August 12, 1999

David Palombo

Aveox Inc.

31324 Via Colinas, #104

Westlake Village, CA 91362

Dave,

The following is the MBARI Submersible Motor and Controller

Target Specifications -- For Inclusion with Purchase Order

Description:  Motor similar to 2315/6Y for propulsion of submersible

research vehicle.  Motor will operate filled with oil and at deep-sea

ambient pressure and temperature.  MBARI will supply the oil-tight

housing, shaft seal, and other package hardware, and will take

responsibility for pressure qualification of components and materials

used in motor.  MBARI prefers to purchase a close-to-off-the-shelf motor

if possible.

Desired Attributes (in priority order):

        Maximum Efficiency

        Minimum Acoustic Noise

        Minimum Volume

        Minimum Lead Time

Desired Performance:

        0.40 N-m @ 3000 RPM (126 shaft watts), "cruise" operating point

        0.67 N-m @ 4000 RPM (281 shaft watts), "sprint" operating point

        Motor + Controller efficiency 85% minimum at "cruise" operating point

        Duty: continuous

        Life: 1000 hours at "sprint" operating point

Desired Characteristics:

        Optimized for efficiency in one direction; 50% power in reverse.

        Stator skewed to minimize torque ripple.

        Rotor sleeved to give smooth surface for minimum windage loss.

        Controller Interface PWM or Serial Digital.

        Controller thermally stable in 50 C oil.

        Shaft size 0.250" +.0000” -.0002”

        Type 'K' Thermocouple isolated and embedded in windings of S/N 1

                 (Fluke 80PK-1 thermocouple if its not to large)

Page 1 of 2

System and Environment Specifications:

        Supply Voltage 20-32 VDC (nominal 24 VDC)

        Ambient Temperature Operating -5 to +30 C

        Ambient Temperature Non-operating -40 to +50 C

        Ambient Pressure 0 to 7500 psi

        Compensating Fluids:

                1) Norton Petroleum "Enduro" (3 cSt @ 40 C)

                2) Shell "Tellus" hydraulic oil (ISO 15)

        Reduction Gear 10:1 (MBARI supplied)

Delivery Milestone Schedule

        Drawings and Specifications ready for MBARI approval    2-3 weeks ARO

        All materials and components in-house at Aveox          4-6 weeks ARO

        S/N 1 tested and shipped to MBARI                       5-7 weeks ARO

Ed Mellinger

Monterey Bay Aquarium Research Institute

7700 Sandholdt Road

Moss Landing, CA 95039
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