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3ACTOCYBAHHA YJIbBTPA3ZBYKOBOI'O METOAY 3 ITIOB310BXXHIM
PO3NOBCIOJKEHHAM XBHWJIT J1JIs BUMIPIOBAHHSA HATATI'Y TEKCTHJIBHUX
MATEPIAJIIB

B poboTi po3r/issHyTO MOXJIMBICTb 3aCTOCYBaHHS V/IbTPA3BYKOBOIO METOAY BUMIPIOBAHHS HATAry TEKCTU/IbHUX [10/IOTEH 3
TTOB34OBXXHIM pPO3MOBCIOKEHHSIM XBUJII Y BOJSIOKHaX KOHTPO/IbOBAHOrO MAartepiasy. 3acTocyBaHHS TaKoro MeToay A/19 KOHTPO/IO
HATAry Martepiasny [AO3BO/MTL ONEPATUBHO BU3HAYATU 333HAYEHMV rnapameTp B rpouyeci BupobHuyTtsa. Lle possomts y
MavibyTHEOMY BAOCKOHA/INTU TEKCTW/IbHI MALLMHN LIS BUrOTOB/IEHHS] FOTOBUX [10/10TEH Ta CTPIYOK i3 MOTOYHOK KOPEKLIIED HATArY
marepiasy 6e3r10cepesHbO Ha TEXHOIOMNYHOMY 06/1aHaHHI (3 BUKOPUCTAHHSIM OE3KOHTaKTHUX AaTYHKIB.

Kimto4oBi ¢/10Ba. y/ibTPa3ByKOBA XBUJIS, MOB3LOBXHE PO3MOBCIOMKEHHS, BUMIDIOBAHHS HATArY, TEKCTU/IbHMA MATEPIasl.

ZDORENKO Valeriy, MATIASH Oleksandr

National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute»

APPLICATION OF THE ULTRASONIC METHOD WITH LONGITUDINAL WAVE
PROPAGATION FOR MEASURING THE TENSION OF TEXTILE MATERIALS

The paper considers the possibility of applying the ultrasonic method of measuring the tension of textile fabrics with
longitudinal wave propagation in the fibers of the controlled material. The use of such a method to control the tension of the
material will allow to quickly determine the specified parameter during the production process. This will allow in the future to
improve textile machines for the production of finished cloths and tapes with current correction of material tension directly on the
technological equipment using non-contact sensors.

Currently, there is a significant demand for textile materials, which contributes to a significant expansion of their
assortment. This determines the need to improve the quality of such materials, therefore, modern technological equipment for the
production of textile materials requires the use of operational control of technological parameters to improve the productivity and
quality of finished products.

One of the main technological parameters in the production of textile materials is their tension. Exceeding the tension of
the threads causes their increased breakage, which leads to shortages, downtimes of technological equipment and a decrease in its
productivity. Taking into account the fact that thread tension control and regulation systems on technological equipment are mainly
mechanical and contact, their use does not allow for operational technological determination of tension.

The existing contact mechanical means of tension measurement exert an influence directly on the textile material itself.
This can lead to the occurrence of additional material tension during its control, which can introduce a significant error in the
measurement of the main tension. There are also optical devices for determining the tension of textile materials, the use of which is
significantly limited due to significant dustiness in the production premises of textile factories. Carrying out the technological
process of the production of textile materials without operational technological control of the current value of the tension on textile
machines does not allow to obtain high-quality finished products and to ensure the saving of raw materials due to the exclusion of
defects and the production of textile materials in the negative field of tolerance in terms of surface density. Therefore, it is
advisable to use the methods of operational technological control of the tension of textile materials in the production process, which
can be implemented only by non-contact methods and appropriate means of measuring the current value of the tension.

Key words: ultrasonic wave, longitudinal propagation, tension measurement, textile material.

