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National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
EXPERIMENTAL STUDIES OF INFORMATION SIGNAL-TO-RESISTANCE CONVERTER

FOR AUTOMATIC CONTROL SYSTEM

Potentiometric sensors are widely used in the construction of automatic and automated process control systems. In po-
tentiometric sensors, resistance is the output signal and its magnitudes depend on the magnitude of the input signal.
voltage, current, digital code, angle of rotation, displacement or other signal is usually used as the input signal. In prac-
tice, the task of simulating of the signal which coming from the built-in potentiometric sensor is often appeared. An
additional potentiometric sensor can be used to simulate the signal of the built-in sensor that allows setting the required
resistance magnitude by changing any external parameter.

The model of the voltage-to-resistance converter is made. This model allows simulating the potentiometric state sensor
of the controlled system. The experimental determination of its transfer characteristic at different ambient temperatures
is carried out. This model is based on a two-channel conversion circuit, which includes a source of optical radiation and
two photoresistors optically connected to it. One of photoresistors is connected to a current stabilizer, while the voltage
on it is analyzed by a tracking circuit that changes the brightness of the optical radiation source according to the magni-
tude of the control voltage. The transfer characteristic of the converter in the initial section has an insensitivity zone,
following by a rectilinear section. Within the insensitivity zone, a change in input voltage does not change the output
resistance. The magnitude of the insensitivity zone is determined by the maximum voltage on the incandescent lamp
that determines its brightness, as well as the minimum possible resistance of the using illuminated photoresistor. Within
the rectilinear section, the output resistance of the converter is linearly related to the magnitude of the input voltage. The
conversion error does not exceed 0.6 % at an ambient temperature of 20° C. When the temperature decreases to -20° C,
the conversion error increases to 7 %, which is due to differences in temperature errors of the photoresistors using in the
model.

Keywords: converter; signal; resistance; photoresistor.
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s sumiprosanns sumpam NAanuBHO-eHepeeMUYHUX PeCypcié 3aCmoCco8yIOmbCs PI3HI MEmoOU, Wo 3YMOBI0Mb
WUPOKY HOMEHKAAMYPY BUMIPIOGANbHUX npuiadie. Hepesz 3abe3neuenuss UCOKOI MOYHOCMI GUMIDIOBAHHS, WUPOKO20
0ianasony SUMIpIOBAHUX 8UMPAM, 8IOCYMHICMb 000AMKOBUX 6MPAm HANOPY U NPOCMOMY KOHCMPYKYIL, WUpoKozo 3d-
CMOCYBAHHSA Y GUMIPIOBANbHIT NPAKMUYI HAOY8alOMb NPULAOU, WO 6A3VIOMBCS HA YAbIMPA3ZEYKOGUX MEMOOax UMIPIO-
sanns. Taki npunadu nezko iHmezpylomscsa 00 A8MOMAMU308aHUX cucmem 360py i nepedaui ingpopmayii. Cymmesoro
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npobaemor npu 3acmocy8aHti 0OHOKAHATLHUX YIbMPA3EYKOSUX SUMIDIO8AYI8 € ACUMEMPUYHICINb HOMOKY UMIPIO8a-
HO20 cepedosuyd, Wo YCniuHo GUPIULYEMbCSL 3ACTOCYBAHHAM 6A2AMOKAHAILHUX NEPEeMBOPI08AYie GUMPAMU.

o nedonikie bacamokananrbHux yibmpasgyKoSUx nepemeopiosayie sumpamu ciio 8iOHecmu 3HayHe YCKAAOHeHHs
KOHCMPYKYIL 2I0pasIiuH020 KAHALY, HeOOXIOHICMb V 6UKOPUCMAHHKI OLIbW CKIAOHUX MAMEMAMUYHUX ANeOPUMMIE 00-
POOKU OMPUMAHO020 BUXIOHO20 CUSHATLY, WO BUMALAE 3ACMOCYBANHS WEUOKOOTIOUUX eIeKMPOHHUX eleMEHMI8, HACAM-
nepeo — MiKponpoyecopis.

