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ABSTRACT 

Studying the mechanical behaviour of oil palm fruitlet could be helpful in oil 

pahn grading operation. This work investigates the mechanical behaviour of oil palm 

fruitlet by using finite element method. An axisymmetric model of a single oil palm 

fruitlet was developed to simulate the pin puncture test, drop test and compression test. 

The parameters were varied to investigate their effect on the stress-displacement curve. 

The stress relaxation test results showed the evidence of the viscoelastic behaviour of the 

oil palm mesocarp. A parametric study of the mesocarp-kemel interface properties was 

also cE.:.rried out. The results showed that the model is not sensitive to the varying 

parameters due to the boundary conditions that limited the movement of the fruitlet. The 

model has potential in fruit maturity detection application. 
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Studying the mechanical behaviour of an oil palm fruitlet could help in oil palm 

FFB grading. The force or stress distribution against the fleshy structure of the mesocarp 

will vary depending on the maturity level of the oil palm fruitlet. 

1.3 Objectives 

The objectives of this project are:-

- To study the mechanical behaviour of a single oil palm fruitlet through different

constitutive material models

To simulate deformation of a single oil palm fruitlet when applying pin puncture,

drop and compression tests

- To study the effect of different model parameters and mesocarp-kernel interface

from the oil palm fruitlet model

1.4 Scope of Study 

The project will be started by studying the anatomy of a single oil palm fruitlet. 

The linear dimensions such as length, width and diameter of the fruitlet and kernel are 

obtained from online sources. After obtaining those data, an average value would be 

decided to create the representative geometry. These values would then be used to create 

a geometric model of a single oil palm fruitlet by using Abaqus/CAE software. By 

including mechanical properties such as modulus of elasticity of the fruitlet in the CAE 

modei virtual test such as pin puncture test, drop test and compression test can be 

carried out to investigate the mechanical behaviour of the oil palm fruitlet. 
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Owolarafe et al. (2007) studied the physical and mechanical properties of two 

varieties of oil pahn fruit namely Dura and Tenera. 50 sample fruits were randomly 

selected to determine their physical properties. In this study, the linear dimensions 

(length, width and thickness) were measured by using Vernier caliper that capable to 

read to 0.01mm. The measurement for dimensions of each sample from Dura and Tenera 

varieties was replicated fifty times. It is concluded that the Tenera fruits had bigger size 

than Dura fruits because the values of length, width and thickness of Tenera fruits were 

greater than Dura fruits. Table 2.2 showed the linear dimensions of oil palm fruits 

obtai11ed in this study. 

Table 2.2: Linear dimensions of oil palm fruits of Dura and Tenera varieties. 
(Owolarafe et al., 2007) 

Variety Length (mm) Width (mm) 
Dura 30.25(+5.07) 19.94(+2.64) 

Tenera 35.96(+4.08) 20.15(+ 3. 79) 

In a study conducted by Basyuni et al. (2017), Duncan's multiple range test 

(DMRT) was used to evaluate the oil palm fruits length and diameter. In contrast with 

the previous investigation by Owolarafe et al.(2007), this study found that Dura fruits 

were the largest among the three varieties of oil palm fruits. The linear dimensions of oil 

palm fruits were shown in Table 2.3. The author concluded that the Dura fruits are 

generally larger due to the presence of thick shell in Dura variety. 

Table 2.3: Linear dimensions of oil palm fruits of Dura, Pisifera and Tenera varieties. 
(Basyuni et al., 2017) 

Variety Length (mm) Width(mm) 

Dura 39.30 25.20 

Pisifera 35.00 20.40 

Tenera 34.70 21.20 
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In another study, the three axial dimensions namely major, intermediate and 

minor diameters which also represent the length, width and thickness of an oil palm fruit 

were measured by using micrometer screw gauge. A reading to 0.01mm was collected. 

Samples of Dura variety and Tenera variety were collected from oil palm tree with 

different ages. Figure 2.4 depicted the typical linear dimensions of an oil palm fruitlet. 

