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BC Weathering chamber
1. Presentation of the project
The main project consisted in developing and writing a test procedure in order to compare the over time ageing of two buoyancy compensators. It involves assessing the materials resistance of two buoyancy compensators in a chlorine and ultraviolet rich environment. 

The buoyancy compensators are often used in chlorinated pools, very sunny environments and are likely to remain wet for long periods. This type of environment can be very destructive in long term period. Thus, the choice of this equipment’s materials is essential to avoid aesthetics (discoloration) and technical (weakening) deterioration.

Currently, the company has two machines: one for wash tests and another for UV tests. However, because of the size of these machines, these tests can only be performed on small samples of materials. Moreover, testing time with these two machines is very long (four weeks). Finally, these tests do not account for the permanent humidity in which the buoyancy compensator may be when they are used in diving centers where they almost never dry out. 


Thus, the company wants to be able to submit two whole products to the same wash, UV and constant humidity conditions, in order to better compare them and, if possible, to obtain results in less time. 

A year ago, a testing device has been developed and manufactured by a group of students from the San Diego University. This device allows to stock two buoyancy compensators and to submit them to the same washing and UV lightening. The students’ project had been stopped to the design of the machine. 
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Buoyancy compensator testing device

So I have been asked to continue their project in order to offer AQUA LUNG a detailed test protocol explaining how to use the machine efficiently and safely. 

2. Reasoning carried out to prepare the project
In order to work on this project, I had the machine and material samples with known reaction to liquid and UV action. To measure the materials colors change I also had a color indicator which give the RGB rate of a color.

To start working on this project, I first cut it into different main tasks and subtasks, then I have assigned them approximate durations and final completion dates. Thus, this schedule (Appendix 1) helps me to effectively manage the project. 

I first followed a series of tests that the company currently realizes on samples with the two machines and I have studied their test protocol, in order to develop a first frame for the future testing protocol. 


The preparation of the project has then consisted in determining the work location of the device: near a water and electricity supply. However, the machine has first been moved to the workshop to be cleaned and repainted to isolate the metal frame from rust. 
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Device disassembled

Once the machine reassembled and installed at the chosen work place, I was finally able to start working on it specifically, starting with few additions and then a series of tests.


Throughout my work, I set up a weekly meeting every Friday morning to meet my supervisor and the two R&D engineers I worked with: David SULLIVAN and Jonathan SOUDER. This allowed me to regularly review the progress of my project. 
3. Work realized

3.1. Study of the current test protocols


I first studied the currently tests realized by AQUA LUNG on diving equipment fabrics:

1. Wash test: in a washing machine, this test submits samples to water associated with large amounts of pool chemicals. The washing is carried out eight hours a day during five days. To verify the proper functioning of chemicals, an indicator swatch is always included with the tested fabrics.


2. UV test: with two rows of four UV lamps and a water tank, the machine submits samples to thirty successions of strong illumination (during eight hours) and then water condensation (for four hours). This test lasts over a fairly long period of 360 hours (three weeks). In order that the light stay effective, it is necessary to change two of the eight bulbs every 400 hours of use and to carry out a rotation of the other three lights on each side.


3. Stress test: according to the use of fabric, tensile (or compression) stress tests are usually performed on the samples. 


4. Abrasion test: not routinely performed, this test consists in using the fabric by a rotating wheel running on the circular fabric sample.


5. Corrosion test with salt water: produced primarily on the metal parts of diving equipment, the test submits for six days the items to salt water action.


The study of the wash and UV tests protocols allowed me to develop a first possible test protocol and its results sheet.

3.2. Machine setting up

I then participated in the machine disassembling, tank cleaning and machine reassembling which allowed me to better understand how it was manufactured.


Once the machine installed in its work location, the installation completion has been a bit longer than expected. First the ground was slightly inclined and it had been necessary to flatten the machine. Then we had to finish the last wiring that the students did not have made. 


