UHdopmaumsa no yctaHoOBKam perynsitopa

YT1o BKIHOYEHO B AaHHYIO rnaBy?

B paHHoM rmaee npeacTtaBneHa uHdopmauua o6 yctaHokax ana W[O-perynatopa ¢
UMMYNbCHBIMW  CUTHanamu ynpaefeHUs Ha BbIXOAE, MPUMHATbIX B COOTBETCTBUM C
npeabiayLmnm onbITOM (Ha NPOM3BOACTBE MnacTmacc).

Paspen OnucaHue Crp.
2.1 XapakTepucTukm npouecca 2-2
29 Twn perynsitopa (perynsaTopbl C ABYXYPOBHEBbLIM BbIXOA0M, 2.4
: perynsitopbl C TPEXYPOBHEBLIM BbIXOA0M)

23 MepexoaHble XxapakTEPUCTUKN AN PasnNYHbIX CTPYKTYP 2.7
' obpaTHow cBA3n

2.4 BbiGop CTpyKTypbl perynaTopa Ans oTaenbHOro npowecca 2-15

2.5 YcTaHoBKa 3Ha4YeHU napaMeTpoB perynsaTopa (onTuMmsaums) 2-16

26 OnpeneneHve napamMeTpoB NpoLiecca AN PerynsiTtopos ¢ 218
: [OBYXYPOBHEBLIM BbIXOLOM, C TPEXYPOBHEBbLIM BbIXOAOM

27 OnpeaeneHve napamMeTpoB NpoLiecca Ans perynsitopos B 201
: cucTemax oxnaxzaeHus

2.8 OnpegeneHve NnapaMeTpoB OMbITHEIM NMYTEM 2-23

Industrial automation
Mopgynb aBTOmMartuyeckoro perynuposaHusi FM 355 i
A5E00059344-02 Elincom Group . .
B European Union: www.elinco.eu
mm Russia: www.elinc.ru

2-1




WHdopmaLums no ycTaHoBKam perynsaropa

2.1 XapaktepucCTUKK npouecca

Bpems oTknuka npouecca MOXeT ObiTb OMpeneneHo C MOMOLLBI BPEMEHHbLIX XapakTepuCTuK
yrNpaBrsieMo MepPeMeHHON (MepemMeHHOM npouecca) X nocrne peskoro W3MEHEHUs1 3Ha4vyeHus
ynpaenstowien nepemeHHon y ot 0 go 100%.

¥ ok
100% Ben 1
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W= WNPEENAMLER EpEMEHHAN
Y'h = guanaoH ynpasneHus
Tu = apema HevyecTEMTENEHOCTH [dead tinge)
Ta = spems 3agepr
K= = sosdihuumenT nepegaym npouecca
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Puc. 2-1 TlepexogHasn xapakTepucTuika npolecca

Mogaynb aBTOoMaTuyeckoro perynuposanus FM 355
2-2 AS5E00059344-02



WHdopmaLms no ycTaHoBKaM perynsitopa

BonbLMHCTBO NPOLECCOB ABMAAOTCA Tak Ha3blBaeMbIMM MpoOLIECCaMU C KOMMEHcaUMen (CM. puc.
2-1). Bpems oTknuka MoxeT 6biTb OLlEHEHO C MOMOLLbIO TPEX MEPEMEHHbIX:
BpemMeHn HedyscTBuTEnbHOCTU (Dead time) Tu, BpemeHn 3agepxkm Tg M 3HAYEHUss nNepemeHHon
npouecca Xmax. OTU MNEPEMEHHbIE MOryT ObiTb OMpeaeneHbl Npu MPUIOKEHUM KacaTenbHbIX K
MaKkCcMMaribHOMY 3Ha4YeHM0 NepeMeHHON NpoLiecca 1 K ToYKe nepernda nepexoaHon XxapaktepucTunki. Bo
MHOIMMX CryyYasx HEBO3MOXHO MPOCNeanTb NnepesaToyHyto YHKLMIO BNOTb 40 MakCUMyma 3HauyeHus,
TaK Kak NepemMeHHasi npoLecca MOXeT He JOCTUraTb KOHEYHOro 3HaveHus. MoaTomy anst nccnenoBaHus
npoLecca UCMnonb3yeTcsl CKOPOCTb HapacTaHUs NepeMeHHON NPOLLECCA Vimax

Tu Tu x V max
Cnepyowme oTHOLEHUS mnn
Tg X max

MOryT UCNONb30BaTbCA AJ1A OLIEHKU ynpaBiaeMOCTU npouecca.

MpuHSTLI cnegytowune KpUTeEpUK:

Tu YnpaBernsemocTb
Tg npouecca
<0.1 xopoLuas
0.1...0.3 yOOBNeTBOpUTENbHAs
>0.3 nnoxas

Mpouecchbl MoryT 6bITb OLIEHEHbI B COOTBETCTBUM CO 3HAYEHUSIMMU:
Ty<0.5MuH, Tg<5MuH = ObICTpbIN NpoLecc
Ty>0.5MuH, Tg>5MuH = MeAneHHbIN npoLiecc.