AnemepHnamueoio 6a2amokanaibHOMy GUMIPIOBAHHIO NOCHAE 3ACMOCYBAHHs Nepemeoplosaid 3 6azamopazosum
8I0OUMMAM 0OHO20 BUMIPIOBANBLHO20 NPOMEHIO 8I0 CIMIHKU BUMIPIOBAILHO20 MPAKINY.

Memorw pobomu € no6yoosa mamemamuyHoi Mooei YIbmpaz8yKo8o2o Nnepemaoposaid sumpamu 3i CKi1aoHo0
MPAEKMOPIEI0 BUMIPIOBATILHO20 NpoMeHio. [ 00CaiOxceHHs 00pano cxemy i3 30HOY8AHHAM NO MPbOX XOpoax (npu
YboMy npoeKyii Xopo Ha nepepis BUMIPIOBANbHOI OLIIHKY YMEOPIOIOMb PIBHOCMOPOHHIU MPUKYMHUK), WO Pedni3ye yac-
iMRYIBCHULL MEMOO 8UMIPIOBAHHS, MOOMO nepeddAyae BUSHAYEHHS BUMPAMU 30 PI3HUYEIO YACY NPOXOONCEHHS BUMIPIO-
8AIbHO20 NPOMEHIO 3a NOMOKOM ma npomu Hbo2o. OMPUMAHO AHANIMUYHUL UPA3 XAPAKMEPUCTNUKU NePEMEOPEHHS.
0/11 8UNAOKY OEKIIbKOX 6i00UMMIE NPOMEHIO 6 PIZHUX NIOUWUHAX.

Aemopamu 6i0meopeHo 2iOpasuiuHy 4acmuny O0CHIONCYBAHO20 NEPEMBOPIOBAYd BUMPAMU, 13 3ACMOCYBAHAM
iMimayitino2co MOOen08anHs, peanizo8ano2o Ha NiOTPYHMI Memooy KiHYeGUX eleMeHmis, 30IUCHeHO MOOeN08aAHHs PO-
bomu nepemeoprogaua y 0ianazoHi GUMIPIOGAHUX BUMPAM 30 YMO8 I0ealbHO20 CHOPMO8aH020 NPoPino WEUOKOCMI
NOMOKY 2a3y y 6XIOHOMY nepepizi nepemeoprosayd, wo niomeepoulo 6i0CYMHICMb GNIUSY eNeMEHMIE GUMIPIOBAILHOL
cxemu (8i06U6ayie Npomerio) Ha NPoQine NOMOKY MA MPAEKMOPIIO BUMIDIOBATILHO20 NPOMEHIO.

Knrwuosi cnosa: 2as; nepemgopiosau sumpamu,; 8i00UMms NPOMeHI0; VIbMPA38yKOGUL BUMPAMOMID, Xapakme-

pucmurka nepemeopeHHs.

Beryn. IlocranoBka npo6JieMu

HeoOxinHicTs opranizauii kKoMepLiiiHOro 00Ky
NaJIMBHO-CHEPrEeTUYHUX PECYpCiB, 30KpeMa MPHPOA-
HOTO Ta3y, 3yMOBJIIOE MiJABHUIICHHS TOYHOCTI Ta TEX-
HOJIOTIYHOCTI BHMIpIOBaHb iX BHTpaTH, 3a0e3meduye
MOJKJIMBOCTI [UIS TX peaabHOI EKOHOMII, TO3BOJISIE OIli-
HIOBATH BTpaTH €HEProHOCIIB, KOHTPOIIOBATH e(ek-
THUBHICTh BUKOPHUCTAHHS SIK Y CHCTEMaXxX peryJIOBaHHS
1 KepyBaHHS TEXHOJOTIYHHM IIPOLECAMH, TaK 1 y TO-
Oyri. ToMy aKTyalnbHUMH 3ajMIIAIOTHCS ITUTAHHS
BJJOCKOHAJICHHS METOJIIB 1 3ac00iB BHMIipIOBAaHHS BH-
Tpar.

