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Introduction
When confronted with a problem, it is an engineers’ natural instinct to want to immediately come up with a solution.  An open ended problem is very frustrating to an engineer because often times the first idea is not the best idea.  The engineer or team of engineers must approach each design problem with a systematic approach, with conceptualization being a pinnacle step.  The purpose of conceptualization is to create high-level of structure to the problem; as well as to come up with as many ideas to solve the problem.  The conceptual model allows the designers to think in broad terms without focusing on details.

Our sponsor, Guidant, is planning to release a Drug Eluting Stent (DES) in the near future, but has not been able to perfect the manufacturing of it.  Currently, the drug coating process is flawed, which results in unusable stents.  The problem occurs during the coating process.  The solution can overflow, due to gravity that pulls the drug layer downward and the surface tension of the drug that causes it to creep around and into the Inner Diameter (ID).  The coating within the ID is not desired because it can affect the delivery process of the stent, such that it can damage the inflating balloon and causes asymmetric expansion of the stent.  Also, the overflow can leave a scratch on the balloon and when the balloon is expanded to upwards of 200 psi that fine scratch can lead to a rupture in the balloon and put the patient’s life at risk.  Due to these safety concerns, the stents that do have overflow on the ID are scrapped.  A drug coating overflow removal tool is necessary in order to cut costs due to waste.
Ten Conceptual Designs
To start our conceptualization, we focused on functions that our design scope encompassed.  By thinking freely we compiled a number of concepts that potentially could work for our application.  Once we had ten realistic concepts we began comparing them through functional analysis.  We used a Pugh chart to narrow down our ten conceptual designs to the top three.  The following are sketches and descriptions of the initial ten:
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Figure 1 Stent Shaver

The stent is carried by a cylindrical tube that is design to lock onto the Stent Shaver platform.  There is hollow tube on the right side of the drawing which represents a pusher, which would be coated with a protective material (Teflon for example) in order to minimize damage to the base of the stent.  The stent is pushed forward to the shaver and the shaver blades shaves off the overflow drug.  The shaving diameter can be adjusted to a specific diameter.
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Figure 2 Stent Driller

The stent is loaded into the stent holder which does not touch the outer diameter of the stent.  The stent is uploaded by a cylindrical rod into the stent holder which can open and close.  The drill is precisely cut to fit over the stent inner diameter.  The drill will hone through the stent and remove any overflow solution to an accurate tolerance.
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Figure 3 Stent Assembly Line Cleaner

The Stent Assembly Line Cleaner concept is base on the assembly line with different cleaning media positioned next to one another.  The left block is attached to a hollow ring and can move forward and backward.  The hollow ring is designed for pushing the stent forward and the left block is the pusher.  The stent is loaded onto the loading tube and is installed into the assembly.  The assembly line contains four cleaning processes.  The first is the heating surface which is use to melt the drug overflow.  Followed by the initial brush, which is design to loosen, and the secondary brush is design to scrap off the overflow.  Lastly, is the cloth absorber, which will clean the stent and absorb any overflow.
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Figure 4 Stent Cutter

The stent is fixed by the stent holder, and is blocked from moving by the stent lock.  The rotating rod spins the blade with the motion of cutting and slicing while moving slowly to the left.  The circular blade slice and cut the hanging overflow drug and is moved through the entire length of the stent.  It is followed by a second stent holder, as the first one leaves.


[image: image1]
Figure 5 Stent Filer

The stent is held into place by the stent holder and the filer is situated close to the stent surface and it motion is linear, back and forth.  The filer is situated in a groove cut into the stent holder.  The stent filer is rotated along with the stent holder to file the remaining surface on the stent.  The filer is significantly small in order the overflow coating solution.
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Figure 6 Acetone Brush

The acetone coated brushes assembly is made of three major parts; the left support, right support and the loading tube.  The loading tube has a built in brush and the stent is loaded onto right side of the loading tube.  The loading tube is then placed onto the slot fitter in which the two parts merge together and become one cylindrical tube.  The pushing ring pushes the stent across the loading tube and over the acetone impregnated brush.  The pass over brush will remove any overflow.  The stent is unloaded from the opposite side of the loading tube.
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Figure 7 Focused Laser
The focused laser concept is consists of laser beam being focused to the same diameter of the stents inner diameter.  The laser would be shot through the stent and vaporize the overflow.  There would be a lens that expands the beam followed be a lens that focuses the beam.  The diameter of the beam could be adjusted be moving the focusing lens back and forth to our desired beam diameter.
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Figure 8 Mandrel Counter Rotating Brushes

