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Abstract 

 

This article analyses the effects of depth variation on the economic evaluation of 

machining of alloyed steel parts. The turning in this process performs the study 

varying the finishing dimensions in depth from 1mm to 4 mm allowing to analyze 

and find the operating conditions that affect the desired finish of the part. To 

achieve the desired performance, you must control the operating ranges of 

parameters such as cutting speed, machine operating speed, and times that directly 

influence the costs of the production process by maximizing the products. 
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1. Introduction  
 

Alloy steel are metallic materials which contain mixture of steel and other 

chemical elements like Ni, Mn, Cr, W, Mo, V and others in menor cuantity which 

are added to plain carbon steels for enhancement of one or more of their 

properties obtaining for example more strength, hardness and toughness [1].  

Machining of hardened alloy steels demand special cutting tools such as PCBN 

and ceramic, however these tools are uneconomical and also demand machine tool 

structures, which have high stiffness and vibration dampening properties [2].  

The deterioration of metal cutting tools during machining operations has a direcct 

influence on the obtained properties and hence performance of machined 

components. It is therefore necessary to replace tools before a critical level of 

wear is reached to avoid damage of the produced components [3]. Understanding 

and prediction of tool wear is especially relevant when cutting difficult-to-

machine materials based in superalloys [4]. Flank wear of cutting tools is often 

selected as the tool life criterion because it determines the diametric accuracy of 

machining [5]-[6]. 

Influence of machining process parameters on material removal rate (MRR) and 

chip reduction coefficient are significant parameters to evaluate the economical 

cost in the production when the objetive is the maximum production or the mimun 

cost [7]. To improve productivity with good quality of the machined parts is the 

main challenges for metal industry; there has been more concern about monitoring 

all aspects of the machining process. Surface finish is an important parameter in 

manufacturing engineering and it can influence the perfomance of mechanical 

parts and the production cost [8].  

Turning operation produces three cutting force components how it is thrust force 

(Fz) which acts in the cutting speed direction, feed force (Fx) which acts in the 

feed rate direction and radial force (Fy) acts inn the radial direction and which is 

normal to the cutting speed. Out of three force components the cutting force (main 

cutting force) contitutes about 70% to 80% of the total force F and is used to 

calculate the power required to perform the machining operation [9]. Power 

consumption may be used for monitoring the tool conditions using differents 

forms to evaluate the economical base of the process [10]. 

The main contribution of this article is to present a methodology that develops and 

identifies the influential parameters in the production of the machining of the parts 

by the turning process in a batch where the base material is alloyed steels, 

analyzing the working conditions and the specialized machinery allowing the 

greatest use of resources at low cost, varying the progress and the depth in the 

development of a good process. 

 

2. Methodology  
 

The following is a description of the process and the fundamental equations for 

the analysis of costs and time in the turning process for grey foundries, allowing  
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the identification of the parameters that have the greatest impact on this 

machining process. 

 

2.1 Process description 
In order to analyze step by step the possible options that were presented in the 

process, a description diagram was proposed that allowed us to evaluate the 

process as shown in Figure 1. 

 

 

Figure 1. Turning process 

 

In the study the parameters shown in Table 1 were left fixed and the depth of cut 

was varied from 1 to 4 mm, for this variation an algorithm was used using the 

equations presented later in this document to analyze the results. 

 

Table 1. Parameters of the process 

 

Parameter Value 

Length (cm) 25 

Non productive time (US$/h) 0.0535211 

Machine and operator cost 

(US$/h) 
35 

Number of pieces 1000 

Feed rate (mm/tooth) 0,4 

  

 

 

2.2 Fundamental equations   

 

For the turning process in foundries it is necessary to analyze the following 

equations that allowed us to evaluate the operating costs for a part production. For 

a more detailed analysis, the non-productive time and the cutting time must be 

provided by equation (1). 
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𝑡𝑐 =
𝜋𝐿

𝑎.𝑝.𝑉𝑐.1000
 ,                                                       (1) 

where L is the part length, a is the feed rate, p is the penetration and Vc is the 

cutting speed. 

