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Kinematics of cutting process while honing holes with a
hone with variable geometry of sticks

The article considers the process of kinematics in the formation of the grid of traces taking into account
the influence on microrelief of the formed surface. Schemes of interaction of the machined surface with diamond-
abrasive sticks, which are positioned at different angles and their influence on the formation of the microrelief of
the machined holes have been given. The calculation scheme of positioning diamond-abrasive sticks at different
angles is presented. On this basis, mathematical models of density of the formed grid of traces were obtained.
The study of the influence of the inclination angle of diamond-abrasive sticks on the formation of the macrorelief
of the machined hole is also presented. The influence of transfer of peculiar geometrical deviations of honing
heads on the machined surface is defined.
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KunemaTuka npouecca pe3anusi Npu XOHUHTOBAHUM OTBEPCTHI CO CMEHHOI reoMeTpuei

pacmnosio:keHusi OpycKoB

B crarbe paccMmarpuBaeTcs Ipolecc 00pa3oBaHHMsS KMHEMAaTHKU 00pa30BaHUsS CETKU CIICIOB C y4EeTOM
BIUSHUSL Ha MHKpopenbed oOpa3oBaHHOW HoBepxHOcTH [IpuBeneHbl cXeMbl B3auMopeicTBHsA 00paOOTaHHON
MOBEPXHOCTH € aJIMa3HO-a0Opa3sUBHBIMH OpYCKaMH, KOTOPbIE pa3MEILEeHbI 0l Pa3HbIMU yIJIaMU U UX BIUSHHE Ha
obpa3oBaHue MHUKpopenbeda oOpadaTbiBaeMoro otBepctHs. [IpencraBiieHa pacueTHas cXeMa pacloJIOKCHHS
AJIMa3HO-a0pa3MBHBIX OpPYCKOB IMOJ Pa3HBIMH YIVIAMH Ha OCHOBAHHH, KOTOPOH IMOJYy4YEHBl MaTEMaTHYCCKHE
MOJICNU TUIOTHOCTH OOpa30BaHHOM CeTKH cieqoB. Tarke MpeacTaBieo MCCISIOBaHUS BIUSHUS YIJla HaKJIOHA
alMa3HO-a0pa3MBHBIX OpycKOB Ha oOpa3oBaHHME Makpopenbeda oOpabareiBaemMoro oteepctus. OmpenencHO
BIIMSIHUE NIEPEHOCa COOCTBEHHBIX T€OMETPHUYECKIX OTKJIOHEHHH XOHHHIOBAIBHBIE TOJIOBOK Ha 00padaThIBaeMyto
MIOBEPXHOCTb
MHKpopeabed, Makpopeibed ceTka cjeIoB, reoMeTpuyecKkrne MPOM3BOIHbIE JHUHUH, YINPYro-BHHTOBOW
XOH, TPAEKTOPHS IBHKEHUS 3epHA

Problem statement. Increasing requirements for the functional parameters of control
equipment in hydraulic machines that are used in agricultural machinery and deals with the
performance of its elements has necessitated improving quality of surfaces and accuracy of
their dimensions. Finish machining is used to comply with the specified requirements,
including the process of honing holes. In addition to indicators of accuracy of the sizes and
quality of a surface, requirements on wear resistance of the processed holes and productivity
of processing are put forward. These indicators are influenced by the kinematics of cutting
process. One of the main indicators of the stages of the cutting process kinematics is the
formation of microrelief of the machined surface (method of forming a grid of traces).

Analysis of recent research and publications. The analysis of studies of cutting
process kinematics indicates that honing of holes by traditional methods will occur on the
principle of trace [1, 2, 3]. It implies absence of transfer of geometric deviation of the contour
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wear of the specified stick on the geometric grooving lines (GGL) of the machined hole [1].

There is a coincidence of the directional of the processed hole with the contour of the
diamond stick of traditional hone, and the interaction between them is linear, which leads to
copying geometric deviations or wear of the contour of the specified stick [1, 2].

Problem definition. Based on this analysis, it is necessary to ensure formation of
microrelief of the machined surface, particularly the formation of the grid of traces with the
maximum step density. Also, it is essential to consider control of wear of a diamond-abrasive
stick and copying geometrical deviations on the machined surface.