BennuynHbl BPpeMeHHbIX NapamMmeTpoB BaXXHeMLUmnXx TepMnyeckmnx nporeccoB

MNepemeHHas Tun npouecca Bpems Bpems CkopocTb
npouecca HEe4YyBCTBU- 3a0epXKu, HapacTaHus
TenbHOCTH, Tg nepemMeHHon
Ty NPOLIECCA, Vmax
TemnepaTtypa | He6onbluasa anekTponeyb 0.5...1MuH 5..15 MnH no 60 K/MuH
Bonbluas anekrponeyb 1..5MuH 10 ... 20 MmuH no 20 K/muH
ONs oTkura
Bonblias rasosasi neyb 0.2...5MuH 3...60 MuH 1... 30 K/MuH
Ons omkura
ABTOKNaBbI 0.5...0.7 MuH 10 ... 20 MyH
ABTOKMNaBbl BbICOKOro JaBneHus 12 ...15mMmuu | 200 ... 300 muH
MHXEeKUNOHHbIE NUTbEBbIE 0.5...3MuH 3...30 muH 5... 20 K/muH
MaLlUUHbI
OKcTpyaeps! 1...6MUH 5... 60 MyH
YnakoBOYHbIE MaLUUHBbI 0.5...4 MyH 3 ... 40muH 2 ... 35 K/MuH

Mopaynb aBTomatuyeckoro perynuposanust FM 355
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WHdopmaLms no ycTaHoBKaM perynsitopa

2.2 Twunbl perynatopos (C 2-XypoBHEBbIM, C 3-XypOBHEBbIM BbIXOA0M)

Perynsatopbl ¢ 2-XypOBHEBbLIM BbIXOAOM 6€3 06paTHOM CBA3MN

Perynstopbl ¢ 2-XypoOBHEBbIM BbIXOAOM UMEIOT AaBa coctosdHus: "Bkn" u "Beikn" ("ON” n "OFF”)
Kak pyHkuun nepeknioveHuns. 3O1o cooteetcTByeT 100 % n 0 % Bo3gencTsuo. Takon Tvn perynstopa
onpeaenseT NOCTOsSAHHbIE KorleGaHWsa NepeMeHHoN npouecca X BOKPYT 3a4aHHOMO 3HAYEHUST W.
AMMNUTYOa M NPOAOIMKUTENBHOCTb TaKUX KonebaHui yBENUYMBAKOTCS C POCTOM OTHOLUEHUS BPEMEHMU
He4yyBCTBMTENBHOCTU T, KO BpemeHu 3agepxku Ty npouecca. Takue perynsitopbl UCMOMNb3yHTCS,
rnmaeHbIM 06pa3oM, B MPOCTLIX CUCTEMAX YNpaBreHUs TeMnepaTypo (Hanp., ANs ynpaBneHust HarpeBom
31EKTPONEYM) UNKN B CUCTEMAX NPEAYNPEXAEHNS NPEBbILEHNS YPOBHSA NapamMeTpa.

1 ¥h - AMENS30H YNPABNEHHA
¥ W - 3803HHAR NEPEMEHHAR
Bin Yh
Brakn
| .
i -
W x

Puc. 2-2 XapaktepucTuka perynsitopa ¢ 2-XypOBHEBbIM BbIXO40M
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WHdopmaLms no ycTaHoBKaM perynsitopa

'
¥ Tg MepepaToyunan yHELMA
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f
I Tu = BpeMA HEYYBCTBATENEHOCTH
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| Xsd = NMaNascH COrNACcOBAHHOND
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Puc. 2-3 ®yHKUMs ynpaBneHusa perynaropa ¢ 2-XypoBHEBLIM BbIXO4oM 6e3 oOpaTHOM CBS3W

PerynsiTop ¢ 2-XypoBHeBbIM BbIXOAOM C 0OpaTHOW CBA3bLI0

OdhekTMBHOCTL paboThl perynstopa ¢ 2-XypPOBHEBbLIM BbIXOAOM B TEXHOMOMMYECKUX NpoLeccax
C BbICOKMMW 3HAYEHUSIMU BPEMEHW HEYYBCTBUTENbHOCTW, HaMpumep, B Medvax, 30Ha HarpeBa KOTOPbIX
oTAeneHa OT HarpeBaTens, MOXeT ObITb yryyleHa Npy UCMONb30BaHUN ANEKTPOHNKU B Liensax obpaTHowm
CBA3N.

O6paTHasa cBA3b UCMONb3yeTcs Afs YBENUYEHWs CKOPOCTM MNEPEKNIOYEHUs perynatopa, 4to
BeAeT K YMEHbLUEHWO amnnuTygbl KonebanHun nepemMeHHon npouecca. Bpobaeok, moryT ObiTb
3HaYMTENbHO YynyYlleHbl AMHAMUYECKNEe XapakTePUCTUKM ynpasreHus. paHnyHoe 3HayeHne CKopoCTU
nepekmnoYeHnss onpegensetcs BbixogHbIM MogyneM. OHO He [OOMKHO npeBbiwatb 3HadveHun 1...5
NnepeknioYeHnin B MUHYTY ON1S1 MEXaHWYECKOro OKOHEYHOro Nepekniovalollero aneMeHTa tuna pene u
KOHTaKTOpoB.  BbiCOKMEe CKOpPOCTM MNepeknioyeHns, nexawimMe [aneko 3a KpUTUYEeCKOW YacToToun
npouecca, MoryT BblbvpaTbCs B Cnyvae WCMNOnb30BaHWSA AN yNpaBneHuUs Takux BbIXOAHbIX KITHOYEBbIX
3MIEMEHTOB Kak TMpUCTOp (Tprak).
Tak Kak B 9TOM Cry4ae UMnyrnbC KOMMYTaLun He MOXET ObiTb onpeaerneH B BbIXOQHOW XapaKTepucTuke
npouecca, pesynbTaTbl YMpaBreHUs CTAHOBATCA CpaBHUMbI C pesynbTatamu Ans  PerynsaTopoB
HenpepbIBHOrO AEeNCTBUS.

