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Abstract 

Honeycomb structures have a wide variety of applications in engineering, architecture, and 

transportation. Latticing, facilitated by additive manufacturing (AM), can effectively accelerate 

development of customizable structures. This paper introduces a systematic experimental approach to 

investigate the impact of various material extrusion (MEX) factors on the physical and mechanical 

characteristics of triangular honeycomb lattice-structured OnyxTM composites. The experimental study 

is conducted by varying MEX factors such as layer height, infill density, build orientation, infill pattern, 

and number of walls and their impact on the physical property (density), mechanical property 

(compressive strength), and structural property of the lattice structure (structural area deviation). The 

results highlight that the optimal combination for obtaining the maximum compressive strength is 0.1 

mm layer height, 50 % infill density, 90° build orientation, rectilinear infill pattern, and a wall count of 

three. The MEX factors like infill density, build orientation and infill pattern have a significant impact 

on the physical properties. Furthermore, the lattice-structured OnyxTM composite with three walls 

exhibits buckling phenomenon at a slower rate when compared to the lattice-structured OnyxTM 

composites with one and two walls. The structural area deviation of the integrated lattice is majorly 

influenced by the layer height and build orientation. The optimized condition for a higher load bearing 

capability is employed for developing a topologically optimized lattice-structured camera bracket for 

sports-action cameras. 
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1. Introduction 

Lattice structures are architectural or engineering structures which are characterized by a repeating 

pattern of interconnected elements [1]. The repeating elements are referred to as “unit cells”. The 

interconnected nature of the lattice structure allows for the redistribution of forces, minimizing stress 

concentrations and enhancing load-bearing capacity [2]. The lattice-structured components can 

withstand significant loads even while using less material compared to solid topologies [3]. Lattice 

structures have applications in a wide range of fields, including architecture, civil engineering, 

aerospace, automotive, and industrial design [4]. The lattice structures are of various classes like Beam, 

Voronoi, TPMS, and Honeycomb [5]. 

In general, the honeycomb planar lattice structures are well known for their enhanced strength-to-weight 

ratio, superior structural stability, and excellent energy absorption capabilities [6]. Among the various 

honeycomb planar lattice structures, the triangular lattices are popular due to their exceptional structural 

rigidity, isotropic properties, higher packing density, scalability and modularity [7]. 

Because of the intricate structure of triangular honeycomb lattices, traditional manufacturing methods 

such as compression molding are not favored due to their limitations, including restricted design 

flexibility, challenges in mold creation, and decreased dimensional precision [8]. With the advent of 

Additive manufacturing (AM) techniques, the lattice structures are fabricated in an effective manner 

with layered deposition of material in a successive sequence [9]. The AM technique is efficient due to 

its design freedom, reduced material wastage, rapid prototyping, supply chain flexibility, complex 

structures development, and efficient repair capabilities [10]. Moreover, the AM technique has 

revolutionized manufacturing in industries like aerospace, automotive, healthcare, and consumer goods 

[11]. The Fused Filament Fabrication (FFF) technique focuses on developing polymeric components 

by depositing the polymeric material in a layer-wise manner [12]. The FFF technique is the most widely 

adaptable AM technique due to its significant qualities like affordability, wide range of material 

compatibility, higher design freedom, user-friendly operation, etc [13]. 

The neat polymeric lattice structures are gaining a significant interest due to reduced material usage, 

light-weighing characteristics, higher load bearing capacity, increased surface area, etc. [14]. Some of 

the studies dealing with neat polymeric lattice structures are described here. Tang et al. developed PLA 

lattice structures and evaluated the impact of printing factors on the respective mechanical 

characteristics using Digital Image Correlation (DIC). They found that tensile characteristics increase 

with raising the printing temperature. The yield strength also showed a decreasing trend [15]. Choudhry 

et al. fabricated Acrylonitrile Butadiene Styrene (ABS) re-entrant auxetic lattice structures and 

evaluated the corresponding energy adsorption characteristics by experimental and simulation 

techniques. They concluded, as the nodes with lesser rotational stiffness increase, the energy absorption 

increases effectively [16]. Joseph et al. investigated the compressive characteristics of 3D printed PLA 

and ABS honeycomb lattice structures with respect to different loading rates. They reported that, the 



lattice’s cell wall thickness, material characteristics, and loading rates have a significant impact on the 

compressive properties of the lattice materials [17]. 

For the attainment of higher strength-to-weight ratio and enhanced energy absorption characteristics, 

the polymeric composite materials are significantly considered and employed in the highly functional 

load-bearing components [18]. Regarding polymeric composite materials, the choice of polymeric base 

and reinforcing material plays an effective role in enhancing the energy absorption and mechanical 

strength of the developed components [19]. Among various classes of polymeric composite materials 

(particle or fiber reinforced), the synthetic fiber reinforced polymeric composite materials outperforms 

the particle reinforced polymeric composite materials in terms of higher strength and increased 

durability [20]. 

In general, the most widely employed polymeric base matrix material for synthetic fiber reinforced 

polymeric composite materials are PLA, ABS, PETG, Nylon (Polyamide), etc. [21]. Among various 

matrix materials, the nylon matrix results in improved mechanical characteristics, superior durability, 

enhanced compatibility with reinforcing fibers, high melt processability, excellent chemical resistance, 

etc [22] and some of the studies related to 3D printing of nylon are as follows. Buj-Corral et al. carried 

a comparative analysis in terms of dimensional precision and form errors between the 3D printed PLA 

and Nylon spur gears. They reported that, the 3D printed nylon spur gears developed with lower infill 

densities results in a lower degree of form error than 3D printed PLA spur gears [23].  

Yankin et al. carried an optimization study for improving the fatigue strength of 3D printed ABS and 

nylon components. They reported that, the nylon components outperform ABS components with a 

higher slope. They also added that, the tri-hexagon structure results in higher fatigue period [24]. 

Guessasma et al. investigated the impact of printing temperature on the mechanical and thermal 

properties of 3D printed nylon components. They reported that, the nylon components are effectively 

printable within a temperature range of 250℃ and 255℃. In addition, on exceeding the respective 

temperature range, a decline in stiffness and strength of the nylon components is observed [25]. 

Among various fiber reinforcements like carbon, glass, kevlar, rayon, and polyester, the carbon fiber is 

the most widely employed fiber reinforcement due to its higher stiffness-to-strength ratio, weight 

reduction, enhanced dimensional stability, improved thermal and electrical characteristics [26]. The 

micro carbon fiber reinforced nylon composite (OnyxTM) is gaining an immersive scope due to 

significant characteristics like supreme toughness, higher wear resistance, enhanced surface finish, 

higher strength, etc and a few studies related to OnyxTM 3D printing are as follows [27].  

