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KOHIYHU MJIACTOMIP JUISI AOCJILIKEHHS PEOJIOTTYHUX
BJIACTUBOCTEU KEPAMIYHOI MACH

Pesiome. Hageoeno KoHcmpyKkyilo KOHIYHO20 niaacmomipa Ons  OOCHIOJNCeHHA CMPYKMYpPHO-
MEXAHIYHUX 61ACMUBOCMET GUCOKOKOHYEHMPOBAHUX 2iuHucmux nacm. Onucano enemenmu CmeopeHoi Ha 1020
OCHOBI  IHQOPMAYIlIHO-GUMIPIOBANLHOT cucmeMy, AKA 3a6e3neyyc KOHmpolv KiHemuKu npoyecy 3aHypPeHHs
KOHYCa 8 cepedosuuye enuna—eooa. Haoano ingopmayiio npo KoHcmpyKyilo enekmpoHHOT 1 MeXaHiyHOT YacmuH
npunady ma npocpamue 3a06e3neyeHHs CUCHemMu.

Kniouosi cnosa: xoniunuii nnacmomip, peonoeiuHi 00CniodceHHs.

A. Panchuk, V. Melnyk

CONE PENETROMETER FOR RESERCHING OF CERAMIC MASS
REOLOGICAL PROPERTIES

Summary. The rapid development of the construction industry in Ukraine puts before the scientists
the task of modernization of clay mixture. This mixture in contact with production equipment causes its intense
wearing. Researching of the properties of clay mix is offered on the new design conic penetrometer. This design
provides an opportunity to explore the kinetics of the process immersing a cone in the studied material. The
movement of the cone is caused by its own weight and the weight of additional cargo. Research of the clay—paste
on the proposed penetrometer is carried out by measuring the number of pulse signals, which allow to monitor
in real time the relative linear movement of the cone. Information signals are produced by enkoder, which thanks
to the rubber wheel kinematically is connected to the spine of the cone. These signals are available in the
electronic unit of the proposed new penetrometer. The basis of the electronic block is a 16-bit digital signal
controller dsPIC30F4012 Microchip Technology Incorporated. The microcontroller program provides
continuous monitoring of the angular position of the kvadraturnogo of the JBIG encoder and transfer values at
timed intervals to the managing computer. To ensure communication between the computer and the
measurement device transducer interface UART-USB (model FT232R) is used in the integral performance of
production by Future Technology Devices International Limited. The control computer sofiware is developed in
the environment Borland C++ Builder using the drivers and libraries by the company Future Technology
Devices International Ltd. (FTDI). It provides access to USB-port through a virtual COM —port (VCP). This
program provides:

- opening of the required virtual COM-port;

- establishing of the port parameters and the frequency of sampling measurement,
- launching and visual control measurement;

- storage of measurement results in binary and text form.

The authors consider that the research of metrological characteristics of the measuring system,
clarification of the scope of its possible use and development of measurement methods will be next stage og
investigating.

Key words: cone penetrometer, reological propertis.

IocTranoBKa nmpo6aemu. Bunepepkarounii po3BUTOK OyIiBebHOT Tary3i B YKpaiHi
CIIOHYKa€e MOJEpHI3alliio ¥ po3IHMpeHHs BHPOOHUIITBA KEpaMiuyHOI IETTH. YMOBH poOOTH
oOJaTHaHHS TSI BUPOOHMIITBA IIETJIA XapaKTepU3YIOThCs MIBUIKAM 3HOITYBAHHSM POOOYMX
€JIeMEHTIB, SIKI 3HAXOSAThCS B Oe3MOocepeHhOMY KOHTAKTi 3 MOTOKOM TJIMHHCTOI CYMIIIi.
JlocmipkeHHST TIPOIleciB KOHTAKTHOI B3a€MOJIIi KepaMidyHOl MacH 3 JeTalssMu oOJiagHaHHS
noTpedye BU3HAUEHHS BIACTHBOCTEH TNTMHUCTOL cyMminm. J[1sl XapaKTepuCTUKH CTPYKTYPHO-
MEXaHIYHUX BJIACTHBOCTEH BHCOKOKOHIIEHTPOBAHUX TIIMHUCTUX MACT IPOMOHYETHCS PsI
METO/IiB, HAMpPO3MOBCIO/DKCHIIIUMHU cepell sIKUX € MeTonu [1]: a) 3MileHHs BepTUKAIBHO
MIJIBIIICHOI TIACTUHU; 0) 3pi3aHHs TJIUHSHOTO IWJIIH/pA, PO3MIIIEHOTO B JAaTyHHUX TPyOKax;
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B) KOHIYHOro riactomipa. 3a3Hauaerbesi [1], mo mpu poOOTi 3 TJIMHAMHU 3aCTOCYBaHHS
KOHIYHOTO IIJIacTOMipa Mae psiJT TiepeBar y MOPiBHSIHHI 3 IBOMA TEPITHMH METOIaMHU.

