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Objectives 

 Underpin the possible implementation of the project through the design of 

an internal device and easy to use. 

 Decrease the amount of parts and electronic control with the aim of reducing 

costs. 

 Increase the quality of life of the users, by means of an easy to use device  

 Design modular containment device of bacteria sub-dermal.  

 Make an approximation of the interstitial fluid on the sub-dermal container. 

 Design communication, removal and replacement module of bacteria.  

 Simulate and analyze through CAD type software parts of the device.  

 Submit plans and selection of materials and processes for their 

manufacture.  

 Build a prototype of the external module of the device. 

 

 

General Information on the device and methodology.  

The implementation of the treatment is carried out through a modular mechanism 

designing from mathematical models of interstitial fluid studied and modeled by 

means of mechanical means of continuous and fluid mechanics, as well as 

simulations of the loads that act on the device through the application of the 

method of finite element analysis (FEA) by its acronym in English. 



The modular mechanism that consists of three main modules, was governed under 

the goals to increase the quality of life of the patient to be as independent as 

possible, simple and easy to use, the lower parts and electronics to reduce costs 

and the principal that is to provide an effective containment of the bacteria inside of 

the human organism enabling them to conduct a proper sensing of glucose levels 

and at the same time provide a safety for the user to be biocompatible with the 

agency. 

Broadly the device is composed of: containment module which is the column 

structure of the device to contain the bacteria inside of the human body, specifically 

in the area where the interstitial fluid. This is a porous polymer biocompatible with 

the human body in pill form which allows, through its pores step of interstitial fluid 

like insulin, keeping confined to bacteria 

The next module will call communication, by connecting the container with a hose 

of a biocompatible polymer and whose dimensions are of the order of millimeters, 

with the dermis in which there is a gate with a diameter of 6.5mm that is a 

mechanism iris (similar to the lens cameras), which are two notches on the outside 

that serve as key to connect to the extraction module being open and avoiding 

contact with the outside and thereby reducing potential infections, as you can find a 

similarity between this module and a catheter, which we realized they have 

problems in this area and so we designed this "seal" or totally mechanical gate 

allowing greater aseptic to make the change of bacteria. 

Finally the module removal and replacement of bacteria, which in a nutshell we can 

say is a "sniffer" automatic and mechanical which consists of two buttons (one for 

extraction and one for injection) that control a single electric motor 25X12x10 mm 

dimensions which drives a spur gear mechanism with two eccentric shaft that 

transform transnational circular motion, similar to a Scotch yoke mechanism, with 

an investment of five bars mechanism engaged, reducing control by electronic and 

thus decreasing costs. 

The measures and units used in this document adhere to SI excluding measures of 

length and angles in the planes of manufacturing, in that case are presented in 

millimeters and degrees respectively. 



 

 

Modeling and simulation of the interstitial fluid. 

 

Initial considerations. 

 As an element within a stream of fluid for the mechanical design based on what I 

have first been doing is the model of the flow of interstitial fluid, through the 

application of fluid dynamics and continuum mechanics, develop step by step 

equations, until you reach the appropriate model that performed the best 

approximation to how it behaves the interstitial fluid I omitted some steps because 

they would require the explanation of tensor calculus, algebra tensor and indexical 

notation, similarly try to place less omissions and mention them explicitly while the 

mathematical development. 

The objective of this first part was getting to an equation that model the behavior of 

the fluid on the container and connect this equation with the equation of 



deformation of solid hookeans 𝑒 =
1

2µ𝑒
∗ (𝑻 −

𝜆𝑒    𝐼𝑇

3𝜆𝑒   +2µ𝑒
𝟏)  and thus get critical points 

of effort in container, however as mentioned in end of this first section this goal was 

not met due to lack of experimental data. 

 

Modeling of the interstitial fluid and container module. 

 

Balance equations. 

Equations or global balance laws are those that govern and describe the 

deformation and flow of the entire body as a whole. In the case of interstitial fluid 

despise electromagnetic interactions because they do not create a significant 

response on the fluid, leaving only thermo-mechanical interactions, with significant 

simplifications effected, subsequently, to reach the right model that approximates 

the behavior of the interstitial fluid. 

Balance equations 

 Conservation of mass. 

 Balance momentum 

 Balance moment of momentum 

 Energy conservation 

 Second law of thermodynamics 

 

Conservation of mass. 

Considering the absence of sources and sinks, ie the mass is constant; this law 

states that the total mass of half is retained while the medium is deformed. Where 

ρ is the density. 