Peng et al. studied the energy absorption characterization of both short and continuous carbon fibre 

reinforced polyamide composite. The sample printed with ±45° continuous fiber raster angle shows the 

maximum energy absorption of 1613.3 MJ/mm3[28]. Vidakis et al. developed the Carbon black (CB) 

modified polyamide 12 (PA12) nanocomposites filaments through melt extrusion technique and 

evaluated mechanical and electrical properties. The results show that, the highest concentration of 5% 

of carbon black has improvised the both mechanical and electrical conductivity of the polyamide 



nanocomposite. And the developed composites can be used for the development of stretchable sensors 

and circuit devices [29]. Similarly, Vidakis et al. has developed multi walled carbon nano tube 

reinforced polyamide nano composite and explored the antibacterial and electrical properties. The 

results are inline with previous results, that 5% of multi walled CNT concentration exploits higher 

mechanical properties and the anti bacterial performance not measurable for the higher concentration 

of 10wt% [30].  

The carbon fiber-reinforced composite lattice structure is a highly appealing material with numerous 

applications in fields such as aerospace, civil, and mechanical engineering sectors [31]. It possesses 

excellent characteristics such as a high ratio of strength to weight, resistance to impact, and reliable 

protection against corrosion [32]. The carbon fiber-reinforced composite lattice structures outperform 

the neat polymeric lattice structures in terms of mechanical and energy absorption characteristics [33]. 

Only limited studies have been carried out towards the development of carbon fiber-reinforced 

composite lattice structures and some of them are listed here. Andrew et al. developed CF/PEEK cellular 

materials and evaluated the energy absorption and self-sensing characteristics. They reported that, the 

CF/PEEK lattices resulted in piezoresistive characteristics with respect to in-plane and out-of-plane 

compression. Moreover, they added that the fabricated CF/PEEK lattice structure results in developing 

light-weighing lattice materials [34]. Lee et al. developed the OnyxTM based composite material with 

glass and carbon fibre as the reinforcement with different layers of stacking. They reported that, 

increasing in the number of reinforcement layers may improves the tensile strength of the composite 

[35].  

During the development of carbon fiber-reinforced composite lattice structures by FFF AM technique, 

the material extrusion (MEX) factors employed during the fabrication process must be effectively 

investigated for attaining higher mechanical and energy absorption characteristics. The MEX factors 

are solely responsible for developing enhanced inter-layer adhesion between the layered composite 

layers, decreased dimensional tolerances, and reducing in-line porosities of deposited layers. A wide 

spectrum of research is being carried out towards studying the impact of MEX factors on the carbon 

fiber-reinforced composites and a few of them are listed.  

Piramanayagam et al. studied the influence of input printing factors like infill pattern and infill density 

on the mechanical characteristics of 3D printed carbon fiber reinforced OnyxTM composites. They 

reported that, higher infill density and rectangular infill pattern result in higher tensile properties [36]. 

Nikiema et al. carried out a study to investigate the influence of printing parameters and humidity on 

the mechanical characteristics of additively manufactured OnyxTM composites. They reported that, the 

mechanical characteristics develop a deviation of 10 % concerning various levels of orientation [37].  

On the other hand, only a limited studies are carried out towards investigating the impact of MEX 

factors on the mechanical characteristics of carbon fiber-reinforced composite lattice structures and a 

few of them are as follows. Vijayakumar et al. investigated the influence of process parameters on the 

mechanical strength and dimensional qualities of carbon fiber reinforced PETG hexagon lattice 



integrated composites. They reported that, at printing temperature of 220℃, the higher strength and 

lower dimensional deviations are observed [38].  Gong et al. 3D printed the honeycomb lattice structure 

based structural absorber on the carbon fibre reinforced polyamide composite for microwave 

absorption.  The results show that, under the high bending angle of 150°, the minimum reflection loss 

of the designed FHSA can reach -47 dB at 16.2 GHz with a broadband absorption of 13.2 GHz [39].  

The present research is centred around the creation of triangular lattice-structured materials using 

carbon-fiber reinforced Polyamide composite (OnyxTM). It aims to assess the impact of MEX factors 

such as layer height, infill density, build orientation, infill pattern, and the number of walls on the 

resulting mechanical and physical properties. Specifically, this study examines the compressive strength 

properties, density, and diameter deviation of the lattice-structured composite. Furthermore, this study 

explores the impact of the MEX factors on the resulting structural area deviations of the integrated 

lattice pores. The highly effective levels of the input MEX factors are evaluated and employed for the 

development of lightweight triangular lattice-structured OnyxTM camera brackets. 

2. Experimental procedure 

2.1. Materials 

For the current study, the micro-Carbon Fiber reinforced Nylon (OnyxTM, Markforged) composite 

material is considered for developing lattice-structured light weighing components. The OnyxTM 

composite is known for developing highly precise components with enhanced surface finish. In 

addition, the OnyxTM composite is mostly preferred due to its supreme strength, higher toughness and 

enhanced chemical resistance. The basic physical and mechanical characteristics of the OnyxTM 

composite filament are as follows: 1.2g/cm3 (Density), 33.5 MPa (Tensile strength), 1.4 GPa (Elastic 

modulus), 0.35 (Poisson’s ratio). Figure 1 depicts the (a) OnyxTM composite filament and (b) the FFF 

printer employed for the current study. 

 

Figure 1. (a) OnyxTM composite filament, (b) Mark Two 3D printer 



2.2. Design of lattice-structured composites 

For developing the lattice-structured OnyxTM compression composites, initially the CAD model of solid 

OnyxTM compression composites with dimensions of 12.7 mm diameter and 25.4 mm height are 

designed using an appropriate CAD software (ntopology, Make: New York, USA) according to ASTM 

D695 standards. For the current study, the triangular planar-based lattice structure is considered. The 

triangular planar-based lattice unit cell is incorporated into the CAD model of solid compression 

samples for developing the lattice-structured OnyxTM compression composites. The triangular planar-

based lattice unit cell is designed with respective dimensions of 3 mm * 3 mm * 3 mm with a lattice 

thickness of 1 mm. Figure 2 depicts the CAD modelling of the triangular planar-based lattice-structured 

OnyxTM compression composites. 

