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ABTOMATHYECKUH YPOBHEMEP KUJIKOCTHU
IS B3PBIBOOITACHBIX 30H

Temoii HacTosiel paboOThI SBISIETCS pa3padOTKa aBTOMAaTHYECKOTO YpOBHEMeEpa JKUAKOCTU JUISi B3PBIBOOIIACHBIX
30H. AHaJIM3 M3BECTHBHIX B HACTOSIIEE BPEMs YPOBHEMEPOB, KOTOPHIE HIMPOKO MPUMEHSIOT B HE(DTSIHOM 1 Hedrerne-
pepadaThIBaOIIeii MPOMBIIIICHHOCTH, MOKA3al, YTO UX Ce0CCTOMMOCTH OuYeHb BhICOKHE. [IpemnokeH ypoBHEMED,
CTOMMOCTDb KOTOPOTO 3HAYUTECIBbHO HHKE, YEM Y NMPOMBIIIJICHHBIX aHAJIOTOB, JJId M3TOTOBJICHUA W OKCILTyaTalluu
ero He TpeOyroTcs Ooipiie (UHAHCOBBIC 3aTPaThl. B CTaThe ONMHCHIBAIOTCS BO3MOMKHOCTH W TIPHHITUIIBI PaOOTHI
pa3paboTaHHOTO YpOBHEMEpPA JKUAKOCTH ISl B3PBIBOOIACHBIX 30H. [IpemiokeHHbIN ypoOBHEMED PACCUHUTAH IS U3-
MEpEHUsI yPOBHS HE(PTEHPOMYKTOB ISl TEXHOJIOTHYCCKOTO yUeTa W YIpaBlieHHs HedTenpomykTamu. [lpuBomsrcs
OJIOK-CXEMEBI U allTOPUTM pabOTHl ypOBHEMEpa.

B nanHoit pabote opraHu3oBaH "BepXHHUI" YPOBCHb aBTOMATHUYCCKOTO YIPABIICHUS TEXHOJIOTHUCCKUM MPOILIECCOM
Ha TIEPCOHAIBHBIX KOMIbloTepax. "BepxHuil" ypoBeHb co3naH Ha ocHOBe nporpammuoro nakera "TraceMode"
kommnanuu "Adastra" (Poccust). B mporpaMMHOM KOMIUIEKCE MPEAYCMOTPEHBI Tepeaada "yCcTaBoK" ¢ KOMITBIOTEPA,
npeaBapuTeCIbHasA aBapPIﬁHaﬂ CUTHaJIU3alursd, apxXvuBalud JaHHBIX TEXHOJOTMYCCKUX ITapaMETpOB, MHEMOCXEMa
MIPOXOXKICHHUS TEXHOJIIOTHIECKUX MTapaMEeTPOB B PEATEHOM PEeXUMe. Y POBHEMEP pacCUMTaH U U3MEPEHHUS pas3iind-

HBIX YPOBHEH C COOTBETCTBYIOLIMMH HACTPOHKAMHU, TOYHOCTh N3MEpEHHUs Koebnerces B quanasone 0.5-1 %.

Kn. cn.: He(i)TI), KOHTPOJUICP-U3MEPUTECIIb, TEXHOJIOTHYCCKUNA napameTp, CMCIICHUEC, HUKHAA I'paHnlla, BEPXHAA

rpaHulia, cerapanus, 1aT4MK, B3pbIBOOIIaCHAasA 30Ha

BBEJEHUE

BricokomnpousBoautenpHas U Oe3omacHas pabora
MUHH-YCTaHOBOK U1si 00paboTku HedTH 1 HedTernpo-
IYKTOB TpeOyeT MPUMEHEHUsI COBPEMEHHBIX METOJIOB
U CPEACTB U3MEPEHUs TEXHOIOTUYECKUX I1apaMeTpoB,
XapaKTepU3YIOMIUX X0/ Mpolecca U COCTOSHUE 000-
pynoBanus [1]. ABTOMaTH4ecKHil KOHTPOJIb U YIIPaB-
JIEHWE SIBISIETCS JIOTMUYECKU IEPBOMl CTYNEHBIO aBTO-
MaTtu3anuu, 6e3 yCIenHoro GyHKIMOHUPOBAHUS KO-
TOPBIX HEBO3MOXKHO co3fianue ACY MUHU-yCTaHOBOK
Jutst 00paboTku HedTH U HePTEPOAYKTOB [2].