The results were shown in Table 2.4. It is concluded that oil palm tree with larger age 

would have fruitlets with bigger size. (Afolabi & Adeleke, 2015) 

B 

L 

T 

Figure 2.4: A typical oil palm fruitlet linear dimensions where L=length; 

B=breadth; T=thickness. (Afolabi & Adeleke, 2015) 

Table 2.4: Linear dimensions of oil palm fruitlets (Dura and Tenera varieties) of 
different ages. (Afolabi & Adeleke, 2015) 

Age of oil palm Dura variety Tenera variety 
tree (years) Length (mm) Width (mm) Length (mm) Width(mm) 

20 23.31 +3.48 18.77+2.08 30.66+3.64 24.00+2.70 
30 26.57+3.13 21.29+2.19 33.84+4.93 24.77+2.95 
50 33.28+3.43 33.28+2.95 42.32+3.98 27.96+2.54 
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Rotimi (2012) carried out an investigation on the physical and mechanical 

properties of oil palm fruit, nut and kernel of Dura variety. In this research, 100 fruitlets 

of Dura variety were randomly selected to determine their length, width and thickness 

by using a micrometer screw gauge, having accuracy of 0.01mm. The linear dimensions 

obtained in this study were shown in Table 2.5. 

A summary of linear dimensions of oil palm fruitlets is shown in Table 2.6. 

Table 2.5: Linear dimensions of oil palm fruits (Dura variety). (Rotimi, 2012) 

Dimensions Maximum Minimum Mean 

Length (mm) 42.32 28.04 34.99 
\Vidth (mm) 25.37 20.01 22.05 
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of nut and kernel were determined by measunng their horizontal cross-sectional 

diameter and consequently their size distribution was also determined. 

The result in Figure 2. 7 showed that the diameter of Tenera nuts was usually 

16mm or less while the length for Dura nuts was between 16 and 18mm. The size 

distribution of kernel ranged from 7 to 15 mm with most of them having sizes between 

10 to 12mm. 

Table 2.9 showed a summary of diameter of oil palm fruit kernel 
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Figure 2. 7: Size distribution of oil palm nut and kernel. (Mohamed Halim et al. , 
2016) 
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Figure 2.10: (a) Tensile tests results at different speed; (b)stress relaxation tests 
results; ( c) cyclic tests results under different deformations. (Hanipah et al., 20 I 7) 

2.3 Cohesive zone modeling (CZM) of OPMF fibre-silica bodies interface 

Hanipah et al.(2017) used the cohesive contact behaviour in Abaqus software to 

simulate the debonding of interface between the oil palm mesocarp fibre (OPMF) and 

silica bodies. In the study, traction-separation law was used to introduce cohesive zone 

modeling (CZM) into the model to simulate the damage between the interfaces. The 

three modes of failure in CZM consists of opening mode I (normal tension mode), mode 

II (shear mode), or mode III (out of plane shear mode). This study only considered mode 

I in order to simplify the model. From Figure 2.11, the failure of bond can be separate 

into two regions where the first region is linear elastic and can be descnbed as: tn = 
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A parametric study was used to investigate the sensitivity of CZM parameters to 

stress-strain curves. The control parameters used were shown in Table 2.10. The 

cohesive energy was varied at values of 1, 10 and 100 kN/m while keeping the critical 

stress constant at 100 l\1Pa. Then, the value of critical stress was varied at 50, 100 and 

200 l\1Pa while keeping the cohesive energy constant at 1 kN/m. The results in Figure 

2..12 showed that the stress-strain curve deviated from the 'no damage' model once the 

�rilical stress was activated. Also, the results showed that varying the cohesive energy 

ciid ;io t caused noticeable difference to the stress-strain curves. 

Table 2.10: Control parameters to simulate the debonding between the fibre­
silica bodies interface. (Hanipah et al., 2017) 
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behaviour of the fruit might be a factor of this difference. However, the FE model was 

considered valid because the results from both methods have coefficient of correlation 

up to 0.828. 