 

Figure 2. Design modelling of triangular planar-based lattice-structured OnyxTM compression 

composites 

2.3. Fabrication of lattice-structured composites 

Once the CAD model of the triangular planar-based lattice-structured OnyxTM compression composites 

is designed, the fabrication process is carried out in a sequence of steps which are as follows. Firstly, 

the CAD model of the lattice-structured OnyxTM composites is developed and then it is converted into 

a stereolithography (STL) file. The generated STL file is then sliced into G-codes (Geometric-codes) 

with the assistance of suitable slicers (Eiger, Markforged) and then stored in the Eiger cloud. The 

generated G-code is transferred to the FFF (Mark Two (Desktop 3D printer), Make: Markforged) printer 

for fabricating the triangular planar-based lattice-structured OnyxTM compression composites. 

The MEX factors employed during the fabrication process have a significant impact on the mechanical 

and physical characteristics of the developed composites. The constant MEX factors employed for the 

fabrication process are as follows: Line width of 0.1 mm, Infill flow rate of 100 %, Print speed of 20 

mm/sec, Printing temperature of 275℃. The MEX factors varied during the fabrication process and 

their respective levels are tabulated in Table 1. In order to study the impact of a particular MEX factor, 



its levels are varied sequentially while maintaining other factors at their initial levels. Among the 

various MEX factors, the build orientation factor is considered as a crucial factor. For instance, the 0° 

build orientation samples are printed horizontally to the build bed direction. In case of 90° build 

orientation, the samples are vertical to build orientation and only minimal supports are required. In case 

of 45° build orientation, the samples are printed at an inclination degree of 45° which requires more 

supports in comparison to other two conditions.   

Table 1 Level selection of MEX factors 

Sl. No MEX factors Levels 

1. Layer height (mm) 0.1 0.2 0.3 

2. Infill density (%) 30 40 50 

3. Build orientation (º) 0 45 90 

4. Infill pattern Triangle Hexagon Rectilinear 

5. Number of walls 1 2 3 

 

2.4. Physical and mechanical characterization of lattice-structured composites 

After the triangular lattice-structured OnyxTM composites are fabricated, their respective mechanical 

and physical characteristics are evaluated by means of corresponding characterization techniques. For 

the current research, the mechanical characteristics such as compressive strength and physical 

characteristics such as diameter, density and structural area of the integrated lattices are considered and 

elaborated in the upcoming sections. Figure 3 illustrates the physical and mechanical characterizations 

of lattice-structured OnyxTM composites. 

 

Figure 3. Physical and mechanical characterizations of lattice-structured OnyxTM composites 

2.4.1. Compressive strength evaluation of developed composites   

The triangular lattice-structured OnyxTM compression composites are mechanically evaluated by means 

of a Universal Testing Machine (UTM, Make: Tinus Olsen, UK). The UTM has a capacity to withstand 



a maximum load of 50 kN. The compression setup is loaded in the UTM for performing compression 

test on the lattice-structured OnyxTM composites by following ASTM D695 standards. During the 

compression test, the compressive load is applied on the sample with the loading rate of 1mm/min. In 

addition, the axial-type compressive load is applied on the sample where the compressive load travels 

along the length of the sample. For achieving compressive strength results with higher accuracy, each 

respective compression test is performed for five times and their average compressive strength is 

considered for the study.  

2.4.2. Density evaluation of lattice-structured composites 

The mass of the triangular planar-based lattice-structured OnyxTM compression composites are 

evaluated with the assistance of a weighing balance (Make: Pioneer semi micro (PX125D), Australia) 

which has 1*10-5 g accuracy. The volume of the lattice-structured composite is computed using the 

CAD software. The density of the lattice-structured composite is evaluated using the formulation 

represented in Equation (1). 

𝜌 =
𝑚

𝑣
                                               (1) 

where ρ, m, and v refer to the density, averaged mass and volume of triangular planar-based lattice-

structured OnyxTM compression composite. 

The mass of every respective lattice-structured composite is evaluated five times and their averaged 

value is employed for determining the average density of the corresponding lattice-structured 

composite. The evaluated density of lattice-structured OnyxTM composite is used for determining the 

influence of MEX factors on the density variation of the lattice-structured components. 

2.5. Structural property characterization 

Before the lattice-structured OnyxTM composites are mechanically evaluated, the structural property 

characteristics such as diameter and the structural area of the integrated lattice structures is evaluated, 

and the detailed explanations are as follows.  

2.5.1. Diameter evaluation of lattice-structured composites 

The actual diameter of the triangular planar-based lattice-structured OnyxTM compression composites 

are measured using a vernier caliper which has 0.01 mm accuracy. On the other hand, the CAD diameter 

of the lattice-structured OnyxTM compression composites is obtained using the CAD software’s 

measuring probe. 

For each lattice-structured compression composite, the diameter is measured for five times and their 

average values are employed for the current study. The diameter deviation of each triangular planar-

based lattice-structured OnyxTM compression composite is evaluated using the respective mathematical 

formula which is represented in Equation (2).  

𝐷𝑑 = 𝐶𝑑 − 𝐴𝑑                           (2) 

where Dd, Cd, and Ad refer to the Diameter deviation, CAD diameter, and Actual diameter of the lattice-

structured OnyxTM compression composites. 



2.5.2 Structural area evaluation of integrated lattice structures 

The structural area of the integrated triangular planar-based lattice structures is determined by the Video 

Measuring System (VMS) technique (Make: ARCS KIM-U, India). The edge and height of the 

triangular planar-based lattice structures are determined by the VMS technique. The edge length and 

height of the respective lattice-structured composite is evaluated five times and the respective average 

edge length and height are determined. The evaluated average edge length and height are employed for 

the determination of structural area of the respective lattice structure using the formula represented in 

Equation 3.  

𝑆𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡𝑟𝑖𝑎𝑛𝑔𝑙𝑒 =  
1

2
(𝑏 ∗ ℎ)               (3) 

where b and h represent the base edge length and height of the respective integrated triangular planar-

based lattice structure.  

The structural area deviation of the respective integrated lattice structure is calculated using the formula 

represented in Equation 4. The CAD structural area of the lattice structure is evaluated using the edge 

length and height measured using the appropriate CAD software’s measuring probe whereas the actual 

structural area of the lattice structure is measured using the VMS technique and Equation 3.  

𝑆𝐴𝐷 = 𝐶𝑆𝐴 − 𝐴𝑆𝐴                            (4) 

where SAD, CSA, and ASA represent the Structural Area Deviation, CAD Structural Area and Actual 

Structural Area of the integrated triangular lattice structure respectively.  

