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Opecckuil HallMOHAIBHBIN MOJIUTEXHUYECKHHA YHUBEPCUTET

NCCJIEJOBAHUME U3HOCA CBEP.I ITPH
OBPABOTKE OTBEPCTHUM B MEYATHBIX ILJIATAX

B pabome paccmMompeHo 8/usiHUe pexcuMmos ceepJsieHusl Ha U3Hoc (dos1208eyHOCMb) mMeepdocnaasHbiX
cnupaabHbuiX ceepa. B pesysbmame nposedeHHblX uccaedosaHull ycmaHo8/1€HO, Y¥mo U3HOC c8epJ 3aeucum om nooda4u,
cKopocmu pe3aHusl U KoJuvecmed npoceepsieHHbix omeepcmull. I[Ipu oduHakoswvix ycaosusix obpabomku do 1200
omeepcmuil U3HOC ceep/l NPAKMU4ecKU 00UHAKOS, C ygeAudeHUeM Koauvecmaa omaeepcmuil U3HOC ygeau1usaemcsi.

Katouessie cno8a: ceepo, usHoc, nodaua, omeepcmue, CKOpOCMb pe3aHusl, Nne4amHas naama.
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RESEARCH OF DRILL WEAROUT IN THE PROCESSING OF HOLES IN PCB

In electronic equipment, at almost all levels, printed circuit boards (PCB) are widely used. The technological process of their
manufacture is complex and multi-operative (about 50 operations), and the most laborious are the drilling and soldering operations. The
quality of drilling has a significant impact on the quality of the printed circuit board, and is one of the most critical technological processes.
Since the defects formed at the drilling stage, can not only lead to failures, but also increase the cost of products by introducing additional
operations into the manufacturing process. The main defect in the drilling of holes is enveloping the filler on the walls of the hole and
dragging it beyond the specified geometrical dimensions with the formation of shoulders at the inlet and outlet of the drill. Analysis of the
scientific literature and production technology of PP showed that the quality of the drilled holes depends on the base material and foil, tools,
equipment and cutting conditions. For research, carbide drills (an analogue of VK 6) with a diameter of 1.5 mm, which were produced in
China, were taken. The experiment was carried out on an ICV CNC machine tool, with rigid fixing on the table using tacks (plates) of a
package of four 4-layer printed circuit boards of the FR 4 brand. At the first stage, the influence of the cutting speed (rotational speed) on the
drill wear on the front and rear surfaces, the transverse edge — with a longitudinal feed S = 0.05 mm / rev and two rotational speeds of 8000
and 12000 min'! was determined. The holes were drilled through in one pass, without the use of coolant. Measurement of wear was carried
out on the transverse edge and on the back surface through every 100 holes using a tool microscope. The experiments were repeated three
times, the results were averaged. At the end of the processing cycle, at each of the speeds, the boards were removed and inspected on both
sides. The most wear part of the drill when drilling printed circuit boards is the transverse edge. This is due to the fact that the cutting speed
depends on the friction force, the latter on the transverse edge exceeds the force at the periphery of the cutting edge of the drill. Non-uniform
abrasive wear was observed on the samples, with the intense last on the rear surface significantly exceeding the front. An analysis of the
dependence of drill wear on the feed shows that it is non-linear in nature, the effect of the feed is negligible.

Keywords: drill, wear, feed, hole, cutting speed, PCB.

ITocTtanoBKa NpodJIEeMbI

B pannosnexTpoHHO# anmaparype, MpakTHYeCKH Ha BCEX YPOBHSX, ITUPOKO MPUMEHSIOT IT€YaTHBIE TLIATHI
(TIIT). TexHOMOTHYECKHI TPOIIECC UX N3TOTOBJICHHS SIBIIACTCS CIOKHBIM M MHOTOONEPAMOHHBIM, IIPUYEM CAMBIMHU
TPYIOEMKHMH SIBIISTIOTCSI ONIEPALliK CBEPIICHHE.

KagecTBo cBepineHNs OKa3bIBAET CYIIECTBEHHOE BIMSHHUE HAa KAUECTBO MEUYATHON IIATHI, M SIBJISETCS OJHUM
n3 Hauboiee OTBETCTBEHHBIX TEXHOJOTMYECKHX IpoueccoB. Ilockonbky nedexTsl, 0Opa3oBaBIIMECs Ha dSTame
CBEpJICHHS, MOTYT HE TOJBKO IMPUBECTH K OTKa3aM, HO M IOBBICUTh CEOECTOMMOCTh M3JCNHUM 3a CUeT BBEJCHUS B
MIPOLIECC U3TOTOBIICHUS TOTIOJHUTEIBHBIX OMEPALIUH.

