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_________________________________________________________________________________ 

ABSTRACT— In practice, it is often necessary to compare two methods for processing different parts. 

This article has developed a methodology for evaluating the effectiveness of individual processing methods 

applicable to a particular operation of the technological process. Using this methodology allows to 

determine the perspective directions in the search for new methods of processing. 
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1. INTRODUCTION 

“Productivity is not everything, but in the long run it is almost everything. A country’s ability 

to improve its standard of living over time depends almost entirely on its ability to raise its output 

per worker” (e.g. Krugman 1997).  

The discovery and implementation of new processing methods and devices is becoming more 

and more necessary with the introduction of new CNC machine designs and difficult-to-machine 

materials. 

There is a need to create a methodology for evaluating the effectiveness of individual 

processing methods applicable to a particular operation of the technological process for the 

production of parts. 

A universal and the most accurate indicator for comparing the different cutting methods is the 

productivity of labor, measured by the number of processed workpieces per time unit. When 

comparing the cutting methods, it is assumed that the same part is machined, with the same 

technical conditions for quality (roughness and accuracy). 

2. ASSESSMENT METHODOLOGY 

Cutting productivity for rough and finish processing should be assessed by various indicators. 

Rough processing is usually subject to one requirement - cutting the allowance at maximum 

productivity. In this case, the allowance and the cutted layer thickness in one pass of workpiece is 

set in advance by the technologist. 

Optimal values of the cutting speed and feed are usually selected when choosing a cutting 

method and recommended cutting modes. Тhe productivity method is determined by the material 

removal rate per time unit for such a processes. WP, m3/min. 

If it is necessary to compare processing methods that ensure the same accuracy and roughness 

of the surfaces in finish processing, the area of the part per unit time is taken as a criterion for 

productivity, taking into account the small thicknesses of the cutted layer of material S, m2/min. 

Productivity on the machined area of the workpiece is determined by the cutting speed and feed 

per revolution. 

If for this operation the tool with more teeth is used which forming surfaces of the part defined 

by a line, thеn productivity Ω using the area is determined as: 
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where: n is the number of shape-forming elements; 

bi – length of the forming on the tool cutting edge; 

Vi – average speed of the shape-forming motion, m/min; 

τ f – time for shape-forming min; 

τ c – productivity of operating cycle, min; 

bi – length of the tool guide, cm. 

The linear productivity LP is determined by the length of the treated surface per unit time (eg 

for turning, it is equal to the feed fer minute). 

Most often, this productivity indicator is used when comparing different methods for holes 

processing with equal diameter, especially deep holes (so-called minute or hourly productivity).  

In addition to the specified assessment indicators, other parameters for comparison can be 

determined, for example: the intensity of tool wear or the relative wear; the change in roughness 

or dimensions and shape deviations of the part. 

The most complex is the methodology for comparing finish processing methods, providing 

different accuracy and roughness of surfaces.  

Accuracy and roughness with productivity are the main characteristics of the cutting methods. 

They allow to compare typical processing methods according to their technological parameters. 

To evaluate the processing methods according to the above: volumetric, planar or linear 

method of determining the productivity, it is necessary to determine the parameters of cutted 

material layer: 

- in turning process we can distinguish three forms of section depending on the ratio of width b 

to thickness a of the cutted material layer (Figure 1). 

 
Figure 1. Cross-sectional shape of the cutted material layer in turning  

Physical and technological dimensions of the cutted material layer are related in the following 

ratio: 

𝛼 = 𝑆. sin𝜒𝑟 ;     𝑏 =
𝜏

sin𝜒𝑟
 

 

(2) 

At the angle of inclination of the main cutting edge λ=0, the lenght l is equal to the width of the 

cutted material layer b. 

If the angle λ≠0 and does not exceed ±10o, we can calculate with sufficient accuracy using the 
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equation:    

𝑙 =
𝑡

sin𝜒𝑟 . cos 𝜆
 

 

(3) 

Depending on the ratios between t and S in longitudinal turning, three cross-sectional shapes of 

the cutted layer of material occur - Figure 1a, b, c (e.g. Astakhov, 2008). 

If the width and thickness of the layer are the same (Figure 1a), then the layer is called 

equilateral. It is formed when S.sinχr =t/sinχr, i.e. at t/S> sinχr
2, the cutted layer is called straight 

(Figure 1c), and at t/S< sinχr
2 - reverse (Figure 1b). 

