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OnucaHo METOAUKY i pe3yIbTaTH MPOBEACHOTO JOCIIIKEHHS. 3aMpONOHOBAHO MATEMAaTUYHY MOJIENb
CrpalioBaHHs 3yOLiB CTAIEBUX MWIOK y BUTTISI MOJiHOMA TPETHOTO cTeneHs. OTpuMaHo piBHSHHS perpe-
cii, ke XapakTepu3ye 3aJIeKHICTh TUIONII CIPAIfOBaHHSI jie3a 3yOIliB CTaleBUX MUJIOK Bil NIISIXY pi3aHHS i
KiJIbKOCTi TIepepB abpa3uBHOro kpyra. JIoBeIeHO BIUIMB KiJIKOCTi NepepB Kpyra Ha BEJIMYMHY IUIOLLI cripa-
LIOBaHHSI 3yOLiB Mk, BuzHaueHo parjioHanbHy KiJIbKIiCTh 1epepB Kpyra. BcTaHOBIEHO rpaHUYHUM HUISX
pi3aHHs 110 BTPATH MPALE3JaTHOCTI MMIIKK 3ar0CTPEHOT MepepBHUM aOpa3suBHUM KPYTOM.

Knrouosi cnosa: cranesa nuiika, nnepepBHUit aOpasvBHUI KpyT, MOJIE/Ib CIIPALIIOBAHHS, PiBHSHHS perpe-
cif, NUIAX pi3aHHs, CTIWKICTh MPOTH CIPALIOBAHHS.

IMocranoBka mnpodOsemu. Pamui i OUCKOBiI cTanesi
MUJIKK IUPOKO BUKOPUCTOBYIOTh IS MO3A0BXKHBOIO PO3-
TIUJTIOBAHHS IEPEBUHM Pi3HMX mopia. Hassuwmii crocid 3a-
TOCTPIOBAHHS WX TWJIOK CYLIIbHUMH aOpa3suBHUMH Kpy-
raMd MaJIOTIPOAYKTHBHUI 1 He 3a0e3redye HaJeKHOT
cTiliKocTi 3yOLiB MPOTH cripafoBaHHs. 30IbIIEHHS MO/1a-
BaHHS Ha Bpi3aHHSA Kpyra Bele IO 3HAYHOTO HarpiBaHHSI
ne3a 3yOliB MWJIKH, MiANATIOBaHHS i B MOAANBIIOMY iH-
TEHCHBHOI BTPaTH OCTPOTH. YCYHYTH Liel HENOMiK MOX-
JIMBO BUKOPUCTAHHAM MEPEpBHUX aOpa3MBHUX KpYTiB
(Kiryk, & Pavljuk, 2000), mo nacT 3MOry 3MEHIIHUTH
TeMIepaTypy MOBEPXHi 3yOLl, YHUKHYTH CTPYKTYpHHX
NepeTBOpeHb MeTally, 30ibIIUTH NOaBaHHA Ha Bpi3aHHH,
T ABUIIATH CTIHKICTB Jie3a 3yOIlst MPOTH CIPAIFOBAHHS.

AHaJi3 ocTaHHIX AocaimkeHsb i myoJikauiii. [Tpouec
oridyBaHHS cTaneil mocnimkeHo y 0araThox poboTax,
30kpema A. B. fkimoBa, O. O. Skimosa, /[.I'. €BceeBa

(Yakymov, 1975; 2014; Evseev, & Salnikov, 1978).

pe3ynbTaTaMy LHMX OOCIi/KeHb BCTAHOBIICHO, IO KOJH
npouec muTiyBaHHA BUKOHYBATH 3 IEBHUMU NepepBamMH i
TPUBAJICTIO IUTi(YBAaHHSA M)XK LIMMH MepepBaMyi MEHILOO
BiJl Yacy TEIIOBOr0 HACMUYEHHS MeTally, TO 3a Yac po3pH-
By mpolecy LiTi(yBaHHA 3HWKYETbCA TeMmIepaTypa Ha
MOBEpXHi  00poOnroBaHoi  Aerani. 3aBISIKM  LbOMY
BIA€TbCA YHUKHYTH HedekTiB untipysanHs. Ha ocHoBi
nonepeanix gocnimkens (Kiryk, & Pavljuk, 2000)scra-
HOBJICHO, IIO CMOCI0 TIepepBHOTO NLTiIQYyBaHHS € edek-
THBHUM JUIS 3aTOCTPIOBAaHHS CTalICBOTO ACPEBOPi3alibHO-
ro iHcTpyMeHTa. P0o3po0ieHO KOHCTPYKIFO TIEpEpBHOTO