OCHOBHBIMHU Jle)eKTaMH TIPH CBEPJICHHH OTBEPCTUH SIBJISETCS HABOJIAKMBAHWE HAIIOJNHHTEINSI Ha CTEHKH
OTBEPCTHS M YBIICUCHHE €TO 32 MPE/esIbl 3aJaHHBIX TEOMETPUYECKUX pa3MepoB ¢ 00pa3oBaHNuEM OYPTHKOB Ha BXOJIE
U BBIXOJIE CBEpJIa, 00pa30BaHKHe CKOJIOB KPOMOK OTBEPCTHI Ha BXOJIE M BBIXOJIC CBEPIIA, MOSBICHUE TPELIHH BOKPYT
otBepcTrs. OHM 00pa3yroTCsi BCJIEINCTBHE HENPABWIBHO BBIOPAHHBIX T'€OMETPHUYECKHX IapaMeTpOB CBepIa,
PSXHUMOB pe3aHMs, KOTOphIE B CBOIO OYEpeIb 3aBHCAT OT CBOWCTB 00pabaThiBaeMOro Marepuaia, JuaMeTpa
OTBEPCTHS, TITyOMHBI CBEpJICHHS], TPEOOBaHMI K TOYHOCTH U Ka4eCTBY OBEPXHOCTH OTBEPCTHSI.

[TosTOoMy BO3HHKIIa HEOOXOAMMOCTh B OoJiee JETAIFHOM M3YyYCHUH BIHMSHUS PEXMMOB PE3aHHS Ha W3HOC
CBEpJI I CBEPJICHUN OTBEPCTHI B IEYaTHBIX ILTATax.

AHAIU3 MocaeHUX MyOJuKanuii

Ananmn3 HayuHoW mmrepatypel [1-13] u TtexHomoruit mpomsBoicTtBa IIII mokazam, YTO KayecTBO
MIPOCBEPIICHHBIX OTBEPCTHI 3aBUCUT OT MaTepHasla OCHOBAaHUS U (OJIBIU, HHCTPYMEHTA, 000PYIOBAHUSA U PEXKUMOB
pe3anms [4]. [Toaromy HE0Ox0aMMO GoJTee TIIaTEeNbHO MPOAHATTU3NPOBATh COUeTaHne 00pabaThIBaeMBIN MaTepHa —
PEXUMBI pe3aHus, TaKk KaK UMEHHO OHO HAlpsIMyIO BIIMSIET Ha KauyeCTBO M MPOU3BOIUTEILHOCTh 00pabaThiBaeMbIX
otBepcruit [4, 7, 10-12, 13-16].

CroxHocTh mponecca cBepieHus orBepctuid B I oOycnoBieHa 3HaYMTENBHOM pasHUIEH TBEpAOCTEH
apmupytomei ocHoBsl (HB 350-500) u monmmmepHoii ceszytomeit (HB 40-55), a Taxke cuiabHOW TeMIlepaTypHOMH
3aBUCHMOCTBIO TBEpAOCTH mocieaneil. I1ockoiIbpKy mpH CBEpiIeHHH WHCTPYMEHT MPOXOIWT CIy4ailHbBIM 00pa3om
PAacIoNoKEHHbIE YYaCTKH MaTepHalioB, TBEPAOCTh KOTOPHIX Pa3IHYaeTCsl Ha TMOPSAIOK, MOATOMY CTEICHb M3HOCA
WHCTPYMEHTa 3aBUCHT OT TBEPIOCTH 00pabaThIBA€MOT0 MaTepHana W YIJIOB 3aTOYKH PEXYIIMX KPOMOK [4].
Cremyer OTMETHTH, YTO IPW CBEPJCHMWHU IE€YATHBIX IUIAT MOAOOPATH YIJBI 3aTOYKH HEBO3MOXKHO, ITOCKOJIBKY
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M3MEHEHHE TBEPJOCTH CIOEB IUIATHl HOCUT HETTMHEHHBIN Xapakrtep [4].

CorylacHO peKOMEHIALUsIM, KOTOpbIE YCTAaHOBICHbI MHOTOKPAaTHBIMH 3KCIEPHMEHTAaMH U OIbITaMU
COOTBETCTBYIOIIUX MPOM3BOJICTB, CBEpJa meperadnBaioT yepe3 kaxnoe 1000 oTBepcTHe, OHM paccuuTaHbl Ha 3-4
nepetouky [1-12].

