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Abstract. The paper aims to analyse the processing of convex complex
surfaces with toroidal milling cutters compared to spherical milling cutters.
As comparison terms, surface roughness and processing time are taken into
account. The main purpose of the paper is to demonstrate the usefulness of
the toroidal milling tool that can be replaced in case of spherical milling
cuts to improve the working time as well as the surface quality, these terms
playing an important role in the processing of convex complex surfaces.

1 Introduction
Complex and convex surfaces are encountered in many situations, such as aerospace,
automotive, matrix, and pneumatic actuators. Surfaces are 3D generated using a CAD
program, helping to describe geometry in order to generate the trajectory of the milling
tool. [1]
The quality of the surface produced by milling depends on various technological
parameters, such as cutting conditions, cutting geometry and workpiece specifications, as
well as tool geometry selection. The basic parameters influencing the cutting geometry are:
axial and radial depth, feed rate, tool speed, and tool positioning angle on the machined
surface.
In the paper (Hayajneh et al., 2007) [2] are presented the effects of the parameters of the
cutting process on the surface roughness. Factors such as the speed, feed, and depth of
cutting that define the cutting process can be set in the initial phase, while factors such as
tool geometry, tool wear, splintering, or tool material properties are uncontrollable (Huynh
& Fan, 1992 )[3].
Cosma M. [4] states that machining is characterized by a high degree of productivity,
precision of form and dimension, universality and flexibility, encountering major
difficulties, especially for complex geometric shapes, due to the high machining additions
and due to the increased use of high resistivity materials, harsh and extraordinary which are
difficult to scrape.
The processing of a curved surface can be done after a curve, or after a right, choosing
the optimal variant in order to obtain the best surface quality was analysed in works such as
(Hirogaki et al., 2007) [5] and (Schutzer & Fagali, 2004) [6].
The processing of complex curved surfaces by milling with spherical head milling has
been particularly striking in recent years due to the development of the CNC machine tool
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industry, CAD-CAM-CNC software development as well as new types of metal carbide
tools Cosma, 2007) [7].
Pașca I. [8] argues that productivity machining operations spherical milling head is
significantly effective when it is performed on CNC machine tools, which allow a high
flexibility cutting conditions.
From the above analysis, it is clear that there is a need to conduct a comprehensive
study to compare the two types of milling, based on the roughness of the surface. By
default, once the surface quality has been compared, we can make an idea of the tool
suitable for processing these complex surfaces for the time being, limiting them to 3-axis
machining.
Bedi S. et. al [9] claims that toroidal cutters are increasingly used in mechanical
machining of surfaces. The purpose of the paper is to compare the roughness of surfaces
produced by spherical milling and toroidal milling. The comparison will be made in terms
of roughness, parallel and perpendicular to the direction of the feed.
Jensen and Anderson [10] and Rao et al. [11] have shown that the machining of curved
surfaces is not limited to the use of spherical and cylindrical frontal cutters, it is possible to
use the toroidal cutter radius. Bull nose, toroidal milling or corner milling is a milling tool
that improves productivity and reduces costs. In matrix processing, where spherical milling
machines were typically used, toroidal cutters eliminate much more material and faster,
improving productivity.
The productivity and the cost of processing are determined by the time consumed by
performing various operations, which in turn depends on the technological variant applied
and mainly on the cutting regimes used, which ultimately have the decisive role in reducing
the overall production time of the product.
According to Sandvik Coromant [12], among the costs, about 20% is attributed to raw
material, 10% overall, 5% to thermal treatment, and 65% to costs are attributed to
processing. Optimization of machining operations is therefore fundamental when it is
desired to reduce the cost of production of matrix or complex surfaces.

2 Influence of cutting parameters on roughness
It is necessary to specify from the outset that the concept of surface quality is related to the
precision of the processing. Equally important is the notion of surface quality as another
aspect of precision, namely what also includes its micro geometric aspect.
According to a previous paper [1], we have found that the best surface quality is
obtained by processing in the advance direction due to the chip that is removed and no
longer returns to the surface, as in the case of the advance processing.
It has been found that the parameter which most influences the surface roughness is the
cutting speed. At lower speeds and higher speeds (over 50 m / min) due to lack of built-up
edges roughness will decrease, and will be formed only traces of the tool.
According to an earlier paper [13], where optimal processing regimes of a complex
surface have been experimentally deduced, it has been proven that with the increase of the
speed and the advance the surface quality increases and at the same time decreases the
processing time.

3 Experimental status
This paper aims to study the comparison between the milling head and the spherical
toroidal in terms of roughness and in terms of productivity.
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To verify the results, we propose an experimental model with results analysed on 3
samples measured in the direction of the advance and 3 samples perpendicular to the
advance. The comparison was made using two experimental tests.
3.1 Practical experimental part
For the practice was used a CNC machining centre MCV 1016 3-axis, manufacturing year
2015, from S.C. Ramira S.A.