KiJbKicTio 3youiB Z = 60, kyT 3aroctproBanHs S = 40°,ne-
penHiii kyt y = 35°,3aaHiii kyT oo = 15°,3y0ui 3 1amaHo0
3aIHBOIO TIOBEpXHEIO 3i cTtami 9Xd.

J1nst 3arocTproBaHHS MAJIOK BUKOPUCTOBYBAIHN CYILTb-
Hi i mepepBHi aOpa3wWBHI Kpyrn Ha KepamiuHii 3B'S31i,
3epHECTICTIO — 40HOpMalTbHa, MaTepiall 3epHa — eJIEKTPO-
KopyHO 25A, cepenHboi cTpykTypu Ne 6, 7, TBepmicTh
CM,. Jlocnian npoBOAMIN Ha KPYTJIOMMIKOBOMY TPHpi3-
HOMY BepCTaTi AJA NO3A0BXKHBOTO PO3MUIIOBAHHA MOJEII
LJIK4-2. Po3nuitoBaiu cyxi OyKOBi NOUIKM BOJIOTICTIO
8...10 %. Vci nocniay BUKOHYBaJIM 3 TOCTIHHOMO IIBUJ-
KIiCTIO mojaBaHHA vs = 24M/xB. [IpoBeneHo M'ATh cepiii
nocnigis. [TopiBHIOBaNM Mepily cepito IUist MUJIKH, 3aroc-
TPeHOI CYLbHIM a0pa3uBHAM KPYTOM, iHIII YOTHPH ce-
pil — kpyramu 3 kinbkicTio nepeps » = 3, 6, 9, 121fuc. 1).

Puc. 1. AGpa3uBHi KPyrH 3 epepBHOIO pOOOYOIO TIOBEPXHEIO

JIyis  KiTbKICHOTO OIIIHIOBAaHHS CHpAIfOBaHHA Jie3a
3yOLsl MAIKKM BUKOPHUCTOBYIOTH JIiHIlHE ab0 MacoBe cripa-
[foBaHHA. 3aMipsTH JiHiiHI mapameTpn ado Macy crpa-
IFOBaHHS Ba)XXKO 1| BOHM HE BioOpakaroTh XapakTep ca-
Moro mpouecy. HaiinpocrimnM Ta edexTuBHUM crioco-

abpasusHoro kpyra (Pavljuk, 2015; Deklaracijnyj patent oy ¢ BUMIpIOBAHHS IUIOWI CTPALIOBAHHA 1e3a 3yoLs

Ukrainy Ne 22538, 2007)fipoBeieHO TOCHiUKSHHS TeM-
nepaTypH, MOPCTKOCTi i TBEpAOCTi MOBEpXHi 3yOus 3a-
TOCTPEHOro  CYLUIBHUMM 1 TEepepBHUMHU  Kpyramu
(Pavljuk, 2002) BctaHoBieHo, 1110 BAKOPUCTaHHS Tepep-
BHUMX a0pa3svBHUX KPYTiB He CINPUYMHAE TMPUNATIOBAHHA
pi3asibHUX Kpaiiok BeplInH 3yOLiB i 3a0e3nevuye MocTiliHy
TXHIO TBEPIIICTb.

Meta pocmigkeHHsi. BCTaHOBUTH 3alleXHICTh BeJH-
YUHW CTPAIFOBAHHS 3YOIliB CTAJIEBUX IMIOK B HUIAXY
pi3aHHS i KiJTBKOCTI MepepB kpyra. Bubparu pauioHanbHy
KiJIbKiCTh TIepepB Kpyra. BusHaumTu CTiliKicTh MpoTH
CrpalfoBaHHsA 3yOLIB IMWIJIOK, 3aroCTPEHUX IMEepepBHUMHA
abpa3sBHUMU KpyTramu.

