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Abstract— Generally, honeycomb structure shows good resistance for compression and shear. The compression strength of 

the honeycomb structure can be analysed by performing the compression strength on universal testing machine under different 

loading conditions. The honeycomb structure prepared by using 3D printing technique and using polylactic acid (PLA) material 

can be tested under the different loading conditions using INSTRON testing machine which results in all mechanical properties. 

The honeycomb structure has used in Manufacturing, Industrial, Aeronautical and other applications. In this paper, we 

presented a procedure for 3D printing of a honey comb structure used for various applications. A comparison was made on the 

test results of compression strength and impact strength with the 3D printed and injection molded structures. The 

characteristics of mechanical properties with the varying infill percentage of material were described through experimentation. 

The micro-structural changes are predominant during the load bearing conditions, so SEM analysis was performed to know the 

surface characteristics. 
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I. INTRODUCTION 
 
Honeycomb structures, inspired from bee honeycombs, had found widespread applications in various fields, 

including architecture, transportation, mechanical engineering, chemical engineering, nanofabrication and, recently, 

biomedicine. A major challenge in this field is to understand the unique properties of honeycomb structures, which 

depended on their structures, scales and the materials used. Honeycomb structures are natural or man-made 

structures that have the geometry of a honeycomb to allow the minimization of the amount of used material to reach 

minimal weight and minimal material cost. The geometry of honeycomb structures can vary widely but the common 

feature of all such structures is an array of hollow cells formed between thin vertical walls. The cells are 

often columnar and hexagonal in shape [6]. A honeycomb shaped structure provides a material with minimal density 

and relative high outline compression properties and out-of-plane shear properties. Fig.1 portrays the shape of honey 

comb structure. 

 

 

 
 

 

 
 

 

 
 

 

 
 

Fig. 1 Structure of Honeycomb 

 

Man-made honeycomb structural materials are commonly made by layering a honeycomb material between two 

thin layers that provide strength in tension. This forms a plate-like assembly. Honeycomb materials are widely used 

where flat or slightly curved surfaces are needed and their high Specific strength is valuable. They are widely used 

in the aerospace industry for this reason, and honeycomb materials in aluminium, fibreglass and advanced 

composite materials have been featured in aircraft and rockets since the 1950s. They can also be found in many 

other fields, from packaging materials in the form of paper-based honeycomb cardboard, to sporting goods like skis 

and snowboards. 

 

The key benefits of using honeycomb composites are exceptional strength to weight ratio, corrosion resistance, 

high toughness, fire and fungus resistant, high temperature performance, does not absorb moisture, easily 
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machinable and formable, provides cost-effective benefits like energy savings. Aluminium honeycomb provides 

maximum stiffness with one of the highest strength to weight ratios of any structural core material in the market. 

 

II. LITERATURE SURVEY 
 
Honeycomb structures have significant advantages in load-bearing and energy absorption. In recent years, some 

researchers have been carried out on the in-plane mechanical properties of honeycombs with variable-thickness cell 

edges, but the out-of-plane compressive properties of this type of honeycombs have not been well studied [7] [8]. 

 

Natural honeycomb structures include beehives, honeycomb weathering in rocks, tripe, and bone. Man-made 

honeycomb structures include sandwich-structured composites with honeycomb cores. Man-made honeycomb 

structures are manufactured by using a variety of different materials, depending on the intended application and 

required characteristics, from paper or thermoplastics, used for low strength and stiffness for low load applications, 

to high strength and stiffness for high performance applications, from aluminium or fibre reinforced plastics [11]. 

   

Recently, significant efforts have been spent on establishing physically-fabricated prototypes and manufactured 

objects using 3D printing like animatronic mold [2]. Similarly, density based topology optimization was performed 

using length scale and manufacturability [1]. Such fabrication techniques introduced various printability assessment 

criteria like local thickness, material deposition and other parameters [10]. 

 

Researchers have also addressed multi-material 3D printing as well as inner material distribution optimization. 

The stress-strain relationship in a finite-element model to fabricate multi-material objects with inhomogeneous 

behavior along with the strain rate effect on the out-of-plane dynamic compressive behavior of metallic honeycombs 

was also studied [13][14]. 