Fig. 1. CNC MCV 1016.

The two cutting tools used are: toroidal milling cutter JHP780160E2R400.0Z4-M64 and
spherical head cutter JS534160D1B.0Z4-NXT.
The toroidal milling cutter or corner cutter has a diameter of Ø16 with a maximum
cutting depth of 32 mm. Its corner radius is 4 mm having a number of 4 teeth.
The spherical cutter has a diameter of Ø16, with a maximum cutting depth of 48 mm.
The corner radius is 8 mm having a number of 4 teeth.

Fig. 2. Visual presentation of the two mills.

3.2 The workpiece
The piece has the shape of a square, being processed only one of the ends on which a
complex surface is obtained, representing the active part of the piece. The material by used
in the experiment is C45 (1.0503).
After analysing the material using a spectrometer it presents the following chemical
components: Fe 98.6%, C 0.463 %, Mn 0.556%, Si 0.177%, P 0.003%, Cr 0.011%, Mo
0.048%, Ni 0.054%, Al 0.258%, Cu 0.01%, Ti 0.013, and so on, according to the analyses
results that the material is C45.
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Fig. 3. The 3D representation of the landmark.

In order to achieve the tool path in both cases, both the milling processing with the toroidal
surface and the spherical milling to the processing program has been generated using CAM
software Powermill.

Fig. 4a The path of the toroidal milling tool.

Fig. 4b The path of spherical milling tool.

For the piece made with spherical milling the speed and the advance proposed by the
tool manufacturer were used, and for the part made using the toroidal milling, the regimes
determined in a previous work were used.
The processing was performed with a 1 mm processing increment, having a 0.2 mm
pitch, using coolant, these data being constant in both machining operations.

Fig. 5a Processing surface with toroidal milling.

Fig. 5b Processing surface with spherical milling.

Fig. 6. Measure the roughness of the two surfaces.
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3.3 Comparing of the roughness of the two processing surfaces with the
toroidal and spherical milling
The tool used to measure the roughness of the two surfaces is the TR 200 roughness,
capable of measuring 13 roughness parameters and viewing the roughness profile, having
an interface capable of hooking to a computer, the software being used as TimeSurf.
Table 1. Centralization of data measured.

Ra
[µm]
Rt
[µm]

Cutting feed [mm/min]
Cutting speed [rpm]
Direction of measurement relative to the
feed direction

Parallel
Perpendicular
Parallel
Perpendicular

Toroidal end
mill
1444
4814
0.449
0.476
4.400
3.900

Ball end
mill
1029
4675
0.555
0.610
3.759
4.519

After analysing the experimental results centralized in Table 1, we noticed that the
lowest values for Ra of 0.449 μm were obtained after the toroidal milling process and the
roughness measurement in the direction of the feed.
Analysing the vertical distance measurements, the highest and lowest values of the
profile (Rt), it can be observed that the minimum value of 3.579 μm is recorded by
measuring the roughness in the direction of the advance of the surface with the spherical
milling.
According to data extracted with the CAM program, the actual working time was
observed in both cases, in the case of machining the complex surface with the toroidal
milling, the working time is 4 minutes and 24 seconds, and in case of spherical milling with
the same type of surface using the same type of material, the same processing addition and
the same step, the actual working time is 9 minutes and 26 seconds.

4 Experimental results
According to the experiments carried out in this paper, comparisons between the two types
of processing are presented in Table 2.
Table 2. Experimental results.

Roughness Ra minim
[µm]
Roughness Rt minim
[µm]
Material used
Cutting feed [mm/min]
Cutting speed [rpm]
Cooling
Work time [min]

Toroidal end
mill
0.449

Ball end mill

3.900

3.759

C45 (1.0503)
1444
4814
Emulsion
4:24

C45 (1.0503)
1029
4675
Emulsion
9:26

0.555

5 Conclusions
The use of the toroidal cutter for complex and convex surfaces can be successfully applied
due to the positive results it proves.
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Comparing the toroidal and spherical milling, there are no major differences in the
roughness difference of 0.106 [μm] in favour of the toroidal milling in the case of the
average roughness measurement Ra of 0.141 [μm] in the case of the Rt in favour of the
spherical cutter.
If, from the point of view of surface quality, we can say that there are close values, from
the point of view of productivity, of the working time there are much bigger differences, the
surface processing with the toroidal milling being achieved by 5 minutes and 2 seconds
faster, than spherical milling.
The experimental research carried out with the support of the processing department of S.C. Ramira
S.A. , Baia Mare.
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