It has been then necessary to determine the volume of the testing tank. Thus, we have filled it with four gallons buckets. It turned out that the tank with the two both BC presented a volume of 108 gallons. Filling the tank has, moreover, allowed not to detect leaks!
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However, the volume of water in the tank had moved the two blocks containing the UV lamps and also supporting the BC’s hanger. Thus, we had to find a system to enlarge the hanger’s tube, while allowing an adjustment of the size depending on the amount of water in the tank. So we added to the tubes, smaller aluminum cylinder having the opportunity to be returned according to the distance between the blocks. 

Despite the hangers, it had been necessary to ballast the BC in order that they are fully immersed in water. For this, we inserted about 5 pounds weight in the BC’s pockets.

Finally, while verifying the good working of the sixteen ultraviolet lamps we detected five classical bulbs (instead of UV bulbs) and two broken lamps. In addition, we noted that the lamp holders must be handled smoothly in order not to disconnect the bulbs from their support.

He also had been necessary to define a location for the indicator swatch size and location in the tank. We decided to use a sample approximately 4” x 20” with on one side a 1.3” diameter hole for hanging the sample on one of the two hangers in the middle of the machine, and on the other side a small hole to insert a metal d-ring to ballast the fabric.


Finally, I have been asked to draw the machine electrical wiring diagram to ensure a safe working and to facilitate potential electrical repairs (Appendix 2).


3.3. Implementation of the test campaign

Before starting the series of tests in order to validate, optimize or improve the test protocol defined previously, it was first necessary to define the liquid chemical composition.


The previous wash test was performed in a 20 gallons water volume. So, I figured the new quantities of chemicals for 108 gallons.

	
	For 20 gallons
	For 108 gallons

	Sodium hypochlorite chlorine
	1.5 tablespoons 
	7.5 tablespoons 

	Hydrogen chloride (muriatic or hydrochloric acid)
	1.5 teaspoons 
	7.5 teaspoons



We then verified the timers correct working by performing a first cycle with one hour of wash and five hours of UV, and then a new cycle with two hours of wash followed by five hours of UV. The result was very positive and underlined the better efficiency of the UV lamps compared to the other machine.


Then, it has been necessary to determine the time cycle and its number of repetitions to achieve the same results as with the two current machines.


Previously, the wash test was realized on a period of 40 hours and the UV test during 240 hours. Thus, it was necessary to keep as close as possible the ratio: 1 hour of wash for 6 hours of UV. In addition, timers could only be programmed over a period of 24 hours and we had also to plan time to prepare the machine and perform measurements.


Knowing that we need to check the liquid pH in the tank before each wash cycle to ensure the right amount of chemicals, it was easier to realize a single wash phase in the cycle, followed by a single UV phase.


Thus, we set up a 21 hours cycle consisting of 3 hours of washing (from 10am to 1pm) and 18 hours ​​of UV (from 1pm to 7am) and then allowing 3 hours (between 7am and 10am), in order to achieve the measurements on the BC and prepare the next cycle.


We performed this cycle eight times between Monday, July 18 and Wednesday, July 27, following the basic protocol previously defined and which is divided into three phases:


- An initial phase, just once time at the beginning of the test, that consists of:

- Prepare the indicator swatch
- Prepare the BCs and define its parts which need to be followed

- Check the water level in the tanks

- Turn the machine on


- The cycle which need to be achieve 12 times:

- Between 7 am and 10 am:

- Remove the BC from the testing tank if they are in

- Turn on the liquid transfer from the storage tank to the testing tank
- Perform color measurements at specific locations

- Check pH and adjust the right mix of acid and chlorine in the liquid

- Install the BC and the indicator swatch in the testing tank

- Set the two timers and the current time
- From 10 am to 1 pm: wash test
- From 1 pm to 7 am: UV test 


- A final phase to turn off the machine, eventually drain the liquid and change two UV bulbs.


For the first test, we used defective BCs. We had not made measurements on both BC, but only on the indicator swatch in order to compare its evolution in the machine with that with the standard tests. The results sheet of this first series is detailed in Appendix 3.

In addition, during the test campaign, the BCs were subjected not only to the chlorine and ultraviolet action, but also to permanently humidity. Indeed, in the middle of the test, the BCs were voluntarily left twelve days in the stopped machine to assess the moisture conservation in the tank.


