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DECREASE OF SURFACES ROUGHNESS FOR PARTS PROCESSED
WITH EDGE TOOL BY IMPROVEMENT OF THE LATHE
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Summary. The relative motion smoothness of the tool and processing workpiece has an essential
influence on the quality of the edge tool processing. The analyses of the process of the surface roughness formation
on the parts processed with an edge tool under the influence of vibration movement of the metal-cutting lathes
working components is carried out in this paper. The methods of prediction of the geometric parameters of the
part surface quality are considered. It is determined here that the intensity of non-uniform metal-cutting lathe slide
movement depends on the guide operating mode, that is, the conditions under which the friction of two surfaces
occurs at their relative movement. Mixed friction influences the working components uniform motion the most
negatively. In order to improve the uniform metal-cutting lathe support movement at light (fine) feeds it is
suggested to go into guide dry (limiting) friction performing the processing with the additional loading of the
working component. The results of the researches carried out under the working component loading connected
with the influence of non-uniform support feed on the processed surface roughness are described. It was
determined during the investigations that the stick-slip motion at light feeds of metal-cutting lathes working
components is less intensive and the surface roughness of processed parts is improved.

Key words: feed movement non-uniformity, surface roughness, edged tool processing, vibrations;
friction; turning machine.

Received 14.11.2017

Statement of the problem. The surface roughness significantly affects the parts
operational capabilities. Production of necessary surfaces roughness of the parts processed on
metal-cutting lathes is possible only by providing the cutting process consistency. Random
variations in technological systems result in deterioration of the surface geometric quality.

One of the reasons for the rejection of the tool shaping motion in relation to the
workpiece is the stick-slip motion of the metal cutting lathe support (table). While cutting, the
stick-slip motion of the lathe working components changes the feed rate, hence affecting the
processed surface roughness, increasing it in several times. The main factors which also
influence the parts surfaces roughness are [1, 2, 3, 4]:

- geometric copying of the tool working part in the workpiece material;

- vibrational movement of the instrument relative to the workpiece;

- elastic-plastic deformation of the surface layer of the processed material,
- occasional discontinuities of the treated material from the treated surface;
- distortion of microirregularities by chips convergence.

The main measures to reduce the working components non-unoform feed are as follows
[4,5,6,7]:

- operation at working component motion speeds which are much higher than critical speed,;

- use of friction couple with favourable characteristics;

- use of special lubricants to reduce the difference between the coefficients of static and
kinematic friction;

- unloading of sliding guides due to rollers and whippet tanks, hydraulic and pneumatic
unloading;

- increase of the drive feed rigidity;
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-use of special of precise microdisplacement drives allowing controlled micro-
displacement.

Analysis of available investigations and publications. Determination of roughness
parameters (for example: arithmetic mean deviation of profile — R,;) according to DSTU 2413-
94 is based on the profilograms processing. Usually the surface roughness is measured along
and across the detail processing traces, and the values obtained are distributed in a certain
quantities range. In fact, while processing the parts on metal-cutting lathes, the
microirregularities height value depends on many probabilistic quantities. To analyze the
surface roughness while processing several parts at different processing modes or under
different processing conditions, it is efficient to use the magnitude normal distribution law.

Fig. 1 shows the curve of the roughness parameter R, normal distribution. If the value
R, max 1S Set by the designer according to the drawing specification, the condition R, < Ry max
is possible only with a certain probability determined by the area under the curve on the left to
the value R, 4. Relatively the area of the right side determines the possibility of the defect

[8].
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Figure 1. The calculation of roughness defect possibility

As it is well-known [9, 6, 10, 11, 12], friction in sliding guides is one of the factors
determining the load on all elements of the drive feed, the engine power, the accuracy and
uniformity of the working components movement and the efficiency and durability of the
guides themselves. Typically, the calculation of guides is carried out at the permissible values
of the specific load and sliding velocity without actual friction conditions.

Sliding guides tend to work in the mixed friction mode where the lubricating fluid does
not completely divide the rubbing surface. The area of mixed friction is characterized by a large
variety of conditions of the surfaces operation under their relative displacement, depending on
the proportion of dry, boundary and liquid friction. In the area of mixed friction a significant
role is played by hydrodynamic phenomena. Therefore, increase of the slip speed, viscosity of
the lubricant and reduction of the specific load result in the decrease of strength and friction
coefficient.

