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AKICTb TOYIHHSA BAI'ATOPIBHEBUMHU I'OJIOBKAMM 3 IIPY KHUMHN
HANIPAMHUMMU U EJEKTPOMATI'HITHUM ITPUBOAAMMU

Pe3tome. 3anponoHoeaHo excnepumeHmaivHy YCMAHOBKY, U0 CKAA0AeEMbcsa 3 0azamopizyegol 207108Ku
a0anmueHo20 Muny 3 NPYACHUMU HANPAMHUMU O MOHKO20 MOYIHHA, 8 AKIl KepYy8aHHs NOJIONCEHHA pi3yie y npoyeci
00pobKu 8i00y8acmvcs uepes eneKmpoOMAazHIMHUL OBOHANPABIEHUN NPUBOO DPI3Yempumavié 3 MIKPOKOHMPOAEPHUM
iHmMeneKkmyanoHumM Kepyeawusam. ExcnepumenmansHo 008e0eHo eheKmueHiCmb GUPIGHIOGAHHS 3VCUTb DI3AHHS 3
00NOMO20I0  pO3pO6NIeHOi YCMAHOBKU HA OCHOGI Ql2OpUmMMIE Kepy8aHHs, wo nepedbayaiome cmadinizayi sk
PIBHOOIHOI 0CbOBUX CKIAO0BUX CUT, MAK | CYMAPHUX NepeMiujeHb Pi3anbHUuX eleMeHmis.

Knrwuoei cnoea: bOazamonezosa o06pobrka, mexampowHi [HCMPYMEHMANbHI 20J08KU, MIKpONPOYeCOpHAa
cucmema Kepy8aHus, npeyusitiHa MexaHixa.

I. Lutsiv, V. Sharyk

QUALITY OF TURNING USING MULTIEDGE HEADS WITH ELASTIC
GUIEDES AND ELCTROMAGNETIC DRIVES

Summary. The paper deals with experimental facilities including adaptive type multi edge head with elastic
guides for fine turning. The adjustment of the head cutting edges positions in the process of machining is performed by
two- directional electromagnetic drives with micro controller based on intellectual control. The algorithm and software
control program to solve the problem of automated accuracy supply of the parts machining technological processes are
given. It is established that the proposed head operation makes possible to provide high level response to momentary
changes of cutting force components at cutting edges as well as cutting forces stabilization. It is also possible to control
the feed change of each cutting tool and to obtain the vibration less high precession cutting process of fine turning.

The experimental research was carried out to prove the efficiency of cutting forces equalization, when using
the constructed facilities on the base of control algorithms, that cover either the resultant axial forces maintenance or
summarized displacement of cutting edges. The conducted analysis allows to conclude that using of multi edge head
with cutting forces equalization mechanism influences on the efficient increasing of the technological machining system
rigidity. This in its turn makes possible to decrease the influence of cutting forces components on the part
manufacturing accuracy.

The parameters of the machined work pieces roughness as well as the geometric shape accuracy were
investigated using profilometer-profilograph of 296 model and roundness measuring machine BE-20A. As a result this
research testified the multi edge head working efficiency and adequate correspondence of experimental and theoretical
investigations (the error is from 10 to 30%).

It makes possible to decrease the chip-cutting time and non-productive machine time and to increase of the machining
productivity while providing the necessary machined surface quality.

Key words: multi-edge machining, mechatronic tool heads, microprocessor-based control system, precession
mechanics.

IMocranoBka mnpo6iaemun. CydacHuil cTaH MaIMHOOYIyBaHHS B YKpaiHi MOTpedye
YB@XHOTO CTaBJICHHSI JI0 BUITYCKY TE€XHOJIOTTYHOTO OCHAIIEHHS MeTamoo0poOHoro obsamnanus. B
JAaHWH 4Yac y 3B'S3KY 13 3a0e3MeUYeHHSIM KOHKYPEHTOCHPOMOXKHOCTI BITUM3HSHOI HMPOAYKINI SK Ha
BHYTPIIITHROMY, TaK 1 Ha CBITOBOMY PHHKAX JI0 il SKOCT1 CTaBJISITHCS BUCOKI BUMOTH.

3aBMaHHS ~ MIJBUIIEHHS  TEXHIKO-€KOHOMIYHOT  e(eKTHBHOCTI  IpOLECIB  pi3aHHA
BHUPIIIYEThCSI OJHUM 13 TaKWX METOJIB: TPHU3HAYEHHSM 3MIHHUX DPEXHMIB pi3aHHSI 3
BUKOPUCTAHHSM EMITIIPUYHAX METOJIUK 1 METOAMK, IO BPAaXOBYIOTh TUIBKM OJUH 3MIHHHA
napamMeTp; UUIIXOM BUKOPUCTaHHS BY3bKOCIENIaTi30BaHUX BepcTaTiB a00 MPUCTOCYBaHb;
BUKOPHUCTAHHSIM CHCTEM aJJaITUBHOTO K€PYBaHHS MPOIlECOM pi3aHHs. JIMHaMiuHA 3MiHA PeXUMHUX
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yMOB OOpOOKM B CHCTeMax aJalTMBHOTO KepyBaHHsS BiOyBAaeThCsl HA OCHOBI IOCTIHHOTO
MOHITOPUHTY TIPOIIECY pi3aHHs, IO JIO3BOJISIE BpaXOBYBATH HABIiTh Ti (DAKTOPH, SIKi € HEBIIOMHMH
Ha eTarli TeXHIYHO1 MiAr0TOBKY BUpOOHUIITBRA [1].

