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The relationship between the layer quality parameters of the machined surface and the technolog-

ical conditions of cutting has been presented, as well as the calculative estimation of the performance 
characteristics of machine components: fatigue life, wear life, and compression joints' strength. 
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1. Introduction. 

Managing the surface layer quality in order to provide the 
performance characteristics for machine components makes feasible 
calculating correlations between the parameters which characterize 
the surface layer quality and the cutting conditions. In this regard, 
the functional relation has been defined between the cutting condi-

tions, the tool geometry and the surface layer quality parameters as 
well as the cutting accuracy based on the properties of the machined 
and the tool materials and the stiffness of the machine-attachment-
tool-work piece technological system: 
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where Тр is the size tolerance provided when cutting; βд and βи are 
the coefficients of the linear expansion of the machined and the tool 
materials; Ед and τp are the elasticity modulus and the flow shear 
strength of the machined material, respectively; λд and λp are the 
heat conductivity coefficients of the machined and the tool materi-
als; θпл is the melting point of the machined material; α and γ are 
the face and the end tool edge angles; ϕ and ϕ1 are the main and the 
auxiliary cutting edge angles in the plane; ρ1 is the rounded cutting 
edge radius; В1 and Н1 are the width and the height of the tool hold-
er cross section; Lр is the length of the cutter part projecting from 
the tool head; Н is the size of the work piece; λст is the heat conduc-
tivity of the cutter holder material; α1 and αр are the conductivity 
coefficients of the machined material and cutter holder material; 
jсист is the stiffness of the machine-attachment-tool-work piece sys-
tem; cρ is the volumetric specific heat of the machined material; S 
is the feed (the tool displacement rate); t and v are the cutting depth 
and rate; r is the tip radius in the plane; σост is the value of residual 
stresses on the set level from the work piece surface; hн is the de-
gree of cold working of the surface layer material; Rz is the peak-to-
valley deviation on the work piece surface; δ is the wear flat height 

on the tool point back face; а is the thermal diffusivity of the ma-
chined material; σТ is the tensile yield strength of the work piece 
material. 

Thus, the cutting conditions and the tool geometry are the 
function of the characteristics of the work piece surface layer, cut-
ting accuracy, properties of the machined and the tool materials, 
work piece and the cutter dimensions, rigidity of the technological 
system. 

 
2. Findings of the study. 
 

To manage forming the work piece surface layer the cal-
culative dependencies were obtained to define residual stresses in 
the surface layer σост, those of degree N and depth hн of cold work-
ing, and parameters of surface roughness Rz etc. Some examples are 
given below. 

For instance, axial residual stresses σо.ост in the surface 
layer caused by the thermal effect, at r > rон and σо.о max < 2σт are 
determined by the following formula: 
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where r is the work piece radius from the center in which the values 
of the residual stresses are determined; rн and rв are the outer and 
the inner radii of the work piece; µ is the Poisson's ratio of the work 

piece material; А1 and Х2 are the values defined by the technological 
cutting conditions [1]. 
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where 1Б a
a
ν

=  is the cutting process dimensionless group charac-

terizing the impact of cutting conditions on the temperature in the 
surface layer comparing to the impact of heat-transfer properties of 

the machined material [2]; 1
tg 1

B =
β

 is the dimensionless group 

characterizing the plastic yield degree of the removed stock material 
and the material of the work piece surface layer; β1 is the relative 

shear plane inclination; С0, Х1, Х3, Х4 and d are the values depend-
ing on the cutting conditions [1]. 

The depth of cold working in the surface layer is deter-
mined based on the condition of equality: 

σу + σн = – σт , 

where σу is the stress conditioned by the force impact on the surface 
layer; σн are the stresses caused by the heat impact on the surface 
layer. 
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where τр is the flow shear strength of the machined material; h, ∆, 
∆1 are the dimensions of the area of the plastic material in the sur-
face layer; у is the depth of the layer under consideration from the 
surface; rон is the radius corresponding to the boundary of elastic 
and plastic flow in the surface layer under heating, rон = rн – r = у. 

The degree of the cold working on the work piece surface 
is defined by the formula: 
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where σв is the yield value of the machined material; σвэ is the 
yield value of the electrical steel taken as a standard. 

If the cutting rate changes in dependence of the speed of 
the maximal build-up forming νнар to the optimal νо, then at 

( ) ( )21 1 2 1 cosr S r t r − − ≤ ≤ − ϕ  
 the peak-to-valley ratio is as 

follows, mm: 
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Using the above dependencies to determine the surface 
layer quality parameters the dependences were obtained to define 
the indices of performance characteristics of machine components. 
So, the endurance limit of the work piece material machined with 
the edge tool is determined as follows: 

– when turning 
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where m, n, K, L are the values depending on the cutting type [1]; σв 

and σвэ is the ration between the yield value of the machined mate-
rial and the yield value of the electrical steel taken as a standard. 

The wear rate of the machined surface is defined by the 
formula: 
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where Rz is the peak-to-valley ratio of the contact surface profile, 
mm; ν and b are the bearing surface approximation curve parame-
ters; σ0 is the acting stress in the contact area of mating surfaces, 
МPа; N is the load acting on the contact, Н; Ас is the nominal area 
outlined by the dimensions of the adjoining solids, mm2; µ is the 
Poisson's ratio of the work piece material; Е is the elasticity modu-
lus of the material which wears out faster, Pа; ty is the friction fa-
tigue curve parameter [3]; K is the coefficient characterizing the 
stress condition on the contact (for brittle materials K = 5, for high-
plasticity materials K = 3); fм is the value of the molecule-based 
component of the friction ratio. 

Thus, the surface wear rate is the function of its cutting 
conditions, as well as the properties of the work piece material. 

When making pressure couplings the values of axial force 
Ро and torque Мкр, which provide the strength of such connections, 
are determined by the formulas: 

- when manufacturing joinable parts made of the same 
material: 
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where l is the length of the contact area of the mating parts; d is the 
nominal mating diameter; fос and fкр are the friction coefficients 

under the press fitting and press fitting with twisting; δ is the value 
of the nominal tension; Rz1 and Rz2 is the peak-to-valley ratio on the 
contacting surfaces; N1 and N2 are the cold working degrees on the 
surface of mating parts; 2,0σ′  and 2,0σ ′′  are the conventional yield 

stress for the materials of the mating parts; W1 and W2 are the values 
of the stored power in the surface layer of the materials of the first 
and the second mating parts; µ1 and µ2 are the Poisson's ratio of the 
mating part materials [3]; С1 and С2 are the factors depending on 
the part dimensions and the Poisson's ratios of the materials of the 
mating parts. 

 
3. Conclusion. 
 

Thus, the methods was presented to calculate the cutting 
mode, providing the predetermined performance characteristics of 
work pieces and allowing to control the cutting process thereby 
ensuring manufacture of reliable and durable products and making 
the manufacturing process be science-intensive and cost-effective. 
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