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Main project: BC Testing Device design
[bookmark: _Toc396323387]Presentation of the project
I have been asked to improve a Buoyancy Compensator accelerating weathering chamber testing device where several groups of intern have already worked on.  Indeed, the head of engineering is pretty satisfied with this device, but with the time, several structures problems appeared. The project involves to fix or think about another configuration of the UV’s boxes used for the light tests on BC’s, to improve the way these UV’s panels are set together and inside these boxes, working on other feature of the BC testing device like the lid or cycle test. 
Previously, San Diego college students have worked on the building of this device according to the UV light direction and repartition but also about the strength of the device. Nonetheless, the materials which were used to build the UV’s boxes have bend under the water pressure and it becomes more difficult to put the UV panel inside these boxes. But the main problem stays the leaks which appear on the acrylite box joints. 
Although Aqualung has one machine for the wash test and one for UV tests, this device remains needed to simulate at best weathering conditions: sunlight, chlorine and salt environment during a dive. That is why my mission consists on make this device more robust and easier to use. 
[bookmark: _Toc396323388]Description of the device

[bookmark: _Toc396323389]Utility
In order to enhance materials which are used to build Buoyancy Compensators, the Aqualung team of engineering needs to know what behavior they have on diving conditions. This device was made in order to simulate real weather conditions by alternated chlorine wash and UV exposition cycles. Indeed, BCs are often these kinds of conditions with pool or ocean trainings. Before proposing a BC to a client or using a material to build a gear submitted to those conditions, Aqualung team needs to determine what will be the impact of those damages on the appearance and the weakening deterioration. From that step, they can review the product if it doesn’t succeed to the limits provided by their standards.
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Table 1. Exemple of visual result on the BC testing device

[bookmark: _Toc396323390]Components 
This device includes several features in order to run the test properly. The drawing below shows them :
[image: C:\Users\mjolly\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG_7040.jpg]

[bookmark: _Toc396323394]Current configuration

This current configuration is the result of former internships. Indeed, in 2008, San Diego students reached to transform the old testing rig by improvement such as:
1. Reduce overall footprint of testing rig
2. Added vents to light cover to decrease temperature inside UV light kits
3. Changing all metal used to use stainless 316
4. Using a 160 gallon cylindrical tank for the storage tank.  It will not gravity feed any more.  They redesigned the system to pump from each tank.
5. Changing  pumps to 1/6 hp sump pumps with accompanying float valves.
6. Tanks supports have been lowered to lower center of gravity and to allow testing rig to be used away from wall support if needed.
7. Adding a drain to the plumbing system, so the system can be drained.
8. Adding a secondary lid to cover the viewing window to eliminate any additional light to the system.
9. The support structure will be welded and removable caster wheels will be added so the system can be moved.
[bookmark: _Toc396323395]Protocole of running
[image: ]
Figure 3 : protocole of running