 

Structure synthesis and scaffolding, have been extensively explored in tissue engineering and computer-aided 

design and the iso-porous model is suitable for additive manufacturing [5], which generalizes the nature-inspired 

porous scaffolding approach for the purpose of 3D object hollowing optimization. 

 

The idea of cost-effective 3D printing by reducing the used material has been recently introduced [12]. In their 

work, the solid interior of an object is replaced by truss scaffoldings. Their structure synthesis is optimized 

iteratively to reduce the truss structure while accounting for several physical and geometrical constraints. In contrast, 

our method is based on a global optimization of the strength-to-weight ratio. 

 

Reducing the object’s interior material is an important property for reducing 3D printing costs and durance. 

Nevertheless, it should be tightly coupled with strength characteristics of the object to guarantee the physical object 

durability. Also structural problems were found in objects by solving a constrained optimization problem by 

incorporating structure stress as a function of the local hollowing in the optimization process [9]. 

 

Characteristic Analysis on Transverse Comb Structure Using PSpice provided a detailed analysis on the various 

parameters under study during the process of additive manufacturing [3] and also a reducer tuner model was 

developed to translate the specifications to 3 D prints [4]. 

 

In combination with two skins applied on the honeycomb, the structure offers a sandwich panel with excellent 

rigidity at minimal weight. The behaviour of the honeycomb structures is orthotropic, meaning the panels react 

differently depending on the orientation of the structure. It is therefore necessary to distinguish between the 

directions of symmetry, the so-called L and W-direction. The L-direction is the strongest and the stiffest direction. 

The weakest direction is at 60° from the L-direction (in the case of a regular hexagon) and the most compliant 

direction is the W-direction. Another important property of honeycomb sandwich core is its compression strength. 

Due to the efficient hexagonal configuration, where walls support each other, compression strength of honeycomb 

cores is typically higher (at same weight) compared to other sandwich core structures such as, for instance, foam 

cores or corrugated cores. 

 

The intra specific variability of the nest structure is described quantitatively. Several variables already used in the 

literature. Additive manufacturing processes fabricate parts by creating successive cross-sectional layers of an object. 

Some of the mechanical characteristics are considered for study to compare the honey comb structured 

manufactured using 3D printer and injection mold. 
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III. METHODOLOGY 
 
The main problem facing in using the honeycomb structure of PLA material is its compression strength is not 

uniformly distributed along its surface and the wear rate is not up to the required level to use in the different 

applications, so we focused on the improvement of these mechanical properties and other parameters which are 

affecting the honeycomb structure strength.  

 

In general, honeycomb structure shows good resistance for compression and shear. The compression strength of 

the honeycomb structure can be analysed by performing the compression strength on universal testing machine 

under different loading conditions. The honeycomb structure prepared by using 3D printing technique and using 

polylactic acid material can be tested under the different loading conditions. 

 

A. 3D Printer Specifications 

Recent years have shown a growing interest in 3D printing technologies, capable of generating tangible solid 

objects from their digital representation. In practice, 3D printers are a powerful yet affordable commercial solution 

to popularize the self-prototyping of custom-designed physical objects. Due to its importance there is a need to 

address the specific problems that may arise. First it is most important to validate the data regarding its 

withstandability for the mechanical characteristics. 

 

The honey comb structure for the analysis was build using the 3D printer depicted in Fig.2. The 

specifications of the 3D printer are represented in Table I. 

 

 
Fig. 2 3D Printing Machine 

TABLE I 

SPECIFICATIONS OF 3D PRINTING MACHINE 
Technology Fused Deposition Modelling 

Build Volume 140 x 140 x 140 mm 

Layer resolution 100 – 500 microns 

Extruders Single 

Filament Diameter 1.75 mm 

Supported material PLA/PVA 

Nozzle diameter 0.4 mm 

Power requirement 115-230V, 50-60 Hz, 150 W 

 
B.  Layer height 

3D printers make their parts by putting down thin layers of plastic to build the part by sheets. Layer height is 

the simplest way to control the cost of a part and its surface finish. A thinner layer will give a smoother result, but 

takes longer. Most commercial plastic 3D printers vary in capability between 0.1 mm and 0.3 mm thick layers of 

which we are capable although a print with a layer height of only 0.05mm has been achieved. By standard we print 

at 0.25 mm height. 