Main material. To solve this problem, we consider a ball-wedge hone [4, 5] with
variable geometry of diamond-abrasive sticks (Fig.1). Let us consider the scheme of
formation of microrelief of the machined surface. (Fig. 2).

Figure 1 — Ball-wedge hone with variable stick geometry
Source: developed by the authors
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1 — distance of one rotational motion; 2 — distance of progressive motion; 3 — distance of reverse motion;
4 —distance of reciprocal motion; 5 — additional route of the head rotation at the end of the double motion;
6 —trajectory of some grains; 7 — geometric grooving line in the form of a generant; 8 — geometric grooving line
in the form of a directional; I, — stick length.

Figure 2 — The scheme of formation of a microrelief of the machined surface
Source: developed by the authors
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Based on the scheme shown in Figure 2 it is seen that the extreme sticks, which are
located at the angle of 45° with the generant of the machined hole have a point nature of
interaction, which provides only the local value of geometric deviation or contour wear of the
stick. That is, for all diamond-abrasive sticks, the formation of geometric grooving line,
namely the generating one, when honing the hole will occur on the principle of trace.

The directional of the machined hole for the sticks located at the angle of 45° will have
a point nature of interaction with a contour, that is only local value of transfer of errors will be
present. Accordingly, for the specified sticks, the formation of a geometric grooving line,
namely the directional, while honing the hole will occur on the principle of trace, which will
reduce negative impact of the sticks located at the angle of 90°, which perform processing on
the principle of copying.

Conformation of necessary microrelief or microgeometry is due to the interaction of
the trajectory of some grains that move along given vectors of linear velocities. This
determines the degree of density of the points of intersection of the trajectory of some grains.
In Figure 2 the scheme characterizes different steps of the grid of traces of diamond-abrasive
grains, which remains after the sticks located at different angles. That is, the density of the
grid will be higher than with a uniform placement of diamond-abrasive sticks.

To determine density of the grid of traces, which remains after diamond-abrasive
sticks located at different angles, we construct the calculation scheme (Fig. 3).

1 — trajectory of grain motion during progressive motion; 2 — diamond-abrasive stick with 45° angle;

3 — trajectory of grain motion during reverse motion of the stick with 45° angle; 3 — diamond-abrasive stick with
90° angle; 3 —trajectory of grain motion during reverse motion of the stick with 90° angle; .I, — length of the
stick (step of the grid of traces at progressive motion); I, — distance covered during progressive motion;

I, — distance covered during reverse motion; I — step of the grid of traces during reverse motion of the stick with
45° angle; I’s —step of the grid of traces during reverse motion of the stick with 90° angle; A s — difference of the
steps of the sticks with different angles; a; — the angle of grain trajectory relative to the Y axis during
progressive motion; o, — the angle of grain relative to the X axis during progressive motion; § — the angle of the
grain relative to the Y axis during reverse motion; ¢ — the angle of inclination of the diamond-abrasive stick;

v — the angle of grain trajectory relative to the diamond-abrasive stick with 45° angle during reverse motion;

v — the angle of grain trajectory relative to the diamond-abrasive stick with 90° angle during reverse motion.

Figure 3 — Calculation scheme of microrelief formation of the machined surface
Source: developed by the authors

Based on the above calculation scheme 3, the density of the grid of traces while honing with

diamond-abrasive sticks positioned at 90° angle will be characterized by the angle of
intersection of velocities of rotational and reciprocal motion and is determined by the formula:
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S

I =1, -sin{90—0.5arctg \\ll—p}zil, (1)
where Ib — is length of the stick (step of the grid of traces during progressive motion);
vp — is the velocity of reciprocal motion;
vo — is the velocity of rotation motion;
In its turn, the density of the grid of traces for diamond-abrasive sticks positioned at
45° angle will be determined by the following formula [1]:

I, *180

: ()

I, =1, *sin -9
sin[90—0.5arctg V"J*;zil

where y — is the angle of the grain trajectory relative to the diamond-abrasive stick
during reverse motion.

I, — distance covered during reverse motion;

Is — step of the grid of traces during reverse motion;

I, — distance covered during progressive motion;

@ — inclination angle of the diamond-abrasive stick.

