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ABSTRACT 

In this work, the interdependencies of different metal cutting parameters are examined. In order to ensure 
competitiveness in the field of manufacturing, the quality, productivity and costs of the work must be in optimal 
balance. The parameters affecting the end result of a metal cutting process form a complex web of 
interdependencies. In this work, graph-based modularity analysis is applied in order to impose a structure on the 
network of parameters. This allows the identification of the parameters that are to be used in more thorough 
examination of the individual cases. Combined with an understanding of the graph topology such as parameterized 
relationships between different factors, this enables powerful heuristic tools such as expert systems to be created. 

1. INTRODUCTION 

This study makes a proposal and then presents the information required to describe the machine and device 
resources in a machining environment. This information is needed for the development of an analytical method for 
automated and highly productive production. The description of the product and device resources and their 
interconnectedness is the starting point for method comparison [1], the development of expenses [2], production 
planning [3, 4] and performing optimization [5]. According to Newness [2], budgeting during the design phase requires 
the presentation of factors relating to production and the product itself, as does process optimization. The 
manufacturing methods cannot be optimized unless the environmental variables and their interdependences are known. 
Furthermore, it is impossible to create an optimal technological design, as indicated by Wang [6], unless the 
characteristics of the processes are known. 

There are at least two points of view on cost-effectiveness in the manufacturing context, namely a cost-effective 
total product and cost-effective manufacturing. The concept of a cost-effective total product contains the idea of the 
financial control of the product’s life cycle, including the main levels of this cycle: design, manufacture, marketing, use, 
maintenance, service and recycling or materials recovery. [7] When examining the concept of cost-effective 
manufacturing, we have to note that economically efficient manufacturing costs form a part of life cycle management 
and thus of the product’s all-in price, but they do not influence the product directly as much as they do the actual 
manufacturer. The manufacturer must receive a yield from the manufacturing activities, making their chances of 
profitable operations smaller than those of the bearer of the actual product or product rights. A product is made more 
cost-effective when as little energy as possible is used in its production. In addition to this, the product’s cycle in 
production must be organized in such a way that no energy is wasted on unnecessary stages of operation, warehousing 
or transport. [7] 

The product and its production should be ecological, regardless of the point of view of cost-effectiveness. Therefore 
it is required to commit to an ever-increasing degree to manufacturability, as well as all other activities and events 
during a product’s life cycle. In order for this to be possible, the informational parts of each process related to the 
product should be under control and the relationships of the factors affecting them should be understood. [7] 

One technical development trend which research and development is currently turning towards may be the 
integration of master production scheduling and detailed capacity planning of separate design functions, such as 
drafting, operation, mechanics or production design, under one overall system in order to improve future profitability. 
However, whatever the development trend, it is almost certain that the portion of automatic and semi-intelligent 
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systems will inevitably grow. The development of smarter systems requires several separate functions, practices and 
disciplines to be gone through in order to prepare systems that are able to present the information people need at the 
right time and with suitable accuracy.  

When a product is designed in such a way that the capabilities and machine properties of production are taken into 
account throughout, a significantly higher degree of value added can be produced in a product than by acting in a 
traditional way, where the focus is first on functional structure and only then are the manufacturing possibilities charted 
[7]. Today, manufacturing companies must be agile under conditions of global competition in order to do business 
successfully. In western countries, one typical response to decreasing cost-effectiveness is to transfer or outsource the 
non-core-competence actions to a lower-cost location and concentrate on the most-value-adding actions, in which 
production efficiency also plays a major role. Such a contrast could be discerned between manufacturing bulk products 
and assembling low-volume mass-customized products. 

2. METHODS 

Cutting is one of the most complex physical problems in industry. In order to improve the performance of a cutting 
system, changes must be made to the cutting parameters. However, changing one parameter has multiple outcomes; for 
example, increasing the cutting speed leads to a higher output of products but it can lead to lower profit as a result of an 
increased rate of tool wear. This makes optimizing cutting parameters difficult. Optimizing cutting on the basis of a 
limited set of parameters can achieve good results, but may have unexpected side-effects. Optimizing the cutting speed 
and tool wear on the basis of income can lead to bad product quality and therefore loss of profit as a result of rejected 
products. Understanding a cutting system requires an advanced level of expertise in the subject, which is a relatively 
rare and thus expensive commodity in the industry. In this paper, the proposal is to build a knowledge base with a 
network analysis tool in order to empower decision makers to analyze different outcomes of parameter adjustment. 

