV X QD L
YEBVWXS\

96 KRGRX MH E HR\SW RIEDHEBNROWDNG QtKR RGODG Qt Y\orAMAIQBPKR SU
MHGLQpPKR SRptWDpH MH PRAQp DSOLNDFL QDSURJUDPRYDW D O
NUHiOQpPX ]D t]HQt

3UiIFH E\O\ SURYHGHQ\ ]D SRGSRU\ YE]INXPQpKR QtP UX
RSWLPDOL]DFH D GLDJQRVWLND VOR&LWE&FK V\VWpP$
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