[TosToMy HesIBI0 MCCIeTOBAHMS SIBISIETCS M3yUSHUE BIMSHUS TOAAa4YM U CKOPOCTH 0OpaOOTKH Ha M3HOC
CBepIL.

H3n0:eHne 0CHOBHOTO MaTepuaJia

s uccnenoBanuii ObUTH B3ATH cBepia (30 miT.) u3 TBepaoro crasa (anaor BK 6) (puc.1, 2) muamerpom

1,0 MM, KOoTOpBIE TpoU3BeneHbI B Kutae.

Puc. 1. HaGop TBepaocmiiaBabix cgepi ot 0,3 10 1,2 MM Puc. 2. 3aTouka ceepJ (x10)

OkcriepuMeHT npoBoawics Ha cranke ¢ YITY ICV, mpu >keCTKOM 3aKperieHMH Ha CTOJIE C ITOMOIIBIO
MIPUXBATOB (TUIACTHH) MaKeTa YeThIpeX 4-CIIOMHBIX MEYaTHBIX IIAT U3 TekcTonnTa Mapku FR 4.

Ha mepBoM 3Tame onpenesnsiioch BIMSHHE CKOPOCTH PE3aHMs (YacTOTHI BPAIICHWS) HA M3HOC CBEPII 110
nepenHe W 3aJHel IOBEPXHOCTH, IMOMEPEYHONM KpPOMKE — HpW MponaojibHoi momade S = 0,05 mM/00 u nBYX
3HAaueHmi yacToThl BpameHns 8000 u 12000 mun'. CBeplieHHe OTBEPCTHil OCYIIECTBISIOCH HACKBO3b B OJMH
npoxoz, 6e3 npumenenus: COTC.

H3mepeHne M3HOCA OCYIIECTBISIIOCH 110 TIONEPEYHON KPOMKE M MO 3aJHEH MOBEPXHOCTH uepe3 KaxIble
100 otBepcTHi C TOMOIIBIO WHCTPYMEHTAIBHOTO MHKpOcKona. OIBITBI TOBTOPSIIM TPUXKIBI, Pe3yJIbTaThl
YCPEITHSIIH.

[To 3aBepmieHnto mukia 0OpabOTKM Ha KaXkJOH M3 CKOPOCTEH IUIAThl CHUMAIM M OCMaTPUBANIU C 00EHX
CTOPOH.

[omy4eHHbIE 3aBUCUMOCTH BEJIMYMHBI H3HOCA CBEPII OT CKOPOCTH BPALICHUS MPEICTABIEHBI Ha puc.3, rie
9KCTIIEPUMEHTANIbHBIE 3HAUYEHHS TIOKa3aHbI B BHJIE TOYEK, KPUBBIE — PE3YIIBTAaThl allIPOKCHMAIIHH.

AHanu3 pe3ynbTaToB CBUAETEIHCTBYET O HENMHEHHOH 3aBHCUMOCTH M3HOCA OT CKOPOCTH PE3aHUs, PUIEM
NpU OJMHAKOBBIX YCJOBHsIX 00paboTku cBepi no 1200 oTBepcTHil MPaKTHUECKH OJWHAKOB, C YBEIWYECHHEM
KOJIMUECTBA OTBEPCTHH U3HOC yBEIMIUBACTCS.

Hawnbonee n3HammBaeMoil 4acTbi0 cBepiia MPH CBEPICHUH MEUYaTHBIX IJIAT SBISIETCS MOIEepEeYHas KpOMKa.
OTO CBA3aHO C TeM, YTO CKOPOCTh PE3aHHs 3aBHCUT OT CHJIBI TPEHHMs, IOCIEIHSS Ha IONEPEYHOW KpPOMKE
NPEBBIIACT CHITY Ha Nepudepun pexyuield KpoMKH cBepliia. B mporecce u3Hoca Ha cBepJe Kak Obl (hopmupyercs
HanOosee OaronpusTHas TeOMETpHs BEPIINHBI HHCTPYMEHTA.