The idea behind this design is that the coating overflow is known to concentrate at the place where a Teflon mandrel contacts the I.D. during the coating process.  As a solution, we will insert a mandrel with brushes that located at those specific areas to clean the overflow solution.  After the insertion, the brushes will rotate and the shear stress between the brush hair and the stent inner diameter will tear the overflow solution off the surface.  We can clean it while it is still wet, so there won’t be any leftover solid pieces that we have to clean afterward.
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Figure 9 Rotating Rod

The concept behind this design is to use a rough surface rod with a diameter smaller than the stent to grind the overflow solution off the inner surface. The grinding shear stress depends on the normal force between the rod and the stent. In order to control the normal force, we will spin the grinding rod, which will in turn force the stent around the grinding rod. The centripetal acceleration of the stent will causes a force to press against the rod. Since this force depends only on the rotating speed, we can control the normal force pressed against the stent. The disadvantage of this design is that we cannot control the amount of damage the grinding will deal to the stent, and it is hard to remove the grinded pieces off the stent afterwards.
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Figure 10 Counter Rotating Brushes

The Counter Rotating Brushes concept consists of two brushes that are separate of each other.  The stent would be loaded onto either one of the brushes and then the brushes would be pushed together forming one cylinder.  The brushes have backings that would be adjusted back or forth depending on the length of the stent.  The backing would be adjusted until half of the stent is on both of the brushes.  Then a two motor will spin the brushes; left brush spinning counter clockwise and the right brush spinning clockwise, thus countering one another.  The stent will not rotate in either direction due opposite rotation the.
	Concepts #:
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Quality
	Stent Shaver
	Stent Driller
	Acetone Brush
	Stent Cutter
	Focused Laser
	Counter Rotating Brushes
	Mandrel Rotating Brushes
	Stent Assembly Line
	Rotating Rod
	Stent Filer

	Portability
	0
	0
	+
	0
	-
	+
	+
	+
	0
	0

	Ease of use
	0
	0
	+
	0
	+
	0
	0
	+
	0
	-

	Controllability
	0
	0
	0
	0
	0
	+
	+
	+
	+
	-

	Removability
	0
	0
	+
	0
	0
	+
	-
	+
	-
	-

	Probable Damage
	0
	-
	+
	-
	0
	0
	+
	0
	0
	-

	Maintenance
	0
	+
	+
	+
	+
	0
	0
	-
	+
	0

	Ease of Manufacturing
	0
	0
	+
	0
	+
	0
	+
	0
	-
	0

	Safety
	0
	0
	+
	0
	-
	+
	0
	+
	+
	0

	Simplicity
	0
	+
	+
	-
	+
	+
	+
	+
	0
	-

	Total +
	0
	2
	8
	1
	4
	5
	5
	6
	3
	0

	Total -
	0
	1
	0
	2
	2
	0
	1
	1
	2
	5

	Total 
	0
	1
	8
	-1
	2
	5
	4
	5
	1
	-5


Pugh Chart for Ten Conceptual Designs
The preceding concepts were narrowed done to three which were the Counter Rotating Brushes (see fig. 10), Acetone Brush (see fig. 6), the Stent Assembly Line (see fig. 3).  The following Pugh, Table 1, chart allowed us to directly compare all ten of the concepts using specific criteria we had chosen:

Table 1 Ten Concept Pugh Chart

Discussion of Criteria
Portability is the ability to move the apparatus around.  When we consider the rating for each design, we have taken the size, weight, and the amount of alignment it takes to work properly into account.  Portability is an important specification for our designs because Guidant has only limited amount of space.  The ability to maneuver this device around the labs becomes an important issue.

Most of our design is not fully automated; in order to minimize the possible human error, we have to consider how easy it is for the human operator to operate our machine.  Since ease of use is related to the accuracy of the final result, it becomes part of our consideration as well.