The evaluated structural area deviation of the respective integrated lattice structure is employed for the 

experimental investigation of the MEX factors on the structural accuracy of the integrated lattice 

structures. 

2.6. Fractography of the tested samples 

The fracture modes developed during the compression test are captured using a DSLR camera (Make: 

Canon EOS 1500D). Canon EOS 1500D camera is equipped with 24.1 MP (Maximum resolution), 18 

mm (Minimum focal length), 64 GB (Storage), 3x (Optical zoom). The captured fracture modes are 

used for determining the impact of MEX factors on the respectively developed fractures which are 

discussed elaborately in Section 3.6. 

3. Results and discussion 

3.1. Effect of MEX factors on the compressive strength of lattice-structured OnyxTM 

composites 

The influence of various MEX factors like layer height, infill density, build orientation, infill pattern, 

and number of walls on the compressive strength of lattice-structured OnyxTM composites is presented 

in Figure 4, 5, 6, 7, and 8, respectively. 



 

Figure 4 Effect of Layer height on the compressive strength of lattice-structured OnyxTM 

composites 

Figure 4 (a) illustrates the outcomes of the compression test, whereas Figure 4 (b) showcases the stress-

strain curves of the lattice-structured OnyxTM composite across different layer heights, such as 0.1 mm, 

0.2 mm, and 0.3 mm. It is evident from results that, an inverse correlation arises between the increasing 

layer height and decreasing compressive strength. The lattice-structured OnyxTM composite printed at 

a minimum layer height of 0.1 mm results a higher compressive strength of 26.022 MPa. As the layer 

height decreases, the number of deposited composite layers increases which significantly results in the 

development of higher compressive strength with lower crack propagation rate. On the contrary, as the 

layer height increases from 0.2 mm to 0.3 mm, a decrease in the composite layers takes place. This 

significant drop in the number of composite layers effectively increases the crack propagation rate and 

moreover, the lattice-structured composite gets fractured at the initial stage. The initial fracture 

development results in the lower compressive strengths of 19.725 MPa (0.2 mm layer height) and 

13.097 MPa (0.3 mm layer height). Likewise, considering the compressive modulus, the highest 

compressive modulus was observed on the lowest layer height of 0.1mm. This is because of lesser 

defects which yields maximum strain during the compressive loading of the developed OnyxTM 

composites. Sikder et al. reported a parallel remark in the case of 3D printed PEEK part’s compressive 

strength [40]. They reported that, at 0.1 mm layer height, the number of layers in the vertical direction 

is higher which consecutively results in higher compressive strength of 106.45 MPa. 



 

Figure 5 Effect of Infill density on the compressive strength of lattice-structured OnyxTM 

composites 

In Figure 5 (a), the experimental compressive strengths are portrayed, whereas in Figure 5 (b), the 

stress-strain curves of the lattice-structured OnyxTM composite are exhibited for different infill density 

levels, including 30%, 40%, and 50%. It is apparent that, the lattice-structured OnyxTM composites 

fabricated at an infill density of 50 % attain a higher compressive strength of 23.831 MPa. At higher 

levels of infill density, the internal spacing between the infill lines reduces significantly resulting in the 

development of denser infill volume and increases load-withstanding capacity. On the other side, as the 

infill density decreases progressively from 30 % to 40 %, the corresponding compressive strengths of 

9.022 MPa and 17.086 MPa are observed. At lower infill densities, the infill line spacing increases 

drastically leading to the development of air gaps between the successive infill lines which is clearly 

evident in Figure 5 (c). As a result, a higher crack propagation rate and the internal fracture of the lattice-

structured composite takes place rapidly in the case of lattice-structured OnyxTM composites with lower 

infill densities. Considering the compressive modulus, the 50% infill density exploits the maximum 

elongation in terms of strain under failure. At increased infill densities, the gap between the internal 

infill lines decreases substantially, leading to the formation of a more compact infill volume and an 

enhancement in its ability to withstand loads. Ma et al. reported a similar outcome in the instance of 3D 

printed cubic lattice materials [41]. They added that, on increasing the infill density of a 3D printed 

cubic structure leads to a finer and more complex infill pattern characterized by smaller sizes. This finer 

pattern enhances the structure's ability to absorb energy when compared to a cubic structure printed 

with a lower infill density. 



Figure 6 (a) illustrates the compressive strengths of the fabricated composites, while Figure 6 (b) 

displays the stress-strain curves of the lattice-structured OnyxTM composite with regard to different 

build orientations, including 0°, 45°, and 90°. It is seen that the lattice-structured OnyxTM composites 

fabricated along the 90° orientation resulted the maximum compressive strength of 27.279 MPa. This 

is due to that fact that when the lattice-structured OnyxTM composites are fabricated along the 90° 

orientation, the composite layers get deposited in the vertical orientation sequentially. When these 90° 

oriented composites are subjected to the compressive loading conditions, the successively deposited 

vertical layers gets directly-buckled up without any layer-sliding resulting in the higher compressive 

strength development.  

 

Figure 6 Effect of Build orientation on the compressive strength of lattice-structured OnyxTM 

composites 

In the case of lattice-structured OnyxTM composites fabricated along 0° orientation, the composite layers 

are deposited in the horizontal orientation successively. During the course of compression testing, the 

horizontally deposited composite layers are in line to the axis of compressive loading direction resulting 

in the delamination of the composite layers and attainment of lower compressive strength of 22.475 

MPa. Finally, the least compressive strength of 12.306 MPa is reported by lattice-structured composites 

printed along 45° orientation. In the instance of lattice-structured OnyxTM composites printed along 45° 

orientation, the composite layers are deposited in an inclination of 45° orientation throughout the 

composite. At the instance of compressive loading, these 45° oriented composite layers slides at the 

initial stage of compressive loading condition resulting in the least compressive strength. In addition, 

the 90° oriented lattice-structured composites developed higher compressive modulus. As the 90° 

oriented composites are subjected to progressive mode of failure, the straining of the composite 

increases which effectively results in higher compressive modulus. Mathiazhagan et al. concluded a 

parallel remark in the case of hydroxyapatite/PLA composite tubes [42]. They reported a similar kind 

of fracture behavior for the 0°, 45°, and 90° oriented hydroxyapatite/PLA composite tubes.  



In Figure 7 (a), the experimental compressive strengths are presented, while in Figure 7 (b), the stress-

strain curves of the lattice-structured OnyxTM composite are shown for different infill patterns, including 

triangle, hexagon, and rectilinear. The lattice-structured OnyxTM composites fabricated with rectilinear 

infill pattern resulted the highest compressive strength of 27.172 MPa and the least compressive 

strength is reported by triangular infill pattern of 16.962 MPa. The reason for this is that, the rectilinear 

patterned infill lines can be easily accommodated within the lattice walls with higher allowable infill 

density resulting in the attainment of higher compressive strength. 