[bookmark: _Toc396323396]Methodology to lead the project
[bookmark: _Toc396323397]Preparation
To design the new features, it was essential to identify the framework. The very first mission consisted in learning on the BC testing device characteristics, applications and how it works.  The design process began by looking closely at the former reports about current design and protocol of running. Indeed, I would not be able to work on it if I did not know the reasons why things lead to this configuration.  
Then I also need to know what the requirements for this device are. I learned that it already exist a UV testing device and a wash test, but the BC testing device let the team to simulate better real conditions of using. According to explications of users of this device, I was able to identify the issues encountered with this device. The conclusion of the former reports were helpful too because I could find some idea of improvements identified by former interns. I submitted the list of issues during the very first weekly meeting about BC testing device we planned with the team.
[bookmark: _Toc396323398]Running the project
After studying the major axis of work for this project, it was time to turn to establish a way to work.  
I guessed I don’t know all the details concerning this machine, so for each issue I have identified I talked to persons involved or refer to the protocol of running. According to that information, I was able to separate this project into different main tasks and subtasks available in the following Work Breakdown Structure (WBS).This would help me to divide the project into several improvements and time to allow on each one to keep the control of the time available for my mission. 
[image: ]
By the way, I also set up a weekly meeting with the head of Engineering department, Eric Thorstenson, and the two engineers in charge of this project, David Sullivan and Jonathan Souder every Monday morning. I planned to submit all my suggestions during those meetings, but also make a regular follow up by e-mail about how things are going on. Finally, the team will be able to see my progress on designing or researches in my shared folder made for the BC Testing Device Project.
[bookmark: _Toc396323399]Problems to solve 
Borders leaks: because of the joints materials between the two main materials of the box (regular plexiglas and OP-4), some water flees thorough. This is the main one I have to think about when designing the new configuration.
Avoid electricity and water contact on the UV box : This is linked to the first problem.  I ve seen in Marie’s report that the test has even stopped once because of too much water in the UV box and David told me about this issue he had already encounter. Actually, even if the hole for electrical is not touched by water, the moisture which condensate on the lid of the device because the warm of the UV effect  drops down into the UV light box during the UV exposure phase.
· UV Pannel swirl : need to think about a fixture to avoid this movement. 
· A tank which is not flat : it doesn’t fit with the frame and we have to think about a solution which can avoid it to move because of water pressure : materials, screws …? In the configuration work, it is defenitevely will be a problem to keep the dimensions straight.
· New lid : something which looks stronger and ergonomic
· Position of the BC in the machine (UVs mainly on the side) : I ve read in Marie’s report that the position of UV  doesn’t cover all the BC, particularly most exposed part during diving such as shoulders. She mentioned to put a mirror above to reflect UVs on these parts.
· Measuring color : BC wet  problem and frequency to do this
· Cycle duration : sometimes, the machine doesn’t  do anything during several hours. Maybe can we think about a solution to not spoil this time ?
[bookmark: _Toc396323400]Work realized
The device is able to work but the leaks on the UV Box and the UV panel which is not totally working makes the running impossible. Nonetheless, even if I was asked to designing a new stronger and suitable configuration for the device, the team agreed on the fact that repairing the current defaults to run the BC Testing Device and see more why it has some problems during running is necessarily. So in the same time of thinking, I cared about the former UV Box.


[bookmark: _Toc396323401]Having the device ready
Because the engineer team needs to run tests on their BC and material samples, my very first task consisted on trying to fix one of the current UVs light box.  We remove the UV box from the basin to check those 2 points :
· [image: ][image: ]If all UV’s lamps were working : 
A UV panel is composed by 8 UV lamps linked 2 by two in aluminium containers. The pairs are linked with electrical connections at the back of aluminum holder. On the box we were studying one of them did not work anymore. After cleaning the panel of its dust, with Jonathan we analyzed where the disconnection according to the scheme of was electrical links available aside. We noticed that the screws used to hold the lamps were rusted but still usable. Furthermore, I noticed that the assembly have tendency to swirl because of only 2 vertical wood holders. 
· Study leaks and configuration performance under pressure :
 [image: ]
Figure 6 : locating the leaks

By filling out the UV box with water, I would be able to locate the leaks. But first, because of the bending of the Plexiglas panels which constitute the box, we started first by building a reinforcement frame to maintain the box flat during the operation. As a conclusion and as expected, Leaks are mainly located on the joint between two different materials (OP4 and Plexiglas), on the bottom (because of gravity and empty space structure) and where several pieces of Plexiglas are stuck side by side to reinforce the joint. Once the leaks were identified, I started to caulk them with waterproof silicone.
Once I have located the leaks, I remove some of the plexiglass extra-contouring pieces because the silicone does not stick and seal the joint well anymore.  Some of them were totally inefficient so I remove them from the box. I polished the plexiglass and acrylite surface which were around the joint I wanted to rebuild. Then, I fill the gap between acrylite and plexiglass, before sticking again the extra plexiglass piece above. Others were quite sealant but need to be fill under with some silicone. I used a seringue to inject silicone under the extra piece of plexiglass.
After the recommended cure time of 24hours, I wanted to test my fixed joints by the same process. With Bruce, we thought that the bottom of the helping wood frame was useless regarding the fact that the front side of the box was only bounding and needs help during this test. Unfortunately and unexpectedly, when we started to fill out the fixed box with water again, the bottom cracked and the entire front side of the box was destroyed. We needed to turn on a new configuration quickly…
[bookmark: _Toc396323402]Researching on a new Configuration 
[bookmark: _Toc396323403]Dimensioning of the UV Box
By looking at the UV light box, I noticed that the OP-4 Front Pannel acrylite was not bending contrary to the rest of the box (in Plexiglass). That is the reason why the very first idea which naturally came on the table was to replace the whole box by an entire acrylite OP-4 box. Several dimensioning proposal have been studied in this first period. I listed them on the first chart below.
	Name
	Description
	Pros
	Cons

	Solution 1 

	Replace current box by a one in a whole material with exactly the same dimensions
	No researches on design needed
Avoid joints problem
Add the same quantity of water