∫ ∫ ∫ 𝜌(𝐱, 𝑡) 𝑑𝑣
𝑉

= ∫ ∫ ∫ 𝜌0(𝐱, 𝑡) 𝑑𝑣
𝑉

 

And since the density is a material property and is a derived material is carried out 

and obtain the rate of change of the total mass. 

𝐷

𝐷𝑡
(∫ ∫ ∫ 𝜌(𝐱, 𝑡)𝑑𝑣

𝑉

) = 0 

Applying the Reynolds transport theorem, which is the speed of temporal-material 

change in the volume integral of a tensor order to obtain the spatial form of the law 

of conservation of mass. 

∫ ∫ ∫
𝐷

𝐷𝑡
(𝜌 𝑑𝑣)

𝑉
= ∫ ∫ ∫ (

𝜕𝜌

𝜕𝑡
+ 𝛁 ∗ (𝜌𝐕)𝑑𝑣)

𝑉
=∫ ∫ ∫ (

𝐷𝜌

𝐷𝑡
+ 𝜌 𝛁 ∗ (𝐕)𝑑𝑣)

𝑉
=0 

V is the velocity field. 

Getting comprehensive forms of conservation of mass 

Because it is a universal law must be met for each element of the volume of the 

body, so the axiom applies for local law crazy mass balance as the most general 

form of this law it is that the integrand is zero. 

Differential forms (balance local law). 

𝐷

𝐷𝑡
+ 𝜌 𝛁 ∗ (𝐕) =

𝜕𝜌

𝜕𝑡
+ 𝛁 ∗ (𝜌𝐕) = 0 

And this equation is also known as the continuity equation in fluid mechanics that 

will be critical for modeling the behavior of the interstitial fluid. 

Act global balance of momentum. 

From classical mechanics, based on the second equation of motion of the fast 

newton temporary change of momentum of a body experiencing deformation or 

flow is obtained. ∫ ∫ ∫ 𝜌 𝐯 𝑑𝑉
𝑉

 ≜  total linear movement in a given time 



     
𝐷

𝐷𝑡
∫ ∫ ∫ 𝜌 𝐕 𝑑𝑣     

𝑉
 =      ∫ ∫ 𝑡(𝑛)𝑑𝐴 +

𝑆
      ∫ ∫ ∫ 𝜌 𝐟 𝑑𝑣

𝑉
 

𝑡(𝑛) It is the vector of forces and can be defined as t _ ((n)) = n * T, where n is a 

normal vector to the surface under study. 

Total linear motion + = surface forces body forces. 

For the (local) differential form the surface integral is expressed as a volume 

integral using the divergence theorem and the definition of the vector of efforts with 

the stress tensor. 

Now the Reynolds transport theorem applies to left side, is simplified and clears. 

     
𝐷

𝐷𝑡
∫ ∫ ∫ 𝜌 𝐯 𝑑𝑣 = ∫ ∫ ∫

𝐷

𝐷𝑡
(𝜌 𝐕 𝑑𝑣 ) =  ∫ ∫ ∫ (

𝐷𝑽

𝐷𝑡
𝜌  𝑑𝑣 + 𝑽 

𝐷

𝐷𝑡
𝜌𝑽) 

𝑉
   

𝑉
    

𝑉
 

Is simplified due to the conservation of mass is known zero. 

∫ ∫ ∫ (
𝐷𝑽

𝐷𝑡
𝜌  𝑑𝑣) 

𝑉

 

Developing the derivative material. 

∫ ∫ ∫ (
𝐷𝑽

𝐷𝑡
𝜌  𝑑𝑣) 

𝑉

 

∫ ∫ ∫ 𝜌 (
𝜕𝑽

𝜕𝑡
+ 𝑽 ∗ 𝛁𝑽) 𝑑𝑣 

𝑉

 

Changing notation of the term of the derivative material, to reduce the size of the 

expression. 

∫ ∫ ∫ (𝑽̇𝜌  𝑑𝑣) 
𝑉

 

Clearing the right side and grouping the entire expression. 

∫ ∫ ∫ (𝛁 ∗ 𝑻 + 𝜌(𝒇 − 𝑽̇))  𝑑𝑣) 
𝑉

= 0 



 

Similar to the law of conservation of mass, the axiom applies location as it is a 

universal law and must comply in any part of the body, the differential form is 

obtained. 

𝛁 ∗ 𝑻 + 𝜌(𝒇 − 𝑽̇) = 0 

That it is known as the first law of motion Cauchy. 