Controllability is referring to the ability for us the control the amount of overflow solution to be removed.  Some of the methods are easier to control then the others.  We want the amount of solution removed to be the same at all direction because an uneven coating will make the stent to expand in a non-symmetrical way.  Stents that are not symmetrically inserted will damage the blood vessel.  So controllability is a very important specification that we considered.

Removability is referring to the amount of percentage our device can remove from the stent surface.  Since removing the coating from the inner surface is the primary objective of our project, it is the most important aspect of our project.

Probable Damage done to the stent is important as well because it is an engineering requirement that we must minimize the damage to the stent.  The probable damage done can be due to stretching and buckling.  
Maintenance is related to the lifetime of our device and the amount of inspection/attention needed to regulate the device.  It directly affects the operation cost.  An effective design will have little or no maintenance because every time the machine needs to be turned off and inspected is time taken away from producing.
Ease of manufacturing is referring to the ability reproduce our final design. Since Guidant wants to mass produce the stents after they have been approved by the FDA, the ability to duplicate our design is an important aspect of our problem as well.

Safety is always a concern when dealing with human operator.  Some of the device use sharp objects such as rotating blades to remove the overflow coating, the safety of the human operator must to be taken into account to have a effective tool. 

Simplicity is referring to the possible dead ends that we may encounter in the future.  The simpler the design concepts, the less chance we may fail to in the future. When we are rating this criterion, we consider all possible problems we may encounter and the possibility that we can overcome it. Simplicity is related to how likely we will be able to achieve our goals.  Also our sponsor has specifically asked for a simple design because they may want to adjust our design for other purposes.
Feasibility Analysis of Stent Assembly Line
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Figure 11 Detailed Drawing of Stent Assembly Line

The stent assembly line is divided into three major parts as shown in figure 11.  The first part is the up-loading, second is the cleaning assembly body, and the last part is un-loading part.  The up-loading consist of an up-loading tube, up-loading device and a pushing ring.  The cleaning assembly body is a special custom rod that is divided into three parts, a heating part, a brushing part and a clothing part.  Lastly, the unloading parts consist of two parts, an un-loading tube and un-loading device.  The entire assembly line is held together by an actuator that is driven by a rotating motor.

By utilizing the rotating motor and converting it to linear motion by using a belt, the speed of the process can be controled by controlling how fast the motor spins.  The first step is to load the stent onto up-loading tube.  The up-loading tube is geometrically design so that the stent will slid onto the tube easily.  Next, the up-loading tube is placed and locked onto the cleaning assembly body which is supported by the un-loading part.  The up-loading device is moved forward and the pushing ring is pushed against the base protector which pushes the stent forward toward the cleaning parts.  It first passes through a heating part which will liquefy the drug.  The stent is met with rough brushes which scrub against the stent wall and loosen up the overflow.  The brushes are made of rough material and low in stiffness.  The design is conical, with initial small diameter which gradually increases as the stent slid thru.  The increasing diameter induces an increase in surface tension between the brushes and the stent, which will remove any tough overflow. After this, the stent is moved forward and is introduces gradually onto the next set of brushes.  The next sets of brushes are design to brush away the overflow drug.  They seated at an angle that will maximize brushing power.  Unlike the first set of brushes, they are smoother but stiffer.  Next step for the stent is the cleaning cloth.  The cleaning cloth is covered with micro cleaning pores that will wipe and absorb debris and small leftover drug on the stent.  It also smoothed out the inner surfaces of the stent.

After the cleaning process is complete, the stent is now situated over the un-loading tube.  The un-loading tube is similar to that of the up-loading tube; it is design to hold the stent.  Now the up-loading devices is attached to the cleaning assemble, the un-loading device is moved backward while the up-loading device is lock onto place.  The stent is unloaded and transfer onto a stent holder.  The un-loading tube is installed back onto the un-loading device and is lock onto the stent assembly cleaning body. The up-loading device is detached from the stent assembly and is ready for the next stent.

Calculations
Dimensions:
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Cycle times Analysis:

Roller with Radius= 1mm.




   N= 10 Rev/min
Circumference= 
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Based on the cycle time of 19.76 sec, it would not be enough to clean the stent thoroughly; therefore a multiple number of cycles are need.  The number suggested would be four times.  This number is based on the experiment on brushing away Elmer’s glue on stainless steel surfaces.  The number of times required is averaged out and taken to be four times.  The experiment was done with a regular painting brush.  

