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ABSTRACT

The design of lightweight structures realized via additive manufacturing has
been drawing considerable amount of attentions in academia and industries for a
wide range of applications. However, various challenges remain for AM
lightweight structures to be reliably used for these applications. For example,
despite extensive advancement with geometric design, there still lacks adequate
understanding with the process-material property relationship of AM
lightweight structures. In addition, a more integrated design approach must also
be adopted in order to take non-uniform material design into consideration. In
our works, a design approach based on unit cell cellular structure was taken in
the attempt to establish a comprehensive design methodology for lightweight
structures. Analytical cellular models were established to provide
computationally efficient property estimation, and various design factors such as
size effect, stress concentration and joint angle effect were also investigated in
order to provide additional design guidelines. In addition, it was also found that
the geometry and microstructure of the cellular structures are dependent on
both the process setup and the feature dimensions, which strongly support the
argument to establish a multi-scale hierarchical cellular design tool.
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1. INTRODUCTION

One of the objectives of structural design is to minimize the
mass consumption and maximize the utilization efficiency of
the materials. Therefore, lightweight structure design has
always been sought after for almost all the engineering
designs. Lightweighting brings about various technical
advantages such as high strength to weight ratio, high energy
absorption per weight ratio, low thermal conductivity, and
large surface area to volume/weight ratio. These attributes
could in turn translate into various economical and
environmental benefits such as product reliability, system
energy efficiency and product sustainability. However, as
lightweight designs often involve high level of geometrical
complexity, the realization of these designs has been a
challenging task with traditional manufacturing technologies.
It has been widely recognized that additive manufacturing
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(AM) technologies possess unique capabilities in realizing
lightweight designs with little penalty from geometrical
complexity, and extensive demonstrations are available for
various applications such as fashion, arts and biomedicine as
shown in Fig.1. However, the design of these lightweight
structures beyond aesthetic purposes is in general not well-
understood by most designers. The lack of understanding on
the relationship between various engineering performance
requirements (e.g. mechanical properties, thermal properties,
biological properties, etc.) and the geometrical design often
prevents efficient design of lightweight structures for
functional purposes. In addition, there also exist very little
literature in the guidance of optimal process selections in the
fabrication of these structures utilizing different AM
technologies.

b. Table

a. Fashion shoes

c. SKkin shell d. Artificial ear

Fig.1 Lightweight designs realized via AM in art, fashion and biomedicine

@ IJTSRD | Unique Paper ID - [JTSRD21674 | Volume - 3 | Issue - 3 | Mar-Apr 2019

Page: 85



International Journal of Trend in Scientific Research and Development (IJTSRD) @ www.ijtsrd.com eISSN: 2456-6470

While there exist various geometry design and optimization
approaches and tools that generally allows for the creation of
models with improved lightweight performance, currently
none of them addresses the process designs adequately. Most
of the lightweight design tools treat material as an ideal
isotropic material and focus on geometry optimization only,
which often results in a significant design deviation from
reality. One of the unique characteristics of AM is that the
material properties are often process and geometry
dependent. Such coupling effect has significant impact in the
design practice of lightweight structures, since these
structures often have geometrical features that have varying
dimensions and therefore potentially varying material
properties. In addition, due to the intrinsic quality variations
with many AM processes with small-dimension geometries,
the difficulty of achieving accurate design is further signified.
In this paper some of the works in the attempt to tackle this
design dilemma is presented. A design methodology that
includes geometrical design and material property design
was proposed, and some of the issues during the
establishment of this methodology was discussed.

2. LITERATURE SURVEY

Yu and Li et al.[1991] This paper proposes to use solid
offset to cut down the solid volume to be built. The
background theory for obtaining the reduced-volume solid
is negatively offsetting the CSG The approach is applicable
to solids defined by constructive solid geometry (CSG)

Ganesan and Fadel etal [1993] A simple effective method
is presented here for creating (outside of the solid
modeler) hollow CAD models of the object using offsetting
techniques. This method is not suitable for creating hollow
parts that have varying surface normals.

Koc and Lee et al.[1993] This paper presents a new method
of using non-uniform offsetting and biarcs fitting to hollow
out solid objects or thick walls to speed up the part building
processes on rapid prototyping (RP) systems. Offset STL
model contains some triangular facets with overlaps and
inconsistent orientations.

Qu and stucker et al [1994] This paper presents a new 3D
offset method for modifying CAD model data in the STL
format. In this method, vertices, instead of facets, are offset.
The magnitude and direction of each vertex offset is
calculated using the weighted sum of the normals of the
facets that are connected to each vertex.

Liu and Chen et al.[1996] presented to meet the demands of
hollowed prototypes in casting and rapid prototype
manufacturing. Offsetting along the Z-axis and cross
sectional contour offsetting are employed to perform the
hollowing operation.|

Dutra et al et al.[1998] measured the stiffness of Ti-6Al-4V
open cellular foams fabricated by electron beam melting
(EBM). Results are found to be in good agreement with the
Gibson-Ashby model for open cellular foam materials Wang
and McDowell have performed a comprehensive review of
analytical modeling, mechanics, and characteristics of
various metal truss baseds.

Garcia etal [1999] CNTs were grown on alumina fiber cloth.
These fibers were used as reinforcements in matrix material.
The growth of CNTs led to an increase in inter-laminar shear
properties of the order of 69% as compared to alumina cloth
composite the elastic properties of FFRC (Fuzzy fiber
reinforced composite) using mechanics of materials
approach and Mori-Tanaka method considering with and
without the interphase between CNT and polymer.

Johnson et al. [2000] provided a more comprehensive
analytical model of the truss structure by considering each
strut as a beam experiencing axial, bending, shearing, and
torsion effects. He analyzed the octet-truss structure inside
finite-element environment using a unit-truss model that
consists of a node and set of half-struts connecting to the
node.

Chang et. al. [2005] A standard thermosetting liquid resin,
with the commercial brand name Quires 406 PA is used in
the matrix in the form of orthophthalic unsaturated
polyester (UP). It is acquired from the company MR-Dinis
dos Santos (Lisbon, Portugal) and its characteristics are
presented.

3. PROBLEM IDENTIFICATION

» Design of cellular solid is often a difficult task using
existing CAD packages due to the level of complexity
associated with it.

» Designed by FDM is tested for RTM application.

»  The complete process should be integrated with the
existing CAD platform

4. RESEARCH OBJECTIVE

> Generate and design periodic cellular structures e.g.
Truss shaped

» Whole program is automated using VB script
programming and is validated for many complex shaped
parts.

» Compression strength of the truss structure is observed
to increase with the increase in the volume fraction and
this behaviour is compared with an existing Wierzbicki
expression, developed for predicting compression
properties.

5. CONCLUSIONS

Inthis paper, the challenges of AM lightweight structure were
briefly reviewed. Compared to other design methodology such
as topology optimization, unit cell based cellular design
method appears to provide a good compromise between
functionality and manufacturability. However, in order to
pursue this design approach, various additional factors must
be considered, such as size effects and material property
dependency on both geometrical designs of the struts and the
process planning. It was found that the homogenization
treatment could not be readily applied to cellular structures
in general, which poses a rather challenging obstacle in
adopting this design method in the design of actual
structures. Due to the complexity of cellular structures, it is
currently inefficient to perform the designs using finite
element simulation based methods. However, if the cellular
structures could not be treated as continuous solid materials
with equivalent properties, the limitation of analytical
modeling must be overcome through overmeans.
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