Jnisl KOHTPOJIIO BUTPATH T'a3y BUKOPUCTOBYIOTh-
csi Oararo TEXHIYHHMX 3aco0iB, IO IPYHTYIOTBCS Ha
pisHuX Meronax BuMiptoBaHHs [1, 2]. OcraHHiM 4Ya-
COM yce OUIBIIOro MOIIMPEHHS Ha0yBaroTh YJIbTpPa3-
BYKOBI METOJIM BUMIPIOBaHHSI BUTPATH 3aBISKH BHCO-
Kil TOYHOCTI BHMIpIOBaHHs, MPOCTOTI KOHCTPYKIIII,
BIZICYTHOCTi JOJAaTKOBUX BTpaT HArmopy (mo, y CBOIO
4epry, MOB’S3aHO 3 BIJCYTHICTIO YacTHH, IO BHCTY-
MAlOTh Yy TiAPAaBIIYHHNA KaHaJ TPUIANY), ITHPOKOMY
Jiana3oHy BUMiproBaHux Butpar [1 — 6].

VY 3aransHOMY BHHNaJKy Oy/Ib-SKHUH YJIbTPa3By-
KOBHMH BHMIPIOBAaY BUTPATH CKIIQIAETHCS 3 TiApaBiid-
HOI Ta eNEeKTPOHHOI YacTWH. YCi BUMIpIOBaJIbHI CHUT-
HaJli OIIPaNbOBYIOTHCS CaMe y eNeKTPOHHIA YacTHHI,
TOJIOBHUM €JIEMEHTOM $KOI € Mikporpoiecop. Mox-
JIMBOCTI CY9acCHUX MIKpOIIPOIIECOPiB BUKOHYBATH OJI-
HOYaCHO MHOXXHMHY Pi3HOMaHITHHX OIlepaliiii, y ToMmy
YHCI aBTOMaTH30BaHy Nepejady JaHHX, J03BOJISIOTh
JIETKO 1HTETpyBaTH BUMIPIOBAJIbHI MPHUIAIH IO aBTO-
MaTHU30BaHKUX cHCTeM 300py i mepenadi iHpopmarii 3a
JIOTIOMOTOI0 SIK JIPOTOBHX, TaK 1 OE3APOTOBUX Cepeo-
Bui [7, 8].

VYipTpa3ByKoBi NpuiIagu oONiKy KiacuikyroTb
3a Pi3HUMH O3HaKaMH, 3HAUYIIUMH cepen sKux € [1 —

3, 9 — 11]: xiIBKiCTh BUMipIOBAIbHUX HPOMEHIB (01-
HOKaHaJbHI, 0araTokaHajbHi); PO3MILIEHHS BHUMIpIO-
BaJILHOTO KaHaly (IiaMeTpalibHi, XOpaoBi); iHpopMa-
TUBHHUI MapaMeTp BUXIMTHOTO CHUTHANY (4Yac MpPOXO-
JDKEHHS YJbTPa3ByKy, (a3oBuii 3cyB, edekr Jlommuie-
pa, 3MillIeHHsT yIbTPa3ByKy, 4acTOTa); CIIOCIO MOHTa-
Ky (13 3aHypeHUMH I1°€30€JIEMCHTAMHU, HAKJIaIHi), BAL
aKyCTUYHOro muIixy (0e3 BimOWTTS, 3 BIIOHUTTAM);
CIIPSIMOBAHICTb YJIbTPa3ByKOBOT'O BHUITPOMIHIOBaHHSI.

HenomixamMu yiapTpa3ByKOBOTO METOAY BHMIpIO-
BaHHSA € 3POCTaHHS MOXHOOK 4epe3 acHMEeTPHUYHICTh
MMOTOKY, Mapa3uTHI aKyCTUYHI CUTHAIM, 3MIHH IIBU-
KOCTI  YJIbTpa3sBYKy, aCHMETPIl0  EJIeKTPOHHO-
AKyCTUYHUX KaHAIIB, HEOOXIAHICTh BCTAHOBIICHHSI
OPSIMHUX AUTSTHOK TPyOONPOBOAY 3HAYHOT JOBXKHUHH JI0
i micis meperBoproBaya [9, 10].

