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AHAJIN3 CTOUKOCTHU CBEPJI ITPH OBPABOTKE OTBEPCTHUM B IEYATHBIX
IIVTIATAX

AHHOmayus. B pabome paccMompeHO 8/AusIHUE pPeXCUMO8 ceep/eHusi Ha 00/1208eYHOCMb pabombl CGepl.
IlokazaHo, ymo nodaua, cKOpocmv pe3aHust U KO/AUYECMB0 NpoceepseHHbIX omeepCmull 0Ka3ble8awm cyuecmseeHHoe
e/usiHUe Ha usHoc ceepa. Tak, npu oduHakoswvlx ycao8usix o6pabomku do 1400 omeepcmuii usHOC c8epa npakmuyecku
00uHaKo8, ¢ ygeaudeHUeM noda4u, CKOpocmu pe3aHus u koaudecmea omeepcmull (ceviwe 2100) u3HOC UHMEHCUBHO
yeeauvusaemcsi.
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ANALYSIS OF THE DRILLING STABILITY AT THE HOLE PROCESSING IN PRINTED BOARDS

Annotation. In electronic equipment, practically at all levels, printed circuit boards (PCB) are widely used, the
manufacture of which is impossible without drilling operations.

Analysis of modern literature [1-3] and PCB production technologies has shown that the quality of the drilled holes
depends on the base material and foil, tools, equipment and cutting modes. Moreover, it is necessary to analyze more
thoroughly the bunch of processed material - cutting modes, since it directly affects the quality and productivity of the holes
being processed.

Experiments on testing the durability of drills were carried out on the machine tool with numerical control ICV
4030. As the material to be processed, a 4-layer PCB made of Fr 4 textolite, rigidly fastened to the table with the help of
tackers (plates). As a research object, drills were chosen for PCB, 1.0 mm in diameter made of hard alloy (analog VK 6).

At the first stage, the influence of the cutting speed (speed) on the wear of the drills on the front and rear surfaces
was determined for longitudinal feed S = 0.05 mm / rev and two values of rotation speed of 10000 and 15000 min-1. Drilling
holes was carried out in one pass. After processing 200 holes, the working surfaces of the drills were examined with an
instrumental microscope, measuring wear along the transverse edge and back surfaces.

The experiments were repeated three times, the results were averaged. The influence of the drilling modes on the
durability of drill work is considered in this paper. It is shown that the feed, cutting speed and number of drilled holes have a
significant effect on the wear of drills. At the end of the processing cycle, at each of the speeds, the boards were removed and
inspected on both sides.

Analyzing the obtained results, it can be concluded that the drill wear is affected by the feed rate, the cutting speed and
the number of drilled holes in the PCB. With an increase in the number of holes (more than 2000), the wear rate of the drill
increases, so it becomes necessary to replace or re-sharpen the drills.

Keywords: drill, feed, number of holes, printed circuit boards.

B panmosnexkTpoHHOH anmapatype, MpaKTHYeCKH Ha BCEX YPOBHSX, IIMPOKOE MIPUMEHSIOT NeYaTHBIE TUIATHI
(ITIT), wm3roTOBJICHWE KOTOPHIX HEBO3MOXKHO O€3 OIepaIuii CBEpIIeHUsT OTBepCTHil [1-6].

AHanu3 coBpeMeHHOHN nutepaTypsl [1-3] wm TexHomormit mpousBoactBa III mokasan, 4To KavecTBO
MIPOCBEPIICHHBIX OTBEPCTHI 3aBUCUT OT MaTepHaia OCHOBAaHUS U (OJIBTH, MHCTPYMEHTa, 000PYIOBAHUS M PEKUMOB
pesanns. Ilpuuem, HeoOxoxmmo Oojiee THIATENFHO NPOAHAIM3UPOBATH CBA3KY 0OpabaTbiBaeMblii Marepuanl —
PSKUMBI pe3aHusi, IIOCKOJIBKY HMMEHHO OHa HalpsIMyl0 BIMSET HA KadyeCcTBO M IPOU3BOAMTEIHLHOCTH
00pabaThIBaEMBIX OTBEPCTHH.

Crenyer OTMETHTB, YTO CIIOXXKHOCTH Hpoliecca cBepieHust orBepctuid B III1 oOycroBieHa 3HAYMTEIBHOM
pasHuieir B TBepHocTsIx apmupyromeii ocHoBel (HB 350-500) u nonumepnoit ceszyromiern (HB 40-55), npuuem
TBEPAOCTh MOCJIEJAHETO CWIBHO 3aBHCUT OT TeMIepaTypbl. Tak Kak IpH CBEpJIEHHUM MHCTPYMEHT HPOXOAMT
CIIydaifHBIM 00pa3oM pAacIIONOKEHHBIE YYaCTKH MaTEepPHaliOB, TBEPIOCTh KOTOPHIX pa3iIWdaeTcs Ha MOPSIOK, a
CTETICHh H3HOCA HHCTPYMEHTA (CPOK CITY>KOBI) 3aBUCUT OT TBEPIOCTH 00pabaThiBaeMOTro MaTepuana.

