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ABSTRACT 

This paper presents the design and analysis of the sandwich model for casted metal-

natural fiber composite. The objective of this research is to analyze the sandwich model 

of natural fiber composite to be introduced in metal matrix alloys for engineering 

application purposes. The sandwich model is the hybrid material combined with layers 

aluminum LM6 and kenaf composite laminated.  Overall thickness for each design is 

35mm. For the sandwich design, each layer of LM6 is 10mm thickness and each layer 

of kenaf-polyester composites is 15mm to make it 3 layers with 35mm thickness. The 

dimensions for both models are referring based on the requirement of ASTM C393, 

Standard Test Method for Flexural Properties of Sandwich Construction. Based on the 

simulation results, it is feasible to use the sandwich model of LM6 with kenaf-polyester 

composite. In addition, this simulation result strongly supports the potential for this 

hybrid laminate of LM6 and kenaf-polyester composite as a substitute for solid LM6, 

reducing the usage of LM6 substance and introducing natural fiber element into 

engineering application. 
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1. INTRODUCTION 

The design and manufacturing has been challenged to reduce the use of metal materials in order 

to reduce the weight and production cost. The advantages of these composite structures 

compared to the traditional metallic materials are superior bending stiffness, outstanding 

thermal insulation, low weight, and ease of machining, acoustic damping, corrosion-resistance 

and high stability [1]. This significantly decreased the weight of vehicles and develop the 

sound-deadening properties of the materials, metal-plastic laminates and sandwich sheets have 

been industrial in modern years [2]. To reach the same structural performance as conventional 
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materials with more light weight, sandwich structures are generally used as an option material 

[3]. In the study, because of its corrosion resistant, high energy absorption, excellent strength 

to weight ratio and less water absorption, polypropylene honeycomb core were used. 

Thermoplastic honeycomb had yet to obtain general attention on its impact response compared 

to metallic or aramid core materials core since it showed some outstanding results on energy 

absorbing properties.  

Sandwich composites are pleasantly getting more popular in structural design because of 

their capability to significantly become more lightweight as maintaining in mechanical 

performance. The decreasing in weight gives some advantages as well as higher payloads, 

increased range and reduced fuel consumption. As they decreased the impact on the 

environment, they have a positive impact on cost as well. This feature, beside with many other 

material characteristics available through strategic choice of core material such as low water 

absorption, thermal insulation, sound and dielectric properties, along with others advantage a 

wide range of industries and applications, including marine, wind, transportation, aerospace 

and industry. 

Metal-composite systems consist of flashing layers of fiber-reinforced polymer (FRP) 

composites and metal was studied and bonded by an adhesive layer [4]. They merge both the 

fine properties of metals such as impact, ductility and damage tolerances with the advantages 

of fiber composite materials properties such as high specific stiffness, high specific strength, 

good corrosion resistance and good fatigue resistance. The sandwich structure can be a better 

choice for some application of main aircraft structures, for example in lower and upper wings 

as well as tail sections and in the fuselage. The elevated processing temperature and pressure 

are necessary for a prolonged period for the composites. Since thermoplastic-based composite 

offer a number of benefits such as rapid manufacturing and recyclability, current concentration 

has focused on it.  

The importance of this research scope is to support the researches done by the researchers 

[5-6], and to fill in the gap related to the development of natural fiber composite. The review 

of kenaf fiber composite was presented at the plant structure and chemical content, fiber 

properties reinforcing with polypropylene and its challenge to be reinforcing with 

polypropylene [7]. The study also included the detail properties of several type of natural fiber 

and processing of kenaf fiber reinforced composite. By referring and review on both of these 

researchers, this research had used the knowledge to continue in the development of kenaf fiber 

composite in engineering applications.   

This research as the initial research for the whole project is focused on the kenaf fiber 

laminated composite with the matrix materials is compared between polypropylene and 

polyester [7], and the research more focused on the properties of kenaf and polypropylene as 

the matrix only.  Furthermore, this research to continue and meant to be an additional study in 

the manufacturing engineering field by applying kenaf-fiber laminated composite for the metal 

material.  

The use of natural rubber and recycled polymers and their effect as the matrix material in 

the reinforcement of natural fiber composite were greatly improved the quality of product [8-

9]. The fabrication methods to be applied for the composite processing which is extrusion, 

calendaring, compression moulding and injection moulding [8]. Though, this research covered 

the study of polypropylene and polyester as applying in the reinforcement of kenaf fiber 

composite for the purpose in the engineering application focused on metal function.  

The application of wood fiber as the additional reinforcement material besides using the 

natural fiber themselves [10]. The use of wood fiber is able to improve mechanical and physical 

properties such as tensile strength and surface functionality.  Nevertheless, this research only 

fixed using the kenaf fiber as the reinforcement material without any additional reinforcement 
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because of its superior strength and elongation value at break to be reinforced in the laminated 

composite.  