 

The expenses generated by the operator and the machine per time unit are 

associated to X and the cost of the tool to Y. Therefore, to determine the cost per 

piece, equation (2) is proposed as follows 

 

𝐶𝑝 = 𝑋. 𝑡𝑛𝑝 + 𝑋. 𝑡𝑐 +
𝑁𝑎ℎ

𝑁
(𝑋. 𝑡𝑟𝑓 + 𝑌),                                      (2) 

where Nah is the number of sharp parts needed for the construction of the final 

part and trf is the resetting time of the edge. 

For the analysis, the machining cost per part is a parameter that was established 

according to the cutting speed, so the equation (3) was obtained as follow  

 

𝐶𝑝 = 𝑋. 𝑡𝑛𝑝 +
𝑋. 𝐾

𝑉
+

𝑁𝑎ℎ

𝑇1. 𝑉1

1
𝑛

. 𝑉
1−𝑛

𝑛 .                                              (3) 

 

The minimum cost speed was obtained as equation (4), after having derived 

equation (3) and searching for its maximum or minimum by equating it to zero. 

𝑉𝑚𝑐 = 𝑉1. (
𝑛

1 − 𝑛
.

𝑋. 𝑇1

𝑋. 𝑡𝑟𝑓 + 𝑌
)𝑛                                                   (4) 

To determine the tool life at minimum cost, equation (5) is proposed 

 

𝑇𝑚𝑐 = (
1 − 𝑛

𝑛
.
𝑋. 𝑡𝑟𝑓 + 𝑌

𝑋
)                                                     (5) 

 

By replacing the cutting time and the number of tools according to the cutting 

speed, the ratio between the production time and the speed is obtained. Therefore, 

the maximum production speed must be found to reduce the time it takes to 

manufacture a part, so equation (6) is obtained. 

 

𝑉𝑚𝑝 = 𝑉1. (
𝑛

1 − 𝑛
.

𝑇1

𝑡𝑟𝑓
)𝑛.                                                    (6) 

 

3. Result and discussion  
 

For the analysis of this process, the variation of the feed parameters and cutting 

depth was analyzed, directly affecting the system outputs such as the volume of 

chips produced and the cutting time. Figure 2 shows the production behavior of a 

part as the depth increases, showing a downward behavior in the cutting speed of  
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41%, decreasing the results significantly for maximum production, given that the 

friction is high due to the hardness properties of the alloyed steels. With respect to 

the final production, the decrease of the machine revolutions is not so significant, 

allowing to obtain the desired results without presenting an excess of work that 

the machine may suffer. The wear on the part is focused on the study of the cost 

involved by the cutting time and the tool with respect to the volume of chips 

produced by the devastation of the part which increases for this case study 3.28%.  

 

 
Figure 2. Performance of Chip volume, cutting speed and RPM of the machine 

with different depth. 

 

In Figure 3 you can see which is the stability zone of the production system where 

the system configuration determines which is the priority, depending on the 

specifications and working conditions proposed. In this range of work can be 

observed the performance of a production at minimum cost which allows not to 

vary significantly the cutting speed conditions allowing to obtain a good finish of 

the piece with different advances. 

 

 
Figure 3. Cutting speed respect the feed rate. 
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For a cutting time range between 1.25 minutes and 2.25 minutes, there is an 

increase in the cost of the tool, since for a batch of 1000 pieces, production is very 

repetitive, increasing the cost of the tool by 13.7% over time as shown in Figure 4. 

The cost of the process increases because the more devastated the part is to obtain 

the desired finish, the higher the energy, tool and maintenance costs of the 

machinery used will be. 

 

 

 

Figure 4. Cost of tool and cost cutting time respect the cutting time 

 

 

4. Conclusions  
 

The study carried out previously allows us to conclude that an analysis to obtain 

exact calculations of manufacturing costs can be carried out by evaluating the 

effect of depth depending on the specifications of the part, since the variation of 

this parameter allows us to analyze the times and resources used in this machining 

process. The cost of the tool increases in this work cycle due to the fact that the 

process has a higher chip removal rate with 0.18 dm3/ft at the critical point of the 

process depending on the depth at which the part will be finished. 
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