This test campaign has finally identified the protocol points which needed to be clarified and emphasized.
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4. Work results

This first test series has underlined a faster bleaching of the indicator swatch. For the sample attached on the BCs, we also noted a change in the discoloration depending on the BCs exposure (front, back, shoulders and bottom). The test also confirmed the right choice of most of the materials constituting the two BC whose color has been unchanged, except for some webbing which has been broken easily.

Thus, we were then able to adjust each test’s duration and reduce the total test’s duration to only two weeks. To do this, I defined a new cycle by increasing the number of hours of washing (achievable only on weekdays) and reducing the number of hours of UV (achievable on weekdays and weekends). We then defined the following cycle:


- 4 hours of wash, 5 days per week which make a total of 40 hours in two weeks

- 17 hours of UV, 7 days a week which make a total of 238 hours in two weeks.


Throughout my work on this project, my regularly additions and changes on the original protocol have resulted in a final BC test procedure very comprehensive and detailed (Appendix 4).


The test protocol is also accompanied by:

- Reference documentations to facilitate the test achievement (Appendix 2),

- A chronological diagram of the protocol (Appendix 2) which recalls the test’s major phases and important points
- A result sheet which has to be completed during each test (Appendix 5).
5. Work analysis 

The company has therefore now a protocol for using the machine safely to test two BCs.

During the tests campaign, the BCs several days left in the off machine remained very wet. Thus, this machine recreates a more real environment in which the BCs are used and the company will be able to make better materials choice.


It was also interesting to note that some material of the BCs, not currently tested with chlorine and UV, have been damaged. Indeed, some black plastic forming loops and zippers of the BCs have undergone a bleaching that the company did not assume.


The first series of tests performed rigorously on the machine was used to validate and improve the general test procedure previously defined. However, later it will be necessary to set up a second series of tests, but this time with taking measurements on the BCs. It should also be interesting to take pictures before, during and after the test to follow the BCs’ evolution. At the end of the whole test, tensile test should also be realized to assess the material strength.

The machine allows making some practical tests on BCs. However, it has some limitations and can also be improved.


Indeed, during the wash test, the BCs are fairly static, whereas in reality the vests may be subject to many shocks and friction when used underwater. The movement of water around the BCs could be amplified more.


To perform the UV test, the students had chosen to use two ramps of eight lights each. In practice, this represents a two times bigger investment than that for the standard test.


About changing the lamps, it is quite complex and should be done with caution. It could possibly be interesting to create an opening on the side walls of the device to more quickly access lamps. 
In addition, accounting of the light hours of use is still quite rough. The addition of a counter would provide precision and ease. 
Finally, the action of ultraviolet is mainly on the sides of the BCs. To accentuate the light effect on the shoulders, it might be interesting to add a mirror on the inside lid of the machine.


Unlike standard tests carried out at constant temperature, the machine does not have a thermostat. Thus, it seems important to add, one (or more) thermocouple(s) in the test tank in order to monitor the temperature. According to its influence on the test, it will be necessary or not to add a device to control the temperature.


Finally, this BC testing device could possibly be adapted to test other diving equipment elements, by adapting the hangers system. 

6. Appendixes

Appendix 1: Schedule for the BC testing device

Appendix 2: Illustrative diagrams 

Appendix 3: Results of the first tests cycle

Appendix 4: BC test protocol

Appendix 5: BC test results sheet

Stem, poppet, non-magnetic
1. Presentation of the project 

In order to learn about the SolidWorks 3D design software that is widely used in the company, I first worked on an initial project which consisted in building a stem poppet in three dimensions and its drawing in order to improve its manufacturing and quality control.


Indeed, the company had faced many customer feedbacks of this stem poppet broken at the slit. The breaking of the piece, always located at the slit, pushed the company to compare the slit position on a large number of copies. It turned out that it was not always well centered on the stem. This error, due to the manufacturing drawing, not clear enough about the slit place on the stem, is then responsible not only for the bad manufacturing but also for the bad quality control.


Thus, to deal with this problem, I was asked to realize again the stem poppet drawing with adding necessary information to improve its manufacture and quality control.
2. Reasoning carried out to prepare the project

From the old drawing of the stem poppet (Appendix 6), I first modeled the part in three dimensions using basic features of the SolidWorks software learned at school. Then I have been able to deduce the drawing with other software tools that I have thus discovered.


