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AHHOTANMs. YHpaBJeHHe TeXHOJOTHYeCKIMH MPOLeccaMy ¢ IOMOIIbIO Pery/iaToOpoB, padoTalIuX Mo
NPONOPUHOHAILHO-MHTErpaIbHO-TH( PepeHnnaabLHOMY 3akoHy (IIM/[-peryasaTopoB), 103B0JIsIeT NOAePKUBATH
TpeOyeMyl0 TEXHOJOTMYeCKYH) BeJIHYHHY C [JIOCTATOYHO BBICOKOH TOYHOCTBIO M  MNpHeMJIeMOil
MOMEeX0yCTOHYHMBOCTHI0O K BHEIIHHM BO3MYIIAIIMM BO3JeiicTBHSIM. JTO M ecTh OcHOBHas 3agaua ITHJI-
peryasitopa. CoBpemennbie ITH/-peryasTopsl peajn3yiorcs Kak B Buae nporpammuoro moayias SCADA-
CHCTEeMBbI, HCIIOJTHAEMOIi HA ABTOMATH3UPOBAHHOM padoyeM MecTe (APM) wiim nporpaMMHpyeMoM JIOTHYECKOM
koHTposIepe (IIVIK), Tak u B BHAe OTAeIbHBIX TEXHOJIOTHYECKUX PEry/IsiTOPOB PACHOJI0KEeHHbIX HA MECTHBIX M
LHEHTPAJbLHBIX IKa(ax ynpasjaeHus. B kadecTBe 6a30BbIX 371eMEHTOB 00paGdoTKH MHPOPMALMU U yNIPABJICHHUS
YacTO HCHOJB3YHTCS MHKPONPOLECCOPbI ¢ OrPAHHYEHHBIMH (PYHKIHMOHATBHBIMH BO3MOKHOCTSIMH, IO3TOMY
BO3HHKAeT IMpo0jeMa HeXBATKH AaNNapaTHBLIX pecypcoB U yaopoxanusi cucrembl. I[TH/I-peryasitop,
BOILJIOLIEHHBII B BU/Ie TEXHHYECKOT0 ycTpoiicTBa, Ha3biBalOT [INU/I-konTpoiepom. ITN/[-koHTpoL/1EP 00BIYHO
HMeeT JO0NOJHATEIbHbIC CEPBHCHBIC CBOMCTBA ABTOMATHYCECKOI HACTPOIMKHU, CHTHAIM3AllHH, CAMOJUATHOCTHKH,
NPOrpaMMHUPOBAHHsA, 0e3yJapHOI0 NEPEeKJI0YCHUS] PEKMMOB, IHCTAHIMOHHOIO YNPABJCHHS, BO3MOKHOCTBIO
pa6oTbl B MPOMBILLIEHHOH ceTH U T.A. DyHkunoHanbHoe ucnojaHenue ITU/{-pery1aiTopoB TakoBo, 4T0 0JIOKH,
reHEPUPYIOIIME CHTHAJBI, COCJHHEHbI MAPAJLICJBHO. OJTO TMO03BOJIET OLCHHBATL BJIHSHHE KaKAO0M
cOCTABJISAONIECH Ha JUHAMMKY CHCTeMbl KaK pa3/ieJlbHO, TAK M B COBOKYIHOCTHM, YTO YNPOLIaeT Mpolecc
HACTPOIKHU Pery/iiTopoB B MPOU3BOJACTBEHHBIX yCJ0BHAX. B naHHol paGoTe Ob1I Npou3BeneH pacyeT HACTPOEK
IIM-peryasiTopa B KOHTYpe peryJ1upoBaHMs pacxoia MNOATOBAPHON BOABI, NepexkaynBaemoii u3 emxoctu PBC-1 B
cpene paspadéorkn MATLAB SIMULINK.