IHocTanoBKa mpo0/1eMH y 3arajibHOMY BHIJISIAI
Ta ii 3B’f130K i3 Ba2KJINBHMH HAYKOBUMH Y4 NPAKTHYHUMH 3aBAAHHSAMHA

B rtenepimHiii yac icHye 3HaUHMI NONKT Ha TEKCTWIbHI MaTepiayiv, 0 CIpHs€e 3HAYHOMY PO3MIMPEHHIO iX
acoptuMeHTy. lle 0O0yMoBIIOE HEOOXIAHICTH MiABHUINEHHS SIKOCTI TaKMX MaTepiajiB, TOMy Cy4acHE TEXHOJIOTi4HE
obmamHaHHA A1 BHPOOHMITBA TEKCTWIIBHHX MaTepialiB MOTpedye 3acTOCYBAaHHS OIEPATHBHOTO KOHTPOIIO
TEXHOJIOTIYHUX MTapaMeTpiB AJIS IMiIBUIIEHHS MPOIYKTUBHOCTI Ta SKOCTi TOTOBOT MPOIYKIIii.

OpmHUM 3 OCHOBHHX TEXHOJIOTIYHHX MMapaMeTpiB MPH BHPOOHHMIITBI TEKCTHJIPHHUX MaTepiajiB € iX HaTAT.
[lepeBuiieHHsT HATATY HUTOK OOYMOBIIOE iX WiABWINEHY OOpPMBHICTH, IO NPHU3BOIUTH 0 OpakKy, MIPOCTOiB
TEXHOJIOTIYHOTO OOJagHAHHS Ta 3MEHIICHHS HOTO MPOAYKTHBHOCTI. BpaxoByroum Te, IO CHCTEMH KOHTPOIIO Ta

International Scientific-technical journal
«Measuring and computing devices in technological processes» 2023, Issue 3

256


https://doi.org/10.31891/2219-9365-2023-75-31
https://orcid.org/0000-0001-6508-4290
mailto:bozhkonew@ukr.net
https://orcid.org/0009-0000-8366-2066
mailto:matasaleksandr97@gmail.com

Mixcnapoonuii HayK060-mexHIYHUIL HCYPHAT
«BumiproeanbHa ma o64yucnroeasibHa mexHika 8 mexHoOI02iYHUX npoyecax»
ISSN 2219-9365

PEryJIIOBaHHS HATATY HATOK HA TEXHOJIOTIYHOMY OOJaJHaHHI €, MEpEBaKHO, MEXAaHIYHUMU Ta KOHTaKTHuMHE [1, 2],
TO iX 3aCTOCYBaHHSI HE Ja€ MOXKJIMBOCTI OTIEPATUBHOTO TEXHOJIOTIYHOT'O BU3HAUCHHS HATATY.

IcHyIOYl KOHTaKTHI MeXaHIuHI 3ac00M BUMIpIOBaHHS HatAry [3, 4] 3miHCHIOIOTH BIUIMB O€3I0CEPEIHBO Ha
caM TeKCTWIbHMHA Marepiai. lle Moke NMpU3BOAWTH A0 BHHUKHEHHS JOJATKOBOIO HATATY Marepially mpu HoOro
KOHTPOJIi, 1[0 MOXX€ BHOCHTH CYTTEBY IIOXMOKY BHMIPIOBaHHS OCHOBHOTO Hatrsry. Tako)K iCHYIOTh ONTHYHI
OPHUCTPOI BU3HAYCHHS HATATY TEKCTHJIBHUX MaTepianiB [5], ofHak iX 3aCTOCYBaHHS CyTTEBO OOMEKEHO Y 3B’S3KY i3
3HAYHOIO 3alMJICHICTIO Y BUPOOHWYMX IMPUMIMICHHSIX TEKCTWJIBHHX BHPOOHUITB. IIpoBeneHHsS TEXHOJIOTIYHOTO
mporiecy BHPOOHWITBA TEKCTHIBHHX MarepiadiB  0e3 ONepaTHBHOTO TEXHOJIOTIYHOTO KOHTPONIO ITOTOYHOTO
3HAYCHHSI HATATY Ha TEKCTHJIPHHMX MamiuHax [6] He H03BOJISE OTPHMATH TOTOBY MPOAYKIIO BHCOKOI SKOCTI Ta
320e3MeunTH eKOHOMII0 CHPOBHHH 32 paXyHOK BUKIIOYCHHS OpaKy Ta BHTOTOBJICHHS TEKCTHIIBHHUX MartepiajiB y
MiHYCOBOMY IIOJIi JOIYCKYy IO TIOBEPXHEBiH T'yCTHHi. TOMYy JOIUIFHHM € 3aCTOCYBaHHS METOJIB OIEPATHBHOTO
TEXHOJIOTIYHOTO KOHTPOIIIO0 HATATY TEKCTHIBHHX MarepiaiiB B Ipolieci BUPOOHHIITBA, IO MOXKHA peai3yBaTH
TUTbKM O€3KOHTAKTHUMHU METOJAMH Ta BiJIOBIAHUMH 3acO00aMH BUMIPIOBAHHS ITOTOYHOTO 3HAYCHHS HATATY.

