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ABSTRACT: The paper presents results obtained through numerical simulation on the deformation, failure point, 

of polylactic acid (PLA) polymer after applying collision load. This research explored the influence density of 

samples had on energy absorption of polylactic acid, as well as the relationship between the velocity of the 

collision load and deformation. The numerical analysis by ABAQUS / Explicit 6.16.1 program for lactic acid 

polymers and the difference in velocity parameters was addressed. The absorbed energy was obtained by 

ABAQUS / Explicit 6.16.1, and its properties were evaluated to reduce the shock. The results showed that the 

PLA failure point was at the highest velocity 7.5 m/s where the absorbed energy is 98.43 J.  The impact of 

commercially available coat heights, density, and fill patterns on the PLA power dissipation properties were 

assessed. The ability to absorb shocks was strongly dependent on bulk density, in terms of reduced impact and 

energy dissipation. 
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INTRODUCTION 

The polylactic acid (PLA) is an attractive candidate for replacing petrochemical polymers because it is 

biodegradable and produced from annually renewable resources. Characterized by high tensile strength and 

excellent optical properties, PLA has been developed and made commercially available in recent years [1]. PLA 

has good mechanical properties, thermal plasticity, biocompatibility, and is readily fabricated, thus being a 

promising polymer for various end-use applications. Properties such as high tensile strength, high gloss and 

clarity, good heat seal-ability, and low coefficient of friction make PLA a suitable candidate for a wide variety of 

applications [2]. Environmental, economic, and safety challenges have provoked scientists and producers to 

partially substitute petrochemical-based polymers with environmentally friendly ones [3]. Static mechanical 

analysis and dynamic mechanical analysis are a test to examine the polymerase properties. The static mechanical 

analysis limits are performance, precision, less ability of the tool to find real problems and the slow [4]. 

Dynamic mechanical analysis (DMA) is a basic tool used to measure the viscoelastic properties of materials 

(particularly polymers), also known as forced oscillatory measurements and dynamic rheology. The DMA tool 

applies an oscillating strength to measures the material response; from such experiments, the stiffness of the 

sample and the viscosity (the tendency to flow) can be calculated. These viscoelastic properties can be related to 

time, temperature and frequency. As a result, DMA can provide information on the transmission of materials and 

characterize bulk properties that are substantial to material performance. DMA is applied to determine the glass 

transition of polymers or the response of a material to implementation and removal of a load, as a few popular 

examples. The advantage of DMA comes from its ability to imitative operating conditions of the material, which 

allows researchers to predict the material performance [5].  

Rapid prototyping (RP) is an emerging technology in the field of an additive manufacturing process where the 

addition of material results in the formulation of the final product. RP technologies are fast becoming standard 

approaches in product development and manufacturing. Various additive manufacturing systems are developed 

to get the production requirement, which gives the flexibility to choose materials ranging from metals, polymers, 

ceramics, etc. [6-7]. Rapid prototyping is the Fused Deposition Modeling (FDM) method, where materials are 

extruded out through a nozzle in molten form to fabricate the desired model. The most important advantage of RP 

is that it fabricates the physical model layer by layer directly from computer-aided design (CAD) data [8]. Additive 

manufacturing (AM) alias 3D printing translates CAD virtual 3D models into physical objects. By digital slicing 

of CAD, 3D scan, or tomography data, AM builds objects layer by layer without the need for molds or machining 

[6]. However, many researchers tried to identify the effect of parameters that governs the properties of AM 

products. Arghavan Farzad et al. (2016), found that a medium print delay of 300 ms gives a better result when 

studying the effect of layer printing delay to characterize mechanical properties.  Hossain et al. (2014) studied the 
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effect of parameters, such as raster angle, raster width, and build orientation, to give better mechanical properties 

[9].  

Generally, impact harm is not considered to be a menace in metallic structures due to the malleable nature of the 

material and the massive amount of energy that can possibly be absorbed. Moreover, the content may flow for 

massive strains at a constant average before work hardening; however, the composites can fail in a wide diversity 

of modes and contain impact damages visual by a naked eye, which severely minimizes the structural component 

durability. Due to most of the PLA composites being brittle; therefore, they cannot absorb energy, resulting in 

only inelastic deformation through mechanisms of damage, not by plastic deformation. [10].  The impact tester is 

beneficial in the determination of several important design parameters such as peak impact force, energy to 

produce incipient damage, restitution coefficients, and energy perforation threshold [11]. The modern pattern in 

predicting the properties of some polymers is the use of some software such as  ABAQUS / Explicit code. The 

polymer's density and the velocity of the impactor are important factors to determine the polymer's failure [12]. 