C.  Percentage Infill  and wall thickness 

 3D printers draw shapes by first drawing the outline as a ‘wall’ and then filling in the ‘floor’ with a solid 

sheet of plastic. After this, fill in the inside of the part with a honeycomb mesh. This allows the process to be very 

fast and holds the shape well. The higher the infill, the stronger the part. Walls are typically required to be a 

minimum of 1.6 mm thick. 

D. Tolerance and Minimum Size 
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 3D printers have a standard nozzle diameter of 0.4 mm which is common among all 3D printers. This means 

that each and every line of plastic drawn out to create an outline is 0.4 mm thick. For ultra-fine detail of surfaces, 

this represents our absolute minimum feature size. The tolerance is a factor of the plastic cooling and expanding 

slightly along the walls of parts, resulting in solid sections tending towards the +0.2mm tolerance while holes tend 

towards the -0.2mm tolerance.  

E.  Build Model: 

The model of honeycomb structure was build in the SOLIDWORKS and the same was given as input to the 3D 

printer. 

F.  Input PLA Material  

 Polylactic acid (PLA) is the most common bio plastic in use today. First, corn or other raw materials are 

fermented to produce lactic acid, which is then polymerized to make polylactic acid (PLA). The PLA material in the 

form of wire was fed into the 3D printer. 

G. Setting the Operating Conditions 

After the digital file was given as input and the PLA material was fed into the 3D printer, the operating 

conditions was pre set, regarding the % infill, temperature and the type of infill. 

H.  Print 

The desired structure was made to print by given the digital file in the form of STL format. The printed honeycomb 

structure was depicted in Fig.3 using PLA material. Various tests were performed to compare it with the injection 

molded structure. 

 

 

 

 

 

 
                   

 

 
 

 

 

 

 

 

 

Fig. 3. Build model of Honeycomb structure 

 

 

IV. RESULTS AND DISCUSSIONS 
A. Compression Test 

The Instron machine is a commercial testing machine which is widely used in industry for characterising 

materials. The material is simply supported on rollers and a load cell applies a force to its centre. A continuous force 

is applied until the material fails under the load.  

 

Compression test provides data on the integrity and safety of materials, components and products, helping 

manufacturers ensure that their finished products are fit-for-purpose and manufactured to the highest quality. The 

data produced in a compression test can be used to determine batch quality, to determine consistency in 

manufacture, to aid in the design process and also to reduce material costs and achieve lean manufacturing goals. 

 

The data was collected regarding the compression strength in MPa, Impact strength in MPa, Surface roughness 

value in microns considering the centre line average for the roughness and corrosion rate by varying percentage in 

fill. The objective is to find the optimum infill because the more will be the infill material, the more will be the cost 

of the product and the strength also vary.  

 

Specimen dimensions: 

• Length=12.5 mm 

• Width=15 mm 

• Height=25 mm 
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The values pertaing to the % infill vs various mechanical parameters was repreneted in the Table II. The graphs 

were plotted for the obtained values.  

 
TABLE III 

MECHANICAL CHARACTERISTICS WITH VARYING PERCENTAGE INFILL 

% Infill 
Compression Strength 

(MPa) 

Impact Strength 

(MPa) 

10 5032 5232 

15 5481 5636 

20 6096 6082 

25 6457 7198 

30 6832 8356 

35 7082 9232 

40 6984 9011 

45 6823 8926 

50 6654 8640 

 

 

 

The graph relating to percentage infill vs compressive strength was shown in Fig.4. 

 
Fig. 4  % Infill vs Compressive Strength 

 
From the Fig.4, it was evident that compression strength initially increases by increasing % infill until it reaches a 

maximum value and then decreases gradually. At 10% infill, the compressive strength was found to be 5032 MPa, it 

reaches a value of 7082 MPa at 35% infill and reduces to 6654 MPa at 50% infill.The optimum infill value is 35% 

for a maximum compressive strength of 7082 MPa. The compression strength test performed on the same 

honeycomb strucutre fabricated by injection moulding yield a less value of 6032 MPa. Hence a 3D printed structure 

has more compressive strength. 

 

B. Impact Test                                                   

The specimen is clamped into the pendulum impact test fixture with the notched side facing the striking 

edge of the pendulum. The pendulum is released and allowed to strike through the specimen. If breakage does not 

occur, a heavier hammer is used until failure occurs. Since many materials (especially thermoplastics) exhibit lower 

impact strength at reduced temperatures, it is sometimes appropriate to test materials at temperatures that simulate 

the intended end use environment.  