With the engineer for whom I carried out this project, we defined the necessary information to be added on the drawing. Indeed we had to notify to the manufacturer, the slit central position on the stem and to specify for the quality control, the features to check at.
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Thereafter in order to consolidate the element, I suggested changing the slit size. Indeed, reducing its width could reduce its fragility. However this would imply a possible length extension of the slot in order to be always able to pass easily two threads. This does not normally affect its strength. 
3. Work realized
After having modeled the stem poppet on the software and realized its drawing like the old on, the drawing changes consisted in:


- Update the "NOTES" and "REVISION" parts
- Add benchmarks for the characteristics to be inspected (length, diameter and symmetry)
- Add dimension information on the slit section AA 
- Add symmetrical features to define the symmetrical axis and elements.

To determine the slit new dimensions, samples have been made. Firstly, we chose different widths in order to determine the critical width. Then tests were conducted with the responsible staff of this operation. Secondly, an increase of the slit length has been made on the different possible widths to define the minimum size acceptable for the workers. 
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Different widths


 Different lengths
4. Work results 

First, the tests with the operators on the different slits lengths have allowed to identify new dimensions for the slit, changing from 1.35 x 2.70 millimeters (width x length) to 1.00 x 2.90 millimeters. The slit width was reduced to solidify the piece and its length increased to facilitate the passage of two threads.

Thus, we have implemented a new drawing for the stem poppet (Appendix 7), which has more details than the old drawing. It will be therefore more efficient for both manufacturing and quality control phases.
5. Work Analysis
This initial project first allowed me to familiarize myself again with the three-dimensional design software SolidWorks, while including a first situation of development of an experimental protocol to redefine the dimensions of an element.


My work has also enabled the company to get a new and more precise drawing of the stem poppet and thus reduce the waste for this item.


The usefulness of the changes I made on the piece and its drawing could only be validated after a long period of use of these new elements. This project needs to be followed. It could be particularly interesting to carry out statistics on the quantity of customer feedbacks and on the waste amount after the quality control.

6. Appendixes

Appendix 6: Old drawing of the stem poppet

Appendix 7: New drawing of the stem poppet

Webbing tester
1. Presentation of the project 
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To discover the other possibilities of SolidWorks software, I worked on a machine to test the flexibility of webbings used in diving equipment and above all in buoyancy compensators.

Currently, AQUA LUNG has no concrete way to test and compare the webbings flexibility. Investing in such a machine will be very expensive, so the company turned to its engineers to design an equivalent one.


Indeed, the purpose of the test is to measure the force required to bend the webbing. The company had already such a force measuring instrument (IMADA). Thus, two engineers began to design the machine on the SolidWorks software. One part had even been made ​​but the machine is not over.

Consequently, I was asked to change the current machine by supplementing and improving it through the software, in order to obtain a device that works and can finally afford to compare effectively and objectively the flexibility of different webbings. 
2. Reasoning carried out to prepare the project
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Before starting to modify the testing device, I began with a study of the current manufactured device with the two engineers who supervise me on this project, in order to understand how it works. We then define all the points which had to be deepened and which corresponded to their expectations in terms of technical functions.


Then, I mainly worked on the device SolidWorks file, bringing some of the changes on current elements and other, on new added parts. The addition of these new elements involving then creating of their drawing in order to manufacture and then test them.


My work has always been followed by the two engineers throughout regular meetings during all of my project's progress. This allowing us to valid the changes and redefine the directions to follow to continue or improve what had been done.
Finally, I realized a test campaign on different webbings in order to determine the ideal webbing size to use.