Balance moment of momentum 

From defining moment or torque Mo = p × f  where p is the distance from the point 

to the force that causes the f couple are the forces, you can get temporary speed 

at the time of the total momentum of a body around the origin while this undergoes 

deformation or flow. 

  
𝐷

𝐷𝑡
∫ ∫ ∫ 𝒑 × 𝜌 𝐕 𝑑𝑣     

𝑉
 =      ∫ ∫ 𝒑 × 𝑡(𝑛)𝑑𝐴 +

𝑆
      ∫ ∫ ∫ 𝒑 × 𝜌 𝐟 𝑑𝑣

𝑉
 

Applying the Reynolds transport theorem to left. 

∫ ∫ ∫
𝐷

𝐷𝑡
(𝒑 × 𝜌 𝐕 𝑑𝑣 )    

𝑉

 

Developing. 

∫ ∫ ∫ (
𝐷𝒑 

𝐷𝑡
× 𝜌 𝐕 𝑑𝑣 + 𝒑 ×

𝐷𝑽 

𝐷𝑡
 𝜌𝑑𝑣 + 𝒑 ×

𝐷 

𝐷𝑡
(𝜌𝑑𝑣))    

𝑉

 

Put simply, because ultimately the conservation of mass is zero appears, and 

similarly the term (DP) / Dt can be rewritten in the form u = pP being offset field or 

in our case the fluid displacement Interstitial being py P vectors of positions in the 

reference states and deformed, that is what the position of a point to start and what 

was the end, developing the expression with its material derived p = u + P, (Dp) / ( 

dt) = (Du) / Dt - (DP) / Dt. 



Because it is in material coordinates, the material derivative is a partial derivative 

therefore partial respect to time of the displacement field gives us the speed, it will 

have a very important role in our model and simulation of interstitial fluid and 

because we are seeing the phenomenon in the reference state that is in the initial 

deformation or flow before the derivative of the position vector in the reference 

state with respect to time is zero, so that term would be like: 

                                                                   
𝐷𝒑 

 𝐷𝑡
   =𝑽 − 𝟎 

And because it is affecting the term  
𝐷𝒑 

𝐷𝑡
× 𝜌 𝐕  remain as 𝑽 × 𝜌 𝐕, since the density 

is a scalar quantity and a vector cross product is zero himself finally the left side 

would be as follows.  

∫ ∫ ∫ (𝒑 ×
𝐷𝑽 

𝐷𝑡
 𝜌𝑑𝑣)   

𝑉

 

Rewriting the derivative notation newton material to reduce the size of the 

expression. 

∫ ∫ ∫ (𝒑 × 𝑽̇ 𝜌𝑑𝑣)    
𝑉

 

Working the right of the original expression, similar to the law of balance amount of 

time is necessary to convert the side surface integral to a volume integral, this is 

done by applying the divergence theorem, and for this a normal vector is required 

thereby defining efforts vector used with the stress tensor and the normal vector, 

thus being the following expression for the term. 

∫ ∫ 𝒑 × 𝑡(𝑛)𝑑𝐴
𝑆

= − ∫ ∫ ∫ 𝛁 ∗ (𝑻 × 𝐩)𝑑𝑣   
𝑉

 

It integrating developing, changing from direct indicial notation to facilitate tensor 

calculus and algebra, developing the cross product between tension appears 

Levic’s tensor Evita and I omit implications are performed by placing the outcome 

of such operations. 



− ∫ ∫ ∫ 𝛁 ∗ (𝑻 × 𝐩)𝑑𝑣 =  
𝑉

∫ ∫ ∫ 𝐩 × (𝛁 ∗ 𝑻) +  𝜺 ∶ 𝑻 𝑑𝑣 
𝑉

 

Clearing and grouping all terms, where ε is the tensor of Levic- Evita. 

∫ ∫ ∫ 𝐩 × (𝛁 ∗ 𝑻 + 𝜌(𝒇 − 𝑽̇)) − 𝜺 ∶ 𝑻 𝑑𝑣 
𝑉

 

As you can be seen the first term is the first law of motion Cauchy previously 

developed and is equal to zero and hence the expression eventually freezes. 

∫ ∫ ∫ −𝜺 ∶ 𝑻 𝑑𝑣 
𝑉

= 0 

 

And he is known as the second law of motion Cauchy. 

The locality axiom applies and developing the double contraction must be that the 

stress tensor is equal to its transposed that is symmetrical. 