Kurouessie cioBa: MATLAB, Simulink, TTUI-perynstop, MOIETUPOBAHKE, MOJIENIb CUCTEMBI.
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CALCULATION OF THE PI CONTROLLER IN THE MATLAB SIMULINK
DEVELOPMENT ENVIRONMENT
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Annotation. The control of technological processes using regulators operating according to the
proportional-integral-differential law (PID regulators) allows maintaining the required technological value with
sufficiently high accuracy and acceptable noise immunity to external disturbing influences. This is the main task
of the PID controller. Modern PID controllers are implemented both in the form of a software module of a SCADA
system executed on an automated workplace (APM) or a programmable logic controller (PLC), and in the form
of separate technological controllers located on local and central control cabinets. Microprocessors with limited
functionality are often used as the basic elements of information processing and control, so there is a problem of

lack of hardware resources and the rise in cost of the system. The PID controller, embodied in the form of a
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technical device, is called a PID controller. The PID controller usually has additional service properties of
automatic tuning, signaling, self-diagnosis, programming, shockless mode switching, remote control, the ability to
work in an industrial network, etc. The functional design of PID controllers is such that the blocks generating
signals are connected in parallel. This makes it possible to assess the impact of each component on the dynamics
of the system both separately and in combination, which simplifies the process of setting up regulators in
production conditions. In this work, the settings of the Pl controller were calculated in the flow control circuit of
the supply water pumped from the RVS-1 tank in the MATLAB SIMULINK development environment.
Keywords: MATLAB, Simulink, PID controller, modeling, system model.

[TN/I-perynsatop — yCTpOHCTBO, C OOpaTHOM CBSI3bIO, MPUMEHSIEMOE B ABTOMATHUYECKUX
CUCTEMax YIpaBJieHUs Ui TMOJACp>KaHUs 3aJaHHOr0 3HA4YeHHs MapaMmerpa. bmaromapsi cBoei
YHHUBEPCAIBHOCTH OHH HIMPOKO MPUMEHSIOTCS B Pa3IMUHBIX TEXHOJIOTHYECKUX Iporeccax. [1]

BrixoaHo¥ curHani peryisTopa onpenensiercs rno cieayroiieil popmyne:

u()=P+1+D=Kpe(t)+Kile ® dr + Kd de (t)/dt

[Tokazan KOHTYp peryJupoBaHUs pacxoja MOJTOBAPHON BOJbI, NepekaunBaemoi uz PBC-1

(cm. puc. 1).

Pucynok 1 — Cxema KOHTypa peryJupoBaHus pacxonia

Hacrtpoiika perynsitopa CcOCTOMT B TOM, 4YTOOBI, pacroiaras JIUHAMHUYECKUMU
XapaKTepUCTUKAaMU O0BEKTa U PEryysaTopa, TaKk BbIOpaTh U YCTAaHOBUTH MAapaMETPhl PEryNsITOpa,
9TOOBI 00ecneunTh Hanbosee ONTUMAIbHBIN epeXOaHbIN MpoIiecc.

OnTumanbHble HACTPOHMKU pETyasTopa - HACTPOUMKH, oOecledyuBarolue s 3aJaHHOTO
00BEKTa MPOIECC PETYIUPOBAHUS, YAOBICTBOPSIOMINA BRIOPAHHBIM KPUTEPUSIM KauyeCcTBa.

C yueroM cBOIicTB 00BEKTa, 33/JaHHBIX MapaMeTpPOB KadecTBa, BUIAa IMEPEXOJHOTO Ipoliecca,
MaKCUMaJbHOW BETUYMHBI BO3MYIIEHUS BHIOMpAETCs, 3aKOH perynupoBaHus. Jis KOPpEKTUPOBKU
JUHAMUYECKHX CBOMCTB CHUCTEMBI HCIOJB3YIOTCS MPOMBIIUICHHBIE PETYISTOPHI C Pa3IUYHbIMU