Buxaaa ocHoBHoro marepiamy. g mocmimkeHHs
BUKOPHCTOBYBaJIM Kpyrii muiku apiamerpom 400mM, 3

(puc. 2), sikuit 3acTOCOBAaHO il Yac IOCIiIKYBaHHs, a
IJIOIA € TIOKa3HUKOM OL[HIOBaHHSA BEJMYMHHU CIIPaLIO-
BaHHS Jie3a 3y01.
1nsx pizaHHs BU3HAYAIH 32 (POPMYIIO0
= Ly 1
®~ 100008,
ze: Ly — cymapHa JOBXWHA NPOMUIy, M; |, — JOBXKUHA
IyTH pi3aHHA, MM; S, — OJaBaHHS Ha 3yOellb, MM.
JloxnHa myTW pi3aHHA 3aJISKUTH BiJ MapaMeTpiB
IHCTpyMEeHTa, YMOB pi3aHHS | TOBIIMHY AOIIKH:

o, =R[@%; @ =arccosy,, — arccog,
cos%:—R_a; COS@x:L_:_ 2 2
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ne: R— paniyc nuiiku; ¢ — KyT KOHTaKTy 3yOLs MAIKH 3
JIEePEBUHOIO; ¢, — KYT BXOKEHHS 3yOLS B JEpEBUHY;
@ux — KyT BUXOIY 3YOIId 3 ICPEBUHU; a — BHUCTYII MUJIKA
3a MaTepial; h — TOBIIWHA 3arOTiBKH.

Puc. 2. Cxema BUMiprOBaHHS TUIOII CIIPAIFOBAHHS Jie3a 3yOls:
F1 —oima cripaitoBaHHs Jie3a 3arocTpeHoro 3yous; F, — s
CIPaIbOBAHOTO 3yOLIs

Y KO>)KHOMY JOCIIi/ti TicJIA MPOXOomKeHHs (ikcoBaHOTO
OUIAXY pi3aHHA, TWIKY 3HIMamu i ¢oTtorpadysamm jie3o
3yOuiB mix Mikpockomnom 3i 30inbmennsm y 37 pasis. On-
HOYacHO (hoTorpadyBad MIKPOINTPUX 3 IIHOK TOIITKI
0,01mwm. Inomy cnpamtoBanHs F; BuMiptoBani o0BeneH-
HSIM KOHTYpY O, a, b (auB. puc. 2) —ajs roctporo 3yous i
mionty F,06BeneHHsIM KOHTYpY O, ¢, d — IU1s 3aTyIUIeHO-
ro 3youd. Y nepuiomy H0CHifi MJOLLy CHpalfOBaHHSA BU3-
HaYWIM Ui BCiX 3yOuiB muiku (Z = 601mrt.). ITicns cra-
TUCTUYHOTO OOpPOOJIEHHST pe3yJbTaTiB BU3HAYMIN Koedi-
Li€HT Bapialii IO CIpalfOBaHHs, SKMH NOPIBHIOBAB
5,36 %.3a uuM IMOKa3HMKOM BU3HAYMINA MiHIMAJIbHO IIOT-
PpiOHY KiNbKiCTh 3aMipiB [T OAANBLINX AOCIIIKEHb

t2[?

Ny >———
P2

, ®)

ne: t — kpurepiit Ct'neHra; v — xoediuieHT Bapiauii; P —

HeoOximHa TouHicTh mocaiais (P=5 %)

JIns 603amipiB kpurepiii Ct'nenrta nopisHioe 2. Toni
ny > 4,596.J1y1s BCix HACTYMHUX JOCIITIiB OyJI0O pUiiHS-
TO 1, = 63amipiB (I KOXXHOTO AECATOrO 3yOLIs MUJIKH).

Pe3ynbTaTt BUMipIOBaHb TUIOLII CIIpALFOBaHHS 3yOILiB
MMAJTKK 3aJIeKHO Bill IUIAXY pi3aHHS i KiTBKOCTI mepeps
Kpyra HaBeJIeHO Yy TaOJIHLL.