𝑻 = 𝑻𝑇 

Which in this case it occurs in our application because the body moments in the 

interstitial fluid are neglected as these are taken into account only in Ferrofluid. 

 

Energy conservation 

Based on the expression of the first law of thermodynamics, in terms of power. 

∆𝐸 = 𝑄̇ + 𝑊̇ 

 

∆𝐸 = 𝝐 + 𝐾 

 

From where 



𝝐 = ∫ ∫ ∫ 𝜌𝜖 𝑑𝑣     
𝑉

 

It is the total internal energy of the body. 

K=∫ ∫ ∫
1

2
𝜌 𝑽 ∗ 𝑽 𝑑𝑣     

𝑉
 

 It is the total kinetic energy of the body. 

 In the case of the total heat and work. 

 

𝑄̇ =   − ∫ ∫ 𝑛 ∗ 𝑞 𝑑𝐴 +
𝑆

∫ ∫ ∫ 𝜌𝛽𝑑𝑣     
𝑉

 

 

Heat flow through the surface + internal heat sources 

𝑊̇ =   ∫ ∫ 𝑡(𝑛) ∗ 𝑽 𝑑𝐴 + 
𝑆

∫ ∫ ∫ 𝝆𝒇 ∗ 𝑽𝒅𝒗     
𝑉

 

Work due to surface forces + Work due to body forces. 

Subsequently apply the Reynolds transport theorem each end, the double integral 

becomes a volume integral by the divergence theorem similarly performed 

relationships and implications including the deformation rate tensor D and as 

result. 

∫ ∫ ∫ 𝝆
𝐷(𝝐)

𝐷𝑡
− 𝑻 ∶ 𝑫 − 𝛁 ∗ 𝑞 − 𝝆𝛽 𝒅𝒗 = 𝟎     

𝑉

 

Neglecting internal heat sources, and applying the axiom of the town. 

𝝆
𝐷(𝝐)

𝐷𝑡
=  𝑻 ∶ 𝑫 + 𝛁 ∗ 𝑞 

𝝆𝜖̇ =  𝑻 ∶ 𝑫 + 𝛁 ∗ 𝑞 

And expressing the internal energy in terms of enthalpy h 



𝝆ℎ̇ =  𝑻 ∶ 𝑫 + 𝛁 ∗ 𝑞 + 𝝆ℎ + 𝑝̇ + 𝑝𝛁 ∗ 𝑽 

Where would the terms of the mechanical equivalent of heat to the fluid 

compression power. 

Inequality of entropy (second law of thermodynamics) 

"The entropy is defined as the degree of disordering suffered by the internal 

organization of the elements of a material body due to increased heat energy 

during a deformation process as time goes" (1). 

The rapidity of temporal change of entropy as experienced by a body deforms or 

flows. 

𝑁 =
𝐷

𝐷𝑡
∫ ∫ ∫ 𝜌 η 𝑑𝑣    −

𝑉

  ∫ ∫ 𝑛 ∗
𝑞

ѳ
𝑑𝐴 −

𝑆

   ∫ ∫ ∫ 𝜌 
ℎ

ѳ
  𝑑𝑣

𝑉

 

Where N is the speed of entropy production, ѳ is temperature, η is the entropy 

density. 

Similarly developing equation is known as the Clausius-Duhem inequality is a way 

of expressing the second law of thermodynamics, for continuous media is reached. 

𝑻: 𝑫 + 𝑃𝛁 ∗ 𝑽 −
1

ѳ
𝒒 ∗ 𝛁ѳ ≥ 0 

 

Constitutive equations for approximating interstitial fluid. 

 

The balance equations and the Clausius-Duhem inequality, given a system of 

equations and inequalities indeterminate support and therefore constitutive 

equations that help provide solutions to the system and undock certain 

characteristics that our case will not be considered required. 



For the interstitial fluid, it is considered as a homogeneous linear fluid isotropic ie 

he approached a Newtonian fluid, for which already developed the constitutive 

equations that govern and arise from compliance with unequal Clausius Duhem 

and supported by the balance equations developed above, also meet all the 

constituent axioms. 

𝑻 = (−𝑃 + 𝜆𝜈 + (𝛁 ∗ 𝑽))𝟏 + 2µ𝜈𝑫 

Where P is the pressure, is the dilatational λ_ν viscosity μ_ν 1 is the dynamic 

viscosity and is the identity tensor. 

