Outline of paper

1-Introduction: François
Researchers at the Monterey Bay Aquarium Research Institute (California) have been conducting monthly surveys of the upper 1000 m of the water column in Monterey Bay for 25 years using an ROV (remotely operated vehicle). The ROV carries a high resolution camera that records video on 300 m long transects at depths ranging from 50 m to 1000 m. These surveys have produced a unique data set that has enabled scientists to observe changes in mesopelagic animal distribution and community structure in Monterey Bay [ref 1]. Over the last few years engineers at MBARI have developed a new platform to perform these surveys using an AUV (autonomous underwater vehicle) rather than an ROV. AUVs have numerous advantages over ROVs: they are much less costly to operate and require less personnel, they are faster and quieter. For this new platform, a camera system was developed. It includes a high resolution Sony video camera, a recorder, a Sony lens, a custom glass port and corrective optics. This paper will focus on the mechanical aspects of the glass port and mounting hardware that were developed especially for this application. 
Deep sea camera glass port are readily available on the market, however they are usually small hemispheres designed for high strength and have relatively poor optical performance. We hired Dr. Paul Remijan, of Fathom Imaging, inc, to design the dome port and adaptor lenses. Dr. Remijan is a leading expert in the field with extensive experience in designing underwater camera adapters. We took advantage of the fact that we were not limited in size and chose to maximize the quality of the optical image by using a large dome port. Details about the design are given in part 2. The design uses a 250 mm outside diameter, 22 mm thick, sub-hemispherical port (figure 1). This shape is far from ideal in terms of mechanical properties because the stresses are unevenly distributed when it’s subjected to hydrostatic pressure.
Making this glass port strong enough to resist the high pressures that exist in the deep sea was not trivial. To give some perspective on the difficulty of this task, one should consider that at the target depth of operation (1500 m, 152 bar), the force applied to the glass port by hydrostatic pressure is about 106N, which is equivalent to the weight of 120 medium size cars. Moreover, the reliability of the design must be very high because a failure during operation would lead to the destruction of the expensive camera and electronics and, more importantly, to the possible loss of the entire vehicle. The first design of the dome failed in pressure testing; details about this design and causes of failure are described in part 3. After this failure MBARI hired several expert (the co-authors of this paper) to help improve the design. George Quinn was hired to analyze the glass fragments from the failed pressure test. His analysis, described in part 4 helped explain why the first design had failed. Jonathan Salem was hired to measure the mechanical properties of HK-9L and BK7, two glasses that could be used to manufacture the dome. Arun V. was hired to chemical strengthen the dome, as describe in part 6. Eric Baker was hired to perform a reliability analysis, as describe in part 7. The improved dome was successfully pressure tested to 345 bar and is now in operation on MBARI’s autonomous underwater vehicle.

2-Optical design: Paul
[bookmark: _GoBack]Short paragraph describing the optical requirements and the advantage of the chosen design. Explain why this shape of dome is superior to small hemispherical dome that are normally used on deep water cameras.
Explain why HK9-L was chosen (in terms of optical performance).
Can we include a drawing of the port? 
3- First design and failure: François
Due to our lack of experience working with glass and the difficulty of the task, the first design had flaws that led to its failure in testing. We copied existing designs in which the glass is mounted to a metal (6AL-4V titanium) base, held with a plastic retainer and sealed with an o-ring. A 0.005” thick kapton (polyimide) gasket was placed between the glass and the metal. Details are shown on the figure below. This design works well for true glass hemispheres but is not suitable for a flattened dome. 
Moreover, the flatness of the glass dome’s seat was not carefully verified and the quality of the edges were not well controlled.
[image: ]
Figure 1: Design of dome mounting which eventually failed in pressure testing

4- Analysis of glass fragments: George
A short paragraph and one or two images should be sufficient. Briefly describe your method and results. Your analysis helped us come to the conclusion that the flaws on the edges and hoop tensile stress appeared to cause the failure. This conclusion led us to a new design where the base of the dome was polished and bonded to a stiff titanium ring to prevent hoop stresses from appearing.
5- Second design: François
Describing new design, including drawing of dome seat FEA plots.
[image: ]
6- Glass strengthening: Arun/Nathan
We decided to strengthen the glass to increase the reliability of the dome. Describe your method and measurements you made.
7- Glass testing: Jon
Method and results.
8- Reliability analysis: Eric.
Description of method and results with data and figures. The report you made last year contains most of the information but it needs to be summarized and presented in a format suitable for a paper. Please focus on the latest configuration to keep it simple
9- Pressure testing: François
Short description of last pressure testing performed on strengthened domes
9- Conclusion: François
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