	Cost
Water Pressure (Current no flat)
Use more sheets than we need for fitting exactly the size of UV panels

	Solution 2 
	Replace current box by a smaller one in a whole material 
Adjust the box to the UV Pannel Size

	Size of UV Pannel  so we spare materials, even one acrylite standard sheet (96”*48”)
Avoid joints problem

	Cost
Water Pressure (Current Basin  not flat)


	Solution 3  
	Cut the basin  and making several small boxes in two different materials

	UV outside the box
Better repartition of UV intensity
Repartition of stress
Reduce sheets of high performance acrylic we need

	Basin not flat- changing the basin ? $$
More work
Glue problem
Not enough water
BC far from UV lights 




Then come the first design meeting where we discussed about these solutions. Obviously, they present the advantage to stick together panels made only with the same materials. Nonetheless regarding to the the price of OP4 Acrylite, we will need at least 3 sheets of 96” by 48”. I made a comparison of different suppliers of this material in California (available on Appendix ) and noticed that it will cost at least 1800$. By talking with Eric, the head of the research and engineering, we realized that we cannot afford such of cost for this project. So we need to turn to an alternative solution using other material for the box.
[bookmark: _Toc396323404]A whole new UV  Box
[bookmark: _Toc396323405]Reasoning to carry out the new structure
We now need to find a suitable waterproof and stress resistant material for the box and keep just one sheet of acrylite OP-4. Knowing that some people like Jeff or Ed have already work with constructions such as aquariums or kayaks, I asked them about their experience with building a sealant and pressure resistant device.
[bookmark: _Toc396323406]New Materials 
Box material
This application of kayak definitely looked like my project. That is how we decided to turn on Marine plywood for our UV box, covered with a mix of epoxy resin and hardener, as if we would build a boat, so a sealed device. Marine Plywood is different from a classic plywood because of the waterproof glue used between laminates which is waterproof and more resistant to salt corrosion. Furthermore, Jeff and Ed have already worked on kayaks realizations, so they were able to help me on this part.
Window material
Type 
Requirements of this material :
· High UV transmittance : target irradiance of 120
· Resistant to Temperature
· Not damaged by chemicals
· Strong enough to resist to the water pressure
The former we used was Acrylite OP4. Acrylite® OP4 UV Transmitting acrylic sheet is manufactured for use in indoor sun tanning equipment. It offers high levels of UV light transmission and strong resistance to degradation caused by UV light. OP-4 acrylic sheet transmits a high percentage of light in the UV-A 315 – 400 nm and UV-B 280 – 315 nm regions. Only a small portion of light in the UV-C region (200 – 280 nm) is transmitted. 
According to our use and my researches, this is the best product but also the more expensive. We plan to only use one 98*46*1/4 sheet for the temporary solution and for the future final one if the temporary would have to be improved because the hole I have designed for the UV on the front face is 30”*43” (so this allows us to have  at least three piece in one acrylite sheet). Furthermore, we are more interested in Cast acrylit than extruded because compared to cast acrylic, extruded acrylic has less optical clarity but offers exceptionally close thickness and diameter tolerances.
The former supplier, Ridout doesn’t sell this product anymore. So I contacted new suppliers in California
	Supplier
	Dimensions
	Location
	Price
	Additionnal
	Lead time
	Phone

	San Diego Plastics
	.236*123*83
	National city
	1175.72
	Freight estimate :185
	Stock in main, estimated 7 to 10 bus day to deliver
	619 477 4855

	K Mac plastic
	250"" x 48"" x 96"""
	Wyoming, MI  
	$1614.88 (+handling fee :144.88)
	Shipping
	Stock in main
	616-406-0671

	Acrylite Shop
	· 123" x 83"*0.236

	Parsippany, NJ
	1,259.70 
		Freight Shipment (commercial):
	 
	185.00 U



	Need to do a special order (they have to call me back) and  I am afraid they are under the same manufacturer as Rid out 
	855 202-SHOP(7467)


	
[image: ]
Figure 7 : target range for the Light Length
Thickness
Thickness: 
In order to determine this thickness, I took in considerations 2 requirements:
· Be close to the acrylite sheet edge
· Security factor
The calculations of this thickness are based on getting the right security factor regarding to the pressure which is applied. The bending stress allowed for a glass