JloCSITHEHHsI BUCOKOi TOYHOCTI BHMMIpPIOBaHHS
IpU 3aCTOCYBaHHI OJHOKaHAJIBHUX BHUMIPIOBAIBHUX
meperBopioBaviB Butpatu (BIIB) moxmuBe mume 3a
YMOBHU PIBHOMIPHOTO CHMETPUYHOTO MPOQLITIO IIBHUI-
KOCTeW. 3a pealbHHX yMOB €KCIUTyaTallifHOTO BHKO-
pHCTaHHS 1€ € J0BOJII CKIAIHOIO 3aJa4ero, 10 IoTpe-
Oye BpaxyBaHHS OaraTbox (hakTopiB. [yt 3MEHIIEHHS
BIUIUBY aCHMETPil MOTOKY AOLIJIbHIIIE BUKOPHCTOBY-
Batu BIIB 3 nexinpbkomMa BUMipIOBILHUMHU KaHAJIAMH
[12].

Henonikamu 6aratoxanansHux BIIB € moxubOxu
BUMIPIOBaHHSI 4epe3 4ac 3aTPUMKH B EJIEKTPOHHHX
BY3Jax, T1IpOAMHAMIYHI TOXHOKH CIIpHYMHEH] Miclie-
BUMH OIOPaMH, MOXMOKH dYepe3 JI0JAaTKOBE CIOTBO-
PEHHS MOJIS MIBUJIKOCTEH Y 30HI BUMiproBaHHs [9, 13,
14].

AnbTepHaTHBOIO OaraToKkaHaJIbHOMY BHUMIpIO-
BaHHIO € 3aCTOCYBaHHS II€PETBOPIOBAYA 31 CKJIaIHOIO
TPAEKTOPIEI0 YIBTPA3BYKOBOTO MPOMEHIO, 1€ 30HIY-
OYMi IMITyJbC HA NUIAXY BiJl BHIIPOMiHIOBada /0
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mpuiiMada CHTHAITy OIWH abo KilbKa pasiB BigOWBa-
€TBCS BiJl CTIHKM BHMIPIOBAJBHOTO TPAKTY. Y TaKOMY
pasi BiImoBiHO 110 [4 — 6] MOXKJIHMBI HACTYITHI CXEMU:
3 BIIOWTTSAM B OJHIH IUIOMIMHI (JiaMeTpaJibHO), B
JEKUTBKOX TUIOLIMHAX, 3 JEKIJIbKOMa IPOMEHIMHU.

[NopiBHsIHO 3 GaraTokaHaJbLHUMH BUTPATOMIPH 3
BiZIOUTTSIM MalOTh MEBHI IEepeBaru 4epe3 MeHIy Kijlb-
KICTh IT’€30€JIEKTPHYHUX IEPETBOPIOBAYIB, MOHTAXK
SIKIX CTBOPIOE IOAATKOBY NeOpMaIito MO IIBUA-
KOCTel Ha BHWMIPIOBAIBHIN AUIMHIN, MEHINTY 9yTIIH-
BIiCTh JI0 HEBEIIMKUX BHUIIAJKOBHUX IMyJIbCalliil Ta HEPiB-
HOCTI TIOJNISl IIBHIKOCTEH MOTOKY; BIICYTHICTH MEX
XBHJIEBI/I-CEPE/IOBHUIIIE, HA SIKUX BiIOYBa€ThCs 3aJI0M-
JICHHSI YJIBTPa3BYKOBOT'O INPOMEHIO. 3aBISKH OCTaH-
HbOMY YMHHUKY BIZICYyTHE KyTOBE 3MIILLIEHHS HarpsiM-
Ky 30H/YBaHHS, CIIPUYMHEHE TeMIIepaTypHUMH, KOH-
LEHTPAIIHHUMH Ta IHIIMMH BHMIpaMH B KOHTPOJIBO-
BaHOMY cepeonu [9].

Henonikamu y TakoMy pasi HOCTarOTh YyTIIH-
BICTh JI0 IIYMIB 1 yCKJIaJHEHA MpOLENypa BUBEACHHS
KopucHoro curnany [9, 11].

Mertoro pobotn € moOyaoBa MaTeMaTHYHOI MO-
Jieni  yIbTPa3ByKOBOI'O MEpEeTBOpIOBaYa BHUTPATH 31
CKJI/IHOIO TPAEKTOPIEI0 BUMIPIOBAJIBHOTO IIPOMEHIO.

