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Lattice structures are one way to reduce the weight of a component while respecting its strength requirements. 

These structures are based on cubic cells, therefore, they are not fully applicable to rotating parts which should be 

lightweight. This article particularly addresses this issue. A solution is sought for how to adapt lattice structures 

for a milling cutter. The final redesign of the topology allows a continuous flow of generated stress into the whole 

body of the cutter. Further, the solid part of the milling cutter is modified for Metal Additive Manufacturing 

(MAM) and the functionality of the optimised cutter is verified by Finite Element Analysis (FEA). The results of 

the analysis are compared with a conventional cutter with the same outer shell. The findings from the static ana-

lysis indicate that the milling cutter can be considered to be competitive. 
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 Introduction 

The development of cutting tools is driven forward by 
the need for efficiency and productivity, and it is a topic 
which has been addressed by many researchers. The main 
focus of this research is on material engineering, seeking 
for ideal process conditions and the geometry of inserts. 
For example, Botko et al. [1] deal with the influence of 
different inserts and feed rates on the machined surface 
quality of aluminium alloy. Other research focuses on 
material engineering, such as by Zeman et al. [2]. These 
authors describe the relation between the tool life and the 
material when milling titanium alloy. 

The topic of this paper is unique in regard to a new 
approach to the production and design of a milling cutter. 
We carried out topological optimization, which is the pro-
cess of reducing part weight while respecting strength re-
quirements. Two approaches are distinguished in stand-
ard metal additive manufacturing (MAM). One is the bi-
onic approach, where outputs are similar to organic struc-
tures like trees or roots. Complex mathematical algo-
rithms are used to construct bionic shapes. The second 
approach is the use of lattice structures, which are regular 
porous structures based on a cubic cell. However, the cu-
bic character is not fully applicable for the rotating design 
of a milling cutter. [3] 

There are a large number of possible topologies of lat-
tice structures, but not all are suitable for MAM. If they 
meet the requirements for manufacturability without sup-
port structures, their suitability for the stress conditions of 
the application is not guaranteed. Selection can be made 
using a simple rule such as the Maxwell rule [4]. This 
theme and the benefits of using lattice structures for cut-
ting tools is dealt with in a separate paper [5]. In this pa-
per, BCC topology appears to be very suitable in terms of 
manufacturability and orientation of its struts with respect 
to the force load vector. 

Significant improvements in the efficiency of selec-
tion is achieved by deploying Finite Element Analysis 
(FEA). However, the search for a suitable topology is al-
ways based on the principle of trial and error. [6] A soft-
ware solution such as OptiStruct provides a comprehen-
sive solution for topological optimization using lattice 

structures. One of its great advantages is the possibility of 
creating variable cross-sections of the struts. 

Lattice structures in this cutter have a constant strut 
diameter and this paper solves the issue of how to imple-
ment the cubic lattice structures into the rotating body of 
the cutter. The BCC topology was changed and the direc-
tions of the struts was optimized according to the vector 
of the expected force load and the requirements of MAM. 

The entire design process, including basic stiffness 
verification, is part of this paper. The resulting design was 
validated by FEA and its manufacturability by MAM was 
verified. An EOS M 290 printer was used to produce the 
cutter part. Powdered tool steel 1.2709 was melted using 
standard process parameters, i.e. a laser power of 285W 
and scanning speed of 960 mm/s. 

 Adaptation of Lattice Structure 

In view of the conclusions in [5], the BCC topology 
was chosen for the input experiments. It meets the manu-
facturing criteria of MAM with the selected orientation 
and has 8 struts per node, which according to Maxwell’s 
rule is good for multi-axis stress. 

The task is to implement BCC topology into a rotating 
part. A design into a cluster was thought to be advanta-
geous, so variants of the cutter were divided into clusters. 
Other variants were also taken into account, but their de-
sign resulted in significant changes in topology. 