Taking the equation of motion Cauchy develop the beginning 

𝛁 ∗ 𝑻 + 𝜌(𝒇 − 𝑽̇) = 0 

Substituting the constitutive equation 

𝛁 ∗ ((−𝑃 + 𝜆𝜈 + (𝛁 ∗ 𝑽))𝟏 + 2µ𝜈𝑫) + 𝜌(𝒇 − 𝑽̇) = 0 

It is obtained by developing and simplifying. 

(−𝛁𝑷) + (𝛁𝑽)𝛁𝜆𝜈 + 2𝛁µ𝜈 ∗ 𝑫 + (𝜆𝜈 + µ𝜈)𝛁(𝛁𝑽) + µ𝜈∇2𝑽 = ∇ ∗ 𝑻 

And again Cauchy 

 

𝛁 ∗ 𝑻 =  −𝜌(𝒇 − 𝑽̇) 

 

𝛁 ∗ 𝑻 + 𝜌𝒇 =  𝜌(
𝜕𝑽

𝜕𝑡
+ 𝑽 ∗ 𝛁𝑽) 

 

Knowing λ_ν and ρ and depends μ_ν ѳ, higher viscosities are changes due to 

temperature so that they can approach and μ_ν λ_ν are functions of temperature 

only, now considering the interstitial fluid will say a temperature constant or you 

can approximate constant equation would look like: 



𝜌 (
𝜕𝑽

𝜕𝑡
+ 𝑽 ∗ 𝛁𝑽) = (−𝛁𝑷) +  𝜌𝒇 + (𝜆𝜈 + µ𝜈)∇(∇ ∗ 𝑽) + µ𝜈∇2𝑽 

Because consider constant ѳ interstitial fluid and therefore are μ_ν λ_ν and 

constant. 

Now performing the consideration that the interstitial fluid is almost incompressible, 

you get to the Navier-Stokes equation for incompressible and isothermal fluids. 

𝜌 (
𝜕𝑽

𝜕𝑡
+ 𝑽 ∗ 𝛁𝑽) = (−𝛁𝑷) +  𝜌𝒇+µ𝜈∇2𝑽 

Whereas free surfaces, no significant changes in pressure or height, so I can 

despise the body forces and consider constant rf = ρg term where g is the 

gravitational acceleration constant and I can see it in the end ∇P as ∇ ( P + ρg * z). 

The next step is to proceed with the dimensionless equation, for the Reynolds 

number and to assess what terms are heavier ie which ones most affect behavior 

modeling approach interstitial fluid, and make simplifications related but consider 

that start with a linear approximation take place, so that the inertial term disappear, 

the same Reynolds number of the fluid and likewise eliminate Article -Yao 

supported, W., Shen, Z., & Ding, G. (2013). Simulation of Interstitial Fluid Flow in 

ligaments: Comparison Among Stokes, Darcy and Brinkman Models.International 

Journal of Biological Sciences, 9 (10), 1050-1056. doi: 10.7150 / ijbs.7242-. Re 

speaks for a small interstitial fluid so the inertial part is neglected, as had been 

anticipated. 

 

(
𝜕𝑽

𝜕𝑡
+ 𝑽 ∗ 𝛁𝑽) = (−𝛁𝑷) +

1

𝑅𝑒
∇2𝑽 

Where Re is the Reynolds that is defined as Re = ρUL/µ_ν where U is the 

characteristic velocity and L number feature length that this case would be the 

length of our container. Likewise considered that the interstitial fluid is virtually 

incompressible fluid, based on his great composition of water, so that the equation 

is of the following form. 



0 = (−𝛁𝑷) +
1

𝑅𝑒
∇2𝑽 

 

Due to the porous medium in the interstitial fluid flow is required for the application 

of the law of Darcy. .(1) 

𝑈 = 𝐾𝐶((𝑃𝑖 − 𝑃𝑐𝑜𝑛) − (п𝑖 − п𝑐𝑜𝑛 )) 

Where  𝐾𝐶 is the coefficient of permeability in this case in particular of container 

material, 𝑃𝑐𝑜𝑛 is the hydrostatic pressure due to the environment in which are found 

the bacteria inside the container, 𝑃𝑖 is pressure hydrostatic interstitial fluid on the 

capillary walls of the container п𝐶𝑜𝑛 is the osmotic pressure in the middle inside the 

container and п𝑖 is the osmotic pressure in the interstitial fluid. 