MaremaTnyHa Mojdesib IepeTBOPIOBAYa BH-
TpaTu

Jdnst pmocniypkeHHsT 00paHO OIHY 3 MOXKJIMBHX
cxeM OaraTOKaHaJIbHOTO 30HIYBaHHS HOTOKY 3a JO-
MOMOTOI0 BiIOWTOI XBWNI, JI¢ peaJi30BaHWI dac-
IMIyJTbCHUIT METOI BHMIPIOBAaHHS, IO Tependayae
BU3HAYCHHS BUTPATH 32 PI3HUIICIO 9acCy MPOXOMKCHHS
BUMIPIOBAJIbHOTO IIPOMEHIO 3a ITIOTOKOM Ta MPOTH
HbOTO (pHC. 1). YIbTpa3ByKOBHIl IPOMiHb, CTBOPEHUI
II’€30€IEKTPUYHUM TIepeTBOpIOBaYeM 1, mpsMmye y
HarpsMKy I1’€30€JIEKTPUYHOTO MepeTBOpIoBaya 6, 1o
crpuiimae ioro. Ha nusixy mixk neperBoproBadamu 1 i
6 mpoMiHb BiIOMBa€eThCS B TOYKax 2, 3, 4 Ta 5. Jlam
NepeTBOpIoBaY 6 CTBOPIOE HOBHH NPOMIHb Ta CIIpS-
MOBYE HOTO y 3BOPOTHOMY HampsMKy. [limst dimpTpamii
Ta OYHUINEHHS BiJ IIyMiB BHMIPIOBAHOTO YJIBTPa3BY-
KOBOTO CHTHANy AUISHKU 1-2 Ta 5-6 moOymoBaHi mep-
NEeHAUKYJISIPHO NOTOKY [6, 9].

Puc. 1. Cxema 3 BUKOPHCTaHHSAM BiIOMTOT XBUIII AJIS 30HIYBAaHHS 110 TPHOX X0opaax [4]

Y Bumazaxy 3actocyBanHs BIIB 3 BinOurTsaM BH-
Tpara BU3HAYAETHCS BIAIOBIIHO 10 BUpasy [6, 9]

qv = I(Sz\NiVi' (1)

ae kK — rinpoauHamMivyHui KOE(ILiEHT, 3HAYCHHS SKOTO
3aJIeXKHUTH BiJl peXHUMY Tedil Ta HasIBHHUX TiAPaBIIYHUX
OTIOpiB; S — IUIOIIA MOTIEPEYHOro nepepisy; Wi — Baro-
BHH KO€(IMieHT 3a i-F0 IISTHKOIO MTPOMEHIO; Vi — IIBH-
JIKICTh 32 i-10 AUISHKOIO ITPOMEHIO.

JI1s KOXKHOT IUISHKH TPaeKTOpii BUMIpIOBAIBHO-
IO TMPOMEHIO 3BYKOBI KOJHMBAaHHS MPOXOJAATH Y BHMi-
PIOBAaHOMY CEpEIOBHIII IIIAX TOBXKUHOIO L migx kyrom

o. Y TakoMy BHUMAJKYy MPOEKIIS MIBUAKOCTI MOTOKY V
Ha mnax L BusHavaerscs sk V=V COSQ, ne V| —

cepenHs MIBUAKICTh MOTOKY 32 BUMipIOBIBHUM IILIS-
xoM L. SIkmo akycTW4HI KOJMBaHHsS CIIPSIMOBaHI 3a
HanpssMOM TOTOKY, TO 4Yac Tsa IPOXOJPKEHHS HHUMH
BijcTaHi L BH3HAaYaeTHCS BHpPa3oM

P @)

(c+v_cosa)’

Jie ¢ — IIBHUJIKICT MOIIUPEHHS aKyCTUYHHUX KOJIMBAHb
Yy HEpYXOMOMY CEpEJOBHILL.
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ITpu 3BOPOTHOMY HAMpPSMKY aKyCTHYHHUX KOIH-
BaHb 4aC Tpporn NPOXOJDKEHHS HUMM Ti€l X BijcTaHi
OKPECITIOETHCS BUPA30M

L
=, 3
Frpom (c—v,_cosa) ®)

