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ABSTRACT 
 
This research aims to determine the behavior of the surface 
roughness parameters Ra, Rq and Rz in the milling of 
poly-ether-ether-ketone PEEK, in terms of the machining 
variables: cutting speed feed rate and the machining strategy. 
To solve this problem, a response surface study was made 
with a central design composed of three replicates per point to 
obtain a surface equation that determines the expected 
roughness value based on the velocity values of Cutting speed 
and fate rate.  
 
This model was repeated for each machining strategy 
analyzed: Raster and Spiral. To find the correct values of Rq 
and Rzin, the manufacturer could find desirable values; it 
could be for minor friction pieces or better shape forms. This 
investigation found that the value of Rq and Rz in milling 
machining with a Raster and Spiral trajectory increases with 
increasing feed rate and decreasing with cutting speed. 
Likewise, it was observed that the Raster technique obtains 
higher roughness values than by Spiral. 
 
Key words: Machining, PEEK, Raster, Spiral, Surface 
roughness 
 
1. INTRODUCTION 
 
Polyether ether ketone (PEEK) is a two-phase thermoplastic 
polymer composed of ether and ketone aromatic chains, is 
stable at temperatures up to 300 °C, is resistant to chemical 
damage and radiation, is compatible with different 
reinforcing materials such as fiberglass and carbon [1]-[3].  
 
This material is widely used in the aerospace, automotive, 
electronics and medical industries. 
  
 

Among the main applications that have this are the 
manufacture of bearings, parts of pistons, cymbals of 
compression valves, compression rings, and insulation of 
cables. Its use in the manufacture of implants includes 
implants of the hip, knee, buffer boxes, and others [4]-[7]. 
 
The surface roughness in a material is the mark that the 
cutting tool leaves on the piece when it is machined, this 
depends on the type of tool with which it is machined and 
parameters such as the cutting speed and the advance of the 
same [8]-[10].  
 
The rugosity study currently has different purposes such as 
lubrication, load capacity, tool life, corrosion resistance, 
fatigue resistance, noise reduction, and other important 
applications [9], [11]. 
 
The roughness can be evaluated by measuring different 
parameters [12]. 
 
Arithmetic average roughness: Ra is the arithmetic mean of 
the deviations concerning the average line of profile, this 
rugosity value is the one that is most often used in the surface 
study. The roughness Ra is determined with (1). 
 

   dxmxL1Ra  (1) 

 
Average depth between ten points: Rz is the average value of 
the differences between the five highest and the lowest points. 
It can be calculated using (2): 
 

 5432115Rz ZZZZZ   (2) 
 
Quadratic mean roughness: Rq is the square root of the mean 
of the squares of the ordinates of the profile about the mean 
line of measurement. The roughness Rq can be determined by 
(3). 
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 y210dx1LRq  (3) 

 
The surface roughness in the milling of material is mainly 
influenced by the cutting parameters such as the cutting 
speed, the advance of the cutting tool, the type of tool and the 
type of tool trajectory [13].  
 
Parameters such as Ra Roughness do not fully describe the 
topography of the surface since it describes an arithmetic 
average that omits the values of the highest or lowest peaks, 
thus resulting in an adequate average but a surface unfit for 
the suggested purpose of cellular adaptation. For this reason, 
more robust parameters such as Rq and Rz must be described 
[14]-[15].  
 
In this article, the value of the variables Rq and Rz was 
determined mathematically depending on the variables 
cutting speed and feed speed for two different machining 
techniques: Raster and Spiral.  
 
This is to provide a tool to the manufacturer to evaluate how 
the necessary parameters should be at the machining to obtain 
a certain roughness. 
 
To determine the mathematical behavior of the desired 
variables, an experimental response surface design was used. 
 
2.  METHODS AND MATERIALS 
 
This investigation aims to determine the behavior of the 
surface roughness Rq and Rz in the machining of the PEEK 
concerning the variables of machining cutting speed, the 
advance and the cutting trajectory. 
 
In this research, the machining method used was milling. To 
achieve this task, the roughness obtained by different values 
of feed speed, cutting speed and selected trajectories were 
evaluated.  
 
