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ABSTRACT

The increasing potential of additive manufacturing has been a catalyst for the adoption of lattice structures
in design. Lattices are characterized by their light weight and high strength-to-weight ratio and have thus found
use in industries like automotive, aerospace or medical where these attributes are useful. For this purpose, a
number of lattice design software tools have emerged, aiming to enable the full power of lattice structures. Even
with these software tools, applying a lattice to a component can be a complicated task due to its high complexity
and the numerous approaches available. However, these software packages do facilitate the lattice design process
and also ensure accuracy and reliability. Indeed, lattice structures find applications in various industries that
demand precision and meticulous control over properties. This paper aims to provide an overview of the current
landscape of lattice design software, with a particular focus on eight prominent platforms. Throughout the study,
each software's features and functionalities were examined, shedding light on the main shared and distinguishing
characteristics. Several notable patterns emerged during the analysis, revealing significant overlaps between
certain software offerings. This observation suggests a shared goal among these platforms, wherein they strive to
address common challenges and meet the same objectives in lattice design.

1. Introduction

Lattice structures, hailed for their unique properties, have become a cornerstone in various structural design
applications due to their exceptional characteristics such as high strength-to-weight ratio, lightweight properties,
efficient heat transfer, and customizable porosity and grading [1]. These cellular structures, formed by repeating
patterns intricately connected to form three-dimensional entities, find application in an ever-expanding array of
fields. Research on lattice structures continues to evolve, discovering new ways to optimize their properties and
thereby broadening their scope of utilization.

One of the standout benefits of lattice structures is their contribution to sustainable manufacturing by
significantly reducing material usage and waste [2]. In engineering domains like automotive and aerospace, where
strength and lightweight attributes are paramount, lattice structures emerge as alternative solutions to solid
materials [3]. Despite the proven reliability of solid materials, lattice structures, with their unique characteristics,
better align with the stringent requirements of these fields.

Another standout benefit of lattice structures is their versatility, as engineers can tailor them to meet specific
requirements. The ability to generate lattice structures from heterogeneous unit cells and customize parameters
such as width and size grants engineers unprecedented control over the materials they create. However, the design
of lattice structures is not without its challenges. The complex arrangement of unit cells necessitates sophisticated
computational tools, often requiring powerful computers even to visualize the full lattice assembly [4]. Evaluating
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the properties of these intricate structures is also a demanding task, primarily addressed through the use of
specialized software, machine learning techniques, or physical testing [5—7]. The increasing prevalence and
complexity of lattice structures have given rise to highly specialized lattice design software, providing essential
assistance in product development involving lattice components. Such software packages effectively enable
designers to take full advantage of the versatility and customizability of lattice structures.

As the potential of lattice structures continues to grow and their applications diversify, the choice of lattice
design software becomes a pivotal factor. Each software, with its unique interface and implementation of lattice
features, plays a crucial role in transforming conceptual ideas into tangible lattice components. The objective of
this research is to shed light on the current state of lattice design software packages, offering insights into their
capabilities and, notably, undertaking a comparative analysis of the diverse features they bring to the table.
Through this exploration, we aim to provide a comprehensive understanding of the landscape of lattice design
software, aiding engineers and researchers in making informed decisions regarding their choice of software for
lattice structure development. This work also serves to help developers identify the path forward for next
generation lattice design software packages.

The remainder of the paper is organized as follows. Section 2 provides a brief background, introducing key
terms and definitions related to lattices and reviewing research that has applied lattices in the realm of AM. Section
3 describes the methodology used to compare a set of leading lattice design software packages. Section 4 discusses
the comparison, highlighting areas of commonality, uniqueness, and innovation. Finally, Section 5 concludes the
paper with a summary of key results, limitations, and directions for future work.