 

Specimen Dimensions: 

• Length=23 mm 

• Thickness=8 mm 

• Notch dimensions=2 mm x 2 mm 

The values pertaining to % infill vs impact strength was mentioned in Table II. The graph relating to percentage 

infill vs impact strength was shown in Fig.5. 
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Fig. 5 % Infill vs Impact Strength 

 
From the Fig.5, it was evident that impact strength initially increases by increasing % infill until it reaches a 

maximum value and then decreases gradually. At 10% infill, the impact strength was found to be 5232 MPa, it 

reaches a value of 9232 MPa at 35% infill and reduces to 8640 MPa at 50% infill. The optimum infill value is 35% 

for a maximum impact strength of 9232 MPa. The impact strength test performed on the same honeycomb strucutre 

fabricated by injection moulding yield a less value of 8242 MPa. Hence a 3D printed structure has more impact 

strength. 

 

 

C. SEM Analysis 

SEM analysis was made to examine the fracture surface of honeycomb structure made of PLA material, to 

measure the surface roughness and corrosion rate. Fracture Surface of PLA at magnification of 34X and 50X was 

represented in Fig.6 and roughness measurment and fracture surface at magnification of 100X and 150X was 

represneted in Fig. 7. The surface roughness and corrosion rate values were presented in Table III obtained with 

different infill values. 
 

TABLE IIIII 

SURFACE ROUGHNESS AND CORROSION RATE WITH VARYING PERCENTAGE INFILL 

% Infill 
Roughness CLA 

(microns) 

Corrosion Rate 

(mm/year) 

10 0.034 0.030 

15 0.029 0.028 

20 0.026 0.025 

25 0.023 0.023 

30 0.019 0.020 

35 0.014 0.019 

40 0.017 0.021 

45 0.019 0.023 

50 0.022 0.024 

 

  

Fig. 6 Fracture Surface of PLA at Magnification of 34X and50X (SEM) 
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Fig. 7 Roughness measurment and fracture surface at magnification of 100X and 150X (SEM) 

 

 
The graph was plotted between surface roughness (centre line average) in microns and % infill as shown in Fig.8. 

 
Fig. 8 % Infill vs Surface Roughness 

 
From the Fig.8, it is evident that surface roughness initially decreases by increasing % infill until it reaches a 

minimum value and then increases gradually. At 10% infill, the surface roughness was found to be 0.034 microns, it 

reaches a value of             0.014 microns at 35% infill and increases  to 0.022 microns at 50% infill.The optimum 

infill value is 35% where a better surface finish can be obtained with a surface roughness value of 0.014 microns. 

 

Also a graph was plotted between corrosion rate and % infill and is shown in Fig.9. 

 

 
Fig. 9 % Infill vs Corrosion Rate 
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From the Fig.9, it is evident that optimum corrosion rate was also at an infill value of 35%.                                                                                                         

 

V. CONCLUSIONS 
 

From the results obtained for 3D printed honeycomb the following conclusions and perspectives can be formulated: 

• The model is as good as it represents the actual printed structure. It was shown that model-based design of the 

texture will highly depend on the level of correspondence between the printed and design structure. Also the model 

was compared with the injection molded model. 

• The optimum infill value is 35% for all the mechanical properties like compressive strength, impact strength, surface 

roughness and corrosion rate. 

• The mechanical properties of the matrix material were obtained by testing the 3D printed and the injection molded 

structures. The injected molded honeycomb structure using PLA material has a compressive strength of 6032 MPa 

whereas for the 3D printed structure of same material is of 7082 MPa at 35% infill i.e. 3D printed structure is giving 

1.74 times better compressive strength than the injection molded structure. 

• Similarly, Impact strength of injection molded structure and the 3D printed structure are 8242 MPa and 9232 MPa 

respectively at 35% infill. The 3D printed structure is giving 1.20 times better impact strength than the injection 

molded structure. 

• 35% infill honeycomb structure is the better applicable one in any sort of conditions than the other structures which 

will lead to optimum cost for high compression and impact strength and better surface finish. 

 

There are several remaining challenges raised from our work: 

• Analysis can be done on the material flow rate and speed of material deposition on to the base at point of 

injection from the nozzle. 

