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EXPERIMENTAL VALIDATION OF MATHEMATICAL MODEL
FOR A 4-SPINDLE GRINDING-POLISHING MACHINE KINEMATICS

Melkonov G.L.

3KCNNEPUMEHTAJIBHOE OBOCHOBAHUE MATEMATHYECKOMW MOJIEJIH ]IS
YETBIPEX IINMUHAEJABHOM HIJIM®OBAJIBHOM MAIIWHBI TOJJUPOBKA
KNHEMATHUKH

Meiakonos I'.JI.

Spindle device kinematic movement model is represented in
the article. The expressions of kinematic indicators having
major impact on rotation frequencies optimization have been
given. The impact of rotation frequencies on numerical values
of slip velocity has been outlined.

Key words: spindle device, grinding-polishing machine,
microroughness, sliding.

In order to prove the obtained mathematical model
a preliminary experiment has been conducted. Cutting
parameters for the preliminary experiments were chosen
from literary sources. Spindle and workpiece rotation
frequency is determined as N;;=100-1400 rpm, the
whole device rotation frequency is N;=50 rpm.

The increase in rotation frequency of each of the 4
spindles of the device from 100 to 700 rpm at the
starting moment leads to surface undulation magnitude
sharp fall from Ra=1.5mym to Ra=0.55 mym. Further
spindle rotation frequency increase from nmMmn=700 rpm
to 900 rpm leads to surface undulation minor decay
(from Ra=0.55mym to Ra=0.5 mym).

It is explained by the fact that 4 spindles rotation
frequency increase at the starting moment from 100 rpm
to 600 rpm leads to surface undulation magnitude sharp
fall at the expense of resultant sliding velocity rise.
Within the range of rotation frequencies Nmin=600-900
rpm slip velocity, between resultant sliding velocity
array and chatter marks directions, tends to its optimum
value, i.e. in this case the segment has minimum
roughness altitude, i.e. these are ideal conditions for
cutting. With the speedup Nmin=1300 rpm we observe
slight increase in slip velocity, sharp twofold rise in
rolling rate and the same increase of angle between
resultant slip velocity array and chatter marks. As a
result, roughness altitude rises to Ra=0.8 mym. For
objective estimation of theoretical and empirical data
variation we processed the results of test observations in

the existing method (1). Series of experiments consist of
tentatives for each one.

We process the measurement results in the
following order:

1. Determine medium value of rotation frequency
from » measurements:

3. Determine the root-sum-square uncertainty,
measurement series result:

ASn,, = ; r

4. Estimate relative variation of empirical and
theoretical data according to the formula:

n_—n,
A="2"" .100%

nsp

Having processed the obtained results according to
the described above methods we verify that variation of
theoretical and empirical data does not exceed 2 %.
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Fig. 1. Ra microroughness altitude — ng, spindle rotation velocity relation

Therefore, the suggested theorizes for determining
kinematical indicators are fully plausible for conducting
further experimental research.

The datum node of machine tools

The metal-cutting machine tool is a machine,
which is intended for processing of feedstock for
formation a given surface by taking off a shaving or
plastic deformation. Manufacturing equipment, which
use electrophysical and electrochemical methods,
focused electronic and laser ray, superficial plastic
deformation and some other types for processing, is
applied to the tools.

e metal-cutting machine tool is subdivided on
some the most important parts, usually named as knots.

The main assembly of the machine tool informs
movement to the tool or to the feedstock for realization
the process of cutting with a corresponding speed. At
the overwhelming majority of machine tools main
assembly (Fig. 1 ) informs a rotary motion to a spindle,
in which cutting tool or feedstock is fixed.
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Fig. 2. Datum Node (assembly units) of the machine tool:
1 — main assembly, 2- basic parts, 3 — feeding device
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Resume

1. As a result of conducted mathematical investigation a
mathematical model of spindle machine kinematical
movement has been determined.

2. The expressions of kinematical indicators, having major
impact on rotation frequency optimization have been led
out.

3. The impact of rotation frequency on numerical values of
slip velocity has been determined. As the rotation
frequency rises nsp=100-700 rpm slip velocity increases
approximately two times. With further rotation frequency
increase, slip velocity remains almost unchanged. The
diameter change of works from minimum to maximum
leads to slip velocity rise, that, in its turn, positively affects
the surface quality and work-piece accuracy.

4. Rolling speed survey shows that it is minimal at minimum
values of rotation frequencies. As the rolling speed rises
they increase approximately 2-3 times. With the work-
piece diameter increase rolling speed drops, that, in its
turn, favourably affects the treatment process.

