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Project Overview

* Many off-highway vehicles use hydrostatic drives.

— Variable displacement axial piston pump

— Fixed displacement motor

« Pump displacement sets vehicle speed

Fixed Displacement

Motors

— Pump 1s inefficient at low displacements

* Variable displacement motor would decouple pump

displacement and vehicle speed 2~
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Value Propositions

« Motor Efficiency: Saves
fuel, increases power

 Low Torque Ripple:
Improves control and
productivity

« Variable Displacement Motor: Increases
transport speed and higher system efficiency

* High Displacement Motor: Eliminates gearbox

« Scalable Motor: Applicable to wide variety of
off-highway vehicles
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Project Objectives

 Efficiency >90% above 50% displacement
» Torque ripple <5% of the mean torque o
* Reduce vehicle fuel consumption by 30%
* Power density >5 kW/kg

Cost <$4/kW

"\ Mechanical Energy 3 UNIVERSITY OF MINNESOTA
& Power Systems Labnrata)r}' - Driven to Discover

MEPS



Low Speed High Torque (LSHT) direct drive
hydraulic motor with track drive sprocket
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Presenter
Presentation Notes
Example layout of VDLM.
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Presenter
Presentation Notes
Analysis begins by using a periodic B-spline to specify a piston trajectory. 
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Presentation Notes
A linkage geometry is specified and the coupler curve (green) of the linkage is determined.
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Presentation Notes
A cam profile is calculated from the desired piston trajectory and the specified linkage geometry. The radius of curvature and center of curvature of the cam are used to determine the normal vector of the cam profile.
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The required cam surface is found given a roller follower radius.
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Presentation Notes
The kinetics of the single linkage module are complete.
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Presenter
Presentation Notes
The fluid dynamics in the cylinder are simulated based on the piston trajectory and valve area profile/valve timing.
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Presentation Notes
A simple force balance is completed to get approximate bearing sizing and link sizing. A kinetostatic force balance with bearing friction and link inertia is then used to ensure proper bearing sizes for long life.



Torque ~ One Piston
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Presentation Notes
The torque ripple for a single linkage module is found from the piston velocity and the force on the piston.
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The torque ripple of the motor is calculated, as well as the efficiency and the size of the motor. 


Model Optimization

» 10 independent variables olo[11[1jo10] [FFIAIIfjoloflo
. Piston trajectory X
. Linkage geometry
. Linkage location 0[10lalol1 0 IR [1]1]o[1]0]

* 3 objectives
» Multiple solutions that meet objectives
* Mult1 Objective Genetic Algorithm
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Objective Functions Penalty Functions

» Efficiency » Efficiency
* Throttling losses  Cavitation
 Frictional losses « Excessive joint forces
* Torque Ripple * Size
e Size * Interference between
* Bearings

* Diameter of outermost point of motor + Linkage modules

* Adjustable ground pivots and the cam

* Radius of roller follower too large
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Pareto Front
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)
Individual’s Results

Efficiency Torque Ripple
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Low speed high pressure


Future Work

We are here

v" Year One

¥
I affAA

— Early optimizations
 Year Two — Single Cylinder Prototype

— More optimizations
— Detailed mechanical design (CAD)

— Experimental model validation

1 Year Three — Full Prototype
— Finalize scaled multi-cylinder design

— Test multi-cylinder prototype
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THANK YOU

ANY QUESTIONS?

John Voth
University of Minnesota
voth0036@umn.edu

Grey Boyce-Erickson
University of Minnesota
boyce042@umn.edu
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