 

 Figure 7 Effect of Infill pattern on the compressive strength of lattice-structured OnyxTM 

composites 

On the other side, when the lattice-structured OnyxTM composites are fabricated with hexagonal and 

triangular infill patterns, the correspondingly patterned infill lines have higher infill line spacing by 

default due to its respective morphology which is clearly evident in Figure 7 (c). The higher infill line 

spacing indirectly develops higher crack propagation rate and lower compressive strengths. In addition, 

the relative density and packing efficiency of the hexagonal infill pattern is higher than the triangular 

infill pattern which has an influence on the mode of fracture and also results in higher strength of 21.851 

MPa. In addition, the rectilinear infill patterned lattice-structured composites resulted in highly denser 

lattice-structured composite which effectively results in extensive straining and higher compression 

modulus. Moreno-Núñez et al. reported a similar trend in the case of OnyxTM/carbon fiber composites 

[43]. They too added that, reinforcing carbon and glass fibers in a rectangular pattern developed a 

positive effect on enhancing the mechanical properties.  



 

Figure 8 Effect of Number of walls on the compressive strength of lattice-structured OnyxTM 

composites 

Figure 8 (a) and (b) depicts the experimental compressive strength results and stress-strain curves of 

the lattice-structured OnyxTM composite concerning various levels of walls like one, two, and three. The 

lattice-structured OnyxTM composites fabricated with a higher number of walls (i.e., three walls) 

attained the higher compressive strength of 24.339 MPa. As the number of lateral walls increases, the 

lattice-structured composite is able to withstand the compressive load for a longer duration when 

compared to the lattice-structured composites fabricated at lower levels of lateral walls like one and two 

walls. Moreover, the lattice-structured composite with a higher number of walls undergoes buckling 

mode of fracture whereas the lattice-structured composite with a lower number of walls develops a 

delamination mode of fracture. The buckling mode of fracture develops higher energy absorption values 

when compared to the delamination mode of fracture. In addition, the lattice-structured composites with 

three walls results in delayed crushing modes of failure which consecutively results in higher 

compression modulus. From the observations, it can be concluded that the highest compressive strength 

is observed at a 0.1 mm layer height, a 50 % infill density, a 90° build orientation, a rectilinear infill 

pattern, and a wall count of 3. 

3.2. Effect of MEX factors on the density of lattice-structured OnyxTM composites 

The influence of various MEX factors like layer height, infill density, build orientation, infill pattern, 

and number of walls on the density of lattice-structured OnyxTM composites is illustrated in Figure 9 

respectively. 

Figure 9 (a) portrays the variations in density of the lattice-structured components printed at various 

levels of layer height such as 0.1 mm, 0.2 mm, and 0.3 mm. From the experimental results, it can be 

inferred that a higher and lower level of densities like 0.0021 g/mm3 and 0.0005 g/mm3 are observed in 

the case of lattice-structured OnyxTM composites printed at respective layer heights of 0.1 mm and 0.3 

mm. The lower layer height of 0.1 mm results in higher level of composite layer deposition and it 

effectively contributes to the attainment of higher mass and volume. In addition, the increased self-



weight of the deposited composite layers also contributes to the establishment of higher densities. In 

the case of lattice-structured composites fabricated at increasing layer heights like 0.2 mm and 0.3 mm, 

the decreasing densities of 0.0014 g/mm3 and 0.0005 g/mm3 are observed.   

In Figure 9 (b), the changes in density of the lattice-structured components fabricated at different infill 

density levels, namely 30%, 40%, and 50%, are depicted. The lattice-structured OnyxTM composites 

attained higher and lower magnitudes of densities like 0.0025 g/mm3 and 0.0012 g/mm3 while 

fabricating at respective infill densities of 50 % and 30 %. At higher infill density of 50 % the number 

of infill printing lines increases within the given lattice-structured profile and the infill line spacing 

decreases significantly which effectively results in higher density. The vice-versa takes place in the case 

of lattice-structured composites developed at lower infill densities like 40 % and 30 %. 

 

Figure 9. Effect of (a) Layer height, (b) Infill density, (c) Build orientation, (d) Infill pattern, (e) 

Number of walls on the density of lattice-structured OnyxTM composites 



Figure 9 (c) showcases the fluctuations in density of the lattice-structured OnyxTM Composites that were 

fabricated with different build orientations, specifically 0°, 45°, and 90°. The lattice-structured OnyxTM 

composites printed at 90° and 0° build orientations resulted in the highest and least densities of 0.0019 

g/mm3 and 0.0008 g/mm3 respectively. It can be inferred that, the lattice-structured OnyxTM composites 

printed at a 90° build orientation results in the attainment of higher number of deposited composite 

layers which effectively results in the establishment of higher density. On the contrary, in the case of 

composites printed at an inclined 45° build orientation attains a lower deposition of composite layers 

which contributes to lower density (0.0013 g/mm3). And a similar trend of lower density with extensity 

lower deposited composite layers takes place in the instance of 0° oriented lattice-structured OnyxTM 

composites. It can be inferred that, as the number of composite layer deposition increases, the self-

weight of the lattice-structured composite increases due to the downward gravitational pull significantly 

resulting in higher density responses. 

In Figure 9 (d), the experimental densities of the lattice-structured OnyxTM composites fabricated at 

different infill patterns, including triangle, hexagon, and rectilinear are depicted. The lattice-structured 

OnyxTM composites printed with a rectilinear infill pattern developed a higher density of 0.002 g/mm3 

whereas the composites printed with triangle and hexagon infill pattern developed lower densities of 

0.0014 g/mm3 and 0.0009 g/mm3. The rectilinear infill pattern deposits the infill lines consecutively in 

a lateral direction without developing any inner porosities whereas the hexagon and triangle infill 

patterns deposits the infill lines in the respective pattern consecutively leading to the development of 

inner porosities. Moreover, the inner porosities developed by hexagon pattern are higher than the 

triangular porosities due to its respectively morphological area. Therefore, it can be inferred that as the 

inner porosities increases, the densities developed by the respective lattice-structured composites 

decreases.  