MeTo/1 KOHIYHOTO TUTACTOMipa MOJISATaE Y BUMIPIOBaHHI KIHETHKHU 3aHYPEHHS KOHYCa
B JIOCTI/DKYBaHE CEpEJOBHINE ITI J€I0 IOCTIHHOTO HaBaHTaKEHHS. Peamizamiss metomy
3JIIACHIOETHCS 32 JIOTIOMOTOIO CHeNiajIbHUX MPUCTPOIB — KOHIYHUX IIacToMipiB [2,3.4].

AHaJIi3 0CTaHHIX JocTiKeHb 1 myoaikamiii. KoHCTpyKIlisSs KOHIYHOTO IIacToMipa
BaXUTBPHOTO THUIY Oyja po3poOieHa min kepiBHuNTBOM I1.A PebGinmepa B MoOCKOBCBKOMY
Jep>)KaBHOMY YHIBEPCHUTETI JUISI BU3HAUCHHS IUIACTUYHOI MIIIHOCTI JUCIIEPCHUX CHCTEM 1 B
YJIOCKOHAJICHOMY BHTIJISIII BHKOPUCTOBYETHCS JIO IBOT0 Yacy [2]. 3arajioMm yaoCKOHAJICHHS
KOHCTPYKIIii HalpaBJieHi Ha 3MiHy MPUCTPOIB BUMipIOBaHHS IIMOMHU 3aHYpPEHHS KOHyca. B
CydacHHUX 3apyOiKHUX aHaJloraXx BHKOPHCTOBYIOTHCS €JIEKTPOHHI BHMIPIOBAIBHI MPUCTPOI
[4]. Bimomi Ha maHWii 9ac KOHCTPYKIIIT IJIACTOMIPIB 1 METOJIMKH iX BUKOPUCTAHHS MMPU3HAYCHI
JUIs BHU3HAYCHHS BEJIMYMHU OJHOTO TlapaMeTpa — TPaHUYHOTO HANpPYXKEHHS 3CYBY
JIOCITIJDKYBAHOTO MaTepiainy. AJjie T MOJICITIOBaHHS MpOIeciB (OpMyBaHHS KepaMidHUX
BUPOOIB HEOOXITHO 3HATH IHIII PEOJIOTIYHI HMapaMeTpH BHCOKOKOHIIEHTPOBAHUX TITMHHCTUX
1acT, sIKi MOXYTh OyTH OTpUMaHi B pe3yJbTaTi JAOCIIPKEHHS KIHeTUKU 3aHYpEHHsI KOHyca B
JIOCITIJDKYBaHE Cepe/IOBHIIIE.

Mera paHoi poGoTH monsrae B pO3poOJieHHI Ta BHUTOTOBJIEHHI IUIAcTOMIipa,
KOHCTPYKIIiS IKOTO 3a0€31eYnTh BUMIPIOBaHHS JHHAMIYHUX TapaMeTpPiB MPOIECy 3aHypeHHS
KOHYca B JIOCIDKYBaHUH MaTepial.

Buknan ocHoBHoro marepiamy. Ha ocHOBI mpoBeqeHOro aHamizy iCHYIOUHX
KOHCTpYKIIii B cepeoBui SolidWorks po3pobiieHa MojiesTs KoHIgHOTO TuTactomipa (puc.1).