AHaJi3 oCcTaHHIX JocCaiKeHb i myoaikamiii. [Ipu oOpoOIi MoBepXoHL OOCpTaHHS IS
MiIBUIICHHS 11 epeKTUBHOCTI 1 3a0e3MeueHHs] BUMOT JI0 TOYHOCTI BUTOTOBJICHHS JIeTaiell JOULTHEHO
3aCTOCOBYBATH aBTOMATH30BaHE BEPCTATHE OCHAINCHHS 1 OCHAIEHHS ajganTtuBHOTO TUMy [2]. CyTh
CaMOHAJIaro/KyBaJIbHOTO Pi3aHHsI MPH [IbOMY IOJISITa€ B TOMY, IIO OAHAKOBUM DI3aJIbHUM Ji€3aM,
SIKi pO3MIIIIEHI CUMETPUYHO BiJHOCHO 0OpOOIFOBAaHOI TTOBEPXHi, 3a0€3EYCHO 110 OJHOMY CTYIICHIO
BIJIHOCTI B HANpsIMKY, SIKM{ CHIiBIaJa€e 3 HANPSIMKOM I10J1adi, @ 3a3Ha4yeHi jie3a OB si3aHl MiX
c00010 B IIbOMY HAIpPSIMKY 3 JOIMOMOIOI0 MEXaHi3MiB YH 3ac00iB, SIKi 3MIHCHIOIOTh KIHEMATHIHHMA
MDKIHCTPYMEHTAJIBHUN 3B’S30K agantuBHOro tumy [3]. B 3aranpHiil CTpyKTypi TEXHOJIOTiUHOL
CHUCTEMH pi3aHHS TaKke BepCcTaTHE OCHAIICHHS HOCHTh BU3HAYAIBLHUN XapakTep [4].

[Ipu po3poGieHHi # mNpoeKkTyBaHHI 0araTOpi3[EBOrO OCHAIIEHHS BUHHKAE BeJIHMKa
KUTBKICTh MOJKJIMBUX BapiaHTiB (YHKI[IOHABHUX CXeM 1 KOHCTPYKIii. Mera NpoeKTyBaHHS
HOJISITa€ y MOIIYKY i BUKOHAHHI ONTUMAIbHOI KOHCTPYKIIiT 6araTopi3ieBoro OCHaIleHHsl Ha OCHOBI
BHOOpPY CTPYKTYPHOI CXeMH, IO OyJje BiJMOBITATH ITiIBHINEHHIO MPOIYKTHBHOCTI W TOYHOCTI
BepcTaTiB 1 ocHameHHs [5]. MoXHa BUAUTUTH OCHOBHI HAINpPSIMKH MOIIYKY TEXHOJIOTIYHHX 1
KOHCTPYKTUBHHX PillleHb, SIKI IMOJIATAIOTh Y SIKICHINA 3MiHI KOHCTPYKIIiH MeTaJIOpi3aIbHUX BEPCTATIB
Ta 1HCTPYMEHTIB 1 3HAQUHOMY IiJIBUIIEHHI NMPOJIYKTUBHOCTI # TOYHOCTI BEpCTATiB 1 OCHAIEHHS,
peaitizarii TEXHOJIOTII IMBHIKICHOI 0OOpOOKHW, IHMPOKid yHidikamii BepcTaTiB, BHKOPUCTAHHI
NPUHIIMIIB arperaTHO-MO/IyJIbHOTO KOHCTPYIOBAHHS 1 3aCTOCYBaHHSI MEXaTPOHHUX CHCTEM.

Meta po6orn. Ha OCHOBI eKcliepuMEHTAIBHUX JIOCIIPKEHB 3 JIOMOMOTO0 pO3po0JIeHOT
JIOCHTIIHOT YCTAHOBKH 3a0€3MEUUTH MiJBUINEHHS €(eKTUBHOCTI OOpOOKM 30BHIIIHIX MOBEPXOHb
o0epTaHHS MUIIXOM BCTAHOBJICHHS 3aKOHOMIPHOCTEH BILIUBY MIKIHCTPYMEHTAJIBHUX 3B’ SI3KiB Ha
nporiec 6araTosie3oBoi 0OpoOKH Ta X BUKOPUCTAHHS Ul CTBOPEHHsI 0aratojie30BOro OCHAIIEHHS
QIalITUBHOTO THUITYy, CTBOPEHHS 3 IMUPOKAMH TEXHOJOTIYHUMH MOMJIMBOCTSIMHU OaraTopi3ieBoi
TOJIOBKH, B SIKifl IIISIXOM BHKOPHCTaHHS €JIEKTPOMArHiTHOTO MEXaHi3My KepyBaHHS OChOBUMH
CKJIQJIOBIMH CHJI pi3aHHsI 3a0e3medyBayiacsi O BUCOKA YYTIHMBICTh JO MUTTEBUX 3MiH CKIIQJIOBUX CHIT
pi3aHHS Ha pi3lX, cTaOlTi3allisl CUJI pi3aHHs, a TaKoXX MOXKJIMBICTH KepyBaHHS 3MIHOIO MOJay Ha
KOXKHOMY 13 Pi3I[iB i OTpUMaHHS BiOpaIlifHOTO pi3aHHS.

