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4 Background and Motivations
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4 Challenges on Agricultural Machines
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4 Challenges on Agricultural Machines

Challenges: System efficiency drops to only 18% when connected to the planter.

Better integration between the tractor and implements is required to solve this inefficiency.
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4 Electromobility Trend
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4 Electromobility Trend

I Current Technology Full Hybrld Full Electric
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Challenges: Further investigation is needed on the power saving potential from different topologies of
tractor auxiliary functions electrification.
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4 Research Objective and Approach

Experimental —  Validated Amesim
Characterization Model

To propose and experimentally demonstrate solutions,
and to provide insights of partial electrification
potential on the tractor high-pressure hydraulic circuit
to reduce fuel consumption and possibly lower total cost
of ownership for the next generation of green, high-
efficient agricultural tractors.

Simcenter

Simcenter Amesim
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Solution Proposal

Evaluation,
Iteration,
Improvement

CNH Cash Crop High (CCH)
agricultural tractor Case IH Early Riser 2150 16 Row
T.8.390 New Holland Front-Fold Trailing Planter
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4 System Model Development
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4 LS Pump Modeling
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4 Pump Model Dynamic Performance Validation
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4 System Model Validation Results

Single Remote Test Results Comparison
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In total 272 remote tests, average agreement over 88% under different conditions.
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4 Energy-efficient Solutions
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4 Energy-efficient Solutions
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4 Variable Pump Margin (VPM) Solution

* Reduce the system power requirements by optimally reduce the pump margin setting supplying different loading
conditions in time.
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4 VVPM Solution Exp Setup and Result
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4 Intelligent Pressure Saturation Control (IPSC)

Solve the tractor-planter hydraulic conflicting valve control inefficiency issue by intelligently control the supply pressure

levels.
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Key: Determine the optimal pump delivery pressure (or s') level under different operating conditions.
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4 IPSC Implementation with ELS Pump
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4 |IPSC Field Test Power Saving Results

12 in-lab stationary tests
55 field tests @ Purdue Animal Science Research and
Education Center (ASREC)
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v" Mechanical power consumption reduction up to 33.7% in
the field tests.
v’ Fuel rate reduction up to 6.5%.
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4 Electrification Solution - Selective Electrification
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4 Conclusions and Original Contributions

Identified the market leading agricultural machines as reference systems.

Developed and validated the models through lumped-parameter approach.

Identified the power loss sources.

Proposed and experimentally/though simulation demonstrated energy-efficient solutions.
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