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Abstract—Mechanical damages have been caused by the
process of pressing mango fruits to check for it’s ripeness.
In order to reduce this damage, two varieties of mangoes
namely Totapuri and Tommy Atkins were tested by an advanced
universal testing machine (UTM). Each of these varieties had
5 samples of different ripeness levels to test for their elastic
modulus. The mangoes were loaded radially and the results
of the elastic modulus obtained, falls between 0.5MPa and
3.5MPa. This paper aims at presenting a detailed design
procedure for developing a tactile sensor that can differentiate
between different ripeness levels in mango fruit. The tactile
sensor is based on two springs configuration, each of these
springs having different stiffness. These design procedures
were carried to achieve high sensitivity and linearity in the
sensor output. The measuring range of the sensor was selected
based on the modulus of elasticity of mango fruit chosen from
the compression tests carried out on the mango fruit. The
performance of the tactile sensor was studied by developing
a finite element model using the ANSYS Mechanical ANSYS
Parametric Design Language (APDL) software. The simulation
results gotten from the performance of the tactile sensor shows
that the sensor can differentiate between different mango fruits
based on their elastic modulus within the specified range of the
sensor.

Index Terms—Elastic modulus, Mango fruit, simulation,
Tactile sensor.

I. INTRODUCTION

FRUITS are harvested when they are mature and hard in
order to avoid perishing of during transportation from

one location to another. These fruits are then stored until they
get ripe and ready for consumption. Mango, which is the
case study in this work is relatively cheap and affordable but
they have some complexities in determining their ripeness.
However, change in colour of these fruits does not guarantee
their ripeness, in most cases, ripeness is determined by
pressing the fruits to check if it is soft and this technique is
not optimal because, in the process of pressing these fruits,
it exposes the fruit to non-uniform ripeness and when the
unripe part ripens, the already ripened part tends to spoil.
This has an effect on the taste and quality of the fruits and
mostly have led to wastage of these fruits. This has been an
issue of concern and at the same time an issue of negligence.

Many researchers have carried out lots of work in fruit
sorting and ripeness detection based on imaging system as
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in [1], [2], [3], based on electronic nose as in [4] and also
based on the parameters affecting fruit quality as in [5],
[6], [7]. Kunpeng et al [8] worked on Mechanical properties
and compression damage simulation by finite element for
kiwifruit, he found that the average elastic modulus of kiwi
fruit on radial loading is 1.71MPa. Alan et al [9] also
carried out a mechanical characterization of mango fruit
using compression tests to determine the elastic modulus
of the two varieties of mangoes they worked with. from
their results, the range of elastic modulus on radial of the
mangoes they worked on is between 1MPa and 2.5MPa.
Accordingly, no work has been recorded in detection of fruit
ripeness based on its elastic modulus and stiffness. Sensors
which have been employed by many researchers in stiffness
sensing of objects are tactile sensors.

Tactile sensors have a variety of industrial applica-
tions,including robotics[10], haptic devices[11], biomedical
sensing[12], and polymer characterization[13]. A tactile sen-
sor according to Lee et al[14], is a device or system that can
characterize mechanical properties of the targeted object or of
the contact between the sensor and the object. Tactile sensors
for contact force measurement have been well documented,
and a number of prototype sensors have been developed[15].

Different concepts have been applied in tactile sensor
development for soft tissue stiffness measurement. However,
the 2 tip configuration concept employed by [16] has an
advantage of being independent of the applied displacement
and force on the sensor. Fath El Bab et al. [16], [17]
worked on softness of tissue compliance detection applying
the two springs concept to differentiate soft tissues with
different stiffness, they also showed that springs with cubic
tip gives more stable output than springs with spherical tip.
Fouly et al. [18], [19] modified the two springs concept
to a three tip concept based on the fact that tissues have
irregularities in their shape and developed a new tactile
sensor that compensates for irregularities in the tissue shape
to differentiate between tissues with different stiffness.

