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IUKITIYHOI'O HArpiBaHHA Ta OXOJIOJKCHHS CBTEKTUYHOI
pEemepHOi TOYKHM TEeMIIepaTypd, a TaKOXK pPO3POOJICHHS
METOIB Ta 3aco0iB romoreHizamii €BTEKTHYHOIO Mare-
piay pernepHol TOUKH TeMIIepaTypH.
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JOCIIIKEHHA AKYCTUYHUX METOIIB
BUMIPIOBAHHSA TEMIIEPATYPHU B PIIMHAX
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Hanionanshuii yHiBepcutet “JIbBiBChKa nomiTexHika” , kadeapa iHpOpMaIiiHO-BUMipIOBAIBHUX TEXHOJOTIH,
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Hocniosceno moxncnugicmo eumiplogans memnepamypu y 6001 i3 3acmocy8anuam 080X aKycmudHux
Memo0ig. ex0-nyanvc i 4acoimnyibcHo2o. [na npoeedenus 6UMipioans 6UKOPUCHAHO NOMOKOBUIL

Kauan, uepes AKUili NPONYCKAIU 600y, MeMnepamypa AKoi 3MiHI08aA1ACh i 6UMIPIOBAIACD
3 6UKOPUCMAHHAM YI1bMPA36YKOBUX CeHCOpie. Bcmanoeneno 3anexncuicms memnepamypu 600u

610 napamempis yi1bmpa3eyko6ozo cuznany. Ipoeedeni docniorwcenna nokazanu, aK came
3MIHIOEMbCA WIBUOKICHb 36YKY ¥ 600i 3i 3miHno10 memnepamypu y niit. Haeeoeno epaghix ompumanozo

cuznany 3i sminoio memnepamypu 6io 10 °C 0o 60 °C.

Hccneoosana 603morncnocmeo u;wepeuuﬁ memnepamypbsl 6 600€ C UCNOIb308AHUEM 06yx aKycmuveckux

Menmoooe:. IX0-nYJ1bC U 6PEMA-UMNYJIbCHO2O0. ZIJl}l npoeedemm u3mepeum? UCNO1b306AHO NOMOKOBBLIL

Kauan, uepe3 KOMOPwli RPONYCKAU 600y, MeMNepamypa KOmopoi usMeHan1ach U uamepaniach

C UCnOJ1b306aHUEM )IDMPA3E6YKOBLLX CEHCOPOE6. Buvisaeneno 3aeucumocmop Meafcby ammmmydoﬁ

U epemenem yjibompa3eyKo06020 CucHala. Hposebeuubw Uucnblmanusa NOKAa3ainu, KAK UMEHHO USMEHAEM CA

CKOpOCHb 36YKa 8 800€ C UIMEHEeHUeM memnepamypul 6 Heii. [Ipedcmaeneno zpagpux nonyuennozo cuznana
c usmenenuem memnepamypuor om 10 °C 0o 60 °C.

In thiswork the subject of the research is the average temperature of liquids by using two acoustic methods:
echo-pulse method and time-pulse method. For conducting the measurements the flow channel is used, through
which water was passed, the temperature of which has changed and which must be measured. For the
temperature measurements ultrasonic sensors are used, which are fixed on both sides of the current channel.
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The calculation of the special design of the mounting is made and the ultrasonic sensors are chosen. The size
estimation of the glass coupling rod is made, based on the average temperature of the glass cylinder, thermal
resistance, cylindrical glass square.The block diagram is presented for measuring the passage time of the
ultrasonic signal in the measuring channel, according to which the transmitter and receiver are in direct
contact with the pipe. For better contact ultrasonic gel was used. In addition, the oscilloscope to measure audio
signals and device for generating acoustic pulses and their measurement using echo-pulse method are used. The
results of studies using the echo pulse and the time-pulse methods are presented. The first measurement of the
echo-pulse method was performed using the ultrasonic sensor on the pipe when the flow of water is active and
the temperature of the water in the thermostat is fixed in the range from +10 C to 60 °C. The second dimension
using this method is conducted when the flow of water isinactive in conditions of the same temperatures. The
obtained results of measurements using the time-pulse method with an oscilloscope and an exemplary device
when the temperature changes from 20 °C to 60 °C in increment of 10 are presented. The graphs of the
dependencies obtained for all investigated temperatures are depicted. It is revealed that the current times of the
sound pulses with increasing temperature are short. The chart is moved to the left. The signal on the
oscilloscope screen in conditions of 60 °C is received. The first channel shows the audio signal acquiring with
an exemplary device. The second channel shows the measuring signal. The next measurement is made with a
glass cylinder, which is placed between the pipe and the ultrasonic sensor. The results of measurements using a
glass cylinder in the temperature range from 20 °C to 60 °C are presented. The results of the carried out
measurements show how the amplitude of the ultrasonic signals with a signal change is modified. Having this
change it is possible to find the temperature which is needed to be determined. By using oscilloscope the
dependence between amplitude and time of the ultrasonic signal is revealed. Studies have shown in which way
the sound speed in water is changing with its internal temperature change.

