Marepiaaun XIX-MHTK «IIporpecuBHa TexHika, TeXHOJIOTisI Ta iHKeHepHa ocBiTay, 2018

YK 621.983

CUJIOBI PEXKUMU TA HAIIPYKEHO-IE®OPMOBAHUMN CTAH
BICECUMETPUYHUX 3TE®@OPMOBAHHUX 3AI'OTOBOK ITPH
BUTATYBAHHI TPAJUIIAHUM ITYAHCOHOM TA TYAHCOHOM
CIIEITAJIBHOTI'O ITPO®LJTIO
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Aupomauia. Memooom cKiHUeHHUX eleMenmie NPOoGeOeHUll AHANi3 BUMALYBAHHA MPAOUYIUHUM NYAHCOHOM MdA
NYAHCOHOM CReyianbHo20 NPoQinio GicecumMempuiuHux NOPONCHUCUX 8Upobie i3 Hepacasitouoi cmani. Bcmanosneni
3aNeHCHOCMI 3YCUNLTIA 8UMALYBAHHA MA 3VCUNLIA HA NPUMUCKAY] 8i0 nepeMiujeHHs nyancona. Busenenui nanpyoscenuti
cman 30ehopmMoBanUXx 3a20MOBOK NPU MAKCUMANbHIN 8eTUYUHT 3VCUNISL GUMAZYBAHHA, KiHYedUll 0eqhopMoanuti cmam
ma ¢opma i posmipu eupobis. I[Ipoeedene nopisHsAHHA Ompumanux pesyibmamie. Buxopucmanus nyancoua
cneyianbHo2o npo@ino npueooums 00 30LNbUWEHHS 3VCULIL BUMSAZY8AHHS MA 3MEHUEHHS! GeIUYUHU OCbOBUX
PO3MASYBANLHUX HANPYIICEHb Y  30ePOPMOGANINl 3a20mosyi npu eumseysanni. Brasami nepeeazu 003807si0Mb
SMEHWUMU BETUHUHU 3A30DI8 MIJC 3A20MOBKOI0 | NPUMUCKAYEM, MIJC NYAHCOHOM mMa Mampuyeio ma nioguyumu
moyHicme opmu i po3mipie supoois.

Knrouosi cnosa: sumseyseanns, mMemoo CKIHYEHHUX eNeMEeHMI8, NOPONCHUCIUL 6UpiO, NYAHCOH MPAaouyiuHuil,
NYAHCOH CneyianbHo20 NPoQinio, 3YCULIA BUMALYB8ANHS, HANPYHCEeHHS, Oepopmayii.

ButsryBaHHs BiceCUMETPHUYHUX TOPOKHUCTUX BUPOOIB i3 JIMCTOBUX 3arOTOBOK ITyaHCOHOM 3
NPUTHCKAYeM € IIUPOKO PO3MOBCIODKEHHH TPOLEC A OTPUMAaHHA IOPOKHHCTUX BHPOOIB
pizHOMaHITHOI KOH}iryparii. OgauM i3 croco0iB iHTeHCHIKaIlli BUTSATYBaHHS TOJISTAE B 3HIKCHHI
3ycuiisi aeopMyBaHHS, IO 3a0e3ledye 3MEHIICHHS OCBhOBHX DO3TATYBAJIbHUX HANpPYKECHb B
CTiHII 3/1e()OPMOBAHOI 3arOTOBKHU MpH (POPMOYTBOPEHHI, SIKi € MPUYNHOIO BIPUBY TOHHOT YaCTHHU
BKA3aHOI 3aroTOBKW. BukopucranHs JedopMylodoro iHCTPyMEHTY CHEHialbHOTO MPOQiso
MPUBOANTH JIO 3MEHIICHHS CHUJ TEepPTs Ha (OPMO3MIHY BUTATYBAaHHSM Ta 30UIBIINTH CTYIIiHB
nedopmariii 3a onun nepexif [1-2].