IMocTranoBKa npod1eMH i OIJISIA OCTAHHIX JOCTiIKEeHb

[TpoBenenuii MOpiBHAJIBHUII aHAII3 MMOKA3aB, M0 HAWOUIBII JONIJIBHUM € 3aCTOCYBaHHS YJIbTPa3BYKOBHX
0€3KOHTAKTHHX METOiB KOHTpoimo Hatiary [7, 8]. Lle 0OyMOBIEHO BiJHOCHOKO MPOCTOTOI0 KOHCTPYKINT
BUIIPOMIHIOBaYiB Ta NPHUIMadiB yJIbTPa3BYKOBHX XBHIIb, BIJICYTHICTIO BIUIMBY 3aIlMJICHOCTI Ta €JIEKTPOMArHiTHHX
3aBajl Ha pe3yJbTaT BUMIPIOBAHHS HATATY, MPOCTOTOI0 TEXHIYHOTO OOCIYyroBYyBaHHs YIIBTPa3BYKOBHX 3aco0iB
KOHTPOJIIO HATATY, a TaKOX JOCTaTHRO BHUCOKOIO TOYHICTIO BUMIpIOBaHHS HATATYy. lIpy oMy OE3KOHTAaKTHI
YIIBTPa3BYKOBI 3aCO0M Ta CHCTEMH JIO3BOJISIOTH BUMIPIOBATH MPOQiIb HATATY TEKCTHIBHUX MaTepiaiiB MO IIHPHUHI.
Le no3Bosmsie 3a0e3meUnTH BUCOKY SKICTh TOTOBOI MPOMYKIIi T4 BAOCKOHAJIUTH TEXHOJOTIYHE 00JIaIHAHHS 3 METOIO0
foro aBromarun3arii.