HocTranoBka 3amavi. OCHOBHMM TPHHIUIIOM, 3aKJIaJ€HUM B 1/€I0 MPOrPECUBHOT
0ararose30Boi OOpOOKHM aJalTHBHOTO THITY 3 €JIEKTPOMAarHiTHUM IPHBOJIOM, € Te, o0 Oy
BpaxoBaHi iH(opMarliiiHi ¥ AMHAMiYHI BIACTUBOCTI BCIX €JIEMEHTIB CHCTEMH, IO (PYHKI[IOHY€E Ha
OCHOBI TPWHIMITY 3BOPOTHOTO 3B'SI3KY, JUIsI BUKOHAHHS IUJTLOBOTO 3aBIaHHS, a caMme IS
3a0e3neueHHs] peryJroBaHHs MepexiHuX mporeciB pizanus. [IpyxHi gedopmartii, ki HeraTHBHO
BILIMBAIOTH Ha MIOPCTKICTH IMOBEPXHI JeTall, PO3MIpHY TOYHICTh, TOYHICTH ()OPMHU, XBHJISCTICTD,
CTIMKICTh IHCTPYMEHTY Ta JIOBIOBIUHICTh BepcTaTa MPU3BOISTH JI0 MOTipIIEHHS TOYHOCTI Ta SIKOCTI
MTOBEPXHi, a TAKOX 3MEHIIICHHS TPOYKTHBHOCTI METAI000POOITIOBAHOTO 0018 THAHHS.

Jlnst BUpilIeHHS O3HAUEHMX 3aJa4 Ha OCHOBI NMPOTHO3Y ¥ aHaji3y PO3BUTKY CYYaCHUX
KOHCTPYKIIH TOpSA i3 YIOCKOHAJICHHSM TEXHOJOTT 0OpOOKH, IHCTPYMEHTIB pPO3pOOJISIOTHCS
IPUHIIUIIOBO HOBI MEXaTpPOHHI TOJIOBKM, Ha 0a3i iHTerpamii 3aco0iB Mpenu3iiiHOl MeXaHiKH,
€JICKTPOHIKH, SJIEKTPOTEXHIKH, 30KpeMa JiIsl 0aratopiseBoi 0OpoOKH aIalTHBHOTO THITY.

PesyasTaTn pocaimkens. Ha kadenpi KoHCTpyroBaHHS BepcTariB, IHCTPYMEHTIB Ta
MamuH TepHOMIBCHKOr0 HAIIOHAJIBHOTO TEXHIYHOTO VyHiBepcuTeTy imeHi IBama Ilymros
po3pobiieHo HGaraTopisieBy roJoBKY (puc.l) Ta eKcepuMeHTAIbHY YCTAaHOBKY JUIS 11 TOCIiKeHHS
(puc.2). T'osoBKka ckiagaeTbes 3 Kopiycy 1, y sskomy depe3 120° po3mimeri Tpu pisneTpuMadi 2,
SKi 3a JIOMOMOTOIO0 TPY)XHUX IUIACTUHYACTUX HANpsSAMHHUX 3 3'emHaHmil i3 kopmycom 1. VY
pislieTprMadax 2 BCTAHOBJICHI BHCTaBIIeHI Ha po3mip pi3mi 4. PismerpuMadi jXOpcTKO 3'€qHAHI 3
SIKOPSIMU €JIEKTPOMArHiTIB 5, 1 I1i €JIeKTPOMAarHiTH HEPYXOMO MPHUKPIIJIeHi 10 Kopiycy. Ha sikopsix
BCTAQHOBJICHI TPYXKHI €JIEMEHTH Yy BHIJII IDIACTHH 6, TPUYOMY IIi IUIACTHHU  OCHAIICHI
TEH30METPUYHUMH JaBadyaMu 7. EJeKTpoMarHitTé, sk BUKOHABYI OpraHM Ta MPY)XHI €IEeMEHTH 3
TeH30MaTYNKaMH, 3'cHaHi 3 cucteMoroYITK.
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Pucynok 1. Cxema KOHCTpYKLii 6araTopizLieBoi roJOBKH 3 MPYKHIMHU HAPSIMHUMH Ta eJIEKTPOMarHiTHAIM MPUBOIOM

Figure 1. Scheme of multi edge head with the elastic guides and electromagnetic drive

biiok-cxema excriepuMeHTaIbHOT YCTAaHOBKY HaBeJIeHA Ha pUC.2.

Cucrema pizannss CP Bxmowae B cebe BepctaT 1, mpucrocyBaHHS 2, 3aroTOBKY 3,
OaraTopisIeBy TOJIOBKY 4 3 IPYXHHUMH HallpSIMHUMH 5 Ta ellekTpoMarHitamu 6 i cuctemy UIIK 7.
Jlo ocranHboi BxoJaTh migcuimoBad II, kepyroumii mpuctpiii KII, matumk neysromxenus JIH,
Mikpomportecop MIT Ta kmoui kepyBanHs KK. ExcneprMeHTadpbHa yCTaHOBKA TaKOXK BKITIOUAE
6mox xuBieHHs B 1 cucremy kepyBaHHS Ta peecTpamii y BHUIVISII MEPCOHAIBHOTO KOMIT'IOTEpa
I1K. ¥ xepyrogomy npuctpoi Ta B I1K 3ammcani mporpamu 0oOpoOKH.