Busnauumo IHBI/IZ[KiCTL 3BYKYy 4H€pe3 4ac

MPOXOJKEHHS CUTHAJTY 3a TIOTOKOM 3 (2)

c =L—vL cosa, 4)
T

3a

i IpoTH MOTOKY 3 (3)

CcC=

+v, CoS0. (5)

T npomu

[IBUAKICTD MOTOKY BHMIPIOBAHOTO CEPEIOBHINA
OTPUMAEMO TIPHUPIBHIOBAHHSIM paBuX YacTH (4) Ta (5)

L 1 1
vV =—| ——
2cosalt, T
3a npomu
abo
L (Trlp()mu — Ty ) LAt
vV = = . (6)

2cosat, T 2cosat, T

3a ~ npomu 3a ~ npomu

Jnis BU3HAYCHHS IIBHIKOCTI 3BYKY 3 (4) Ta (5)
BHUPaXa€EMO IIBUAKICTH MOTOKY 1 IPUPIBHIOEMO TPaBi
YaCTHHH

L 1 1 L(Ti‘a + Tnpamu )
+ = :
2\t T 2t 1

3a npomu 3a ~ npomu

Yac npoxo/pKeHHS CUTHANy TpaekTopiero 1-6 €
CYMOIO CKJI3JIOBHMX, LIO BIiANOBIJAIOTH 4acy MHpPOXO-
JUKEHHS TIPOMEHEM OKPEMHX AUISTHOK TPAEKTOPIi.

Ockinbky Ha AisHKax 1-2 ta 5-6 cUrHaji npoxo-
JMTh NEePIEHINKYIAPHO OTOKY, TO YacC MPOXOKECHHS
CHTHANy CTaHOBUTb T, , =T, =Tg  =Tg =T, I

BHU3HAYAETHCA

ne L, — Bigcrane Mix BunpomiHioBadeM | Ta BinOu-
BaueM 2, npuiiMaveM 6 ta BinOusadem 5 (puc. 1).

OCKisIbKM BUMIPIOBaJIbHI IPOMEH] NTPOXO/STH HA
NIeBHIH BIICTaHI Bi/l HEHTPY BU3HAUCHA MIBUAKICTD V|
Oyze BiIpi3HATHCH BiJ CEpeAHBOI 32 BUMIipIOBAIEHUM
nepepisom Ha BenuuuHy K, 10 BU3HAYa€THCS CKC-
HNEePUMEHTAIBHIM IIIIIXOM.

Binpizku 2-3, 3-4 ta 4-5 € piBHUMH Ta PIBHOBIJ-
JAJICHIMH BiJ] IIGHTPY, ToMy BHpa3 (1) 3 ypaxyBaHHAM
(6) HaOyBae BuIy

D’ L, A,
4 2cosa T, ,T,,

g, = 3KSK, v, , = 3K =

Curran Ha ginsgHkax 2-3, 3-4 ta 4-5 mpoXoauTh
OJTHAKOBHH 3a JOBXKHHOIO IIISAX MO PiBHOBIIIAICHUX
BiJl LICHTPY XOPAAX, Yac MPOXOKCHHS CUTHATY IUMHU
NUITHKaMU OJHAKOBHUM 1 BU3HAYACTHCS 32 IOTOKOM

Ty g —T ,—T T, — 27T
T2_3 — 1-6 1-2 5-6 — 1-6 0 , (7)
3 3

MIPOTHU MTOTOKY

T, = Te_1 _TZ?:l —Tes _ Te1 ;21:0 8)

J€ T1-6 TA Te-1 — Yac MPOXOPKEHHS aKyCTHYHOTO CHUT-
HaJly 32 IOTOKOM Ta MPOTH HBOTO.