30 Bioyield Experiment Bioyield Point 

- .,_ , Finite Element

25 

20 

15 

10 

5 

0.0 0.3 0.6 0.9 1.2 1.5 

Deformation (mm) 

Figure 2.14: The force-deformation profiles obtained from FE model is 
compared with those obtained experimentally. (Lu et al., 2006) 

Edward Dintwa et al. (2008) studied the finite element analysis of dynamic 

collision of apple against each other and with rigid walls. A 2D geometry of apple was 

introduced into the Mentat software and meshed. This apple model was assumed to be 

isotropic. The elastic properties of the apple such as elastic modulus and Poisson's ratio 

were also introduced into the software. The force-deformation curves were generated by 

using theoretical model and finite element model. Both curves were compared with each 

other and the result from the comparison showed that there is a closeness between both 
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model, thus it was concluded that the finite element method can be used to model of 

mechanical behaviour of fruits. 

2.5 Correlation between fruit firmness and ripeness level of oil palm 

A.R et al.(2009) did a research to find the correlation between injection force and

ripeness level of FFB. The range of force that represented the ripeness level of FFB was 

also acquired in this literature. The force against the fleshy structure of the mesocarp 

was drastically depending on the ripeness level of FFB. The injection was applied to the 

fru ·uet of FFB at different position (top, bottom, right and left). The injection process 

must be done gradually to prevent shock existence that may affect the accuracy of the 

result. Referring to Table 2.11, A.R et al.(2009) found that there were positive 

differences between ranges of forces for different ripeness levels. From Figure 2.15, the 

injection force was increasing in the order of ripe, underripe and unripe ftuit. This 

indicated that the fruit firmness decreases with increasing ripeness level. Also, the 

research concluded that the position of the injection applied did not affect the injection 

forces too much (Figure 2.16). 

Table 2.11: The range of injection forces for oil palm fruits from different field 
with various ripeness levels. (A.R et al., 2009) 

Fields Fruit type Mean Std. Error 9S o/e Confidence Interval 

Lower Bound UpoerBound 

Sungai Buaya Ripe 58.061 l.856 54.392 61.731 

Under ripe 64.98 l l.856 61.311 68.650 

Unripe 92.675 l.856 89.006 96.344 

Bukit Badung Ripe 55.403 l.856 51.733 I 59.072 

Under ripe 58169 l.856 S4.600 I 61.939 

Unripe 76.497 l.856 72.828 80.167 
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Another research from Sari et al. (2019) also proved that there is a linear 

correlation between fruit firmness and the ripeness levels of FFB. In this research, the 

firmness levels of FFB were obtained by using a penetrometer. The unripe FFB has 

highest firmness value which is 9.39 kg/cm2 while the overripe FFB has lowest firmness 

value which is 5.64 kg/cm2
. Again, this showed that the fruits tend to become softer 

when ripeness level increases. 

2.6 Oil palm fresh fruit bunch (FFB) maturity detection technology 

2.6.1 Optical sensor 

It is known that the colour of FFB will change from purplish black to reddish 

orange during ripening process. These changes are because of the accumulation of 

carotene pigments. 

The recently used technologies for estimation of ripeness of oil palm fresh fruit 

bunch (FFB) are eyesight, computer vision, hyperspectral imaging, light detection and 

ranging (LiDAR), near infrared (NIR) spectroscopy, and magnetic resonance imaging 

(Zulkifli et al., 2018). A light detection and ranging (LiDAR) scanning system was used 

in this study to detect the ripeness of oil palm fresh fruit bunch (FFB). LiDAR is 

considered as a promising solution for detection of oil palm FFB ripeness because it is 

non-destructive and independent of external light. This study verified that the oil palm 

FFB could be classified into underripe, ripe and overripe by using the intensity values 

from LiDAR sensors. The intensity values, ripeness level and the calculated reflected 

percentage using the concept of linearity were showed in Table 2.12. The low 

reflectance percentage in ripe oil palm fruits was due to their high lipid content. 
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Ishak & Hudzari (20 I 0) published a paper that validates the relationship between 

the hue optical value of the oil palm fruits at different maturity stages and the oil content 

quantity of the fruits. For this study, Nikon Coolpix 4500 digital camera (Nikon, Japan) 

was used to capture the image of oil palm FFB and store it digitally. The relationship 

between the optical hue value and the mesocarp oil content of oil palm fruits were 

represented by using trendline analysis of polynomial second order method. Figure 2.17 

showed that the mesocarp oil content of oil palm fruit increased with increasing optical 

hue value of fruit skin image. From Figure 2.18, a regression equation, having 

correlation coefficient of 0.8, was developed to represent this relationship, y = -