Ha 3agHmx mnoBepxHOCTSX 00pa3moB HaOmonaiacs HEOMHOPOMHBI aOpa3WBHBIA H3HOC, IIPUYEM
WHTEHCHBHOTO MOCJIEAHET0 Ha 33/HEH IMOBEpXHOCTH 3HAYMTENIHFHO MpEBbINIaia Ho rnepeaHeil. Kpome Ttoro, Ha
cBepJiax, B KOJMYECTBE 5 MIT., HAOIIOJAJICS CKOJI MOMepeyHOl pexymliell KPOMKH, €Ile 5 CBEepJ BBIIUIM M3 CTPOS
BeJeZIcTBUE MMOJOMKH. IlociienHie MOXHO OOBSICHUTD XPYIKOCTHIO MaTepHana CBEpJia B COBOKYITHOCTH C YBOJOM
CBEpJIa OT OCH OTBEPCTHSI U €T0 OMeHNSI.

HccnenoBanus 1Mo yCTaHOBJIEGHHIO BIMSHUS MOAA4YM Ha M3HOC CBEPJ MPOU3BOJMIHN 110 ONMHCAHHOH BBIIIE
METOJINKE, Ha CIIETYIONIMX TEXHOJOTHYECKHX pexumax: 7=8000 MUH ', B OIMH MPOXO, TIPH CJIETYIONIHX 3HAUCHHSX
nogay - S = 0,03, 0,05, 0,08 Mmm/00. Pe3ynbraThl 3KCIIEpUMEHTOB MPEICTABICHBI HA PHC. 4. AHAJOTUYHO BBITJISISAT
3aBHCHMOCTH W3HOCA M0 TIONIEPEYHOH KPOMKE, TI03TOMY B paboTe He MPHUBOIATCS.

AHanu3 3aBHCUMOCTEH W3HOCA CBepJ OT I10/IauM MOKa3blBaeT, YTO OHa HOCUT HEJMHEHHBIH Xapakrep,
BJIMSTHHE T10/1a41 HE3HAYUTENBHO.

H3meHenne temrepaTypbl B 30HE pe3aHHsl NPU CBEPJICHMH OTBEPCTHH HOCHUT IMKIMYECKHH Xapakrep,
HarpeBaHue MPOMCXOIUT BO BPEMsI CBEPJICHHSI OTBEPCTHS 3a CUET CHJIBI TPEHHs II0 3aJHEl MOBEPXHOCTH CBepIa,
pocta TeMmmepaTypsl B 30HE pE3aHUs, a OCTHIBAHME CBepJia — IIPU IepexoJie MHCTPYMEHTa OT OTBEPCTHS
K OTBEpCTHIO. B mpomecce cBepsieHHs CBEpIO M3HAMIMBAECTCS M TYIHTCS, 3@ CYET YETo MO MEpe pocTa KOJIMYEecTBa
oTBepcTHii Bce Oostee HarpeBaeTcs. Bee ykasaHHOE MPHUBOIUT K YMSTYEHHIO CBSI3YIOIIEe KOMITO3HTA IUIATHI B 30HE
CBEpJICHHS, €TO HABOJIAKMBAHUIO M HAINIAHUIO HA CIIUPAIBHBIE TOPOXKKH CBEpJIA, M KaK CIEACTBHE, MPETATCTBUE

BicHuk XmeabHUYbK020 HayioHa1bHO20 yHigepcumemy, Tom 1, Ne6, 2018 (267) 43



Technical sciences ISSN 2307-5732

OCTBIBaHMS CBEpIa B Tporiecce 00pabOTKH U BO BPEMsI IIPHHYJUTEIHFHOTO OXJIaXKICHNUS.
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Puc. 3. 3aBucumocTh H3HOCA CBEPJI 110 MONEPeYHOoii KpoMKe (a) u 3aHeli noBepxHocTH (6) I 0T KoOJIMYECTBA NPOCBEPJIEHHBIX OTBEPCTHIT
B III1 npu yacrore Bpamenns mnuugens 8000 (1) u 12000 mun™ (2)
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Puc. 4. 3aBucumocTh H3HOCA CBePJI 110 3a/1Heli moBepxHocTH I 0T KoTMyecTBa NpocBepieHHbIX oTBepeTuii B ITT1 u mogaum S MM\o6 npu
yacToTe Bpauenusi mmnuuaenas 8000 mun”!

I[pu Oonpmmx 3HaueHusx noxad (0,08 mm/00) BU3yalbHO HAOJIONANUCH CKOJbI, BCIyYHBAHUS U
OTCJIOEHHSI BOKPYT OTBEPCTHs Ha BBIXOZE CBEpia, a MPU YBEJIWYEHUU OTBEPCTHS B OKYJSIpE MHCTPYMEHTAJIBHOTO
MHKPOCKOIIa- yBEITHYEHHE IIEPOXOBATOCTH.
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