BpaxoBytoun (7) 1 (8), a1 pisHHULI Yacy Mpoxo-
JDKEHHSI CUTHAITy 32 IMIOTOKOM Ta MPOTU HHOTO MOXKHA
3aIMcaTH
Te1 " Tis ) (9)

3

3amumreMo q0OYTOK Yacy MPOXOKCHHS CUTHAITY
3a motokoM (7) Ta mpotu Hboro (8) Ha mimsHII 2-3
yepes 3arajibHul yac

ATy 3 =1T,,-T, 5=

2
Ty 6Te 1 — 2T, (rlf6 +T4 ) + 41

9

T, 3Ty , = . (10)
OctarouHo 3 BpaxyBaHHAM (9) Ta (10) xapakre-
pHUCTHKa TEPETBOPEHHS OCIHIIPKYBaHOTO YJIBTPa3BY-
KOBOT'O IIEPETBOPIOBAaYa BUTPATH 31 CKIIAJHOIO TPa€K-
TOPI€I0 BUMIPIOBAILHOTO TPOMEHIO HA0yBa€ BUIY

aD® L,, Nty , —T,6)
4 2cosol 1, Ty, —27,(T5, — T, ) +415

q=kK

g

BukopucTaHHs MPUKIaJHUX OPOIPAMHUX 3aCTO-
CYHKIB OOYMCIIIOBANBHOI TiAPOAWHAMIKH JIO3BOJISIE
3MIACHUTH  IMITaIliiHE  MOJIENIOBaHHS  pOOOTH
MepeTBOpIOBada BUTPATH Ta AOCIIIUTH SIBUILA, IO
BiIOYBaIOTHCS B HHOMY.

I3 3acrocyBaHHAM iIMITAIliifTHOTO MOJEITIOBAaHHS,
peanizoBaHOTO Ha WIATPYHTI METOAYy KIiHIEBUX
€JIEMEHTIB, aBTOPAMH BIiITBOPEHO JOCIIIKYBaHUI
BIIB, mo m03BONMIO BUSBUTH OCOOIHBOCTI poOOTH
yIbTPa3BYKOBOTO NEPETBOPIOBaYa BUTPATH 31 CKIIAJ-
HOIO  TPAEKTOPI€I0  BHUMIPIOBAILHOTO  HPOMEHIO
(puc. 2).

PesynpTatn MOJeIOBaHHS, IPOBEIEHOTO IS [Ti-
ama3oHy BUMIPIOBAaHHMX BHTpAT 3a YMOB iJ€aJbHOTO
copMOBaHOTO TPO(DITIO MBUAKOCTI MOTOKY rasy y
BXITHOMY TIepepi3i mepeTBOpioBava, BHSBWIH, IO
CJIEMEHTH  BHMIPIOBAJNILHOI  cxemHu  (BigOwBaui
MIPOMEHIO) HE CIIPUYHMHSIOTH CYTTEBOTO CIIOTBOPEHHS
MpodUII0 TOTOKY Ta TPAEKTOPii BHMipIOBAIBEHOTO
MIPOMEHIO.

BucHoBku

3aBAsIKM BUCOKUM METPOJIOTIYHUM XapaKTepHuc-
THKaM IIUPOKOTO 3aCTOCYBAHHs y MPAKTHUIll BHUMIipIO-
BaHHA TMPHUPOJHOTO Ta3dy HaOyBAalOTh NPUIAAH, IO
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0a3yI0ThCS Ha YIBTPa3BYKOBHX METOJaX BHMipIOBaH-
HS BUTPATH.

Puc. 2. Tlone mBUAKOCTEH 32 HOMIHAIBHOI BHTPATH:
a) 3a MPOTSDKHICTIO TiApaBIiYHOTO KaHAly; 0) y
IUIOIIMHAX  MPOXO/KCHHS  BHUMIpPIOBAIBHOTO

MIPOMEHIO

Bucoka TouHiCTh BUMIpIOBaHb y TAKOMY pasi J10-
CSITAETHCSI 3aCTOCYBAaHHSM INIEPETBOPIOBAYIB BUTPATH 3
JEKIIbKOMa BUMIPIOBaJbHUMH KaHaIaMH, CYTTEBHM
HEJIOMIKOM SKHX € JOJAaTKOBE CIOTBOPEHHS ITOJIS
IIBUJIKOCTEH Y 30HI BUMIpIOBaHHSI.

ABTOpaMH TNPOBEIEHO [OCIHIIKEHHS TEpPETBO-
proBaya 3i CKJIQJIHOIO TPAEKTOPI€I0 YIBTPa3ByKOBOTO
MIPOMEHIO, /1€ 30HAYIOUHH IMITyJIbC Ha NUIAXY BiJl BH-
MpOMiHIOBaYa JO TpHiiMada CUTHATy KiTbKa pasiB
BiZIOUBAETHCS BiJl CTIHKM BUMIPIOBAJIBHOTO TPAKTy B
PI3HHX TUIOIIHMHAX.