2. Backeround and related work
2.1 Lattice Definitions and Terminology

In the process of lattice design, the selection of the lattice type holds paramount importance, as each type
presents distinctive properties. Nearly every lattice structure falls into one of three main categories: periodic lattice
structures, randomized lattice structures, and pseudo-conformal lattice structures. Periodic lattice structures are
formed by replicating a unit cell across all three dimensions. This structure can be either homogeneous,
characterized by a uniform unit cell, or heterogeneous, with unit cells varying in size along the geometry. In
contrast, randomized lattice structures are composed of unit cell sizes and nodes which are distributed randomly
throughout the 3D mesh. Finally, pseudo-conformal lattice structure involves cells with the same topology but
potential variations in shapes or sizes [8§—10].

Among these types, periodic structures tend to be the most commonly employed. This category contains strut-
based lattices (see Figure 1), consisting of rod-like forms connected in different orientations to create various unit
cells within the lattice structure. This category also contains Triply Periodic Minimal Surfaces (TPMS) structures
(see Figure 2), which are complex surfaces defined by equations. The gyroid lattice is one of the most notable
and recognizable TPMS lattices. Conforming TPMS structures to freeform surfaces is still a struggle for most
solutions, but by using mesh surface conformal parameterization and a novel geometric structure, TPMS units
can adapt to various surface shapes [11]. Planar-based lattices represent another approach, crafted as a periodic
pattern on a 2D plane and then extruded in a single direction to yield a 3D structure. This lattice type shows one
of a kind properties due to its unique shape, such as having zero Poisson’s ratio over large deformations [12].
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Furthermore, the design and the symmetry of this structure enables efficient creation of lattice structures with
functionally graded properties [13].

Figure 2: TPMS lattice

Stochastic lattices and pseudo-conformal lattices see relatively less use. For applications requiring isotropic
properties, stochastic lattices come into play, where cells are randomly connected throughout the global structure.
For instance, a Voronoi structure has strong characteristics [14]. Pseudo-conformal lattices can be useful when
the surfaces of a part are expected to experience intense loading, but are challenging to design. Additionally,
different lattices can be combined together to form a multi lattice. Transition regions can be automated using
various methods [15,16].

In short, a multitude of lattice structures are available in additive manufacturing, each offering unique
customization and modeling possibilities [17].

2.2 Prior Research on CAD for Lattices

Computer-Aided Design (CAD) and Computer-Aided Engineering (CAE) software enables real-time analysis of
digital design, which can help reduce time spent in creating and testing physical prototypes [18]. While a
considerable amount of previous research has been conducted on computer-aided design (CAD) software [18—
21], much less research exists on lattice design software. The work that does exist aims to elucidate the aspects
of lattice design within the context of design in additive manufacturing (AM) [22]. In fact, AM is often seen as a
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crucial tool for making personalized products and it offers a lot of flexibility in the design process. It allows for
creative and customized designs, making it easier to create products that suit special needs [23,24]. CAD software
has been proven to have great potential, allowing engineers to save time, money and efforts [25]. Furthermore,
the integrated CAD/CAE package identifies and corrects flaws, showcasing the efficiency of these software tools
in accelerating product development [26]. As for the link between CAD software and the progress in additive
manufacturing, current research is exploiting the capabilities of additive manufacturing to address evolving
requirements in high-performance engineering systems. This reinforces the belief that CAD software plays a
crucial role in exploiting the full potential of additive manufacturing [24]. This paper aims to provide an overview
of the current landscape of lattice design software packages, highlighting their comparative strengths and
differences.

3. Methodolo

This work conducts a comparison of lattice design software packages. This is based on an in-depth
examination of the full licenses of each software, aiming to gain a comprehensive understanding of their features
and functionalities. Each software underwent a meticulous analysis, with a focus on exploring and documenting
individual features to ensure accuracy in the assessment of design capabilities.

3.1 Software considered in this work

For the purposes of this work, a sample of eight software packages was chosen. These software packages
were selected based on prevalence in the market, feature completeness, and supporting documentation. These
packages exhibit a variety of similarities as well as drastic differences. The remainder of this section briefly
introduces each software with a screenshot of its primary interface.

