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The goal of manufacturing-oriented topology is to optimize material usage within a given design
space and boundary constraints without compromising structural integrity. Conventional
numerical design processes apply loads to a manufactured part and then evaluate any weaknesses.
Engineers continue altering the design and produce new prototypes until the part meets the
required mechanical and safety properties. These trial-and-error methods are often inadequate to
optimize designs and layouts, causing costly delays.

In contrast, topological optimization is a mathematical method that spatially optimizes the
distribution of material within a defined domain. Beginning with a three-dimensional (3D) model
of a new or existing part, topology-based methods create input data by applying different
mechanical loads and forces to the design. A software program proposes a new geometry for the
part in a virtual space, thereby reducing the number of prototype iterations and material waste. It
enables 3D printers to produce parts with complex geometries that maximize mechanical strength
and optimize material distribution. Two areas assessing geometric objects' properties and their
spatial connectivity are algebraic and differential topologies (see Figure 1).

Algebraic topology. Modern algebraic topology (once referred to as combinatory topology)
studies the global properties of spaces. N-dimensional spheres or manifolds (i.e., a torus) examine
how spheres interact with each other using continuous functions. This area of topology solves
questions about specific structures, groups, or vectors and transforms intractable sets into a
conceptual or finite computational framework.

Differential topology. Differential topology coalesces geometry and analysis to classify all
smooth manifolds up to diffeomorphism. Since dimension is an invariant of smooth manifolds,
this classification is frequently studied by classifying the (connected) manifolds in each dimension
separately. My goal is to examine these smooth spaces associated to each point and classify all
smooth manifolds up to diffeomorphism.
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Topological optimization employs sophisticated methodologies and software to reduce costs, test
multiple configurations, and perform design iterations in a virtual environment. For example, The
Solid Isotropic Material with Penalization (SIMP) technique determines an optimum structure by
varying the material density within a predefined domain. The predefined domain is then
discretized into elements, and a finite element analysis determines the structural performance.
Cutting-edge software programs like nTop, Autodesk Fusion 360, and Siemens NX can design
parts that cannot be accomplished using traditional CAD software. These programs define the unit
cell and analyze all properties of the lattice structure in a single environment to derive optimum
results.

A promising application using topological optimization is the creation of heterogeneous lattice and
honeycomb 3D printed structures. Unlike traditional manufacturing molds and castes, these
structures are printed as a single object. They have superior isotropic qualities, which add more
value because they maximize space, make parts lighter and stronger, and absorb impact more
efficiently. For example, homogenization-based topology optimization (HMTO) techniques are
particularly useful in designing elastically ultra-lightweight and ultra-stiff isotropic lattices with
improved structural efficiencies. HMTO can also generate designs suitable for additive
manufacturing (AM). Technological advances in multiple sectors now require high-performance
materials with lighter weight and enhanced mechanical properties.

Lattice Structures and Their Applications

Lattices are formed by repeating a unit cell using a specific spatial pattern. The pattern is then
repeated along any axis with no gaps between cells. The unit cell topology, relative density, and
pattern arrangement play an important role in determining the mechanical properties of the additive
manufactured lattice structures. Lattices consist of beams, surfaces, or plates that fit together using
an ordered or stochastic pattern (see Figure 2). When materials are converted into a cellular
structure, specific properties like strength, density, impact absorption, and weight can be
engineered. Automotive, medical, manufacturing, and aerospace sectors are now employing 3D-
printed lattices to create parts with complex geometries that conventional design techniques cannot
replicate.
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Automotive. As electric and self-driving cars gain greater momentum, there is a need for
lightweight replacements that offer comparable physical properties to traditional parts. 3D printed
lattices have high energy absorption performance, sound/vibration dispersion, and impact
protection while maintaining the smallest volumetric footprint and weight possible. For example,
Porsche incorporated 3D-printed lattice structures in their electric vehicle-drive housing design.
The weight of the housing component and the overall weight of the e-drive were reduced by 40%
and 10%, respectively.

Medical. Customization and ease of manufacturing are major factors in manufacturing healthcare
devices and accessories, particularly when fitted for patients needing orthotic or prosthetic devices.
Tempus 3D Company uses advanced 3D scanning technology to construct customized prosthetics
using lattice and mesh parts. The design freedom inherent in 3D printing allows greater innovation
than traditional casting methods. This can improve the performance of the part by increasing
stiffness, reducing weight, and enhancing breathability.

Manufacturing. Although traditional methods for manufacturing complex non-planar lattice
structures exist, they are less effective than additive methods. Rawlings partnered with AM
provider Fast Radius to incorporate 3D printed lattices in their revolutionary new REV1X baseball
gloves. Rawlings claims that the lattices are a major milestone in glove design and will not wear
out as fast as other materials. The resin-based polymer process uses light and heat to create parts
with isotropic properties, complex geometries, and excellent surface finishes.

Aerospace. The need to produce lightweight, complex parts is driving aerospace companies to
utilize 3D printing for cost savings and faster production. Drones are also using lattices to achieve
lighter-weight parts. Materialise AM Company partnered with SoleonAgro to optimize their



drones with lightweight lattice structures. This process allowed Soleon to design drones to fit
various customer needs, ranging from pest control to photography.

Opportunities for the TyRex Technology Group

Additive manufactured lattices allow engineers to push the limits of material science while
simultaneously improving mechanical properties. Improvements in topology software coupled
with advances in 3D printers are removing the boundaries for creating lattice structure applications
in a wide range of products across diverse sectors. As the quest for low-density, high-strength
materials increases, lattices represent a solution for products requiring heat exchange, thermal
insulation, acoustics, or biomedical engineering.

According to Professor Dirk Mohr, a specialist in Computational Modeling of Materials in
Manufacturing at ETH Zurich, lattices will be the design of choice when the 3D printing industry
moves into mass manufacturing. The rapid increase in innovative design technology presents an
opportunity for TyRex to leverage its printing capabilities, including remote printing, to take
advantage of topology optimization to penetrate new markets.
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