The calculations that follow expect the acrylite to be supported around its perimeter on all four sides. The calculation is the same regardless of whether the perimeter join is in compression or tension. Typical all glass aquariums have all their joins in either tension or shear or both. This method of construction relies 100% on the strength of the silicone holding it together, and is also the weakest join type when using silicone. Steel frame aquariums have the silicone under compression. 
[image: ]
· Dimensions of the basin : 24*60.3*36
· Dimensions of the UV transmitting acrylite sheet ; 28*41
· Water pressure due to water inside the basin as height as the Acrylite hole
· Don’t take in consideration the space fill out by the other UV Pannel 
[image: ]
· The water pressure (p) is directly proportional to the Height (H) x the force of gravity (approx 10 (9.81 for people who want to be exact)) with H in mm (28in=710mm)
p = H x 10 in N/mm2  
Here : p= 710*10=7100N/mm2 
The bending stress allowed (B) is equal to the Tensile Strength of acrylite / safety factor. Various websites offer  differing advice on exactly which safety factor should be used. Consensus : 3.8.
· Here : B=52/3.8=13.6N/mm2 
· The thickness of the glass (t) is proportional to the (square root of width factor (beta) x height (H) cubed x 0.00001 / allowable bending stress (B)).
so; t = SQR (beta x H3 x 0.00001 / 13.6) in mm.
Here ; Ratio L/H=L/H=41/28=1.48  so beta=0.26 (table) and alpha= 0.042 (table)
t = SQR (beta x H3 x 0.00001 / 13.6)=12mm=0.48”
· Deflection = (alpha x water pressure (p) x 0.000001 x Height4)/(Modulus of elasticity (E) x Thickness (t) cubed).
Here, modulus elasticity =2800MPa
Deflection =(Alpha x p x 0.000001 x H4) / (2800 x t3) in mm  =2.3mm=0.092”
So all those calculations leads me to choose a thickness of ¼”.





[bookmark: _Toc396323408]Work on Design
Box Design
[image: ]
Figure 1 : Current dimensions of the box
My device is going to be submitted at high pressure of water in the front panel. Designing this side of the box for holding the acrylite is the tricky point of the project. Indeed, I need to have something enough robust, but which is not hiding too much the window for the UV transmittance. 
Grid : We thought that a grid could help the acrylite to resist to the water pressure. In order to get the good grid shape, I run some stress analysis studies with Solidworks on the different configurations I proposed. For each of them I choose to run a static study with two forces: Gravity and Water pressure on the front side only and up to the top of the box. I based my values on the volume of the basin without the volume occupied by the other UV Box and the weight of Marine Plywood given by Frosthardwood, the supplier. Furthermore, I added fixtures on the side panels to simulate given the fact that the box is going to be attached to the basin. I indicate that I was wondering about sudden break under pressure and choose a suitable mesh. All those considerations give me those parameters for my comparative study:
		Analysis type
	Static study

	Mesh type
	Solid Mesh
Elements size : 2.08579 in
Total elements : 8575
Maximum Aspect Ratio : 32.964[image: ]


	Material Properties
		Model type:
	Linear Elastic Isotropic

	
	

	Yield strength:
	2e+007 N/m^2

	Elastic modulus:
	3e+009 N/m^2

	Poisson's ratio:
	0.29  

	Mass density:
	159.99 kg/m^3

	Shear modulus:
	3e+008 N/m^2




	Forces applied
	Gravity : Based on the weight properties of the Material datasheet given by the supplier 
Pressure on the front side : Normal to the grid direction. Value based on the amount of water required to run the test by having the BC’s all water covered located between the two Uv light boxes.
Value : 8565.2 N on the front side 
[image: ]

	Fixtures
	For this simulation, Fixtures have been added on the back on the box (bolts). This would help to not allow the UV Box to move up when the basin will be filled with the water. 




	


The details of the calculations are available in the Appendix .You can find a short summary of the results in the chart below :
	Configuration
	Maximal Deplacement (URES) and location
	Comments

	[image: ] Without a grid
	2.2in in the middle of the top box
	This configuration is too weak. We want to avoid the replacement due to the water pressure

	[image: ]
One vertical line
	1.236in on the joint between the grid and the bottom edge of the box
	Added for reinforce the strength against water pressure

	[image: ]
Grid with 3 vertical lines and two horizontal
	0.6in in the middle of the grid and the bottom edge
	This design is based on the water level with 108 gallons inside the tank and the plan to add a UV vertical holder to avoid its swirl



Window design
Shape of the hole : 
The stress concentration is a common problem in the mechanics of a mechanical component or design element. This phenomenon is a local increase in stresses in an area having a geometrical modification of the part. It appears in a part or discontinuity of a structure with the presence of a notch after machining for example. The stress concentration area is often the site of crack initiation. We have some requirements to use this coefficient  as indicator :
· Static study
· linear-elastic behaviour