3aKOHAaMHU yIpaBieHus: mponopunoHanbHbiil (II-perynstop), unTerpanbubiii (M—perymnsarop),



nponoprmoHanbHO—MHTerpanbubii  ([IM—perynarop) wu  mpomnopruoHaTbHO—HMHTETPATIbHO—
maddepentmansueiii (ITU-perymnsrop). [2]

Hus  monmenupoBanuss CAP  perymupoBanusi pacxoga moaroBapHoit Bomasl (Puc. 1)
Bocnonbs3yemcs [IN-perynsaropom. [T — perynsitop oTHOCUTCS K Hambosee pacrnpoCTpaHEHHOMY
TUILY PETYJISITOPOB.

KunroueBsiM BonipocoMm B ucnosab3oBanuu [ TN /[-perynaropa saBisieTcss BONPOC HACTPOUKH €TI0

KO3 PHUIIHEHTOB.

s Toro 4troOBI CMOJEIUpPOBATH OJHOKOHTYpHYH0 CAP perymupoBaHus pacxoja
MOATOBAPHON BOJBI, TMONY4YUTHh mepenarounyio (ynkmuio I — perymstopa, BOCHOJIB3yeMcs
nporpammoit MATLAB Simulink. TTocie 3arpy3ku u Brmoyenuss MATLAB nosiButcst OubiaroTexa
snementos Simulink. {ns co3manus HOBOM Mozenu HeoOxoauMo Haxarth file-> new-> model. s
cozmanuss mojenmun B SIMULINK HeoOxomuMo mnepeMecTUTh W3 OHMOIHMOTEKH HEOOXOAMMBIC

GyHKIIMOHATBHBIE OJIOKH COSAMHUTH UX (CM. pHC. 2).

P4, untitled * - Simulink — - -‘:' PR CSEECT X
File Edit View Display Diagram Simulation Analysis Code Tools Help

-8 OG- E-Re¢OP = [§-w ~ @&
untitled

@®  |[%auntitied -
&

EZ

==

L el e

Constant Pl Cortraller Gain Transfer Fon Trans port Scope

D ﬁ)l
(]
—0O

> e

Ready 100% auto{oded5)

Pucynok 2 — CmoznenupoBanHas ofHOKOHTYpHast CAP

Hns moctpoennst CAP monmaum ropsiueid BOAbI BOCHOJIb3yeMCsl OJOKaMU U3 OMOITHOTEKH
Simulink:
1. Baok Constant 3a1aéT mOCTOAHHBINA CUTHAT;
brok BeruuCIeHNsS CyMMBI SUM BBITIONHSET BBIYUCIEHUE CYMMBI 3HAUEHUI CUTHAJIOB;
biok PID Controller mpencrasnsier coboii onucanue [1H1- perynsatopa.

Ycunurens Gain BBINOJIHIET YMHOXKEHHE BXOJAHOTO CUTHajIa Ha KO (DULIUEHT.

o & N

bnok nepemarounoit ¢ynkuuu Transfer Fen. 3amaer mepenarounyio (yHKIMIO B BHIE

ITOJIMHOMOB,



6. bnoxk Transport Delay - 6710k hUKCHpOBaHHOMN 3a/IeP)KKH CUTHAIIA,

7. Ocmwiorpag Scope 0TBEYaeT 3a NOCTPOCHUE rPahUKOB UCCIECAYEMBIX CUTHAJIOB B (DYHKITHH
BpPEMEHHU.

Hactpoum mnapameTrpsl mnepenaTodHoi ¢GyHKIMH. B KBagpaTHBIX CKOOKax yKaXeM

KO3 PHUIMEHTHI /IS [TOJIMHOMOB YUCITUTEIISA H 3HaMeHaTes s (CM. puc. 3).