OnHuM W3 [apamMeTpoB B MHHH-YCTaHOBKaxX
no obpabotke HepTH M HEDTEIPOIYKTOB SIBISETCS
W3MEpPeHHe W aBTOMATHYECKHH KOHTPOIb YPOBHA.
Cy1iecTByeT MHOKECTBO Pa3IMYHBIX TPUOOPOB U YCT-
POWCTB TSI KOHTPOJS YPOBHS KHUIKOCTH: TOIIIABKO-
Bble, OyHKOBBIE, THAPOCTATUYECKUE, AKYCTUYECKUE,
JJIeKTpUYecKre (€MKOCTHBIE, PE30HaHCHBIE, pe3U-
CTHBHBIE), BUOpPALIMOHHBIE, paJlapHble, PaJAnOU30TOI-
HEIe [3, 4].

AHann3 W3BECTHBIX B HACTOAIIEE BpPEMS YpPOB-
HEMEpOB, KOTOpBIE IIMPOKO NPUMEHSIOTCI B Hed-
TAHOW W HedTemnepepadaThIBAONIC MPOMBIIUIEHHO-
CTH, TOKa3aJl, YTO MUPOBBIMH JIUACPAMH TI0 UCCIIEN0-
BaHMIO, pa3padOTKe W TMPOU3BOJICTBY COBPEMEHHOTO
WU3MEPUTEIILHOTO O0OpPYNOBAHUS SIBISAIOTCS CIEHYIO-
mue KpynHeimme (upMbl-iponsBourend: MTS
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(CHIA), Balluff (I'epmanmust), Schlumberger Industries
(®pannus). B Poccnu npon3BoICTBOM JaHHOHM TPyII-
nel npubopoB 3anumarorcs 3A0 I[IT® "HOBUH-
TEX" (r. KoponeB, MockoBckas ob6macts), HIIII
"CEHCOP" (r. 3apeunsiii, llen3enckas o0nacts),
"ITepsas [Ipubopnas dadbpuka" (r. Ps3ans). B ocHOB-
HOM H3BECTHbIC KOMIIAHUHU Pa3padaTbIBalOT U MPOU3-
BOJST JaTYUKH, HACTpauBaeMble Ha IIMPOKHUH Juarna-
30H M3MEPEHUs] TEXHOJOIMYECKHX napameTpoB. OHM
coOpaHbl HA MUKPOIPOILIECCOPaX ¢ BCTPOCHHBIM MPO-
rpaMMHBIM oOecriedeHreM. [losTomy ceGecTtommocTh
3TOro 000pyI0BaHUS BECbMa BBICOKASI.

C pasBuTtHeM Majoro OW3Heca 3HAYUTEILHO BO3-
pOCIIO MPOEKTUPOBAHUE U CTPOUTEIHCTBO PAINUHBIX
MUHHU-YCTaHOBOK Jiisl 00paboTKu He()TH U HedTenpo-
OykToB  [5, 6]. VYCTaHOBKM  HOPOEKTUPYIOTCS
C YYeTOM H3MEpHUTEIbHBIX M YHPABIAIOMINX YCT-
POWCTB, KOTOpBIE COCTABIISIOT 3HAYUTEIHHYIO 4acTh
cebecronMocTu npoekta. CTOMMOCTh OCHOBHBIX II€p-
BAYHBIX JAATYMKOB (YPOBHEMED, pacXxomoMep, TePMO-
JaTYMK) B B3PBIBOOE30IIACHOM BapHaHTe B 2—3 pasa
Oouibllle, YeM JaTYUKOB, OPUCHTUPOBAHHBIX Ha OOBIY-
HBII pexxuM pabotel [7—10]. Hampumep, nena pangap-
HBIX YPOBHEMEPOB, PAacCCUMTAHHBIX Ha B3pPHIBOOE30-
macHble 30HBI, Kojieoercst oT 0.5 10 2 TeICSY J0JuIa-
pos CLIA, a B B3psIBOO€30MacCHOM BapHaHTe — OT 3
1o 12 teicsa gomurapoB. Kpome 3Toro, o0IIenpoMBIII-
JICHHBIE JAaTYUKU HMEIOT JOCTATOYHbIE TOUYHOCTU W3-
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Mepenusa. Kak mokasbiBaeT MpakTHKa, TPU MPOEKTH-
pOBaHNHM MUHH-YCTAaHOBOK HE TPEOYIOTCS 3HAYUTEIb-
HblE TOYHOCTH H3MEPEHHs] B Ipolecce 0O0pabOTKH.
B TexHoNOrMYECKUX TpoIeccax 00padOTKU yUacTBYeT
HE OJMH TEXHOJOTMYECKHH IapameTp, a B3aUMOCBS-
3aHHBIE TApAMETPBI, KOTOPBIE MTOKPHIBAIOT APYT Apyra
[11-13]. Hampumep, u3mepsieMblii YPOBEHb 3aBHUCHUT
OJTHOBPEMEHHO KaK OT TeMIIEpaTypbl, TaK U OT AaBiie-
HUSI CUCTEMBI.