OnHi€ero 13 OCHOBHHX 3ajad Uil OE3KOHTAKTHOTO BHMIPIOBaHHS HATATY TEKCTHJIBHOTO IIOJIOTHA €
BUKJIIOYEHHSI BIUIMBY CTPYKTYPH CaMOro IOJOTHA Ha 3MiHy pO3MipiB HOro mop B HPOLEC PO3TATY TEKCTHIBHUX
MarepiaiiB npH iX BUPOOHHUITBI. 3a 3MIHOI MIKBOJIOKOHHUX BIJICTAaHEW Ta pPO3MipiB HACKPI3HHX IIOP B CTPYKTYPi
Marepialy MOXKHa BH3HA4aTH 1 BEMUYUHY Horo Hatsry. [IopHCTICTh TEKCTHIIBHOTO MaTepially Ha OJMHUIIIO HOTo
wiomti, abo ii 3MiHA y TEBHUI MOMEHT 4Yacy BIUIMBAE Ha aMIUITYAy YJIbTPa3ByKOBUX XBHJb [9], sKi mpoxoasTh
KOHTPOJIbOBaHi BOJIOKHA MaTepiaiy. Takox po3mip HACKPI3HMX IOp BIUIMBA€E HA aMILUITYly yJIbTPa3BYKOBOI XBHII,
sAKa TPOXOAUTHh Kpi3b HuX. [lpu 30UmbIIeHHI ab0 3MEHIIEHHI MOp TEKCTWIBHOIO Marepially MOJOTHa Ta
MIXKBOJIOKOHHOI BiJICTaHI BIATOBIAHO OyJe 3MiHIOBATHCS aMIUTITYJa 30HIYBAJBHOI YIBTPAa3BYKOBOI XBHIi. Y
BUIAJIKY, KOJIM HACKPi3HI IOPU PO3IIMPIOIOTHCS, @ MIXBOJIOKOHHI BiJICTaHI 3MEHIIYBATUMYTHCS, X KOMIUIEKCHHUI
BIUIUB Oyne BimoOpa)kaTHCs Ha aMILTITYIl YIbTPa3BYKOBHX XBWIIb, SIKi MPOWIUIN KPi3h CTPYKTYPY TEKCTHIBHOTO
MaTepiary 3 TeBHHM HarsroM. [IpW 3HaYHOMY BIUIMBI HATATYy Ha 3MiHY MIKBOJIOKOHHHUX BiJCTaHEH 3a 3MIHOIO
pO3MipiB caMuX Mmop, a00 KOJIM Bi[CTaHI MiXK BOJIOKHAMH MaTepialy Ta cami IMOPH OJHAKOBO 3MCHIIYIOTHCS IMPH
HaTATY MOJIOTHA, MO’KHA BU3HAYaTH HATAT TEKCTHIILHUX MaTepiajliB 3a aMIUITY 1010 30HIYBAIbHHUX YJIbTPa3BYKOBHX
XBHJIb.

DopmyIIOBaHHS Wijed cTaTTi
MeTo10 po0OTH € NPOBEICHHS aHaNi3y MOMIJIMBOCTI 3aCTOCYBaHHS OE3KOHTAKTHOTO YJIBTPa3BYKOBOTO
METOY JJIsl BUMIPIOBAHHS HATSTY TEKCTHJIBHHUX MOJOTCH 3 MOB30BXKHIM PO3MOBCIOIKCHHAM YJIbTPa3ByKOBOT XBHUIII
Y BOJIOKHAX Ta MXKBOJIOKOHHHX ITOpaX TEKCTHIHHOTO MaTepiaiy.

BuxJiiageHHs1 0CHOBHOI0 MaTepiary
J1st MOUIMBOCTI OE3KOHTAKTHOTO BHMIpPIOBaHHS HATATY TEKCTHIBHOTO MaTepialy MOXKHa BHKOPUCTATH
YJIBTPa3BYKOBHH aMIUTITyAHUE MeToxa. CHIBBIZHOIIEHHS aMIUNTYyJ YJIbTPa3ByKOBHUX XBWIIb, SIKI NaaaloTh Ha
TEeKCTWIBHUH MaTepiall, 0 XBHJb, IO MPOXOAATH B3JIOBXK BOJOKOH MaTepially Ta MiIKBOJOKOHHHX IIOp, OyIyTh
MIPENCTaBIATH COOOI0 3HAYEHHS MOMAYJsI KOMIUIEKCHOTO Koe(ilieHTa MpOXOKEHHS. 3 BHpa3zy Ui MOy
KOMIIIEKCHOTO Koe(illieHTa IPOXOKEHHS MOXHA BU3HAYATH 1 CaM HATST TeKCTHIHHOTO MaTepiaiy.