The definition of Reynolds number, we can observe that this dimensionlesss 

served to see that element have higher and lower weight in the equation of Stokes 

and due to this analysis Gets a number of Reynolds low viscosity are of very little 

value and for that very reason was the simplification of not considering the Stokes 

equation based on inertial , along these same lines, flow of fluid with low Reynolds 

number that pass through a porous material such as our container, approaching 

through the Brinkman equation and 𝑘𝑚 which is the hydraulic permeability of the 

material of which it is made the container, in this case set out to design the 

container of a porous polymer which are facts sub dermal hormonal, implants by 

𝑘𝑚 would be given by the characteristics of the polymer. The dimensionless 

Brinkman is given in the following way. 

 

𝐾 =
𝑘𝑚

𝐷2
 

Where D would be the diameter of the pores of the material and to replace the 

Brinkman equation. 

0 = (−𝛁𝑷) +
1

𝑅𝑒
∇2𝑽 −

1

𝑅𝑒 ∗ 𝐾
𝑽 

 

This would be the final differential equation which would approximate the behavior 

of the fluid interstitial on our container and dare it, it was not possible to solve it 

since the value of the characteristic speed not able to get it requiring a substitution 

into the equation the law of Darcy in a data which is 𝑃𝑐𝑜𝑛 since this depends on the 



volume and type of medium where enter the bacteria inside the container and due 

to lack of time is unable to obtain the data and therefore the equation was not 

resolved and proceeded to the simulation of fluid, however following places the 

type of geometry that would have the subdermic container. 

 

 

Communication module (externally internal). 

 

Initial considerations. 

This module is in charge of connecting the inner container in which the bacteria are 

housed with the surface layer of the skin para that they can be removed and 

changed easily and in order to maintain the health of the patient avoiding 

infections. Relating This module, with a device widely used at present, would be 

the catheter, where one of the main drawbacks is the increased chance of infection 

is why in design our IT WAS A parameter of paramount importance, which the 

solution we propose for was the use of gate key UN System User cabbage sure to 

keep avoiding contact of the " New Generation catheter " as we call it, scammers 

Middle reducing the chance of infection. 

Consists of three parts the first is a small conduit communicating order of 

millimeters container bacteria within the interstitial fluid with the outer layer of skin 

where the gate which serves as a seal is located and is required to open the use of 

a special "key" that is located in the external module and is easy to use. 

In terms of materials, the dishes based fixed and would be composed entirely of 

stainless steel X15Cr13 is intermediate and in terms of internal and external links 



would be made of EPP -PEEK by Ketron1  LSG is a polymer with high impact 

strength, biocompatible, high corrosion resistance and is backed by the FDA. 

Parts of the iris gate. 

Iris. 

 

 

 

 

 

 

 

 

Link internal opening. 

                                                           
1 Material data base .Matweb. (2015).  DataSheet Quadrant Epp Ketron. 20 July 2015, de Matweb  Web site: 
http://www.matweb.com/search/datasheet.aspx?MatGUID=76851b692e094aa59a0469d76aacef6a 



 

 

 

 

 

 

 

 

 

 

 

 

 

Link from opening 



 

Simulation of kinematic and dynamic of iris. 

 



 

 

 

 

 

 

 

Iris Complete. 

 

 



Module removal and replacement of bacteria. 

 

Initial considerations. 

Based on the objectives outlined at the beginning is the design of an internal 

container that provides a better quality of life for the patient, but to do this was 

taken into account that although the bacteria can measure the level of glucose and 

produce insulin, the spend time performance bacteria come down due to various 

factors, so it was important to design a form of extraction and change of bacteria 

without falling into a complex device, because what is sought is that virtually any 

user it can use and likewise trying to keep costs down by reducing the number of 

parts and electronic control. 

Following these considerations pose the area of engineering design an automatic 

"syringe" needle, with the main problem the size and control, for it using a 

mechanism that has only one electrical part was used and that the control of 

extraction and injection dare an entirely mechanical mechanism are made. For the 

design considerations in mechanical engineering sought out the external device 

ergonomic and user friendly as explained above.

 

 

Parts of the external device. 

 

Case. 



It was designed with ergonomic dimensions of a material resistant to impact and 

flexible so, that it was an economic manufacturing series. The following 

specifications of the dimensions of the case some part of the external device used 

to extract and change the bacteria. 

 

 

For the selection of the material as mentioned before certain criteria are followed, a 

polymer ABS because of its good dimensional stability, acceptable hardness for 

the application (Rockwell hardness) between 90 and 119 and the value of its 

tensile strength was selected which on average is between 20 and 73 [ MPa ] and 

shows good adaptation to forming processes such as extrusion and stamping . 