0.0116x2 + 5.2376x - 514.88 where y is the oil content of mesocarp and x is the hue 

value. The maximum mesocarp oil content from this study was found to be 

approximately 75% which is similar to previous findings. 
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used to analyze the RGB data of the images. The experimental setup of the oil palm fruit 

grading system was illustrated in Figure 2.19. First, the standard value ofRGB intensity 

for each category (ripe, overripe, and underripe) were obtained. Then, the ripeness of a 

tested FFB was determined by comparing its mean RGB intensity (Table 2.15) with the 

standard RGB intensity (Table 2.14). Then, the final results which tell the ripeness level 

of the tested bunch would be shown (Figure 2.20). The system is able to determine and 

differentiate the colour properties of FFB at different ripeness level. However, the 

analysis of texture and shape of oil palm FFB were not involved in this study. 

Figure 2.19: Setup of the oil palm fruit grading system. (Alfatni et al., 2008) 

Table 2.14: The standard range ofRGB intensity for each category. (Alfatni et al., 
2008) 

RGB intensity range 
--·---·--------

------------·---------

Green Blue 
------------ ------- --------

Cat�ocy Min Max Min Max Min Ma.x 

Ripe 15 97 25 51 41 61 

Under ripe 55 60 28 3.5 33 40 

Overriec 47 67 35 42 33 .52 
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identify oil pahn ripeness and to predict harvest time, respectively. The results of the oil 

palm ripeness evaluation would then be displayed on a mobile phone after connecting 

the system using Bluetooth. Field testing was also conducted in this study and the 

performance from the field testing proved that the inductive sensor system was able to 

identify the oil palm fruit ripeness with an accuracy of 100%. The author concluded that 

the system proposed is potential to be applied into oil palm ripeness identification 

operation because it is non-invasive, rapid and accurate. 

Figure 2.22: (a) The inductive sensor was pasted to the FFB; (b) The resonant 
frequency was measured and analyzed; ( c) The FFB evaluation results were shown on 

the mobile phone user interfuce. (Sinambela et al., 2020) 
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rotationally symmetric about an axis. This modeling technique is suitable for symmetric 

loading problem. The 2D axisymmetric models represent a slice of the actual 3D model. 

When the 'slice' revolved around the Y-axis, it would become the original 3D structure. 

Using axisymmetric model reduced the number of elements thus generating a more 

accurate mesh. Therefore, it could minimize convergence error and ensure the model run 

smoothly thus resulting in a more accurate result.(P. Prabhakar, 2014) 

Three models of oil palm fruitlet were created where the first model was used for 

pm puncture test, second model was for drop test and the third model was for 

compression test. This was illustrated in Figure 3.3. In the part module of ABAQUS, the 

geometrical axisymmetric models of mesocarp and kernel were created. In the first 

model, a puncture pin was placed above the oil palm fruitlet to apply the puncture force. 

In the second model, a rigid platen was placed below the oil palm fruitlet to allow drop 

test to be carried out. In the third modei compression force was applied in the direction 

perpendicular to the major axis of the fruitlet. 
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Compression 

(a) (b) (c) 

Figure 3.3: Axisymmetric model of (a) pin puncture test; (b) drop test and (c) 
compression test 

3.2 Material Properties of Model 

3.2.1 First material model - Linear elastic properties 

The mesocarp and kernel of the oil palm fruitlet were first assumed as elastic 

materials. Linear elastic properties such as Modulus of elasticity (or Young's Modulus) 

and Poisson's ratio were included in the software Abaqus. The values of elastic modulus 

and Poisson's ratio were shown in Table 3.2. 

Table 3.2: Material parameters used in linear elastic model. 

Material Modulus of Elasticity (GPa) Poisson's ratio 
Mesocarp 1.0 0.4 

Kernel 1.2 0.4 
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3.2.2 Second material model - Combined Viscoelastic properties and Hyperelastic 

properties for mesocarp part 

In Abaqus/CAE, to evaluate a viscoelastic material behaviour, it must be defined 

in time domain and coupled with hyperelastic or elastic material data. The software does 

not allow a viscoelastic material defined in frequency domain to be evaluated 

individually. (oABAQUS, 2014) 

Hanipah et al.(2020) reported the using of van der Waals hyperelastic and Prony 

series viscoelastic model for the oil palm mesocarp fibres (OPMF) to develop a finite 

element model to simulate the fibre pull-out. The mechanical properties shown in Table 

3 .3 were applied into the geometric model for this study. 