The data for this research are collected from multiple research papers considering machining problems. The data 
are simplified into the form of a binary matrix that indicates the relationships between different parameters. The Gephi 
network analysis software* is used to automatically rearrange the network of parameters to visualize the weight of 
different parameters and to group the parameters. [8] Data for Gephi are prepared in human-readable form in Microsoft 
Excel using the NodeXL extension† [9]. Both pieces of software are published with an open source license and are 
freely available. Modularity analysis conducted with Gephi demonstrates how different parameters are connected and 
what kind of groups they form. This makes it possible to measure how well a network decomposes into modular 
communities. [10] 

Several approaches have been used for the optimal cutting parameter value selection problem in cutting. If the 
model is known, there are several solvers that are available commercially, such as LINGO for linear programming 
problems. Well-known algorithms can be implemented for a customized solution. In addition, there are expert systems 
that were developed to find a suitable tool and cutting parameters [11, 12, 13]. For black-box models (where the 
objective space surface is not known) genetic algorithms and neural networks are very popular, such as in [14], though 
particle swarm optimization (PSO) methods have also been used [15]. Some cutting parameters may also be adjusted 
while the machining process is under way [16, 17, 18, 19]. The methods applied prior to machining may take 
considerable amounts of time, depending on the complexity of the problem or the exact configuration of the solver, but 
the methods used while the machining is under way must understandably be very computationally cheap. However, in 
order to achieve the required accuracy for the model to be optimized, it is crucial that the effects between different 
factors are understood and the most relevant parameters are identified. 

3. RESEARCH 

The cutting speed is the relative motion between the cutting tool and the workpiece. The cutting speed affects the 
magnitude of the cutting force, as well as the cutting temperature. The cutting temperature has been widely studied but 
because the connection between the cutting speed and temperature is highly case-sensitive, no generic models exist.  
[20] The effect of the cutting speed on tool wear rate is one of the most traditional research topics in machining. 
Usually, tool wear rate increases with increasing cutting speed. Though the field is well established, there are many new 
studies considering wear because nearly all tool-workpiece material couples require tool life testing since no universal 
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model exists. [21] The cutting speed affects the power consumption of a machine tool; generally, at higher speeds 
power consumption is higher. In addition, higher cutting speeds lead to a better surface quality, except some examples 
such as specific stainless steels. [22, 23] The effect of the cutting speed on the cutting time is obvious but the effects on 
residual stresses and tolerances are more difficult to determine. In some cases there is a clear effect on tolerances, for 
example when the velocity of mass deforms a workpiece moving at high speed, causing inaccuracies in the intended 
geometry.  The cutting speed has a clear effect on residual stresses, as demonstrated by numerous studies, but the trends 
are highly case-sensitive. [24] 

The cutting feed is the speed at which the cutting tool advances through the workpiece. The cutting feed has an 
almost linear effect on the cutting force, as the area of the tool-chip contact area increases with increasing feed. This has 
been concluded in numerous studies, such as Kienzle and Victor's commonly referenced study [25].The cutting feed 
has an impact on the cutting temperature, as presented in Bacci and Wallbank's review [26]. The impact of the cutting 
feed on tool wear and the tool wear rate has been investigated by researchers such as Astakhov [27]; it is concluded that 
the effect of the feed is dependent on other variables, such as the cutting temperature and cutting speed. The cutting 
feed has only a minor effect on the power consumption. [10, 28] The effect of the cutting feed on surface roughness is 
case-sensitive but clearly exists [10, 29, 30]. The cutting feed has an inverse linear relation to the cutting time. The feed 
has an effect on residual stresses, as reported in [21] and affects tolerances, at least through increased amounts of tool 
deflection at high feeds. [31] 

