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Presented is the method of analysis of a machined layer in a 
CAD system in milling process, and described is the 
methodology of this type of research. The influence on the 
area of contact between the tool and the workpiece caused 
by geometry of the workpiece and the angles of wrapping 
was determined. 
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Contemporary constructions in the aviation industry are 
based mainly on thin-walled pocket elements with complex 
geometry (fig. 1). The machining of such elements is difficult 
due to the occurrence of elastic and plastic deformations of 
the structure. In the case of machining the corners of the 
outer and inner pockets of these elements, the angle of 
wrap of the tool with the material to be machined can be 
significantly changed. It is recommended, therefore, that the 
processing of the corners should follow the appropriate 
strategy, which should reduce the cutting forces and 
deformation of the workpiece walls [4, 5, 7]. 

 

 
 
Fig. 1. Example of a thin-walled element with a complex geometry 

 
The most commonly used type of complex surface 

treatment is point milling, and in the case of rectangular 
areas, circumferential milling is more efficient [2]. 
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deformation of the walls and the associated geometric 
imperfections of the work surfaces are influenced not only 
by the geometry of the workpiece. The technological and 
geometric parameters of the cutting layer, which directly 
affect the cutting forces, are also of great importance. 

of possible cuttingcomputer simulationTherefore, the
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machining. 
Analytical models allow for fast prediction of not only 

cutting forces, but also deformations, using relatively low 
computing power. Their main advantage is the ability to 
estimate the cutting forces already at the design stage of the 
technological process, without the need to reach advanced 
systems using the finite element method. 

The basic requirement of this method is the knowledge of 
the geometrical model of the cutting layer. In three-axis 
milling, such a model is known and widely used, however, it 
is very difficult to analytically determine the geometrical 
parameters of the cutting layer for five-axis machining. A 
more effective method is the analysis of the tool contact with 
the machined surface using the CAD system (Fig. 2) [1, 2, 
6]. 

 
 
Fig. 2. Simulation analysis of the cutting layer 
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The purpose of the work was to simulate the shaping of a 
machined layer in a circumferential machining with a 
cylindrical milling cutter for a rectangular surface and to 
determine the influence of workpiece geometry on the 
geometrical parameters of the machined layer. 

 
Simulation tests 

 
Parametrized three-dimensional test models of thin-

walled elements of rectangular convex and concave 
surfaces, semi-finished models and a cylindrical cutter 
model were made (fig. 3). 

 

 
 

Fig. 3. Models accepted for simulation tests 
 
Simplification of cutter geometry as a cylinder (no 

inclination of the cutting edge), constant milling diameter d = 
8 mm, angle of inclination of the workpiece α = 5º, wall 
height h = 30 mm, cutting depth ap = 30 mm and cutting 
width ae = 0.5 mm. The only variables were: radii of 
rounding the concave surface RCV and convex RCX, which 
were technologically and geometrically limited by the 
diameter of the milling cutter, the angle and height of the 
walls of the workpiece. 

Schema of the cutter with the machined surface is shown 
in fig. 4. 

 

 
 

Fig. 4. Milling cutter schema: φ1 - lower wrap angle, φ2 - upper wrap 
angle, A - cutter's contact surface area with workpiece, Pn - cutter 
section cross-section area 

 

The first step was to determine the position of the cutter 
relative to the workpiece. The next step was to transform the 
tool model according to the direction of the trajectory 
(determined by the geometry of the workpiece) by the feed 
value (fn = 0.4 mm/rev). Next, a joint part of the workpiece 
and tool was created, based on which it was possible to 
measure the area of contact A, the wrap angles φ and the 
cut area of the cutting layer Pn for any tool position (where n 
denotes the height h with a step of 2 mm). Then the 
common part was subtracted from the blank body. This 
algorithm was repeated until the finished surface was 
obtained [1, 2]. 

 
Results 

 
The simulation allowed for plotting angles of wrapping 

and the area of contact of the tool with the surface to be 
machined, depending on the path traveled by the tool (Fig. 
5). 

