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 Introduction. Modern mechanical engineering is
characterised by a constant increase in the proportion of parts
with complex configurations (bodies of revolution with
rectilinear and curvilinear elements) manufactured using
materials with special physical and mechanical properties. The
production of such complex components requires high
precision, flexibility, and efficiency. The complex shape and
variety of technological manufacturing processes are most 
effectively determined by their efficient processing on
automated multifunctional equipment with a central processing
unit (CPU). 

Aim and tasks. This study aims to investigate the
processing of complex-shaped details made of difficult-to-
process materials on Computer Numerical Control (CNC) or 
CNC machining is the automated control of machine tools by a
computer lathes to increase the efficiency of the technological
process.   

Results. The efficiency of the technological process has
been increased when processing complex-shaped parts made 
of difficult-to-process materials on CNC lathes, as a
methodology has been developed for determining cutting
modes using the criterion of “processing productivity”. The
main task at the technological preparation stage of production
is optimisation in determining the parameters of the cutting
mode, based on the criterion of “durability at maximum
productivity”. In the developed methodology for determining
the cutting mode, the volume of material removed per unit 
time is used as a criterion for “processing productivity”, while
simultaneously taking into account the relationship between
ар, f, and vc through the cutting power and tool durability,
which allows an increase in productivity of up to 74%. Multi-
pass roughing is more effective for CNC lathes than single-
pass, and maximum cutting productivity is achieved at
maximum tool feed. 

Conclusions. The analysis showed that productivity
gains from increasing the cutting depth are limited by machine
power. Optimisation based on the “tool life at maximum 
productivity” criterion is effective only when the machine
power is not a limiting factor. It was found that reducing the 
target tool life (T) does not always increase productivity.
Reducing T is effective only in conditions where higher
cutting speeds do not exceed the available machine power;
otherwise, the actual tool life may even increase. The
optimisation of T must consider machine power limitations:
reducing T is effective only when higher cutting speeds do not
exceed the permissible power. 
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Alternatives for the formant geometry are 
presented in the first column of the 
morphological table of surface determinants 
(Table 1). 

In the kinematic way of forming, the 
surface is considered a set of all positions of the 
former, which can remain constant in shape or 
change while forming the surface. Surfaces with 
a shape changer in motion are identical to 
surfaces defined by a continuous skeleton, and 
their shaping is not considered.  

Therefore, the morphological Table 1 has 
no alternatives for formations with such 
geometries. These surfaces include the so-called 
channel surfaces, which are considered to be 
formed by a continuous skeleton of closed plane 
sections.  

 

These sections are oriented in space in a 
certain way and have a shape and face that 
change according to a particular law (Matsson, 
2025). The law of displacement of the former 
in the formation of the surface can be set 
graphically in the form of a family of guide 
lines t, n, and l. It can be defined with two 
guide lines and a guide plane to perform the 
function of the third guide line. Alternatives for 
surface guidelines are presented in column 2, 
and the guide plane in column 3 of the 
morphological table of determinants. Most 
often, the law of motion during surface 
formation is such that the formation line slides 
along a guide line, with an additional condition 
specifying the movement of the formation 
(column 4 of Table 1). 

 

Table 1. Morphological Table of Surface Determinants. 

1. Generatrix (Mg) 

Law of Forming Movement (Mlm) 

2. Guideline (т) 
3. Guideline (n) 
4. Guideline (l) 

5. Guide plane (а) 6. Movement of 
the forming 

1.1. Straight line 
 
 
A flat curved line: 
1.2. District 
1.3. Ellipse 
1.4. A parable 
1.5. Hyperbole 
1.6. Another algebraic 
equation 
1.7. Transcendent equation 
1.8. Polygon 
1.9. Free 
 
Spatial curve line: 
1.10. Algebraic equation 
1.11. Transcendent equation 
1.12. Free 

2.3 or 4.1. Straight line 
2.3 or 4.2. Point (Dot) 
 
A flat curved line:  
2.3 or 4.3. District 
2.3 or 4.4. Ellipse 
2.3 or 4.5. A parable 
2.3 or 4.6. Hyperbole 
2.3 or 4.7. Another equation 
2.3 or 4.8. A polygon 
2.3 or 4.9. Free 
 
 
Spatial curve line: 
2.3 or 4.10. Algebraic 
equation 
2.3 or 4.11. Transcendent 
equation 
2.3 or 4.12. Free 
2.3 or 4.13. There is no 

5.1. Front projection 
5.2. Horizontal 
projection 
5.3. Profile projection 
5.4. In general position 
- set with a point and a 
line not passing 
through the point 
5.5. Normal plane 
5.6. Rectifiable plane 
5.7. Ossular plane 
5.8. There is no 

6.1. Gradually 
6.2. Rotating 
6.3. Screw 
6.4. Sliding 
6.5. Drag by point 
6.6. Something 
else 
6.7. There is no 

 

The morphological table of determinants 
considering the shape of the forming element 
and the law of its movement when forming the 
surface can be considered as two morphological 
tables joined together: 

 Forming – Mf  (column 1 of Table 1). 