Jns  nanpHedero pasBUTHS MaJIOd MPOMBILI-
JICHHOCTH HEOOXOJIMMO pa3pabaTbiBaTh IPOCTHIC
U JCIEeBbIE JaTYUKH U U3MEPUTENIbHBIC CUCTEMBI, OT-
BEYAIOLINE COBPEMEHHBIM TpeOOBaHUAM NPUOOPO-
ctpoerns [14-15]. IloaToMy pa3paboTka CHCTEMBI
WU3MEpPEHHs YPOBHS JKUAKOCTH B B3PBIBOOHACHBIX 30-
HaX SBIISIETCS OHOM M3 aKTyalbHBIX.

Hetrrempiay s nd

YPOBHEMEP JJI1 UBSMEPEHUA YPOBHA
HE®TEINNPOAYKTOB

[IpombinuieHHas HEPTH O OTHEICHUS Ha pPa3iud-
HBIE BUABI HE(TENPOMYKTOB IMPOXOIUT MEPBUIHBIN
TEXHOJIOTHYECKUI TPOIECC OYUCTKH HepTh oT Hed-
TAHOTO Tras3a, BOAbI M MCXaHHYCCKUX HpHMCCCﬁ —_—
STOT TIPOIECC Ha3bIBaeTCS ITIEPBUYHON Cerapaim-
eit vedru. [locne aToro ounieHHas HeTh HaIpaBIIs-
€TCsl B PEaKTOp /IS pa3JeNieHus] Ha pa3iindHbIe BUIBI
HeTenpoayKToB. B peakrope, ympaBiss pacxof,
TEeMIepaTypy, OaBIEHHE W YPOBEHb IO OIpEIeIIeH-
HBIM TEXHOJIOTHUSM, MOJYYaIOT ONpe/esiecHHbIe HedTe-
nponykTel (puc. 1). B maHHOW cxeme HCIIONbh30BaH
B3pPBIBOOC30IMACHBIN JATYUK JABJICHUS, B3PBIBO3AIIN-
IICHHAs CXE€Ma TePMOJIaTuMKa U pa3pabOTaHHBIN aB-
TOpaMU CTaThU YPOBHEMED.
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Puc. 1. bnok cxema ypoBHeMepa.

1 — nomnaBok, 2 — MeTaIMYECKUH Bajl, 3 — MOALIMIIHUK C YIUIOTHEHUEM, 4 — KeJe3Hast
och, 5 — TpOC, 6 — pOJMKH, 7 — TIEPEeMEHHBIH pE3UCTOp, 8 — BpallaTeNbHbI 0apadan
¢ mpoemMoM, 9 — rpy3 aist moauepxkH, 10 — nonpaBovHsId pesuctop, 11 — Bxox (Tepmo-
CONPOTHUBIICHHE) KOHTpOILIepa, 12 — BBIXOA KOHTpoJuiepa, 13 — BXOJ 4acTOTHOTO Mpeod-
paszoBartens, 14 — cunoBoii kabenb, 15 — peakrop, 16 — TPM-101, 17 — uacroTHbIit

npeobpa3oBarenb, 18§ — Hacoc
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IIpeniokeHHBIN ypOBHEMEP PACCUUTAH AJIS U3MeE-
peHusi ypoBHA HedTenponykros. IIpenmymiecTBo
JTAHHOW CHCTEMBI 3aKJII0YAETCS B CIIETYIOIINM:

— cucrteMa paspaboraHa aisi pabOThI BO B3PHIBO-
OIACHBIX 30HAX;

— paccudTaHa I N3MEPEHHS Pa3INIHBIX YPOBHEU
C COOTBETCTBYIOIIIMMHU HACTPOUKAMU;

— IIPOCTOTAa MMOCTPOEHUS;

— ce0ecTOMMOCTh 3HAYHUTENIFHO HWXKE, YeM TOTO-
BBIX B3PHIBOOE30TIACHBIX YPOBHEMEPOB;

— TOYHOCTh M3MEPEHUs! KojeOJIeTcsi B Auamna3oHe
0.5-1 %.