BHpaS A1 MOAYJIA KOMITJICKCHOT'O KOC(i)iL[iCHTa IMPOXOKCHHS |Wn06.| YJIbTPAa3BYKOBUX XBHWJIb, IO

NPOWIIIM TEKCTHJIbHE TMOJOTHO B3JOBX HOTO BOJIOKOH 3 BpaxyBaHHSM BENIMYMH. Koe(illieHTa 3racaHHs
(3 ,9aCTOTH YJIBTPa3ByKOBMX XBHIb f,KyTa OTMHAHHs OUIbIIO 4acTHHM XBWJIb BOJOKOH Matepiamy COSV s ,

IIBUJIKOCTI PO3MOBCIO/KEHHS XBUJII B TOBITPAHOMY cepefoBuii Cq, 00’e€MHO{ IIILHOCTI 1IbOTO cepenoBuIa (I ,

IIBUIKOCTI PO3HOBCIOJUKEHHS YJIBTPa3ByKOBUX XBMJIb B CEPENOBMILI TEKCTHJILHOrO Marepiany Co, koedilieHTa
3MIiHM PO3MIpiB HACKpPI3HUX IOp y TOPIBHSHHI 3 €TaJOHHMM MarepianoMK Ta MoBepXHEBOI I'YCTHHH BOJIOKOHHOL

macu Mg , MOXKHA HABECTU y HACTyIMHOMY BHTIAni [9]:
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3Bakaloud Ha Te€, WO KOe(illieHT 3racaHHs XBMIb (Y3 3MIHIOEThCA B 3aJEKHOCTI Bill HATATY
TEKCTHUIILHOTO KOHTPOJILOBAHOTO TOJIOTHA, TOOTO Bifl 3MiHM Opi€HTAIlI] €lIeMEHTAPHUX BOJIOKOH B HOTr0O CTPYKTYPI,

TO HAONMKEHO WOro MOKIHUBO noJgaTu sK I[OGyTOK IIOYaTKOBOI'O KOG(I)iHiGZHTy 3raCaHHs 0{03. XBUJIIb Ta

CIIiBBiAHOIICHHS IOYATKOBOIO HATSTY Marepiaiy A0 HOro KiHuesoro sHaueHus P, | Py, y HacTynHOMY BUIIIsIi:

Pn.
a3 =~ aOs’._P - 2
K.

[TigcTaBuBIIM 3aNeXKHICTh Ui Koedirienta 3racands (3) B Bupa3 (2) MOXIMBO BH3HAYUTH MOJYJIb
KOMIUIEKCHOTO Koe(illieHTa MOB3/10BKHBOTO NPOXOXKEHHS YJIbTPa3BYKOBHX XBHJIb:

B 1
- > 2 ®)
14, P c, Kmgcosv, N Km,fcosv,

27 P, piC, P16

| nos.

3 OCTaHHBOrO BHpa3y MIA MOJIYNS KoedillieHTa IIOB3IOBXKHBOTO IPOXOMKEHHS MOXKHA BHU3HAYUTH
LIBUAKICTh yJIbTPa3BYKOBHUX XBWJIb B TEKCTHJIBHOMY MaTepiajii MOJIOTHA, sSKa MOXe 3MIHIOBATHCS B 3aJISKHOCTI BiJ
3MIHM PO3MIPSMICHOCTI BOJIOKOH. 3HAu€HHs I[i€i IIBUAKOCTI PO3MOBCIOJUKEHHS YJIBTPAa3BYKOBUX XBHJIb MOXKHA
MOJIATH SIK:

1 K m, f cos
27P. p.C,- B AR Riaad €3 RN |

2
. W, Py 0
2 a,, P, Km_cosv, ’

a IMMIOTOYHUM HATAT TEKCTUILHOTO MaTepiany MOXXHa TO,I[i BU3HAYUTH SK:

P Km
p - a,, P ¢, ,Cosv, . )
Km, f cos
27 p,C, - 1 : Vil 1
P1Cy

noes.