The natural fiber composite fabrication processes which use compression and injection 

moulding due to intricate geometry demand by industry [11]. The article also consist the study 

on the strategy to improve the thermal resistance when applying to the high melting temperature 

of engineering polymer.  However, there is a gap of study in this research since non-complicated 

geometry is needed to produce the laminated composite but the hot compression moulding and 

internal mixer is used as to be applied in the polypropylene material. The main reason is due to 

the raw material of polypropylene come in pallet size and need to be melted for reinforcing with 

kenaf fiber. Based on the previous study, it is important to study the development of natural 

fiber to fill the research gap with difference perspective of low cost and utilization of waste. 

Therefore, this paper presents the design and analysis of sandwich model of natural fiber 

composite to be introduced in metal matrix alloys for engineering application purposes. 

2. MATERIALS AND METHODS 

In general, 3D modelling of sandwich design is designed by using SolidWorks software 

complete with the simulation test. Two types of design need to be compared in this research 

which is 100% using LM6 material. The sandwich model is the hybrid material combined of 

layers LM6 and kenaf composite laminate. Overall thickness for each design is 35mm. For the 

sandwich design, each layer of LM6 is 10mm thickness and each layer of kenaf-polyester 

composites is 15mm to make it 3 layers with 35mm thickness. The dimensions for both models 

are referring based on the requirement of ASTM C393, Standard Test Method for Flexural 

Properties of Sandwich Construction. The model design must be rectangular in cross section. 

The depth of the specimen shall be equal to the thickness (35mm) of the sandwich construction, 

and the width shall be not less than twice the total thickness (72mm), or not less than three times 

the dimension of a core cell (kenaf-polyester composite) and nor greater than one half the span 

lengths. The specimen length shall be equal to the span length (200mm) plus 50 mm or plus 

one half the sandwich thickness whichever is the greater. 

After complete the sandwich design, next process to be done is simulation test using 

SolidWorks Simulation. The simulation study is applied to both of design, LM6 model and 

sandwich design model. The simulation study is to define the stress, displacement and factor of 

safety distribution for both designs. The minimum factor of safety value must be higher than 1 

in all location of the part which indicates that the material at the location has no yielded and 

safe design. The forces and span length locations must be referred to the procedure stated in 

ASTM C393.  

Static study is applied in the simulation study while the bottom lines or span length lines 

are set up as fixed geometry as shown in Figure 1(a) while the force is applied to the upper 

surface of the material with 30kN total load. For sandwich design, the fixed geometry is applied 

at the same location as LM6 which is on the both line at the bottom (Figure 1(b)). The lines at 

the upper surface show the force is applied on the top of material with 30kN load. In the 

sandwich design simulation study, each surface is bonded together in global bonding which 

directly interact to each other. All faces are touching and will move together. 
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(a) Isometric view (b) Front view 

Figure 1 Force and fixed geometry location for sandwich design 

After completing set up the features, the simulation study is run to get the result of stress, 

displacement and factor of safety. The result is shown in chapter 4. Stress will be indicated at 

their minimum and maximum value and same with the displacement. The region of stress and 

displacement value will be in colouring range from red to blue. The minimum factor of safety 

for both model must be higher than value 1, else if, the model will be redesign and doing the 

same simulation process. 

3. RESULTS AND DISCUSSIONS 

The model simulation in Figure 2 shows performed on multilayer of 3 LM6 material and 2 

kenaf-polyester composites being combined alternately. Applied with the same force as 

previous simulation of 30kN, this combined layer shows that static nodal stress is largely 

distributed on the top layer of LM6, close to the edge of the fixed lines at the bottom. Maximum 

static nodal stress value is calculated at 124.4 MPa which is not too difference with the 

maximum stress occurred in LM6 model. A moderate value of nodal stress is also seen in the 

middle portion which defined by the green contour ranging between 41.6 MPa to 83.0 MPa. 

 

Figure 2 Static Nodal Stress of sandwich model 

A relatively lower nodal stress value is shown on the kenaf-polyester composite layers as 

compared to LM6 layers. The minimum value is defined at 0.2 MPa which is similar value to 

the stress minimum in LM6 model. Focusing the explanation on the first two upper layers of 

LM6 and kenaf-polyester composite respectively, the first layer of LM6 shows more stress 

gathered on its top surface induced by the direct load of 30kN. However, the bottom surface of 

this LM6 layer is also showing some amount of stress. This can be explained by the presence 

of the second layer of kenaf-polyester composite under the LM6. Kenaf-polyester composite 

layer shows higher resistance to stress, therefore holding back the LM6 layer from further 

deformation. This creates a sandwich effect where LM6 is squeezed in the middle between the 

30kN load and kenaf-polyester composite layer, developing a moderate stressed area at the 

bottom surface of this particular LM6 layer. The same scenario happens on the next alternate 

layers of LM6 and kenaf-polyester composite but with lesser stress since most of the applied 

force is already absorbed by the top LM6 layer. Overall, the simulation shows that kenaf-
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polyester composite presents higher strength which tends to resist the stress from applied load. 