Altair Inspire (see Figure 3) is a powerful software designed for engineers and designers to create and optimize
lattice structures. With its user-friendly interface and advanced features, Altair Inspire enables users to conduct
detailed simulations and refine lattice designs with ease.

u

Figure 3: Graphical User Interface for Altair Inspire!

! https://altair.com/inspire
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Carbon Design Engine (see Figure 4), is a 3D printing software employing digital light synthesis technology.
It enables users to design and produce precise lattice structures, particularly within the context of additive
manufacturing for various industries.

Figure 4: Graphical User Interface for Carbon Design Engine’

Autodesk’s Fusion 360 (see Figure 5) is a versatile CAD/CAM software with lattice design capabilities. This
collaborative tool integrates design and manufacturing processes, allowing users to create intricate lattice
structures efficiently.
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Figure 5: Graphical User Interface for Fusion 3603

Shown in Figure 6, Materialise 3-matic is a versatile lattice design software developed by Materialise, a
leading provider of 3D printing software and services. This software is specifically designed for advanced 3D
modeling and mesh processing, offering a range of features that cater to various applications, including lattice
structure design. This software is widely used in health science.

2 https://www.carbon3d.com/products/carbon-design-engine
3 https://www.autodesk.com/products/fusion-360/overview
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Figure 6: Graphical User Interface for Materialise*

Metafold 3D, seen in Figure 7, focuses on creating advanced geometries and structures. It aims to provide a
user-friendly platform for designing intricate lattice patterns, applicable in areas such as architecture and product
design.

Figure 7: Graphical User Interface for Metafold 3D?

Figure 8 shows the next software package, nTop. nTop is known for its advanced engineering capabilities in
lattice design. It empowers engineers to efficiently create complex structures, offering tools for optimization,
simulation, and seamless integration into existing workflows.

4 https://www.materialise.com/en/industrial/software/3-matic
5 https://www.metafold3d.com/
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Figure 8: Graphical User Interface for nTop®

Ultrasim3D by BASF (see Figure 9) provides 3D printing solutions along the entire Additive Manufacturing
value chain, under the brand Forward AM.

Figure 9: Graphical User Interface for Ultrasim3D’

Siemens NX, a comprehensive CAD/CAM/CAE software from Siemens Digital Industries Software shown
in Figure 10, has a long history of continuous updates. It includes lattice design features, aiming to provide a

complete solution for product design, engineering, and manufacturing, with advanced tools for creating and
optimizing lattice structures.

6 https://www.ntop.com/

7 https://forward-am.com/service-portfolio/ultrasim-3d-software/ultrasim-3d-lattice-engine/
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Figure 10: Graphical User Interface for Siemens NX3

The selection of eight different lattice design software packages for this study was carefully considered to
ensure the sample's representativeness and relevance. The chosen software packages encompassed a variety of
popular options from different editors, each with contrasting release dates.

We examine this set of software packages from three distinct perspectives. First, a benchmarking study is
performed to compare the basic features of each software package. Second, we elucidate the working mechanisms
of each software as unique workflows. Workflows play a crucial role in engineering design by offering structured
frameworks for managing tasks and projects effectively. Finally, we provide a discussion of the unique features
present in each software package.

4. Results and Discussion

The analysis will be presented in different categories, starting by comparing basic features of the software
packages, continuing by analyzing workflows, and finishing by exploring advantageous features that are
implemented in these software packages in order to excite the user’s experience.

4.1 Comparison of Basic Features

Upon initial inspection, several of these software interfaces appear similar. Ultrasim3D, Carbon, and Metafold
3D exhibit resemblances, as do Siemens NX, Fusion 360, and Materilise 3-matic. However, a quick evaluation
of the interface barely scratches the surface, providing a visual comparison without diving into the software's
functionality and capabilities. A deeper analysis is necessary to uncover the differences and unique features that
distinguish each software, allowing for a better understanding of their respective strengths and limitations.