The traditional methods are still prevalent in measuring the properties of polymers, so modern methods are needed. 

Also, there is a lack of research using the dynamic analysis to study some properties of lactic acid. Executing 

high-density polymer models with a 3D printer, not yet tested. Also, there is not enough research on using a 

program in measuring the absorbed energy and mechanical failure in lactic acid. The aim of this work was utilising 

modern methods in measuring some of the characteristics of polymers that enter in the necessary industries, such 

as medical techniques. Using dynamic methods instead of static in measuring some of the properties of the 

polylactic acid polymer. Using a 3D printing to prepare the samples with a high density of PLA. There is a need 

to use some numerical simulation software to measure some of PLA properties. Using environmentally friendly 

materials to implement and manufacture important industrial polymers. The overall objectives of this study firstly 

were to determine the failure point of Polylactic Acid (PLA) via Numerical Simulation based on absorbed energy. 

Secondly, evaluate the effect of the different velocity of free-falling and thicknesses on Polylactic Acid  PLA on 

the energy absorbed. Finally, Evaluate the coat heights, density, and fill patterns on the PLA power dissipation 

properties. The current study will provide data about using environmentally friendly polymers in application 

industries. Also, it will provide the researchers and interested in important information about using the dynamic 

analysis to develop the polylactic acid industry. This is study will establish a new method to measure polymers 

properties. 

MATERIAL AND METHODS 

Specimen Preparation 

Three-dimensional fused deposition modeling (3D FDM) was used to prepare samples for the investigation of 

mechanical properties. 3D FDM can build a maximum size of 200 x 200 x 220 mm and a top speed of 15mm /s 

and works on the principle of "additives" by laying materials in layers. Plastic Thread or metal is provided in the 

form of wire from the coil to produce a part under the maximum operating temperature of 220 ° C. CAD models 

were created on the Solid works 2016 Modeling Program. Then, it was converted to * .stl format. The sample was 

produced by extruding small flat chains molten to form layers where the material hardens immediately after 

extrusion from the nozzle. The nozzle can be moved vertically and horizontally in digital format.  

To correctly differentiate the panels, it is necessary to evaluate the properties of the base materials. Tensile samples 

were printed according to ASTM D638 3D standard using the same materials used in all girder panels. Tensile 

tests were performed using a tensile test device with a 2 kN load cell. Three samples were used to perform single-

axis pressure tests. Young's coefficient and Poisson's ratio were calculated for 3D printed materials.  Figure 1. 

shows three PLA 3D prints under tensile load before and after the tensile operation; the microphone was controlled 

by the universal testing machine tester, Model (WDW- 50E), as shown in Figure 2.  
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Figure 1. Explain three PLA 3D prints under tensile load, before and after the tensile operation. 

 

Figure 2. Shows the universal testing machine tester. 

Numerical 

ABAQUS / Explicit 6.16.1 ABAQUS / Explicit FEM code program was used in this study, where FEA is 

standardized, before and after operations, and provides a robust and complete solution to advanced routine 

engineering problems covering a wide average of industrial applications. For example, an Automotive 

Engineering Group could fully apply vehicle payload, perform rigid multi-system static analysis, hardness 

analysis, shock/breakdown simulation, vibration calculation, and thermal coupling for nonlinear acoustic structure 

analysis using database and solution integration technology. The law of multiple damages to polymer materials 

was achieved through a sub-routine of materials determined by VUMAT. A secondary development was carried 

out using the FORTRAN language Number synthesis. 

Preparation of Numerical Mode 

The model was drawn by the ABAQUS program. The sample was drawn within the dimensions of 150 mm * 100 

mm and with a thickness of  3.5 mm. A hemisphere with a diameter of 16 mm and a weight of that sphere of 3.5 

kg was drawn. As shown in Figure 3. 
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Figure 3. shows the model used in the experiment design 

Finite element model 

The finite element model conducted by using commercial program ABAQUS/Explicit 16.9.1 with the users' 

material subroutine (VUMAT). The model consists of two parts, as shown in figure 4, including the impactor and 

polymer material. The diameter of the impactor w 16 mm. The polymer laminate is discretized with C3D8R 

elements, and the hexahedral mesh was used. The contact condition was defined between the first part (impactor) 

and the second part (polymer material) during period time 0.08 second.  

