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ABSTRACT 

 Design and analysis of microneedles for TDD system have been presented by our paper. Microneedles are 

preferred due to the painless drug. Microneedle is a novel method of drug delivery. In this work, Design and 

simulation of MEMS based micro-needles for penetration of fluid into the dermis and hypodermis fat layer of human 

skin is obtained. The two types of microneedle named as Out- of -plane, In-plane microneedle are taken into 

consideration. First, the In- plane microneedle is simulated for its displacement and von misses stress with respect 

to skin pressure. Similarly the Out-of-plane need is also simulated for displacement and von misses stress 

corresponding to applied pressure. Further, the Out-of-plane microneedle which is having bores, the cross section 

area of the bores were optimized for needle displacement. Both the type of microneedle the performance is studied 

by applying different materials such as Si, Su8, and Glass. Further analytical formulas are used to calculate the 

twining stress and crumple stress. The results obtained from analytical formulation and FEM simulation is found to 

be in good agreement.  
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1. INTRODUCTION 

 TDD is easy to be accepted by our human body in passing through of pharmaceutical compounds by reliving 

pain, gastro-intestinal sucking, liver metabolism and reduction that are associated with suturing drug delivery 

approaches such as penetrate through skin, drugs via oral .The length and diameter of needles are very small up to 

few microns which is known as microneedle in MEMS in different from other medical application needle. The 

microneedle is about less than 1mm. Thus ordinary needles are significantly larger in length than microneedles. The 

major cons of the suturing needles are pain, infection and the need of skilled persons for the system of penetration 

TDD applications it is used for drug delivery. The microneedles are used to inject the epidermal skin and generate 

the pathway for vaccines. No pain is caused since it is shorter and thus do not appear at nerves depth of skin layer 

(Neh Mane and Ashok Gaikwad, 2013). Active and passive devices are the classifications of TDD device which is 

used for skin infiltration in this devices, the methods used for passing through the skin are element catalyst, 

emulating, lipid assembly as well as organic methods such as peptides (Ashraf, 2010). The major common first 

methods of skin infiltration are ultrasound, jet injectors, microneedles, powder injection. The delivery of drugs 

through the skin within the desired therapeutic range is a major drawbacks (More, 2012). Microneedles categories 

are shown in Table.1. 

Table.1. Categories of Microneedles 

S.No Material Overall shape Tip shape Structure 

1 Polymers Cylindrical Volcano Solid 

2 Silicon dioxide Pyramid Snake fang Hollow 

3 Glass Spike Micro hypodermis Out of plane 

4 Silicon nitride Candle Micro hypodermis Out of plane 

2. METHODS & MATERIALS 

 In-plane microneedle used for different materials such as Si, glass, Su8 has been used for the simulation all 

the three material silicon shows better displacement and von misses stress. Out-of-plane needle also gives the good 

displacement and better von misses stress further the angle value is varied to analyse the performance of the out-of-

plane microneedle. 

Human skin physiology: The third layer is known as dermis (300-3000microns), it contains nerves and blood 

vessels. The living cells and few nerves contained in the next layer called epidermis (50-100microns). The outer 

most layer called stratum corneum (10-15microns) which consists of dead cells. Beneath the dermis layer there is a 

layer of hypodermis fat tissue that houses larger blood vessels and nerves.  

 
Figure.1. Schematic representation of the skin layers 
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Design specification: Different types of micro-needles are often required for different types of drug delivery 

applications. The out-of plane needle have external diameter of 400μm and length is 400μm with diameter 200μm 

(Jeevan and Ziaur, 2013). Can be used for insertion of fluid into the human skin (Fig.2).  

 
Figure.2. In-plane microneedle 

 For the purpose of insertion of drugs and extraction of body fluid from the layer of hypodermic an in-plane 

needle is 3000 micron (Fig.3), can be used. Both types of micro-needles have sharp tip angles to minimize skin 

resistance force and piercing pain (Pranay Kanti Podder, 2011). 