Metoto poOOTH € BCTAaHOBIICHHS 1 TOPIBHSIHHS MapaMETpiB BUTIATYBAHHS BiCECHMETPHYHHX
MOPOKHUCTUX BUPOOIB TPAAULIIMHUM MTyaHCOHOM Ta ITyaHCOHOM CIEI[IaJIbHOTO NpodiIIo.

Cxema BUTATYBaHHS MMOPOKHUCTOTO BUPOOY MyaHCOHOM CIICLIaIBHOTO MPO(ITI0 Ta 3HIMAHHS
BUpOOY 3 MyaHCOHa 300paxxeHi Ha puc. 1. Ha puc. la npuBenena cxema BuTsATyBaHHs. JliBOpyd Bin
BiCl cMMeTpii MoKa3aHe MOJIOKEHHS Ha IMOYaTKy BHUTATYBAaHHS, MPABOPYY - TICIS BUTITYBaHHS.
Buxigna nucroBa 3arotoBka 1 mgiametpom Dy 1 TOBHIMHOIO S, pO3MillleHa MiX MaTpuier 2 Ta
nputuckadeM 3. Marpuiig 2 BCTaHOBJICHA HAa HWDKHIA TUIMTI 4 mTammna. Takok B HYDIKHIA TUTUTI
mITaMmna po3MilleHi 3HiMaul 5, SKi CIHUPaloThCs Ha MPYXKUHMU 6, Ta BKpyueHa BTyJKa 7. 3ycuiuis
nedopMyBaHHSI MPUKIAIAIOTH 33 JIONMIOMOTOI0 MyaHcoHa &. BenmnunHa 3a30py MiX ITyaHCOHOM 1
MaTpuner z,=S,. bokoBa moBepxHs myaHCOHa AiameTpoM D, yTBOpeHa NMEPETHHOM TOPiB, IO
MaroTh nepepisi aiametp d,. [lyancon mae paniyc 3aokpyriieHHs 7;;. Kpok po3ramnryBaHHs TOpiB Ma€e
BenuuuHy t,. [lpu BUTATYBaHHI BiIOYBAE€THCS TMOTOBIICHHS CTIHKU 3/1€()OPMOBAHOI 3arOTOBKH.
3aBIsSKU LILOMY B 3a30pi Z, Ipu (HOpMOYTBOPEHHI METal 3alOBHIOE BIIAQJAMHU HA OOKOBi MOBEPXHI
MyaHCOHa 1 CTBOPIOIOTHCS TATHYYE 3YCHIUIS 3a CTIHKY 37€()OpMOBaHOI 3arOTOBKH, IO 3a0e3medye
3HW)KEHHS PO3TATYBAJIHUX HAINpy)KeHb B HEOE3NEUHOMY Iepepi3i CTIHKU Ta OTPUMaHHs BHPOOY 9,
SKUW Ma€ TOBIIMHY CTiHKA S,=S,. 3HIMaHHSA BUPOOy 3 IIyaHCOHAa BHUKOHYETHCS IIPU HOTO
3BOpPOTHOMY nepeminieHHi (puc. 16). Ilpuy 1npoMy mNpOXOoAWTh BUPIBHIOBaHHS BHCTYIIB Ha
BHYTpIIITHIA TOBEpXHI BUPOOY, OCKUIBKK jaedopMallisi 30BHINIHLOI MOBEPXHI BUPOOYy OOMExeHa
BTyJIKOIO 7. BumroBxyBaHHs BHpoOy 13 BTYJKHM 7 BiOyBaeThCsl NMPU BUTATYBaHHI HACTYITHOI
3arOTOBKHU.