Once you specify this information we proceeded to analyze the behavior of the 

material before charges could suffer, he said analysis is approached by mechanics 

of materials to further develop and simulate the model using FEA ( Finit Analisys 

Element) through Inventor 2014 Autodesk software. As for the value of the loads 

we rely on published data on biomechanics Article XV International Congress of 

ergonomics. 

 

 



 



 



 

 

By observing the results of the simulation results are obtained according to the first 

estimates would generate a bending moment on the side face because the wall 

thickness is small and acts as a stress concentrator , but this will be counteracted 

because in that area eccentric gear mechanism is screwed engine as providing 

greater rigidity. 

 



Housing cover . 

 

Basically the same above criteria with the additional consideration to be a little high 

thus optimizing space for eccentric gear mechanism , just as it was proposed to 

use ABS polymer followed. 

 

 

By FEA analyzing I will put as cargo the theoretical weight of the entire device 

simulating the behavior that would occur in the screws on the cover , if the user 

only charge the device in this way, with the previous analysis expected value of 

forces cutting the screws is why I put a couple more at the end of the cap, to 

distribute shear . 

 

 

 

 



Supply pipe , and iris wrench. 

It consists of parts so first is the tube which will be sucked down or the medium 

containing the bacteria, and the key that opens the iris and forms an airtight 

connection therewith. 

If the tube was selected as stainless steel medical grade material , specifically 

X15Cr13 stainless steel used in medical instruments . 

For the key was chosen as a material PTFE resin because of its wide use in 

medical applications due to its corrosion resistance , biocompatibility and 

resistance , just as it is approved by the FDA for use in medical items such as 

polymer engineering. 

 

 

 

 



 

 

 



  

 Based on the analysis we can see that with the input torque causes a shear 

ending causing the Teflon appropriate, it should be noted that the value placed on 

the pair got the following article, which is the technical standard of the NASA to 

human, and whose figure refers to the maximum torque that a man can apply 

entirely hand arm and shoulder on a valve , so that our application is an excessive 

burden , but it serves to get data behavior of materials 

 

 

 

 

 

 



Assembly of Supply pipe, and iris wrench. 

 

 

 

 

 

 

 

 

 



Disposable parts. 

In the case of parts it was designed from a common syringe that has the 

dimensions required for the device and which would be manufactured in PP as 

commonly manufactured.In this case no stress analysis was not performed 

because it is considered that the opposition forces due to the viscosity of the fluid 

can be considered virtually null. The syringe was placed in the central part of the 

housing and the top plunger will circulate drilling string metric serve to join with the 

rear of the eccentric gear mechanism and thus prevent this from separating in time 

of removal or change of bacteria. 

 

 

 

 

 

 

 

 



Disposable parts assembly 

 

 

Eccentric gear mechanism. 

It is the mechanism to serve as actuator, to transform the angular movement 

transnational, to thereby drive the plunger so that it is injected or extracted 

bacteria, this avoiding the electronic control. Based on this thought slider crank 

mechanism type, the "disadvantage" of these mechanisms is the space they 

occupy in the external device, so it chose a five-bar mechanism with gear. 

2 

Generalized equation loop mechanism gears five bars3.  

                                                           
2 Imagen tomada de Robert L.Norton.(2009). Diseño de Maquinaria. México: McGraw Hill. PP 172.Figura 4-
11 



𝐿2 + 𝐿3 − 𝐿4 − 𝐿5 − 𝐿1 = 0 

 

The analysis is preferred to carry out complex numbers so the expression is 

replaced in the way: 

𝑎𝑒𝑖𝜃2 + 𝑏𝑒𝑖𝜃3 − 𝑐𝑒𝑖𝜃4 − 𝑑𝑒𝑖𝜃5 − 𝑓𝑒𝑖𝜃1 = 0 

Being complex numbers , which are widely used in the study of kinematics and 

mechanisms due to isomorphism found with respect to the vectors , presenting the 

advantage that they can be write shortest way and operation division if defined for 

complex numbers knowing this equation can be decomposed into two loop 

equations, the real and imaginary part and thus could solve two unknowns , 

however the only data we have are the angle of the link 2 will be the input variable , 

the link length 1 and the angle that are constants as they are fixed , so a method 

not supported equations would because they are more unknowns than equations , 

but because it is a system with a kinematic pair higher order are gears , they have 

a relationship is given by the following expression for this particular case . 