 

Figure 4. Shows Finite element model of poly-lactic acid under impact loading 

Boundary and Initial Conditions 

Figure 5 explains the Boundary conditions for the second part of the model. The edges of the two edges of the 

polymer plate are fixed by making the displacement on it (U1, U2, U3, UR1, UR2, UR3) zero. The initial condition 

of the impactor has a velocity in Z-axis (U3) in the reference point of the impactor. Then the impactor moves as 

a projectile to impactor on the surface of the polymer.  

 

Figure 5. Shows the boundary conditions of the model. 
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RESULTS AND DISCUSSION 

Before applying for the simulation program, the mechanical properties of the polymer were measured, including 

the Poisson ratio, density (g/cm3), Tensile strength (MPa), yield stress (MPa), and Elastic module (MPa). Results 

in table 1 and figure 6 showed the values of the studied mechanical characteristics.  

Table 1. Elastic and strength constants of single -polymer material 

 

Figure 6.  Shows The curve of the tensile strength (MPa) of single -polymer material 

In this work, the absorbed energy was obtained from the program. It gives the amount of energy by which to help 

us know the effect, damages, and pressures on the polymer materials; therefore, this is the number of turns until 

the part fails due to the effect of the absorbed energy.  As shown in figure 7. 

 

Figure 7. Explains the comparison of von Mises' stress and Tresca stress on 3D printed panels under the effect 

of trauma obtained through the semi-analytical solution methodology and the application of FEM in the 

ABAQU. 

Poisson ratio Density (g/cm3) Tensile strength 

(MPa) 

yield stress 

(MPa) 

Elastic module 

(MPa) 

0.36 1.26 45 8.5 1000 
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These results illustrate the different energy absorption properties of the polymer type. The samples designed in 

the program absorb more and more energy, to reach the maximum level, and then absorb less energy until failure. 

This behavior is likely due to the breakdown of a polymer by local load occurring at the same time and absorption 

of excess energy with an increased energy effect, in the final stages of the recurring effect. Results agreed with 

Ahmed et al. (2020) [13] when they studied design and construct a small, low-speed model of a subsonic wind 

tunnel under standard dimensions. The sample results show a completely different pattern of energy absorption 

(Figures 8). This energy decreases at first, then increases continuously until failure. Impact examination showed 

that dense structures undergo high condensation, and high areas of typical plasticity appear in confers. Despite 

the energy dissipation characteristics of low-density samples, they showed some comparative features of large 

patterns, and none of the samples were able to preserve a kind of structural integrity [14-15]. The failure samples 

observed in low-density patterns can be referred to as the fragile nature of the polymer. Modern studies have 

proposed that improving fracture characteristics can mostly be masterful by mixing an elongated secondary phase 

to the base matrix [16].   

 

Figure 8. kinetic energy and the total energy over time. 

Results in Table 2.showed that the energy absorbed increases with the velocity of the local load fall. Consequently, 

quicker failure or deformation in the Lactic Acid polymer is resultant from a faster fall. Findings were congruent 

with Sihama et al. (2020) who found that the high absorbed energy led to polymer deformation when they 

measured absorbed energy of Epoxy/Micro Filler Cu-Ni Composite [17]. 
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Table 2. The deformation of Polylactic Acid (PLA) polymer at a different velocity of local load. 

 

CONCLUSION 

There are two novel aspects of the current study; firstly, the numerical methods being studied through a simulation 

program; secondly, was using 100% of polymer density in the simulation program and its application, where most 

previous research used density 25% and 50% in the practical application. The absorbed energy is highly dependent 

on the density of the materials used in the sample. PLA has a high capacity of durability and failure resistance as 

the deformation occurred at the highest level of absorbed energy at high velocity, and this will be suitable for 

many applications. This research will be useful in the industry of car structure, airplane structure, and prosthetic 

limbs. The absorbed energy can meet the increasing request for passenger safety in the automotive sector as its 

use may avoid injuries in improving the negative safety compound by combining porous structures into the 

patterns. The energy cushioning characteristics of PLA samples can facilely be enhanced, and the optimum 

production standard for energy reduction and energy absorption are specific and determined based on the filling 

intensity design. A positive comparison of the charge in a positive way, as high kinetic values dissipate at low 

energy rates and thus protect the support structure. 
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