" Function Block Parameters: Transfer Fen 5|
Transfer Fcn
The numerator coefficient can be a vector or matrix expression. The
denominator coefficient must be a vector. The output width equals the
number of rows in the numerator coefficient. You should specify the
coefficients in descending order of powers of 5.
Parameters
Numerator coefficients:
[0.7]
Denominator coefficients:
[101]
Absolute tolerance:
auto
| Right-click to act on variables |
State Name: (e.g., 'position”)
) [ 0K ] | cancel || Help | Apply

Pucynox 3 — Hactpoiika mapaMeTpoB MepeaaTouHoi GpyHKIHH

Ilepen 3amyckoM CO3[aHHO Monenu (CM. pHC. 2) BBINOJHAM HACTPOMKY [apaMeTpoB
moaenupoBanus. Jis astoro B Simulation Bemonaum komanay Configuration Parameters. B
OTKPBIBILIEMCSI OKHE YCTQHOBKM IMapaMEeTpOB MOJCIHMPOBaHMs ycTaHoBUM Stop time —100 (t.e.
MoJIeIMpOBaHue OyaeT npoucxoauTs B TeueHne 100 cekyHI B TeUeHHE MOJICIBHOTO BPEeMEHH, IS
TOTO YTOOBI JIy4Ille YBUIETh XapaKTep MPOTEKaHuUs Mporecca)

3amycTUM perylupoBaHHMe, HakaB KHONKY Run, mocne dero orkpoem Oiok Scope. B

pe3ysbTaTe MOJICIIMPOBAHHUS ToTydaeM rpaduk peryiupoBanus pacxoaa (cM. puc. 4).
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Pucynok 4 — I'paduk perynupoBaHust pacxo/ia MoATOBapHON BOJIBI



Kak Bumno w3 rpaduka, omHokontypHas CAP He BbIZaeT yCTaHOBHBIIETOCS IMpoIecca.

Heobxonumo npousBect HacTpoiiku [I1-perynsaropa

JI1st HacTpOMKY MapaMeTPOB PEryIaTopa He0OXOAMMO HaxaTh KHOTIKY «Tune» B mapameTpax

omoka PID Controller (cm. puc. 5).

- -
= = -
“k Function Block Parameters: PICDnone.r - @

»

PID Controller

This block implements continuous- and discrete-time PID control algerithms and includes advanced features such as
anti-windup, external reset, and signal tracking. You can tune the PID gains automatically using the Tune..." button
(requires Simulink Control Design).

Controller: IPI '] Form: IParaHe

Time domain:
@ Continuous-time

) Discrete-time

m

Main | PID Advanced | Data Types | State Attributes

Controller parameters |

Source: [internal ~| [ Compensator formula

Proportional (P): 1

1
Integral (1): 1 P+1;

Tune... W

Initial conditions

Source: [mternal ']

Integrator: 0 -
N m |
7] [ oK ] [ Cancel ] I Help ] [ Apply l

Pucynok 5 - HacTpoiiku mapameTpoB peryisaropa

[TosiBUTCS OKHO C rpadukamMu MEPEexXOJHBIX MPOIECCOB 10 W Mocie HacTpoilku. Kpusas
MEPEeXOHOTO TIpolecca 10 HacTpoiku moxanucana kak «Block response». KpuBas mepexomHoro

rpoIiecca 1mocjae HacTporkH nmoanucana kak «Tuned response» (cM. puc.6).

471D Tuner (PUPI Controller) - Step PIot Reference tracking | =

PID TUNER
Plant: Type: PL Domain: & ; @ + { » 2028 3 i
Plant v Form: Parallel  |Time v Slowsr Response Time (seconds) Faster a D
i S " , ; ; a 06 4 Resst  Show Update
f t t t @
(4 Inspect {3} Options. i AddPot v - = Block v
PLANT CONTROLLER DESIGN TUNING TOOLS RESULTS
5 | StepPlot: Reference tracking
H
:
@
= i
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Pucynoxk 6 - OxHO ¢ rpadukamMu IEPEXOAHBIX TTPOILIECCOB JI0 U MOCIIE HACTPOHUKH