1. Beryn. AxyctuyHa TepMOMETpis — L€ TEPMO-
METpisl, IO TPYHTYETHCA HaA 3AJEKHOCTI IIBUIAKOCTI
MOUIMPEHHS 3BYKY (yJIbTPa3ByKy) y pEYOBUHI Bix
TeMIiepaTypu. Pe4oBHHOIO MOXYTh OYTH ras3H, piJHHH,
TBepAi peuyoBuHH. Jliama3oH BHMIpIOBaHHS BH3Haua-
€ThCSl CTIMKICTIO Marepially JO HarpiBaHHS Ta MOXJIHU-
BICTIO NOIIUPEHHsI y MaTrepiayli aKyCTUYHHX KOJIMBaHb.
TeopeTnuHO Jiana3oH BUMIpPIOBAaHUX TEMIIEPATyp — Y
Mexax Bi kpioremHux TemmepaTyp mo ~10% K, mpak-
THYHO — Yy MeXax BiJ KpPIOTEHHUX TeMIepaTyp [0
TEMIIEpaTypu TOIUICHHs Bodb(ppamy. Bapro 3a3Haumtw,
IO 3arajioM MOXIJIMBOCTI, aKyCTHYHUX METOHIB BUMi-
PIOBaHHS HaJ3BUYAWHO IIUPOKI, IIE AaJEKO HE J0 KiHII
peamnizoBawi [1].

OCHOBHOIO TIEPEBarol YJIbTPa3BYKOBOI'O BUMIpPIO-
BaHHA € Te, II0 BOHO HE pYHHYe 1 HE NOIIKOIKYE
JOCTIPKYBaHUM 3pa30K, a TAKOXK Ja€ 3MOTY 3IiHCHIOBATU
KOHTPOJIb BHUPOOIB 3 pIZHOMaHITHHX MartepialiB — SK
MeTaliB, Tak 1 HeMeTaniB. OKpiM TOro, BapTO BiJI3HAYUTU
Taki IepeBaru IbOro METOy BUMIPIOBAHHS TEMIIEPaTYpH,
SK BUCOKY HIBHAKO/II0 32 HU3bKOI BapTOCTi; BUCOKHI
piBeHb Oe3mekd Ui JOMUHU (TOPIBHSIHO 3 pEHTre-
HIBCBKOIO JTehEeKTOCKOMi€0) Ta MOOGIMBHICTh YIBTPa3By-
KoBoro gedexrockorna [2].

Y pobori 3ailiCHEHO BHMIPIOBaHHS CepeIHbOI
TeMIleparypa piJuH 3a IOIOMOIOI0 BOX aKyCTHUYHHUX

METO/IiB: 4aCOIMIYJILCHOTO Ta €XO-MyJbc Meroay. Exo-
MyJIbC METOJN — 1€ METOH, Y SAKOMY YIbTPa3BYKOBHM
CEHCOp BHUKOPHUCTOBYETHCS 1 SK TIepemaBad, 1 K

npuiiMad, TOAI SK y YacOiMIyJbCHOMY METOHI 3acTo-

COBYIOTH JIBa YIBTPa3BYKOBI CEHCOpPH: OAUH —
nepenaBady, iHIIWK — MpuiiMay.
B yapTpa3ByKOBUX TepMOMETpax 3 BEJIHKOIO

JIOBXXMHOI0O BHUMIpPIOBAIBHOIO KaHAlly CKJIAJHUM ITH-
TaHHSM € KpIIJIEHHsS 1 repMeTH3alis ceHcopa, OCKiNb-
KM ONOpU Ta YIIIJIBHEHHS MOXYTb OyTH JDKepelaMu
JIOAaTKOBUX BiJOWMBaHb, TOMY JOJATKOBO IPOBEJIECHO
PO3paxyHOK KOHCTPYKILII KPIiIUIEHHS YJIbTPa3BYKOBOIO
ceHcopa.