Mopaynb aBTomatuyeckoro perynuposanust FM 355
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WHdopmaLums no ycTaHoBKam perynsaropa

B oTnuune ot perynsitopoB HENPEPLIBHOTO AEWCTBUS, YNpaBnsiowas nepeMeHHas Ha Bbixoge
KOTOpbIX NpeacTaBnseT cobov amnnMTyay BbIXOOQHOIMO CuUrHana, ynpasnsiollas nepemMeHHasi Ha Bbixoae
perynatopa ¢ 2-XypOBHEBbIM BbIXO4OM C 06paTHOM CBSA3bI0 (DOPMUPYETCS C UCMOfb30BaHMEM LUMPOTHO-
umnynecHor moaynaumm (LWAM).  Perynatopbl € 2-XypOBHEBLIM BbIXOLOM C 0OOpaTHOM CBA3bHO
NCMNOonNb3yTCA ANs yNpaBneHus TeMnepaTypol HarpeBa B nevyax, TepMonnacTtaBToMaTax, TEKCTUIbHOW,
OyMaXKHOW UHAYCTPUM, B NMPOU3BOACTBE Kay4vyKOB, MULLEBLIX NPOAYKTOB, @ TakkKe B CUCTEMAX OTOMSEHUS
N OXNaXxaeHus.

PeryﬂﬂTOpbl C 3-XypOBHEBbIM BbIXO4OM

Perynstopbl ¢ 3-XypOBHEBbIM BbIXO4OM MWCMOMb3YKOTCA B CUCTEMaxX OTOMMeHus/oxnaxaeHus. OTn
perynaTopbl UMel0T Ha BbIxode 2 TOYKM nepekntoveHusi. PaboTta Takoro perynstopa onTUMU3uMpyeTtcs
NMOCPeACcTBOM JMIEKTPOHMKM B LiensiXx obpaTHOW CBA3W. Takue perynsatopbl MCMOMb3ylTca B cUCTEMaXx
oborpeBa, OxnaxgeHus, B KNMMMaTUYECKMX Kamepax, B HarpesaTeflbHbIX npubopax obopynoBaHus Ans
N3roTOBIEHMS NNacTMACCOBbLIX U3AENWA.

¥l

¥ia2=¥m

¥a2 .

W x

[ Xgy, —————— ™

YNEENAKLLLER NepeMeHHan X = nepemeHHan npoLecca
{Hanp., Temnaparypa “C )

!
1]

Y11 = narpes 100%

Yi2= narpes 0% W = 3apaHHOSe IHEYEHHE
Yo = oxnaxpedse 0% Xsh = PACCTORHWE MEnsTY
Yz = oxnaxneswe 100% TOURAMM BEMIOYEHWA 1T W 2

Puc. 2-4 Xapaktepuctuka perynsitopa ¢ 3-XypOBHEBbIM BbIXO40M
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WHdopmaLms no ycTaHoBKaM perynsitopa

2.3 XapaKtepuCTUKM ynpaBneHus Ans pasfiM4yHbIX CTPYKTYpP OOpaTHOW CBA3U

PaboTa perynsitopa gofkHa yduTbiBaTb MepenaTovHy XapaKTepuUCTWKy npouecca ans Toro,
4yTOObl AOCTUrHYTb TPEBYEMOI TOUHOCTUN CUCTEMbI YNPABIIEHUS U ONTMMaribHON KOPPEKLUN MOMEX.
OTnm uenam cnyxat cxembl obpatHon cesasu (OC). B 3aBucumoctn ot ctpyktypbl OC cxembl obpaTHon
CBA3N genaTca Ha "nponopuunoHanbHoro aencrteus” ("proportional action" vnn P), "nponopumoHansHo-
onddepeHumansHoro gencteua” ("proportional-plus—derivative action" nnn PD), "nponopumnoHansHo-
nHTerpansHoro Agewncrteua”  ("proportional-plus—integral action" wnu Pl), "nponopuunoHanbHo-
anddepeHumanbHo-MHTerpaneHoro genctensa” ("proportional—plus—integral—plus—derivate action" wnu
PID). OonyctMm, 4TO Npy NPUNOXEHUN CTYNMEHYaTOM (PYyHKUMM KO BXOOaM PEryrsitopoB NepexogHble
XapaKTEPUCTMKN UMEIDT NMPEHEOPEXMTENBHO Masble 3HAaYEHUS BPEMEHWN HEYYBCTBUTENBHOCTM M YTO Ha
OTKIUK MpoLecca perynaropbl MOryT pearmpoBaTb O4eHb ObICTpo (CM. puc. 2-5...2-9).

M-perynaTtop (P Controller)

CTynpu4aTas dyHayHe
HA RXOR KOHTRONNEaRa

EnniHan
rapaksakHan

]

TepENIaHER XapETapnCTHES
HDHTIIDNNERE HENDE0LIBRONg
ST pEANaHA R

Huxoiean i
NEDRMEHNER
&
W
) MNepaxoiHas
100%, HBQEHTAPMCTHED
KOHTRONME s
MY ICHT
YIOARNEHIR

Bruxiatean t
NEPEMEHHER

Puc. 2-5 TllepexogHas xapakrepuctuka N-perynatopa (P Controller)
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WHdopmaLms no ycTaHoBKaM perynsitopa

YpaBHeHue ans MN-perynatopa (P Controller)

BbixogHas nepemeHHas NpsiMo NponopuuoHanbHa BXO4HON NEPEMEHHOMN.

