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Abstract 

This paper presents a method to design lattice structure of a bracket based on the modal analysis 
and topology optimization. 
     The starting point consists in making the initial non-optimized design for which the finite element 
model is obtained, on the basis of which a first modal analysis is carried out. This analysis allows 
the determination of natural frequencies and eigenmodes. To solve it, the Block Lanczos method is 
used. The next step is to optimize the topology. In this stage, the aim is to obtain a lattice structure 
for the bracket with the objective of maximizing the first natural frequency and an optimization 
constraint to retain 40% of the bracket mass. The basic cell of the lattice structure is cubic. The 
material properties and boundary conditions used are identical to those in the modal analysis. The 
areas in the bracket that will be subjected to the optimization process as well as the excluded areas 
are specified, the latter being areas where boundary conditions have been applied. 
     For the lattice structure obtained after the topological optimization process, a modal analysis is 
performed and the natural frequencies obtained in this analysis are compared with those obtained 
for the non-optimized bracket model. 
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1. INTRODUCTION 

 
Certain software programs based on the finite 

element method allow topological optimization 
studies, which involve minimizing or maximizing 
objective functions while imposing specific design 
constraints, resulting in an optimal design for a 
structural component. 

Topological optimization is based on a set of loads 
and boundary conditions provided by one or more 
preceding analyzes. The topological optimization 
analysis itself may be preceded by a structural analysis 
or several coupled structural analyzes. Loads and 
boundary conditions defined in the upstream analysis 
are used to create a structural component optimized 
based on the objectives and constraints specified in the 
topological optimization analysis. It is absolutely 
necessary to use the same loads and boundary 
conditions in the validation analysis of the optimized 
design. 

A particular case of the topological optimization 
process is the lattice type optimization. This type of 
optimization "fills" the model with a structure 
optimized by the lattices, the solid elements being 

replaced by the interconnected lattices forming a 
common body. Lattice type optimization works only 
for solids. When such optimization is performed, one 
can, for example, maximize rigidity or minimize the 
mass as an optimization objective, with the same 
optimization constraints available as in the case of 
standard topological optimization. 

When solving a lattice optimization, it is generally 
recommended to minimize the mass as an 
optimization objective, with restrictions specific to the 
analysis preceding it. For this reason, it is often 
necessary to set more stringent design requirements 
than in the case of standard topological optimization. 
For example, it is not unusual for displacements and 
stresses to be five to ten times higher in a lattice 
structure compared to a solid structure occupying the 
same space. Since it is not always possible to 
accurately estimate the yield of the optimized part, it 
may be necessary to start the optimization with 
increasingly tight constraints before obtaining a 
desired result from the lattice optimization. 
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2. OBJECTIVES AND CALCULATION 

HYPOTHESES 

 

This study aims to obtain an optimized lattice model 

which is then used as a study model in another finite 

element analysis. 

The initial model is assigned a homogeneous and 

isotropic material and its geometric configuration is 

relatively simple. 

The study starts with obtaining the geometric model. 

This model is then discretized and used in a modal 

analysis, in order to obtain the natural frequencies 

and the corresponding modes shape. 

The next step consists in performing the lattice 

optimization which, in this case, aims to maximize 

the value of the first natural frequency. 

Based on the results from the topological optimization 

analysis, the corresponding lattice structure is 

generated, which allows this objective to be achieved 

(Fig. 1).  

 

3. PROPERTIES OF THE INITIAL MATERIAL 

    

The strength characteristics of the material used 

(steel) are: 

• density: ρ = 7850 𝐾𝑔 𝑚3⁄  

• Young’s modulus: E = 210000 𝑁 𝑚𝑚2⁄   

• Poisson's ratio:  = 0.3  

• elastic linear behavior 

• ambient temperature: 𝑇 = 22°𝐶 

 

4. INITIAL GEOMETRIC MODEL 

 

In this study, a specific mounting bracket for an 

industrial robotic arm is analyzed. Thus, the 3D 

geometric model of the support is obtained first. Two 

geometric modeling methods, “bottom-up” and “top-

down”, are used in combination to obtain the 3D 

geometric model (Fig. 2). 

 

 
Fig. 2. Initial geometric model 

 

5. INITIAL FINITE ELEMENT MODEL 

 

The geometry is not complicated, a good quality 

finite element model is easily obtained (Fig. 3): 

    • element type used: Solid 185  

• Solid 185 is an element type of the first order 

which allows several geometric shapes and thus a 

hybrid finite element model was generated  

• element size: 8 mm 

• total number of nodes: 17945 

• total number of elements: 19962. 

 

 
Fig. 1. Overall diagram of the study 

 

 
Fig. 3. Initial finite element model 
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6. MODAL ANALYSIS 

 

Determination of the natural frequencies and the 

corresponding modes shape of the structural 

components can be realized through the modal 

analysis. The natural frequencies and modes shape are 

very important input data for the design phase because 

they provide information about the dynamic behavior 

of the analyzed structures [26]. 