Brrre Obw10 OTMEYEHO, 9TO B MHUHH-YCTaHOBKax
nocie MepBUYHON 00paboTku ouniieHHass He(Th Ie-
pemaercs K peaktopy. B peakrope mpousBomuTcs Ha-
rpeBaHie He(dTH OO0 OIpPEIeCHHOM TeMIepaTypsbl.
Hed1s B peakrope HaXoAWTCs O] AaBJICHUEM, B Ha-
mem ciaydae 10 2.5 kre/em’. TemmepaTypa moaHHMa-
ercs 10 280-300 °C B 3aBucuMocTH OT 0OpabaThiBae-
MOH U nosrydaemoi npoaykuuu. ITpu sTom TexHoJor,
COIJIACHO TEXHOJOTMYECKHM KapTaM, JOJDKEH coOJIto-
JIaTh CJIEIyIOIINe ITapaMeTphl: YPOBEHb, TEMIIEpaTypa
u JaBieHue. Paspa®oraHHas cucrema HampasieHa
Ha aBTOMATUYECKOE y/Ep)KaHue ypOBHS HETH B pe-
aktope. [na ynepxanust ypoBHS HEOOXOAMMO H3Me-
pHUTh ypoBeHb He()TH B peakrope. B maHHOM cityuae
Ha pa3paboTaHHOM ypOBHEMEpE TIaBHBIM 3JIEMEHTOM
SBJIIETCS IepeMEHHOoe conpoTtuBiaenne 680 kOm. 1n-
HOBAIIMOHHBIM TEXHWYECKUM pPEIICHUEM CUYHTAETCS
cleavIonee:

— W3TOTOBJIGHWE W YCTAHOBKAa IOIJIABKOBOHM CH-
CTEMBI B PEAKTOPE;

— TIEpeBOJI M3MEPEHHOr0 YPOBHS IOIIABKOBOTO
ypOBHEMEpa K B3pPHIBOOE30MMACHON 30HE (mepenada
TPOCOM);

— OpraHu3aIys IIaBHOTO BPAIICHUS ePEMEHHOTO
COIIPOTHBIICHUSI C YCTAHOBKOW pacueTHOro OapabaHa
C IIPUEMKOI;

— KaMOpOBKa CONPOTHUBIICHUS B IPAJUPOBKE YHU-
¢unupoBanHoro curHana 4-20 MA ¢ MOATOHKOH
1 100aBJIeHUEM NTONPABOYHOrO CONPOTHBIICHUS (B Ha-
mieM cirydae 280 Om);

— HaCTpoiika BHYTpEHHEH MporpaMmbl 00paboTKH
koTposnepa usMepurenss TPM-101 k u3smepeHHOMY
YPOBHIO;

— OpraHu3anys HacTPOHMKM BBIXOJHOI'O CHTHaja
K YIPaBJIAIOIEMY BXOy YaCTOTHOTO IPeoOpa3oBaTess.

[Ipu pazpaboTke crCTeMBbl H3MEpPEHUS U yIIpaBie-
HUSl YPOBHSAMH INIPOBEACHO JOCTATOYHOE KOJINYECTBO
9KCIEPUMEHTOB I pacueTa 3Ha4YeHHs TOATOHOYHOTO
conpoTtusieHnsl. OCHOBHBIM IapaMETPOM HOJATOHKH
apisiercss nonydeHue 4-20 MA yHUUIMPOBAHHOTO
curHana. Konrtpomnep-usmepurens TPM-101 mmeer
AQHAJIOTUYHBIN BXOJ, KaK B BapHaHTE MOIKIIOUEHUS
TepMoaaTymka. [Iutanue cucteMsl H3MEpPEHHs YPOBHS
cocTaBuiio 5 B nocTostHHOrO TOKA.
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Puc. 2. I'paduk 3aBuCHMOCTH YHU(DUINPOBAHHOTO
CUTHAJIa OT YPOBHS KUIKOCTH

K n3mepurento noaxmoyaercsi BBIXOAHOW yHHDU-
[MPOBAaHHBIN TOKOBBIA curHAN 4—20 MA, MOTy9eHHBINH
OT cHucTeMbl HM3MepeHus (ypoBHeMmepa). B manHoM
ciydae pa3paOOTaHHBIN H3MEPHUTENb SIBJISETCS "ak-
TUBHBIM", IIOCKOJIbKY COAEPKUT OJIOK MUTAHUSI.