It is pertinent to initiate a comparison of the lattice features in order to evaluate the performance of each
software in this aspect. To facilitate this evaluation of lattice type availability, lattice features, and other important
criteria, a benchmarking table is presented (Table 1). Additionally, clarity on the terminology used is essential. In
lattice structures, grading denotes a variation of the unit cell’s struts size along a direction, as well as controlled
modification of the unit cell size. Moreover, an offset feature allows users to shift, scale, or modify the lattice
structure, providing flexibility for specific applications, improve performances, or meet customization
requirements.

8 https://plm.sw.siemens.com/en-US/nx/
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Table 1: Basic Feature Comparison
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Table 1 illustrates that access to customized lattice structures is consistent, as each software has
successfully implemented this feature. This emphasizes the significance of customization for lattice design, as it
enables the definition of a unique unit cell, thus enhancing product customizability. Moreover, each lattice design
software package also includes TPMS lattices and strut-based lattices, which are widely utilized lattice types,
indicating that their availability is a crucial feature. However, not all software platforms provide access to planar
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lattice and stochastic lattice options, suggesting these may be more advanced lattice types or are not as useful to
a wide audience.

Table 1 also highlights the primary tools available for lattice component design. Control over the lattice’s
position and size appears to be essential during the development process illustrated that many lattice design
software packages provide tools for grading, offsetting, and conforming. Following lattice application, users may
desire the ability to reshape or modify portions of the lattice across various unit cells, whether for aesthetic or
functional reasons. Lastly, it is notable that only two of the software applications are cloud-based. This trend
likely mirrors that of CAD software more broadly, which is seeing the slow emergence of cloud platforms,
bringing a set of new collaborative features and potential workflows which lattice designers could also adopt [27].
The profitability of the cloud approach is a good opportunity for organizations venturing into new web-based
services and lacking server capacity [28].

Importantly, Table 1 provides detailed insights into what constitutes a standard lattice software. Since
most lattice software options do not offer integrated part design (as you would have in a full CAD package), it is
reasonable to assume that this does not significantly impact the user experience, as it may not be the primary
focus of lattice design software. While some software packages support the full design of the component, other
packages such as Carbon and Ultrasim3D allow for the generation of basic geometric shapes; others require the
component to be designed on a separate CAD platform and then imported to the lattice software. This limitation
is not likely to be detrimental, considering that CAD software has been widely used for several decades. In
contrast, lattice design software is relatively newer, and it can be expected that users who require such software
already possess CAD software. Therefore, the inability to create components directly within lattice design
software does not greatly influence its overall value.

While the main features are generally similar across most software, the implementation and information
processing methods during component latticing vary significantly. This is explored in greater detail in the next

section, which examines workflows in each software package.

4.2 Comparison of Design Workflows

In addition to comparing the attributes and unique characteristics of each software, an examination of the
entire design process can provide valuable insights into software functionality. Studying these workflows and
understanding the information flow can offer relevant perspectives.

Firstly, the flow of information in Metafold 3D, Carbon, Materialise 3-matic, Fusion 360, Siemens NX,
and Altair Inspire can be summarized in a few distinctive steps, illustrated in Figure 11. We refer to this as the
Direct Latticing Workflow. The user selects the component to which the lattice has to be applied, chooses
parameters for the lattice, and finally generates it. This particularity makes the six software packages
straightforward to use.
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Figure 11: Direct Latticing Workflow

nTop embraces a slightly different workflow (see Figure 12). This software package is constructed based on
a modular framework that integrates various tools. As a result, the workflow can vary significantly depending on
the user’s preferences. However, when it comes to the specific task of latticing a single component, the workflow
is similar to the Direct Latticing Workflow, with the primary difference being that the lattice is constructed
separately and then intersected with the part. Therefore, we refer to it as the Lattice Intersection Workflow.