Melting Analysis

Based on the melting point of Acetone, it will evaporate at room temperature and the heating surface is only necessary to melt the drug.  The drug Everolimus melting point is not available; therefore no specify heat flux can be calculated.  The heat transfer is through conduction.  By using Fourier law, 
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 the heat transfer to the stent can be determined where K is the thermal conductivity of the drug surface, A is the surfaces area of the drug and 
[image: image6.wmf]dx
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 is the temperature distribution of the heat.  This assume that radiation and convection play little role in affecting the heat transfer amount, therefore an accurate dose of heat can be induce to the stent.  

Brushes Analysis

The company that the brush can be potentially be bought or custom made is Gordon Brush Corp.  Based on the brush description from the website, “Recommended for removing soft deposits (mud, algae, etc.) in straight, non-ferrous tubes (copper, brass, plastic, etc.). Brush should be equal to or 1/16" smaller than tube I.D.”  These brushes should have enough surface tension to remove the coating when it melted.  As for the cloths, micro fiber cloth is a good absorber and would be good to absorb the drug overflow debris.
Pictures are taken from: (http://www.thomasregisterdirectory.com/brushes/pipe_tube_cleaning_brushes_0045265_1.html, Gordon Brush)

[image: image7.png]



Figure 12 Brush in Stent
Type of brush considered: 
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Figure 13 Rough Brushes (Teflon)
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Figure 14 Cutting Brush (Teflon)

In the back of the envelope calculation, the total distance traveled by the pushing ring is Xtotal, which is 130mm.  The Xtotal represent the length of the up-loading tube un-loading tube and the length of the cleaning assembly body.  The rotating motor speed is 10RPM, and the number of revolution required to travel a distance of 90mm is 14.33 revolutions and the time required for 14.33 revolutions is 85.7 sec (1 minute and 42 seconds). This satisfies the time required to clean the stent which is 2 minutes.

In part B of the back of the envelope calculation, the balance of momentum is use to determine the support need for the assembly.  By using determining the torque exerted on the left hand side, we can find the amount of force on the right hand side to balance it out.  This calculation help to stabilize the system while it is moving back and forth because all force in the vertical direction need to be in equilibrium

The stent assembly line concept is not feasible because it is complicated to fabricate and control.  The Stent Assembly Line requires heating and two moving parts.  The heating section of the cylinder alone provides enough of a problem to dismiss this design.  To generate heat from the inner diameter at a required rate and at the same time allow the stent to slip thru at a certain rate that will melt the drug off provide a critical challenge.  Another disadvantage is the assembly line.  With two parts moving and other parts dissembling, it create a complicate and hard to control mange.  As a result, the operation requires training or expertise.  Another example is the loading and unloading part in itself required multiple of step and operation.  Lastly, the cost and efficiency of the machine is not desirable.  The cost to manufacture this machine required money and customize equipments also required more money.  The efficiency of the machine is low, for every stent that is cleaned it required a change in the brush and cleaning of the heating portion.

The advantage of this design is it ability to clean.  With multiple brush type and geometry, the stent is thoroughly clean by the time it reaches the end of the assembly.  The effectiveness of the tool is high due to it heating and cleaning combination.  However, this also leads to a high probability of the stent being altered or damage in the process.  In conclusion, the stent assembly is not feasible because of it high cost, complex operation and high probable damage to the stent.

Feasibility Analysis of Counter Rotating Brushes

[image: image10]
Figure 15 Detailed Drawing of Counter Rotating Brushes

The concept for this machine is that we insert two counter rotating bits to clean the interior tube at each end. Since each bit spins at the opposite direction, the overall torque created by the shear stresses between contacting surfaces will cancel out each other. The machine can be broken down to three function category; apparatus that handle the stent, cleaning tools that remove the id clumps, and power converting devices that drive the cleaning tool to action.

The stationary apparatus will hold the stent at the side. Before it is set into place, we will use a rod with very small radius as a mandrel to hold the stent. The rod will be manually set in position with the machine; the machine then will gently apply a force with a hollow cylinder at each side of the stent to hold the stent. At the end, the machine will remove the mandrel for next use. The primary force that holds the stents is the friction between the end of the stent and the apparatus.