3TO0 03HavaerT:

M3ameHeHWe BbIX. nepeMeHHon = KoadhmumeHT NnponopumoHanbHOCT X M3ameHeHne BX. MepeMeHHOoN

nnu:

2-8

y

K nponopLuMoHanbHOro ycuneHus

X Xw

Mopgynb aBTOMaTu4eckoro perynuposanHua FM 355
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WHdopmaLms no ycTaHoBKaM perynsitopa

NAa-perynatop (PD Controller)

[
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|
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& i PR B
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L g
BraxagHam | :
I Mepas - a8 |
¥ |
|
100% Mepeanmman
HAPANTEPHCTHER
KaHTpanInepa
VT NECHED
P E TR
¥
Basaciosas t
MR HHAR

Puc. 2-6 TlMepexoaHas xapakrepuctuka N-perynatopa (PD Controller)

D—anemeHTbl perynaTtopa, B3ATble B OTAEMbHOCTW, HE MOAXOQAT ONs1 YNpaBneHWsi, TaK Kak OHU He
WMHULMMPYIOT KOMaHAY YNpaBneHus, nocrie Toro kak BXOAHas NepeMeHHasi BO3BpaLlaeTcs K NOCTOSHHOM
BennumHe. Ho B komGuMHauun ¢ P-anemeHTamu "gudpdpepeHumanbHbii KOMMOHEHT" ucnonb3yeTcsa Ans
reHepaumMm COOTBETCTBYIOLLErO YMNPaBRstoOWEro WMMynbca, 3aBUCSLLEro OT CKOPOCTM W3MEHEHUs
nepemeHHon npouecca. Ecnu konebaHus nepemeHHOM z BNuAOT Ha npouecc, [NO-perynaTtop
OTPErynupyeT OTKIIOHEHWSI B CUCTEME C MOMOLLBI0 M3MEHSIEMOro curHana ynpaeneHus. KoneGanus,
OfHaKO, HEe KOMMEHCUPYKTCA MOMHOCTBIO, MO3TOMY MNPeAnoYTUTENbHbI PErynsTopbl C XOPOLUMMM
OVNHAMUYECKUMWN XapakTepucTukamun. Ecnun perynatop obnagaeT TakMmmn xapaKkTepucTukamu, TO MOXET
ObITb 4OCTUIHYTa XOPOLLIO CraXeHHasi NepexofHasi xapakrepuctuka 6e3 konebaHuii n BoO BpeMsi 3anycka
M nNpu M3MEHEHUN 3adaBaeMbiXx MapamMeTpoB npouecca. Perynatop ¢ "gudpdepeHumanbHbIM
KOMMOHEHTOM", OfHaKO, He noAXoAWT ANs MPOLEeCcCOoB, B KOTOPbIX MMEKT MEeCTO Konebnioumecs
n3MepsieMble NepPEeMEHHble, Harnpumep, B Criydae CUCTEM YMpaBneHusl [OaBfEHMEM WM CUCTEM
yrnpaBneHus ABMXEHNEM NOTOKa.

Mopaynb aBTomatuyeckoro perynuposanust FM 355
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WHdopmaLms no ycTaHoBKaM perynsitopa

YpaBHeHue ans MNO-perynatopa (PD Controller)

MepexogHas xapaktepuctuka lN-perynstopa BO BpEMEHHOM MPOMEXYTKE MOXET ObiTb npeacTaBneHa
Kak:

-t
TD TM_LAG
y = GAIN x xy X |1 +——— xe
TM_LAG
roe t = Bpewms, npolealee ¢ MOMEHTa BKITHOYEHUSI CTYyNeHYaTon qyHKLUN

Ha BXoZe perynsaropa;
GAIN = K ycuneHus

Mopgynb aBTOMaTu4eckoro perynuposanHua FM 355
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WHdopmaLms no ycTaHoBKaM perynsitopa

MU-perynaTtop (Pl Controller)

[
X
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Puc. 2-7 TepexoaHas xapakrepuctuka lN-perynatopa (Pl Controller)

| —~KOMMOHEHT perynsaTopa NpPeAcTaBnseT BbIXOAHYI NEPEMEHHYIO Kak MHTerpan BXO4HOW NepemMeHHon B
paccMaTprMBaeMoOM MNPOMEXYTKE BpPEMEHU. OTO 3HAYUT, UYTO PErynsiTop CYMMUPYET OTKIMOHEHWUs] OT
3aaHHOrO0 3HA4YeHWs BO BPEMEHWU, TO €CTb, KOPPEKTUPYIOLLMIA (YNpaBnsioWnin) curHan perynaropa
KOppeKTupyeTcsa 40 Tex Mop, noka He ByaeT JOCTUIHYTO 3afaHHOe 3HadeHWe nepemMeHHon npouecca. B
OEeNCTBUTENBbHOCTU, naeanbHbiM Obin 6bl Criydyan KOMOMHMPOBaAHUSA Pa3HbIX TakMepoOB B COOTBETCTBUM C
TpeboBaHMAMN, MPEABSABNSEMbIMA K OTKIMKY ynpaBneHus. BpeMeHHble XapakTepuCTUMKM OTAENbHbIX
KOMMOHEHTOB MoOryT 6biTb onucaHbel napameTpamu ynpaenenus: Kicuews (GAIN), BpemeHem
uHTterpupoBaHms  (integral-action time  TI)  (WHTerpanbHbIAi  KOMMOHEHT) W  BPEMEHEM
anddepeHumpoaHus (derivative—action time TD) (audpdepeHumnanbHbIi KOMMNOHEHT).

Mopaynb aBTomatuyeckoro perynuposanust FM 355
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WHdopmaLms no ycTaHoBKaM perynsitopa

YpaBHeHue ans NMU-perynaTopa (Pl Controller)

MepexogHas xapakrepucTuka NU-perynsatopa BO BpEMEHHOM NPOMEXYTKE MOXET ObITb NpeacTaBneHa
Kak:

y = GAIN x x, x 1 +

roe t = Bpewms, npoleallee ¢ MOMEHTa BKIIOYEHNUS CTYNEHYaTon OyHKLMUM
Ha BXoZe perynsaropa;
GAIN = K ycuneHus

Mopgynb aBTOMaTu4eckoro perynuposanHua FM 355
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WHdopmaLms no ycTaHoBKaM perynsitopa

nna-perynatop (PID Controller)