XapaKkTepHOI 03HAKOI LLOT'O METONY € Oararo-
KaHaJIbHICTh BUMIPIOBAHHS IIPU 3aCTOCYBaHHI JIMILE
OJHOT Iapu I’€30€JEeKTPUYHUX IEePETBOPIOBAYiB, Ha
BiIMIHY BiJ KJIIACHYHUX OaraTOKaHAJIBFHUX MEPETBO-
pIOBayiB BUTPATH, KOJIM JUIS KO)KHOTO BUMIpIOBAJIBbHO-
O KaHaly BHKODHCTOBYEThCS  OKpeMa  mapa
I’ €30€eKTPUYHUX TepeTBoproBavis. OTpUMaHO aHa-
JITHYHUHA BUPaA3 XapaKTePUCTHKH EPETBOPEHHSL.

PesynbraT iMITaliiHOTO MOIETIOBAHHS 3IiiC-
HEHOTO 3a JIONIOMOT'OI0 MPOIPAMHOI0 3aCTOCYHKY 00-
YUCITIOBAILHOT TiAPOJWHAMIKH JO3BOJWIM 3 SICyBaTH
0COOIMBOCTI POOOTH yIBTPA3BYKOBOTO IIEPETBOPIOBA-
4Ya BUTPATH 31 CKIATHOIO TPAEKTOPIEI0 BHMipPIOBAIIb-
HOT'O MPOMEHIO.

ITepcriexTiBOIO0 OAATBIIOT POOOTH € iMiTamiiHe
MOJIETIIOBaHHS POOOTH YJIBTPAa3BYKOBOTO IIEPETBOPIO-
Baya BUTPATH 3 0araTOKpaTHUM BiJOWTTSAM BHMIpIO-
BaJILHOTO ITPOMEHIO 32 YMOB aCHMETPUYHOTO CIIOTBO-
peHOro MPOdLTIO MOTOKY.
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OPERATION FEATURES OF AN ULTRASONIC FLOW TRANSDUCER WITH A COMPLEX

TRAJECTORY OF THE MEASURING PATH

To measure the flowrate of fuel and energy resources, different methods are used, which determine the range of measur-
ing instruments. Instruments based on ultrasonic measurement methods are widely used in measurement practice due to
the provision of high accuracy, a wide range of measured flowrates, the absence of additional pressure losses and the
design simplicity. Such instruments are easily integrated into automated readout systems for collecting and transmitting
information. The asymmetry of the measured medium flow is a significant problem in the use of single-channel ultra-
sonic meters. This issue is successfully solved by using multi-channel flow transducers.

The disadvantages of multi-channel ultrasonic flow transducers include a significant complication of the hydraulic
channel design, the need to use more complex mathematical algorithms for processing the obtained output signal. This
requires the use of high performance electronic elements, first of all microprocessors.

The use of a transducer with multiple reflection of one measuring beam from the wall of the measuring path acts as an
alternative to multi-channel measurement.

The aim of the work is to create a mathematical model of an ultrasonic flow transducer with a complex measuring path
trajectory. For research, a scheme with sounding along three chords was chosen, which implements the time-pulse
measurement method, it provides for determining the flow rate by the difference in the time of passage of the measuring
path along the flow and against it. In this case, the projections of the chords on the cross section of the measuring sec-
tion create an equilateral triangle. An analytical expression for the conversion response is obtained for the case of sever-
al beam reflections in different planes.

The authors reproduced the hydraulic part of the investigated flow transducer using simulation modeling implemented
on the basis of the finite element method. Transducer’s operation simulation in the range of measured flow rates in the
conditions of an ideally formed profile of the gas flow velocity in the transducer inlet cross-section has been carried out.
The results obtained confirmed the absence of influence of the measuring circuit elements (beam reflectors) on the flow
profile and the measuring beam trajectory.

Keywords: gas; flow transducer; beam reflection; ultrasonic flow transducer; conversion response.
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