VY mporeci 06poOKkK Ha BepcTaTi BHCTaBIEHO Hojady cymopta S,. Ilomaui sk oxpeMux
pi3miB Sy/3 i Ji€r0 3MIHHUX CKJIQJIOBUX 3YCHIIb pi3aHHs Pxj y HEBEIMKUX MeXax 3MIHIOIOTHCS Ha
BenumnHy +0;. L1i Benmuunnu dikcyrots natunku nonoxxenHs JI1 i mo minii 3B0poTHOTO 3B'S13KY 33
yepe3 mijcwmoBavi Il mojaroTh CHTHAIM Ha JaT4dKM Heys3rojpkeHocTi JIH, B sSKAX Kepyrodwmid
CHUTHAI 1 CHTHaJ HEY3TO/KEHOCTI CYMYIOThCS Ta MOAAIOThes Ha Mikporporecop MIL YV
MIKPOIIPOIIECOpi 3a CHEIIaIbHOI0 TPOrpaMol0 I CHTHAJI ONPAIbOBYETHCA 1 B pe3yibTari
MOJIA€ThCsL OCTaTouHuil curnai +A Ha kepyroui kmodi KK BukonaBunx mexanizmiB BM. Jlani BM
3a0e3MeuyroTh KOMIICHCAIII0 MPYKHUX IepeMillleHb Pi3IiB Ha BeIWUMHY +A JUId 3a0e3nedeHHS
MOJIOKEHHS Pi3aJIbHUX KPOMOK 1HCTPYMEHTY B 3aJIaHOMY MOJIOKEHHI.

biok xuBnerns bX 3abesneuye xuBnenus BM Tta cucremu UIIK. Ha 1K mpoBoautbest
peectpariiss y BUDIIsII TpadikiB MOJOXKEHHS Pi3liB Ta MOTYXHOCTI Ha BM y BUrIsaml nmiHIHHUX
JiarpaM, a Tako (pikcarlisi BeIMUUHU MePeMIillieHb Y BUIJIS/II YUCIOBUX TaOIHIIb.
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CP — cucrema pizanns, I — mincwmoau, KII — kepyroumit mpuctpiid, JJH — natuwmk
HeysromkenHs, MIT — mikpomnporecop, KK — kimrodi kepyBanus, BM — BukonaBumit Mmexani3zm, bXK
— Onok xwuBneHHs, [IK — nepconanbuuii KoMm'rotep.

Pucynok 2. biok-cxema eKcriepUMeHTaIbHOT YCTAHOBKU

Figure 2. Block diagram of the experimental setup

[

4

PucyHnok 3. ®oto ekcriepuMeHTalIbHOT YCTaHOBKHM Ha BepctaTi 16K20

Figure 3. Photo of the machine tool 16K20 experimental setup

Ha puc.3 mokazano ¢otorpadii ekcrepuMeHTAIbHOT YCTaHOBKH, IO pO3po0JieHa y
naboparopii ans qocmimkeHsb Ha BepeTari 16K20, y pisnerpumadi SIKOTO 3aKpilieHO 0aratopi3ieBy
TOJIOBKY A aJanTHBHOTO THITY 3 TPY)XHUMH HanpsMHUMH. CIipaBa Ha IiJCTaBIll PO3TAIIOBAHUN
0JIOK 3 MIKPOMPOIIECOPHOIO CUCTEMOIO KepyBaHHs B Ta Omok »uBienHst D. 31miBa Ha MIMUH/IETBbHIN
0ab1i 3HaxoauThes epcoHampHui koMm'torep 11K E mist peectpartii 3anuciB gedopmartii mpyKHUX
€JIEMEHTIB, 30epeXeHHSI OTPUMAHUX PE3YJIbTaTiB Ta BIJICIIIKOBYBAaHHS MEPEMILICHHS 1 Kepylodoi
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MOTY>KHOCTI JUIsI TOKApHUX pi3liB. Pe3ynbpraTtu nepeMimiensb pi3liB y BUTIIA rpadikiB 1 YUCIOBUX
3HAUYCHB Ta IMOTYXKHOCTI Ha eJIEKTPOMAarHiTaXx BUBOJAUTHCS Y poO0YOMY BiKHI Iporpamu (puc.4).
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PucyHok 4. Burnsig podouoro BikHa nporpamu st [TK

Figure 4. View desktop Windows application for PC

[Ilo6 mouaTw BUMIpIOBaHHS, HEOOXIJHO BCTAHOBUTH 3 €JHAHHS 13 MIKPOKOHTPOJIEPOM
KepyBaHHS 3a JOMOMOTOI0 KHOMKH (103.1), mpu IbOMY 3°SIBISETHCS J11aJloTOBE BIKHO (puc.S), y
skoMy citiy Buopatu COM-TIopT, a Takok MBUAKICTE iepeaaBanHs (38400 60T).