5. As a result of pilot experiment the smallest altitude of
microroughnesses Ra=0.55 mym will be at spindle
rotation frequency equal to ng;=600-900 rpm.
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MenkoHos r.Ji. ExcnepumeHTabHe
OOIPYHTYBaHHS MaTeMaTHYHOI MoJedi sl YOTHPbOX
IIMHHAETbHOI nuUlidyBaJbHOI MAIIMHU  NOJiPyBaHHS
KiHeMaTHKH

YV emammi npeocmasnena moodenv Kinemamuunoeo
PYXYy WnuHOenoHoi ycmanosku. Bidobpaoiceni eupacenis
KiHeMamuyHux NOKA3HUKIG, WO HAOA0Mb OCHOGHUL 6NIUE HA
onmumizayito uwacmom obepmanua. Bidobpasxceno ennus

yacmom O00epmManHA HA YUCETbHI 3HAYEHHS WBUOKOCMI
Ko63aHHA. B pesyrvmami nposedenux mamemamuyHux
PO3pOOOK SU3HAUEHA MAMEMAMUYHA MOOeNb KiHeMAmuyHo20
PYXy  WNUHOENbHOI  YCTAHOBKU. Bugeoeni  eupazu
KIHeMAMUYHUX NOKA3HUKIB, WO HAO0ArOMmMb OCHOGHUL 6NIUE HA
onmumizayiro yacmomu 00epmanHsi. Jocnioocenns
WBUOKOCMI NOKA3YE, WO NPU MIHIMATbHUX 3HAYEHHSIX YaCnom
00epmants 6OHA MIHIMANbHA, 13 30LMTbUEHHAM WEUOKOCMI
30LbUYEMbCs NPUOIU3HO 6 2-3 pasu.

Knrwuosi cnoea: WNUHOEIbHA ycmanoska,
winighy8anvHi - NONIPY8ANLHA YCMAHOBKA, MIKpOHEpiGHOCMEl,
KOB3aHH3

MeJikoHoB r.JL. JKCcnepuMeHTAIbHOe
000CHOBaHUE MATeMATHYeCKOH MoJaeJu s YeTbIPEX
INMUHACIbHOH NUIMGOBAILHOI MAalIMHBI NOJIHPOBKH
KHHEMATHKH

B cmamve npedcmasnena mooens KuHeMamuyeckoz2o
ogudicenua  wnunoenvhou  ycmauosku.  Omobpadicenvi
8bIPAdICEH U KUHEMAMUYeCKUx nokazamenei, OKa3bl8aroujux
OCHOGHOE  GIUANHUE HA ONMUMUZAYUIO UACTNOM BPAUEHUSL.
Omobpadiceno @uusHue yYacmom 6pawjeHuss Ha YUcCIeHHble
3HQUeHus — cKopocmu — cKoavdicenus. B pesynomame
NPOGeOeHHbIX MAMeMamu4eckux paspabomox onpeoeiena
Mamemamuyeckas MoO0enb  KUHeMAMmU4eckozo —O8UICEeHUs

WNUHOENbHOU YCMAHOBKU. Buigeoenwt 8bIPAICEHUS
KUHeMAMU4ecKux nokazameieil, OKA3bIBAIOWUX OCHOBHOE
6UAHUE — HA  ONMUMUBAYUIO — YACMOMbL  BPAWEHUS.
Hccnedosanus — ckopocmu — nokaseigaem, — 4mo — npu
MUHUMATBHBIX — 3HAYEHUSIX — 4acmom  6pAWjeHus  OHd
MUHUMANbHA, € VBeIUYeHUeM CKOPOCMU  YEeaudUsaemcs

npumepHo 6 2-3 pasa.
Knrouesvie cnosa: wnunoenvnas ycmanoska, uwiugho

- nonuposanvHasl ycmanoska, MUKPOHEPOGHOCIY,
CKOMbIICEHUe.
Menakonos I'puropmii JleonmaoBuy — K.T.H., JOLEHT

kadenpun MamuHOOYIyBaHHS, BEPCTAaTiB Ta IHCTPYMEHTIB
CXiJHOYKpalHCBKOTO HAIiOHAJIBHOTO YHIBEPCHUTETy 1MeHi

Bonomumupa Jlans, G_melkonov@mail.ru

Peyensenm: CoxodioB B.1., 1.1.H., mpodecop

Crarrs momana 15.11.2015.