[Tokazanusi KOHTpoJuUIepa HAaCTPaWBAIOTCA Ha pe-
ANBHBIA ypOBEHH (B MPOIIEHTHOM OTHOIIEHWH) C HC-
M0JIb30BAaHUEM MapaMeTPOB BHYTPEHHEN MpPOrpaMMbl
KoHTpoJuiepa. [lapameTpsl moaduparoTcst H3MECHEHUEM
ko3 duuuentos "cmemenue", "Bepxuue" u "HIwKHHE"
rpaHUYHbIe 3HaYeHHe rnapamerpoB. Ha puc. 2 nmpuse-
IeH Tpaduk 3aBUCHUMOCTH YHH(PHULIUPOBAHHOIO CHT-
Haja OT ypOBHSI.

B nmanno# pabore opraHm3oBaH "BepxXHHH" ypo-
BEHb aBTOMAaTHYECKOTO YIIPABIEHHUS TEXHOJOTHYE-
CKHM IIPOIIECCOM Ha TEPCOHANBHBIX KOMITBIOTEPAX.
"Bepxuuit" ypoBeHb CO3/1aH Ha OCHOBE MPOTPAMMHO-
ro nmakera "TraceMode" xommanmu "Adastra" (Poc-
cus). B mporpaMMHOM KOMIUIEKCE MPELyCMOTPEHO
clleiyIolLee:

—nepenaya "ycTaBoK'" ¢ KOMIIBIOTEPA;

— IIpeBapUTENIbHAS aBapuiiHasi CUTHAJIN3aLuUs;

— apXUBaIMs JTaHHBIX TEXHOJOTHYECKUX TapameT-
POB;

— MHEMOCXEeMa MPOXOXKACHUS TEXHOIOTHUECKUX
apaMeTpoB B peajlbHOM PEKUME.

3AKJIIOYEHUE

Pazpaboran ypoBHEMEp JKHUAKOCTH JUISI B3DPbIBO-
onacHbiXx 30H. CTOMMOCTb YPOBHEMEDa 3HAYUTEIHLHO
HUKE, YE€M Y MPOMBIIUICHHBIX aHAJOrOB, M I pa3-
pabOTKH €ro He TPeOYroTCs OOJbInHe (HHAHCOBBIC
3aTpaThl.
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YpoBHEMEpP KUAKOCTH A B3PHIBOOMACHBIX 30H
paccuuTaH AJs TEXHOJOTHYECKOTro ydeTa M yIpaBie-
HUS [IPOLIECCAMH.

B aBTOMaTW3MpOBAHHON CHUCTEMBI HCIIOJb30BAH
mporpaMmHbii  makeT  "TraceMode" — kxommaHum
"Adastra" (Poccus).

CIIUCOK JIMTEPATYPBI

1. @omun B.H., Deodopos A.B., Jlyxkanuenxo A.A.,
Kocmwouenxos J[.K. ABTOMaTHYECKUU aHAIMTHYECKHUI
KOHTPOJb  B3PBIBOONACHOCTM  BO3JYIIHOH  Cpeabl
TIPOMBIIIJICHHBIX 00BEKTOB // [ToxapoB3pbIBO-
6e3onacHocTb. 2004. Ne 4. C. 49-51.

