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Integrated Electro-Mechanical Design

e Design for Survivability & Reliability
e Structural design
e Bearing system
* Thermal performance

* Wave Energy Scotland Project
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Bearing System

e Bearings are a critical component.

e Conventional bearing technology
e challenging for marine applications
e require sealing
e |ubrication requires maintenance

e Polymeric Bearing Materials
e Used in ship propulsion systems
e Do not require seals
e Operate in a flooded environment
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Polymeric Bearings

e Polymeric bearings used in marine propulsion
systems, flooded with seawater

e Samples:
 Thordon SXL, for wet testing
e Thordon SXL+, for wet testing
 ThorPlas Blue, for both wet and dry testing
e |gus bearing samples, wet and dry
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Bearing Test rig

i St rO ke - O.Sm Actuator and

load applicator

 Velocity = 0.75m/s
e Test interval = 500km
* Loads applied

 Dry and Wet tests
(seawater)

e Measure wear rates

Sample after 50km testing

. . Tank to be Bearing sample
* Microscopic filled with sea holder for
water for testing
measurements flooded testing
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Dry Tedty Helstmpolated

Dry Bearing Samples Extrapolated Loss of Original Mass
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Wet Bed§h&qaEHRE B&tapolated

Clean Salt Water Bearing Decrease Mass
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Integration of Bearings into
Generator
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e Natural air cooling not effective — low velocity

e Forced cooling requires auxiliary fans and pumps
e Reliability issue

* Winding temperature linked to insulation life
e Each 10degC rise above the rating may reduce the motor

lifetime by half. 060
. . . % 0s0 -
* Passive cooling is preferred | §
. g
* Flooded operation 2 om0 o
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Airgap Topology

e Smooth surfaces or salient surface

per manent
nets Dm’, Fluld flow
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copper coils Smooth surface at the stator and rotor leads to
laminar flow in airgap

per manent

nets Fluld flow
L‘_; _ _jé_-_‘
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\ |4___ ______‘ epoxy
copper coils With castellations on the PM translator, eddies

form resulting in turbulance
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Modelling
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e Current density — 18 A/mm?

Coils Submerged in Water, B Amps per Cail
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e 3 different coil surfaces.
e Motion assists cooling.

e Castellated surface causes turbulence
aiding cooling, verifying CFD results
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Thermal Testing —

Coil Temperature @ Maximum
0.5 m/s, 24.5 Amps
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e Current density — 31 A/mm?
e Six times greater than normal.

e Continuous overload capability
e Survivability
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Conclusion

e Polymeric Bearings
e Robust.
e Wear rates can be estimated.
* Flooded operation.
e No lubrication.
e Linear and rotary motion.

e Windings
e Flooded operation provides excellent cooling.

e High overload capability
e Current density > 20 A/mm?

e Absorb extreme loads.
e Design for normal current density to maintain efficiency.
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