At given u and p the critical characteristic of guides 4., operation at which guides start
to operate in the liquid friction mode corresponds to critical speed 9.,.. The conditions of the

guides operation can be determined by the ratio Ai which shows how much the given mode of
operation is close to the critical one.
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where 2 - being the characteristic of the operating mode; p — being the average specific load,;
9 — being the slip speed; u — being the lubricant viscosity.

To ensure the uniform movement of the lathe working components along the sliding
guides the difference between static and dynamic friction coefficients should be as small as
possible. For guides the kinematic coefficient of friction fdepends on the operating mode
characteristics according to the dependence shown in Fig. 2 [6], where: f,, — being the coefficient
of friction of rest at the small time of the fixed contact; f;, — being the coefficient of friction of
rest at the long time of a fixed contact; f, — being the coefficient of friction, which corresponds
to the value of relatively low slip speed; f; - being the coefficient of friction, which corresponds
to the critical value of the operating mode characteristics A.. from which liquid friction occurs.
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Figure 2. The curve of dependence of the coefficient of friction on the speed of sliding

When the speed value reaches the critical one, the friction coefficient reaches the
minimum (f = f;). The value 9., corresponds to the beginning of the boundary of liquid friction,
which depends on the guides material and dimensions, the accuracy in the purity of the friction
surfaces, the size and location of the displaced grooves, the viscosity of the lubricant, the
specific load, etc.

Reduction of the friction coefficient with slip speed increase is connected with the
increase in hydrodynamic lift power [6, 7]. For the purpose of this force occurrence it is
necessary to vary the thickness of the lubricating layer along the support length. It was proved
experimentally that the main reason of the hydrodynamic pressure occurrence in the guides was
small rotation of the table (support) in the vertical plane producing the wedge between the
friction surfaces. This rotation occurs even when the load is located in the unfavourable
position.

The critical characteristic 1., depends on the guides dimensions, the number of cross
grooves and the thickness of the lubricant layer between the friction surfaces and can be
determined by the graphs [6], (Fig. 3).
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Figure 3. The dependence of A, - 1 on the number of cross grooves k on the guides for different ratio %

The dependence of the friction coefficient f on the relative characteristics of the guides
operation mode [6] is shown in Fig. 4.
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Figure 4. The dependence of the friction rate on the relative characteristics of working conditions of the guides

Thus, the work of the sliding guides in the mixed friction mode in which the lubricant
does not completely divide the rubbing surface, is not desirable, as it results in constant friction
coefficient change and consequently the working component does not move uniformly.
Therefore, the support should be either unloaded and transferred to the area of liquid friction or
loaded and transferred to the area of dry friction.

In paper [7] Push V. Ye. suggests the formula for the critical velocity V,,. calculation,
the slick-slip motion of the working component occurs below it:

~ Af N
_\/4-n-9-\/k-m’ 2)

cr

where Af = f, — f is the difference between coefficients of friction of rest and motion; N is the
normal force on guides; 4-m-6 - is the relative energy dissipation at oscillations; k is the
drive rigidity; m is the mass of the moving unit.
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As can be seen from the formula, the increase of the working component mass results
in the decrease of the critical speed, in addition, the movement friction coefficient increases
resulting in Af decrease.

Statement of the main material. The purpose of this work is the investigation of the
working component movement uniformity by its loading with additional effort. When the mass
of the working component increases, the intensity of guides wear [11, 12, 13] increases. It is
the negative feature of this method of the parts processing. It can be characterized by the
formulas (3, 4 and 5):

U=k-p™-v-t-—surface linear wear, (3)
y=U/t =k-p™-v - surface wear speed, (4)

where k is wear coefficient; p is pressure on the friction surface, Pa; v is the speed of relative
sliding, m/s; t is operation time; m is the coefficient, m = 1 for abrasive wear type.

12

UG) = k- sf oGc—1)- FQ)dl. ©)

1

U(x) is the value of linear wear of guide racks in length xat0 < x < (L + l,); L isthe maximum
support speed; I, is the length of the support guides.

So this method should be used only at low speeds of the metal-cutting lathes support
(table) where the stick-slip movement and unloading at high speeds and at accelerated working
component movement take place.

The research was carried out on a lathe-screw machine of the mod. KA-280. The
experiment where the turning process of 2 groups of workpieces (Steel 40), 40 mm in diameter
with cutting modes: n =630 rpm, S = 0,05 mm /rev, t = 0,2 mm was carried out. The first group
of workpieces was turned without load, and the second - under the load of the support mass —
200 Kkg.