2. Karantzalos K., Argialas D. Automatic detection and
tracking of oil spills in SAR imagery with level set
segmentation // International Journal of Remote Sensing.
2008. Vol. 29, is. 21. P. 6281-6296. DOL
10.1080/01431160802175488

3. lllokopos B.A. Pa3paboTka W TNpUMEHEHHE JaTYUKOB
JIaBIICHUS u TeMIIepaTypsl Ha OCHOBE
MHUKPODJICKTPOMEXaHUYECKUX  CHUCTEM Uil  M3IeNni
pakeTHO-KOCMHYeCcKOi  TexHukd  //  V3mepenwue.
MonuropuHr. Ynpasnenue. Konrposns. 2017. Ne 3. C. 60—
66. DOI: 10.21685/2307-5538-2017-3-9

4. Bacunves B.A., Mockanes C.A., Ilonzynoe H.B.,
Llokopos B.A. CocTossHME W TIEPCHEKTUBBI CO3JaHUS
MOJTYTIPOBOAHAKOBBIX MHKPODJIEKTPOMEXaHHYECKUX
CHCTEM W JaTYUKOB JaBJCHWs Ha WX OCHOBe //
Mertponorus. 2014. Ne 11. C. 15-24. URL:
https://www.elibrary.ru/item.asp?id=22783973

5. Apxunos, JI.b., Bynanuya A.JL BeGomeTpuueckuii
ananu3 // Hayunoe npubopoctpoenue. 2019. T. 29, Ne 3.
C. 63—-68. URL.: http://iairas.ru/mag/2019/abst3.php#abst7

6. Cepeees B.A., lappapey B.II. O6 0IHOM HOBOM METOJIE
IEKTPOAKYCTHIECKOTO peoOpa3oBaHusl. Teopus,
OCHOBaHHas Ha JIICKTPOKUHeTHYecKuX siBineHmsx. Y. I
Axyctuyeckuii acnekr // HayyHoe npubopocTpoeHue.
2018. Tom 28, N 2. C. 36-44. URL:
http://iairas.ru/mag/2018/full2/ArtS.pdf

7.

10.

11.

12.

13.

14.

15.

Kumar S., Furuhashi H. Long-range measurement system
using ultrasonic range sensor with high-power transmitter
array in air // Ultrasonics. 2017. Vol. 74. P. 186-195.
DOI: 10.1016/j.ultras.2016.10.012

. Kyzomunos B.IO., @ponos A.I. MarHUTOCTPUKIIMOHHBIN

ypoBHeMep // Dkcno3unus HedTh ra3. 2011. Ne 18. C. 43—
44. URL: https://www.elibrary.ru/item.asp?id=17100637

. Ghicioi E., Vlasin N.I, Prodan M. Suvar M.C,

Pasculescu V.M. Developing the research methods for the
explosion/fire events from refineries // 18th International
Multidisciplinary Scientific GeoConference SGEM 2018,
Proceedings. P. 381-388.

DOI: 10.5593/sgem2018/1.4/S06.050

Wang Y.S., Matni N., Doyle J.C. A system-level approach
to controller synthesis // IEEE Trans. Automat. Contr.
2019. Vol. 64, is. 10. P. 4079-4093. DOI
10.1109/TAC.2018.2890753

bnunos A.B., Muwanun A.E., Mockanes C.A., Ilonzy-
Hoe U.B. VHTerpampHBI [NAaTYUK JaBICHUS, YCKOPEHUS
u temriepatypsl Ha 6aze MOMC-rexHonoruii // JlaTuuku
U CHCTEMBI. 2012. N 9. C. 9-11. URL:
https://www.elibrary.ru/item.asp?id=17929130

Prima E.C., Munifaha S.S., Salam R., Aziz M.H.,
Suryani A.-T.  Automatic water tank filling system
controlled using Arduino™ based sensor for home
application // Procedia Engineering. 2017. Vol. 170.
P. 373-377. DOI: 10.1016/j.proeng.2017.03.060
Hauptmann P., Lucklum R., Piittmer A., Henning B.
Ultrasonic sensors for process monitoring and chemical
analysis: State-of-the-art and trends // Sensors and
Actuators A: Phys. 1998. Vol. 67, is. 1-3. P. 32-48. DOLI:
10.1016/S0924-4247(97)01725-1

Arifin 1. Automatic water level control berbasis
mikrocontroller Dengan Sensor ultrasonik. Jurusan Tek-
nik Elektro Fakultas Teknik Universitas Negeri Semarang,
2015. URL: https://123dok.com/document/6zk1g18q-
automatic-water-control-berbasis-mikrocontroller-dengan-
sensor-ultrasonik.html

Eltaieb A, Min Z.J. Automatic water level control
system // Int. J. Sci. Res. 2015. Vol. 4. URL:
https://www.ijsr.net/archive/v4i12/NOV152239.pdf