Figure 9 (e) illustrates the changes in density of the lattice-structured OnyxTM composites that were 

fabricated with different levels of walls, namely one, two, and three. A higher density of 0.0022 g/mm3 

is observed in the case of lattice-structured composite fabricated with 3 walls. This is due to that fact 

that, as the number of circumferential walls increases, the lateral shelling in the composite increases 

which significantly results in increased mass, volume and density of the respective composite. The vice-

versa takes place in the lattice-structured composites printed with 1 and 2 walls. 

From the observations, it can be concluded that the highest density is observed at a 0.1 mm layer height, 

a 50 % infill density, a 90° build orientation, a rectilinear infill pattern, and a wall count of 3. On the 

other hand, the lower density is observed at a 0.3 mm layer height, a 30 % infill density, a 0° build 

orientation, a hexagon infill pattern, and a wall count of 1.  

3.3. Effect of MEX factors on the diameter deviation of lattice-structured OnyxTM composites 

The influence of various MEX factors like layer height, infill density, build orientation, infill pattern, 

and number of walls on the diameter deviation of lattice-structured OnyxTM composites is illustrated in 

Figure 10 respectively. 



Figure 10 (a) portrays the variation in diameter of the lattice-designed OnyxTM composites fabricated 

using different layer heights, specifically 0.1 mm, 0.2 mm, and 0.3 mm. From the Figure 10 (a), it can 

be concluded that the lattice-structured composites printed at 0.1 mm layer height resulted the least 

diameter deviation of 0.116 mm when compared to the other composites fabricated at higher layer 

heights of 0.2 mm (0.328 mm) and 0.3 mm (0.415 mm). At a lower height of 0.1 mm, the splattering of 

the composite material takes place at a lower rate when the successive composite layer gets deposited. 

On the contrary, the composites fabricated with higher layer heights like 0.2 mm and 0.3 mm underwent 

splattering of the composite material at a higher rate during successive deposition of the composite 

layers which significantly resulted in higher diameter deviation. Chaidas et al. reported a similar 

inference in the instance of PLA and wood flour reinforced PLA components that increases in the layer 

height from 0.1 to 0.3 tends to reduces the dimensional accuracy in both the X and Y printing direction 

[44]. 

 

Figure 10 Effect of (a) Layer height, (b) Infill density, (c) Build orientation, (d) Infill pattern, (e) 

Number of walls on the diameter deviation of lattice-structured OnyxTM composites 



In Figure 10 (b), the deviation in diameter of the lattice-structured OnyxTM composites is illustrated, 

showcasing the variations across different infill densities, specifically 30%, 40%, and 50%. From Figure 

10 (b), it can be seen that the lattice-structured OnyxTM composites printed with higher infill density of 

50 % develop the least diameter deviation of 0.162 mm. At higher infill density of 50 %, the infill 

printing lines are consecutively deposited with certain line spacing and moreover, the infill printing 

lines are also printed along the contours of the geometric profile. Whereas in the case of lower infill 

densities like 30 % and 40 %, the infill printing lines are not conformed to the geometric profile leading 

to the development of irregularities along the lateral surface of the printed lattice-structured OnyxTM 

composite which indirectly develops higher diameter deviation. Qattawi et al. reported a similar 

observation in the case of PLA parts, that increases in the infill density from 20 to 100% observes higher 

thickness deviation due to minimal infill density of 20% result in less shrinkage which explains the 

improved accuracy [45]. 

Figure 10 (c) portrays the deviation in diameter of the lattice-structured OnyxTM composites fabricated 

with different build orientations, including 0º, 45º, and 90º. From Figure 10 (c), it is apparent that the 

lattice-structured OnyxTM composite printed in the 90º orientation resulted in the least diameter 

deviation of 0.125 mm. When the lattice-structured composite is printed along 90º orientation, the 

consecutive composite layers get deposited in the vertical manner with slighter diametral deviation due 

to lower level of composite material splattering. On the other hand, in the case of composites printed 

along 45º and 0º orientation, the composite layers are deposited along inclined and horizontal manner 

respectively. During the course of depositing composite material in an inclined manner, the composite 

material tends to accumulate at the contours of geometric profile leading to higher diameter deviation 

than the 90º oriented lattice-structured OnyxTM composites. Finally, in the case of depositing 

consecutive composite material in the horizontal orientation, the composite material begins to droop 

and sag which in turn leads to the development of irregularities in the lateral surface of the fabricated 

composite [46].  

In Figure 10 (d), the variation in diameter of the lattice-structured OnyxTM composites is depicted, 

considering different infill patterns, namely triangle, hexagon, and rectilinear. From Figure 10 (d), it is 

observed that the lattice-structured component fabricated with a rectilinear infill pattern develop the 

least diameter deviation of 0.109 mm. The rectilinear infill pattern fills the geometric profile with 

consecutive infill lines with negligible infill line spacing resulting in lower diameter deviation. On the 

other hand, in the instance of composites printed with triangle infill pattern, the infill printing lines are 

conformed to the given geometric profile with a triangular morphology having sharp vertices and 

moreover, these sharp vertices result in the development of diameter deviations (0.491 mm) higher than 

the rectilinear infill patterned composites. Finally, in the case of composites printed with hexagon infill 

pattern, the infill printing lines are developed in a hexagon morphology with flat edges leading to a 

lesser diameter deviation (0.227 mm) than the triangle infill patterned composites. A similar remark 

was made by Qattawi et al. in the case of PLA components observes higher diameter deviation was 



observed using the triangle infill pattern and rectilinear observes lesser deviation on the 3D printed PLA 

polymeric material [45].   

Figure 10 (e) illustrates the deviation in diameter of the lattice-structured OnyxTM composites fabricated 

with different wall configurations, specifically one, two, and three walls. From Figure 10 (e), it can be 

inferred that the lattice-structured OnyxTM composite fabricated with 3 walls develop the least diameter 

deviation of 0.178 mm. When the lattice-structured OnyxTM composites are printed with 3 walls, the 

thickened lateral walls increase the surface finish and quality of the lattice-structured OnyxTM 

composite. On the other hand, as the number of walls decreases, the irregularities in the lateral surface 

of the lattice-structured composite increases significantly resulting in higher degree of diameter 

deviations. As a result, the diameter deviation of the lattice-structured OnyxTM composite with higher 

number of walls results in a lower range. Jayashuriya et al. reported a parallel observation in the case 

of ABS parts that increases in the number of shells has a direct impact on the diametrical accuracy and 

the results show that, the three shells possess better diameter accuracy compared to single shell added 

ABS composites [47]. 

From the observations, it can be concluded that lower diameter deviation is observed at a 0.1 mm layer 

height, a 50 % infill density, a 90° build orientation, a rectilinear infill pattern, and a wall count of 3. 