Ecnu pe3ynbTaThl aBTOHACTPOMKM HE YIOBJIETBOPSIOT 3a/laHHBIM TPEOOBAHUSIM, TO MOKHO
MOJICTPOUTH MEPEXOIHOMN MPOIIECC C TOMOIIBIO MOI3YHKOB «Response time» u «Transient behaviory.
Jlnist OTHpaBKU MOJTYYEHHBIX HACTOEK B MozAenb Simulink Heo0XoaumMo HakaTh KHONKY «Apply» u
3aTeM HaxkaThb KHOMNKY «OK»

[Tony4yeHHbIE «Overshoot»

S3HAUYCHHA IICPCPCTYINPOBAHUSA H BpEMA IIEpCXOoJla B

ycTaHoBHBIIHIiCs mporiecc «Settling time» moxxHo mocMoTpeTh HaxkaB «Show parameters» (cm. puc.
7)

Controller Parameters

Tuned

0.70671
0.066781

n/a

Block

0.70671
0066781

n/a

Z9o= =

—

n/a nfa

Performance and Robustness

Tuned

209 seconds
2398 seconds
1.01 %

1.01

Block

20.9 seconds
29,8 seconds
1.01 %

101

Rise time
Settling time
Owershoot
Peak

Gain margin

102 dB @ 0.16 rad/s

10.2 dB @ 0.16 rad/s

Phase margin

64.2 deg @ 0.0473 rad/s

64.2 deg @ 0.0473 rad/s

Closed-loop stability

Stable

Stable

Pucynox 7 - IlosryuyeHHbIE€ 3HAUEHUSI HACTPOEK PETYJIATOpa

3amycTUM CO3JIaHHYIO MOJIENb PeryiasTopa U YBUAMM Ha ocuuiorpade rpapuxk KpHBOM

MEPEXOHOr0 Mpoliecca ¢ ONTUMaIbHBIMU HacTpoiikamu [IH-perynsaTopa (cM. puc. 8).
’l 4./ Scope - - @_Iﬂ

File Tools View Simulation Help

T=200.000

Pucynox 8 - I'paduk kpuBoOii mepexoTHOTO MpoIiecca ¢ ONTUMaIbLHBIMU HacTporikamu [1U-

perynsaropa



B pesynpTaTe BBINOJIHEHUS HACTPOMKM peryisTopa ObUla TOJydyeHa ClieAyrolmas

nepeaaTrouHasl QyHKIUS perynsaropa:

W(2) =P+*< (1)

Ncnonb3ys oneparop Jlamtaca nomydaem:
1
Wp)=Kpt+ - (2
[ToncraBuB MosydeHHbIE 3HaU€HUS B (HOPMYITy MOTydaeMm:

3)

0.1
0.066p

W(p) = 0.706 +

Ucnonp3oBanne MATLAB B HU3y4YCHUU [T ]I-perynsitopa B cucrteme
peryJaupoBaHusl TO3BOJSIET CAMOCTOSITEIBHO CMOJICIUPOBATh CHCTEMY, IPOBECTH C HEU psif
SKCIIEPUMEHTOB U HAIJISIZIHO PACCMOTPETh PE3YJIbTaThl BCEX IKCIIEPUMEHTOB.

OcHoBHast monb3a wucnoibzoBanuss MATLAB B mpouecce o00ydeHHs] TEXHUYECKUM
CHEIHATbHOCTSIM 3aKJII0YaeTCs B BO3MOXHOCTHU CO3/IaHUSA u IPOBEJICHHE
IKCIIEPUMEHTOB C  MOJEIBI0O TaKOro OO0BEKTa WIM  YCTPOWCTBA, C  KOTOPBIM,  IIO

OIPCACIICHHBIM IPUYNHAM, HCBO3MOXXHO IMTPOBCACHNEC SKCIICPUMCHTOB.
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