Crynpuaran dupsiums
A AOOS KIHTRANnEpa

BxopHan t
N pEMEH AR

yllu

ﬁ MepExamms KapaKTapACTHED
KOHTROAMEPE HeNpEpL@AHOR
// FTIpEAnEHIA

BioiaaiHasn
PPk HHAR

e —

3

f ]
¥

Mapaxoarkan
XBPAKTEEICTHLS
EOHTRONNEDE
HRMNY M GHOTD
YIpARNEHERA

Binxa i asi
PR ae HAR t

Puc. 2-8 TlMepexoaHas xapakrepuctuka MNMNLO-perynatopa (PID Controller)

BonbLMHCTBO cuCTEM ynpaBneHust npoueccamn MOryT ucnonb3oBaTb perynaropbl ¢ [1U-
ynpaBneHmem. B cny4dasix xe ¢ 60nblMMKM 3HAYEHMSIMW BPEMEHU HEYYBCTBUTENBHOCTW, Hanpumep, B
cMCTEMax TepMOperynMpoBaHusi, 3pdeKTUBHOCTbL YNpaBMneHNss MOXEeT ObiTb yrnydylleHa C MOMOLLbHO
perynaTtopos ¢ NMA[-ynpaeneHuem.
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WHdopmaLms no ycTaHoBKaM perynsitopa

I'Iepexo,qule XapPaKTepUCTUKN NpU pas3sinidHbiX 3aKOHaxX ynpaBlieHusA

0%

100
" MepepaTtouHan
WHELMA
MK (PID) BEa KoHTpOnNeEpa

W ’_ Y jﬂ —
— !
1

na (Foj

Puc. 2-9 lMepexoaHble XapakTepUCTMKN NPU Pas3fMYHbIX 3aKOHaX yrnpaBneHust

Perynatopbl ¢ I u MWL 3akoHamu ynpaBneHns MMeroT NperMMyLLLECTBO, 3aKrovalolleecs B
TOM, YTO NepeMeHHasi npoLecca He AaeT OTKIOHEHUsT OT BEMWUYMHBI 331aHHOMO 3HAYeHUsl yNpaBnsemMoro
napameTpa Mo OKOH4YaHUWM NepPexofHoro npouecca. NepemeHHasi npouecca Konebnetcs oTHOCUTENBHO
BENMYMHBI 334aHHOMO 3HAYEHMs! TONIbKO BO BpeMS 3anycka.

YpaBHeHue ansa NMA-perynsatopa (PID Controller)

MepexogHas xapakrepuctuka NUO-perynstopa BO BpEMEHHOM MPOMEXYTKE MOXET ObITb NpeacTaBneHa

KakK:
-t
1 TD TM_LAG
y = GAIN x xy x | 1 + + ex
Tl x TM_LAG
roe t = Bpems, npoweglee ¢ MOMEHTA BKIMHOYEHUSA CTyneH4yaTon OyHKUMK
Ha Bxofe perynaropa;
GAIN = K ycuneHus
Mopgynb aBTOMaTu4eckoro perynuposanHua FM 355
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WHdpopmaLms no ycTaHoBKam perynsaropa

2.4 BbIOOp CTPYKTYpbI ynpaBneHusi Ans otaesbHbIX NPOLECCOB

Kaxkgbl TEXHOMOrMYECKMIA NPOLLECC MMEET CBOK CNeLNUKY C TOYKM 3peHns ynpasneHus. TpeboBaHus K
CMUCTEME YMpaBneHusl Bcerga onpeneneHbl TEXHOMOrMen npouecca M He MoryT OblTb M3MEHEHbI B
nocneacTeun. ONTUManbHOE yrnpasreHe NPoLEeCCOM MOXET OblTb JOCTUIHYTO BbIOOPOM NOAXOAALLENO
perynsatopa, KoTopbli MOXeT ObiTb NpMCNOCcobeH Nog yCnoBusi Npouecca B 3aaHHbIX npegenax.

Bbi6op nopxoasien CTPyKTypbl ynpaBneHus Ansa otaesbHbIX NPOoLeccoB

CrpykTypa perynaTopa
Mpouecc PYKTYpa pery P
n (P} no (Foy | nW (el | NKa (PID)
YurTHERETCA Ha Hea YrpaEnEHse He
J: TOMRED BREMA MCHIREINT T AT HTIOMENH NOQEOORT
. HEUYBCTEUTENLHOCTH
YUHTRIBARTCA:
BEEMA HEdyBCTEHT, He He Hecons«o | yooaanenne
t W BPEMA 3A08MHKN NOOXOaMT NCOXOOMT EyE, HTIOMENA
1-ro nopagea Hew T1A0
YUHTEIBAKTCR:
| BIEMA HEHYBCTRNT, He Xywe Xy, Ynpaanesua
1 BREMA SA0SMHKN NEHOOWT yam M40 HNOMeExH
2-10 nopagka
Bpama aafepwm
1-ro nopagka u YNpaEnEHne Momexw
E DMEHE MANOS YNpEBnEHME | o e nyon Monens B Nepwon
BPEMA HEVYBGTEMT, HEYBCTEMT. HEYYBCTRKT.
Bpenn Znepsim Ho He Heckomsso | noaenenne
K BEICIUKX NOPAQKOR NEFIHOAMT NEOROaMT '-I:hl:lpliiﬁ:'lﬂ +FNOMEXH
g BE3 ¥npaenenwe | Ynpasnedse Monexw [Momexu
ﬁf‘ ROMIEHCALHM (Bea sanepmku) (C 2a0epekoR) [Ges sanepse)| (C 3anepsrod)
TNkl perynATOPOE ANA HanBonee BaHbIX NApamMeTpOB NpoUecca
-I_r'““-___ PerynATop niF) | no {PT) N {Pl) | N0 (PID)
apa-
ME}EH npoeece CTabunbHLIE OTRMOHEHWR HecTabnnsHse OTENOHEHWA
Ona HeRBICOKKH :
Thabagatiii 4 uns H:upaamwn anA cm:Hux
MN-npoueccos c; Kopawo
TemnepaTypa NOGXOIMT TpeboBaHwd
L =01 [MCKMGHaA CReLwWYecd BRMoYa-
T : EMEE CMALHMANEHEIE PEryATOR )
Hawfiones noaxofALWe THNL ynpas-
MeaxaguT, ecmm Ha NEHIR QA EN0HRHEN TREGoEHIA
Dasneuue HESHAYUT, BpE MOLAGENT {MEENHMAR CReyMNYBcKN BrNHE-
HEMYBCTEMT, EMBIE CNELMANEHEIE PEMYIRTOPLI)
NogXoOuT MeHsLLE, Mogxoaur, Ko HecTime
n Tk, TpedyeT He HACMIO OTABNEHES | TpeBoREHUR
ToE OMAMAA0H YOUNEHHE  NOpReHT W-parynatop K MIEPEMEHHBN
(e BanLLLON) MOAx0AAT Bonsile npoLEcca