Therefore, density of the grid of traces at different angles of diamond-abrasive sticks,
according to the calculation scheme, will be characterized by the difference of the density of
the grid of traces of the sticks positioned at the angles of 90° and 45°. And it is characterized
by the following equation:

Al =1 -1.. (3)

In the obtained equation (3) we substitute the values of the densities of the grid of
traces of the sticks positioned at the angle of 90° (1) and the angle of 45° (2):

|, *180

(4)

0

Al =1, sin[90—0.5arctg V—"J;zi1 —sin - ||,
! sin£90 —0.5arctg V"J*;zil
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The obtained mathematical model allows determining the density of the grid of traces
at the position of central sticks at the angle of 90° and for the extreme sticks at the angle of
45°. The position of the sticks at the angles of 90° and 45° are optimal to ensure the formation
of macrorelief of the machined hole.

Therefore, when combining the angle of inclination of diamond-abrasive sticks it was
possible to increase the density of the formed microrelief and, thus, increase the processing
productivity and reduce the effect of wear on the geometry of the machined hole.

Conclusions. As a result of the study, it was determined that the formation of
microrelief with positioning diamond-abrasive sticks with variable geometry, namely with
different angles of inclination, allows increasing the density (grid of traces) of intersection
points, which reduces the roughness of the treated surface.

In the process of formation of the macrorelief of the machined surface the position of
diamond-abrasive sticks allowed carrying out processing on the principle of the trace that
allowed reducing transfer of deviations from a honing head to the machined surface in the
course of their wear.
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Kinemaruka nponecy pisaHHsi IpU XOHiHTYBaHHI OTBOPiB XOHOM 3i 3MiHHOI0 TreoMeTpi€cl0

po3TalyBaHHA OPYCKiB

Ha cyuacHOoMy etami pO3BHTKY CLIBCHKOTOCIIOAPCHKOTO MAIIMHOOYMXYyBAaHHS BaXKJIMBUM ITHTaHHSIM €
MIBUIICHHS e€(EKTUBHOCTI 1 IIBUAKOJIT Kepylodol amapaTypH TiApaBIidyHOTO NMPHUBOJIY, SIKMH HaOyB IIMPOKO
PO3TOBCIOKEHHS Y CITLCHKOTOCTIONAPCHKii TexHimi. {7 mBruaKoito podoTH Kepyrodoi anmapatypu 3abe3rnedyio
TiABHUIIEHA TOYHICTh Ta AKICTh BUTOTOBJICHHSA ii eeMeHTiB. Oco0MmBa yBara MpUALIISETECS onepanisM (iHIIrHOT
00po0OKH, cepes IKUX XOHIHTYBAaHHS MIPELEeH3IHHIX OTBOPIB.

OpHuM 3 roJI0BHUX (DaKTOPIB, KOTPHIA BIUIMBAE HA TOYHICTH Ta SIKICTh 0OPOOJIIOBAHOIO OTBOPY € MPOLIEC
YTBOpPEHHSI MaKkporeomeTpii Ta Mikporeomerpii. Ha sikicTe Mikpopenbedy BIUTMBa€e KiHEeMaTHKa YTBOPEHHS CITKH
cimifiB. Ha yTBOpeHHsI MakporeoMeTpii B CBOIO 4epry BIUIMBAE MPHHIMIT YTBOPEHHS T€OMETPHYHHX BHPOOHUX
JiHINA 3 BpaxyBaHHS KOIIIIOBaHHS ICHYIOUHMX BIJIXWJIEHb Ta MEPEHOCY 3HOCY ajMa3HO-aOpasuBHHUX OpyckiB. Jlis
MIPOBEJCHHS JOCII/DKEHHsT TOOY/I0BaHO CXEMH B3a€MOJil 0O0poOJIEHOT MOBEpXHI 3 aJMa3HO-aOpa3MBHUMHU
Opyckamu, KOTpi PO3MIIICHHI i Pi3HUMH KyTaMH Ta iX BIUIMB Ha YTBOPEHHS MiKpoperabedy 0OpoOIIOBaHOTO
otBopy. [IpencraBieHa po3paxyHKOBa CXeMa pO3TallyBaHHs ajJMa3HO-aOpa3sUBHUX OPYCKIB il piI3HUMHU KyTaMH,
Ha TACTaBi SIKOI OTpUMaHI MaTeMaTHYHI MOJENI TYCTHHH YTBOPEHOi CITKH cmifiB. Takox mpenacTaBiIcHO
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JIOCITI/PKEHHS! BIUTBY KyTa HaXWIy ajiMa3HO-a0pa3uBHHUX OPYCKiB Ha YTBOPEHHS Makpopeiabedy 00poOIIioBaHOTO
OTBODY.