After the stent is set into place, a brush with slightly bigger diameter will insert at each side of the stent. The power conversion device will convert electrical power to torque and spines the brushes in opposite direction. The shear stress between the brushes and the inner wall of the stent will tear the id clump off the surface.
Calculations

1st Moment of Area Theorem:


Area = 
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2nd Moment of Area Theorem:
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Friction Formula:
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(3)
First we can use the cantilever beam as our model of brush hair. Using 1st and 2nd moment-area theorem, we can find the relationship between load, hair angle of contact, hair’s modulus of elasticity, and the hair’s 2nd moment of inertia.  As illustrated by equation 1, if we know the load, contacting angle, we can choose the brush hair by matching brush’s material characteristic.  Constructing a Free body diagram at the point of contact; we have a relationship between the sheer stress due to friction and the normal force.  Using the friction formula, we can find the angle of contact that has the most shear force with the minimal normal force as a function of the coefficient of friction.  As shown in equation 2, we can use a typical value of coefficient of kinetic friction to estimate a rough shear force to normal force ratio as well as the most efficient contact angle.  Assuming the bits’ rotation acceleration is low; we can calculate the maximum angle of twist caused by the torque created by the counter rotating bits.  From equation 3 we can see the shear stress to angle of twist ratio.  Here, we assume the stent behave as a thin hollow cylinder.

Conclusion for the Feasibility

Since a lot of the required data is unknown, we can only judge the feasibility qualitatively.  From equation 3, we can see that a very small shear stress can create a big torque at the middle.  For our longest stent, the angle of twist could exceed the value we are allowed to have.  A way to improve the design is to decrease the length of the moment arm as shown in figure 2.  This can be achieved by using a shorter brush and/or using a different method to hold the stent.  Since Teflon is much softer than stainless steel, the brush should not damage the stent.  By adjusting the length of the brush, we can reduce the torque by a significant amount.  Assume the brush clean 1 mm of the stent per second and the set up time as 1 minute, we can still meet the 2 minute requirement.  This design is feasible, but the problem with twist cannot be ignored.  The alignment of the brushes is absolutely critical and if it is off by a little the stent would be twisted.

Feasibility Analysis of Acetone Brush


[image: image16]
Figure 16 Detailed Drawing of Acetone Brush

Although there is no published information on Everolimus, we do know that Guidant dissolves the drug in acetone in order to coat the stent.  One of the reasons they use acetone because of how quickly is evaporates at room temperature.  This concept utilizes this fact in order to remove the overflow.  This concept contains three working parts to clean the overflow from the I.D.  The three parts include:

· Loading Tube - A 90 mm long rod with a brush soaked with acetone at the middle. Both ends are truncated to a small diameter for easy stent insertion. There a V-shape fitters at each end that fit into V-shape slots of the both stationary pieces. 

· Left Support Piece - A block that accepts one end of the mandrel and hold it stationary for the whole operation. 

· Right Support Piece - A block that accepts the other end of the mandrel. It has a ring that moves the stent slowly from one end of the mandrel to another.

An operator will load the stent onto the loading tube an place the fitters into the slots of the stationary support pieces.  After an inspection to assure they are aligned correctly the operator will soak the brush with acetone.  To soak the brush the operator will use a simple pipette accurately measure a few drops of acetone.  This is critical that that operator does not over saturate the brush to avoid any of the acetone to creep to the outer diameter and removing any of the drug coating on unintended surfaces.  Then the operator will flip a switch to turn on a DC motor.  The motor will spin inside a lead screw, which converts rotation into linear motion.  This lead screw is connected to the ring, which pushes the stent.  The DC motor will continue to spin until it reaches a switch when the stent has been pushed to the other side of the loading tube.  Because the brush is soaked in acetone, which will not harm the stent, the overflow will become “wet” again.  The overflow will be taken off the surface of the I.D. and dry onto the brush.  Once the stent is on the unloading side of the loading tube the operator will remove the loading tube and take the stent to be inspected.  After a few runs the operator will have to clean the brush.