Settings Settings

Part COM1 :"
Baud rate 38400 :l'

[ ata bits

Part
Baud rate

D ata bitz

Stop bits Stop bits

Parity Naone :‘v Parity
Flow contral | Mone :I' Flaws cantral
oK | Caticel | oK | Cancel
a) 0)

Pucynok 5. Bubip COM-nopra (a), Bubip mBHAKOCTI nepenaBanHs (0)

Figure 5. COM port choice (a), data rate selection (b)

Kxormka (1103.2) BCTaHOBIIIOE 3’ €HAHHS 13 IJIATOIO KePYBAHHS, SIKITIO KHOIIKA HATHCHEHA —
3’€THaHHS BCTAHOBJICHO, B IHIIIOMY BUIIAJIKY — 3’ €/IHAHHS BiJICyTHE.

VY nori (1m03.3) BijoOpakaeThess MOTOYHMIMA, CACTEMHHI Yac, Ik 3untyetbes i3 [TK.

VY nomi (mo3.4) BitoOpaxkaeTbes 4ac poOOTH yCTAaHOBKH.

BceranoBuTn dWacoBmii iHTepBan Ui pOOOTH YCTAaHOBKH Ta TIPOBEIICHHSI BHMipIOBAHHS
MOJKHA, BUKOPHCTOBYIOUM KHONKH Oins 3ammcy «BcraHoBUTH Yac poOOTH» Ta MpPONHUCABIIH
3HAYCHHS XBHJIMH Ta CEKyH]I, 200 BBECTH KHOITKAMH TIEPEMHUKAHHS «BBEPX-BHU3Y.

[lepemukauamMu MokHa BuOpat neprmid (1) abo apyruit (2) pexxumu podotu. [leprmii
pexkuM 1 — 11e peXKuM, IPHU AKOMY Ha eJIeKTPOMArHiT, 0 Kepye pi3leM, MOAa€Thes MOTYKHICTb, sKa
JOpiBHIOE 1/3 MOTY)KHOCTI Biji HEpeMIIleHHS! JaHOTO pi3ls. AJTOPUTM TMPAIIOE€ TaKUM YMHOM:
BUKOHYEMO BHUMIPIOBAaHHS IEPEMIIICHHS KOXHOTO 13 pi3MiB, Jam (IIbTPYEMO OTPHMaHHMA
pe3yibTar. BuzHauaemMo HoOMep pi3lis SKUHM, BiJICTae: Taky MpOIEAypy BHKOHYEMO IepebopoM
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BUMIpSIHUX 3HAU€Hb MEePEeMIIIEHHsI 1 MOPIBHIOEMO IX 3 MiIHIMAJIbHUM 3HAYEeHHSM. SIKIO BeIMYMHA
JUTSL 1-TO pi3Is MEHIIIA 32 MiHIMaJIbHe 3HAYCHHS, TO BBAKAEMO, 110 i-TUH pi3ellb BiJcTae. 3HAYCHHS
MOTY>KHOCTI, SIK€ TOJAETbCS Ha KOXKEH 13 EJeKTPOMArHiTiB KepyBaHHs, JOPIBHIOE PpI3HHUII
MIePEeMIIeHHs TIOTOYHOTO 3HAYEHHS i3Il BiJ MiHIMAJIBHOTO 1 sike mojiieHe Ha Tpu EM1=(3n1.p.1-
3u.p.3)/3.

Jpyruii pexxum 2 3a0e3redye yTPUMYBAHHS pIi3IiB B OJHIM IUIOMUHI, JUIS IIHOTO
peamizoBanmii [I-perynstop. DyHKI[IOHYBaHHS aJTOPUTMY HACTYITHE: BHMIPIOEMO IEPEMIIICHHS
KOXHOTO 13 Pi3liB, QIIBTPYEMO OTPHUMAHHHA pe3yJbTaT, BHPAXOBYEMO CEpEJHE 3HAYCHHS BiJI
MepeMileHHsT KOXHOro pisms. J[ms KOXXHOTO 3HA4YeHHs] TEpeMIIlleHHs] PI3I[iB BHU3HAYAEMO
BIIXWJICHHS BiJ cepeauboi BeawunmHU (A). Jlami gomaeMo A 10 BEJIWYWHM, IO BiJIOBiTA€E
HOMEPe/IHIM TTOTYKHOCTI, SIKa MoJaBajacs Ha eJleKTpoMarHit. OTpuMaHuii pe3ysbTaT MOJaeMO SK
KepyIOUHi Ha eJIEKTPOMArHiT pi3ls i 30epiraemMo HOro sk IoOINepeaHe 3HAUSHHS JUIS HACTYITHOL
inTepanii EM1=3n.p.1-c.3.+AEMI.

Bceranoriennst Bubopy Oinst Hanmey «MacmTad «Y»» 3a0e3reuye BiIoOpa)KeHHsI TTOBHOI
MKam BuUMiploBaHHS 10 oci «Y» (127..128). B inmomy Bumaaky wmacmradl 1o «Y»
BiJIOYBaTUMETHCS 32 MAaKCHUMAJIHLHUM Ta MiHIMQJTLHUM 3HAYCHHSIMHA BAMIPIOBAJILHUX MTEPEMIIICHb.

