"TIEST

January - February 2020
ISSN: 0193 - 4120 Page No. 4766 - 4769

Engineering & Management

Optimization and Analysis of Micro needle

Dr. S. Sunithamani, D. Guru Prasad Reddy, G. Tarunkumarreddy, K. Reshma
Department of ECE,KoneruLakshmaiah Education Foundation (Deemed to be University),

Green Fields, Vaddeswaram, Guntur, A.P- 522502, India.

Article Info

Volume 82

Page Number: 4766 - 4769
Publication Issue:
January-February 2020

Article History
Article Received: 18 May 2019

Abstract:

The principle that involves the disruption of skin with microneedle is that it creates
a path of micron size which is used to deliver the drug directly into the epidermis
or the upper layer of dermis without any interrupt. Though it overcome the
problems of hypodermic needle it has some limitations. Many researches done on
the microneedle and increased the length of the needle to deliver the drug more
deeper into the skin, but it results in the buckling and stress which may cause
damage to the cells or tissues. So it is very important to consider the geometrical
parameters like length, diameter and material property of the microneedle to
overcome those limitations of mechanical stability of the needle and efficient drug
delivery. This review guides you to know about the various microneedle with
different parameters and different materials(PMMA,Silicon) and their results of
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stress which helps in choosing the better microneedle for delivering the drug
without any damages of tissues and effective delivery.
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I. INTRODUCTION

The most used technique for delivering the drug into
the skin is Hypodermic needle drug delivery. Skin
mainly consists of 3 layers the outermost layer
stratum corneum and the middle layer epidermis and
the outermost one dermis. The main problem related
to hypodermic needle drug delivery is that the
required amount of drug is not able to enter into the
body for therapeutic action. Stratum corneum acts as
a barrier that allows the drug which has less
molecular weight only. To overcome those
limitations various researchers have studied
microneedle transdermal drugs for delivering drugs.
The delivery of drugs using microneedle allows
more amount of drug molecules into the skin for
necessary therapeutic action.

Theoretical Frame work:

Microneedle structures are exposed to 3 major types
of loading when embedded into the body, namely
bending, axial and buckling. Therefore in a view of
all these types of loadings, it is important to
accommodate structural safety considerations to
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develop a hearty microneedle. Axial and bending
loading requirements are defined by maximum
deflection in the structure as well as total tension
under them(usually von Misses stress). A component
called a critical load factor is determined to
determine the structure's strength under buckling.
Also, this parameter is the proportion of the given
applied load to a critical load, above where the
microneedle will experience instability.

A=Pcritical
P

applied

The development of microneedle geometry and
material is important to maximize the critical load
factor for a given load applied. Critical Euler’s load
buckling(P critical) is also defined as :

P m?El
critical =
(KL)?

Where E is the Modulus of elasticity, | is the
minimum area moment of inertia of the cross-section

4766



"TIEST

Engineering & Management

of microneedle structure, L is the unsupported length
of the column, and K is the column effective length
factor depending upon the boundary conditions.

Simulation approach:

In this paper, the COMSOL Multiphysics version 5.3
dynamics module is used to perform the above-
mentioned analysis. The new microneedle is
considered as solid, made with PMMA (Polymethyl
methacrylate) material properties which are imported
from the system Material Library.

Figure 1: Hllustration of the design parameters
considered in this study

Microneedle parameters include the total length (L),
diameter(D), flange base diameter(l), base height(h),
and also the ratio of cylindrical to conical section of
the needle is noted as alpha.

Table 1: Parameters of microneedle
¥ Parameters

]

Name  Expression Value Description

ALPHA 01 0.1 um
D 150 150 um
I 100 100 um
H1 200 200 um

L 1000 1000 um

Absolute length of the microneedle changes between
1000 um to 2500 um to be long enough to arrive at
the dermis layer. This is significant for the
transdermal conveyance of macromolecules, for
example, the conveyance of antibodies utilizing
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microneedles. The greatest weight of 3.18MPa is
applied to the needle tip to direct hub stacking to the
infiltration compel required to puncture the skin,
while the base is completely obliged.

Fixed
Figure 2:Indicates the structure and pressure
direction on micro needle(axial loading)

EIGEN FREQUENCY ANALYSIS:

In this paper Eigen frequency analysis is performed
to identify the stress variations in the material. Eigen
Frequencies are the discrete frequencies at which the
system is subjected to vibrate. When a structure
vibrates at certain Eigen Frequencies the structure
changes into a corresponding shape of the Eigen
mode. The true size of deformation can be
determined only when an actual excitation is known
together with damping properties.

Eigen frequency analysis:

Ensure that periodic excitation does not result in
resonance that may result in excessive stress or noise
emission. Provide knowledge into how configuration
changes can influence a specific Eigen frequency by
contemplating its mode shape.Stress variations for
different Eigen frequencies:
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Figure 3: Stress variation of needle obtained when

Eigen frequency =1.2246*10"5 Hz.

Eigenfrequency=30695 (2) Hz
Surface: von Mises stress (N/m?)

N/m?
A 1.9x10%
2

- ¥ 6.53%x10™
200 2 o

Figure 4: Stress variation of needle obtained when
Eigen frequency =30695 Hz.
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Figure 5: Stress variation of needle obtained when
Eigen frequency =1.1721*10"5 Hz.
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Figure 6: Stress variation of needle obtained when
Eigen frequency =1.2245*10"5 Hz.
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Figure 7: Stress variation of needle obtained when
Eigen frequency =1.2246*10"5 Hz.

In this study five different structures are designed
with different alpha parameters and materials. The
table shows the complete analysis of stress for
different alpha and diameter.

Table 2:Stress values obtained for
differentparameters and different materials of micro
needle.

Graphical representation:
Diameter VS Stress
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Figure 8:Graphical representation of stress obtained
for different diameters of micro needle.
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Length VS Stress
structu | Material Length | Diameter stress
re used (L) (D)
1 PMMA 1700 115 2.8*140M12N/
m2
2 silicon 1900 105 1.43*10"13N/
m2
3 Structural 2000 100 1.9*10"12N/m
steel 2
4 silicon 2100 100 2*10"12N/m2
5 PMMA 2500 110 1.43*10"12N/
m2
2500
2000
1500 -+
L
1000 -+ stress
500 -
0 -
28 143 19 2 143

Figure 9:Graphical representation of stress obtained
for different lengths of micro needle.

CONCLUSION:

The first microneedle was comprised of silicon. A
study was directed to investigate if microneedle can
be utilized to convey sedates through the skin more
effectively or not. A legitimate material must be
chosen in the manufacture of these needles, which
has sufficient mechanical quality and inclusion
power. The fundamental target of this examination is
microneedles that can be created with an assortment
of alterations to shrewdly convey the medication
through the skin giving another heading and unrest
in the field of transdermal medication conveyance
frameworks to expand the saturation without causing
pain.
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