	Phase behavior

	Melting point
	178.2 K (-94.9°C)

	Boiling point
	329.4 K (56.3°C)

	Triple point
	178.5 K (-94.5°C) 


? bar

	Critical point
	508 K (235°C) 


48 bar

	Δfus H
	5.7 kJ/mol

	Δfus S
	32.3 J/mol·K

	Δvap H
	31.3 kJ/mol

	Solubility
	Miscible with water

	Liquid properties

	ΔfH0liquid
	-249.4 kJ/mol

	S0liquid
	200.4 J/mol·K

	Cp
	125.5 J/mol·K

	Density
	0.79 ×103 kg/m3


Table 2 Properties of Acetone

By looking at table 2 one can see that acetone evaporate at 56.3°C, which less than a typical room’s temperature.  Thru rough experiments, we discovered that a single drop of acetone would completely evaporate within 20 seconds at room temperature from a metal counter top.  Also acetone would evaporate faster is air was blown on it.  Our design would not have acetone creeping onto unintended surfaces as long as the operator measured the right amount of acetone.
Calculations
The stent being bent is also a concern of ours with this design.  We conducted experiments using a tensile-compression tester to see how much of a load can be applied to a stent before it bends.  In the experiment we glued a stent to the platform of the tester as shown in figure 17.  Through the experiments we obtained that a stent could handle a 40 gram load before bending at the center as shown in figures 18 and 19.
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Figure 17 Top View of Stent Prior to Compression
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Figure 18 Bend of Stent With 42 Gram Load

[image: image19.png]



Figure 19 Bend of Stent With 40 Gram Load

Stress is defined as:
Stress=Sigma(σ) = F / a

F = .04kg*9.8m/s^2

Since a << 1 because the contact area are nodes that can be seen in figure 17 it is assumed that these stents can handle a relatively significant amount of stress before it bends.  From the brush analysis from the Counter Rotating Brushes we concluded that that the brush hairs would not provide a large enough shear stress to make the stent bend.  We confident that Acetone Brush Concept will work for cleaning the I.D. of stents.
Weighted Pugh Chart Top Three
Table 3 Top Three Pugh Chart

	Concept
	Weight Percentage
	Counter Rotating Brush
	Score
	Acetone Brush
	Score
	Stent Assembly Line
	Score

	Portability
	5%
	8
	0.4
	9
	0.45
	6
	0.3

	Ease of use
	10%
	8
	0.8
	9
	0.9
	7
	0.7

	Controllability
	10%
	7
	0.7
	8
	0.8
	6
	0.6

	Removability
	30%
	7
	2.1
	9
	2.7
	9
	2.7

	Probable Damage
	20%
	7
	1.4
	8
	1.6
	6
	1.2

	Maintenance
	5%
	8
	0.4
	8
	0.4
	8
	0.4

	Ease of Manufacturing
	5%
	7
	0.35
	9
	0.45
	6
	0.3

	Safety
	5%
	7
	0.35
	9
	0.45
	8
	0.4

	Simplicity
	10%
	7
	0.7
	9
	0.9
	7
	0.7

	Total:
	100%
	 
	7.2
	 
	8.65
	 
	7.3


The second Pugh chart incorporates the same criteria as the Pugh chart used to narrow the ten design concepts.  They are: portability, ease of use, controlablility, removability, probable damage, maintenances, eases of manufacturing, safety and simplicity.  All the parameters play an important role in our feasibility analysis of the final three.  In order to weight how important is each parameter, percent weights were assigned to each parameter.  As shown in table 3, the two highest weighted is removability (30%) and probable damage (20%).  The two make up 50% of the total weight because our project is centered on the goal of removing the over flow coating without damaging the stent.  The other such as ease of use (10%), controllability (10%) and simplicity (10%) are rated second most importance.  These three parameters are influential toward the operation of the design concept.  Lastly, the least important parameters are rated 5% each.  The parameters include portability, maintenances, eases of manufacturing and safety.  They are considered to be extra because they aimed toward user friendly.  Thus mean that there will be no need for special training required to use the tool.  All the parameters add up to be 100%.  

The scores were assigned ranging from one to ten, with ten as being the highest and one being the lowest.  The score is then multiplied by the weight percentage and the results equal to the weighted scored.  The sum of all the weighted scored is totaled for the final score.  Each design was scored base on their description, drawing and analysis.  The first design to be scored was the Counter Rotating Brush.  This design scores between a 7 and 8 on all the parameters, and the total weighted score is a 7.2.  The next design is the Stent Acetone brush cleaner, this design scores between 8 and 9 on the parameters and the total weighted score is 8.65.  Lastly is Stent Assembly Line, this design scores varied from 6-8 and the total weighted score is a 7.3.  From our analysis we have decided that the Acetone Brush cleaner is our best choice.