 

 
 

Fig. 5. Wrap angles for a concave surface 
 
For the concave surface, using the parameter RCV = 4 

mm (equal to the tool radius) a very large increase in the 
wrap angle is visible. 

The lower wrap angle changes to a much greater extent 
than the upper wrap angle. Changing the angles of the belt 
leads to an increase in the area of contact between the tool 
and the workpiece (fig. 6). 

 

 
 

Fig. 6. Contact surface for a concave surface 
 
With the increase of the radius of the concave rounding, 

a significant decrease of the wrap angles and the contact 
surface area is visible. With RCV rounding = 5 mm, the 
measured value drops by almost 25%. A very rapid increase 
in the value of the wrap angle and the contact surface is 
visible when the tool enters the concave fillet region. This 
causes a large step change in the cross-sectional area of 
the cutting layer in relation to the nominal value when 
processing a flat surface (fig. 7). 
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Fig. 7. Cross-sectional area of the cutting layer for the machining of 
concave rounding for geometry with RCV = 4 mm 

 
When entering the concave fillet region, a very large 

change in the cross-sectional area takes place in the lower 
cross-sections of the cutting layer, after which it decreases 
almost to zero. This means that when the concave rounding 
is performed, the tool, in spite of the large lower belt angle, 
does not actually cut any excess material with its lower part. 

In the case of a convex surface for very small radius 
values, the area of contact and the angles of wrapping 
considerably decrease (fig. 8, fig. 9). 

 

 
Fig. 8. Wrap angles for convex surfaces 

 

Fig. 9. Contact surface for a convex surface 
 
For this type of corners, larger changes are observed for 

the upper angle of wrap. This is related to the geometry of 
the model (the direction of wall inclination). 

 
Analysis of results 

 
Based on the results of the simulation, experimental 

areas of the tool contact surface were determined 
depending on the radius of rounding and the angles of wrap: 

 

 

 
 

The extreme values of area of contact and angles of wrap 
of concave surfaces with the values obtained for the 
treatment of a flat surface were compared (fig. 10). 

 

 
 

Fig. 10. Measurements of contact surface area, lower and upper 
wrap angle for concave surfaces 

 
Visible is more than one and a half increase of the 

contact surface area and over fourfold increase of the wrap 
angle for corners with radius formed directly by the diameter 
of the milling cutter (RCV = 4 mm). However, already with 
geometry with a radius greater by 1 mm, the contact surface 
area is reduced by 25% and the angle of wrap around the 
base of the milling cutter by 40%. In the case of the upper 
angle of wrap, the effect of changing the radius by 1 mm 
reduced the angle values by less than 10%. 

For convex surfaces, the opposite effect can be seen (fig. 
11). 

 

 
 

Fig. 11. Measurements of contact surface area, lower and upper 

wrap angle for convex surfaces 
 
In the case of an almost sharp corner (RCX = 2.7 mm), 

the value of the contact surface area decreases by approx. 
50% and the value of the upper wrap angle by approx. 75% 
compared to the processing a flat wall. When forming a 
convex surface with a radius of curvature not exceeding the 
diameter of the milling cutter, the geometrical parameters of 
the cutting layer are significantly reduced. 

 
Conclusions 
 

The geometry of the model has a significant impact on 
the geometrical parameters of the cutting layer. Already a 
slight modification of it can cause very large changes both in 
the area of contact and angles of the tool. A very large 
change in the cross-sectional area of the cutting layer 
confirms the previously applied feed reduction, especially at 
the entrances to the concave corners. It is possible to 
increase the cutting efficiency of convex corners by 
changing the positioning method or increasing the feed. 
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The presented method of cutting layer analysis using a 
CAD system, after implementing a mathematical model, 
may be the basis for analytical determination of cutting 
forces. They can be input data in the tool path optimization 
process, in order to minimize the probability of geometric 
errors and performance maximization, already used at the 
design stage of the technological process. 
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