BceraHoBneHHs mapameTpiB NPOBOAMIM HUIAXOM MOJETIOBAaHHS METOAOM CKIHUECHHHMX
esleMeHTIB 3 BukopuctanHsaMm nporpamu DEFORM. Bursarysannio i3 koeginienrom teptsa u=0,08

128



Cexuis 2. Pecypco36epiraroui npouecu njacTu4Hoi 00pooxku martepiajiiB

no Kynony Ta mBuakictio neopmyBanHs V,=7 MM/cek mianasraiu JMCTOBI 3aroTOBKH 13 ctaii AISI
304. Po3mipu BuxigHoi 3arotoBku: Dy=199 mm, Sy=1 MM. Po3mipu myaHcoHa Ta Matpulli OpH
BUTATYBaHHI

7/

a 0
Puc. 1 — CxeMu BUTSATYBAHHS MOPOKHUCTOr0 BUPOOY MyaHCOHOM cIleHiaJbHOr0 NMpogiiio Ta 3HiMaHHS
BHPOOY 3 IyaHCOHA: a — CXeMa BUTATYBaHH#A, 0 — cXeMa 3HIMaHHS

TPAIULIIMHAM IMJIIHAPUYHUM IyaHCOHOM Oynu HactynHi (auB. puc. 1): D,=106,1 mm, ;=10
mMm, D,,=108,5 mm, 1,=10 mm, h=20 mm. Ilpu 1OMY BEIMYMHU 3a30piB MK MATPHUICIO 1
MPUTUCKAYEM Ta ITyaHCOHOM 1 MaTpHUICl0 CKiIamanu BimmosimHo z=1,3 1 z,=1,2 mMm. bokxoBa
MOBEPXHS MyaHCOHA CIEIaTbHOTO MPOQUII0 YTBOPEHA MEPETHHOM TOPIB JiaMeTpoM d=8 MM 3
KpOKaMH po3TamryBaHHA t,=2 MM. JliameTp myaHcoHa cremiaasHoro npodimo D,=106,5 mwm,
paniyc 1;,=10 mMm.

Ha puc. 3 300paxeHi B po3pi3i po3paxyHKOBI MMOJOKEHHS 1e(POpPMyIOUOTO 1HCTPYMEHTA MPH
BUTATYBaHHI 3P0} iIbOBaHUM ITyaHCOHOM. [1o0)keHHS Ha MOYaTKy BUTATYBaHHS MTOKa3aHEe Ha pHC.
2a. Buxigna 3arotoBka 1 MDK Marpuiieo 2 Ta mnpuTuckadeMm 3. 3ycwuis aedopMyBaHHS
MIPUKIIAIAI0Th 32 JOMOMOT0I0 IyaHcoHa 4. Ha puc. 26 moka3aHo MOJIOKEHHS [TPU MaKCUMaJIbHOMY
3HAYCHHI 3yCWUIS BUTATYBaHHS. [lOJIO)KEHHS B KIHIII BUTATYBaHHA 3 OTPUMAHHIM BHUPOOY 5
HaBezieHe Ha puc. 2B. Ha puc. 26 300paxene micis 3HIMaHHS BHpPOOy 3 IyaHCOHA 3a JTOTIOMOTOIO
3HIMava 6. Bupi0 3anumaeTscs y BTY/II 7 Ta BUIITOBXYETHCS 3 HEl HACTYIMHOIO 37¢()OPMOBAHOIO
3aroTOBKOIO.

Ha puc. 4 moxkaszaHi 3aJ€XHOCTI 3yCHJIb BHUTATYBaHHS Bij NepeMilleHHs TyaHCOHiB. Ha
noyaTky (OPMOYTBOPEHHS BHIVIAJ 3alie)KHOCTEH [UIs BUTATYBaHHA PI3HUMHU IyaHCOHAMU
MPaKTUYHO OJHAKoBuHM. [Ilpu BUTATYBaHHI TpaJULIAHUM IIyaHCOHOM 3YyCWJUIS JOCATae
MakcumanbHoi BenmuuHM 190 xH npu nepemimenHi myaHcoHa 32 MM, a TpU BUTATYBaHHI
MMyaHCOHOM CITeliaJIbHOTO TIpo(iyIf0 oTprMaHa MakcuManbHe 3HaueHHs 404 kH npu  mepemimenHi
58 MM. 3anexHOCTI 3yCHilb, IO CIPUIMAIOTh MPUTHCKAY] IIPU BUTIATYBaHHI PI3HUMH ITyaHCOHAMH,
300pakeHi Ha puc. 5. BenmmunHM 1UX 3yCWIJIb NMPOTSATOM BUTSATYBAaHHS OJHAKOBI. MakcHMalbHI
3Ha4YeHHS 3ycwib 28 KH oTpumani npu nepeMiiieHHi MyaHCOHIB Ha 57 MM.
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1Y P