 The traffic law – Mlm (columns 2-4 of 
Table 1). 

Thus, the morphological matrix of 
determiners has the following collapsed form: 
Mf = Mg ˄ Mlm and correspondingly expanded 
numerical form: 
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3. Methodology.  

This study uses the methodology 
presented by Krumov (2022), which is part of 
the classical calculations for determining the 
cutting conditions in turning operations on 
metal-cutting machines and those equipped with 
Computer Numerical Control (CNC). The main 
machine time in turning, denoted as Tm(m) is 
determined by the following relation: 

𝑇௠ሺ௠ሻ ൌ
௅೛

௏೑
. 𝑝 ൌ

௅೛

௙.௡೎
. ௓

௔೛
, min  (2) 

Where: 
ар – cutting depth of cut, mm; 
Lp – length of one working stroke of the 

tool, mm; 
Vf – (𝑣௙ ൌ 𝑓 ⋅ 𝑛௖) feed speed, mm/min; 
nc – workpiece rotation frequency, min-1; 
р – number of working passes (р = Z/ap); 
Z – machining allowance, mm. 
Considering the expression for the rotation 

frequency (Kuzmanov, 2006): 

𝑛௖ ൌ ଵ଴య.௩೎

గ.஽
, min-1 

where D, mm – diameter of the workpiece, 
equation (2) becomes: 

𝑇௠ሺ௠ሻ ൌ
௅೛.గ.஽

ଵ଴య.௩೎.௙
. ௓

௔೛
, min               (3) 

The numerator represents the total volume 
of the machining allowance, and the 
denominator corresponds to the chip volume 
removed per minute. To reduce the machine 
time, it is necessary to increase the parameters 
appearing in the denominator, namely the 
cutting speed 𝑣௖, the feed 𝑓, and the depth of cut 
𝑎௣. These parameters are interrelated through 
the equations describing the cutting power and 
tool life: 

ተ
ተ

𝑃௣ ൌ ி೥.௩೎

଺଴.ଵ଴య

𝑣௖ ൌ ஼ೡ.௞ೡ

்೘ೡ.௔೛
ೣೡ.௙೤ೡ

𝐹௭ ൌ 𝐶ி. 𝑎௣
௫ಷ. 𝑓௬ಷ. 𝑣௖

௠ಷ

                (4) 

Where: 
Pp – cutting power, kW; 
T – tool life, min; 
Fz – tangential component of the cutting 

force, N; 
mv, mF, xv, xF, yv, yF – exponents; 

Cv, CF – constants; 
kv – coefficient; 
Тm(m) – machine time, min. 
From the analysis of system (4), it follows 

that for constant cutting power and tool life, any 
change in one of the parameters requires 
coordinated adjustments in the other two to 
maintain a balance between durability and 
power consumption. This interdependence is 
essential when choosing rational cutting 
parameters according to the maximum 
productivity criterion. 

Many studies, however, do not fully 
consider the interaction among 𝑣௖, 𝑓, and 𝑎௣. 
For instance, the productivity criterion is often 
related solely to the tool life period, neglecting 
the machine’s power limitations. Hoischen and 
Hesser (2006) suggested reducing the tool life 
period to 15–25 minutes while proportionally 
increasing 𝑣௖; the additional time for tool 
replacement would be compensated by 
automated tool change. Nevertheless, this 
method does not account for the power of the 
main motion or the mutual dependence of 
cutting parameters. 

The tool life ensuring maximum 
productivity is expressed as: 

𝑇௉௠௔௫ ൌ
ሺଵି௠ሻఛ೎೟

௠
                    (5) 

Where: 
ТPmax – the durability providing the 

greatest productivity; 
τсt – the tool change time; 
m – relative durability index (for carbide 

tools, m = 0.2). 
To determine the optimal cutting speed 

𝑣௖that provides the greatest productivity, 
parameters 𝑎௣and 𝑓are first selected, and then 
𝑣௖is calculated using equations (4) and (5). 