Ha mumti 1 3MoHTOBaHa crilika 2, Ha sKiif XomyTamu 3 (QiKCyeThCsl BEpTHUKAIbHE
TIOJIOKCHHS IIacTHHH 4. Ha mmacTuHi KpinuThes JIHIMHAN TIIAIHAK S, SKAl 3a0e3rneuye
BiJIbHE BepTHKaJIbHE NepeMillleHHs] HanpsMHOI 6. J[o HanpsMHOT KpilTUThCs 3MiHHUAN KOHYC 7,
KW 3aHYPIOEThCS y TIMHUCTY Macy 8. llodaTkoBe MONIOKEHHS HAMPSIMHOI 3 KOHYCOM
¢ikcyetsest ctoopoM 9. Ilin yac mpoBefeHHS JIOCHiAy Mif Ji€l0 BJIACHOI Baru pyXxoMHX
JIeTaJled Ta JOJIATKOBHUX BaHTaXIiB, sIKI BCTAHOBIIOIOTHCS Ha 1uiatdpopmy 10, KoHyC
nepeMilaeThes 1 BTUCKY€EThCS B IIMHY. Ha Buxo/i eHkozepa 12, skuii yepe3 ryMoBe KOJIeCO
11 KoHTaKTye 3 HANPSAMHOK 6, (OPMYETHCS ITOCTIIOBHICTh IMITYJIbCHAX CHTHANIB, SIKi
JIO3BOJISIFOTH KOHTPOJIIOBAaTH B pPEAJTbHOMY dYaci BIJIHOCHE JIiHiIMHE MepeMillleHHs KOoHyca.

Pucynok 1. 3D monens mmactomipa: | — mimta, 2 — cTiiika, 3 — XOMyTH, 4 — IUTaCTHHA,
5 — niniitHM NiAMUTHAK, 6 — HanpsiMHA, 7 — KOHYC, 8 — ruHa, 9 — cTonop, 10 — mmardopma
1U1s BaHTaxy, 11 — rymoBe koseco, 12 — eHkoxep, 13 — kabenb, 14 — eneKTpoHHNI MOIYJTb

Figure 1. 3D model of penetrometer: 1 — bearing plate, 2 —rack, 3 — yokes, 4 — plate,
5 — Linear Bearing, 6 — directing, 7 — cone, 8 — clay, 9 - stopper, 10 — platform for cargo,
11 — rubber wheel, 12 — encoder, 13 — cable, 14 - electronic module
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[ndopmartiitni curnamm kabeiaem 13 momaroThest B eleKTpoHHUM Moxynb 14. KepyBanus
BUMIipIOBAITEHUM TIPHCTPOEM 3IIHCHIOETHCS 3a JIOTIOMOTOIO MTEPCOHATTFHOTO KOMIT IOTepa.

Taka BIIHOCHO HECKJaJHA KOHCTPYKIiSl TOTpeOdye HEBEIMKUX 3arpar Ha ii
BHTOTOBJICHHS ¥ 3a0e3redye HeoOXiAHy MOOUIBHICTh, 3PYYHICTH 1 TOYHICTH ITPOBEICHHS
JocHiiB. 3a paXyHOK BHUKOPUCTaHHS YHI()IKOBaHUX BY3JIB 1 CIPOIIEHOT KiHEMaTHKH,
MOPIBHSHO 3 CHCTEMaMH BaXKIJTBHOTO THITY, O MIHIMyMY 3HWXKYETHCS BILTAB CHJI TEpPTS Ha
pe3ybTaTu BUMIPIOBAHb.

[Tnactomip pasoMm i3 TEepCOHAIBHHM KOMIT FOTEPOM 1 BIJMOBIIHAM MpPOTPaAMHUM
3a0e3MeueHHsIM yTBOPIOIOTH iH(OPMAIlIITHO-BUMIPIOBATIBHY CHUCTEMY IS JOCIiIKEHHS
PEOJIOTIYHIX BIIACTHBOCTEH BHCOKOKOHIICHTPOBAHUX CHUCTEM TIIMHA—BO/IA.

BumiproBanibHa mifcucreMa Iutactomipa (puc.2) BKIoHae B ce0e  eHKoep,
CJICKTPOHHUI BHMIPIOBAIBHANA TPHCTPI 1 TEpPCOHAIBHHA KOMITIOTEp. 3B S30K MIX
KOMIT'FOTEPOM 1 BUMIPIOBAJILHUM MPUCTPOEM 3iiicHIOeThCsl 1o iHTepdeiicy USB uepes
iHTerpabHMiA iepeTBoproBad FT232R.