Knormka Start 3amyckae BUMipIOBaHHSI, IPY IbOMY BOHA CTa€ HEAKTHBHOIO, a aKTHBYETHCS
KkHOmKa Stop. BinOyBaeThbes 3alyck 3BOPOTHOTO BIUTIKY TaiMepa poOoTu y moii «Yac poboTm.
BumipioBaHHsST TpPOBOAMTHCS 1O MOMEHTY 3aKiHYEHHS BCTAHOBIEHOTO dYacy po0OoTH, abo [0
HaTUCKaHHS KHOMKH Stop. Ilicis mboro mMaeMo MOXIIHMBICTH 30€perTd OTpHUMaHi 3HAYCHHS,
HATHCHYBIIY Ha BKa3aHy KHOIIKY, JaJli BAOUPAEMO IUIAX JUIS 30€peKEeHHS JTaHUX.

BumipsiHi 3HaYeHHS Bi3yaJbHO BiJIOOpakatoTh y poOodoMy BikHI (1103.6). Buminueim
nyHKT «JlaTa+yacy 10 BUMipsSHUX 3Ha4eHb OyJle 10/1aHO MOJIE 13 CUCTEMHOIO JIaTOIO Ta YacoM.

0 23102014 71205000
2 23102014 7120611 -2
-4 23102014 71205224
-6 23102014 71205336
-3 23102014 713:06-4 4 -8
-10 23102014 713065510

12 23102014 7120666 12

a) 0)
PucyHnok 6. ®opMyBaHHS 3aucy BUMIpSHUX MepeMillieHb pi3LiB 6e3 modist naty i yacy (a), i3 nonsmMu aatu i uacy (0)

Figure 6. Measured tool displacement record formation without date and time field (a), with date and time field (b)

Knormka «BigsecTy pi3Iii» 3a/ia€ MOTYKHICTh Ha KOXKEH 13 €JIGKTPOMAarHiT KepyBaHHI—97%.
TakuM yMHOM PI3Ill 3MIMIYIOTHCS B OJHOMY HAIpPSMKY, 3YIHHKA JAHOTO PEKUMY BUKOHYETHCS
KHOTIKOTO Stop.

[Ipu BubGOPi 1-ro abo 2-ro pexxumy poOOTH €KCIEPUMEHTAIBHOI YCTAHOBKU 1 HATUCKAHHI
Ha KHOMKY Start BiOyBaeThCsS BIIOOpaXCHHS BXIJHUX 3HAYCHb. BHUMIpIOBaHHS BEIMYHMHH
nepeMiteHHs 3 pi3iiB BimoOpakaeThes y BUTIAI TpadikiB (puc.7). Takoxk BKa3zyrOThCS 3HAYCHHS
BEJIMYHH MOTYKHOCTI, IO IMOJAOTHCS Ha €JICKTPOMArHiTH.
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PucyHok 7. BinoOpaxeHHs BUMipIOBAIbHUX BEJINYNH

Figure 7. Measured values display

Knomka «Oumetuti» cTHpae yci BijoOpaxeni 3HadeHHS Ha Tpadiky. Knomka «TECT»
nonae 10 rpadiqHOro BiToOpaKeHHs 3HAYCHHSI IEPEMIIIIeHHS I KOJKHOTO Pi3Ils, a TAKOXK 3MiHIOE
MOTYXHICTh POOOTH €JIEKTPOMATHITIB (TaKWil peXKUM MPU3HAYCHHN I TECTYBaHHS BiJIOOpaKCHHS
BUMIPSIHUX 3HAUYCHb, a JI0 KEPYBAHHS BiJIHOIIICHHS HE Mae).

3a TaHUMU eKCIIEPUMEHTATLHUX JIOCHIDKeHb OyayeMo rpadik pyxXy pisMiB y Iporeci mo
IIEpIIOMY Ta JIpyroMy pexkumax oopoOku (puc.8, 9).

16
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1 3 6§ 7 9 MM 13 156 17 19 21 23 25

27 29

Pucynok 8. I'padik pyxy pi3uiB npu nepmomy pexnmi o6podkn
Figure 8. Graphs of tools movement at the first machining mode

3a rpagikoM (puc.8) mpu meproMy pexxuMi podoTH 6auuMo, IO B MOMEHT HEepeMilleHHS
pizisg 1 y OiK IPOTHIICKHUH 1Moadi pi3ili MEePEeMIIAlOThCs B HAPSIMKY JIii 10124, KOMIICHCYFOUH
aMimenHs pisng 1. | BiamoBimHO mpu 3MimieHHI pi3nst 2 abo 3 BiAOyBaeThCsl MEpEMIIIEHHS B
npoTuiiexkHui Oik 1, 2 abo 3 pisns. Ha rpadiky (puc. 9), 1mo BianoBigae qpyromMmy pexumy poOOTH,
IIpY 3MIIIEHHI OJTHOTO i3IS CHCTeMa KEPyBaHHS MOJA€ CUTHAT Ha HOTO MepeMillleHHs B TOYaTKOBE
TTOJIOKECHHS JIJIS 3a0€31eYeHHsT PO3MIIICHHS JIe3 YCiX IHCTPYMEHTIB B OJTHIHM TUIONTHHI pizaHHS. Sk B
HepIIoOMY, TaK i APYroMy BHIAJAKY Iie 3a0e3redye BUPIiBHIOBAHHS OCBOBHUX, a, OTXKE, 1 paiaJbHUX
CKJIQJIOBUX CHJI pi3aHHS, CTaOLIi3alIlif0 K PIBHOMINHOI OCHOBHX CKJIQJIOBHX CHJI, TaK i CyMapHHUX
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nepeMilieHb pi3aNbHUX €JIEMEHTIB.
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Pucynok 9. I'padik pyxy pi3uUiB npu Apyromy pexrmMi o0pooku
Figure 9. Graphs of tools movement at the second machining mode

Ha puc.10 300paskeHO 3pa3Ku CTPYKKH IIPH TOHKOMY TOYiHHI 0aratopi3IieBOr0 roJIOBKOIO
QJIAIITUBHOTO THITY 3 MPY>KHUMH HAIPSIMHUMH ¥ €JICKTPOMArHITHUM TIPUBOJIOM.

