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Self-lubricating (no external

pressurization needed)

No oil needed

No maintenance (Reduced
operating cost)
Light-weight

Bearing

Misalignment friendly ]

Bump foil strip

No restriction of DN number

Source: Bosch mobility



. Cycle Analysis
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® Cycle Assumptions (65kW electric power) le:::lfj_
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Step-1: Cycle Analysis

Heat exchanger
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Turhine




Steps-2,3: Shaft Speed & Bearing Diameter
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Step-4. Static/Dynamic Stiffness & Damping
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* Marcel Mahner, Marcel Bauer, Andreas Lehn, Bernhard Schweizer. (2019). An experimental investigation on the influence of an assembly preload on the hysteresis, the drag torque, the lift-off
speed and the thermal behavior of three-pad air foil journal bearings. Tribology Int., 137, https://doi.org/10.1016/j.triboint.2019.02.026.
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Step4: Lift off & Power Loss

. Temperature vs time
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Step-4: Dynamic Stiffness & Damping [Exp.]

Test bearing
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N. Prechavut and H. P. Berg, “An experimental study on structural characteristics of cantilever-type foil bearings,” 2015, Deutscher Luft- und Raumfahrtkongress 2015,
DocumentlID: 370040.



Step-4: Dynamic Stiffness & Damping [Num.]

e Coupled fluid-structural calculations

- Reynold’'s equation coupled with spring/beam elements
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Cheng et al. ‘Rotor Dynamic Experimental Investigation of an Ultra-High-Speed Permanent Magnet Synchronous Motor Supported on a Three-Pad Bidirectional
Gas Foil Bearing’. https://doi.org/10.1177/1687814019875368




Step- 5: Rotordynamic analysis

Thrust runner Turbine side
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Damped Natural Frequencies (rpm)

Step- 5: Rotordynamic analysis
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Instability expected from 76 to 120 Krpm



Step- 5: Rotordynamic analysis
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Step-6: Experimental Verification

2x displacement sensors (>25kHz)
Speed sensor (zero reference for
phase)

Displacement in two orthogonal

directions is measured

Plot X-displacement against Y-

displacement gives the orbital plot




Step-6: Experimental Verification




Y Displacement [fim]

Step-6: Experimental Verification
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Step-6: Experimental Verification

Unstable Bearing Structure

Stable Bearing Structure (Improved design)
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Recap & Outlook

Experimental run Testing in Real
on model turbo Environment

Experimental test rigs are unavoidable to verify design of experiments

Static & Dynamic

Rotordynamic
Properties Analysis

Bearing

1 Preliminary Sizing

1. Details matter (microns)

There is a sweet spot in stiffness & damping of bearing foils

B w D

Experiments to establish dynamic stiffness and damping are expensive & time
consuming. OEMs do the mix of simulations & experiments.
5. There will be additional thermal management challenges when microturbine is fully

operational.
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