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Abstract— Interior car door panel serves as an interface 

between the interior of the car and the inner workings of the 

door, and between vehicle occupants and the door. They are 

expected to meet a variety of design specifications regarding 

safety, aesthetics, and functionality.  The objective of this study 

is to compare the current acrylonitrile butadiene styrene (ABS) 

car door panel material with polylactic acid (PLA) reinforced 

kenaf fiber bio-reinforced composite material. The objective is 

to suggest a recommendation to car manufacturers on the 

performance of bio-reinforced composites as a new material for 

the car door panel. Finite Element Analysis (FEA) was 

conducted to simulate the performance and the results were 

obtained by determining stress and deformation. The results 

show that PL It shows that PLA-kenaf composite can absorb 

higher maximum von-Mises stress (214.13 MPa) if compared to 

ABS (211.26 MPa). The PLA-kenaf composites also show lower 

maximum total deformation (12.012 mm) if compared to ABS 

(42.501 mm). From the analysis, it can be concluded that PLA-

kenaf composite has better performance than ABS, therefore 

has the potential to replace the current material used for car 

door panels. 

Keywords—product development, automotive component, car 

door panel, ABS, bio-reinforced composite, FEA 

I. BACKGROUND OF STUDY 

The door panel serves as an interface between the interior 
of the car and the inner workings of the door, and between 
vehicle occupants and the door. They are expected to meet a 
variety of design specifications regarding safety, aesthetics, 
and functionality. In general, a car door can be opened and 
closed to provide access to the opening or closing to secure 
[1]. They are typically hinged partitions or sometimes attached 
by other mechanisms like tracks as sliding doors. These doors 
can be either opened manually or powered electronically. The 
powered car doors can be usually found on minivans and 
luxury cars.  

An earlier study [2] details out there are two sides of a car 
door namely the interior side and exterior side of the door. The 
exterior side of the car door is typically exposed to the 
vehicle's exterior and colored with a decorative design 

appearance, while the interior side of the car door contributes 
to the overall functionality and ergonomics of the car ride. The 
interior side of the car door is also known as the car door panel. 
The interior car door panel is normally made up of a variety 
of materials. Those materials can be produced by vinyl and 
leather or sometimes can be made by cloth and fabric. The 
choice of the material for the car door panel is always intended 
to match the styles and materials used in the car's inner body 
equipment such as dashboard, seats, carpet, and others.   

Dissimilar to the materials used for the exterior side of the 
car door, the interior car door panel needs to consider both 
aesthetic appeal and coziness [3]. Their overall function is 
associated with the ergonomics of the ride, such as armrests, 
door lock system, window control system, various switches, 
and compartments for small items and bottles [1,3].  

A comprehensive review from previous research [4] 
reported that the safety of the car passengers can be enhanced 
by optimizing the interior car door panel's properties and 
design parameters. These design parameters include the 
elastic modulus and thickness of the interior car door panels. 
Moreover, the selection of appropriate material and thickness 
of car door panels can improve the car safety performance in 
a side collision [5].  

Previous work [6] suggested that the selection of materials 
is significant because the materials used in vehicles serve as a 
structural reinforcement to absorb impact energy from 
transferring to the passengers. The effect of different 
properties of various materials will directly influence the 
vehicle crashworthiness. Hence, it can be concluded that the 
vehicle crashworthiness would be advantageous from 
materials with high energy absorption [7].  

According to the previous study [8], natural fiber 
composites have arisen to become a choice of materials for 
automotive interior components, such as door panels, 
dashboards, seatbacks, and others. Automotive manufacturer, 
Toyota has used kenaf fiber for their five interior components 
in 27 car models. These kenaf fiber composites are typically 
made from kenaf reinforced polypropylene (PP) or kenaf 
reinforced polylactic acid (PLA). PLA and kenaf fiber are 
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derived from plants hence they have higher bio-based contents 
and are continuously being developed. PLA-kenaf composite 
is classified under bio-composites group where they are 
sustainable solutions for developing high-strength based 
polymer composites, replacing traditional polymers and their 
composites [9-11]. Furthermore, bio-composites are safe for 
the environment and cost-effective [12-14]. Additionally, 
these composites are increasingly used in many applications 
[15]. 

The future material choice by automotive manufacturer, 
Ford would be sisal fiber reinforced polypropylene composite 
since it has already passed the crash and impact test 
requirements. The need for green materials has led to the 
increasing application of bio-composites made from natural 
polymers as matrix and natural fiber as reinforcement. They 
have the properties of eco-friendly, sustainable, and 
biodegradable [16,17]. 