B pesynbTaTi mpoBeOCHHUX OCTIHKCHb BWU3HAYEHO, IO MPH YTBOPEHHI MIKpOpembedy pPO3MIIICHHS
aJMa3HO-a0pa3uBHUX OpPYCKIB 31 3MIHHOIO TE€OMETPi€r0, a camMe 3 Pi3HUM KyTOM HaXWIy, A€ 3MOTY 301TBIIHTH
ryctuy (CITKM CITifliB) TOYOK MEPETHHY, IO 3a0e3Medye 3HIKEHHS MIOPCTKOCTI 00pobroBaHoi moBepxHi. B
MPOIeCi YTBOPCHHS MaKpOpelbe(py o0OpoOIIFOBaHOT TMOBEPXHI pPO3MIIICHHS aliMa3HO-aOpa3suBHUX OpYCKIB
JTO3BOJIMJIO BUKOHYBaTH OOPOOKY 3a MPHUHIMIIOM CIiLy, IO MO3BOJHJIO 3MEHIIWUTH MEPEHOC BIAXWICHb BiJ
XOHIHTYBaJILHOI TOJIOBKH JIO 00PO0IIFOBaHOT MOBEPXHI B MPOIIECI TX 3HOCY.

Mikpopeabed, makpopeabed, ciTka caigiB, reomerpuyHi BHPOOHi JIiHil, XOHIHryBajlbHa TO0JIOBKA,
TPaeKTopis pyxy 3epHa
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Amnaiiz 1HHOBAIITHUX TEXHOJIOT1H MEXaHIYHO]
epepoOKH TEKCTUIbHOI CUPOBUHU

CraTTss TpUCBSYEHA HOBITHIM TEXHOJOTISIM TepepoOKH KOHOIUII 3 METOI0 OJepyKaHHSA JIyoa.
3anpornoHOBaHO TEXHOJIOITUHY CXeMYy BHIIJICHHS JyOy KOHOIICb, CIIPOEKTOBAHO 1 BUTOTOBJICHO OKPEMi YaCTUHU
o0JaiHaHHs, SIKI BKJIIOYAIOTh TaKi MPOIECH SIK: M SITTS 3 OJIHOYACHUM CKOOJIIHHSM, TillaHHS 3 MPOYICYBAHHSIM Ta
TpPSCIHHS 3 BiOpali€eto.

[Ipomec M’SATTS 31 CKOOJIHHSAM 3IIMCHIOETBCS Y M’ SUIBHO-CKOOJISAYIH EKCIIepUMEHTAIbHIN YacTHHI.
KoHCTpYKTHBHI Ta TEXHOJOTIYHI MapaMeTpu M sUIbHOI YacTHHH 3pOOJICHI Tak, IO 3a0e3NeduyloTh IOCTYIIOBE
30UIBIICHHST IHTEHCUBHOCTI Iporecy M’sTTs. IIporec moeaHaHHs BiOpamiiHUX 1 TPSACHWIBHMX i Ha Marepial
OJJHOYACHO BHKOHYIOTH T'OJIKM T'pEOCHEBOr0 MOJI Ta IUIAHKW TOJYaTOro TPaHCIopTepa, Je Miap MaTepiary
MIEPiOINYIHO I TKAIAE€THCS B BEPTUKATIBHIN TUTOIIHHI.

BuxopuctaHHs mpolieciB TiMaHHS 3 YeCaHHAM Ta TPACIHHS 3 BiOpalielo B TEXHOJOTIi ofiepKaHHS TyOy
KOHOIIEJb Y JIEKIIbKa MEepexoiB JT03BOJISIIOTh OJICPXKYBaTh JIyO 32 BMICTOM KOCTPHII Ta HOr0 Maco-JOBXKiHI Y
IMpoKoMy Jiana3oHi. Take moenHaHHS TPOIECiB TPSCIHHS Ta BiOparil 3a0e3neuye 30UIbIICHHS e(EKTUBHOCTI
3HEKOCTPUYCHHS JTy0y.

Jy0 KOHOMeb, MPolec M ATTSA, CKOOJIiHHSA, TiMaJbHO-4YecaNbHi Ail, TpAcHIbHO-BiOpaniiini aii
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