3.4. Effect of MEX factors on the structural area deviation of integrated triangular lattice 

structures 

The influence of various MEX factors like layer height, infill density, build orientation, infill pattern, 

and number of walls on the structural area deviation of lattice-structured OnyxTM composites is 

illustrated in Figure 11 respectively. 

In Figure 11 (a), the variation in structural area of the integrated triangular lattice structures is shown, 

which were fabricated with different layer heights: 0.1 mm, 0.2 mm, and 0.3 mm. At higher layer height 

of 0.3 mm, a maximum structural area deviation of 0.432 mm2 is observed. This respective higher 

structural area deviation arises due to the splattering of the thickened composites during the successive 

layering of composite material. As the magnitude of layer height decreases like 0.2 mm (0.225 mm2) 

and 0.1 mm (0.114 mm2), the probability of structural area deviation decreases significantly [45].  



 

Figure 11. Effect of (a) Layer height, (b) Infill density, (c) Build orientation, (d) Infill pattern, (e) 

Number of walls on the structural area deviation of integrated triangular lattice structures 

Figure 11 (b) illustrates the deviation in structural area of the integrated lattice structures fabricated 

using different infill densities: 30%, 40%, and 50%. The lower structural area deviation of 0.178 mm2 

is observed in the instance of lattice-structured composites printed with a higher infill density of 50 %. 

At higher infill density, the line spacing between consecutive infill lines is negligible and results in the 

consecutive infill line deposition within the given lattice-structured topology with lower deviations. On 

the contrary, as the infill density decreases like 40 % and 30 %, the inline spacing between infill lines 

increases drastically resulting in higher deviations in the developed lattice topology. A parallel inference 

was made by Vidakis et al. in the case of ABS components. The results infer that, increases in the infill 



density from 80 to 100% exploits decreasing trend in the dimensional accuracy of the printed 

components [46]. 

In Figure 11 (c), the deviation in structural area of the integrated lattice structures is represented, 

considering different build orientations: 0º, 45º, and 90º. A lower structural area deviation of 0.117 mm2 

is observed in the instance of composites printed in the 90º orientation. In the instance of 90º oriented 

lattice-structured composites, the lattice-structured topology gets deposited in a sequential vertical 

manner with lower structural area deviation. In the instance of 0º and 45º oriented lattice-structured 

composites, the support structures get developed within the lattice topology. Moreover, the build 

orientation of 0º and 45º results in the deposition of the composite layers in horizontal and inclined 

orientation which evidently results in drooping and sagging of the composite material within the lattice 

pores. As a result, a higher structural area deviation of 0.421 mm2 and 0.279 mm2 is observed in the 

instance of lattice-structured composites printed along 0º and 45º build orientation [44].  

Figure 11 (d) showcases the deviation in structural area of the integrated lattice structures, which were 

fabricated using different infill patterns: triangle, hexagon, and rectilinear. The rectilinear infill pattern 

resulted the least structural area deviation of 0.122 mm2 when compared to other infill patterns like 

hexagon and triangle. The rectilinear infill pattern is able to easily accommodate within the given 

lattice-structured topology by placing the infill lines consecutively in a rectilinear toolpath. On the other 

hand, the hexagon and triangle infill pattern resulted a structural area deviation of 0.242 mm2 and 0.371 

mm2. The accommodation of the hexagon and triangle infill patterns within the given smaller walls of 

the lattice-structured topology seems to be ineffective and develops higher degree of structural 

deviations. A comparable inference was made by Qattawi et al. in the instance of PLA components 

[45]. There is a lowest structural area error was observed on the rectilinear infill pattern while the 

triangular infill pattern produces the highest structural area error. 

In Figure 11 (e), the deviation in structural area of the integrated lattice structures is illustrated, taking 

into account of different wall configurations such as one, two, and three walls. The variation in the 

number of walls established a significant impact on the structural area deviation of the lattice structures 

present in the lateral contour of the composite. The lower and higher structural area deviation of 0.193 

mm2 and 0.367 mm2 is observed when the lattice-structured composites are printed with three and single 

walls. As the number of walls decreases, the lattice-structured OnyxTM composites are printed with 

thinner wall topology which significantly accounts for higher lateral irregularities and structural area 

deviation for triangular lattice structures present in the lateral contours of the composite. Moreover, it 

is observed that the variation in the number of walls established a significant impact on the structural 

area deviation of the triangular lattice structures present in the lateral contours of the composite. 

Jayashuriya et al. reported similar observation on the geometrical properties of the ABS parts with 

hollow cylinders, square prisms, solid cylinders, triangular prisms, and fat plates profiles. The results 

are in line with the observed results that three walls at the boundary’s exploits better dimensional 

accuracy [47].  



From the observations, it can be concluded that lower structural area deviation is observed at a 0.1 mm 

layer height, a 50 % infill density, a 90° build orientation, a rectilinear infill pattern, and a wall count 

of 3. 

3.5.  Effect of MEX factors on the fractography modes of lattice-structured OnyxTM composites 

The influence of various MEX factors like layer height, infill density, build orientation, infill pattern, 

and number of walls on the fractography modes of lattice-structured OnyxTM composites is illustrated 

in Figure 12 respectively. 

Figure 12 (a) illustrates the different fractography modes observed in the lattice-structured OnyxTM 

composites fabricated with different layer heights: 0.1 mm, 0.2 mm, and 0.3 mm. The lattice-structured 

OnyxTM composites with 0.1 mm layer height undergoes delayed crack propagation and buckling 

fracture when compared to the composites with 0.2 mm and 0.3 mm layer heights. In addition, the 

composites with 0.2 mm and 0.3 mm layer height, the separation of composite layers takes place under 

the instance of compressive loading. Moreover, the composites with 0.3 mm layer height underwent 

higher degree of layer separation. 

 

 Figure 12. Effect of (a) Layer height, (b) Infill density, (c) Build orientation, (d) Infill pattern, 

(e) Number of walls on the fractography modes of lattice-structured OnyxTM composites 

Additionally, Figure 12 (b) portrays the various fractography modes observed in the lattice-structured 

OnyxTM composites created with different infill densities: 30%, 40%, and 50%. The lattice-structured 

OnyxTM composites with lower infill densities like 30 % and 40 % results in the mid-way breakage of 

the composites. On the other hand, the lattice-structured OnyxTM composites with higher infill density 

of 50 % underwent delayed crack propagation and buckling fracture. 