BumiptoBanbHuii NpucTpin
Measurement Circuit

PucyHok 2. dyHK1ioOHabHA CXeMa BUMIpIOBAJIbHOT CUCTEMU

Figure 2. Functional diagram of the measuring system

BHyTpimHsS cTpyKTypa €JNEeKTpOHHOI YacTMHU BHMIpIOBaJIbHO-1H(pOpMaiiHOT
CHUCTEeMHM IIOKa3aHa Ha pwuc.3. BumiproBalbHHN TpHCTpid TOOYJOBAaHO HA OCHOBI
BHCOKOTIPOAYKTUBHOTO 16-po3psiaHoro KoHTpojepa muppoux curHamiB dsPIC30F4012
¢ipmu  Microchip Technology Incorporated [5]. B sxocti eHkozepa B KOHCTpYKIii
BUKOPHCTOBYETHCS (doToenekTpuIHui MepEeTBOPIOBAY KYTOBHX nepeMilieHb
inkpemeHTabHOTO TUIy BE178AS5. PosnmimoBa 3matHicTh eHkozepa — 2500 iMITynbeiB Ha
onuH obeptr Bana. CurHamu A, B, Z 3 eHKojaepa HaIXOIsATh Ha OOpoOKYy B CHEIiabHUMA
inTep¢eiicanit Moy kBaaparypHoro eHkozaepa (IMKE / Quadrature Encoder Interface
Module) konTposepa. Ilepion BHOIpKkH 3HAaYSHHS KYTOBOTO IOJIOXKEHHS €HKOJIEpa 3a/1a€ThCs

lnama npunady
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PucyHnok 3. biiok-cxema BUMipIOBaJIbHOT CUCTEMH

Figure 3. Block diagram of the measuring system
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taiimepoM. [lepenaBaHHs i MpUAMaHHS JaHUX KOHTPOJIEpa 3IIHCHIOIOTHCS Y TOCTiI0BHOMY
BUJI uepe3 YHIBepCalbHUM acHMHXpoHHMU npuitmau-nepenaBad (YAIIIL / Universal
Asynchronous Receiver Transmitter (UART) module).

JUisl HanamTyBaHHs IApaMeTpiB CHCTEMH, KEpYBaHHs NPOLECOM BHMIDIOBAHHS B
pearpHOMY daci, 36ep1raHH5[ i TOMaJBIIOTO OTIPAIFOBAHHS 1H(1)opMau11 BUKOPHCTOBYEThCS
HepCOHaJ'IBHI/II/I komm’rotep (IIK / PC). Jlna 3a0e3meueHHsT 3B’SI3Ky MiXK KOMII IOTEpOM 1
BUMIPIOBAJILHUM IPUCTPOEM BUKOpPUCTaHO meperBoproBau iHTepdeticy UART-USB monemni
FT232R B iHTerpasibHOMy BHKOHaHHI BUpoOHHITBa (ipmMu Future Technology Devices
International Limited [6].

EnexTpoHHa yacTrHa BUMipIOBATbHOI CUCTEMH CKJIaJIeHa Ha OJHIHM JpyKoBaHil miaTi
3 BHKOPUCTAHHSIM TEXHOJIOTII MMOBEPXHEBOTO MOHTaXy (puc.4) i po3MillleHa B OKPEMOMY
IJIACTHKOBOMY KOPITYCi.

Pucynok 4. 3aransHuii BUTTIS €IEKTPOHHOT TUIATH BAMiPIOBAILHOTO TIPHIATY

Figure 4. General view of the electronic board of measuring device
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lMoyamok lNepepusaHHsi malivepa
Begin Timer Interrupt
| |

KoHgpieypauyjis cucmemu Mepedaya noauyii eHkoOepa
System parameters setup QE position transfer

|
Buxid 3 nepepusatHsi
Interrupt return

Mputiom komaHOU
Command received

Talimep exn? Yes

Timer on?

lyck/Cmon?
Start/Stop?

lyck matimepa 3ynuHka matimepa
Timer turn on Timer turn off
Hacmpotiika?
Setup?
Ob6pobka nomusnku daHux Hanawmyea+Hs matimepa
Processing of data errors Timer Setup

PucyHok 5. AIropuTMm nporpamMHoro 3ade3ne4eHHs1 MikpoOKOHTpoJiepa

Figure 5. Algorithm of microcontroller software

[Iporpamue 3a0e3nedeHHs] BUMipIOBATHHOI CHCTEMH CKIIANAETHCS 3 JTBOX OKPEMHX
YaCTHH:

e mporpamue 3a0e3neueHHs KoHTposepa mudposux curaaiis dsPIC30F4012;
e [porpama KepyBaHHS IpoiiecoM BuMiptoBanus ais [1K.

