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ABSTRACT

In this paper, an accurate methodology is proposed to detect compliance of soft tissue using two
serpentine springs as a combined structure in micro machined piezo resistive tactile sensor, small
vibrations and variations with live tissue also detected. The measuring range of the sensor is chosen
to be associated with the soft-tissue properties. Here 10-80 milli-newton force is applied on the
soft tissue and the variations in the tissue are observed, and compared with the existing methods.
From the observations, it is found that the sensor output stress sensitivity varies linearly
with the variation in applied force. The sensor parameters are optimized to give high
sensitivity and linearity of the sensor output. To detect the healthy tissue more force needed to be
applied on the proof-mass, which varies the stress applied on the tissue. A light stress is to be
applied if it is damaged. Using COMSOL TOOL the design is simulated for checking the sensor
performance and compared which micro machined tactile sensor design which is simulated using
the ANSYS tool.

Keywords: Soft tissue, sensitivity, stress, piezo resistive tactile sensor, COMSOL, ANSYS.

INTRODUCTION

In the 1980s, the movement of innovation gave specialists the capacity to perform surgeries
utilizing little therapeutic gear without being in coordinate contact with patients. Such surgeries
were called insignificantly intrusive surgeries (MIS) [1]. MIS has a considerable measure of
noteworthy benefits contrasted with ordinary open surgeries for specialists and patients. Due to these
preferences, MIS are spreading quickly and are relied upon to keep on expanding later on.

In spite of the points of interest related with MIS, they have a few deficiencies that should be
overcome. One of the real imperfections is that specialists cannot feel the soft tissues through the
fingertips, which is critical in surveying the welbeing status of the tissue. Giving firmness
affectability to specialists amid these surgeries gives the capacity to portray and palpate soft
tissues, and enables specialists to separate amongst ordinary and contaminated tissues.
Likewise, such material criticikm enables specialists to apply sufficient conpel on the
controlled delicate tissue; Consequently, keeping away from soft tissue harm amid surge ry.
Keeping in mind the end goal to recognize delicate tissue firmness, a few ideas of estimation have
been presented. A standout amongst the most well-known systerrs relies upon the utilization
of a conpel on the soft tissue and the estimation of the relted
disfigurement/diversion [2]. Appropriately, the stiffness of the tissue can be computed.
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LITERATURE
REVIEW

Hasegawa et al [3] buit up a multifunctional material sensor driven by an attractive field,
which could quantify contact compel and in addition other physical amounts.

Muhammad et al. [4] designed and implemented a micro tactile sensor consisting of a thin silicone
electrode diaphragm cavity and silicone bottom The diaphragm deflection, due to the applied
pressure, is detected by measuring the change in capacitance between the diaphragm and the
substrate. This concept of stiffness measurement has some limitations. In order to distinguish
between the stiffness of the different tissues, a constant drive force must be applied. Therefore, it
usually requires external equipment to supply a constant force, which makes the sensor more
expensive [5]. Another concept of measurement was presented by Ju et al. [6], which is based on
resonant frequency. They used a piezoelectric coated cantilever, which has a specific resonance
frequency, and the change in resonance frequency that occurs when the sensor comes into
contact with the tissue is used to detect tissue stiffness.

Murayame et al. [7] buit up a piezoelectric resonator, with which they could separate between
various examples of silicone elastic with various modules of Young. The above estimation
thought encounters the reliance of its execution on the contact pressure between the sensor and the
sensitive tissue. In this way, a consistent pressure i required to perceive different tissues. Engel et
al. [8] buit a material polymer sensor that can recognize the hardness of sensitive tissues.
Hypothetically, the sensor yield was diagnostically figured on the premise of response drives in two
springs, with various stiffness, in a two-spring design sensor. In any case, it was discovered
tentatively that the expansion in connected pressure prompts an increment in the hardness of the
deliberate tissue, for a similar tissue. Dargahi et al. [9] utilized a similar idea to create piezoelectric
sensors equipped for measuring the aggregate constrain connected to the recognized question and
abko its consistence. Sensors by and large comprise of unbending and consistent conponents. The
assurance of the congruity of the identified articles depends on the proportion of the constrain
experienced by the unbending component to the aggregate conpel connected to the sensor.