Mopynb aBTomartuyeckoro perynuposaHust FM 355
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WHdopmaLms no ycTaHoBKaM perynsitopa

2.5 YcTtaHoBKa napamMeTpoOB pPerynaTtopos (ONTMMU3aLMA)

MpaBuna Ans ycTaHOBOK NapameTpoB

CTpykTypa perynaropa YCcTaHOBKM
napameTpoB
P GAIN = Vmax X Tu[°C]
Pl GAIN = 12 x Vmax X Tu [OC]
PD GAIN = 0.83 x Vmax X Tu [QC]
TD = 0.25 x Vimax X TU [mln]
TM_LAG = 0.5 x TD[min]
PID GAIN = 0.83 x Vmax X Tu [QC]
TI = 2 x Ty[min]
TD = 04 x Ty[min]

TM LAG = 0.5 x TD [min]

PD/PID GAIN = 04 X Vmxx Ty[°C]
Tl = 2 x Ty[min]
D = 04 x T, [min]
TM_LAG = 05 x TD[min]

BMeCTO Vmax = Dy/Di MOXHO ncnonb3oBatb Xmax/Tg -

B cnyyae perynatopoB PID CcTpyKTypbl BpEMS MHTErPMPOBaHMS U BpeMsi AnddepeHLnpoBannst 06bI4HO
CBsi3aHbl ApYr C ApYroMm.

BenuunHa otHowenust TI/TD nexut mexagy 4 u 5 u 310 onTumanbHO A8 60MbLUNMHCTBA NPOLIECCOB.
HecobntogeHne 3HaveHus TD He kputuyHo anst PD-perynaTtopos.

Ona cnyyaeB Pl- nnn PID-perynatopoB BO3MOXHbI KorebaHus ynpasrieHusi, ecnu 3HadeHne Tl 6bino
BbIOpaHO crnmwKkom mMarnbiM (MO KpalHen Mepe, B ABa pa3a MeHblUe, YeM Hago).

Ecnu Bpemsa Tl cnuwkom Benuko — 6yaeT 3anasgbiBaHne KOPPEKL MU KornebaHui.

HepeanbHo oxungatb, YTO CUCTEMa aBTOMaTUYECKOro ynpaerneHus oyaet paboTtate "onTumanbHO” nocrne
WHUUManu3aunm nepebIX e YCTaHOBOK NapamMeTpoB.

OnbIT Noka3biBaeT, YTO Bceraa Heobxoamma HacTponka, 0COOEHHO B yCroBusiX "TpyaHO ynpasnsiemoro”
npouecca ¢ Tu/Tg> 0.3.

Mopgynb aBTOMaTu4eckoro perynuposanHua FM 355
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I'Iapameprl 06paTHOﬁ CBA3N AnA oTAaenbHbLIX BUAOB Mpouecca

MNepemeHHas 1) 2) _
npoLiecca Tun npouecca Tuonnn Ty Tounun T Vmax =OX/AL
Hebonbluasa anekTponeyb 0.5...1MuH 5...15 MuH 1°Clc
Bonblias anekTponeyb Ans
omkura 1...5MunH 10 ... 60 MyH 0.3 °Clc
Bonblias nevb gnsa omkura
Ha rasoBoM TOMNJMBE 0.2...5MmuH 3...60 MyH
Temneparypa [MeperoHHbIn kKy0 (QUcTUNNATOpP) 1...7 MWH 40...60mmH | 0.1...0.5°Clc
AsToknas (2.5 M3) 0.5...0.7 muH 10 ... 20 MyH
ABTOKNAB BbICOKOIO AaBeHUs
(1000 °C, 40 bap) 12...15muH | 200 ... 230 MuH
MapoBown koTen 30c... 2.5 MnH 1...4MWH 2 °Clc
KomHaTHbI oborpeBaTernb 1...5MuWH 10 ... 60 MyH 1 °C/MuH
["a3onpoBoa 0..5¢c 0.2..10c -
MoTtok
TpyGonpoBoa Ans XKUaKocTu 0 0 -
["a3onpoBoa 0 0.1c -
Meub 6apabaHHoro TMNa Ha
[aeneHune ra3oBoM Mnn HePTAHOM Tonnmee 0 150 ¢ -
Meub 6apabaHHoro TMna ¢
apobunkomn 1..2MuMH 2..5MuH -
YpoBeHb Meub 6apabaHHoro TMNa 0.6...1MuH - 0.1...0.3cmlc
ManoMOLLHbIN 3NEeKTPONPUBOA 0 0.2..10c -
CkopocTb .
paGoTh MoLLHbI aneKkTponpueog 0 5..40c -
MapoBasa TypbuHa 0 - 50 MUH ™"
ManomoLLHble reHepaTopbl 0 1..5¢ -
HanpsikeHne
MolLuHbIe reHepaTopbI 0 5..10c -