When cutting reverse layers, the n-p line is always the main cutting edge, and the line m-n – 

auxiliary. In this case, the equations for a and b listed above are invalid because а=t, a b=S.   

A Figure 2 is used for drilling. In this method, the used tool has two cutting edges, z=2.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Cross-sectional shape of the cut layer of material in drilling 

Based on Figure 2, we can write the following equation:  

А=S/2. sinχr  B=(D-lu)/2. sinχr (4) 

where lu is the length of one cutting edge (tooth) of the drill. 

3. ALLOWANCE CUTTING SCHEME. ASSESSMENT 

In the case of drills with interchangeable carbide inserts (ICI), different schemes are used to cut 

the allowance (e.g. Astakhov, 2010). According to this feature, the ICI assessment is divided into 

three groups: 

 

Figure 3. Scheme of dividing the width of the material cut layer 



Eastern Academic Journal                                                                                                         ISSN: 2367–738 

                                                                                                                                                Issue 1, pp. 55 - 64, April, 2022 
 

58 

www.e-acadjournal.org 

3.1. Drills working according to the scheme of dividing the width of the cut layer of material. 

In this scheme, the allowance is removed from several cutting edges located asymmetrically on 

both sides of the axis of the machined hole (e.g. Abushawashi, 2011). The cutting inserts are set at 

an angle κr at which the overlapping edges are not allowed to work together (Figure 3). 

For a prototype of this tool type can be accepted the construction shown in Figure 4. In this 

construction, the material layer is removed from three square inserts. Тhe central insert processes 

part of the main cutting edge to the drill axis, the peripheral one processes the rest of the main 

cutting edge, and the intermediate insert provides overlap of the first two. The front and back 

angles are provided by establishment the carbide inserts in the tool holder slot. They vary within 

the following limits: angle αf=5÷8⁰, angle χf=0÷10⁰. Adjustment angles χr for the central and 

peripheral insert are between 50⁰ and 70⁰, and for the intermediate - from 95⁰ to 100⁰. The 

displacement of the intermediate insert in the axial direction improves the conditions of chip 

formation. Improper placement of the center insert and the formation of significant radial force in 

the cutting process, limit the depth of the machined hole to L=1,5.D at relatively low accuracy (up 

to IT 12-13) and high roughness (Ra=5÷10µm). For drills with two interchangeable carbide 

inserts, not only square but also regular hexagonal inserts are used. Typical for these constructions 

(one of them is shown in Figure. 4) is the angle at the tip of the active sections 5 and 6 of the 

cutting edges 2 and 4, which is equal to 120⁰ (e.g. Astakhov, 2008). This position eliminates the 

possibility of splitting the feed in the overlap zone. The body 1 of the drill ends with a cylindrical 

tail, and the coolant is fed through the channels 7 to the rear surface of the inserts.  

 

 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Drills operating by the method of dividing the width of the cut layer of material 
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The inserts are fastened with a screw 3, which has an enlarged conical head. Structures of this 

type with two or three cutting inserts differ in that in the presence of two inserts, the active cutting 

edges are of equal length, and in the case of three inserts - each of them is shifted in the axial 

direction.  

In the second case, it is recommended that the cutting inserts have an irregular hexagonal shape 

with an angle at the tip 156°, and the cutting edge to make an angle with the axis of the drill 78°. 

When using square inserts: the overlap is performed at adjustment angle r=8088°. This type 

tools inserts have a positive front angle 10° and rear angle 7°.  

The rhomboid-shaped drills with interchangeable inserts (Figure 6) are characterized by the fact 

that the peripheral cutting insert is set at an angle r>90°, and the central one - at an angle r <90°. 

All drill constructions, created on the basis of round shape insert, work according to the scheme 

of division of the material cut layer width. When the center insert is round, it is set so that the front 

angle  is equal to 12°, and when the peripheral plate is round, an angle  is equal 10°. 

3.1. Drills, working according to the scheme of division of the material cut layer thickness.  

At this method, the cutting edges are positioned so that the cut layer of material between them is 

divided by thickness (Figure 5). This type of tools have two common design features (e.g. 

Komarovsky, 2002): 

Same shape but different sizes inserts are used (Figure 6а); 

The active parts of the cutting edges of the central and peripheral isert are positioned conically. 

The peripheral insert is positioned so that it does not reach the axis of the drill (Figure 6 b). 