In light of a conparable thought of "applying two springs with fundamentally unique stiffness to
soft tissues for soft tissue recognition,” Fath ElBab et al [10] deweloped a definite
arrangement  technique, considering the stiffness tissue estimation go, to propel the shape
parameters of the sensor to give high affectability and linearity of the sensor execution to
procure the self-ruling execution of the Push detachment between the sensor and tissue utiliz ing
ANSYS TOOL. The arrangement acknowledged a by and large level surface regarding the
contact mesa. The different segment between the two mesas i been sufficiently far, with the
goal that the disfigurements in each table impact the immaterial one.

In perspective of a conparative thought of pushing the sensor having two serpentine springs which
is free of the different pushed between the sensor and the tissue, the whiteness of the soft tissue can
be perceived utilizing the COMSOL TOOL which can be found rather than the execution of the
ANSYS TOOL. The separation between two serpentine springs is taken as
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2mm by which increases the spatial resolution of the sensor, thus better performance can be
obtained. Better performance of the sensor is obtained when compared with ANSYS TOOL.

DESIGN AND WORKING PRINCIPLE
The sensor is appeared as two springs, as appeared in Fig. 1, to be particular, Sl (low stiffness
spring) and Sh (high stiffness spring).
The low and high stiffness springs have stiffness constants of kl and kh independently. The soft tissue
has a steady stiffness ko. At the point where the two springs come into contact with the
soft tissue, two distinct forces happen on the sides of the springs of high and low stiffness of the
evaluations FHand FL, independently. By measuring FH and FL, stiffness of the soft tissues can be
imparted as a Q cormponent, as it shows up in the backup:
Kp K (1
- 0)
Ko = (QK1—Kn)

Where Q (= FH/FL) s a dimensionless variable. The yield of the sensor is called Q as the
stiffness of the tissue, and ko can be assessed from Q utilizing (1).

Applied displacement

Fig 1 sensor model

SENSOR STRUCTURE AND DESIGN

The basic plan of the sensor took after the accompanying contemplations:

The association between the applied pressure and the relating deflection must be direct.

The measurements of the sensor components must be identified with the unbending nature
picked.

The sensor structure is picked as a blend of silicon tones with different estimations (sensor
segments). The cantilevered structure is picked due to its notoriety for linear behaviour of the force
and displacement [11]. Then again, the cantilevered structure can be utilized as a spring with a touch
of space permitting high spatial determination [12]. The cantilevered structure was utilized as a major
aspect of a substantial number of MEMS exams [13-15]

The stiffness estimation of kh and ki can be accessed from the accompanying condition,
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In the light of 170 GPa Young's silicon (E) module, tolerating that the width (b) and thickness (t) of
al bulges are 300 pmand 50 um independently. Accordingly, it was watched that the lengths (I) of
the low and high stiffness bulges were 2100 umand 655 um, separately.

Surface: Total displacement (um) )

x10% i e i

Fig 2 Low stiffness spring.

Table 1: Force vs displacement of low stiffness spring.
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Fig 3 A linear Force — displacement for low stiffness spring.
For various applied forces observe the displacement changes for both the low stiffness and high
stiffness springs. Fig 2 low stiffness constant spring with force as input, displacement.
as output. Table 1 shows the force vs displacement values and Fig 3 shows a linear graph
between force and displacement for a low stiffness constant spring. A linear relationship is obtained
by the selected dimensions for the low stiffness spring. Fig 4 shows high stiffness constant spring.
Apply force to the high stiffness spring and obtain the displacement values. Thus the selected
dimensions gives the linear relationship for low stiffness and high stiffness springs as previously
discussed.
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Fig 4 High stiffness spring
Table 2 [Force vs displacement of high stiffness spring.
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Fig 5 A linear Force — displacement for high stiffness spring.
Figure 3 demonstrates that the chose estimation of s1 gave a direct Force move association with kl =
172 N/m, which is near the desired gauge of 170 N/m A similar investigation i finished with Sh.
Table 2 shows the force vs displacement values and  Figure 5 demonstrates that the selected
measurement of Sh gave a direct compel relocation association with kl = 5669 N/m, which is near
the coveted estimation of 5700 N/m
Now observe the relation between Force applied and stress because the sensor is based on the
concept of piezo-resistor at the maximum stress location. Force is applied to the low stiffness spring
and stress is observed. Different force values are applied and stress values are noted.

Surface: von Mises stress (MPa)

i Surface: von Maes stress [MPa)
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Fig 6 stress induced in low stiffness

Fig 6 shows the stress induced in the low stiffness spring, Force is applied to the low stiffness spring
and stress is observed.
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Fig 7 Linear relation between stress and force of a low stiffness spring.