The cutting depth is a set value that defines the depth of the cut. Since the tool-chip contact area is determined by the 
cutting depth and feed, the cutting depth has a similar nearly linear relation to cutting forces as the cutting feed. [32] 
The temperature of the tool-chip contact surface increases slightly with an increase in the depth of the cut. [33] The 
cutting depth is linear to the cutting volume, which directly increases tool wear, but if the machining is carried out under 
the optimum cutting regime an increase in the depth of the cut should not change the tool wear rate. [9, 24] The power 
consumption increases with an increase in the depth of the cut. [25] The cutting depth affects the number of passes 
needed to finish a workpiece, and therefore the cutting time decreases with an increase in the depth of the cut. Tensile 
residual stresses are increased with increasing tool-chip contact surface; when low tensile stress values at the surface of 
the workpiece are desired, the cutting depth should be small. [21] The depth of the cut affects the forces acting on the 
tool and therefore the tool deflection; this has an effect on the tolerances of the workpiece. [27] 

The cutting force is the reaction to the cutting action. The force equals the energy required to remove material from 
the workpiece. The cutting force acts on the cutting tool. It can be viewed as resulting from three force components. 
These components point in the radial and tangential directions in relation to the machined surface and the opposite 
direction to the feed. Therefore, the cutting force directly affects the choice of tool. The cutting force also affects the 
tool wear mechanism and tool wear rate. [34] The cutting force is the primary contributor to power consumption. The 
cutting force can affect surface quality by changing the contact conditions at the tool-chip interface but no general 
trends have been discovered. [27, 35] The cutting force indicates the amount of friction and plastic deformation in the 
cutting zone and therefore the level of residual stresses generated. 

The power consumption of a machine tool is the amount of energy the machine needs to perform cutting operations. 
The maximum power of a machine tool is a limiting criterion when selecting the cutting speed, feed and depth; 
therefore, its also affects the maximum allowable cutting force. Electricity is getting more expensive and the excessive 
use of power is seen as bad PR in view of the prevailing green philosophy policies. A simplified equation for 
calculating power requirements is 

         P = R v                          (1) 
 
where P is the power consumption, R is the resultant cutting force and v is the cutting speed. 
 
Tolerances are the accepted range of dimensions of the ready workpiece. Machine tools and the tolerances 

achievable by them must be considered when choosing requirements for tolerance and quality in the design phase.  As 
already noted, the tolerances of the workpiece are affected by the cutting force through tool and workpiece deflection. 

A cutting tool is a geometrically defined shape that is strong and hard enough to mechanically remove material from 
a workpiece. A cutting tool has a major effect on the maximum applicable cutting speed, feed and depth. These values 
are provided by the tool manufacturers for each type of workpiece material. The recommended optimal cutting 
parameters for a 15-minute tool life are usually found in the catalogs of the tool manufacturers. Cutting tool 
performance is determined by the mechanical, tribological and thermal properties of the tool material. The performance 
is often measured by the tool life, maximum achievable material removal rate and cost of the tool. The geometry of the 
cutting tool has a major impact on cutting forces, cutting temperature, surface quality and tolerances. [10, 20, 21] 
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Tool wear is the flow of material away from the cutting tool as a result of adhesion, abrasion, plastic deformation 

and electrochemical phenomena. Tool wear obviously affects the cutting tool and its costs and performance, which is  
reflected in increased cutting forces. [36] Tool wear has an effect on the surface quality; the flank wear profile in 
particular is seen on the surface of the workpiece. [37] Tool wear and the cutting temperature have a strong 
omnidirectional effect on each other and the cause-effect relationship should be investigated experimentally more 
thoroughly. [38] The tool wear rate is the speed at which the tool wears. The wear rate affects how long one tool can be 
used continuously and therefore the cutting time is affected. Tolerances are critical with regard to tool wear rate 
because if the wear is fast, then the tool compensation changes quickly and is inaccurate, therefore leading to poor 
tolerances. 

Cutting fluid is a lubricant and its major functions are removing cutting waste and chips, cooling the tool and 
workpiece and lubrication. The lubricating properties of cutting fluids have been questioned because there are 
indicators that the cutting fluid cannot access the tool-chip contact surface as a result of the high pressure in that area. 
The cutting fluid has an effect on surface quality and tool wear, as presented, for example, in Xavior and Adithan's work 
[39]. The cooling properties of cutting fluids are evident and strongly correlated by the thermal properties of the fluid. 
[40] 

The cutting temperature is generated from the friction and adhesion between the tool and the workpiece and from 
the plastic deformation of the workpiece material. The cutting temperature has a significant effect on the cutting tool 
wear rate. [41] Thermal softening and thermal elongation of the workpiece and tool also affect the cutting forces and 
tolerances. Residual stresses are caused by the joint effect of elastic and plastic deformation and changes in 
temperature. [42] 

The cutting time is the time needed for the cutting action. The cutting time affects the choice of cutting tool and the 
cumulative temperature generated and conducted to the workpiece and tool. The cutting time is the primary 
measurement for tool life and therefore tool wear should be considered. The cutting time affects the total power 
consumption of the process, labor costs and machine costs. 