The design shown on Figure 6 a, can be made not only with of regular hexagonal shape inserts. 

It can be designed with two plates of irregular triangular shape. The tool shown on Figure 6b, can 

be made with two rhomboid or two square inserts, and the division of the feed is effected by 

positioning the cutting edges in one plane or using displacement on a cutting edge in the feed 

direction. Using interchangeable carbide inserts with square shape, the angle at the tip of the drill is 

less than 180 °, and the auxiliary cutting edges have a rear axle angle of 3 ° to 5 °. 

  

 

 

 

 

 

 

 

Figure. 5. Scheme of dividing the thickness of the material cut layer  

Obtaining an angle at the vertex greater than 180°, which is guaranteeing reliable operation of 

the drill, is possible only when using rhomboid-shaped inserts. For the properly work of the tool, 

the center insert should be positioned as follows: 

The tangent at the point of intersection of the axis of the drill with the radius of curvature of the 

interchangeable carbide inserts and the axis of the drill should make 30 ° angle (Figure 6 b). 
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Drills operating on the feed division method have a number of disadvantages, related to the 

loading, balancing of cutting forces, shredding and transportation of chips and their production, 

therefore this method has not found practical application. 

3.2. Drills operating on a combined cutting scheme. 
At this scheme in some sections the width of material cutting layer is divided and in the other 

sections, the thickness of the material cutting layer is divided (Figure 7). 

Figure 6 shows two drill designes, as in the second design the cutting inserts have a different 

shape and a feed division is made along the inner cutting edge of each of them. The peripheral area 

of the material is cut from the outer cutting edge of the peripheral insert. 

 

Figure 6. Drills, working according to the scheme of division of the material cut layer 

thickness: a) – drill with different sizes interchangeable carbide inserts; b) – drill with different sizes 

rhomboid replaceable carbide inserts 

 

 
 

Figure 7. Drills operating on a combined cutting scheme 

The drills with one interchangeable carbide insert are classified into a separate group (Figure 

8). The cutting insert has a complex shape and it is located in the tool body at an adjusting angle 

r=1095°, and the chamfer which is overlapping the axis of the drill, concludes a corner 3060° 

with it (e.g. Arizmendin 2010). The auxiliary adjusting angle of the drill changes from 1 to 5°. in 

the overlapping area, the rear angle changes ftom 4° to 8°. 
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Figure 8. Drill with one interchangeable carbide insert  

The classification scheme of drills with interchangeable carbide inserts is shown on Figure 9 

(e.g. Astakhov, 2010). 

When choosing the type of carbide inserts it is necessary to take into account the following 

factors: standardization, the insert manufacturing technology, the overlap of the largest 

processing range of one size carbide inserts; balancing the acting forces, the cutting conditions, 

cutting angles, assembling the inserts to the drill body, the number of individual sections on the 

active cutting edge and chip breaking. 

In milling, the presence of two uniform motions (rotating and rectilinear) are forming 

trajectory of relative work motion - elongated cycloid. This fact and the presence of a certain 

number of teeth z complicates the determination of the parameters of the cutting material layer. 

For convenience, the parameter "total area" is introduced. The total cross-sectional area of the 

cutting material layer is calculated by the formula: 

𝐹сум =
𝑆𝑧 .𝐷

2. sin𝜔
  cosΘ1 − cosΘ2 

𝑚

1

 

 

(5) 

where m is the number of simultaneously working teeth; 

- Θ1 and Θ2 - instant contact angles; 

- ω - inclination angle of the helical teeth of the mill. 
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Figure 9. Classification of drills with interchangeable carbide inserts. 

4. EXPERIMENTAL RESULTS 

The considered schemes for removing material layer using different tool groups allows to 

evaluate the types of processing by some physical parameters (Table 1).  

Table 1. Physical parameters in various operations. 

From the given data the following is ascertained: when performing operations in which a small 

layer (section) of material is removed, the specific energy consumption for the process increases. 

This dependence is sufficiently accurately described by the equation of the hyperbola:  

  

𝑦 = 𝑎 +
𝑏

𝑥
     

 

(6) 

All electrical processing methods are characterized by high energy consumption. In both 

mechanical and electrical processing, the specific energy consumption increases with the use of 

larger modes (more productive) to lighter ones, providing higher quality of the treated surfaces. 