On the other hand, in Figure 12 (c), the different fractography modes observed in the lattice-structured 

OnyxTM composites are shown for varying build orientations: 0º, 45º, and 90º. Under the compressive 



loading conditions, the 0º oriented lattice-structured composites results in the delamination of the 

composite layers at the initial loading stage. On the other hand, in the case of 45º oriented lattice-

structured OnyxTM composites, the sliding of the composite layers takes place at a higher rate. Finally, 

in the instance of 90º oriented lattice-structured OnyxTM composites, the progressive tapping of the 

composites takes place in a step-by-step manner resulting in a higher energy absorption.  

Moreover, Figure 12 (d) illustrates the distinct fractography modes observed in the lattice-structured 

OnyxTM composites created with different infill patterns such as triangle, hexagon, and rectilinear. The 

rectilinear infill pattern composites result in buckling fracture whereas the lattice-structured composites 

printed with triangle and hexagon infill pattern results in delamination and tilted fractures respectively.  

Finally, Figure 12 (e) showcases the varied fractography modes observed in the lattice-structured 

OnyxTM composites fabricated with different wall configurations: one, two, and three walls. The lattice-

structured OnyxTM composites printed with lesser walls undergoes lateral delamination. On the other 

hand, as the number of walls increases like 2 and 3, the respective composites undergo buckling at a 

lower rate. Moreover, as the wall count increases, the degree of delamination fracture decreases. From 

Figure 13 (e), it is evident that the lattice-structured OnyxTM composite with 3 walls underwent buckling 

phenomenon at a slower rate when compared to other lattice-structured OnyxTM composites.  

3.6.  Comparison of optimal combination with standard OnyxTM composite 

The optimal combination of MEX factors is employed for the fabrication of both solid and triangle 

lattice-structured OnyxTM composites. Figure 13 depicts the compressive stress-strain curves of the solid 

and lattice-structured OnyxTM composites. 

 

Figure 13 Stress-strain curves of solid and structured OnyxTM composites  



From Figure 13, it is clear that the lattice-structured OnyxTM composite fabricated at the optimized levels 

of MEX factors resulted in a compressive strength of 36.95 MPa. In addition, it is evident that the 

lattice-structured OnyxTM composite undergoes step-by-step mode of fracture which effectively results 

in higher strain percentage. Moreover, the structured composite results in the distribution of 

compressive loads within the lattice topologies in a progressive manner. On the other hand, the solid 

OnyxTM composites developed a compressive strength of 197 MPa and a similar observation was made 

by Fisher et al. in the instance of OnyxTM compression composites [48].  

3.7. Applications of honeycomb lattice-structured OnyxTM composites  

The evolution of portable camera bracket design has brought about significant improvements, catering 

to the needs of photographers and videographers who require stability, versatility, and ease of use. 

Advancements in technology and materials have resulted in innovative designs that enhance the overall 

shooting experience and expand the creative possibilities for capturing steady and professional-quality 

images and videos.  

One notable advancement in portable camera bracket design is the development of lightweight yet 

durable materials. Traditional camera brackets were often bulky and heavy, limiting their portability 

and convenience. However, modern camera brackets now incorporate materials such as carbon fiber 

reinforced polymers and aluminium alloys, which offer exceptional strength-to-weight ratios. These 

lightweight materials allow for easier transportation and extended shooting sessions without causing 

excessive fatigue.  

In recent years, the composite OnyxTM material has developed a broad array of applications in the field 

of portable camera brackets, sensor brackets, housing components, etc. With the advantages of AM 

techniques, the unique customization of components like camera brackets are possible with ease. The 

current study pays a way for developing OnyxTM lattice-structured light-weighing camera brackets for 

portable cameras like GoPro. 

 

Figure 14. Development of lattice-structured light weighing OnyxTM camera bracket 



The designing of lattice-structured light-weighing camera brackets involve various designing stages and 

they are as follows. Initially, the design of the camera bracket is achieved using the nTopology software 

(Make: New York, USA). And then, the respective loads and constraints are applied to the designed 

camera bracket for proceeding with the topology optimization. Meanwhile, the initially designed 

camera bracket is latticed with the triangular honeycomb unit cell of 3 mm * 3mm * 3mm and a 

thickness of 1 mm. Finally, the topologically optimized and lattice-structured camera bracket are 

combined for developing the light-weighing and load-bearing camera brackets. The resulting 

generatively designed camera bracket is fabricated using the OnyxTM composite material and employed 

for potable cameras. Moreover, the generatively designed camera bracket is 23% efficient is reducing 

the weight of camera bracket when compared to the initially designed camera bracket. The solid and 

generatively designed camera brackets are simulated under a constant set of boundary conditions for 

evaluating the respective stress responses. It is found that, the generatively designed camera bracket is 

15% efficient in terms of mechanical strength when compared to the solid camera bracket. Moreover, 

the generatively designed camera bracket is printed at a layer height of 0.1 mm, 50 % infill density, 90° 

build orientation, rectilinear infill pattern, and 3 wall counts. Figure 14 depicts the complete workflow 

of the generatively designed lattice-structured light weighing OnyxTM camera bracket. 

4. Conclusions 

In this work, novel triangular shaped honeycomb lattice structure is incorporated on the Carbon-fiber 

reinforced Nylon composite (OnyxTM) and evaluating the impact of MEX factors like layer height, infill 

density, build orientation, infill pattern, and number of walls on the resulting mechanical and physical 

characteristics. From the experimental results following conclusion were drawn,  

1. The OnyxTM composite is successfully incorporated with triangular honeycomb lattice structure and 

the mechanical, physical properties are experimentally correlated with the various selected process 

parameters.  

2. The optimal combination for obtaining the maximum compressive strength is a 0.1 mm layer height, 

a 50 % infill density; a 90° build orientation, a rectilinear infill pattern, and a wall count of 3 numbers.  

3. The optimal combination for attaining lower density is observed at a 0.3 mm layer height, a 30 % 

infill density, a 0° build orientation, a hexagon infill pattern, and a wall count of 1. 

4. The lowest diameter and structural area deviation is observed at a 0.1 mm layer height, a 50 % infill 

density, a 90° build orientation, a rectilinear infill pattern, and a wall count of 3. 

5. In the instance of lattice-structured OnyxTM developed at 90º build orientation, the progressive 

tapping of the composites takes place in a step-by-step manner resulting in higher energy absorption 

6. The topologically optimized and lattice-structured camera brackets are combined for developing the 

light-weighing and load-bearing camera brackets exhibiting a higher efficiency of 23% and 15% in 

terms of weight reduction and mechanical strength than the initially designed solid camera bracket. 
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