2. MeTo10 ocCiizKeHHsI € BUMIPIOBaHHS TeMIepa-
TYpH DIIUH 33 JONOMOIOI0 JIBOX aKYCTHYHUX METOJIIB!
€XO-IIYJIbC 1 YacCOIMITYIbCHOI'O T4 METOJUKH PO3PaXyHKY
KOHCTPYKIIiT KPiIUIEHHS YIbTPa3BYKOBOI'O CEHCOPA.

3. MeTonnka mnpoBeJeHHSA €eKCIePUMEHTAJIb-
HUX J0CTiIKEHb.

3.1. Po3paxynox KoHCMpYKUii KpinieHHs yabmpa3ey-
K06020 ceHncopa

Jlnst mpoBeneHHS BHMIPIOBaHb B3ATO KaHal 3
niameTpoM 29 MM, TOBIIMHONO CTiHKH 1,5 MM, TOBXHHOIO
Tpyou 500 MM, a TaKOK BUKOPUCTAHO JOJAATKOBI MPHJIAIH:
ocumiorpag Ta TepMOCTAaT.
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Puc. 1. 306padicenns umipoganvho2o 00’ ekma be3 kpinienns (a) ma KoHcmpyKyii ons kpinaenns (0)

Fig. 1. Image of the measuring object without fastening (a) and construction for fastening (b)

Ha puc. 1, a 300pakeHO BUMipIOBaJIbHHI 00’ €KT 0e3
KpIIUTCHHS, SIKHI CKIIaIAeThCs 3 KAHAILY U TIOJIABAHHS TIOTOKY
BOIM, Hacoca Ta TepMocrata. Came JUIS Takoro KaHaly
PO3pOOJICHO KpIIUIGHHSI CEHCOpa, 3arajbHHUil BHIVIAA SIKOTO

nomaHo Ha puc. 1, 6. 3 000X OOKIB KaHaTy MPOCBEpIHIN
oTBOpH [iamMeTpoM 18 MM Ta foBxuHO 1 MM (puc. 2, 6), came
Yy IMX OTBOpaX PO3MIIIYBalIN YIBTPa3BYKOBI CEHCOpU (ipMu
Sonotec, tury SonoscanPA EN (puc. 2, a).

Puc. 2. 3oeniwniti suensio cencopie Sonoscan PSA EN [3] (a); nomoxosuii kanan i3 ¢ppesepyeannsiv (6)

Fig. 2. Original appearance of touch-controls of Sonoscan PS4 EN [3] (a); streaming channel with milling (b)

[IIo6 ynbpTpa3BYKOBUH CEHCOp TEPMIYHO i30JI10-
BaTH BiJ BHMIipPIOBAJIFHOI'0 KaHally, BUKOPUCTOBYIOTh
CKJISIHUH IMITIHAPUYHUH CTEpP)KeHb, OCKIJIBKU CKIO Ma€
HEBEIHUKY TeIUIONpPOBiAHIcTE. Po3mipu crepxHs po3pa-
XOBYBaJM TakK, IM00 3a MaKCHMaJbHOI TeMIIepaTypu
crinok kaHany 95°C He mepeBUIIUTH MaKCHUMAbHY
MOYAaTKOBY TEMIEpaTypy YJIbTPa3ByKOBOTO CEHcOpa
60 °C. [lnsg uporo crnovatky po3paxoBYBajd CEepeaHIO
TeMIeparypy Tm CKISHOIO CTEPXKHS IHJIIHAPHIHOL
dopmu:

+
Tm :(Tp—zTn): (1)
ae T, — Temnepatypa piguan 60 °C; T, — temmepartypa
30BHIiNIHBOI oBepxHi 95 °C.

Jaxi po3paxoByBaiy TepMiuHuii omip R, st KoHBeKmii
Y CKISTHOMY LIWTIHAPUYHOMY CTEPIKHI:
Ro=- @
axA
ne o — Koe(illieHT Teruionepenayi, KU po3paxoByBalH,
BUKOPHCTOBYIOYH TIporpaMue cepenosuiie Matlab.
[Tnomry crep>kHsl BU3HAYEHO 31 CITiBBiTHOIICHHS:

A=2p xxhxh+r), 3
ne r —paxiyc; h — BucoTra cTepxHsI.
TemnoBuil mOTiK cepemoBUImIa OOYHMCICHO 32
¢dopmyIoro:

Q= (4)
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Pi3HuIrro TeMIepaTyp po3paxoByBau Tak:

DT =Tg- Ty, (5)
ne AT — pisaunsg temnepatryp, K; Ts — Temmneparypa
cencopa; T, —temmepatypa cepenouia (20 °C).