In order to ensure that the border struts are continually 
linked to the struts of the neighboring cluster, a new to-
pology was designed. The design and count of the clusters 
was based on the insert number. Because the milling cut-
ter has a cutting diameter of 125 mm and 6 inserts, each 
cluster has an angle of 60 °. A diagram of the strut distri-
bution in a circular field, which ensures continuous link-
ing, is shown in Figure 1. 

The original cubic BCC topology was changed ac-
cording to this distribution. The 3D geometry of the basic 
cell is shown in Figure 2. The occupied volume is 6.3 mm 
x 4 mm x 7 mm (w x d x h) and the volume fraction was 
set at 18.7% and strut diameter is 1.19 mm. The struts 
grow at 38°, which is sufficient for reliable production of 
BCC topology. 
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Fig. 1 Schematic cluster distribution in circular field 

 

Fig. 2 Geometry of changed BCC topology from cube on 

the cuboid 

 
This regular lattice structure was inserted into a shell 

of the cutter body with a thickness of 2.3 mm. The area 
of the inserts and keyway was strengthened to achieve 
maximum rigidity. The border of the clusters were posi-
tioned before the inserts to ensure maximum absorption 
of shock generated during machining by the cutter. The 
interface of the porous structure between clusters is 
shown in detail in Figure 3. 

 

Fig. 3 Schematic cluster distribution in circular field 

 
The shape of the shell body of the cutter was adapted 

for MAM. A compromise between purpose and manufac-
turability was sought. The internal surface of the shell is 
supported by the lattice structures, but the thin angled 

wall may be problematic to manufacture. However, the 
structures meet the condition of a building direction 
higher than 40 °. Figure 4 shows a partly built piece. The 
ellipse indicates the protrusion of melted material built 
below 45 °. The edge of the thin wall began to rise over 
the current melted layer and the result was a defect of the 
part accompanied by a collision of the edge with the rigid 
blade of the recoater. This is caused by a combination of 
the part position on the building platform, the support 
structures and the amount of input heat from the laser 
source. The rising wall of the current layer is a frequent 
cause of defects when printing thin-walled parts using 
MAM. The primary area of contact with the recoater and 
the printed part is particularly critical. 

 

Fig. 4 Defects on the wall in a building direction below 

45 ° 

 

The milling cutter is positioned to ensure its axis is 
perpendicular to the building platform (along Z axis), 
achieving homogeneity of the printed material for each 
insert. This means that melted layers during MAM have 
the same normal for each insert bed. Thus, the same char-
acteristics of the insert bed are achieved and possible in-
fluences are suppressed. A relatively large impact may 
have orientations of individual clusters relative to the di-
rection of recoater movement. This effect on mechanical 
properties cannot be completely avoided and is a produc-
tion characteristic of MAM. Further, this position of the 
cutter ensures the minimum height of printed cutter be-
cause the angle of the walls can be lower. However, this 
affects the cost of production. The shape with the techno-
logical supports is shown in cross-section in Figure 5. 

The whole concept is designed so that its construction 
is self-supporting and fulfils functionality. The only sur-
face that requires a technological support structure is the 
bottom surface of the cutter. These structures have the 
task of supporting the surface with low angles to the plat-
form, anchoring the milling cutter to the building plat-
form and conveying the generated heat during production 
away from the part to the machine platform. Furthermore, 
a technological addition of material for the final machin-
ing of the surfaces was added. Holes with flat-bottoms 
were pre-printed to eliminate the deflection of a tiny drill 
during the production of the threaded holes for the inserts. 
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Fig. 5 Geometry of lightweight cutter for MAM; building direction along Z axis

 Results and discussion  

Static stress and displacement analyses were carried 
out. Boundary conditions such as force components were 
set based on experimental measurements of a solid cutter 
with the same geometry. Two inserts from six were al-
ways under full load during the simulation. 