  
Figure.3. Out- of plane microneedle 

Microneedle Mechanism: When the microneedle pierced into the skin have resistive forces. Resistive forces should 

be less than the axial force. During insertion the axial forces act as the microneedle top. This axial force is confining 

and cause crumple of the microneedle. Failure of microneedle is likely during layer insertion due to twining or 

crumple. Confining force reduces the axial forces, which act during penetration, sharp microneedle tip reduces 

crumple. Hence penetration of microneedle into the layer made comfortable. The uneven surface of skin or human 

error can also cause twining. For proper delivery without any failure the microneedle design is important. 

𝐹𝐵𝑢𝑐𝑘𝑙𝑖𝑛𝑔 = 𝜋2 𝐸𝐼

𝐿2 (1) 

E is elastic modulus, I is mass moment of inertia, and L is the microneedle length. Mass Moment of inertia 

for the hollow cylindrical section is 

I=
𝜋

64
(𝑑2-𝐷2) 

At particular angle the needle penetrate the skin. During skin puncturing the microneedle fractures and it is 

a risk. The microneedle can hold up with no breaking is given by, 

𝐹𝐵𝑒𝑛𝑑𝑖𝑛𝑔 =
𝜎𝑦

𝐿𝐶
𝐼 (2) 

The outer edge is the expanse from vertical axis c =
𝐷

2
 . Where, 𝜎𝑦 = yield stress of silicon (7 GPa) and c= 

distance of the outermost edge of the microneedle from the neutral axis. The twining force has a critical effect on 

fracture of silicon needle structure because of silicon’s brittleness. 

The resistive force offered equation is given by: 

𝐹𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 𝑃𝑝𝑖𝑒𝑟𝑐𝑒𝐴 (3) 

 Where, 𝑃𝑝𝑖𝑒𝑟𝑐𝑒, The piercing pressure is 3.18*10^6 pa. A is the area of the structure. 

3. RESULTS AND DISCUSSION  
 Comsol Multiphysics is a software for simulation and analyses purpose. It has two forces namely twining 

force and axial force respectively.  

 a b 

Figure.4. (a) and (b): Range of value in the out-of-plane and in-plane needles 



International Conference On Instrumentation, Electrical And Electronics Engineering (ICIEEE’ 17)  

Journal of Chemical and Pharmaceutical Sciences                                                                     ISSN: 0974-2115 

JCHPS Special Issue 9: June 2017                                                   www.jchps.com       Page 38  

It is used for skin insertion. Boundary condition States the base fixed but tip is movable. It make analyses of 

stress and displacement for in plane and out of plane. The structural model is solid. The in plane and out of plane 

needle is made up of silicon material. The skin resistance of 3.18 Mpa. If the resistance is more than 3.18mpa then 

the needle will break. But the microneedle withstand since it elastic modulus is 169 Mpa Poisson ratio is 0.2. When 

the pressure is applied to 3.18 Mpa the output will be shown this graph. 

  The maximum stress and displacement in the micro-needle structure are read against different structural 

parameters for both the out-of-plane and in-plane micro-needles.  

 a  b 

Figure.5. (a) and (b): Variation of deflection and stress with tip angle for in-plane needle 

 It is observed that under the influence of applied crumple force, the deflection of the structure is confining 

in nature and the maximum stress is produced at the needle tips for the in-plane structure. But in case of the out-of-

plane needle, the region of extreme stress is around the top for the applied crumple force. The upcoming stage was 

to study the maximum stress and displacement for different tip angles. 

 a  b 

Figure.6. (a) and (b): Variation of deflection and stress with tip angle for out-of-plane needle 

It can be studied from Fig.5 (a, b) and fig.6 (a, b), that both the deflection and extreme stress decrease with 

increasing tip angle. This is expected since with the increment of the tip angle, the twining component of the applied 

force decreases, resulting in decrement of deflection and stress. 

4. CONCLUSION 

 The design and simulation two types of microneedles were done. First both the needle was simulated for its 

displacement and von misses stress response to the applied pressure of 3.18gpa. This pressure value is corresponding 

to the pressure which is offered by the skin .when the needle is inserted. The in-plane needle shows displacement of 

5.0218micron and von misses stress of 1.3126*10^7pa. Similarly, for different materials such as Si, glass, Su8 has 

been used for the simulation all the three material silicon shows better displacement -and von misses stress. Out-of-

plane needle also gives the good displacement and better von misses values further the bore diameter is varied to 

analyse the performance of the out-of-plane microneedle. 
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