3. Work realized

After a first approach of the device, it proved necessary to add the following:


1. A system to stop the train at the end of its trajectory

2. A system to maintain the stem in vertical position just before to the train set in motion
3. A system, identical for all tests, to actuate the train

4. A system, adjustable and rapid to change, to fix the webbing on the train 

5. A system to stop the stem at the end of test, to avoid oscillations during the sudden return of the stem in position.
To answer these five expectations, I realized on SolidWorks the following technical solutions:


1. A simple stop corresponding to a small extension of the side walls (Appendix 8)

2. A latch at the stem (Appendix 8)

3. A spring, a pulley and its support bar (Appendix 8)

4. An adjustable clamp (Appendix 9)

5. A Velcro with on side of its support between the two walls and the other side on the tester stem (Appendix 10)


The last two points, being essential to the operation of the machine, I realized their drawing in order to be able to make the items now. I also realized that of the train which was not yet manufactured and required to operate the device (Appendix 11).
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Velcro support



Shuttle with the clamp

Once these manufactured I had been able to develop series of tests with different webbing samples to determine the clamp position and the ideal sample size. 
With a range of six webbings extending from the maximum to the minimum flexibility used in the buoyancy compensator, I first work with the two most and least flexible in order to determine the clamp position that enabled the force measurement device to detect the minimum and maximum flexibility.


Then I tested different sample length to determine the most representative for the device. A table in Appendix 12 brings all the different measures.
4. Work results

The central position of the clamp can meet all the flexibility’s webbings. For the length of the tested area, the test series has defined an ideal size of 1.5 inches. Indeed, for larger sizes, measurements with the most rigid webbing become too difficult.


[image: image11]
In the end, the machine remains in a prototype form. However, we can already achieve concrete tests and measurements on different webbings and objectively compare their flexibility.
5. Work analysis 

The machine for testing the webbing flexibility could also be used to test the flexibility of neoprene and all tissues involved in diving equipment.
6. Appendixes

Appendix 8: Technical solutions realized on SolidWorks

Appendix 9: Drawing of the clamp

Appendix 10: Drawing of the Velcro supports

Appendix 11: Drawing of the shuttle 

Appendix 12: Measurements table 
Twin tanks adapter
1. Presentation of the project 
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By renewing its product range, AQUA LUNG has made changes on some buoyancy compensators back pack. Indeed, to improve the tank carrying, the tank holding and fixing part has been reduced by half.

This piece also allows the attachment of an adapter in order to fix a twin tank on the BC. Thus, it has been necessary to change the adapter shape to fit with the new back pack. 

Thus, I had been in charge of this new twin tank adapter. My work consisted in designed it on the base of the old adapter. In addition, the piece, even if much smaller, will need to be as efficient and robust as the old one.
2. Reasoning carried out to prepare the project

This project first phase consisted in verifying that the adapter, even cut in half of its height, would still be effective in its role of maintaining the twin tank.

Then, in collaboration with the engineer I worked for, we defined the specific changes to do on the adapter.

Finally, after completing the three-dimensional model and the complete drawing of the final part, a specimen had been made and tested.
3. Work realized
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To verify the good working of a smaller adapter, I have first cut in half the current adapter and tested it on the twin tank with the new BC with the small back pack. People have carried on the twin tank to test its stability on the BC. 


An estimate quotation had been made ​​with the company’s manufacturer in order to assess the cost of manufacturing for this new piece (Appendix 13). The result was acceptable and the choice of creating a new part has been validated. 


Then, I designed the new adapter in three dimensions on the SolidWorks software and carried out its drawing based on the model of the old and big element. (Appendix 14) 


Finally, the final piece had been manufactures by the three-dimensional printer. I first had to solidify it by impregnate it with super glue. Then the piece has been tested on the BC with twin tank on the same way as for the first adapter. 
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4. Work results

Tests with the final piece have been successful. Thus this new adapter drawing has been accepted by AQUA LUNG (Appendix 15).
5. Work analysis 

This project led me to actually conduct the entire process of an engineer to design a new product. It also has enabled AQUA LUNG to have a new adapter to its new range of buoyancy compensator.

6. Appendixes

Appendix 13: Quotation for the twin tank adapter  
Appendix 14: Drawing of the old and big adapter

Appendix 15: Drawing of the new and small adapter  

Box bottom, 2nd stage regulator
1. Presentation of the project 
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In the company, some diving equipment elements are manufactured for many years. This applies for a regulator box bottom sold by AQUALUNG since 1985.
 
Today, the company subcontractors, responsible for the production of this piece, abandon the material manufacturing this piece: the Xenoy 2735, a PC and PET plastic. They offer another material that would be the nearest alternative: the Xenoy 5220U, a PC and PBT plastic. The validation of this material involves a number of tests.