Previous investigation reported natural fiber reinforced 
with synthetic polymer composites are used in car components 
by European car manufacturers in the past decade [18]. These 
natural fiber composites are replacing glass fiber and carbon 
fiber because of the winning parameters of natural fibers. 
These parameters are lower cost, weight reduction, low energy 
consumption, and recyclability.  

Earlier work narrated the luxury automotive manufacturer 
used bio-composites as material for their car applications to 
eliminate environmental impacts and enhance 
biodegradability. They used jute-based composites, banana 
fiber-reinforced composites, and some other bio-composites 
for different car models [19].  

II. EXPERIMENTAL METHOD 

A. Finite Element Analysis 

Finite Element Analysis (FEA) is an impressively great 
computational tool used for examining and analyzing 
numerous structures such as doors [20]. Prior work was done 
to characterize car door using FEA [21]. Static structural 
analysis was done to compare the performance of bamboo 
fiber material with existing materials of the internal door panel 
using FEA [22]. Also work related to bio-composites was 
done to study the behavior of bio-composites used to 
manufacture a car door handle [23]. Many researchers have 
applied finite element analysis to analyze bio-composites 
features [24]. 

 It helps to save time and costs as compared to experimental 
tests. In the finite element method, numerous structure is 
decomposed into small simple elements [25]. These small 
elements have their behavior which can be outlined with a 
comparatively simple set of equations. The behaviors of these 
individual elements are then joined together to build the 
behavior of the whole structure with a large set of equations. 
FEA is applied using ANSYS simulation software. Three 
stages are involved; pre-processing stage include which type 
of analysis, material properties, select fine element size of 
mesh analysis, loads, and boundary condition is defined, then 
the; processing stage where the desired result is computed and 
solved; and the results are interpreted during the post-
processing stage. 

ANSYS is a finite element analysis software for exploring 
the performance of processes or products in virtual reality. 
This type of virtual reality product development is indicated 
as virtual prototyping. The users can simulate various 

structural analyses to optimize the product life. So when it 
comes to manufacturing, it can reduce the level of risk and the 
cost of invalid designs. ANSYS software provides the effects 
of design on the whole product behavior, such as strains, 
stresses, and reaction forces. The finite element analysis 
simulation is carried out by modeling a car door panel with 
appropriate dimension specifications and selected properties 
in the first place. Then, the car door model will be subjected 
to various structural analyses. 

The car door panel is designed and modeled as a solid 
using CATIA software. The model was 700 mm in height with 
a cross-section of 843 mm x 356.35 mm. The car door model 
was shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Car door panel modeling 

 

B. Materials 

The conventional material used for car door panels is 
Acrylonitrile-Butadiene-Styrene (ABS). ABS is mainly be 
used for structural applications because it is a low-cost 
engineering plastic. The material properties of ABS are shown 
in Table 1. 

TABLE I.  MATERIAL PROPERTIES OF ABS 

Material Density 
(kg/m3) 

Tensile 
strength 
(MPa) 

Young's 
modulus 
(GPa) 

Poisson's 
ratio 

ABS 1040 44 2.25 0.35 

 The new composite material used for car door panels is 
kenaf fiber reinforced with PLA composites. Polylactic acid 
(PLA) resin with a diameter of 5 μm was used as the matrix 
whereas kenaf fiber bundles were used as the reinforcement. 
The dimension of reinforcement is approximately 50 to 150 
μm in diameter and 500 mm in length. These kenaf fibers 
occupied 40% of the volume content. Mechanical 
characteristics such as density, tensile strength, and Young's 
modulus are shown in Table 2. 

In FEM, material properties were required to simulate the 
mechanical behavior of the model. The first step of static 
analysis started with entering the value of different material 
properties into ANSYS software. 
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TABLE II.  MATERIAL PROPERTIES OF BIO-REINFORCED 
COMPOSITE 

Material Density 

(kg/m3) 

Tensile 

strength 

(MPa) 

Young's 

modulus 

(GPa) 

Poisson's 

ratio 

PLA-kenaf 

(40%) 

1350 82 8 0.32 

 

After entering the values of different material properties, 
the second step is to import the assembled car door model to 
ANSYS workbench in STP format. In the next step, the mesh 
was generated with selected material and structural properties, 
this would help to define how the structure reacts to different 
loading conditions. 

 

 

 

 

 

 

 

 

 

Fig.2  Meshed model of the car door panel 

C. Boundary condition and load 

The next stage of modeling was to locate the nodes at a 
certain density of the car door model and consider the 
anticipated stress levels of a specific area. The model was 
analyzed with static analysis under different loads and 
boundary conditions such as total deformation, equivalent 
stress, and maximum principal elastic strain. The selection of 
the area at which motions were captured as the boundary 
condition. For this simulation, the car deceleration was as high 
as 200 m/s2. Then by considering the car’s weight of 1425 kg 
this deceleration would generate a load of 285 kN. The car 
door panel’s area under consideration was 0.30040305 m2 and 
this would apply pressure of 0.949 MPa on the surface area of 
the panel. Fig. 3 presents the boundary condition and load 
applied to the model. 

