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The purpose of this allocation would be to provide the Mechanical Engineers with the time necessary to complete some small stand-alone projects that would each contribute to MBARI’s future success. These projects include the following:

A) One atmosphere housing for electric motors.

The purpose of this project is to develop a one atmosphere housing design for electric motors commonly used here at MBARI. This housing would be optimized for size and weight and would include a rotary shaft seal for the motor shaft and an electrical connector for power. The design would be made for both Ventana and Tiburon operating depths and would allow enable designers to use the housing for a variety of applications. 

The advantage of having such housing would be to eliminate the need to design a custom housing for each project that requires a motor housing. This design would replace, whenever possible, pressure compensated housings involving the many problems encountered with operating brushed DC motors in oil and making the motor housings a cleaner, more modular component.  The design would be optimized using the stress analysis and 3-D design tools we have in house as well as the latest technology in seals and electrical connections. It would lend itself towards being adapted to various motor sizes and powers with minimal modifications.

Manufacturing and pressure testing a representative housing at MBARI would be conducted and a report documenting the design, analysis, and test procedure for the housing would be made available to any personnel interested.

B) Characterization of available hydraulics for both Ventana and Tiburon

This project would involve laying out a test plan and assembling the necessary hardware to conduct in-situ tests on both vehicles to determine available hydraulic power for tools during ROV operations. With the resulting knowledge, engineers could design future tools for various missions utilizing available hydraulic power in an efficient manner. Currently, this is not possible.

C) Test and optimization of Tiburon’s vertical thruster efficiency.

This project would involve conducting a series of tests to reduce the currently low efficiency of the thrusters but investigating changes in thruster angle, wake and intake ducting, and other methods of increasing their hydrodynamic efficiency

2) Proposal

a) Problems addressed:

1. Currently engineers, scientists, and marine operations personnel design housings for motors on a “one-off” or prototype basis for most of the applications at MBARI. A large portion of these housings are pressure compensated requiring oil filled power lines and housings to be used and requiring all of the motors and instrumentation to work in an oily, high pressure medium. Many motors, motor controllers, and other types of electrical and electromechanical devices are not made to work in such an environment. 

2. Fluid power is an means for driving a large variety of mechanical systems. It is very simple to design systems using fluid power, easy to regulate the speed and pressure in such systems and is a very safe alternative to using electricity. Both of the ROVs here at MBARI have some hydraulic power available but the amount that may be used for mechanical systems is currently unknown. This is  due to the fact that on board systems use a variable amount of power depending upon their thruster activity (Ventana) and the activity of other on-board systems. In order to design robust, reliable systems utilizing fluid power, some characterization must be completed

3. Tiburon has evolved and is continuing to evolve in its capabilities as a deep water ROV. Currently a large portion of the power used to propel Tiburon vertically is lost due to drag from the obstructions above and below the thrusters. Increasing the power to the thrusters will only result in larger amounts of energy being dissipated as drag until the hydrodynamic performance of the vehicle is optimized.

b) Approach to solving the problems:

1. MBARI has the in-house expertise and tools required to design and analyze very efficient (lightweight)  one atmosphere housings. By utilizing this expertise and these tools, we can develop one atmosphere housings that may be used for electric motors commonly used at MBARI.  Finite element analysis will be used to optimize the design from a stress and weight standpoint and the resulting design will be modeled using a 3-D design system currently owned by MBARI. An example of a one atmosphere housing designed for Tiburon’s thruster motor controllers is shown in Figure 1. 

The design will be made for both Ventana’s and Tiburon’s operating depths. Various material options will be considered as well.

A representative design will be used to manufacture and test a housing, verifying the approach and resulting in a housing which may then be potentially used for current and future projects. 

This project will take approximately fifteen days of mechanical engineering time to complete the design and analysis and design reviews for the housing and another six days for overseeing manufacture, assembly and test of the housing followed by two days for documentation and completion of final report.

The intention is to manufacture the housing at MBARI so that we gain not only insight and experience in the design and analysis of the housing but also in the materials and manufacturing of it as well. It is estimated that it will take five days of machinist’s time for this task. Part of this time will be spent in the initial concept design review so that a concurrent engineering design approach may be followed in which the machinist(s) are able to influence and make recommendations regarding the design to ensure manufacturability of the subsequent housing.

The duration of the project will be approximately 10 weeks from start to finish and will be concluded with a report documenting the design requirements, approach, detailed drawing package, and test results. It will provide MBARI with a tool that may be used many times in future projects as well as providing an example in the design, analysis, and testing of subsequent pressure vessels.

Figure 1 – One atmosphere housing designed for Tiburon’s thruster motor controllers
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2.The characterization of available hydraulic power for both Ventana and Tiburon may be completed by setting up a simple test plan, assembling the necessary instrumentation for the test, and coordinating the test with the pilots during a  few representative dives with the ROVs.  These tests could be conducted concurrently with science missions. It would be valuable to have data from each of the main mission profiles. 

An expensive, complicated data acquisition system is not required for this test. Fluid flow and pressure may be monitored and recorded by a dedicated camera during a mission.

Results will be used to recommend modifications, if necessary, to increase available hydraulic power and to design future mechanical systems using hydraulic power. The results will be summarized in a report and incorporated into the MBARI Mechanical Engineering Handbook.

The duration of the project will be approximately 8 weeks including completion of a detailed test, procurement of parts and instrumentation, and assembly of the test apparatus, as well as conducting the tests and documenting the final results.

3.A simple test may be conducted to determine the current efficiency of each of the thrusters. This test should be conducted as a baseline for the new motor controllers as well. An engineering study will be conducted to determine ways of increasing the hydrodynamic performance of the thrusters. Outside sources with related expertise may be used as well. Possible solutions will be determined and discussed with the marine operations personnel. Those deemed feasible will be implemented and a repeat test conducted during representative dives. These tests may be conducted concurrently with science missions

After initial tests to determine increased efficiency, the results will be reviewed and additional modifications made, if required. A second test will be conducted to verify the results and a report made summarizing the results and recommendations.

The duration of this project will be approximately 1 month including hydrodynamic analysis of current system, derivation of methods to improve efficiency, procurement of parts/materials needed to implement changes, and subsequent assembly and testing of new system. 

C. Specific Deliverables

1. The deliverable  for part one will be a one atmosphere housing for a representative electric motor with complete design and analysis documentation as well as test results for pressure testing for use on either vehicle.

2. The deliverable for part two will be a report outlining the available hydraulic power (i.e. 10 gpm at 800 psi) for each of the vehicles during both midwater and benthic dives. This report will clearly outline the test procedure so that future tests may be conducted with different systems and directly compared with prior systems.

3. The deliverable for part three will be a report including the hydrodynamic analysis of the current system, recommendations for changes and subsequent supporting analysis, test procedure(s) for determination of effect on efficiency, and test results and recommendations based upon the tests.
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