1) Ti= Bpemsl HE4yBCTBUTENbLHOCTMU

Mopaynb aBTomatuyeckoro perynuposanust FM 355

A5E00059344-02

2) Ts = NocTosiHHas npotecca
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WHdopmaLms no ycTaHoBKaM perynsitopa

2.6 OnpepeneHue napameTpoOB MpoLlecca Ans perynaTopoB ¢ ABYX- U
TPexXypoBHEBbIM BbIXOAOM

MoxHo wucnonb3oBaTb 3anuckbiBarowee YycTponctBo (Recorder) gna  3anucm  npouecca
HarpeBaHusi N OXNaXOeHUa B TepMMYeckom npouecce (cMm. puc. 2-10).
[Insi 3TOro BLINOMHWTE CrieayoLlee:

1. Beeaute 3Hauenme "0" gns ynpaensiowen nepemeHHon B PG ¢ nomowbto ytunutel Loop
Display.

2. CkoHurypupymTe perynatop kak Pl-perynartop.

3. Mcnonb3ynte nHtepdenc HasHavyeHnsa napametpo unm PID_FM FB gns BBoga HEKpUTUYECKNX
napameTpoB ynpaBneHus:
GAIN = 1.0
TI,TD = 0.0

4, 3arpysuTte napameTpbl B MOAYIb.

5. MepekntounTe perynartop Ha ynpaensoLwyo nepeMeHHyto ¢ nomollbio Loop Display.

6. 3apanTte 3HavyeHue TemnepaTtypsbl (1).

--> Mogaynb BKIOYUTCS Ha Harpes.

7. Oxungante, noka nepeMeHHas npouecca "konebnetcs” (2).
MpumeyaHue: 3agaHHOe 3HaYeHUe TeMMepPaTypbl HE AOMKHO ObITb AOCTUMHYTO.

8. 3apanTte 3HavyeHue Temnepatypbl 0 °C (3).
--> Mogynb BKMIOYMTCS Ha OXNaXaeHue.

MpumeyaHue: NyHKTbl 7 1 8 TpebytoTcsa TOMNbKO ANS PErynisTOpoB C 3-XYPOBHEBLIM BbIXOO0M.

M3 rpadoukoB MoryT ObiTb OnpeaeneHsl crieayowme napaMmeTpbl;

Tu = Bpems He4yBCTBUTENBHOCTU (C)

Sk = MakcumanbHasa ckopocTb oxnaxaeHus (°C/c)

Sh = MakcumanbHasa ckopocTb HarpeBaHus (°C/c)
? Sk

L 3agaHHas

Temneparypa

Temnepartypa

HavanbHas

1 Temneparypa

Harpes OxnaxneHue Bpems

3

Puc. 2-10 [padmkm HarpeBa 1 oxnaxaeHus

Mopgynb aBTOMaTu4eckoro perynuposanHua FM 355
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OnpepeneHne napameTpoB perynsaTopa

(@) Ta[mc] =

(b) GAIN =

(c) Ti[c] =

(d) TDI[c] =

Bpems onpoca
Ta onpenensietcs BpemeHem npeobpasosanHns FM 355 (n.3.7)
Ta MOXeT 6bITe cunTaHo B Tools > Module Parameters

(MeHlo MHTepdenca Ha3Ha4YeHnst napameTpoB ).

230 [°C]

o] - (rn 25
Ta [MC ]

Tulc] + 100A0[|\2_c] x 6.66 [%]
Ta [MC ] 06

T + ————— x 0.

ot 1000[{&]

[ononHuTenbHO Ans KOHTpOepos
C 3-XypOBHeB biM BbIXOO4OM:

(€) LMN_LLM

s« [Z]

SH[;_C] x (-100 [%] )

LMN_LLM - ato napametp PID_FM FB, onpenensiowmnn HAXKHIOK rpaHuuy Ans perynsaropa.

Bbl MmoxeTe BBecTU 31O 3HayeHue B napametp "Lower” ("HwxHuin") B macky Limit Manipulated Value
Controller (FpaH1ua 3Ha4YeHU yNpaBnAOLWMX NepeMeHHbIX).

Bbl OOMKHBbI YCTaHOBUTL Takoe xe 3HadveHue B “Start of Range Input Signal” ("Hayano gmanasoHa
BXOAHOro curHana") 3agaBaemon BenuumHbel B B Mmacky Split-range Controller (YnpaBneHue c
pa3buBKon Anana3oHa).

OTn aBe YyCTaHOBKM AOMMKHbI ObiTb cormacoBaHbl Tak, 4Tobbl ans "split-range" pexuma perynsitopa
("YnpaBneHve c pas3buBkon OuanasoHa") MOXHO ObIIO UCNONb30oBaTb 3HAYEHUS U3 MOJTHOCTLIO
onpegerneHHoro ananasoHa ans "split-range" dyHkumu.

Mopaynb aBTomatuyeckoro perynuposanust FM 355

A5E00059344-02
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WHdopmaLms no ycTaHoBKaM perynsitopa

Mpumep:

Ynpasnstowas nepeMeHHast B AnanasoHe:

Ynpasnsitowas nepeMeHHast B AnanasoHe:

0%...

100% - HarpeB

—-100%...0% - oxnaxaeHue

YcraHoBuTe napameTpsbl "split-range" gyHKLMK cornacHo npumepy:

2-20

Ynpaenatowas nepemeHHast A

Havyano avanasoHa BXOOHOro curHana
KoHeL Anana3oHa BXOAHOro curHana
Havyano gvanasoHa BbIXOQHOrO cUrHana
KoHeL Anana3oHa BbIXOQHOMo cUrHana
Ynpaensatowas nepemeHHasi B

Havyano gvanasoHa BXOOHOro curHana
KoHeL Anana3oHa BXOAHOro curHana
Hauyano gvanasoHa BbIXOQHOro cUrHana

KoHel, AnanasoHa BbIXOAHOrO curHana

(
(
(
(
(
(
(
(
(
(

Manipulated value A):

Start of range Input signal) = 0
End of range Input signal) = 100
Start of range Output signal) = 0
End of range Output signal) = 100
Manipulated value B):

Start of range Input signal) = 100
End of range Input signal) = 0
Start of range Output signal) = 100
End of range Output signal) = 0

Mopgynb aBTOMaTu4eckoro perynuposanHua FM 355
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2.7 OnpepgeneHve NnapamMeTpoB npouecca Ansi oTAeNbLHOro perynsitopa
B CUCTEMe oXJlaXaeHus

[nsi NpoTOKONMMPOBaHNA MpoLecca OXNaX4eHus MCnosb3yeTcs 3anucbiBatollee cpeacTtso (Recorder)
(pnc. 2-11).