B r
Puc. 3 — Po3paxyHKoBi 10/105keHHS B po3pi3i 1epopMyI0ouoro incTpyMeHTa NPU BUTATYBAHHI
3n1podiTbOBAHUM ITYaHCOHOM: 2 — HA MOYATKY BUTATYBAHHSA, 0 — IPH MaKCUMAJIbHIill BeJIMYUHI 3y CHILISA
BUTSATYBaHHS, B — B KiHIli BUTSITYBAHHS , T - MicJis 3HiMaHHs BUPOOY 3 MyaHCOHA
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nepeMillleHHsI MyaHCOHA Bi/I nepeMileHHsI MyaHCOHA
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Puc. 6 — Po3noai/in 0CbOBUX HANIPY:KeHb 0, Y 3Ae()OPMOBAHUX 3ar0TOBKAX MPH MAKCHUMAJIHLHOMY
3HAYeHHi 3yCHJIJISl BUTSITYBAHHSA: a — IPH BUTATYBaHHI TPa Uil HUM yaHCOHOM, 0 — NPH BUTATYBaHHi
MyaHCOHOM creniajsHoro npogiaio. Po3mipu no Bicsax mokaszani B MijlimeTpax

MaKCUMAaJIbHUX 3HAYCHHSX 3YCHJUIS BUTSTYBAHHS I PO3MIIHYTHUX BapiaHTIB yaHCOHIB. TOHKHUMHU
JHISIMA TIOKa3aHuK nedopMyrodnii iHCTpyMeHT. Po3moaim iHTEHCHUBHOCTI nedopmamid & y
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CTIHKaxX BHPOOIB, OTPUMAHMX PI3HUMH ITyaHCOHOM 300paxeHi Ha puc. 7. Popma 1 po3mipu
MOJIOBUHU BHPOOY 300pakeHi Ha pHc. 8.
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Puc. 7 — Po3nogiiu inTeHcuBHOCTI AepopMmaniii & y cTinkax BUPOOiB: a - po3noain & y BUpoOi micsst
BUTATYBaHHA TPAAULIHHAM IyaHCOHOM, 0 — po3moain & y BHPOOI mic/isi BATATYBAHHS yaHCOHOM
cneniajabHOro npodisro
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Puc. 8 — ®opma i po3mipu nonoBuHM BUPOOiB: a — mic/isl BUTATYBAHHSA TPAAMUiAHUM MyaHCOHOM, § —
NicJisl BUTSTYBAHHSA MYAaHCOHOM CHeliaJIbHOr0 NPOogiIo

BucHoBku. 1. [IlpoBeneHWil MOPIBHSJIBHMIA aHali3 BUTATYBaHHS BiCECHMETPUUHHUX
MOPOKHUCTUX BHUPOOIB TPaIUIIfHUM IyaHCOHOM Ta ITyaHCOHOM CIeliaJibHOro mpodimo. 2.
BcraHoBiieni BenWYMHM 3yCHJIb HAa TIYaHCOHI Ta MPHUTHCKa4dl MPU BUTATYBaHHI, HAMpPY>KEHO-
neGopMOBaHMIA CTaH 3aroTOBOK Ta BUSBJICHO KIHIEBY GopMy i po3mipu BupoOy. 3. Bukopucrtanus
IyaHCOHA CMEUiaJbHOr0 MPO(iI0 MPUBOIUTH 10 3HIKEHHSI OCbOBUX PO3TATYBaJIbHUX HANpyKEHb
B HeOe3neuHoMy Tiepepisi 31eopMOBaHOI 3arOTOBKH B MOPIBHSIHHI 3 TPAIUIIHHOIO ITyaHCOHOM Ta
3abe3mnevyye OTpUMaHHS BUPOOY 31 CTIHKOIO TIOCTIHHOTO pO3Mipy IO BHCOTI.
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BUTATYBaHHA 3 TOTOHIICHHSAM 3MpOQLIEOBAHAM ITyaHCOHOM ITOPOKHUCTUX 3aTOTOBOK Ticis BuaaBmoBanas / B.O.
Kamtoxnanit, C.C. Cokonoscrka // Bicauk HTY «XIIl», Cepist «IHHOBamiiiHI TeXHOJOTII Ta 00IamHaHHS 00pOOKH
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SYSTEM FOR REGISTRATION RADIAL FORCES FOR METAL
SPINNING PROCESES