Best Choice
After comparing the results from the Pugh chart, it should be clear that acetone brush cleaner is our best choice.  Comparing the rating of each item in the Pugh chart, acetone brush cleaner is the leader from the first item to the last item.  Comparing portability, acetone brush cleaner is highly portable.  With its all in one piece apparatus, it does not require alignment like the counter rotating brush and it has less sensitive components than the stent assembly, making it the most portable device out of all three.  Acetone brush cleaner is almost fully automated.

The only thing that requires a human operator is the stent insertion.  The insertion method used in the acetone brush cleaner is the easiest of three.  Automation reduces the chances of human error and the easy insertion method makes it the easiest to use device out of our three designs.  Acetone brush cleaner has the most controllability comparing to the other two designs.  It cleans the whole stent in a one step process and the cleaning action is symmetrical in any direction.  As we have experimented under control environment, using a wet brush to brush across a patch of wet glue removes much better than solely using a dry brush.  It makes the removability of the acetone brush cleaner rated higher than the counter rotating brush.  Since the coating solution is already dissolved in acetone when coated, using acetone as our solvent is not very likely to damage the coating.  The soft Teflon brush was tested by Guidant and proved that it does not damage the stent as well.  The probable damage the acetone brush cleaner will do to the stent is very minimal.  Maintenance is the weakest area of the acetone brush cleaner; the lifespan of the Teflon brush with the presence of acetone is unknown, making it a variable to our design.  Also Guidant will continuously need to use acetone meaning there will have to be a constant supply of it.  However, comparing to the other two designs, the level of maintenance is almost the same, so it does not make the other two designs more attractive than the acetone brush cleaner.  As we have researched about brushes, there are already manufacturer that makes brushes the size we are looking for.  In addition, we also researched about potential motor we are going to use, the price and the size is compatible with our specification.  The ability to reproduce our design is unquestionable.  Since all the moving parts of the acetone brush cleaner are moving very slowly and acetone is not an extremely hazardous material, the only safety precaution is to wear a safety goggle.  The only challenge we may have in the future with the acetone brush cleaner is the selection of brush.  The simplicity, as one can see in picture of our mock up (figure 20), of the acetone brush cleaner design makes it very likely to be a successful design.  Comparing all aspects of our three designs, acetone brush cleaner is the best choice for our final design.
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Figure 20 Picture of Mock Up
Budget

The following is a list a materials that we plan on having to buy.

· Acetone for loosening the drug overflow, $10
· Brushes for removing the overflow, $50

· Stainless Steel for the mandrel, $50
· Holding apparatus and slider, $50
· DC motor to power driving mechanism, $185

· Drive mechanism to slide the ring, $100
· Emergency money;$55
· Estimated Total, $500
The budget is based on the final design and is compiled to meet the design requirement.  The final design requires six major parts to be manufactured or bought.  The first is the acetone liquid, based on the research on acetone price, it cost around 15 cent per pound and $10 for acetone supply should be sufficient for future testing.  The next major part is the brushes, each brush cost approximately $5 dollar and for $50 dollar we will have 10 brushes to experiment with.  The stainless steel mandrel can be custom made by the machine shop and if not possible due to the size than the cost of having one made or bought is estimate to be $50.  Only one stainless steel mandrel is needed.  For the holding apparatus the approximate material cost is $50.  The next important part is the DC motor, it is estimate that a millimeter range motor cost approximately $185 dollar per motor.  The last important part is the drive mechanism that will slide the ring forward.  The drive mechanism has to be custom made and the cost is about $100 for raw material.  The back up money will be $55, which should be sufficient in case we need anything to be reworked or replaced.  The total estimate budget is $500 dollars.
Conclusion
The process of conceptualization can be some what frustrating because in the beginning the problem seems vague.  It is the open ended nature of conceptualization that sometimes bogged us down.  Although the at times the process seemed tedious the benefits to conceptualization are apparent when looking at our final conceptual design.  We are confident that the acetone brush cleaner will clean the overflow off of the I.D. of the stent without causing any damage.  We understand why these skills will be used in the industry because one has to have a good plan not just a good idea.
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