[image: http://brunokim.girard.free.fr/Hublot%20cabine.jpg] [image: http://patentimages.storage.googleapis.com/EP1575128B1/imgf0001.png]Then, thanks to my knowledge on planes structures, I proposed to cut the parts which are under water pressure round and not square in order to reduce the stress coefficient factor Kt. Indeed, the window of the planes is used in quite the same application as my project, except the fact that my over-pressure is due to the water. My calculations leads me to choose a 5in radius for the corner of the window :
Kt= formule
radius size ; calculations
In order to check those suppositions I also run a stress study between a corner edge window and a round one and a square one. 
Stress comparison

Bonding
Waterproof sealing for the wood
Knowing that Jeff already built a kayak, I discussed with him about the bonding of my box. For improved pullout strength and waterproof connections, the more efficient method is to put two coat of epoxy. Epoxy penetrates the wood fiber the very first time, effectively increasing the fastener diameter. Epoxy also provides a stronger interface with the fastener threads than wood fiber and keeps out water.
Sealing the window :
This is the tricky point of the design because the former experience shows that sealing such of device is very difficult because of different used materials and joints to be strong enough to resist at the pressure, chemicals and UV exposition. To design the fixture of this sealing system, I have to take in consideration several points and propose a way which can satisfy each of them.
	Requirements 
	Knowledge/Former experience :


	· Avoid empty spaces where water can go in
· Be strong enough to support the water pressure in the front


	· Silicone is efficient but not really resistant to a UVs exposition in the long time perspective
· The clamp force is located where the hold system is placed
· Acrylite glue is not efficient if two different materials have to be stick together





Sandwich structure :
[image: ]I was inspired by the Sandwich structure of the boat windows to guarantee better sealing system. Indeed, those ones utilize an interior screw attachment by sandwiching the bulkhead between the window flange and clamp-ring.
I first thought about a sealing system which include replace silicone by a rubber gasket and add a spacer on the same size as the gasket to have a better contact. But by discussing with members of the team, we agree that the construction would be difficult. 
So I turn on keeping the sandwich structure and adapt the spacer directly to the acrylite thickness. I sealed the space between wood and acrylite with silicone. It would not be exposed to the UV because of the size of clamping ring and front panel window.
Calculation of Thickness of the window required
Because we need to turn to an other solution for the acrylite, I have to adjust the thickness of the holder.
· Study about safety factor : 
· Tensile strength :
· Note ; Tensile strength is the ultimate capacity of the material to resist a tensile load regardless of deflection. 


· The calculations that follow expect the glass to be supported around its perimeter on all four sides. The calculation is the same regardless of whether the perimeter join is in compression or tension. Typical all glass aquariums have all their joins in either tension or shear or both. This method of construction relies 100% on the strength of the silicone holding it together, and is also the weakest join type when using silicone. Steel frame aquariums have the silicone under compression. 
[image: ]
· Dimensions of the basin : 24*60.3*36
· Dimensions of the UV transmitting acrylite sheet ; 29*41
· Water pressure due to water inside the basin as height as the Acrylite hole
· Don’t take in consideration the space fill out by the other UV Pannel 
[image: ]

[bookmark: _Toc396323409]Turn to the new conf
[bookmark: _Toc396323410]Establish the budget 
Once the plan of building was established, we started to order our materials. I was confronted to a major problem with the OP-4 Acrylite. Indeed, none of the distributors of Evonyk Industries, the cheapest manufacturers, had OP-4 in stock. We had the choice to order at least 6 sheets from the distributor or one to Evonyk in the New Jersey with a high shipment cost. You can find an example of devis for an OP-4 Acrylite sheet in appendix . So, We decided to find an alternative. I look after my very first suitable materials researches and see that the Solar Acrylite could be suitable too, even if it has less UV Transmittance than the OP-4 and is not as strong. The project would cost approximately 670$ that means 300$ less than the former UV box configuration. The details this budget is available on Appendix.
[bookmark: _Toc396323411]Building of the box
In order to have a device ready, we decided to start building the temporary box with the same dimensions but using ideas already set in place. This way we would be able to see what improvements we can do on this temporary solution. 