LM6 with the lower strength tends to be salvaged with most amount of stress from the applied 

load. The presence of kenaf-polyester composite in between layers of LM6 material has 

produced variety of material strength in one solid model, resulting distribution of the nodal 

stress in a larger surface area, mainly at the top and bottom surfaces of all three LM6 layers.  

Almost same to the section clipping for the stress distribution of LM6 model, the maximum 

value is occurred along the forces line and fixed geometry lines (Figure 3). Medium of value is 

shows on the top surface between 2 lines of the forces applied. This result show, the addition 

of kenaf-fiber composite at the center layer of sandwich offer nearly the same stress occurred 

to the 100% LM6 model.  

   

Figure 3 Stress distribution for sandwich design 

 

Figure 4 Static displacement of sandwich model 

This next simulation result in Figure 4 is the static displacement occurred on the combined 

structure of LM6 and kenaf-polyester composite. Loaded with a uniform 30kN force at the top 

surface at negative Z direction and focusing at the lines, this model shows maximum 

displacement at the middle portion of the upper LM6 layer calculated at 0.1447mm, parallel to 

the applied load. Minimum displacement is shown at both fixed sides of surface B and the 

opposite surface with the reading of 10-30 mm. Focusing on the middle portion of the second 

layer of kenaf-polyester composite, large displacement is shown in red contour only on its top 

surface. The bottom surface of this layer shows lesser displacement which indicated in yellow 

contour. This condition suggested that kenaf-polyester composite holds higher rigidity 

property, resisting the displacement transferred from the first layer LM6 and reducing the 

displacement needed to undergo by the third layer of LM6. This condition is repeating for the 

next alternate layers of kenaf-polyester composite and LM6, resulting the middle portion of the 

last LM6 layer experience the least displacement compared to the other two upper LM6 layers. 

The simulation result clearly portrays the reduction of static displacement on LM6 from top to 

bottom layers by the colored contour from red to yellow and green respectively, due to the 

presence of kenaf-polyester composite in between the LM6 layers. 
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The displacement distribution area made a difference with the LM6 model only at the 

maximum and minimum value of displacement. The maximum value of sandwich design is a 

bit higher than LM6 model with 0.045mm. Refer to Figure 5, the section clipping area of 

displacement of sandwich design also created the nearly same distribution with the LM6 model. 

This result show, the application of kenaf-polyester composite in this sandwich design allows 

the model to have the same character with the pure LM6 model.  

  
 

Figure 5 Displacement distribution for sandwich design 

 

Figure 6 Factor of safety distribution of sandwich model 

Figure 6 shows the factor of safety distribution on the sandwich model of LM6 and kenaf-

polyester composite. The same load applied as the LM6 model which is 30kN on the top of the 

surface. The factors of safety distribution area in this model same with the LM6 model which 

the maximum value region occurred only at certain area at the center and side surfaces. The 

minimum value is 1.17 which is not greatly differ with minimum value of LM6 model, 1.13 but 

a bit higher. Considering the comparison result, this sandwich design is still under the safe 

design. With the addition of kenaf-polyester composite in the layers of the sandwich, it is able 

to sustain the high load of 30kN with generate higher maximum of stress.  

By refer to the section clipping view in Figure 7, it is clearly showing that the minimum 

factor of safety value is occurred along the forces line but the minimum value can be found at 

the center area inside sandwich model as shown in Figure 7(a). This minimum area is happened 

between the kenaf-polyester composite and the last layer of LM6 model.  

   
(a) (b) (c) 

Figure 7 Factor of safety for sandwich design 
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Table 1 list the summary of simulation study for sandwich model compared with solid LM6. 

It is found that based on the simulation criteria of static nodal stress, static displacement, and 

factor of safety, the use of sandwich model is potentially to be used in engineering application. 

Table 1 Summary of simulation result 

No Simulation Solid LM6 Sandwich Model Difference 

1 Static Nodal Stress 128.8MPa 124.4MPa 4.4MPa 

2 Static Displacement 0.09919mm 0.1447mm 0.04551mm 

3 Factor of Safety 1.13 1.17 0.04 

4. CONCLUSION 

The outcome of this research has been achieved with presented of sandwich model of LM6 with 

kenaf-polyester composite simulation. The result shows a promising comparison between both 

subjects. The properties of sandwich model LM6 with kenaf-polyester composite is equally 

match with solid LM6 showing a relatively small differences in all three simulation results. 

This simulation result strongly support the potential for this hybrid laminate of LM6 and 

kenaf-polyester composite as a substitute for solid LM6, reducing the usage of LM6 substance 

and introducing natural fiber element into engineering application. This scenario is likely to aid 

the industry in providing the equal performance quality material with lower material cost. 
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