However, this paper aims to present a tactile sensor based
on the concept of applying two springs with optimized
spring stiffness to mango for ripeness detection. The range of
measurement of the sensor is chosen based on the experiment
conducted on the mango fruit. Subsequently, the parameters
of the sensor are optimized, so as to increase sensitivity and
linearity of the sensor output; and a finite element model is
developed to make finite element analysis on the performance
of the sensor with the designed parameters of the sensor with
cubic tip.

II. COMPRESSION TESTS ON MANGO

A. Test Materials and Methods
Five samples of Totapuri mango and Five samples of

Tommy Atkins mango were being tested. These mangoes
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were selected so as to have different ripeness levels from
ripe to unripe in order to have a wide range for the sensor.
The fruits were loaded radially on a UTM and the fruits
were compressed with a (30mm x 30mm x 70mm) compres-
sion plate. The speed of the compression test selected was
5mm/min. The radial height of the mangoes ranged from
65mm to 70mm which was measured by vernier calipers.
The set up of the experiment is as shown in Fig.1 and the
mangoes where compressed until failure as shown in Fig.2.

Fig. 1. Experimental Setup

Fig. 2. Sample After Compression

The Force-displacement curve for each sample was gen-
erated from the TRAPEZIUM X software installed in the Pc
which is connected to the Universal Testing machine (UTM).
From the Force-displacement curve, the stress-strain curve
for each sample was generated taking into consideration the
radial height of the mangoes and the surface area of the
compression plate. The stress-strain curve of the experiment

TABLE I
ELASTIC MODULUS OF THE TESTED MANGOES

Sample Elastic Modulus
(MPa) for Totapuri
Mango

Sample Elastic Modulus
(MPa) for Tommy
Atkins Mango

Mango 1 3.23± 0.03 Mango 6 3.18± 0.15
Mango 2 1.78± 0.18 Mango 7 1.75± 0.14
Mango 3 1.1± 0.09 Mango 8 1.41± 0.15
Mango 4 1.0± 0.15 Mango 9 3.08± 0.08
Mango 5 2.42± 0.08 Mango 10 1.08± 0.27

is as shown in Figs.3, and 4. The values of the Elastic
modulus was computed from the stress strain curves, and
the values are shown in Table I.

Fig. 3. Stress-strain curve for Totapuri Mango

Fig. 4. Stress-strain curve for Tommy Atkins Mango

III. SENSOR DESIGN

A. Mathematical Model
The sensor design consists of two springs with stiffnesses

(Kl) and (Kh) on the left and right hand respectively as
shown in Fig.8. The mango stiffness (Km) is modeled as
an elastic spring [20]. (Kl) is the low stiffness spring while
(Kh) is the high stiffness spring. As the sensor is pushed
at a distance (x) to make contact with the mango, forces
are generated on the low and high stiffness springs. These
forces are (FL) and (FH ) respectively. It can be seen in
Fig.5 that (Kl) and (Kh) are in series with the mango spring
(Km); therefore, their equivalent stiffnesses (KL) and (KH )
as shown in Fig.6 is mathematically shown in (1) and (2).

KH =
KhKm

Kh +Km
(1)
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KL =
KlKm

Kl +Km
(2)

Furthermore, by measuring the ratio of the forces (P ) i.e.

Fig. 5. Sensor Model

Fig. 6. Equivalent Model of the Sensor

the sensor output in (3) generated in the springs when pushed
to the mango, the stiffness of the mango can be measured as

shown in (4).

P =
FH

FL
=
Kh(Km +Kl)

Kl(Km +Kh)
(3)

Where P is a dimensionless parameter.

Km =
KhKl(1− P )

PKl −Kh
(4)

B. Mango Fruit Stiffness Range

Hayes et al [21] provided a mathematical model based
on indentation principle as shown in Fig. to calculate the
stiffness of a soft object as a function of its elastic modulus
as shown in (5).

Em =
(1− ν2)F

2rdCk
(5)

Km =
2rEmCk

(1− ν2)
(6)

Where: F , ν, d, r, Em, Ck and h are the applied force,
Poisson’s ratio of mango, the indentation depth, the indenter
radius, the Elastic modulus of mango, the scaling factor and
the radial height of the mango respectively. The indentation
principle with a plain end indenter is as shown in Fig.7.