Table 3.3: Material parameters used in visco-hyperelastic model. 

Hvuerelastic orooerties 
Material constant Value 
Shear modulus, u 2.2GPa 

Global interaction parameter, a 1.6 
Lockin� stretch, L 20 

Viscoelastic oroperties (Prony series) 
Modulus ratio, .Qt Relaxation time, !i (s) 

0.6 0.1 

0.08 I 

0.06 10 

0.05 100 
0.005 1000 

0.205 00 

57 

@
 C

OPYRIG
HT U

PM



3.2.3 Third material model - Combined Elastic properties and Viscoelastic 

properties for mesocarp 

Hanipah et al. (2017) successfully developed a micromechanical finite element 

model to evaluate the contribution of silica bodies to the mechanical integrity of the 

surface of oil palm mesocarp fibre (OPMF). The research assumes the model to be 

inco1npressible material and no plasticity model was involved to combine with the 

viscoelastic model. Table 3.4 showed the material parameters used in this study. 

Table 3.4: Material parameters used in viscoelastic model. 

Elastic properties 

Fibre elastic modulus, Er 4.80Pa 

Viscoelastic properties <Prony series) 

Modulus ratio, ,qi

0.3 

0.15 

0.1 

0.05 

0.005 

0.35 

3.3 Mesh Quality and Finite Element Modeling 

Relaxation time, {i (s) 

0.1 
1 

10 

100 

1000 
00 

One of the most crucial steps in FEA is to mesh the geometric model. In Mesh 

module, meshes are generated on the parts and assemblies created during previous steps. 

In this study, the element type selected was axisymmetric solid elements with non-linear 

asymmetric deformation. Linear quadrilateral element (CAX4RH) is a 4-node, reduced­

integration, hybrid axisymmetric element with nonlinear asymmetric deformation while 

CAX3H is linear triangular element with hybrid. Figure 3.4 showed the definition of 3-
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node and 4-node element in Abaqus software. The total number of nodes and elements 

generated in each model was shown in Table 3.5. 

Model 

1 

3 

3 

, 

fa::e 1 

3- node element 4- node element

Figure 3.4: Definition of3-node and 4-node element in Abaqus software. 

Table 3.5: Summary of number of element and element type for each part of the 
model. 

Part Total number of Total number of Element type 
nodes elements 

4-node 3-node

Mesocarp 461 414 408 6 
Kernel 102 86 83 3 
Platen 31 22 21 1 

Mesocarp 461 414 408 6 
Kernel 102 86 83 3 
Platen 126 100 100 

Mesocarp 576 525 514 11 
Kernel 121 103 100 3 

3.4 Boundary Conditions and Load Definition 

Defining the boundary conditions is another crucial step in FEA. The accuracy 

and reliability of the results could be increased if the boundary conditions were defined 

correctly. During the pin puncture test (Model I), the nodes near the bottom of the 

fruitlet were applied with ENCASTRE (Ul = U2 = U3 = URI = UR2 = UR3 = 0). This 
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boundary condition constrains all active structural degrees of freedom which means that 

the nodes in this specified region cannot move in the three main directions (X, Y and Z). 

Only vertical indenter movements along Y-direction are allowed for the nodes near the 

top of the fruitlet. Displacement/rotation boundary condition was applied to the platen 

above the fruitlet so that it can move down in Y-direction to a specified deformation. 

Figure 3.5 illustrated the boundary condition defined in modeling of pin puncture test. 

Figure 3.5: Boundary condition defined in pin puncture test. 

For drop test, ENCASTRE boundary condition was applied to the platen below 

the fruitlet. The fruitlet was applied with displacement boundary condition so that it 

moves down in Y-direction. Figure 3.6 illustrated the boundary condition defined in 

. drop test. 
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Figure 3.6: Boundary condition defined in drop test. 