Ta6n. PesyabraTn BUMipOBaHb 1uIomi
crpauoBaHHs 3y0LiB MUIKH

[Ino1ma crparroBaHHs Jie3a 3yOLiB y THC. MKM
Hnax ITMJIOK, 3arOCTPEHHUX a0pa3MBHUMH KpYraMu
i3aHHs, . MIePEPBHUM i3 KiJIbKICTIO TIEpEpB Kpyra, 1
pTI/IC. M | CYLWIB pep 1T, PePRIPY
T 3 6 9 2
0 1,0993| 1,0993¢ 0,9957 1,0294 1,09p3
11,8967 4,3742| 1,8586| 1,7574 1,7824  2,8384
23,7933 7,2289 | 3,9276| 2,7524 29876 46782
45,1934 10,6843| 6,4429] 4,2533 4,7566  7,11p5
68,5907 13,1077| 8,2541| 5,7421 6,2487 9,17%4
97,1244 14,0054| 9,6271| 6,9821 7,4209 10,4358
122,777 14,5317 10,342% 77,3579 8,0126 11,1924
148,764 15,0945| 10,9711 7,994]1 8,4231 11,8358
175,004 16,0675| 11,9928 8,5427 9,0427 12,7961
200,003 19,5958| 13,3824 9,723¢ 10,2508 14,3435
220,313 23,4296| 15,172% 10,9431 11,5842 16,2984
239,061 29,4791 17,3548 12,2872 13,25p9 18,9115
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3aJIexHO Bill JOBKUHM HUTSIXY Pi3aHHS 3MiHIOETHCS HE
TUTBKYM TIJIOIIA CTIPALIOBAHHS, ajle i XapaKkTep CrpamoBaH-
HA ne3a 3yous (puc. 3). Jlo moyatky pi3aHHs, komm Lp=

0 3arocTpeHmit i moBeneHuil 3yGeip Mae paniyc 3aroc-
TpeHus p = 10...15mkM, rpani 3yOus piBHi i TajgeHbKi
(puc. 3, g). 3 yacoM, KoM LUIAX pi3aHHA JOCATHE L, =

150Tuc. M, paniyc 3aOKpyIJIeHHS Jie3a 3pocTae 10 p=
30...40mMkMm i Ha TIepeIHil i 3aaHIl TOBEPXHIX 3yOIIs 1Mo-
MITHi CIiiM CTIpaltfoBaHHSA i BUKPUINYBaHHs (OuB. puc. 3,
6). na 3aTymiieHux 3yOLiB, KOJM WUIAX DPi3aHHS CATAE
230Tuc. M, 1e30 3yOId 3HOMICHE IO TIEpenHiil i 3amHiii
TOBEPXHAX, Ha SIKUX BUIHO 33JMPKH, X04ya pajiyc 3aroc-
TpeHHs HEMa€ iCTOTHOTO 3pocTaHHs i ctaHoBUTH 50...60
MKM (muB. puc. 3, 6). Y MNOIaJbIIOMy CIOCTEpiraeThes
BUJIaMyBaHHsI Jie3a 301 (amB. puc. 3,2) abo BiarMHAHHA
fioro y 6ik nepeaHboi noBepxHi (quB. puc. 3,0).

Puc. 3. Cranii cnipaitoBanHs 3yOLiB IMUJIKH I1iJl 4aC PO3MUIIIOBAH-
Hsl JICPEBUHH TBEP101 mopoju (OyK)

3aNeXHICTh TUIOIII CTPAIFOBAHHS Jie3a 3yOIliB TITKA
Y THC. MKM’ OMHCYEThCS TONIHOMOM TPETHOrO CTEreHs
(puc. 4)y Burnsni piBHAHHS perpecii

For =as 3 +a, (13 + ay [+ a, (4)

1€ as, @ ai, o — KoedillieHTH piBHAHHA perpecii, o 3a-
JieKaTh Bil KiIBKOCTI IepepB Kpyra.

