Automated Deck Leveling System

Kubofta

PROBLEM STATEMENT

Ensuring the precise alignment and adjustment
of mower blades during the manufacturing process
for zero-turn mowers is crucial for optimal
performance and safety. For a project sponsored
by Kubota Manufacturing of America, which
manufactures tractors and utility vehicles, the team
worked to develop a system that would accurately
measure and adjust the blade tips of zero-turn
mowers in real time.

REQUIREMENTS

Description

Develop an automated system that
1  measures and adjusts the tips of the
blades for all domestic Kubota models

Auto adjust hanger bolts using live
measurement data.

The whole process of leveling the
3 blades from start to finish must be
faster than 400 seconds

The height on the front side of the
mower must be plus or minus 3mm

4 from the deck height, rear must be
4mm - 8mm above front side height
5 Must be able to fit to other Z series

Mowers

EARLY CONCEPTS / DESIGN

To best home in the ideas of the entire team,
each member made their own conceptual designs,
which were then presented to Kubota and worked
out to make the best design moving forward. The
decision matrix used is shown below.

Criteria Importance Rankin Concept 1 Concept 2 Concept 3 Concept 4 Initial Prototype
Accuracy 2 Concept 1
Feasability 8 Concept 2
Ease of Use 5 Concept 3
Motor Mounting 7 Concept 3
Sensored Used 6 Concept 1
Operatior Integration 4 Concept 2

Safety 1 Concept 1 and 2

Speed of Operation 3 Concept 2 and 3

FINAL DESIGN

Following the decision matrix being approved
by Kubota, the team worked to make a polished
design for this project. All major components are
listed below.

Final Motor Mount Design

Above is shown the final design for our Motor Mount Assembly. The assembly features two
ClearPath-MCVC Servo Motors, supported by two custom made brackets. One motor is
connected to a horizontal slider, allowing for adjustment between varying distances
between bolts.

Final Jig Mount Design

Above is the final design for the jig attachment designed to house the potentiometer used
to measure the blade level for this project. The attachment features two customed milled
parts that house the potentiometer, a 3-d printed coupler that connects the potentiometer to
the jig, and multiple fasteners directly connected to the jig to hold everything in place.

Final Testing Rig Design

Above is the final design for the testing rig used to simulate on-site usage of the deck
leveling system. Using a deck provided by Kubota, the team designed a metal frame
utilizing 80/20 aluminum extrusion and custom brackets made by Kubota.

Final Electrical Enclosure Design

RESULTS

As of now, the team has not been able to test
the accuracy of the automated blade leveling
system and has upcoming plans to do so. the
team fabricated all the major components and is
still working on the code.
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This is the code flow diagram showing the breakdown of the process. When the button is pressed
the process is done automatically by the PLC, which reads information from the jigs and actuates

motors to adjust the header bolts to desired positions. After the process is complete height data
is recorded and sent to a file where further processing takes place to ensure that the process
maintains accuracy standards.

Assembled Testing rig, Motor Mounts, and Jig
mounts

Here is the fully assembled motor mount and Jigs hooked up to the test rig, without the
wiring from the plc to each respective piece. The overall design is meant to be easy for
Kubota to implement on the factory floor and enhances the way that they currently measure
the blade heights. This hole design is focused on using the jigs they already have and
automating them to complete the task of measuring the blade height.

Assembled Electrical Enclosure
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SUMMARY AND CONCLUSIONS

Overall, diligent work from the team and
collaboration with Kubota has resulted in a
satisfactory outcome for this project. Below is
listed a summary of each major component, and
the outcome it achieved.

Motor Mount: Experiencing many iterations and
changes throughout the project, the final motor
mount design allows for proper use and task
execution, shortening operation times.

Jig Mount: Though challenging in its fabrication,
and facing many difficulties out of the team'’s
control, the final jig mount has proven to be
effective and efficient in its operation; meeting all
requirements needed for this project.

Testing Rig: The testing rig design remained
unchanged, yet it proved effective at simulating
the necessary operations for this project.

Electrical Enclosure / Coding: Definitely the
most abstract part of this project, though facing
many challenges in fabrication and in software,
the final enclosure and operations code has
proven to effectively communicate between all
electrical components, resulting in a satisfactory
reading at the end of each cycle.

FUTURE WORK

In the future, this project will require some
additional pieces before it is fully implemented.
Primarily, the motor mounts will ideally be celling-
mounted, allowing for an operator to pull down the
mount, place it on the bolt, and remove it once the
operation is complete. Along with this, some
adjustments to code and electronics might be
done by Kubota before final implementation.
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Great 10 Above is the final Solidworks Assembly for this project’s electrical enclosure. Utilizing a 12” The team adjusted the component layout to make the enclosure more compact and less
Good 7 by 127 enclosure, on the right is pictured the internal electrical layout, featuring the PLC cluttered. The enclosure is designed to be user friendly while taking little space due to the
Okay B and other components, as well as emergency stop, start, and calibration button. On the left small work environment. They added a second wire duct tunnel so we could divide the

is pictured the external view of the enclosure, where the power supply is mounted. wires coming out of the enclosure in two.
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