In order to determine the elastic modulus of mango, some
researchers have carried out some work in order to achieve
this. Alan et al [9], carried out mechanical characterization
of mango fruit using compression tests on Keitt mango and
Tommy Atkins mango at different stages of maturation, they
found that the range of elastic modulus for both mangoes
between 1MPa to 2.5MPa at a reducing order of ripeness.
As mangoes matures (ripens), the mechanical properties
reduces [6]. There are many studies on elastic modulus and
Poisson’s ratio of fruits and vegetables having their range
of values. In the current work, mango is assumed to be
isotropic and linear elastic especially when deformed slightly,
its Poisson’s ratio is assumed to be 0.3 and the maximum
range of elastic modulus is 3.5MPa from the experiment of
this work, which is equal to a stiffness value of 3850N/m
according to (6). Also, the indenter is designed to be a cube
with side length of 1mm and the radial height of the mango
is 70mm. However, the scaling factor Ck depends on ν,
(r/h) and (d/h); Zhang et al [22] developed tables from a
finite element analysis to estimate Ck, and obtained Ck =
1. Finally, from the experiment carried out in this work, the
stiffness values will range from 0N/m to 3850N/m based
on (6).

C. Sensor Parameters

The sensor parameters are the low stiffness sensor (Kl),
the high stiffness sensor (Kh) and the force ratio (P ). The
maximum force ratio (Pmax) can be calculated by defining
(Kl) and (Kh) at maximum (Km) in (3). However, doing that
will increase the error in P due to crosstalk (interference)
effect and cause a very large difference between (Kl) and
(Kh). Fath El Bab et al [16], carried out a crosstalk effect
analysis and found the Pmax to be 5; thus, the selected
Pmax value in this work based on (3). As stated earlier, the
relationship between P and km as in (3), is non linear when
arbitrary values of Kl and Kh as shown in ; however a non
linearity error analysis was done in order to get the desired
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Fig. 7. Indentation Principle

Kl and Kh that gives a linear output. Fig.8 shows that the
maximum non linearity occurs at the mid range of the mango
stiffness. Therefore, the maximum nonlinearity error (NL)

Fig. 8. Nonlinear and Expected Sensor Output Vs Mango Stiffness

from Fig.8,is represented mathematically in (7)

NL =
m

Pmax − 1
=

(P1925 − 1)− (Pmax − 1)/2

Pmax − 1
(7)

Where, P1925 is the sensor output at the mid-range of the
mango stiffness designed, m is the distance between the
maximum point of nonlinearity to the corresponding linear
point as shown in Fig.8. Therefore, for Pmax = 5, (7)
becomes;

NL =
P1925 − 3

4
(8)

Also from (3),

P1925 =
Kh(1925 +Kl)

Kl(1925 +Kh)
(9)

The relationship between Kl and Kh at Pmax from (3)
becomes;

Kh =
KmPmax

1 + (Km/Kl)− Pmax
=

4812.5Kl

962.5−Kl
(10)

Substituting (10) into (9), we get

P1925 =
9625 + 5Kl

1925 + 3Kl
(11)

Subsequently, substituting (11) into (8),

NL =
962.5−Kl

1925 + 3Kl
(12)

Equation (12) shows the relationship between the between
NL and Kl, which implies that NL is a function of change
in Kl as shown in Fig.9. However, from Fig. 11, if a
higher value of Kl is selected, then the value of Kh will
be increased which will make the strain on the high stiffness
sensor very low and this will consequently lead to a low
output voltage.In this work, a nonlinearity error of 5% is
assumed to be allowed, and this gives a value of 753N/m
for Kl and 17300N/m for Kh. Having carefully selected our
parameters, a 3-D Finite Element Analysis (FEA) was used
to analyze the sensor performance of the proposed sensor in
the next section.

Fig. 9. Nonlinearity Versus the Low Sensor Stiffness, Kl (N/m)

IV. FINITE ELEMENT MODEL AND ANALYSIS

The design parameters gotten in the previous section
is used to build a Finite element model using ANSYS
Mechanical APDL (ANSYS Parametric Design Language)
software to analyze the sensor performance in this section.