Konraxtsr: Kynoawos O66030con Xokumosuu,

Tawkenmckuit ynugepcumem uH@oOpMayuoHHbIX kuldashov.abbos@mail.ru
mexnonozuit um. Myxammaoa an-Xopesmu, Depzanckuii
dunuan, 2. @epzana, Pecnyonuka Yzoexucman Marepuan nocrynun B penaknuto 30.11.2020

HAVYYHOE [NPUBOPOCTPOEHMUE, 2021, Tom 31, Ne 1



ISSN 0868-5886 NAUCHNOE PRIBOROSTROENIE, 2021, Vol. 31, No. 1, pp. 66-72

AUTOMATIC LIQUID LEVEL GAUGE
FOR HAZARDOUS AREAS

S. M. Abdurakhmonov, O. K. Kuldashov

Tashkent University of information technologies named after Muhammad al-Khwarizmi,
Ferghana branch, Ferghana city, Republic of Uzbekistan

The purpose of this work is to develop an automatic liquid level meter for hazardous zones. The analysis of
currently known level meters, which are widely used in the oil and oil refining industry, showed that their cost is
very high. The proposed level gauge cost is significantly lower than that of industrial analogues for manufacture
and operation. This paper describes the capabilities and operating principles of the developed liquid level meter
for hazardous zones. The proposed level gauge is designed to measure the level of petroleum products for tech-
nological accounting and control of petroleum products. The flowchart and algorithm of the level gauge opera-
tion are given.

This paper presents the "upper" level of automatic process control on personal computers. This level is based
on the Trace Mode software package by AdAstrA Research Group, Ltd (Russia). The software package pro-
vides for the transmission of target setpoints from a computer, preliminary alarm, archiving of data of technolo-
gical parameters, and a mnemonic diagram for passing technological parameters in real time. The level meter is
designed to measure various levels with appropriate settings, the measurement accuracy ranges from 0.5-1 %.

Keywords: oil, controller-meter, technological parameter, displacement, lower boundary, upper boundary, separation,
sensor, explosive zone

INTRODUCTION measurement of technological parameters. They are as-
sembled on microprocessors with embedded software.
High-performance and safe operation of mini- Therefore, the cost of this equipment is very high.
installations for processing oil and oil products re- With the development of small businesses, the de-
quires the use of modern methods and instruments for  sign and construction of various mini-installations for
measuring technological parameters that characterize  processing oil and petroleum products have signifi-
the course of the process and the state of the equip- cantly increased [5, 6]. Installations are designed tak-
ment [1]. Automatic control and management is logi-  ing into account measuring and control devices, which
cally the first stage of automation, without the suc- make up a significant part of the project cost. The cost
cessful functioning of which it is impossible to create  of the main primary sensors (level gauge, flow meter,
an automated control system for mini-units for temperature sensor) in the explosion-proof version is
processing oil and oil products [2]. 2-3 times higher than that of the sensors designed for
One of the parameters of mini-installations for the standard operation [7-10]. For example, the price of
processing of oil and petroleum products is the mea- radar level gauges designed for explosion-proof areas
surement and automatic control of the liquid level. ranges from 0.5 to 2 thousand USD, and in an explo-
There are many different instruments and devices for  sion-proof version - from 3 to 12 thousand dollars. In
monitoring: float, buoy, hydrostatic, acoustic, elec- addition, common industrial sensors have sufficient
trical (capacitive, resonant, resistive), vibration, radar, measurement accuracy. As practice shows, when de-
radioisotope [3, 4]. signing mini-plants, significant measurement accuracy
Analysis of the currently known level gauges, during processing is not required. In technological
which are widely used in the oil and oil refining in- processing a few technological parameters are in-
dustry, showed that the world leaders in research, de-  volved, but interrelated parameters that cover each
velopment and production of modern measuring other [11-13]. For example, the measured level de-
equipment are the following major manufacturing pends simultaneously on both temperature and system
companies: MTS (USA), Balluff (Germany), Schlum-  pressure.
berger Industries (France). In Russia, this group of For the further development of small industry, it is
devices is manufactured by ZAO PTF NOVINTECH necessary to develop simple and cheap sensors and
(Korolev, Moscow region), NPP SENSOR (Zarechny, measuring systems that meet modern instrumentation
Penza region), First Instrument Factory (Ryazan). requirements [14—15]. Therefore, the development of
Basically, well-known companies develop and pro- a system for measuring the level of liquid in hazard
duce sensors that can be adjusted to a wide range of  ous areas is one of the topical.
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Fig. 1. Block diagram of the level gauge.