Create the lattice

|

Choose
parameters

|

Generate the lattice Import a file

Intersect component with
the lattice

Figure 12: Lattice Intersection Workflow

Finally, the workflow for Ultrasim3D (shown in Figure 13) follows a slightly more complicated approach.
Users have to make an initial choice between pre-engineered lattices or entering the lattice playground. Once this
decision is made, the latticing process proceeds smoothly, with users needing to make a few decisions such as

determining lattice parameters before finalizing the component. We refer to this as the Advanced Latticing
Workflow.
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Figure 13: Advanced Latticing Workflow

4.3 Iterative Improvement of Lattices

The use of lattice structures is broad, extending across engineering fields that demand accuracy and rigor.
For example, consider the precision required in aerospace applications or such fields, where even a small
component with a lattice structure must meet stringent standards. For that reason, this section describes the unique
features implemented by various software packages to support optimized outcomes for their users’ projects. The
ability of a software package to assist the users in the iterative improvement of a lattice design can be an attractive
feature, particularly for users with low-to-moderate experience. These approaches are summarized in Table 2 and
discussed in greater detail throughout the remainder of this section.

Metafold 3D offers a lattice selection assistance tool to guide users in choosing the most suitable lattice
for their product. Initially, the tool prompts users to specify the key properties that are important for their product.
Based on these inputs, the choices are narrowed down, and lattices that best match the specified criteria are
recommended. Additionally, Metafold 3D provides a static analysis feature that allows users to mechanically test
their components under compression, providing valuable insights into the behavior of the product under different
conditions.

Carbon Engine provides a lattice library that contains precise information about various lattices they offer,
including details such as density, strength, and other behavioral insights. Many lattice behaviors are already
documented in their library, which enhances the prediction of the final lattice properties. Additionally, the
software employs computational methods to generate lattice designs, enabling it to closely match the desired
properties expected by the user for their product. This design generation feature helps save time by automatically
providing the optimal properties one could expect from the lattice.

Siemens NX and Fusion 360 offer comprehensive physical simulations that enable users to evaluate the
performance of lattices across various applications. These simulations provide a valuable opportunity to assess
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how the lattice structures behave under different conditions, such as mechanical stress, thermal changes, or fluid
dynamics. This ensures that the lattice design aligns with the intended expectations and meets the desired
performance standards.

Materialise 3-matic includes simulation and analysis tools for predicting the behavior of 3D printed parts
under various loading conditions. Users can perform stress analysis, deformation analysis, and other simulations
to optimize part design and ensure structural integrity. Similarly, the software offers the possibility to smoothly
export files to Computational Fluid Dynamics or Finite Element Analysis software, enabling the study of the
component’s characteristics on other software platforms. Furthermore, one can create a Python script to automate
processes and files, enhancing workflow efficiency. This tool is designed to handle much of the legwork for the
user by automating repetitive tasks, helping to avoid human error.

Ultrasim3D provides a pre-engineered library that grants access to pre-tested lattices with detailed
characteristics. Additionally, the software can assist users in selecting a lattice that aligns with their intended
application. Upon selecting seating, footwear, or protection, users are guided to a curated lattice selection tailored
to their specific requirements. While the use of a test pad is common with this software, it also offers a
comprehensive library. Lastly, powered by BASF Hyperganic, the software ensures optimal lattice topology
generation. The onboarding process for this software is quick, taking only a few minutes.

Table 2: Summary of iterative improvement features

Software Package

Feature(s)

Altair Inspire Physical Simulations
Optimize lattice mapping
Autodesk Fusion 360 Physical simulations

Carbon Engine

Lattice choice assistance
Optimize lattice mapping

Hyperganic Ultrasim3D

Lattice choice assistance
Optimize lattice mapping

Materialise 3-matic

Physical simulations
Automated workflow

Metafold 3D Lattice choice assistance
Static Analysis

nTop Topology optimization and field-driven design
Physical simulations

Siemens NX Physical Simulations
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nTop offers various features that assist the user in optimizing their lattice topology. Starting from a pattern
or an image, a lattice can be arranged to meet expectations specific to the product. For instance, the field-driven
design enables easy lattice formation for a shoe sole, which necessitates a different lattice topology where the
foot rests. Additionally, by providing details about the component, the software can redefine a new topology that
optimizes the structures and their properties. Furthermore, nTop provides physical testing, such as static analysis,
to ensure the reliability and functionality of the lattice structures.