Tepmiunuii omip IWIHIpPa pPO3PaxoBYBaIM 3a

¢dhopmyoro:
DT
Rh=— (6)
Q
DT :TR - TS y (7)
ne T, — Temnepatypa TpyoH, sika BU3HAYAETHCS SK:
h>Q
T = +T,
=Ty ®)

CKala CKala

1€ Ao — TeruionpoBigaicts ckina 0.877 Br/(K* M), Acon —
nepepis muninapa: A, ., =P X2 ner— paziyc kona, h —
poO3paxoBaHe 3HAUEHHSI BUCOTH CKJISTHOT'O CTEpIKHS, BU3HA-
yeHoi 3 ymoBu 1,<TgTa Ts>90 °C.

OnruMmanbHi HapaMeTpud CKJISHOTO IHIIHIPUY-
HOT'O CTEPXKHS B I[bOMY BHMaAKy. Bucora 80 MM i
niamerp 12 mM. Ha puc. 3 cxemMaTHYHO ITOKa3aHO
cnocid KpiIuIeHHs ceHcopa 31 CKISHHUM UMIIHAPUYHUM
CTEp>KHEM 10 BUMiploBaibHOro kKanamy. Ha puc. 3
1 — ynpTpa3ByKOBHUH CEHCOp; 2 — CKJIO; 3 — KpHIIKa,

oc

I

weaefadau
=
eqAd)

4 — kpimneHHsa; 5 — miacraBka; 6 — BUMIpIOBalbHUN
kaHan (Tpy0a).

[ |

Puc. 3. 3o06pasicenns kpinaenns

Fig. 3. Image of fastening

Biiok-cxema ycTaBH I BUMIpPIOBAaHHS Yacy MPOXO-
JUKEHHS YJIBTPa3BYKOBOIO CHTHAIY Y BHMipIOBAJIbHOMY
KaHaJli 300pakeHa Ha puc. 4.

erog
eghd]

NpuiAmay

N/L

ocC

Puc.4. [Ipunyunosa cxema sumipioganbHoi ycmanoeKu

Fig. 4. Fundamental chart of the measuring setting

[lepenaBau i npuitMad MpsAMO KOHTAKTYIOTh 3 TPY-
Jna  xpamgoro
yIbTPa3BYKOBUH renb. KpiM TOro, mis BUMIpIOBaHHS

6010. KOHTaKTy BUKOPUCTOBYBAJIHU

r[apaMeTpiB 3BYKOBUX CHI'HAJIIB BHUKOPHUCTOBYBAJIN

ocuuiorpad (OC) Ta mpunan s reHepariii aKyCTHIHHX
IMITYJIBCIB.
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4. Pe3yabTaTH MPOBEIEHUX JAOCTiTKEHb.

Pesynomamu eumiploganv 3 6UKOPUCMAHHAM €X0-
nyjisc memooy.

Hacammepen npoBenn BUMIpIOBaHHS TeMIEpaTy-
pU €X0-IyJIbC METONOM 3 BHKOPHUCTAHHSM YJIBTPa3BY-
KOBOT'O0 CeHcopa Ha TpyOi, YBIMKHYBIIM IOTIK BOJIH.

S, H, D, R, Hy
34.05mm | 22% 6.9dB

2014-06-24 14:11

0.0dB

--mm --mm
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e J
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Temnepatypa Bomu cranoBmiaa +10 °C. Orpumani
pe3yibpTaTH MOJaHO Ha puc. 5, a. Jlami mpoBogwIH
BUMIpIOBaHHs, 3MIHIOYH TeMmIiepatypy Boau Bixg 10°
C no 60 °C. HacrtynHi BuUMiploBaHHsI 3AiiCHIOBAIH,

BUMKHYBIIM TOTIK BOAW. Pe3yjapTaTd BHMIipIOBaHb
MpeCTaBICHO Ha pHC. 5, 6.
160 ‘
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Puc. 5. Bumipiosanvhuii dianason 3a memnepamypu 10 °C (a); cuenan 3a pisnux memnepamyp 6io 10 oo 60 °C (6)

Fig. 5. Image of measuring at the temperature of 10 °C (a); signal at different temperatures from 10 to 600 °C (b)

Pesynomamu umipiosans 3 6UKOPUCHAHHAM YaACO-
iMnynsCcHO20 Memooy.