[ns aToro:

1. BBeaute HekpUTUYeckne napaMeTpbl ynpaBreHus:
GAIN = 1.0
TI,TD = 0.0

YCTaHOBUTE PYYHOW PEXUM ANS YNPaBASOLWNX NEPEMEHHbIX.

YcraHoBute 3HadeHne 0 Onsi ynpaensioLlen nepeMeHHon ¢ nomollbto Loop Display.
MpuBeanTe 3HaYeHne TemMnepaTypbl 30HbI HAarpeBa kK HOMUHaNbHOMY 3HAYEHUIO NOCPEACTBOM
NPUNOXEHNs1 BHELLIHETO Tensna (Hanpumep, N3 CMEXHOW 30HbI Harpeea).

3apanTte 3HaveHne TemnepaTypbl 0 °C ¢ nomowbio yTunutbl Loop Display (1).

YcTaHoBUTE ynpaBnstolee 3Ha4YeHne o aBTOMaTUYeCKOro perynmpoBaHus.

- Mogaynb BKIMOYNTCA Ha oXnaxaeHue.

MpumeyvaHune

Bo Bpems npouecca OxnaxaoeHus napameTpbl MPUIOXKEHHOrO BHELUHEro WCTOYHWKA Tenna LOMKHbI
OCTaBaTbCH HEM3MEHHbIMW — [Of1I9 CMEXHOW 30Hbl HarpeBa Ynpaersiowas nepeMeHHas AorkHa
COXPaHATbLCS NOCTOSAHHON.

] 1 1 N Sk
Temnepatypa /{/

Tini

f/}”\
=1/
§
|
|
i
o
|
|

Puc. 2-11  OnpeaeneHne xapakTepUCTUK OXNaxaeHUs

Mopaynb aBTomatuyeckoro perynuposanust FM 355
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. W3 rpadouka (Puc. 2-11) moryT GbiTb OonpegerneHsl crieqyowme napameTpsi:
Tu = Bpems He4yBCTBUTENBHOCTH (C)
Sk = MakcumanbHas ckopocTb oxnaxaeHus (°C/c)
Tini = HauanbHas temnepatypa (°C/c)
. [ononHuteneHO gomkHa ObITb onpegeneHa Temnepatypa Teool (°C) 30HbI OXNaXaeHus.

OnpepeneHne napameTpPoRB perynaTopa

(@) Ta[mc] = Ta onpenensieTcs BpemeHem npeobpasosaHma FM 355 (n.3.7)
Ta MOXeT 6bITb cuutaHo B Tools > Module Parameters
(MeHo nHTepdenca HasHauYeHs1 napamMeTpoB).

230 [°C]
(b) GAIN ¢200°c =
o 200 [°C] = Teool [°C] Ta [Mc]
SK [ C] X X TU[C] + —MC
¢ Tini [°C] = Toool [°C] 2000 [_]
C
Ta[Mc]
(c) Tlc] = Tu[c] + L Sk B 6.66 [%}
o[ 2]
Ta[Mc]
(d) TDI[c] = Tu[c]+ ———— | x 06
o[ 2]

Mopgynb aBTOMaTu4eckoro perynuposanHua FM 355
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2.8 OnpepeneHne napamMeTpoB ONbITHLIM NyTEM

Mpwn onpepeneHun napameTpoB MOMUMO pacyeTa Bbl MoOxeTe HalWTW OTAenbHblE 3HAYEHWUsI OMbITHBIM
nytem (cm. puc. 2-12).

NcxongHasa Touka: GAIN = Huskun; TD =0 unu HU3Kuin TD=0, T1.e.

Tl = BblcOKMI KOMMOHEHT HeaKTUBEH
l 1

Bo3GyxaeHve: pe3kum n3MeHeHeM
GAIN 3HaYeHns VCTaBKn
v

CrnaxviBaHue nnoxoe? Oa
Perynstop Bo36yxaeH? ..-"fl _'L +

| Het
TD
fa +
CrnaxveaHue CnuLKoM
xopoLuee?
Het

YBenuyenune TD 3ameTHO
ynyJliaeT crnaxueaHvne?

CHuxeHve GAIN n TD, noka BbiGer B
nepex. npoLecce He yMeHbLNTCA [0 5%

7T

biber B nepex. npouecce < 5%7? Na

Het

Llenb
[ocTur-

HyTa

Bbiber ~ 5%7?

Puc. 2-12 AnropuTtm onpegerneHns oTaeNbHbIX NapamMeTpoB perynsitopa onbiTHbIM NyTeM

Mopaynb aBTomatuyeckoro perynuposanust FM 355
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L TD=0.5TDyy

OnTumarnbHble yCTaHOBKM
perynsitopa

TI=0.5 Tl

GAIN = 0.5 GAIN o

L TD=2TDgy

- TI=2 Tl

GAIN = 2 GAIN o

Puc. 2-13 BnusaHne yxoga napameTpoB perynsatopa OT OnTUMarbHbIX 3Ha4YeHUN

Ha ero BbIXO4Hbl€ XapaKTepUCTUKN
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