B)

Pucynox 10. 3pa3ku cTpyXKH a), 0) — micyist 00poOKM fAeTaji TPHUPI3LEBOIO TOJIOBKOIO aIaITUBHOTO TUITLY 3 MPYKHUMHU
HaNpsIMHAMH Ta eJIeKTPOMarHiTHUM NPUBOAOM, B) — MPU OHOJIE30Biit 00poo1i
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Figure 10. Cutting chip samples: a), b) after the piece work machining by the adaptive type three head with elastic
guides and electro magnetic drive; c) under a single edge machining

VY TmopiBHSHHI 3 OJHOJE30BOI0 OOPOOKOK BHUKOPUCTAaHHS 0aratoie3oBOi TOJOBKH €
e(PEeKTHBHUM 1 BHCOKOIIPOJYKTHBHUM METOJIOM 3MEHIICHHS MaKpo- i MiKpOTIOXHOOK OOpOOKH Ta
HEMPUIYCTUMHUX KOJMBaHb 0Opu pizaHHi. Sk OGaunmo 3 puc.10, mix uac oOpoOku netani
TPHPI3IEBOIO TOJIOBKOIO aJalTHBHOIO THUIY 3 NPYKHUMH HANPIMHUMH Ta €JIEKTPOMArHiTHHM
MPUBOJIOM CTPYXKKa JpoOuThes. lle MOBOAMTH, IMO 13 3aCTOCYBaHHSM JIaHOi YCTaHOBKHU
3a0e3MeuyeThCsl BUCOKOTOUHE BiOpalliifHe pi3aHHS, IO € HAJA3BHYANHO Ba)KJIMBUM JUIS yTHII3aIlii
CTPYKKH.

Pucynok 11. ®ororpadis o6pobnenoi nerasni a) mpu oqHOJE30BIi 00po0OLi, 6) 6araTopi3LEBOIO TOJOBKOO
aIaNTUBHOTO THUITY 3 MPY>KHUMHU HANPSIMHAMM Ta eJIeKTPOMAarHiTHUM MPUBOAOM

Figure 11. Machined parts photo a) after the single edge machining, b) after the piece work machining by the adaptive
type three head with elastic guides and electro magnetic drive

ExcnepumenTaibHi JOCTIKEHHS TapaMeTpiB IMOPCTKOCTI MOBEPXHi 00poOIeHUX aeTasei
Ta TOYHOCTI TEOMETPHYIHOT (POPMH IMPOBOIMIIHCS 3 IOTIOMOTOIO TIpodisioMeTpa-mipodinorpada
M011.296 (puc.12) Ta kpyriomipa BE-20A.
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Pucynok 12. ®ororpadis BUMiptoBaHHs HIOPCTKOCTI Ha ipodinomerpi-npodinorpadi mon.296

Figure 12. Photo of roughness measuring using profilometer-profilograph of 296model
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Pe3ynbraTi 1OCIKEHb Y CHCTEMAaTH30BaHOMY BUTJISL 3BejleH] y Ta0u. 1.

Ta6auus 1
3BeqieHa TabHIsI pe3y IbTaTiB BUMIPIOBaHHS MIOPCTKOCTI Ra, MkM mpu 0O6po011i oAHUM pi3lieM Ta
6araTopi3IeBoro roJ0BKOO

Martepian Cranp-45 Hropamominiit J[16 Hepx. 30X13
3ar0TOBKH
S, MM/00 1 pizenp | pi3i.ronoBk | 1 pizenp | pi3i.rooBk | 1 pizensp | pi3I.TOJOBK
0,05 3.1 1.9 0,5 0,3 0,42 0,38
0,075 4,7 2.9 0,42 0,26 0,5 0,3
0,1 5.4 3.4 0,61 0,38 0,51 3.1
0,125 3,6 2,2 0,73 0,45 0,45 2.8
0,175 5.1 3.1 0,8 0,5 0,14 0,09
0,2 52 3,2 0,9 0,56 0,9 0,56
0,3 7,2 4.4 0,39 0,24 1,6 1

Sk Gaurmo 3 HaBeeHO1 Ta0ymIll 1, MOPCTKICTh MOBEPXHI IPH BUKOPUCTaHHI PO3poOIeHOT
Oaratopi3neBoi rojoBkd y 1,5 pa3a MeHIIa BiJ] 3HAYEHb MPH OJHOIHCTPYMEHTAIBHIN 00poOili
BIJIMOBITHUX MaTepiaiB 3arOTOBKH.