1 — float, 2 — metal shaft, 3 — sealed bearing, 4 — iron axle, 5 — cable, 6 — roll-
ers, 7 — variable resistor, 8§ — rotary drum with an opening, 9 — support weight,
10 — correction resistor, 11 — controller input (thermal resistance), 12 — controller
output, 13 — frequency converter input, 14 — power cable, 15 — reactor, 16 —
TPM-101, 17 — frequency converter, 18 — pump

LEVEL GAUGE
FOR PETROLEUM PRODUCTS CONTROL

Before being separated into various types of oil
products, industrial oil undergoes the technological
process of oil purification from oil gas, water and me-
chanical impurities — this process is called primary
oil separation. After that, the refined oil is sent to the
reactor for separation into various types of oil prod-
ucts. In the reactor, by controlling the flow rate, tem-
perature, pressure and level according to certain tech-
nologies, corresponding products are obtained (Fig. 1).
This scheme shows an explosion-proof pressure sen-
sor, an explosion-proof temperature sensor circuit and
the level gauge developed by the authors of the article.

The proposed level gauge is designed to measure

the level of oil products. The advantages of this sys-
tem are as follows:

— the system is designed to work in hazardous
areas;

— designed to measure various levels with appro-
priate settings;

— ease of construction;

— the cost is much lower than that of ready-made
explosion-proof level gauges;

— the measurement accuracy fluctuates in the range
of 0.5-1 %.

It was noted above that in mini-plants, after prima-
ry treatment, refined oil is transferred to the reactor. In

Fig. 2. Graph of the dependence of the unified signal on the liquid level

the reactor, oil is heated to a certain temperature.The
oil in the reactor is under pressure, in our case up to
2.5 kgf/em®. The temperature rises to 280-300 °C,
depending on the processed and output products. In
this case, the technologist, according to the flow
charts, must observe the following parameters: level,
temperature and pressure. The developed system is
aimed to automatically maintain the oil level in the
reactor. To maintain the level, it is necessary to meas-
ure the oil level in the reactor. In this case, the main
element of the developed level gauge is a variable re-
sistance of 680 kQ. An innovative technical solution
is the following:

— manufacturing and installation of a float system
in a reactor;

— transfer of the measured level of the float level
gauge to the explosion-proof zone (transmission by
cable);

— organization of smooth rotation of variable resis-
tance with adjustment of a drum;

— calibration of resistance in the grading of the uni-
fied signal 4-20 mA with adjustment and adding
a correction resistance (in our case 280 Q);

— adjustment of the internal processing program of
the TPM-101 meter controller to the measured level,;
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— setting the output signal to the control input of
the frequency converter.

When developing a system for measuring and con-
trolling levels, a sufficient number of experiments
were carried out to calculate the value of the adjusta-
ble resistance. The main adjusting parameter is to ob-
tain a 4-20 mA unified signal. The TPM-101 measur-
ing controller has a similar input as in the option for
connecting a temperature sensor. The power supply
for the level measuring system was 5 VDC.

The output unified current signal 4-20 mA re-
ceived from the measurement system (level gauge) is
connected to the meter. In this case, the developed
meter is "active" since it contains a power supply.

The controller readings are adjusted to the real lev-
el (in percentage) using the parameters of the internal
controller program. The parameters are selected by
changing the coefficients "displacement", "upper
boundary" and "lower boundary”" values of the para-
meters. Fig. 2 shows a graph of the dependence of the
unified signal on the level.

In this work, the "upper" level of automatic con-
trol of the technological process on personal comput-
ers is presented. The "upper" level was developted on
the basis of the TraceMode software package by
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AdAstrA Research Group, Ltd (Russia). The software
package provides the following:

— transfer of setting values from the computer;

— preliminary alarm;

— archiving of data of technological parameters;

— mnemonic diagram of the passage of technologi-
cal parameters in real time.

CONCLUSION

A liquid level gauge for hazardous areas has been
developed. The cost of the level gauge is much lower
than that of industrial analogues, and its development
does not require significant expenses.

Liquid level gauge for hazardous areas is designed
for process metering and process control.

The automated system uses the TraceMode soft-
ware package by AdAstrA Research Group, Ltd (Rus-
sia).
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