[TosToMy meJbl0 HMCCIeJOBAHUS SBIICTCSA M3YUCHHE BIUSHHA MOJAYU U CKOPOCTH 00pabOTKH Ha M3HOC

CBepII.
OKCIIepUMEHTHI 110 HCIIBITAHIIO CTOWKOCTH CBEpJ OBLIHM MPOBEACHBI HA CTaHKE C
UITy ICV 4030. B xauectBe oOpadaTbiBaeMOro MaTeprana 4-x cioifHas ImeqaTHas mjara
ﬁ\ U3 TeKkcTosnTa Mapku Fr 4, )KecTKo 3akpelieHHble Ha CTOJE C MOMOLIbIO NPUXBATOB
(mnactuH). B kadectBe 0OBeKTa uccienoBaHMK ObuLIM BbIOpaHBl cBepsa aust 1M1,
nuamerpoM 1,0 MM 13 TBepaoro crasa (aHanor BK 6) (puc.1), KoTopble HU3rOTOBJICHBI B
Kurae.

Ha mnepBom »Tame omnpemeisuioch BIMSHHE CKOPOCTH — pe3aHust (YacTOTHI

Puc.1. — 3atouka ceepn  BPAIICHHS) HA M3HOC CBEPII IO MEPEJHCH W 3a[HCH MOBEPXHOCTH — NPH MPOIOIBHON
mogade S = 0,05 mm/006 m aBYX 3HadeHmit yactoTa Bpamenus 10000 u 15000 muE".
CBepJiieHHEe OTBEPCTHH OCYIIECTBIBUIOCH B 0uH mpoxo. [Tocne o6padoTku 200 oTBepcTHil paboune TOBEPXHOCTH
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CBEpJI HCCIIENOBAIM C MOMOIIBI0O MHCTPYMEHTAIBHOTO MHUKPOCKOIA, U3MEPSsi U3HOC MO MOMEPEYHONM KPOMKE U
3aHel MOBepXHOCTIX. OMBITH MOBTOPSUIH TPIDKIABI, PE3YJbTaThl - yepeaHsuin. [1o 3aBepieHUI0 nukia 00padoTKu
Ha KOKIOHU U3 CKOPOCTEH IIAaThl CHUMAIIU B OCMAaTPUBAIH C 00CHUX CTOPOH.

ITockonbky BO BCeX OKCIEPUMEHTaX H3HOC CBEpJ MO 3aJHEH IMOBEPXHOCTH TNPEBBHIIIANl TAKOBOH IO
MONIEPEYHON KPOMKE, MOATOMY B paboTe HAa pUC. 2 T[OKa3aHa JWHAMHKA HM3HOCA CBEPJI TOJBKO IO 3aaHEH
MIOBEPXHOCTH. Ananu3 pe3ynbTaToB
CBHUJIETENILCTBYET O HENMHEWHON 3aBUCUMOCTHU
H3HOCA OT CKOpPOCTH pE3aHusl. IIpu
OIMHAKOBBIX  YCIIOBHSX OOpabOTKH W3HOC
ceepn a0 1400 orBepcTwidi  MPaKTUIESCKH
OAMHAKOB, C  YBEJIWYEHHEM  KOJIMYECTBA
orBepctuii (cBbime 2100) M3HOC WHTCHCUBHO
YBEJIMUHBAETCSL.

UccnenoBanuss 1o  yCTaHOBIEHUIO
BIUSIHUSL ~ TOAAYW  Ha  HM3HOC  CBEpI
MIPOU3BOJMIIM TI0 ONTUCAHHOM BBIIIE METOIMKE,
Ha CJEAYIOUIMX TEXHOJIOTHYECKHX PEeXHUMAaXx:
n=10000 Mun"', NpPH CIIEAYIONHX 3HAYCHHSX
nmomad momadax - S = 0,05 u 0,07 mm/06.

0 500 1000 1500 2000 gom-o oreepermit  1IONMYYCHHBIC  PE3YIbTATHI aHaJOTUYHBI

Puc.2 — 3aBucumocts n3Hoca ceepa I ot konmyecTBa NPEICTABICHHBIM Ha PUC 2, TI09TOMY B pabore

npoceepJieHHbIX oTBepeTHii B IIII npu yacTore Bpamenust mmuHeas 10000 He npuBogsATca. VX aHanmu3 CBUACTEIBCTBYET

(1) n 15000 mun™ (2) 0 HENMHEHHON 3aBMCHMOCTH H3HOCA OT

cKkopocTH pe3aHusi. Ilpm oanHaKoBBIX ycnoBuax oOpaboTku a0 1400 oTBepcTHil M3HOC CBEpJI MPAKTHYECKH
OJIMHAKOB, C YBEJIMUEHUEM KondyecTBa oTBepcTHii (cBbie 2100) U3HOC MHTEHCUBHO YBEJIUYUBAECTCSI.

AHanu3upys NOJy4YeHHbIE Pe3yibTaTbl, MOKHO CJENIaTh BBIBOJ, YTO Ha M3HOC CBEPJl OKA3bIBAIOT BIIUSHUE
nojaya, CKOPOCTb pe3aHusi M KoJIW4yecTBO mIpocBepiieHHbIX oTBepcTuit B IIIl. C yBenuueHneM KOIMYeCTBa
orBepctuii (Oonpmie 2000) MHTEHCHMBHOCTh W3HOCA CBEpja BO3PACTacT, IOITOMY BO3HHKAET HEOOXOJUMOCTH
3aMEHBbl WIH NIEPETOUKHU CBEPI.
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