During the compression test, the longitudinal axis of the fruitlet was applied with 

ENCASTRE boundary condition. Displacement boundary condition was applied to the 

edge of the mesocarp so that it moves along the X-direction until a specified 

deformation. Figure 3. 7 illustrated the boundary condition defined in compression test 

Figure 3.7: Boundary condition defined in compression test. 
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CHAPTER4 

RESULTS AND DISCUSSION 

4.1 Simulation results of linear elastic model 

4.1.1 Effect of varying material parameters (linear elastic model) on the stress­

displace1nent curve 

The simulation results of linear elastic model were shown in Figure 4.7 where (a) 

illustrated the pin puncture test, (b) drop test and (c) compression test. During this part, 

only linear elastic effect was considered. 

The oil palm fruitlet was first assumed to have elastic mechanical behaviour. The 

effect of varying elastic modulus of mesocarp and displacement boundary condition on 

the stress-displacement curve was investigated. First, the elastic modulus of mesocarp 

was varied by using values of 0.5, 1.0 and l .5GPa while keeping the displacement 

boundary condition constant at y = - 0.005m. Then, the elastic modulus of mesocarp 

was kept constant at l .0GPa while varying the displacement boundary condition at -

0.005, - 0.006 and - 0.007m. 

From Figure 4.2, it was found that increasing the elastic modulus of mesocarp 

will cause the stress-displacement curve to become stiffer. The gradient of a stress-strain 
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curve represent the elastic modulus. Referring to Figure 4.4, it can be seen that the 

elastic modulus can be estimated as the slope of a stress-strain curve. Thus, increasing 

the elastic modulus of mesocarp would increase the gradient which results in a stiffer 

curve. 

The effect of varymg displacement boundary condition on the stress­

displacement curve was depicted in Figure 4.3. Changing the displacement boundary 

condition had no significant effect on the stress-displacement curve. The slope of the 

three curves was almost the same. However, the deformation showed small increment 

with increas ing displacement boundary condition. 
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Figure 4.1: Results of linear elastic model (a) pin puncture test; (b) drop test; and 
( c) compression test.
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Figure 4.2: Results of pin puncture test (linear elastic model) when elastic 
modulus of mesocarp is varied. 
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Figure 4.3: Results of pin puncture test (linear elastic model) when varying the 
value of displacement boundary condition. 
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Gradient!= Young's Modulus, E 

I 
--,-

Strain(%) 

Figure 4.4: Stress-strain curve of a linear elastic material (Figari, n.d.) 

4.2 Simulation results of visco-hyperelastic model 

4.2.1 Effect of varying material parameters (visco-hyperelastic model) on the 

stress-displacement curve 

The simulation results of visco-hyperelastic model were shown in Figure 4.5 

where (a) illustrated the pin puncture test, (b) drop test and (c) compression test. During 

this part, the viscoelastic and hyperelastic effect were considered. 

The parameters of the van der Waals model such as µ, Am and a were varied with 

different value to investigate their effect on the mechanical behaviour of the oil palm 

mesocarp. For case 1, the value of Am and a were kept constant at 20 and 1.6 respectively 

while varying the µ with values of 1, 2.2 and 30Pa. For case 2, the value of Am was

varied at 20, 30 and 50 while keeping the µ and a constant at 2.20Pa and 1.6 
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Figure 4. 7: Results of viscoelastic model (a) pin puncture test; (b) drop test; and 
( c) compression test.

4.4 Comparison between results of different material properties 

In this study, three different models ( elastic model, viscoelastic combined with 

hyperelastic model and elastic combined with viscoelastic model) were applied to the 

material properties of the oil palm mesocarp to investigate its mechanical behaviour. 

From Figure 4.8(a), it can be seen that the stress-displacement curves for the three type 

of material were noticeably different. The differences could be probably due to the 

varying parameters used in the previous research which made it difficult to be compared. 

Since the stress-displacement curves could not showed the differences between 

the models obviously, stress relaxation test was carried out to check the difference 

between the linear elastic behaviour and viscoelastic behaviour. Stress relaxation test 

was conducted by compressing the oil palm fruitlet to a specified deformation and the 

deformation was held fixed for a period of time to measure the stress decay. 
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4.5 Results of stress relaxation test 

Figure 4.9 showed the results of stress relaxation test obtained by using pin 

puncture test and compression test. Comparison was made between the linear elastic 

model and viscoelastic model. It clearly showed the viscoelastic behaviour of oil palm 

mesocarp because the stress gradually reduced over time at holding deformation. The 

viscoelastic behaviour of oil palm mesocarp observed in this study was similar with the 

typical viscoelastic time-dependence behaviour as shown in Figure 4.10. 