The analyses found that the maximum stress (93.5 
MPa) was reached in the area of the holder and the maxi-
mum value of the radial displacement of the insert centre 
was 1.99 µm. The maxima for the solid cutter were 71.3 
MPa and 0.58 µm respectively. The stress fields of the 
lightweight cutter are shown in Figure 6. These analyses 
will be described in more detail in a separate paper.   

 

Fig. 6 Stress analysis of lightweight cutter; a) detail of insert bed; b) lattice structure 

 
Analyses proved that the cutter satisfies the strength 

requirements despite having a lower rigidity than the 
fully-solid version. There were no problems with produc-
tion when using the EOS M 290 printer. The finished cut-
ter is shown in Figure 7.  

 

Fig. 7 Printed lightweight cutter without obvious defects 

 Conclusion 

This paper focuses on increasing the usable potential 
of a milling cutter. The basic premise is that it must have 
the ability to withstand cutting forces. Typical approaches 
to tool rigidity are based on weight gain, which leads to a 
decrease in tool dynamics, which requires a more power-
ful spindle drive, which is more expensive and less ener-
getically favourable. Therefore, the tool price is not the 
only factor in the total costs. A more expensive tool may 
require a cheaper machine with less spindle power. 

Modern approaches try to reduce tool weight and in-
crease efficiency using available materials and design 
modifications. In professional practice, the process of re-
ducing weight with respect to the functionality of a com-
ponent is termed ‘topological optimization’ and one of its 
methods is to lighten a component by using a lattice struc-
ture.  

The main aim of this paper was to design a lightweight 
cutter which combines manufacturability via MAM and 
static load requirements for milling. The development of 
a new generation of milling cutter has three components: 
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manufacturability, adaptation to stress conditions, and 
added value of the complete design solution. While this 
article focuses primarily on manufacturability. If the op-
timization is done correctly, the resulting product shows 
an unusual combination of properties, such as high 
strength and rigidity accompanied by relatively low 
weight. Good oscillation absorption may be included in 
this. [3] 

A lightweight and firm lattice structure is crucial be-
cause it forms the core of the new mill design and affects 
the resulting behaviour during the cutting process. The 
BCC cell of the lattice structure was chosen for optimiza-
tion and its topology was redesigned for the rotating body 
of the cutter. There are some rules which must be fol-
lowed to achieve successful production of an optimized 
milling cutter when using lattice structures. 

The cubic character of lattice structures is not fully 
applicable for the rotating design of a milling cutter. 
Therefore, the segmentation into clusters was used. In or-
der to ensure transmission between clusters, the size of 
basic cell of structure is necessary modified. But this so-
lution provides to keep geometry of topology. This is very 
important for the load capacity of the structure. 

In terms of manufacturability, the shell muss be de-
signed for this purpose as well. Angle of its surfaces, 
which is supported by lattice structures, is sufficient 40° 
and the BCC struts were inclined 38° in this case. This 
design of the lightweight cutter was checked by FEA and 
the results did not reveal any areas which would compro-
mise the coherence of the material under the expected 
loads. However, the analyses was for static loading, and 
this issue will be described in more detail in a separate 
paper. 

In the final stage, the finished lightweight cutter 
model was produced by 3D metal printer, EOS M 290. 
The process of metal additive manufacturing was moni-
tored visually and there were no obvious defects. The 
body was cut off from the building platform for the final 
machining of the surfaces.  Metal material was added to 
the outer contour for this process. The holes for the 
threads were printed to eliminate the deflection of a tiny 
drill during production of the threaded hole for the inserts. 

This paper introduced the design of a topologically 
optimized milling cutter which is adapted to the require-
ments of metal additive manufacturing. At the current de-
velopment stage, the first version of the cutter has been 
produced and machined. In the following steps, its prop-
erties and functionality will be verified by experimental 

machining. In total, the lightening of the milling cutter 
has the potential to bring a high degree of innovation. 
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