In this work, two types of trajectories were evaluated: Spiral 
and Raster. For each of these trajectories, the same machining 
parameters were evaluated. The experimental design used 
was a response surface design (RSM) of six central points.  
 
For the elaboration of this experimental design, concave and 
convex specimens of the same radius were elaborated, which 
were machined with the same parameters and the same 
number of replicas for each chosen trajectory, the 
combinations of the factors were the same for each machining 
technique and all the other machining parameters used were 
constant in the preparation of the specimens.  
 
 

For machining, the same tool was used, a spherical tip insert 
with two cutting edges, the same insert holder and the same 
CNC machine were used, in this way, it was sought that no 
other element, except those that were wanted to evaluate, 
would influence in the answers obtained. 
 
The material used for the research is PEEK KETRON 1000, 
which is a thermoplastic without reinforcements. The 
machining was done using a CNC v-20i milling machine.  
 
The tool used to machine the specimens was an 
interchangeable copying insert KDMB06M0ERLDK115M. 
The insert is made of an uncoated premium quality carbide 
grade, designed for high edge wear resistance in non-ferrous 
materials, iron and cast iron. 
 
3. RESULTS 
 
The exploration points described in Figure 1 were considered 
for the elaboration of the respective response surfaces. 
 

 
Figure 1: Points of the central composite design for the 

response Surface 
 
This same distribution was used for each path to be evaluated. 
Next, the response surfaces obtained for each technique are 
related. 
 

3.1 Spiral Technique Analysis 

In Error! Reference source not found. and Error! 
Reference source not found., the response surfaces obtained 
for the roughness parameters Rq and Rz, respectively, are 
observed.  
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Equations 4 and 5 of each behavior are obtained in terms of 
advance and cut speed variables. 
 
Regarding the behavior of Rq and Rz for the spiral trajectory, 
equations (4) and (5) respectively, it is observed that both 
parameters depend on the factors of advance and cutting 
speed, the parameter Rq is influenced by the combination of 
the factors, in comparison to Rz that does not depend on the 

combination of the same, in the same way, both parameters 
are affected by the square of the factors. 
 
From Error! Reference source not found. and Error! 
Reference source not found., it is observed that the value of 
the roughness Rq and Rz increases as the advance increases 
and when the cutting speed decreases. 
 

 
Figure 2: Response surface of Rq for the Spiral technique 

VcVaxVcVaxVcVa 6226 103472,00015,01066,319,0005,030,10Rq   (4) 

 
Figure 3: Response surface of Rz for the Spiral technique 

 
262 10250,00049,068,0049,088,53Rz VaxVcVcVa   (5) 
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3.2 Raster Technique Analysis 

From (6) and (7), it can be determined that the roughness Rq 
and Rz are linearly influenced by the variables cutting speed, 
feed, and the square of them but not by the combination of 
these factors. 
 

From the response surfaces obtained, Figure 1 and Figure 2, it 
is observed that increasing the advance significantly increases 
the Rq and Rz roughness. Likewise, the response surfaces 
obtained for Rq and Rz do not clearly show the influence of 
the cutting speed on the surface roughness, when optimizing 
the response surface, it is observed that when the cutting 
speed decreases, the surface roughness increases. 

 

 
Figure 1: Response surface of Rq for the Raster technique 

 
262 104862,7006,090,0014,087,40Rq VaxVcVcVa   (6) 

 

 
Figure 2: Response surface of Rz for the Raster technique 

 
226 03,010188,003,5056,013,214Rz VcVaxVcVa    (7) 
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5. CONCLUSIONS 
Regarding the behavior of the surface roughness, it is 
observed that Rq and Rz are affected directly by the cutting 
speed and the advance, so increasing the advancement and 
decreasing the cutting speed increases the roughness. 
 
On the other hand, the variables Rq and Rz for both 
trajectories are affected by both parameters and their square 
parameters in a linear manner and not by the combination of 
their factors. 
 
When analyzing the graphs of the roughness values that can 
be obtained for each combination of parameters, it was 
observed that with the Raster technique, higher roughness 
values are obtained than with the Spiral technique, this means 
that in the manufacturing process of the PEEK, in cases 
which applications need to have a small surface roughness, it 
is recommended to use the Spiral manufacturing technique 
with low advances and high cutting speeds. 
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