Similarly force i applied and stress is observed for the high stiffness spring also. Fig 8 shows stress
induced in the high stiffness spring. Fig 7 and Fig9 shows a linear relation & obtained when force
versus stress s plotted for both low and high stiffness springs.
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Fig 8 stress induced in high stiffness
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Fig 9 A Linear relation between stress and force for high stiffness
spring.
FEM
Analysis

The sensor structure is designed using low stiffness and high stiffness springs using the
COMSOL software. The sensor is spoken to by two serpentine springs. The soft tissue is
thought to be homogeneous and poisons ratio of 0.49 and measurements of 10 mm * 10 mm *

10 mm and Young's modulus of 0.25, 0.5, 0.75and 1 MPa . The Young's modulus of 0.25, 0.5,

0.75 and 1 Mpa speaks to the tissue solidness ko of 166, 333, 500 and 833 N/m The sensor is
appeared with two serpentine springs of thickness 50um. Fig. 10 demonstrates the FE model of the
sensor with two serpentine  springs  with applied force and output as stress. These
observations shows that when sensor is made to contact with soft tissue there exist a force
opposite to the sensor which consist of two serpentine springs with two different spring
constants and that force can be calculated using piezo resistors. Thus the soft tissue can be
detected whether it i healthy or diseased. Here the inflexibility of the soft tissues is autonomous of the
applied force. The sensor perusing i the stress ratio (Q) on the spring mesa of high and low stiffness.
Figure 11 demonstrates the diagram between the distinctive estimations of the young’s modulus and
the sensor vyield (Q), which is the proportion of strengths in high and low firmness springs. Fig. 12
demonstrates the recreation of the sensor vield, applying different force values and acquiring the
yield of the sensor for various estimations of Young's modulus. By perception unmistakably the
yield of the sensor i free of the applied force which is fundamental.

Surface: von Mises stress (MPa) a Surface: von Mises stre:

. 3
x10° X10° Al4d

140
120
-+ 100

- .80

: 60




.International Journal of Future Generation Communication and Networking
Vol. 13, No. 3, (2020), pp. 29792989

80

60
40
20

¥ 2.04x10°

Fig 10 Finite elerment model of a sensor

Comparison

table

Table 3 shows the comparison of the theoretical and practical values. This shows that the sensor
output which s obtained from the simulation values of the sensor with the COMSOL TOOL is very
similar to that of the theoretical values.

Table 4 shows the Comparison table for the present sensor output values which are simulated using
COMSOL TOOL with the Ahmed M. R. Fath El Bab’s sensor output which i simula ted using
ANSYS TOOL. This tabl shows that the sensor output values are improved when compared
with the previous results which are simulated using ANSYS TOOL.

Table 3:comparision of theoretical and practical sensor output values

parameter Sensor Sensor
output(Q) output(Q)
Young’ Theoretical Practical values
S values

modiilis

0.25 1.92 1.86

0.5 2.7 2.68

0.75 3.62 35

1.0 44 4.3

1.25 5.2 5.1
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Fig 11 Simulation of the sensor outpuit.

Table: 4 Conyparison of sensor output of previous and present simulation

APPLIED parameter Sensor output-stress Sensor output-
FORCE Q) stress(Q)
Milli-Newtons Young’s Ahmed M. R. Fath Present simulation
modulus(MPa) El Bab’s simulation
10-80 0.25 1.8 1.86
10-80 0.5 25 2.68
10-80 0.75 3.3 35
10-80 1 4.1 4.3
10-80 1.25 4.8 51

From this table it is clear that we got more sensitivity compared to the others in terms of
displacement and stress.
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Fig 12 Simulation of the sensor output.

Conclusi

on

The micromachined tactile sensor is designed and simulated using the COMSOL TOOL and
compared with the previous simulations using ANSYS TOOL. The micromachined tactile
sensor is designed with two serpentine springs with different spring constants namely 172 and

5669 N/m In Mohamed E. H. Eltaib paper the separation between the two serpentine springs is
3mm, but in the present paper the separation between two serpentine springs is 2mm thus the spatial
resolution i increased. For the tissues having young’s modulus of 0.25, 0.5MPa the sensor output
(Q) s almost similar in both previous and present cases but for the tissue with young’s modulus of
0.75, 1, 1.25MPa. It enhances the yield execution of the present sensor, which is reproduced
utilizing COMSOL TOOL contrasted with the yield of the sensor that is mimicked with ANSYS
TOOL. Subsequently, the execution of the sensor increments and gets practically precise esteems
with the hypothetical esteems.
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