Figure 10 shows a diagram of the relationship between the specific energy consumption and the 

speed of machining processes, built in logarithmic coordinates. It can be seen that all processes in 

Operacion 

Cross-sectional area 

of the cutting layer, 

[mm2] 

Energy 

[J/cm3] 

Cutting speed 

[m/s] 

Productivity  

[cm3/S] 

Turning 1,0 (1,7-2,5). 10 −3 1,5-7,5 5.10 2 -5.10 −1 

Broaching 0,5 (2,5-3,7). 10 −3 0,01-0,1 4. 10 −3 -1..10 −1 

Milling 0,3 (5,0-7,5). 10 −3 2-6 2. 10 −3 -1,0 

Reaming 0,1 (12-90). 10 −3 0,15-1,6 5.10 −3 -5.10 −1 

Grinding 0,00005 (55-70). 10 −3 25-50 5.10 −3 - 3.10 −1 
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terms of energy consumption are divided into three energy levels. 

The first energy level includes processing that require energy to disrupt the forces connecting 

part of the atoms and molecules of the material of the cutted metal layer. For this reason, energy 

consumption is low. It is assumed that it does not exceed the energy for steel melting 1.10 J/cm³. 

The main representatives of this group are the cutting processes.  

The second energy level includes types of processing using an energy range from which it 

provides melting to evaporation of the processed material. During the realization of the processes 

all connections between atoms and molecules are destroyed, and the relative energy consumption 

is (1-6).104 J/сm3. Metal casting belongs to this energy range. 

Figure 10. Diagram of the distribution of technical processes by energy level and cutting speed: 

Pressure operations: 2-elastic sheets; 3- profiles; 4- stampings of hydraulic presses; 5-deep 

pulling; 6-hot pulling; 7-explosive stamping; 9-heating; 10- deformation 

Machining operations: 15-cutting with scissors; 16-turning; 17-broaching; 18-milling 

Electrical processing methods: 21-electric arc; 22-electropulse; 23- anode-mechanical; 24- 

electrical contact; 25- electrochemical; 26- ultrasonic; 27- electron beam; 28-laser 

The third energy level exceeds the energy for evaporation of the processed material (for steel it 

is more than 6.104 J/сm3). This includes all methods of machining, which completely destroys all 

bonds between atoms and molecules throughout the workpiece. Typical representatives of the 

process for the third energy level are: electrical, chemical, electrical requirements, electrical pulse, 

electrochemical, electrical radiation and laser methods. 

The above-mentioned methodology for comparison and evaluation of the different methods for 

processing according to energy indicators is incomplete, as it does not take into account two other 

main characteristics - achieved accuracy and achieved surface roughness. 

 

5. CONCLUSIONS 

-  In many of the cutting methods, energy consumption is not a major part of the cost of 

processing. When analyzing processes with a complex kinematic and physical scheme of the 

processing method, it is necessary to distinguish between "process speed" and "processing speed". 

"Process speed" is the concept of the speed of the basic physical process, ensuring the separation 
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of the material from the cuted material layer. "Processing speed" determines the rate of separation 

of a material layer, taking into account the phenomena combining the physical mechanism 

causing the separation of the cuted layer.  

- In processes with difficult chipping, such as the processing of deep holes, the processing is 

significantly lower than the speed allowed according to the physics of the process. Therefore, 

increasing the productivity of cutting processes can be done in two ways:  

1. approaching the processing speed to the process speed; 

2. increasing the process speed. 

Due to the fact that increasing the speed of the process is a reserve for increasing productivity, 

the concept of speed limits has been introduced. According to the values of the maximum speed 

of the process, all methods according to Figure 10 are divided into two zones: 

A first speed zone includes processing methods that have theoretical limiting speeds equal to 

the speed of sound propagation in a material. At the physical basis of these methods lie 

mechanical and thermal phenomena. The closest to the speed limit of the process is the super-

speed cutting, which uses the pressure of the shock wave during blasting. This method achieves a 

speed of 0.3 of the cutting speed limit (speed of sound). 

- The second speed zone covers processing methods having a theoretical speed limit - the 

speed of light. Electrical and light phenomena lie as the physical basis of their mechanism. 

Examples of these methods are electron beam and laser treatments. The main quantitative speed 

characteristic of each method is the ratio of the actually achieved cutting speed to the theoretical 

limit value. 

- All processing methods entering the first speed zone have large reserves to increase the speed 

of the process. 

- Second speed zone covers processing methods in which the process speed reaches values of 

the process speed limit. 

-  
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