This part of the project takes a lot of time regarding the fact that I had no experience on tools manipulation and on the waiting for materials.
[bookmark: _Toc396323412]Test the new box and add Fixtures/improvements
Once the box was inside, I had to check its good working. To do that, I take two steps of thinking :
1st step : Dimensionning
· identify eventually leaks by filling with water
· Check if all the dimensions are suitable for the fixtures like electrical links, hold bolds, other box… This is the tricky point. Indeed, because the new wood box is a little bigger than the former one and the bending of the tank loses a lot of available space, the BC’s are very tight between the two boxes.
· Adapt the UV Panel to the shape of the grid
· Study a new way to hang the BC’s and where. I located the emplacements of holder for the tube to handle BC’s by ballast them and see how far they go along the tank. Indeed, they need to be whole submerged to get the effects of chemicals and UV exposure on the shoulders.
· Knowing that bold holes are not going to be removed and that you can not screw above the water line

2nd step : Simulate a test cycle to observe other problems which can have appeared with this new device:
After cleaning the tank of former chemicals and remove every free pieces on the bottom, I started to fill out the basin with water until the 108 gallons mark to see how the device works. This value has been determined by former interns: it corresponds to the amount of water to add to cover totally cover the BC’s with two boxes inside.
Once the right amount of water is inside, we put the right amount of chemical to get the good concentrate solution according to the protocol.  We checked pH and adjust the right mix of acid and chlorine in the liquid 

	
	For 108 gallons

	Sodium hypochlorite chlorine
	7.5 tablespoons 

	Hydrogen chloride (muriatic or hydrochloric acid)
	7.5 teaspoons


[image: C:\Users\mjolly\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG_7043.jpg]I also decided to simulate a short test cycle by turning on the machine, the water moves in order to simulate a wash test or moves from the diver. It also helps to mix the solution. This phase works well and I conclude that that no adjustments are needed.
· We turn on the pump system to get the water back in the storage tank. We noticed that a few amount of water still remain on the bottom of the basin at the end of the cycle because of the float pump device which is not following the water level right. To solve this problem, Jonathan made a too which let us to lift up the float device and make the pump continue to work.
· When we add water, the bending areas are pushed against the metal cage. This movement need to be prepared by the new configuration.
·  (
Figure 
2
 : Plastic spacer suitable for the former distance between the 2 
Plexiglass
 boxes
)As expected, the water has the bad effect to move up the box. It is comparable to a buoyant boat because of the empty air space that makes the box float.  To solve this problem, Jonathan made plastic spacers in order to maintain the distance between the 2 UV Boxes when the tank is filled with water. This idea works well but it also moves a lot while the tank is empty because it is not attached. I suggested modifying this technical solution. 
· We finally checked the UV phase by putting the panel inside and turn the electricity on for a few minutes.
This global analyze leads me to create new designing tasks to complete my project  which includes adding other pieces to carry out the test.

[bookmark: _Toc396323413]Getting the test READY with a new configuration
Now the new box is in place, I need to propose a new design which can take in consideration the modifications on dimensions and solve the problems I mentioned in the last section. 
In order to find the right configuration for each fixture, I figured out a test with one the biggest BC provided by Aqualung in terms of Materials and add-ins on it : The PRO LT. I shaped this BC as a rectangle of 25*18*6, dimensions measured while the BC is hung, with weight pocket because they are going to be ballasted during the test. I also measured the length added by the BC holder : 4.5 in.

[image: ]
Figure 3 : Taking the BC Dimensions in consideration with the PRO LT
Then, I needed to determine the new water line level because of the new space taken by the new box. In order  to do that, I needed to put my box inside, correctly ballast it and screwed it before putting the water in it. Indeed, this UV box has the same behavior as a boat : it is going to float if not correctly  attached and ballasted. So I made the math about the weight and the volume displaced by my box in order to ballast it with the right amount of free weight to compense the Archimede force due to the water :
Weight of the box :
Mass = 78.9665 pounds ( Density of Marine Plywood =  360  kilograms per cubic metre according to the supplier Frost Hardwood , weight of spacer negligee)
Volume of water deplaced = 11232 cubic inches = 

Surface area = 12064.4293 square inches

Center of mass: ( inches )
	X = 15.1710
	Y = 47.2499
	Z = 14.1944

Principal axes of inertia and principal moments of inertia: ( pounds * square inches )
Taken at the center of mass.
	 Ix = (0.9999, -0.0100, -0.0034)   	Px = 10138.2694
	 Iy = (0.0099, 0.9997, -0.0205)   	Py = 22274.5939
	 Iz = (0.0036, 0.0204, 0.9998)   	Pz = 31272.6959