Ha puc.1 nokasani 3aexHoCTi 3MiHM wBMAKOCTI CQ XBuib Bij iXHBOi MoBepXHEBOi rycTunn Mg, a Ha
pHC.2 HaBEACHO MOBEPXHIO 3aJI€KHOCTI 3MIHU MOJTYJIsI |Wn06. | Bizl 3minm Harsary Py Ta noBepxHeBoi rycrunm

Mg marepiany.
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Puc. 1. 3anexnocTi 3MiHH IIBHAKOCTI C2 YJBTPa3BYKOBHX XBIJIb Bi/l iXHL01 MOBEPXHEBOI IyCTHHH mS

Puc. 2. HOBer]-lﬂ 3aJIe3KHOCTI 3MiHH MoayJas |Wn06 | MOB310BKHBOI'0 MPOXOKCHHH YJIbTPAa3BYKOBUX XBU/Ib Kpi3]> TEeKCTHJILHUIT

Marepian BiJ 3MiHH HATATY PK Ta MOBePXHeBOI IyCTHHH ms Marepiaay
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Ha puc. 1 nokasano, mo mBUAKICTe C2 yIbTpasByKOBUX XBHUJIb B CTPYKTYpi IIOJOTHA 3MEHIIYETHCS IIPU

361IbIICHH] TOBepXHEBOT rycTHHI Mg MaTepiamy Ta npu MeHmoMy Hatssi Py . Takox rpadik 3 puc.1 nokasye, mo

OinbIlia Mi>KBOJIOKOHHA MOPHUCTICTh MOXKE BIUTMBATH HA 3MEHIIEHHS IIBUAKOCTI XBUAb CQ B TEKCTHILHOMY IOJOTHI
IIpy H0T0 IOB310BXKHBOMY [PO3BYUYBaHHI.

Ha puc.2 HaBeleHa MOBEPXHS 3aJIEKHOCTI 3MiHM MOAYJIs |Wn06.| THOB3/JI0BKHBOTO MPOXOJKEHHS
YIBTPa3sBYKOBUX XBHIJIb Kpi3b TEKCTHIbHHMII MaTepian Bin 3minm Hatsary P Ta noBepxueBoi rycrunnm

Mg matepiany. IlokasaHo, WO NpU 30iNbIIEHHI IMOBEPXHEBOI I'ycTHHHM [Mg TEKCTUIBHOTO IOJOTHA aMILTITyJa

YIIBTPa3BYKOBUX XBHIIB, SIKa IPOTIOPIIiitHA MOJTYITIO |Wn06. |, Oy/le 3MEHIIYBaTHCh, a NPH 301MbIuenHI HaTArY P
TEKCTHITIO, HABIIAKH, AMIDTITY1a YIBTPa3ByKOBHUX XBUIIb Oy/e 301TbIIyBaTHCE.
BHCHOBKH 3 JaHOT0 AOCTIZKeHHS i MepCNeKTHBH MOJANBIINX PO3BIIOK Y 1aHOMY HANPAMI

[MpoBenenuii aHami3 IMmokasye, IO 3aCTOCYBAHHS YJIbTPAa3ByKOBOTO METONY KOHTPONIO 3 IOB3IOBXHIM
PO3IOBCIOKCHHSM YJIbTPa3BYKOBOI XBHJII Ja€ MOJKIIMBICTh BU3HAYATH MOTOYHHI HATAr TEKCTHJIBHOTO IMOJIOTHA 13

BHKODHCTAHHAM BUMIPIOBaHb aMIUIITy[M YJIBTPa3BYKOBOi XBHII Ta 3MiHHM ii mBuakocti CQ B CTPYKTypi camoro
Matepiamy. 3a 3MiHOIO MBHAKOCTI C2 pO3MNOBCIOKEHHS XBHIb B KOHTPOIbOBAaHOMY MaTepiaili Ta aMILTiTyIOHO

YJIbTPa3BYKOBUX XBUJIb MOXKHa 0E3KOHTAaKTHO BHU3HAYATH HATIT PK. TCKCTUJIBHOT'O MaTepiaﬂy 663HOC€pe}1HLO B

XOJ[i TEXHOJIOTIYHOTO MPOIIECY .
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