In this project, I have participated in some steps of the possible validation of this new material.

2. Reasoning carried out to prepare the project

I mainly worked on the first two phases of the process.


One of the first steps of a new material validation is the study and comparison of the old and new material properties: mechanical, thermal, physical, electrical, flammability and impact.


Then, it must be determined the presence of any anomalies or impacts occurred during the molding of the material.
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It follows then a series of tests. First mechanical tests allow determining the breaking strength of the piece. Then an adhesion test ensure that the element which has to be glued inside the regulator, always do with this new material.
3. Work realized

The materials properties study consisted of comparing a table containing all the two materials information (Appendix 16).

Microscopic observations allow detecting potential anomalies. We compare each area on the new material with that of the old material and annotate the piece drawing.
4. Work results

Comparison of materials properties has only revealed small differences between the two possibilities. Thus, the new material seemed to be possible.


Then, microscopic observations allowed detecting only four small areas with unusual impacts. They are determined by the yellow arrows on the element drawing in appendix 17.


Finally, the adhesion tests have been much less conclusive. Indeed, the new material does not pass the test, whereas the only difference is the presence of PBT instead of PET.
	
	25lbs Adhesion Test  

	
	Previous material
	New material

	107403

Box bottom
	Xenoy 2735

a PC & PET Plastic
	Xenoy 5220U

a PC & PBT Plastic

	101923

Baffle
	Noryl 731

20% Glass Filled, 2-4% Silicone Filled

	Adhesive
	Weldon 4 Acrylic Adhesive

	Result
	PASSED
	DO NOT PASS


5. Work analysis 

My participation in this project was fairly brief. However, this project allowed me to follow the beginning of a new material validation process. As an engineer specializing in materials, it is a process that I would probably have to do. Thus, this project was very instructive for me.

6. Appendixes

Appendix 16: Materials properties table 
Appendix 17: Drawing of the box bottom with the impacts

Ladies design team
1. Presentation of the project

AQUA LUNG wants to set up a new line of diving equipment only for women. The company wishes to create a new brand name that distinguishes to the brand AQUA LUNG.

As a diver, I was asked to give my point of view to create this new line, bringing new ideas about the design, colors and marketing links to this new range.
2. Reasoning carried out to prepare the project

The creation of a new equipment line consists on studying, on one hand, the aesthetic features and on the other hand, the technical characteristics of each piece of equipment, while reasoning about women point of view.
3. Work realized

To work on the aesthetic part of this project, I had realized brainstorming sessions in order to develop creativity and new ideas. Concerning the technical features, I used my own dives experienced with diving equipments from different origin.
4. Work results

My creativity sessions, allowed me to generate some interesting new ideas.
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First of all regarding to the aesthetics of diving masks, I thought of the women ski masks. I came out with the idea of ​​bringing in diving masks a sense of fun with colorful design made of geometric shapes such as stripes, circles, squares, dots and other treaties, as found on some women ski mask (Appendix 18).


In addition, for the marketing part, as a logo and a slogan are needed, I thought about making a mix between the sign of the woman and AQUA LUNG’s logo. Here is a possible example of the logo. 

To emphasize the femininity of the project, it can also be interesting to underline in the range marketing, the fact that the line is created only by women and only for women.


Finally, concerning the technical features, my diving experiences have allowed me to release the following points:


- All diving equipment must be as compact, light and practical as possible.
- The snorkel or regulator tip should be small.
- The mask should not be too large and as close to the face as possible.
- The buoyancy compensator should be adapted to the women morphology.
- The storage bags should be provided with specific diving equipment storage.


I think it may be also interesting to develop derived objects from the dive, such as towels, waterproof bags, key rings, handbags...
5. Work analysis 

This project was mainly an open minded project for me and above all, a bringing of new ideas for the company. AQUA LUNG has indeed enjoyed some of my ideas as the logo and the ski mask ideas.


It did not at all integrated technical analysis as an Engineer is supposed to do. However, it allowed me to apply some courses followed at school such as the brainstorming sessions.
6. Appendixes

Appendix 18: New ideas for diving masks 
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