3ajexHicTb Koe(ilieHTiB piBHSIHHS perpecii Bia Kiib-
KOCTi TIepepB Kpyra MOXKHA OIMKCATH TOJiHOMOM JPYroro
ctenens (puc. 4-6).
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Puc. 6.3anexHicTb koedimieHTa a3 BiJ KiIbKOCTI epepB Kpyra

Toni piBHsHHA perpecii (4) 3anuiueMo y BHUTJIANI 3a-
JIeKHOCTI

For = (20007 % - 2000%0h + 7010°) 13+
+(-6010°5 2+ 8C1L0*[h~ 0,002 L3 + (5)
+(0,0053h% - 0,0737h+ 0,32Q9L + 1,06z

ATeKBaTHICTh PIBHSHHS perpecii mepeBipsiin 3a Kpu-
tepiem ®imepa F =3 gna f,=8i f,=60; F,=1,76.3
puc. 4-6 nobpe crocTepiraeTbcs HasIBHICTh EKCTPEMYMY Y
Koe(iLieHTIB a1, a2, az A KUJIBKOCTI TepepB Kpyra B
Mexax Bix 6 mo 9, orpumano rpadik 3anekHOCTI CIpalo-
BaHHS Jie3a BiJ LUIAXY pi3aHHs (puc. 7). Buxomsum 3
KOHCTPYKTUBHUX MipKyBaHb i MOXKIMBOCTE OanaHcyBaH-
HS Kpyra MpUHHSATO 32 palioHalbHy TMapHy KiUIbKIiCTh Te-
pepB —Bicim.

Puc. 7.3anexHicTh MO CIIPAIIOBAHHS Jie3a 3yOLliB MIIKH Bij
LUISIXY pi3aHHs i KIIBKOCTI IepepB Kpyra

JocnimKkeHHs MoKa3aio, IO KPUTWYHUM € CIparfo-
BaHHS 3yO1 muiku F,, =15Tuc. mimZ. Tlics TIOCSITHEH-
HS M€l MEXi CIIOCTepeKEeHb Pi3ke 3POCTaHHS CHII pi3aH-
H#l, BiOpallis 3aroTiBKM Ta MOYOPHiHHA MOBEPXOHb MPOITH-
Jy BHACHimok TopiHHA. [lomanpima eKcIuTyaTallist THIKA
CTae HEMOXJIMBOIO. Buxomsum 3 1bOro BMU3HAYWIM Tpa-
HUYHO MOXJIMBMHN ILISAX pisaHHs (puc. 8).

BcraHoBneHo, M0 U1 TWJIKH, 3arOCTPEHOT CYLIITbHAM
aOpa3vBHUM Kpyrom, Mexer Iuisixy pizanHs € 150Tuc.

162

M, a U TIAJIKA, 3aTOCTPEHOT KPYToM 3 BiChbMOMa Tiepep-
BaMW, OUIAX pi3aHHA cTaHoBUTH 250THC. M, TOOTO B
1,67paza Ginbre.

Puc. 8. BusHaueHHs rpaHUYHOTO NUISXY Pi3aHHS IS PO3ITHIIIO-
BaHHsI IPEBUHU OyKa MUJIKOIO, 3ar0CTPEHOI0 CYIITEHUM i Tie-
pepBHIM aOpa3MBHUM KPYrom 3 1M = 8

BucHoBku. Brepiue npoBefeHO MOPIBHANBHI JOCIi-
JDKEHHs CIIPaltOBaHHA Jie3 3yOLiB cTajeBUX MUIIOK, 3a-
TOCTPEHUX CYLIIBHUM i MepepBHUMHU aOpa3suBHUMU Kpy-
ramMu. J{is KiIbKICHOTO OLIHIOBAaHHS CIIPaLOBaHHS 3y0-
LB MWJIOK IOOLIJbHO MNPUHHATH TIUIOLLY CHpPALOBAaHHA
fioro ne3a, K (QyHKUiIO BiX IUIAXy pi3aHHS i KiNBbKOCTI
nepepB Kpyra. 3alexHiCTh IUIOLLI CHpalfOBaHHA Je3a
3yOLiB MUJIKK aJeKBAaTHO OMUCYETHCS MOJIHOMOM TPEThO-
TO cTemneHs. PamioHaNbHOIO KiJIbKICTIO MepepB Kpyra € Bi-
cim. BukopucranHs mepepBHHX aOpa3sMBHUX KPYTIB IUIs
3aroCTPEeHHsA CTaleBUX MNWIOK 3abe3revye IMiJBHUIIEHHSA
crifikocrti B 1,67pa3a.

