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1. Introduction.
The Monterey Bay Aquarium Research Institute (MBARI) has designed an underwater camera system for recording video sequences that is a payload on the Dorado[footnoteRef:1] class of autonomous vehicles. The maximum planned depth rating of the camera system is 1500 meters in seawater, equivalent to a working pressure of 2,175 PSI. [1:  For more information in Dorado AUV’s see http://www.mbari.org/auv/default.htm
] 

When the camera system is deployed on the AUV there is always a risk of a catastrophic camera dome failure due to design, manufacturing or assembly flaws. The Dorado class of AUV uses Benthos Spheres[footnoteRef:2] for the electronics and buoyancy pressure housings. This raises the possibility that a catastrophic failure of the camera optical dome on the payload could initiate a cascading failure sequence in the AUV that would result in the loss of all of the AUV pressure spheres. [2:  https://teledynebenthos.com/product/flotation_instrument_housings/instrument-housings
] 

The goal of this document is describe a testing procedure for the optical dome design and fabrication that will provide a 95% assurance that the dome will not fail in field operations over the course of 3 years of normal operations of the camera payload. Three years of operations is a maximum of 50 cycles to 1500 meters and each cycle would last for a maximum of 5 hours of exposure to pressure. This is a total cumulative lifetime pressure exposure of 250 hours. At the end of this time the dome could be replaced by another proof tested article.
In addition to proof testing of the optical dome, a regular maintenance schedule of visual inspection will be described that is designed to detect cracks in the optical dome before they reach the point of causing catastrophic failure. 
2. Description of Testing Methods and Results to Date.
Three domes made of H-K9L glass have been constructed. This is CDGM GLASS CO., LTD. (China) version of N-BK7 from Schott. The published material properties are shown in appendix 1. The dome was mounted in the titanium support structure as shown in appendix 1.
The dome and support were subjected to 10 cycles to 2750 PSI (~1896 meters, 1.25 x design working depth of 1500 meters). The dome was casually inspected and no damage was observed. The dome was subsequently re-pressurized to 2750 PSI and left to soak over the weekend, nearly 4 days. The dome was then pressure cycled 2 more times and upon inspection found to have catastrophically failed, breaking into several large pieces, sometime after the last inspection.
It was subsequently found that a typographical error in the fabrication print for the optical dome had been made and a 0.50 inch chamfer requested on the dome ID was not done. 
The test was repeated at a lower pressure after a slight modification was made to a second optical dome test article. The “Tampoprint” ink from the mating surface was removed. This dome also did not have a chamfer on the ID. It was assembled in the dome support and was tested with 15 cycles to 1850 PSI (~1275 meters) and soaked at pressure for 48 hours and then 5 more pressure cycles were performed. Post-test, under close inspection of the dome and the dome seat no visible flaws (cracks) were detected.
[bookmark: _GoBack]Based on these initial test results a recommendation has been made to restrict the maximum operating depth to 300 meters (safety factor of 4.25 less than test depth), and inspect the dome after every dive for visible cracks. When the work in section 3 is completed, the maximum dive depth can be increased appropriately.  
Q. Does this maximum dive depth provide a large enough safety factor? 
3. Design Verification for 1500 meter Working Depth.

In order to provide an analytical basis for the design safety factor and the predicted lifetime of the optical dome, it is recommended that an analysis of the fracture mechanics (crack propagation) and the predicted static fatigue lifetime be performed. This analysis should then be verified by pressure testing to a value that provides a supportable safety factor to provide an operational lifetime of 3 years with 95% probability).  
4. Proof Testing Protocol for 1500 Meter Operation.

Proof testing of glass is a well-established testing methodology. The goal to establish a test pressure that will stress the glass and mount to a degree that if the glass dome has invisible defects, it will fail during testing and not subsequently fail during routine AUV field operations.
The proof testing protocol is TBD and will be based on the work in section 3.
5. Maintenance and Inspection Requirements.

A protocol will be established for routine maintenance and inspection.



6. Appendix 1. Detailed Design Description.


7. Appendix 1B. Detail of dome inside chamfer.
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8. Appendix 2. H-K9L Glass Material Properties.
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