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Abstract: The economy of the machining process is an important point that has been given attention since 
the beginning of the process. For this reason, this study focuses on the evaluation of the performance of 
the cylindrical milling process, varying the feed rate per tooth for the operating conditions proposed in 
the revised case study. This was done using a calculation algorithm in which the fixed parameters were 
entered and the feed per tooth was varied. Finding benefits in terms of cutting speed, feed speed, cutting 
time and more. Increased feed per tooth resulted in lower process costs.  
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I. INTRODUCTION 

The worldwide desire to improve production systems has led researchers to seek the optimization of industrial 
processes. The manufacturing processes have not been alien to this, for this reason the milling process has been 
subjected to several studies over the years[1], in order to find the optimal conditions to carry out this process 
and thus obtain the best possible results. 

One of the factors studied by the researchers has been shear force. This is important to achieve high quality 
products. It has been sought to predict the cutting force in corner milling by considering the instantaneous 
accuracy achievements of the tool coupling angle and the thickness of the undeformed chips[2]. In addition, on 
an austenitic stainless steel AISI 316L type, and a comparison is made between ascending and descending 
milling. The maximum values of the shear force, the resulting force or the maximum temperature are used to 
obtain qualitative and quantitative analyses[3].resulting in the fact that the main determining factor is not the 
thickness of the chip that is not instantly deformed.  

On the other hand, a method was proposed to measure the equivalent residual stresses generated by milling, and 
on this basis the calculation of the deformation of the part was introduced[4]. Similarly, a system was presented 
to compensate for workpiece deformations in flexible peripheral milling based on piezoelectric actuators and 
their dynamic model[5], and a dynamic deformation model of the workpiece was constructed using the new 
method and the experiments are validated[6]. Showing these studies the importance of deformations in the 
milling process. 

Likewise, the aim is to eliminate vibrations in the milling process because it affects the finish of the parts[7-8]. 
A feedback control system is used for this purpose, showing numerical results that reveal that the designed 
controller can efficiently suppress the vibrations of the milling process, as well as improve the stability of the 
cutting processes with the time delay entered[9]. n the same way, the milling process has been combined with 
turning, there are many parameters that affect the process, which makes it difficult to select the optimum one. 
Therefore the results presented in this study are used to select process parameters through multi-target 
optimization[10]. 

Taking all this into account, the contribution of this work is focused on evaluating the incidence of the variation 
in feed per tooth in a cylindrical milling process. Studying output parameters such as cutting speed, feed rate, 
chip volume, cutting time and associated costs and identifying the operating conditions under which the process 
is optimized paying attention to the output parameters studied. 
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II. METHODOLOGY 

A detailed description of the process is presented below, showing components of the process and explaining the 
cases of studies carried out, as well as fundamental equations that allowed the process variables to be calculated. 

2.1 Process description 

The study was conducted in a cylindrical milling process as shown in Figure 1. This process consists of the 
working material (1) and the milling cutter (2) which by means of its angular movement starts the material in 
each revolution. 

 
Figure 1. Process Diagram 

For this process, a calculation algorithm was used in which the progress was varied and the values presented in 
Table 1were left fixed to evaluate their influence on the speeds and costs of the process. 

Table 1. Parameters 

Parameter Value 

Length (cm) 50 

Thickness (cm) 9,2 

Cutter diameter (cm) 12,5 

Cost of tool (US$/h) 36 

Tool carrier cost (US$/h) 55 

Number plates 22 

Non productive time (s) 20 

Machine and operator cost (US$/h) 32 

Number of pieces 400 

Depth (mm) 6 

2.2 Fundamental Equations 

The equations presented here are the result of further research, have been duly validated and are widely used in 
the literature[11]. n this literature the milling time in the process is shown and is given by equation 1, where L is 
the length of the part, ݈is the length traveled by the cutter and ܸis the feed rate 
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On the other hand,݈can be calculated using equation 2. Where D is the part diameter and p is the depth 
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Similarly, the feed rate meets equation 3 
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An important parameter in machining is the volume of the chip, this does not help to know the amount of 
material removed from the workpiece, thus knowing the volume wasted. This value is given by equation 4 
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In order to reduce machining costs, there is the concept of minimum cost, which seeks a point at which the 
production of the parts is achieved from the lowest possible production cost values. Equation 5 is used to 
calculate the speed at which this point is reached 
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Where n is the number of revolutions, X is the operator and machine costs per unit time, Y is the cost per 
grinding, Vଵspeed limit andݐis the tool reset time. 

For tool life equation 5 is replaced by equation 5 in the Taylor line equation, thus achieving equation 6. 
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Another important factor in machining is maximum production. The machining speed and minimum production 
time are also calculated for this with equation 7 and 8 respectively 

n
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III. RESULTS AND ANALYSIS 

The influence of feed on speed parameters such as cutting speed and RPM can be seen in Figure 2. To visualize 
this, the feed rate per tooth was varied from 0.002 to 0.008. 

 
Figure 2. Cutting speed and RPM for each tooth feed rate 

It is observed that as the feed rate per tooth increases, both the RPM and the cutting speed decrease, due to the 
fact that the volume of material pulled out per pass of the tooth increases, a greater power is needed to achieve 
this. This is most noticeable between 0.002 and 0.004, after which the slope decreases. On the other hand, the 
minimum cost was reached at lower RPM and lower cutting speed.Similarly, the incidence of the variation in 
feed per tooth on parameters such as feed rate, chip volume and cutting time was studied. This is shown in the 
Figure 3. 
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Figure 3. Feed rate, chip volume and cutting time 

Here is shown as the feed per tooth increases as the feed rate per tooth increases. The volume of chips also 
increases because when there is a higher feed per tooth, it starts more material in each pass, thus increasing the 
volume of the material that is removed. The opposite is true of cutting time, which is reduced because each time 
a tooth is cut, the material that comes off faster is increased to the desired size. 

On the other hand, tool costs and cutting times for feed rate variations per tooth were reviewed. In Figure 4 we 
can see that by increasing our study variable we can reduce the costs of both the tooling and the cutting time, 
due to the shorter cutting time reflected in Figure 3 thus reducing our costs.  

 
Figure 4. Cutting and tooling time costs 

The only limitation of this is that by increasing the feed per tooth too much, we would induce too much stress on 
the teeth, causing a possible failure of the teeth, leading to the fracture and, consequently, increasing the 
downtime of the process, leading to unnecessary expenses. 

IV. CONCLUSIONS 

Finally, it was concluded that by increasing the feed rate per tooth, the number of revolutions required for the 
milling process decreases considerably. In addition, it was demonstrated that increasing this progress brings us 
benefits such as shorter process times and higher cutting speed, which translates into lower process costs. This 
criterion cannot be abused due to the risk of tooth breakage, which is a serious problem for the milling process 
time and costs. 
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