Altair Inspire offers various features aimed at ensuring the optimal properties of a lattice structure. Firstly,
it enables users to conduct physical simulations, including linear static and normal modes analysis, on their
models. Moreover, the software provides optimization capabilities for the lattice design. Users can utilize preset
options such as minimizing mass or maximizing stiffness, as well as defining parameters like percent reduction
in mass. By specifying these optimization criteria, the software adjusts the lattice design accordingly to meet the
user's requirements and achieve the desired structural properties.

An analysis of Table 2 illustrates that most of the characteristics enhancing the user's experience fall into
three main families. The first one offers lattice choice assistance, sometimes along with an engineered lattice
library. Secondly, some software implement physical simulations (mostly using Finite Element Analysis) to gain
insights into the behavior of the component under certain inputs. Lastly, some software implement their own
topology optimization tool, allowing for an ideal lattice configuration.

4.4 Additional Unique Features

Across the lattice design software packages examined in this work, there exists many different unique
features that have been implemented in order to excite the user’s experience or to encourage the choice of a certain
software over others. In this part of the paper, some interesting aspects of each software will be discussed. These
aspects include traits that are distinctive and that make the experience of the particular software exciting.

While each software has its own distinctive features, the objective of this section is to spotlight aspects
that may enhance user enthusiasm towards utilizing a specific software. By identifying and elaborating on these
features, we aim to showcase why users may find them particularly interesting.

Multi Lattice refers to the ease of latticing a component with many different lattices. This can be applied
on products where a certain lattice is needed on a specific region and another is required somewhere else. Apart
from Mutli Lattice, none of these features share anything in common, yet they are essential in enhancing the value
of each software and facilitating comparison.

While some may perceive these features as simple add-ons, others might consider them indispensable. In
other words, the way those features are perceived can vary from a user to another. The main factors are the user’s
experience in CAD software as well as the familiarity with additive manufacturing. For example, novice users
seeking lattice software may find Ultrasim3D's assistance particularly valuable, whereas experienced engineers
focused on precise lattice attributes such as area and volume would prioritize software providing comprehensive
lattice information over assistance tools. Furthermore, the field of application of the user’s lattice will also affect
how exciting the features above are. In fact, extreme precision on the properties of a lattice might not be crucial
for all applications.
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These unique features cater to a diverse range of user needs and preferences, thereby enriching the
software capability and offering new solutions for various applications.

Table 3: Summary of Unique features

Software Package Feature(s)
Altair Inspire e Multi Lattice
nTop e Multi Lattice
Metafold 3D e Provides the exact area and volume of the component
Siemens NX e Multi Lattice
Carbon Engine e Access to specific data of the lattice.

e Multi Lattice.
e Preview expected performances

Hyperganic Ultrasim 3D | e Support during the product development by engineers
e Pre engineered library
e Multi Lattice

Materialise 3-matic e Allows to perform structural design operations on STL files
e Mutli Lattice

5. Conclusion

This paper aimed to present the current status of lattice design software packages as well to perform an
accurate comparison of them. This paper has revealed similarities and emerging patterns across different
platforms while also highlighting how these software packages have responded to the demanding precision
requirements of lattice structures by implementing distinctive features to enhance user experience and
differentiate themselves in the market.

Many of the lattice design software packages that were reviewed offer comparable types of lattices, which
indicates that these are baseline features which minimally differentiate these product offerings. However, it was
also observed that the precise needs of specific industries might have influenced the development of these
software packages, resulting in more unique features.

Although this paper offers a rigorous comparison based on largely objective attributes, the evaluation of
software can be limited by the subjectivity of the user experience. While various characteristics of software were
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objectively compared, the overall impression often depends on individual user experience and expectations.
Future work should seek to build on the current comparison by directly assessing user experience in these software
packages.
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