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ABSTRACT 
The current global energy scenario and consumption rate is alarming greatly as the tremendous increase in 
population causes a sharp increase in electrical energy demand. The exhaustive extraction and production of 
fossil energy is the main reason and contributor to many environmental issues. As these fuels will ultimately get 
depleted resulting into increased energy shortfall, climate change and energy insecurity. In this regards every 
country is putting an effort to increase energy efficiency as well as switching over to new and renewable energy 
technologies. Among such solar energy from the sun is free and abundant. It offers number of strategic benefits 
which replaces the fossil-fuel combustion for the various electrical and thermal needs by minimizing the 
emissions of harmful gases and air pollutants. Currently, solar energy’s contribution to the total global energy 
supply is very low and small but the potential is enormous. Historically solar systems suffer from huge initial 
cost than conventional energy sources but once the solar technologies are installed, they have very low 
operating costs and require minimal input this provides security against conventional fuel supply disruptions 
and their prices. However present innovation and supports for solar manufacturing and sales prices have 
dropped greatly from the past few decades resulting into at energy price parity. Shockley-Queisser limit is the 
theoretical maximum efficiency that a single junction solar cell can exhibit. The current research in this 
direction is going on to find out the best substitute materials and technology to improve the performance of 
solar cells. The study of light spectrum and different absorption levels in semiconductor material, special 
coating, application of nano technology and use of organic polymers have led to greater saving and rapid 
production. 
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INTRODUCTION 

Every location on the Earth receives sunlight to a very good extent of the year and the quantity of solar radiation 
reaching any one point on the Earth's surface varies with respect to the followings namely, Geographic location, 
Time of day, Season, Local weather and landscape. A particular point on the Earth's surface gets maximum 
possible energy when sun is closer and rays are vertical as well varies with slant angles. The radiation data 
required for solar photovoltaic systems is expressed in terms of kilowatt-hours per square meter (kWh/m2) and 
for solar heating systems it is British thermal units per square foot (Btu/ft2). French physicist Edmond Becquerel 
discovered the concept of Photovoltaic conversion early in the year 1839. Solar PV cells are the basic building 
blocks of all PV systems made up of Photovoltaic (PV) materials and devices to convert sunlight into electrical 
current by photoelectric effect. Several PV cells of various sizes and shapes, from a smallest postage stamp to 
several centimetres drawn from semiconducting materials are often connected to form PV modules and in turn 
Arrays [1]. The other accessories like, electrical connections, mounting mechanisms, power-handling and 
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Cellular structures are largely found in nature such as wood, bones, cork, honeycomb etc., due to excellent properties, 
for example excellent energy absorption, high strength-to-weight-ratio, and lightweight. Cellular structures are made 
up of an interconnected network of plates (closed- cell structures), solid struts (open-cell structures) or small unit cells 
(periodic structures). When compared with traditional manufacturing processes, Additive Manufacturing (AM) has en-
abled the designers and engineers to fabricate intricate geometries having cellular structures for various applications 
in automotive, aerospace, biomedical, and footwear industries. All major industries have been exploiting the benefits of 
cellular structures due to their prevalence over a wide range of research fields. In this study, authors aim to present a 
comprehensive review of design, optimization, and AM of various cellular structure morphologies investigated by dif-
ferent researchers. In addition, the applications and properties of 3D printed structures, and the major challenges are 
presented. Furthermore, major gaps, limitations and new areas that needs to be investigated in cellular structures for 
AM area of research. This review would provide a more precise understanding and the state-of-the-art of AM with the 
cellular structures for engineers and researchers in both academia and industrial applications.

Introduction: The demands for lighter, stronger, and more customizable parts have necessitated the research and de-
velopment of new technologies, tools, and methodologies that can satisfy the new demands of the modern world. In this 
regard, the advent and continual improvement of one technology, additive manufacturing, has dramatically changed 
the way engineers pursue design and manufacturing. Additive manufacturing, once referred to as Rapid Prototyping 
(RP), has been used in many diverse field of industry for verifying the concepts (concept modeling) prior to production. 
However, with advancement of material science, this new and promising technology has eliminated many barriers to 
manufacturing and has allowed designers to achieve a level of complexity and customizability that is infeasible using 
traditional machining processes. As a result, most of the industries like Siemens, Phonak, Widex, Boeing and Airbus are 
now using this technology for producing their functional parts that are used in the final products. One such application 
of this technology is for manufacturing of customized, lightweight cellular structures. They have several advantages 
such as high strength-to-weight ratio and strong thermal and acoustic insulation properties. These types of structures 
are suitable for any weight-critical applications, particularly in the aerospace and automotive industries. This research 
will present a method for the design of these cellular structures for mold making application.

Additive Manufacturing: Additive manufacturing (AM) is an additive fabrication process where a three-dimensional 
part is produced by stacking layers of thin 2-D cross sectional slices of materials one over another without use of tool-
ing and human intervention. The process begins with a solid model CAD drawing of the object. The CAD model is then 
converted in to .STL file format and sent to an AM machine for prototype building [1]. The whole process of design to 
physical model through various intermediate interfacing stages . These steps are common to most AM systems but the 
mechanisms by which the individual layers are created depend on the specific system.

Currently, many technologies exist that into the broad definition of AM. These technologies are supported by various 
distinct process categories. These are: photopolymerization, powder bed fusion, extrusionbased systems, printing, sheet 
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lamination, beam deposition, and direct write technologies [2,3]. Each of these processes has its own distinct set of 
advantages and disadvantages regarding characteristics such as surface finish, manufacturing speed and layer resolu-
tion. Of these different processes, three technologies are most commonly used: fused deposition modeling (FDM), ste-
reolithography (SLA) and selective laser sintering (SLS). These three processes will be briefly outlined in the following 
sections.

Fused Deposition Modelling (FDM): Fused Deposition Modelling (FDM) was introduced and commercialized by 
Stratasys, Minnesota, USA in 1991.FDM process builds prototype by extruding material (normally thermoplastic like 
ABS) through a nozzle that traverses in X and Y to create each two dimensional layer. As each layer is extruded, it bonds 
to the previous layer and solidify. The platform is then lowered relative to the nozzle and the next slice of the part is de-
posited on top of the previous slice. A second nozzle is used to extrude a different material in order to build-up support 
structures for the part where needed. Once the part is completed, the support structures are broken away from the part 
[4, 5]. Fig. 2 shows a schematic diagram of FDM Process, where blue color indicates the model material and red color 
points to the support material.

  Fig. 2 FDM Process Flow [6]

Stereolithography (SLA)

Stereolithography (SLA) is the first fully commercialized AM pro-
cess introduced in mid 1980s by 3D systems, California, USA. It 
fabricates part from a photo curable liquid resin that solidifies 
when sufficiently exposed to a laser beam that scans across the sur-
face of resin. Once irradiated, the resin undergoes a chemical reac-
tion to become solid called photo polymerization [8]. In SLA, there 
is a platform in a vat of liquid, photocurable polymer, i.e. epoxy 
or acrylate resin. After each cross-section is traced, the platform 
moves down an incremental amount and the laser cures the next 
cross-section. This process continues until the part is complete. At 
initial days, SLA was mainly used as a prototyping tool; however, 
several companies are now using SLA for production manufactur-
ing. For example, Siemens, Phonak, Widex and other hearing aid 

manufacturers use SLA machines to produce hearing aid shell . Align Technology uses SLA to fabricate molds for pro-
ducing customized clear braces (Invisalign®). 
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