The control of research results was carried out using a set of devices including:
piezoelectric vibration sensor DN-3; analogue-digital converter (ADC) E20-10 produced by the
firm L-Card; personal computer with the installed L-Graph Il program for recording and
processing data.
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Figure 5. The diagram of the unit for researches

Mathematical model for recorded vibrations processing was developed using the
SIMULINK visual simulation system in the MATLAB program. The test sample of the results
is shown in Fig. 6 and Fig. 7 in the form of graphs of vibration speed.
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Figure 6. The obtained diagrams of vibration speed (the load is 0 N)
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Figure 7. The obtained diagrams of vibration speed (the load is 2000 N)

After the experiment the surface roughness was measured by means of Surtronic
10 profilometer, and the normal distribution curves without support (0 N) load and with
additional support load of 2000 N were developed (Fig. 8).
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Figure 8. The scattering of the meanings of the surface roughness R,

From the obtained results it can be seen that when the weight of the support is increased
by the additional mass, the uniformity of the movement is improved. The measured roughness
of the obtained parts decreased by 30%, but the values scattering field increased by 25%.

Conclusions. A new method of processing is suggested: the working component
loading by additional effort, which reduces the difference between static and dynamic
coefficients of friction.

The developed curves of normal distribution proved that the processing parts roughness
under the support load has decreased by 30%.

The method of the working component loading by additional effort should be used only
at low speeds of the metal-cutting lathe support (table) where stick-slip movement occurs, and
unloaded at high speeds and at the accelerated movement of the working component.
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SMEHIIEHHS NIOPCTKOCTI HOBEPXOHBD JIETAJIEM,
OBPOBJIEHUX JTE3OBUM IHCTPYMEHTOM HIJIAXOM
ITOKPAINEHHA PIBHOMIPHOCTI
IHOJAYI POBOYUX OPT'AHIB BEPCTATIB

Apocaas Crenunn; BajsenTnn OTtaMmaHCbLKUA

Kumomupcokuil 0eparcasHull mexHoI02iYHULL YHIgGepcumen,
AKumomup, Yrpaina

Pe3tome. Buxonano ananiz npoyecy ymeopeHHs wiopCmKoCcmi n08epxoHs oemaie, 00poOieHUX 1e308UM
iHCmMpYMeHmoM ni0 6naueoM GiOpayiinoco0 nepemiujenHss poOouUxX OpeaHie Memanopi3anbHuxX 6epcmamis.
Posznanymo memoou npozrno3ysanns ceomempuyHux napamempis AKocmi nosepxousb oemaneil. Busnaueno, wo
IHMEHCUBHICMb HEPIBHOMIPHO20 NepemMiuenHs CYynopmy (Cmoay) mMemanopizaibHo20 6epCcmama 3a1edcums 6i0
pedicumy pobomu HANPAMHUX, MOOMO 8 AKUX YMOBAX NPOXOOUMb mepms 080X NOBEPXOHL NPU iX 8IOHOCHOMY
nepemiwenni. 3miwiane mepms HAubLbUl HE2AMUBHO GNIUBAE HA PIBHOMIDHICMb pyXy pobouux opeauis. [
NOKpaujeHHs PIBHOMIDHOCTI PYXy Cynopmy (CMouy) Memanopi3aibHuX 6epCmamis Ha Maaux (4ucmosux) nooavax
3anpONOHOBAHO NEPEXOOUMU 8 CYXULL (CPAHUYHULL) PeXHCUM MEPMA HANPAMHUX, NPOB0OsUU 0OPOOKY 3 000amMKOBUM
HABAHMAdCEHHAM pobouoeo opeany. Hasedeno pesynomamu npogedenux 00CaiodiceHb Ni0 HABAHMANCEHHAM
POO0YO2O Op2aHy, NO8'A3AHUX i3 BNAUBOM HEPIBHOMIDHOCHI NOOAY CYROpma (CMomy) Ha WopcmKicms 06poodaeHoT
nosepxti. B x00i docnidsicens cmanogieno, wo cmpubKonoOiOHULl pyx Ha MAIUX (YUCMOBUX) nodauax poooyux
OpP2aHie MemanopizaibHUuX 8epCcmamie MeHwl IHMEeHCUBHUL, MOMY WOPCMKICMb NOBEPXHI 00pobaeHUx demanell
NOKPAWYEMBCA.

Kniouosi cnosa: mepienomipnicmo pyxy nooavi, wopcmxicmv No8epxui, 00poOKa 1e306Um
incmpymenmom, 8iopayii, mepmst, MOKAPHULL gepcmamn.
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