Moments of inertia: ( pounds * square inches )
Taken at the center of mass and aligned with the output coordinate system.
	Lxx = 10139.7364	Lxy = -122.1316	Lxz = -72.7884
	Lyx = -122.1316	Lyy = 22277.1380	Lyz = -183.4932
	Lzx = -72.7884	Lzy = -183.4932	Lzz = 31268.6848

According to those measure,  The box is expected to move up by the water pushing on the back. Furthermore, according to former experience, this kind of box actually move this way.
That is why I also drilled  and screwed the back of the box in order to fix it to the basin before testing. A spacer correctly cut (15.75in of length) was added to avoid the front face moving up.
The width of the UV window is 41in. The test would be able to test 2 BC in the same time + the indicator swatch of 3in width. I placed my pipe holder system according to those observations.
Where the BC holder are
[image: ]
[bookmark: _Toc396323414]Adapt the protocol because of the new design
[image: C:\Users\mjolly\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG_7063.jpg]Because of the UV transmitting material modification, the protocol may need to be adjusted for the UV exposure time. Indeed, OP-4 and Solar Acrylite don’t have the same UV transmittance. Evonyk Industries indicate a transmittance of 70% for the Solar Acrylite and about 92% for the OP-4.
In order to prepare ajust the protocol, I run a UV transmittance test to determine the new transmittance of the box window once the UV Panel was repaired. 
1. [image: ]To avoid parasite lights, I went to the Wash room chamber which is quite dark.
2. I placed a ruler in order to have the distance between BC and window which is usually provided during the UV exposure phase. 
3.  (
Figure 
4
 : Distance 
between the BC and the UV lights during the test
)Thanks to the UV Light meter which mesure the UVA and UVB intensity, I was able to determine the light which is coming from the UV Panel at 5in of distance.
4.  (
Figure 
5
 : Running 
the transmittance test in a dark room
)Then, I placed a piece of  OP-4 acrylite on a vertical section directly on the lights and run the procedure again. I finally check by the same way the transmittance of the Solar 3000 Acrylite.
This test gives me the following results:
	
	None
	OP-4
	Solar-3000

	UV intensity (µW/cm^2)
	402-420
	383-395
	264-275

	Transmittance
	100%
	95%
	66%



Conclusion ; in average,  There is 29% less transmittance between the OP-4 and the Solar-3000. By reviewing the protocol, it may be useful to have a longer UV exposure time to get the same results (29% of 6 hours= 1h34 more time)
[bookmark: _Toc396323415]Work to continue 
[bookmark: _Toc396323416]Add improvements features
[bookmark: _Toc396323417]Work about the lid

[image: ]In order to make the UV box more waterproof, we talked about designing a new lid  on the new UV light box to avoid moisture inside. According to my researches and for our purpose, we have several solutions. We also have some restrictions regarding the fact that the UV box is inside the basin and very close to the edge of it. Furthermore, while the device is running, we have to close the lid of the basin over. 
To Design this part, I was inspired by the sealing of the Wash Machine for 3D Piece system.
By looking at the lead of this device, I noticed that the rubber is very sealant and the lead only needs to be connected with pivots. This solution needs to buy more materials (stainless steel pivot+rubber) and to build an extra edge on the UV light box
 A solution which includes those features would be quite easy to build. Furthermore they could eventually include to insert the hanging system on the lid. 
[image: ]

[bookmark: _Toc396323418]Handler for UV Pannel
Because the UV panel needs to be removed at the end of each cycle, it could more easier to remove from the box. We could eventually add an old BC handler to be able to fit in the box.
Future design
The test of the new box and the former defaults of the Plexiglas box showed us that the main concern of this test is about resistance the water force, particularly when it comes to the leaks path. I identified that they are always between the acrylite and the material of the box. Because of the smooth of the acrylite, silicone doesn’t stick well. 
Recommendations
This experience let me to recommend those points for the final design:
One box is fine: it needs to be strong and big enough. If you put too, you are not going to have enough space for a sufficient thickness for the box
· Keep a clamp force
· Keep a strong material and a thicker front panel to don’t allow the move dur to water pressure
· Keep a grid to support the water pressure and avoid bonding in the time
· According the UV Pannel vertical holder to this grid : the front panel is going to move
· Keep the box attached on the back 
· Keep spacer on the bottom to avoid the move up due to the water
· The system to hang the BC’s is suitable, and the ballast weight too
· Acrylite works well for the water pressure and the UV transmittance
· Epoxy takes time to cure but with a correctly prepared surface, it works well on sealing
Ideas for a whole new design  An extruded UV box 
One idea would be to use the lessons of this experience to design an outdoor box according to Eric.  This idea would include to put the UV Box outside the tank to keep only one window front panel. 
Pros : This design would let you to have more space for BC’s or eventually add a second mobile UV Box where you cannot reach. Furthermore, you will only need to care about the sealing of the front panel and the water wont move the box up.  
Challenges :
· find a way to build the outside box and make it stay in place
· Bond the font panel with the tub
[image: ]
Figure 6 : new design with the box outside
The dimensioning of this design is available on Appendix.
Appendix
[bookmark: _Toc396323419]Budget of the former project 