The surface quality is the topology of the already-machined surface layer of the workpiece. The surface quality 
affects the tolerances if the surface average roughness value Ra is high. The quality and tolerance requirements are also 
affected by a bad surface or very high costs of reaching good surface quality. Residual stresses are the remaining 
stresses in the workpiece after the cutting is done. The surface quality and tolerances can change if the residual stresses 
are released and therefore distort the workpiece. Quality and tolerance requirements are engineering-driven qualities 
that are critical for the workpiece to function properly in its intended surroundings. The requirements for the product 
also have a major impact on product costs, because if the requirements are unnecessarily high, then producing over 
quality in the sense of surface roughness, and the tolerances, tool, labor and machine costs are higher. Additionally, if 
the tolerance requirements are high, this requires the surface roughness requirements to be high too. 

Tool costs mainly comprise the retail price of tool bits. If tool costs are critical in the cost structure of the product, 
this can affect the choice of cutting tool. Labor costs are calculated from the time the machinist must attend to the 
machine tool for each workpiece. Machine costs include maintenance and down payments. 

Table 1 and Figure 1 present the relationships between different variables in the cutting process. 
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Table 1: Connections between different cutting variables 
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Cutting Speed 0 0 0 0 0 1 1 0 1 1 1 1 1 1 0 0 0 0 0 

Cutting Feed 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 

Cutting Depth 0 0 0 0 0 1 1 1 0 1 0 1 1 1 0 0 0 0 0 

Cutting Fluid 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 

Cutting Tool 1 1 1 0 0 1 1 1 0 0 1 0 1 1 1 0 0 0 0 

Cutting Force 0 0 0 0 1 0 0 1 1 1 1 0 1 1 0 0 0 0 0 

Cutting Temperature 0 0 0 0 1 1 0 0 1 0 0 0 1 1 0 0 0 0 0 

Tool Wear 0 0 0 0 1 1 1 0 0 0 1 0 0 0 1 0 0 0 0 

Tool Wear Rate 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 

Power Consumption 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 

Surface Quality 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 

Cutting Time 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 1 1 0 0 

Residual Stresses 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 

Tolerances 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

Tool Costs 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Labor Costs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Machine Costs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Quality Requirements 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 1 0 1 

Tolerance Requirements 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 1 1 0 
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Figure 1: Relationships between factors affecting the metal cutting process 

 

4. CONCLUSIONS 

Optimizing workpiece quality, machining costs and productivity is essential for competitive manufacturing. In 
order to optimize cutting processes, different parameters are adjusted to achieve desirable outcomes. However, as a 
result of the complex nature of the cutting process and the various coupled effects of different parameters, it is difficult 
to predict different outcomes resulting from a parameter change. This research was conducted to inspect a graph-based 
approach to the creation of an expert system for assessing the outcomes of different cutting parameter changes. This is 
done by applying a simplified model based solely on known relationships between different parameters in cutting. 

The analysis shows that cutting parameters are divided into two groups, namely “machine parameters” and “design 
parameters”. The division is based on Gephi modularity analysis. First, it is interesting to note that the modularity 
analysis led to sensible groups. Additionally, it seems to be sensible to use the network approach in order to visualize 
such a practical problem.  Depending on the case to be optimized, different parameter loops can be identified and thus 
taken into account during the design of the machining routine. This approach does not give automatic optimization 
solutions for these cases, but helps to identify the parameters that are to be used in more thorough analysis. This kind of 
an expert system can be upgraded by inducing topology in the form of functions between different parameters. 
However, because of the high level of variation in the materials used for tools and workpieces, universal models of 
cutting parameters have not been created. This makes it difficult to formulate such functions. Regardless of this, the 
observation of two distinctive parameter groups (design and machine parameters) eases the design of the machining 
process through the creation of a clearer distinction between objectives and means.  
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