A. Description of Model

The mango was constructed using a 3-D axisymmetric Fi-
nite element model, the mango was assumed to be isotropic,
homogeneous, fixed below at its base, and linearly elastic
with a Poisson’s ratio of 0.3 with dimensions of 20mm x
12mm x 20mm as shown in Fig.10. Also the elastic modu-
lus of the mango tested were 0.5MPa, 1MPa, 1.5MPa,
2MPa, 2.5MPa and 3MPa which equals 550N/m,
1100N/m, 1650N/m, 2200N/m, 2750N/m and 3300N/m
respectively according to Hayes et al. model [21]. The
distance between the sensor tips is 8mm, this is narrow
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enough to assume that the surface of contact is flat. The
sensor tips which is a rigid body attached to the spring during
pushing is cubic with a side length 1mm,the sensor tip in the
model is at a distance 0.5mm above the fruit. The contact of
the sensor tip with the mango was built with CONTA174 and
TARGE170 elements located on its boundary. The sensors
are the two springs of COMBIN14 elements, which repre-
sents the low stiffness sensor (Kl)=753N/m on the left and
the high stiffness sensor (Kh)= 17300N/m on the right as
shown in Fig.10. MESH200 elements was applied on the
surface area of the mango with the contact zones highly
refined. The applied displacement into the mango is 0.6mm.

Fig. 10. A 3-D Axisymmetric Finite Element Model

Fig. 11. Sensor Output, P Versus Displacement, x (mm)

V. RESULTS AND DISCUSSION

A. Compression Tests on Mango

Figs. 3 and 4 show stress-strain curves of the Totapuri
mango and Tommy Atkins mango, the experiment was able
to estimate the Elastic modulus of each sample based on
its level of maturation as shown in Table I. It was deduced
that the stiffest mangoes amongst the samples tested had
the highest elastic modulus, and then the softest of them
had the least elastic modulus. This is to say that as ripeness
(maturation) increases, the mechanical properties like elastic

modulus and stiffness reduces. The experiment also showed
that the elastic modulus of different maturation levels of
mango falls in the range of 0.5MPa to 3.5MPa.From the
experiments conducted in this work, the stiffest mangoes had
an elastic modulus greater than 3MPa; to this effect, the
maximum range of our sensor was selected to be 3.5MPa.

B. Sensor Output

Elastic modulus of 0.5MPa, 1MPa, 1.5MPa, 2MPa,
2.5MPa and 3MPa which equals 550N/m, 1100N/m,
1650N/m, 2200N/m, 2750N/m and 3300N/m respec-
tively according to Hayes et al. model [21] were simulated
by the finite element analysis. The results as shown in Fig.
11 shows that the sensor was able to differentiate between
the different stiffnesses of the mango and the output readings
where stable along the displacement of 0.6mm .

Finally, from the results of the simulation, a macro tactile
sensor with sensor stiffness values Kl = 753N/m and Kh =
17300N/m will be fabricated in the coming days.

VI. CONCLUSION

This paper has presented the simulation of a tactile sensor
for mango ripeness measurement which is based on the prin-
ciple of applying two springs with different stiffness properly
designed. The parameters of the sensors were optimized to
give high sensitivity and linearity of its output. The sensor
measuring range is up to 3.5MPa so as to cover a wider
range of fruits in this class. The performance of the sensor
was studied by carrying out a Finite element analysis on
the model. The mango was modeled as a cube of 20mm x
12mm x 20mm, having a Poisson’s ratio of 0.3 and elastic
modulus varying from 0.5MPa to 3.5MPa, which is equal
to stiffness of 550N/m to 3850N/m respectively.

Finally, the Finite element analysis on the performance of
the sensor demonstrated that the sensor is able to differentiate
different mangoes based on their elastic modulus in the
designed range up to 3.5MPa. Also the sensor output P is
independent on the displacement (pushing distance), however
a linear output was achieved.
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