[bookmark: _Toc396323420]Comparison of different Acrylite types by suppliers and prices 
[image: ]

[bookmark: _Toc396323421]Drawings of solutions
[bookmark: _Toc396323422]Budget for the project
[image: ]
[bookmark: _Toc396323423]
Dimensionning of the new UV Pannel configuration
[image: ]


Current test protocol
[image: ]
[image: ][image: ]
Repair the current device and identify failures


Designing and materials study


New configuration









Glass Tensile Strength : 2799- 4119 psi


Glass is weak in tension, is elastic up to its breaking point, and has no ductility. It is not capable of being permanently deformed, and does not give any pre-warning of impending failure by showing a permanent set after an excessive load has been removed.


PMMA Acrylite (OP 4 ) : 8000 - 11000 psi 


More flexible and able to bend, but we don’t want that because of the leaks it could include


ACRYLITE® Solar 0Z023 (evonik) : 7500-10112 psi








Window plane technology
Round corners
Sandwich structure 


Kayak sealing structure
Marine plywood
Wood glue+stainless screws+Epoxy to seal


Solar Pannel UV transmission


Aquarium water pressure resistance














Glass Tensile Strength : 2799- 4119 psi


Glass is weak in tension, is elastic up to its breaking point, and has no ductility. It is not capable of being permanently deformed, and does not give any pre-warning of impending failure by showing a permanent set after an excessive load has been removed.


PMMA Acrylite (OP 4 ) : 8000 - 11000 psi 


More flexible and able to bend, but we don’t want that because of the leaks it could include


ACRYLITE® Solar 0Z023 (evonik) : 7500-10112 psi









Former Plexiglass box


Structure : plexiglass


Temporary solution



Structure : Marine Plywood covered with epoxy resin 


UV Window : Solar Acrylite


Final Design


Structure : Marine Plywood covered with epoxy resin


UV Window : Acrylite OP-4


Dimensions : to fit in the current tank


Glue : Silicone


Glue : Wood glue+ 316 stainless steel screws for the structure. Epoxy resin seals the box even more/Silicone for the acrylite


UV Window : Solar Acrylite if enough strong otherwise OP-4 Acrylite


Make improvements if necessary
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Ultraviolet Radiation

Graph 2: UV Light Transmission of Colorless ACRYLITE GP, ACRYLITE FF, ACRYLITE OP-1, ACRYLITE OP-2, ACRYLITE OP-3
and ACRYLITE OP-4 sheet (Approximation only — not a specification).
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Water Pressure (p): The force in Newton's (). :
Allowed Bending Stress (B): Tensile Strength / Safety Factor
Modulus of Elasticy (E): Elastc Strength

‘The lengih to height ratio sffects the sirength of the glass. The table below lists alpha and bets constants to be
‘used based on with the length to height ratio

Table of Alpha and Beta Constants used in the Calculations

For Side Panels. For Bottom Panels.
Ratio of LH Alpha, Beta Alpha, Beta
05 0.003 0.085

0666 0.0085 01156

10 0022 016 0077 0453
15 0042 026 00906 05172
20 0056 032 01017 05688
25 0083 035 01 06102
30 0.067 037 01335 07134

Wihen the ratio is less than 0.5, use Alpha and Beta values for 0.5
When the ration is greater than 3, use Alpha and Beta values for 3
Note: For bottom panel, use Length to Width ration (LIW).

‘The water pressure (p) is directy proportional to the Height (H) xtne force of gravity (approx 10 (9.81 for people
Who wantto be exact).

p=Hx10inNmm?
The bending stress allowed (8)is equal to the Tensile Strength of glass / safety factor
B=19.2/3.8 = 5.08Nimm? (Safety factor = 3.8)

Calculations for Front and Side Glass Panels:

‘The thickness of the glass (1 is proportional to the (square root of width factor (beta) x height (H) cubed x 0.00001
Jallowable bending stress (B).
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