[ligBumeHAs CTIfKOCTI TIJIOK TPOTH CIIPAIFOBAHHS
Ja€ 3MOTY 3MEHIUUTH X piuHy BHUTpaTy Ta MpOCTOl Bep-
CTaTiB Ha 3aMiHy iIHCTPYMEHTY i LIUM CaMHUM MiIBUILUTH
NPOAYKTUBHICTb IIPOLECY MUIISHHSL.
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M. H. Nuaunuyk, P. B. llaeaok

MOBBIIEHUE U3HOCOCTOMKOCTH IMUJI IYTEM 3ATOYKHU
INPEPBIBUCTBIMU ABPA3SUBHBIMU KPYTAMHU

OmnucaHsl METOJMKA U PE3yIbTaThl MPOBEACHHOTO HcciaenoBanus. [Ipemnnosxkena MmateMaTnaeckas MOAENb U3HOCA 3yObEB CTAllb-
HBIX T B BUAE TOJIMHOMA TpeTeil crenenu. [lomydeHo ypaBHEHHE PErpeccy, XapakTepHu3yIolee 3aBUCHMOCTh IO M3HOCA
3yOBEB MWJT OT MyTH PE3aHMsS U KOJIUYECTBA MEPEPHIBOB abpa3uBHOTO kpyra. [lokazaHo BiusiHME KONMMUeCcTBA MPEPLIBAaHMI Kpyra Ha
BEJIMUUHY IO W3HOCA 3yObeB muil. OnpesesieHo palioHATBHOE KOIMYECTBO MPEPBIBAHUH Kpyra. Y CTaHOBJIEHA PallMOHAIbHASL
HU3HOCOCTOMKOCTB TMJI, 3aTOUYEHHBIX MIPEPBHIBUCTHIM a0pa3HBHBIM KPYToM.

Kniouesvie cnoga: 3arouka, cTajabHas MUIA, MPEPLIBUCTBIN a0pa3uBHBIN KPYT, MOJIENIb U3HOCA, YPABHEHUE PErPECCHU, Iy Th pe3a-
HUSI, U3HOCOCTOMKOCTB.

M. I. Pylypchuk, R. V. Pavlyuk
INCREASING SAW RESISTANCE TO WEAR BY SHARPENING INTERRUPTION ABRASIVE CIRCLES

The existing method of sharpening steel saws with solid abrasive wheels is of low productivity and doesn't provide high level of
wear resistance. Abrasive wheels with intermittent sharpening surface may be used to avoid this drawback. The purpose of the study
is to identify the relationship between the teeth wear area, cutting path and the number of abrasive wheel interruptions, and to define
the rational number of interruptions and circular saw replacement frequency during sawing wood. We used a circular saw blade with
the diameter of 400 mm and 60 square top teeth on the blade. Experiments were conducted on circular sawing woodworking machi-
nes with crawler conveyor. Dried beech boards were sawn. Speed of conveying workpieces was constant — 24 m/min. Five series of
experiments were carried out. The first series was with saw sharped by continuous abrasive wheels. The next series was with saw
sharped by intermittent abrasive wheels with the number of interruptions — 3, 6, 9, 12. We used circles ceramic bond. For quantitative
evaluation of saw blade teeth' wear we used the area of blade teeth' wear. Cutting path is determined as a function from the length of
the cut, cutting arc length and filing for tooth. The wear area was measured using the integrated methodology and ‘Compass' softwa-
re. During the cutting process the blade teeth wear on the front and back sides. At the beginning the area of blade teeth ware incre-
ased rapidly; later ware intensity decreases and progressed into the phase of steady wear. After reaching atafyendisharp
increase of wear area was observed and some teeth had broken down or bent blades. On the basis of the experiments and mode
analysis, it could be stated that as the number of interruptions increases the area of blade teeth ware decreases. Subsequent exploitati
on of the circular saw is impossible. To conclude, we have conducted for the first time comparative research of wear of steel circular
saw blades teeth sharpened with continuous and interruption abrasive circles. Using abrasive wheels with intermittent grinding surfa-
ce may increase wear resistance of circular saws to 1.67 times. This helps reduce expenses on circular saws, machines and replace:
ment of instrument and increase their productivity.

Keywords:sharpening; steel saw blade; interruption abrasive circle; mathematical model of wear; regression equation; cutting
path; wear resistance.
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