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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. 
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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 – 𝑅𝑎) 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 𝑅𝑎 normal distribution. If the value 

𝑅𝑎 𝑚𝑎𝑥 is set by the designer according to the drawing specification, the condition 𝑅𝑎 ≤ 𝑅𝑎 𝑚𝑎𝑥 

is possible only with a certain probability determined by the area under the curve on the left to 

the value 𝑅𝑎 𝑚𝑎𝑥. Relatively the area of the right side determines the possibility of the defect 

[8]. 

 

 
 

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 𝜇 and 𝜌 the critical characteristic of guides 𝜆𝑐𝑟 operation at which guides start 

to operate in the liquid friction mode corresponds to critical speed  𝜗𝑐𝑟. The conditions of the 

guides operation can be determined by the ratio 
𝜆

𝜆𝑐𝑟
, which shows how much the given mode of 

operation is close to the critical one. 
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𝜆 =
𝜇 ∙ 𝜗

𝜌
 , (1) 

 

where 𝜆 – being the characteristic of the operating mode; 𝜌 – being the average specific load; 

𝜗 – being the slip speed; 𝜇 – 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: fn – being the coefficient 

of friction of rest at the small time of the fixed contact; fn
′
 – being the coefficient of friction of 

rest at the long time of a fixed contact; f0 – being the coefficient of friction, which corresponds 

to the value of relatively low slip speed;  f𝑙 – being the coefficient of friction, which corresponds 

to the critical value of the operating mode characteristics λcr from which liquid friction occurs. 

 

 
 

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 = 𝑓𝑙). The value 𝜗𝑐𝑟 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 𝜆𝑐𝑟 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 λ𝑐𝑟 ∙ l on the number of cross grooves k on the guides for different ratio 
l

b
 

 

The dependence of the friction coefficient 𝑓 on the relative characteristics of the guides 

operation mode [6] is shown in Fig. 4. 
 

 
 

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 𝑉𝑐𝑟 calculation, 

the slick-slip motion of the working component occurs below it: 
 

𝑉𝑐𝑟 =
∆𝑓 ∙ 𝑁

√4 ∙ 𝜋 ∙ 𝜃 ∙ √𝑘 ∙ 𝑚
 , (2) 

 

where ∆𝑓 = 𝑓0 − 𝑓 is the difference between coefficients of friction of rest and motion; 𝑁 is the 

normal force on guides; 4 ∙ 𝜋 ∙ 𝜃 – 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  ∆𝑓 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 ∙ 𝑝𝑚 ∙ 𝑣 ∙ 𝑡 – surface linear wear, 

𝛾 = 𝑈 𝑡⁄ = 𝑘 ∙ 𝑝𝑚 ∙ 𝑣 – surface wear speed, 

(3) 

(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.  
 

𝑈(𝑥) = 𝑘 ∙ 𝑠 ∫ 𝜑(𝑥 − 1) ∙ 𝑓(𝑙)𝑑𝑙
𝑙2

𝑙1

 . (5) 

   
𝑈(𝑥) is the value of linear wear of guide racks in length  𝑥 a t0 ≤ 𝑥 ≤ (𝐿 + 𝑙0);  𝐿 is the maximum 

support speed; 𝑙0  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 kg. 

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 II program for recording and 

processing data. 

 

 
 

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 Ra 

 

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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ЗМЕНШЕННЯ ШОРСТКОСТІ ПОВЕРХОНЬ ДЕТАЛЕЙ, 

ОБРОБЛЕНИХ ЛЕЗОВИМ ІНСТРУМЕНТОМ ШЛЯХОМ 

ПОКРАЩЕННЯ РІВНОМІРНОСТІ 

ПОДАЧІ РОБОЧИХ ОРГАНІВ ВЕРСТАТІВ 
 

Ярослав Степчин; Валентин Отаманський 

 

Житомирський державний технологічний університет, 

Житомир, Україна 
 

Резюме. Виконано аналіз процесу утворення шорсткості поверхонь деталей, оброблених лезовим 

інструментом під впливом вібраційного переміщення робочих органів металорізальних верстатів. 

Розглянуто методи прогнозування геометричних параметрів якості поверхонь деталей. Визначено, що 

інтенсивність нерівномірного переміщення супорту (столу) металорізального верстата залежить від 

режиму роботи напрямних, тобто в яких умовах проходить тертя двох поверхонь при їх відносному 

переміщенні. Змішане тертя найбільш негативно впливає на рівномірність руху робочих органів. Для 

покращення рівномірності руху супорту (столу) металорізальних верстатів на малих (чистових) подачах 

запропоновано переходити в сухий (граничний) режим тертя напрямних, проводячи обробку з додатковим 

навантаженням робочого органу. Наведено результати проведених досліджень під навантаженням 

робочого органу, пов'язаних із впливом нерівномірності подач супорта (столу) на шорсткість обробленої 

поверхні. В ході досліджень встановлено, що стрибкоподібний рух на малих (чистових) подачах робочих 

органів металорізальних верстатів менш інтенсивний, тому шорсткість поверхні оброблених деталей 

покращується.  

Ключові слова: нерівномірність руху подачі, шорсткість поверхні, обробка лезовим 

інструментом, вібрації, тертя, токарний верстат. 

 

Отримано 14.11.2017 

 