• The variation of the layer thickness and the tolerance zone adjustment can be further analysed. 

 

ACKNOWLEDGMENT 
 

Authors wishes to acknowledge Dr.K.C.Varaprasad, Professor and Head, Department of Mechanical 

Engineering, Sree Vidyanikethan Engineering College, Tirupati, Andhra Pradesh for providing the facilities to carry 

out the experimentation and timely guidance provided through the work. 
 

 

REFERENCES 
 

[1] B. S. Lazarov, F. Wang, and O. Sigmund, “Length scale and manufacturability in density-based topology optimization”, 

Archive of Applied Mechanics, vol. 86, no. 1, pp. 189–218, 2016. 

[2] Bickel, B., Bacher, M., Otaduy, M. A., Lee, H. R., Pfister, H., Gross, M. H., And Matusik, W.,  “Design and fabrication of 

materials with desired deformation behavior”,  ACM Trans. Graph. 29, 4, 2010 

[3] C. Kavitha, M. GaneshMadhan, “Characteristic Analysis on Transverse Comb Structure Using PSpice”, Applied 

Mechanics and Materials Vol 627 (2014) pp 202-206, 2014.   

[4] Chen, D., Levin, D. I. W., Didyk, P., Sitthi-Amorn, P., and Matusik, W.,“A reducer-tuner model for translating 

specifications to 3D prints”, ACM Trans. Graph. 32, 4, 135:1–135:10, 2013 

[5] Khoda, A., Ozbolat, I. T., and KOC, B., “Designing heterogeneous porous tissue scaffolds for additive manufacturing 

processes”, Computer-Aided Design 45, 12, 1507 – 1523, 2013 

[6] Q. Zhang, X. Yang, P. Li, G. Huang, S. Feng, C. Shen, B. Han, X. Zhang, F. Jin, F. Xu, T.J. Lu, “Bioinspired engineering 

of honeycomb structure –Using nature to inspire human innovation”, Prog. Mater. Sci. 74, pp. 332–400, 2015. 

[7] S. Xu, J.H. Beynon, D. Ruan, G. Lu, “Experimental study of the out-of-plane dynamic compression of hexagonal 

honeycombs”, Compos. Struct. 94 (8),pp. 2326–2336, 2012 

[8] Shengyu Duan, Yong Tao, Hongshuai Lei, Weibin Wen, Jun Liang, Daining Fang,  “Enhanced out-of-plane compressive 

strength and energy absorption of 3D printed square and hexagonal honeycombs with variable-thickness cell edges”, Extreme 

Mechanics Letters 18, pp 9–18, 2018. 

[9] Stava, O., Vanek, J., Benes, B., Carr, N., “Stress relief: improving structural strength of 3D printable objects”, ACM 

Trans. Graph. 31, 4 (July), 48:1–48:11, 2012. 

[10] Telea, A., and Jalba, A., “Voxel-based assessment of printability of 3D shapes”, Proceedings of the 10th international 

conference on Mathematical morphology and its applications to image and signal processing, Springer-Verlag, ISMM’11, 393–

404. 2011 

International Journal of Scientific Research and Review

Volume 7, Issue 3, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/233



[11] Vinod G. Gokhare , Dr. D. N. Raut, Dr. D. K. Shinde , “A Review paper on 3D-Printing Aspects and Various Processes 

Used in the 3D-Printing”, International Journal of Engineering Research & Technology (IJERT) Vol. 6 Issue 06,  2017 

[12] Wang, W., Wang, T. Y., Yang, Z., Liu, L., Tong, X., Tong, W., Deng, J., Chen, F., and Liu, X., “Cost-effective printing of 

3D objects with skin-frame structures”, ACM Trans. Graph. 32, 5, 2013 

[13] Y. Tao, M. Chen, H. Chen, Y. Pei, D. Fang, “Strain rate effect on the out-of plane dynamic compressive behavior of 

metallic honeycombs: Experiment and theory”, Compos. Struct. 132, pp.644–651, 2015. 

[14] Y. Tao, M. Chen, Y. Pei, D. Fang, “Strain rate effect on mechanical behavior of metallic honeycombs under out-of-plane 

dynamic compression”, Trans. ASME, J. Appl. Mech. 82 (2), 2015. 
 

 

 

 
 

 

International Journal of Scientific Research and Review

Volume 7, Issue 3, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/234