Ha puc.13 Takox HaBeneHO 3pa3KM ECKIEPUMEHTAJIbHUX Kpyrjorpam oOpoOJIeHHuX
JleTaJlell SIK TPU  OJHOPI3MeBi 00poOIl, Tak i MPU BHKOPUCTAHHI TPHPI3IEBOI TOJOBKH i3
MPYXHUMH HAMPSIMHUMU Ta €JIeKTPOMArHiTHUM MIPUBOJIOM.

Pucynok 13. Kpyriorpama (oqHa noainka Ha paaiyci — 2MkM) 00po0ieHoT neTai:
a) mpu oHOPi31EeBiit 00poOIi mropamromiiii J[16, 6) mpu 00poOIL TPHUPI3IEBOIO TOJIOBKOK aTalTUBHOTO TUITY 3
NPY>KHUMH HaNpsIMHAMH Ta eJIeKTPOMarHiTHUM TPUBOAOM AropaioMiHiit 116

Figure 13. Machined detail circular plot (one scale point is equal to 2 mem in radius):
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a) of the single edge D16 duralumin machining, 6) using adaptive type three head with elastic guides and electro
magnetic drive in D16 duralumin machining
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Pucyn
ok 14. I'padixu BixxuineHs Bix KpyriocTi A; mpu ogHOpi3LeBiit 00pooi mopanrominiit J[16 Ta nmpu 06pooii
TPUPI3LEBOIO TOJIOBKOIO opaitoMiHiil 116

Figure 14. Deviation from circular form graphs of the single edge D16 duralumin machining and using three head with
elastic guides and electro magnetic drive in D16 duralumin machining

Amnaini3 naHux kpyriorpam (puc.14) Ta pe3ynbTaTiB BUMIPIOBaHb IIOPCTKOCTI 0OPOOKH
(Tabn.1) B wmijJoMy JOBeNM Mpale3JaTHICTh TOJOBKM Ta J0OpY BIANOBIAHICTH pe3yibTaTiB
TEOPETUYHUX Ta EKCIEPUMEHTAIBHHUX JOCTDKeHb (moxmbka ckimamae 10-30%). 3oxpema, mpu
KOHCOJIBHOMY TOYiHHI 3aroTOBKH 13 JropaiioMiHiio Mapku J[16 niamerpoM 14 MM Ta JOBKHHOIO
600 MM pi3isaMu 13 TBepaociuiaBHUMHA TiacTuHamu T15K6 3a0e3nedyeThes 8-if KBATITET TOYHOCTI
Ta mopctkictb Ra=0,24—0,56 MxMm. BinxunenHs BiJ reoMeTpu4HOCTi (OPMH 3HAXOJIUTHCS B
niarazoni 10—15 MM, 10 BiAMOBIAa€ BUMOTaM JI0 TOHKOro TouiHHs [10].

BucnoBku. [[yis BUpIBHIOBaHHSI OCBOBHX, a, OTXKE, 1 paJiaJbHUX CKJIAJOBUX CHII Pi3aHHSI
IpA TOHKOMY TOYIHHI 3allpOMIOHOBAHO TPHPI3NEBY TOJIOBKY 3 TPY)XKHUMH HANpSIMHUMH 3
CJIEKTPOMAarHiTaMl Ta CHCTEMOIO JUIS IHTEJEKTyaJbHOTO MIKPOKOHTPOJIEPHOTO KepyBaHHS
peryJIroBaHHS 1Mo1ay.

VY pe3ynbTaTi eKCIEPUMEHTY Ui JOCHIDKEHHS Ha pPO3pOOJIEHOMY CTEHJII JTOBEICHO
e(eKTHBHICTh BUPIBHIOBAHHS 3YCHJIb Pi3aHHS 3 JOIMOMOIOIO PO3pOOJICHHX TOJOBOK Ha OCHOBI
ITOPUTMIB KE€pYBaHHS, 110 NepeadayaroTh cTadii3alliio sK piBHOJAIHHOT OCLOBUX CKJIAJIOBHX CHII,
TaK 1 CyMapHUX MEPEMIINEeHb Pi3aIbHUX €JIEMEHTIB.

ExcnepumeHTa bHO JOBEACHO, IO SIKICTH 00p00IeHOT HOBEPXHi BIAMOBIAE 8-y KBATITETY
TOYHOCTI, a IMOPCTKICTh cTaHOBUTH Ra=0,24-0,56 MM, mo B 1,5 pasa kpamie, HIX pH
onHOpi3eBi#t 00pobi. [loxubka reomeTpuunocTi GopmMH 3HaAXOAUTHCS B Mexkax 10—15 MkM, 1m0
BIZIIIOBITa€ HEOOXITHAM BAMOTAM.

Conclusions. The three edge head with elastic guides and electro magnetic drive and feed
regulating intellectual micro controller system control is proposed to equalize the axial as well as
the radial components of cutting forces.

As a result of research experiments performed on the developed testing set-up the
efficiency of cutting forces equalizing is testified in the process of the developed cutting heads
machining based on the control algorithms providing the resulting force stabilization and
summarized tool elements displacements as well.

It is experimentally proved in that the machined surface quality responds to the 8 accuracy
degree and the roughness is equal to Ra=0,24-0,56 mxwm, that is, in 1,5 times better than in single
edge machining. The geometric shape errors are of 10—15 mkm range that meets the necessary
requirements.
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