[Iporpama MikpokoHTposepa (puc.5) 3abe3nedye MOCTIMHUN KOHTPOJIb KYTOBOTO
MIOJIOKEHHSI KBaJpaTypHOTO €HKO/Iepa i mepeaBanHs 3HAYeHHS uepe3 3a/1aHi MPOMIKKH 4acy
Ha Kepyrouuii kowmi 'torep. OCHOBHA IANporpaMa B PEXUMi HECKIHYCHOTO ITUKIY 3a
KOMAaH/IO0 3 KOMIT IOTepa 3JIIHCHIOE HAJIAITYBAHHS NEPioAy BiUTIKY TaiiMepa, BBIMKHEHHS 1
BUMKHEHHS Taiimepa. llianmporpama nepepuBaHHs TaiiMepa BUKOHY€E Tepe/laBaHHs 3HAYCHHS
BHYTPIIIHBOTO JIIYMJILHAKA MOJTYJISI €HKOJIEpa Yepe3 aCHHXPOHHUH MOCTiIOBHU# iHTepdeiic.

[IporpaMue 3a0e3nedeHHs KEepPYHOUOTro KOMIT'IoTepa po3polJieHe B CepeIOBHIIN
Borland C++ Builder i3 BukopucTaHHsSM apaiiBepiB i1 0iOmioTek Bijg kommanii Future
Technology Devices International Ltd. (FTDI). FTDI wnamae naBa anpTepHaTUBHHUX
nporpaMHux iHTepdeiicu mans ramu cBoix Mmikpocxem USB-UART i USB-FIFO [7]. Onun
iaTepdeiic Hamae moctym jmo USB-mopty uwepes BipryameHuii COM-mopt (VCP), sxuit
3'aBIEThCSA B cucteMi. Jlpyrmii inTepdeiic, D2XX, 3a0e3mneuyeTbes 3a JOMOMOIOIO BIACHOT
DLL-6i6miotexkun (FTD2XX.DLL). Iatrepdeiic D2XX Hamae cnemianbHi QYyHKINI, sKi He
JIOCTYIIHI B CTaHJapTHiH onepauiiiHiii cuctemi COM nopTy, Takux, sIK yCTaHOBKa MPUCTPOIO
B IHIHM# pexumM abo 3anucy ganux y EEPROM npuctpotro.

Ha nmamumit wac peamizoBaHo mepmuii BapiaHT i3 BukopucTtaHHsM VCP, ockimbkn
BUKOPHCTAHHS CIEI[ialIbHAX MOXIMBOCTeH He mepeadadaerscs. llpum 1mpomy mporpama
3a0e3meuye:

e BiJKpHBaHHS HeoOXiqHOro BipTyasbHoro COM-mopry;
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e  HaJaropKEHHS IMapaMeTpiB MOPTY 1 YACTOTH BHOIPKH MPOIECY BUMIPIOBAHHS;
® 3aIYyCK i Bi3yaJIbHUH KOHTPOJIb BUMIPIOBAHHS,
e 30epiraHHs pe3yJIbTaTiB BUMIPIOBaHb Y OIHAPHOMY i TEKCTOBOMY BHTJISII.

PesyipTarom pearizaiii BCiX ONMHCAaHUX BHUIIE €JIEMEHTIB € BUTOTOBIICHA i BUIIPOOyBaHa
iH(opMaIliifHO-BUMIpIOBAJIbHA CUCTEMA, sIKa 300pakeHa Ha puc.6.

PucyHok 6. [HhopMalliiiHO-BUMiprOBajbHA cUcTeMa Ha 6a3i KOHIYHOTO MIIacTOMipa

Figure 6. Conic penetrometer based information-measuring system

BucnoBkn. Po3pobieHO Ta BHUIOTOBJIEHO IIJIACTOMIp, KOHCTPYKIiSI —SIKOTO
3a0e3MeUnTh BUMIPIOBAHHS KIHETHYHUX [apaMeTpiB TMpOIeCy 3aHypeHHs KOHyca B
JOCTipDKyBaHui  Martepias. HactymauM eramom  Oyjae  JTOCHIKEHHS METPOJIOTIUYHUX
XapaKTePUCTUK BUMIPIOBAIBHOI CHCTEMH, YTOYHEHHS 00JIacTi il MOXKJIMBOTO BUKOPHCTAHHS
Ta pO3pOOJICHHS METOIMKH BUMIPIOBaHb.

Conclusions. Thus, researching of the properties of clay mix on the new design
conic penetrometer is offered. This design provides an opportunity to explore the kinetics of
the process immersing a cone in the studied material. The next step is to study the
metrological characteristics of the measuring system, refinement of its possible use and
development of measurement techniques.
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