HacrtynHi BUMipIOBaHHS BUKOHAHO YacOiIMITYJIbC-
HUM  METOJIOM

3a JOIIOMOI'OKO ocunnorpa(ba Ta

3pa3KoBOro MPUIIANY.

[

1 11 EES 3 14 15 18 7 15 18 20

Puc.6. Ompumani cuenanu ons memnepamyp 6io 20 ° C 0o 60 °C
Fig. 6. Got signals for temperaturesfrom20 ° Cto 60 °C

Jiana3on 3minu Temnepatypu craHoBuB Bix 20 °C 1o
60 °C 3 kpoxom 10°C. Ha puc. 6, a npencraBieHo rpadiku
OTPUMAaHUX 3aJISKHOCTEH Ui yCiX MOCIHIIKEHUX TeMIle-
paryp. oOpe BuaHO, 110 Mepiofn 3BYKOBUX IMITYJIBLCIB 31
3pOCTaHHSM TeMIIEpaTypy CTaBajik KopoTmmMmu. Jiarpama
3MILIYETHCS JTIBOPYY.

Ha puc. 7 300paxeHO OTpUMaHMI CHT'HAJI Ha €KpaHi
ocumtorpada 3a Temreparypu 60 °C. Ha oquH i3 BXiTHHX
KaHaJiB ocIpiorpada MoJaroThCsS MapaMeTpH 3BYKOBOTO
CHTHAJTY 31 3pa3KOBOr0 MPHUCTPOIO, Ha 1HIIUMA — MapaMeTpH
BHUMIpPIOBAIILHOTO KaHAIY.

—volt

volt

Puc. 7. Ompumanuii cuenan 3a memnepamypu 60 °C

Fig. 7. Got sgnals at a temperature 60 °C

HaCTyHHe BI/IMipIOBaHHH BHKOHAHO 31 CKJISHAM

LWWIHIPUYHIM CTEPXKHEM, SIKUH PO3TAlIOBYBAIU MiX



58

TpyOOl0 Ta YNBTPa3BYKOBHM CEHCOpOM. PesymbraTi
BUMIipIOBaHb 300pakeHo Ha puc. 8.
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Puc. 8. Pesynomamu aumipiosahs i3 GUKOPUCMAHHAM CKIAHO20
yuninopuunoeo cmepaica y dianazoni memnepamyp 20 ° C 0o 60 °C

Fig. 8. Results of measuring with the use of glass cylinder in the
range of temperatures20° Cto 60° C

BucHoBku. [locImiDKeHO MOXITMBICTH  BUMIPIOBAaHb
TeMIIepaTypyd y BOAI 13 3aCTOCYBaHHSM [BOX aKYCTHYHHUX
METOJiB, & caMe eXO-MyIbC 1 4YacoiMITylbcHOro. Jlis
BUMIpPIOBaHb BHKOPHUCTAHO IIOTOKOBHH KaHal, uepe3 SKUii

MPOMYyCKaJlM BOAY, TEMIlepaTypa sIKOi 3MiHIOBaiach, ii

HEo0XiJHO OyI10 BUMipsTH. J{yist TeMIIepaTypHUX BUMipIOBaHb
BHUKOPHUCTAHO YJBTPA3BYKOBI CEHCOPH, SIKi 3aKPIILTIOBAIH 110
o0wuyiBa OokM kaHaiy. J{yis KpiruieHHs CeHCOpiB PO3POOJIEHO i
PO3paxOBaHO CIEL{iAIbHy KOHCTPYKINIO.

3a 0MOMOr0K0 BUKOPHCTaHHS OCLIMJIOCKOIA BUSIBIIE-
HO 3QJIEKHICTh Mi’K aMILTITYIOIO 1 4aCOM YJIbTPa3BYKOBOT'O
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curHaiy. IIpoBeneHi JOCTIDKEHHS IOKa3ald, SK came
3BYKY Yy BoOmi 3i
temrepaTypu. [loOynoBaHo rpadik OTPUMaHOIO CHUTHAITY
31 3miHor0 Temmepatypu Bix 10 °C mo 60 °C.
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