 

 

 

 

 

 

 

 

 

Fig.3  Application of boundary condition and load 

 

III. RESULT AND DISCUSSIONS 

This section describes the results of the study that were 
carried out based on Finite Element Analysis (FEA). It has 
been noticed that the stress concentration is located at the 
irregular surface of the car door panel. Hence, it can be 
predicted that failure is more likely to occur at the irregular 
surface of the car door panel.  Fig.  4 shows von-Mises stress 
analysis result from the simulation when applying 
acrylonitrile butadiene styrene (ABS) as the material during 
static analysis. When there was an impact, the maximum von-
Mises stress obtained by finite element analysis is 211.26 
MPa. From this figure, it can be observed that the stress 
concentration is located at the irregular surface of the car door 
panel. It can be observed that failure is most likely to occur at 
the lower side of the car door panel as it has a higher stress 
concentration. Prior work had observed that stress 
concentration is located at the irregular surface of the car door 
panel [26]. Hence failure is most likely to occur at this 
location. A recent study supported that failure usually occurs 
at high stress concentration [27]. 

 

 

 

 

 

 

 

 

Fig.4.: Equivalent von-Mises stress distribution for ABS car door panel 

 Fig. 5 shows the results of total deformation when 
the car door panel was receiving an impact. The maximum 
deformation value recorded is 42.501 mm. This figure shows 
the displacement magnitude of the front surface of the car door 
panel after a force of 285 kN is applied on the front surface in 
the x-direction. From that, it can be observed that the 
deformation is likely to occur from the side to the center of the 
car door panel. Few prior works suggested that deformation is 
likely to occur from the side to the center of the car door panel. 
The failure of the car door panel can happen as the result of 
this deformation [28-30]. 

 The red color indicates the maximum displacement and the 
blue color indicates the minimum displacement during 
deformation.  

 

 

 

 

 

 

 

 

Fig.5 Total deformation obtained for ABS car door panel 
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The pictorial representation of the equivalent von-Mises 
stress for PLA-kenaf composite is given in Fig. 6. When the 
car door panel received an impact. the maximum von-Mises 
stress obtained is 214.13 MPa. This new composite material 
has higher maximum stress when compared to the ABS. This 
indicates that there is an improvement in the strength of the 
car door panel of PLA-kenaf composite over ABS 
conventional car door material. 

 

 

 

 

  

 

 

 

 

 

 

 

Fig.6 Equivalent von-Mises stress distribution for PLA-kenaf composite. 

The impact caused maximum total deformation of 12.012 
mm of the PLA-kenaf composite (Fig. 7). The maximum 
deformation of this new material was reduced by 28.3% if 
compared to the ABS. The decrement of displacement value 
is because the PLA-kenaf composite has higher stiffness and 
higher tensile strength if compared to the ABS. Having these 
properties means that PLA-kenaf composite can absorb higher 
impact force hence the deformation is reduced. This also 
means that the new material is potentially safer if a side impact 
occurred due to an accident.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7 Total deformation obtained for PLA-kenaf composite 

 The FEA results presented in Fig. 4-7 is summarized in 
Table 3. It shows that PLA-kenaf composite can absorb higher 
maximum von-Mises stress if compared to ABS. This 
indicates that PLA-kenaf car door panel can withstand higher 
collision impact compared to ABS car door panel. The PLA-
kenaf composites also show lower maximum total 

deformation if compared to ABS. This shows that the PLA-
kenaf car door panel would deform less due to collision impact 
compared to ABS car door panel.  

 

TABLE III. SUMMARY OF FEA RESULTS 

Material Maximum von-

Mises stress (MPa) 

Maximum total 

deformation (mm) 

ABS 211.26 42.501 

PLA-kenaf 

(40%) 

214.13 12.012 

 

IV. CONCLUSION 

From various analyses, it is to be concluded that PLA 
reinforced kenaf composite is the preferred material that can 
be used as the material for car door panels. PLA reinforced 
kenaf composite possesses the highest von-Mises stress value 
and the lower deformation, which suits the best among the 
comparison. Based on the finite element analysis (FEA) using 
ANSYS software, it is concluded that the selected material, 
PLA reinforced kenaf fiber composite had higher performance 
if compared to ABS as the current material for car panels. PLA 
reinforced kenaf fiber composite material improves the safety 
of passengers as well as enhances the end-of-life vehicle 
recycling factor. Thus, the selected bio-polymer reinforced 
with natural fiber composite material can be recommended to 
the automotive industry. 
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