Modal analysis is a linear analysis. Any 

nonlinearity, such as plasticity or nonlinear contacts 

are ignored, even if defined. 

The basic equation solved in an unamortized 

modal analysis is given by the classical problem of 

eigenvalues:  

    [𝐾] = 𝜔𝑖2[𝑀]                                  (1) 

where [𝐾] is the stiffness matrix, 𝑖 is the eigenvector 

of the mode 𝑖, 𝜔𝑖 is the natural frequency of the mode 

𝑖 (𝜔𝑖2 is eigenvalue), [𝑀] is matrix of masses. 

Among the methods of solving this equation, the 

Block Lanczos method was used in this study. 

The modal analysis is performed in order to obtain 

clues about the occurrence of the resonance 

phenomenon. In this case, the authors are particularly 

interested in the value of the first natural frequency, so 

that in the process of lattice optimization it is obtained 

the ideal design for increasing this value and at the 

same time minimizing the mass of the bracket. 

The bracket analyzed and optimized in this study 

is fixed in the six holes in the base (Fig. 4).  

After solving the modal analysis it is observed that 

the first natural frequency has the value of 839 Hz 

(Fig. 5). 

 

 
Fig 4. Boundary conditions 

 

7. PROCESSING OF LATTICE 

OPTIMIZATION 

 

The working methodology used in a lattice 

optimization analysis is generally similar to that used 

in a standard topology optimization analysis. But there 

are some particularities and will be highlighted in the 

following. 

 

Fig. 5. Mode shape corresponding to the first 

natural frequency 

 

When performing a lattice optimization, a lattice 

structure is obtained, whose appearance (size, shape, 

density, minimum and maximum diameter etc.) is 

according to the input data, defined previously. 

A length/diameter ratio with a value greater than 

three begins to produce a hollow solid, rather than a 

lattice structure. 

When choosing the type of lattice cell, both the 

geometry aspect and the capabilities of the 

manufacturing process must be taken into account. 

The objective of optimization: Maximizing the 

value corresponding to the first natural frequency 

Specific input data are as following. 

• the material assigned to the bracket is taken from 

the modal analysis, 

• the boundary conditions are defined in the modal 

analysis, 

• optimization constraints: a mass of at least 40% of 

the initial one is required to be retained, 

• the optimization region is highlighted in blue in Fig. 

6 and will be transformed into a lattice structure, 

 

 
Fig. 6. Optimization region and the mounting holes 
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• the mounting holes are not part of the optimization 

region and are highlighted in red in Fig. 6, 

• a cubic lattice cell is used (Fig. 7), 

• the size of lattice cell is identical to that of the finite 

element (8 mm), although it is not mandatory, 

• for the solution, a maximum threshold of 500 

iterations is initially set but given that it is not a very 

large model, the solution is obtained after only 30 

iterations. The new structure of the bracket, resulting 

from the solution is shown in Figures 8 and 9. 

 

 
Fig. 7. Cubic lattice cell 

 

After solving the lattice optimization analysis, the 

new material distribution can be observed in Fig. 10. 

In the red area, practically no material is removed and 

as it goes to the blue area more and more material is 

removed. 

 

 
Fig. 10. Material distribution after solving the 

lattice optimization analysis 

 

The lattice model is an input data for another 

modal analysis that will provide new natural 

frequencies. After solving this modal analysis in 

which the new geometric model resulting from the 

optimization process is used, it is observed that the 

first natural frequency has the value of 1227 Hz 

(Figures 11 and 12), which increases considerably 

compared to the initial value of 839 Hz (fig. 5), this 

being the objective of optimization analysis. 

 

 
Fig. 11. Mode shape corresponding to the   first 

natural frequency of optimized model 

 

 
Fig. 12. Mode shape corresponding to the first   

natural frequency of optimized model (section) 

 

The objective of the optimization process was 

reached, which consisted in increasing the first natural 

frequency and at the same time, the optimization 

restriction which consisted in minimizing the mass 

was respected. The weight of the bracket was reduced 

by more than half, from 45.5 kg to only 21.4 kg. 

 

8. CONCLUSIONS 

 

Topological optimization leads to a reduction of 

the production costs, being used a minimum quantity 

of material necessary to meet the operating standards 

in optimal conditions and to increase the life of the 

product. 

Lattice optimization is an extended step from 

topology optimization. This method enables us to 

compute an optimal variable density lattice 

distribution in a geometric model. It can be applied to 

a selected region of the model and includes specific 

design objectives and constraints. Lattice optimization 

is a physics driven optimization based on a set of loads 
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and boundary conditions provided by either a single 

preceding analysis or multiple preceding analyses. 

In this study, there were defined the boundary 

conditions specific to the bracket, the number of 

natural frequencies to be extracted as well as the 

algorithm used in the modal analysis was determined 

and then the topological optimization analysis 

customized for lattice structures, resulting in a new 

internal configuration for the optimized model. 

It is important to point out that the optimization 

process resulted in a more rigid piece, given that the 

value of the first natural frequency increased 

considerably and at the same time, its mass was 

reduced to less than half of what it originally had. 
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