This indicator expresses the material 
removal rate per unit time and incorporates the 
interdependence among the cutting parameters. 
To achieve maximum performance, the product 
𝑣௖, 𝑓 and 𝑎௣ must be increased, provided that 
the limits of cutting power 𝑃௣ and tool life T are 
not exceeded. Hence, the proposed methodology 
provides a systematic way to select cutting 
conditions that simultaneously satisfy the 
technical constraints of the machine and ensure 
the highest possible machining productivity. 
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This behaviour corresponds to the 
transition of the cutting process into the 
“reverse” chip formation zone, where the 
influence of f on vc diminishes.  

Consequently, within this region, the 
effect of increasing f becomes more pronounced 
than in the “straight” chip formation zone. 

 

 

 

 

a) b) 
Fig. 6. Correlation of Key Cutting Parameters Pr, vc and Pp with Respect to Depth of Cut 

ар: (a) High-Velocity Zone; (b) Peak Overload Assessment. 
 

Based on the obtained experimental 
results, a methodology for selecting optimal 
cutting parameters is proposed. This approach 
establishes a relationship between the cutting 
mode parameters and the technical capabilities 
of the machine tool and cutting instrument, as 
expressed in system (4). The procedure begins 
with setting the maximum feasible feed rate 
(f). After solving system (4), the 
corresponding cutting speed (vc) and depth of 
cut (ap) are determined.  

Finally, the number of tool passes (p) is 
calculated as the integer part (int) of the 
following expression: 

𝑝 ൌ 𝑖𝑛𝑡 ൬ ௓

௔೛
൰ ൅ 1                  (6) 

Based on the peculiarities of normalising 
program operations, it can be determined that 
the time required for processing one detail. 

For comparison, the proposed cutting 
modes according to the developed and 
traditional methodology for scraping blanks 
from Steel45 with a diameter of ø100 mm to 
ø80 mm with a power of the main translation 
of the machine 8 kW. 

In the first case tеd = 0,31 min, and in the 
second case tеd = 0,54 min. The productivity 
of the process according to the proposed 
methodology was 74%. 

5. Conclusions.  

Details with a complex rotational shape 
are a set of elementary surfaces with rectilinear 
and curvilinear elements, and their composition 
can include elementary surfaces of one or more 
geometric types (cylindrical, frontal, conical, 
spherical, elliptical, parabolic, etc.). The 
theoretical analysis of their formation can 
mathematically describe all elementary rotary 
surfaces. The movements of the forming and 
guiding production lines enable the correct 
solution of tasks related to the technological 
methods of their production. 

There are various technological variants 
(schemes) for compensating for rough 
processing when turning details with complex 
shapes, which makes their processing efficient 
under partial automation. The analysis of the 
structural and technological features of details 
combining complex profile surfaces (shafts, 
discs, vanes, etc.) shows that their complex 
shape and the variety of technological 
processes for manufacturing best determine 
their effective mechanical processing on 
automated multi-purpose equipment with a 
numerically controlled machines. Machining 
remains the most common method of part 
fabrication, particularly in aircraft engine 
manufacturing. 
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Despite the development and widespread 
use of small blanking methods and concentrated 
energy flows for forming. The labour intensity 
of mechanical operations accounts for 50-60% 
of the total labour intensity required to produce 
parts, with machining of the workpiece 
accounting for 80%. With an increase in the 
volume of used materials with special physical 
and mechanical properties manufacturing 
processes become more complex. 

The configuration of details has also 
become more complicated. The primary task at 
the stage of technological preparation for 
production, utilising automated multi-purpose 
equipment, is to select cutting modes, tool 
geometry, and other mode conditions, ensuring 
the efficient operation of expensive lathes for 
mechanical processing, which is essentially a 
problem of optimisation.  

The analysis of problems associated with 
selecting modes for mechanical processing 
reveals that determining the optimal conditions 
for producing details with complex profile 
surfaces using automated equipment is a crucial 
technical and economic task.  

There are insufficient works related to 
creating mathematical models for the 
mechanical processing process. Their 
application in solving technological issues is 
also limited. Additionally, there are no methods 
for parametric optimisation considering 
technological limitations. The performed 
recalculations showed that with a reduction in 
tool life from T = 20 to T = 18 min, the cutting 
speed and productivity increase by 
approximately 2.1%, which confirms the 
feasibility of optimizing cutting modes in 
processing zones with unlimited power.  

When determining the parameters of the 
cutting mode based on the criterion “durability 
at maximum productivity”, in the presence of a 
limitation on the cutting power, the increase in 
processing productivity with the increase in the 
cutting depth is possible only at small depths 
(at medium and large cutting depths, after 
adjusting the modes, productivity decreases). 
For CNC-machines lathes, multi-pass roughing 
is more efficient than single-pass and 
maximum cutting performance is achieved at 
maximum tool feed. 
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