𝜃5 = 𝜆 ∗ 𝜃2 + 𝜑 

Where λ is the gear ratio and φ is the phase angle and parameters are given by us 

at the time of design 

This expression can reduce the number of unknowns to have an analytical solution 

to the system 

𝑎𝑒𝑖𝜃2 + 𝑏𝑒𝑖𝜃3 − 𝑐𝑒𝑖𝜃4 − 𝑑𝑒𝑖(𝜆∗𝜃2+𝜑) − 𝑓𝑒𝑖𝜃1 = 0 

Separating into its real and imaginary parts. 

{
𝑎 ∗ cos 𝜃2 + 𝑏 ∗ cos 𝜃3 − 𝑐 ∗ cos 𝜃4 − 𝑑 cos(𝜆 ∗ 𝜃2 + 𝜑) − 𝑓 ∗ cos 𝜃1

𝑎 ∗ sin 𝜃2 + 𝑏 ∗ sin 𝜃3 − 𝑐 ∗ sin 𝜃4 − 𝑑 sin(𝜆 ∗ 𝜃2 + 𝜑) − 𝑓 ∗ sin 𝜃1
 

 

Thus it would proceed algebraically to solve the giving as parameter or degree of 

freedom to  𝜃2 for Δθ and define the position of each link of the mechanism system. 
After much research it was found that the mechanism of 5 bars geared to be more 
suited to our need because of their type of investment regarding the general 
mechanism of 5 bars engaged, it is a mechanism designed by Dr. engineering 

                                                                                                                                                                                 
3 Robert L.Norton. (2009). Diseño de Maquinaria. México: McGraw Hill. PP 172, 173,174. 



Nguyen Duc Thang4 , the which as already mentioned is an investment geared 5-
bar mechanism and amended the measures necessary for this project and each 
piece was designed in CAD software . 
 

Representation of skeleton 

 

Applying equation Grubler - Kutzbach . 

3 ∗ (𝑛 − 1) + 2 ∗ 𝐽1 + 1 ∗ 𝐽2 

Where 𝐽1 is defined as kinematic pairs lower order and 𝐽2are the kinematic pairs of 

higher order. 

 

Replace. 

𝑆𝐷𝐹 = 3 ∗ (5 − 1) − 2 ∗ 5 − 1 ∗ 1 

𝑆𝑖𝑛𝑔𝑙𝑒 𝐷𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝐹𝑟𝑒𝑒𝑑𝑜𝑚 = 1 

Therefore it is a desmodromic mechanism ,ie from a single parameter will be 

defined the movement mechanism , which singly could be stated as the number of 

actuators necessary for the mechanism to perform its function , in this case one 

                                                           
4 Nguyen Duc Thang. (2010). Cơ cấu con trượt bánh răng lệch tâm. 2-July-2015, de Meslab Sitio web: 
http://meslab.org/mes/threads/20977-Co-cau-con-truot-banh-rang-lech-tam. Contact 
thang010146@gmail.com. 

http://meslab.org/mes/threads/20977-Co-cau-con-truot-banh-rang-lech-tam


that it is in accordance with the objectives of minimizing pieces, in this case the 

single actuator is a micro motor that will provide the data mathematically angle 𝜃2. 

The mechanism has two sliding spur gear teeth 20 whose axes are out of the 

center as well as a yoke or assembles parts and depending on motor direction it 

moves vertically up or down . Materials for this mechanism are basically two types 

polymer ABS for the frame and base and to the yoke or slide and to the gears and 

plates that attach acetal polymer due to its excellent wear resistance and good 

dimensional tolerance is a crucial aspect in the teeth of the gears. 

 

 



 

 



 

For the simulation were placed pairs that correspond to the generated by a micro 

motor with a box of gear reducer 70:1 and which is electrical, with the objective to 

observe the effect of the torsion in the shafts. 



 





 

 

As you can see, the torque on the input shaft to the gears receives very little effort, 

on the other hand the force placed on the slide causes a bending moment in the 



upper union, however, this load becomes excessive would be in case the user 

releases the device and this will impact against the ground vertically. 

Eccentric mechanism assembly. 

 

 

 

 

 

 

 

 

 



Prototype 

From the original models made in CAD , we realize the construction of a prototype 

of the external module, through manufacturing and material 3D printing using PLA. 

We should mention that due to lack of resources is not a working prototype, that is 

to say only Printed case, the lid and the key iris in 1: 1 scale to have the 

experience that would have the user to manipulate and dimensions relation to the 

hand. 
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