V.V. Pimanov!, V.S. Kurihin?, A.V. Savchenko!, R.L. Rusakov'
1 - Igor Sikorsky Kyiv Polytechnic Institute, Kiev, Ukraine
2- Director of LLC «SDD «LEGIONy, Kiev, Ukraine

Abstract. For experimental metal spinning processes on turning machines we need measure radial forces of
forming tool. This forces we need known for safe turning machine from overloading, and also we can increase lifetime
of machine parts and forming tools.

Keywords: spinning processes, radial forces, strain gauge, Wheatstone measurement bridge, Arduino Uno.

We have designed the special system for measuring radial forces of metal spinning process.
Fig. 1 shows the scheme of this system.
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Fig. 1. Scheme of system for registration radial forces for metal spinning processes

Registration system consist of next parts:

1. Forming tool — includes the tool body and the forming roll which connected with the axis
pin. Body of forming tool have stress concentration slots, which allows increase body strain of
metal spinning process forces on the place where mounted strain gauges.

Approximate force of forming tool during metal spinning process we have calculated in the
simulation software system — DEFORM-3D [1]. This calculated force was used for design tool
body geometry during static structural analysis in the software complex — SolidWorks, which
include CAE add-on for the finite element analysis — SolidWorks Simulation.

The goal of this analysis is design optimal tool body geometry and get biggest strain of tool
body in places for strain gauges during work process. Also this force must don’t exceed strain limit
of strain gauges (2%) and proportionality limit of tool body material.

2. Four strain gauges BF350-3AA are installed on special place of forming tool. This strain
gauges are film resistors deposited on a thin, flexible carrier material. The film is very thin, so it can
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easily be stressed (strain is limited to about 1073). Fig. 2 shows general layout of a thin film strain
gauge. [2]

Fig. 2 General layout of a thin film strain gauge

Wheatstone measurement bridge consists of four strain gauges which are connected to HX711
ADC Module.

Table 1
Technical characteristics of strain gauges BF350-3AA.
Nominal resistance 350 Ohm
Tolerance of resistance <=£0,1%.
Gauge factor 2,0-2,20
Dimensions 7.1 mm x 4.5 mm

3. Amplifier HX711 — is a precision 24-bit analogue to-digital converter. This chip works
directly with a bridge sensor. By connecting the amplifier to Arduino microcontroller we will be
able to read the changes in the resistance of strain gauges.

Table 2
Technical characteristics of Amplifier HX711.
Operation Voltage 5V
Output data rate 80 Hz
Output of data 24 bit
Operation Current <10 mA
Differential input voltage ~40 mV
Selectable gain 2;64; 128
Selectable output data rate 10 Hz or 80 Hz

4. Arduino UNO R3 — is a microcontroller board based on the ATmega328 [3]. The USB port
of the Arduino Uno can be connected to a desktop/laptop.

Table 3
Technical characteristics of microcontroller Arduino UNO R3.
Input voltage 520V
Flash Memory 32 kb
SRAM 2 kb
EEPROM 1 kb
Digital I/O Pins 14 (6 PWM outputs)
Analog Inputs 6
Clock Speed 16 MHz
Interfaces UART TTL, 12C (TWI), SPI
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