Referring to Figure 4.11, similar results were observed by using viscoelastic 

combined with hyperelastic model. At holding deformation, the stress reduced steadily 

over time. Figure 4.12 showed the comparison between the stress-time curve of the 

visco-hyperleastic model and viscoelastic model. Both curve showed the viscoelastic 

behaviour but it was observed that the reduction of stress for visco-hyperelastic model is 

greater than the viscoelastic model. For visco-hyperelastic model, the stress reduced 

from 73 lMPa to 433MPa (298MPa difference) while the stress for elastic-viscoelastic 

model reduced from 397MPa to 288MPa (109MPa difference).This is probably due to 

the hyperelastic behaviour which is rubberlike and can undergo large elastic 

deformation. A rubberlike material could show complete recovery after being subjected 

to large deformations. (Mohammed, 2020) 

73 

@
 C

OPYRIG
HT U

PM



700 

600 

";-500 
Q., 

:; 400 
-

� 300 
G.I 

�200 

100 

0 -, 
0 

-0.25mm

-0.27mm

-0.3mm

-Elastic

5Time (s)lO 15 

(a) 

700 
600 

";' 500 
Q., 

:; 400 
-

� 300 
G.I 

� 200 
100 

0 
0 

-Elastic

- Viscoelastic

5 10 15 
Time (s) 

(b) 

Figure 4.9: Stress relaxation test results of (a) pin puncture test under different 
deformation; (b) compression test. 
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Figure 4.10: Typical time-dependence behaviour of viscoelastic fluids under 
relaxation after a step increase in strain rate. (Sochi, 2010) 
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4.6 Study on the mesocarp-kemel interface properties 

The parameters of the mesocarp-kemel interface properties such as critical stress 

and cohesive energy were varied with different values to investigate their sensitivity. 

First, the critical stress was varied at values of 10, 50 and 1 00MPa while keeping the 

cohesive energy constant at lkN/m. Then, the critical stress was kept constant while 

varyh1g the cohesive energy at values of 1, 10 and l00kN/m. 

From Figure 4.13, it was observed that varying the critical stress and cohesive 

energy did not affect the mechanical behaviour of the oil palm fruitlet because all of the 

stress-displacement curves obtained from different simulations were same. The reason of 

this situation might be due to the boundary condition defined in the previous step which 

limited the movement of the fruitlet. 
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4. 7 Discussion from previous results

This work studied the mechanical behaviour of a single oil palm fruitlet through 

different constitutive material models namely linear elastic, viscoelastic and hyperelastic 

model. Most of fruits have typical viscoelastic behaviour. The viscoelastic behaviour of 

oil palm fruitlets can be indicated through the stress relaxation test where the stress 

reduced steadily over time at constant deformation. From the results of compression test 

(Figure 4.l(c)), it clearly showed that the stress increased with the displacement, 

indicating the strain hardening (hyperelastic) behaviour of the fruitlet. Thus, it is 

believed that the mesocarp of an oil palm fruit would behave like visco-hyperelastic 

material. 

Mesocarp-kemel interface properties might be important in evaluating the 

mechanical properties of oil palm fruitlet. Since the model in this study has limitation in 

obtaining a reasonable result, a more complex model might be needed to investigate the 

effect of mesocarp-kemel interface properties on the mechanical behaviour of the 

fruitlet. 

Firmness is an essential characteristic to evaluate the maturity of oil palm fruits. 

It can be characterized by the force-deformation or stress-strain curve (Fekete, 1997). 

The firmness of a fruit is closely related to its elastic modulus. A firmer fruit would have 

higher elastic modulus (stiffer stress-strain curve) than a softer one. 

The model has potential to be applied into oil palm maturity detection system but 

experimental work is required to validate the model and also to provide a better 

understanding on the mechanical behaviour of the fruitlet. For the experimental work, it 
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