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Final Hydraulic Circuit

Fail safe to direct drive

Current
Vehicle
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Direct Drive
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Direct Charge
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MATLAB Simulin
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MATLAB Simulink Model %
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CAD

Model of frame based
on exact dimensions

Full assembly used to
estimate clearances and
fitments

Computer aided
engineering (CAE)
simulations ran on
mounts added to vehicle




CAE - Frame
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Fluid Power
CAE — Pump Mount Yy v
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CAE - Reservoir Internal Flow gz
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CAE — Reservoir Mounting &5/
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CAE — Reservoir Mounting &5/
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CAE — Accumulator Mounting

AR EIE

|E| Front Plane

7

[] Top Plane

[] Right Plane |
I_. Origin

a]'] Boss-Extrude?

ﬁIl Boss-Extrudell

D[)ﬂ] Cut-Extrudel

7.

3 Accumulator_Mounting_Study 2% (-Defa
% Accumulator clamp CAD STEP
@; Connections

4 @ Compenent Interactions
% Fixctures
L)} Fixed-1
iﬂ External Loads
i Force-1 (:Per item: 45 Ibf:)
@ Mesh
- Mesh Quality Plot
B Quality (-Mesh-)
Result Options
Results
@, Stress1 (-vonMises-)

& Strain1 (-Equivalent-)

2 g = Sk
Plot type: Static displacernent Displacementl

URES(

i

TARe +00

L 6.735e+00
_ 5.887e+00
_ 5.23%+00
_ 4400e+00

L 374Ze+00

2.003e+00

_ 2345 +00

1A07e +00

TABe-01

1.000e-20




Vehicle Construction

 Frame Modifications
« Steel back plate

« Steel bars and plates for
motor and pump mounting

* Front basket for battery
housing

« Elevated reservoir housing

o v s

Initial Frame Final Frame (Minus Chainguards)







« Reservoir

« Custom made using
PVC pipe

 Installed 3d printed
baffles to reduce
sloshing

« 1 gallon capacity of
fluid

z‘ﬁiﬁ\ﬁi\\\'

» Lightweight and easy

install
KENNESAW STATE
) UNIVERSITY



» Attaching equipment

 Manifold, Reservoir, and
Accumulator to rear
plate.

* Motor and Pump
attached to custom
welded plates and
spaced correctly for
chain alignment.

- Electrical and Pneumatic |
Equipment installed.

Back Plate %

Hydraulic and Pneumatic Components on

KENNESAW STATE
UNIVERSITY
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Vehicle Construction el

* Hosing Detalils

* Hosing was provided by
the Hydraulic Supply Co.

* Provided us with the
necessary hose lengths
and fittings
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. The team made necessary [ =
adjustments when we — R
tightened the hosing




Last

Pneumatic Design "
Vehicle

» Last year’'s 2023 pneumatic
design

« Used pneumatics for cup
and phone holder
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2023 Pneumatics on Vehicle

2023 Pneumatic Schematic




Current FluMPower

Pneumatic Design venice

* This year’s 2024 pneumatic
design

 Pneumatics used for gear
shifting on vehicle

« Changed method of manipulating
gears (Using internal gear hub
instead of typical sprocket set)

Internal Gear Hub Schematic

2024 Pneumatic Schematic

KENNESAW STATE
J UNIVERSITY



Pneumatic Components Cyl/nder Assembly Insta//ed



Electrical System

User-controlled drive modes using
switch panels

Heads-up LCD displays pressure
transducer readings
5-gang switch panel

» Customizable & accessible

« 3 solenoid valves
e 2 pneumatic actuators




Electrical System

« 24V source created with two
12V deep cycle batteries in series
* Industry standard sensor voltage
* Price
« Weight
« System defaults to direct drive in
the event of a failure
* De-energized solenoid valves
« 2023 lesson
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Electrical System

* Arduino UNO R3 Micro-controller with LCD dlsplay
 Lightweight '
« Adjustable Arduino IDE code
« Efficiency calculation optimized
« Controller & LCD Weight [0.27 Ibs.]

Energy Out  Weight x cf x distance

Input Energy  PSl,,5 x Volume,gqp,
12

Efficiency =

 HMI considered
« Heavier weight
« Excessive power consumption




Vehicle Testing

Continuous testing for 21 days

Changed gearing ratio for
greater focus on torque instead
of speed

Discovered the manifold was
not machined correctly

Conclusion: variety of factors
prevented initial functionality

 PRVS, gear ratio, etc.




Vehicle Testing

 Manifold CNC files showed
there was a connection that
was not drilled. g | {g]
; m
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Manifold Connection Missing % KENNESAW STATE
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Vehicle Testing ohiliege

Manifold Sideview

L Manifold Rearview
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Vehicle Testing ohiliege

* The motor used through initial testing
leaked due to a failure in the shaft seal

Fe W
Motor shaft seal




Calculations

Spring 2024

Final Gear Ratios:
Pump-
36/9 ; 4/1 ratio
-greatly increasing rpm, increasing flow rate
Motor-
1. 9/20 : 20/24 ; .45/1 ; .83/1 ratios
2. 9/24 ; .375/1 ratio

- focused on increasing torque on the rear axel

Pl Power




Lessons Learned W citiege

Ask questions early

Reach out to the
local hydraulic shops |

Gear the motor ratio
for torque instead of
speed initially
Ensure designed

flow path matches
machined parts

Do not push your
motor too hard when
testing




Desigh Improvements ohalienge

Fail safe to direct drive

Increased electronics
complexity & functionality

Created functional
pneumatics with increased
complexity

Torque-driven gear ratios
Improved aesthetics

Fabrication completed
weeks earlier to
compensate for testing
and optimization phase




] . Fluid Power
Design Choices Matter! &5
Electronic choices conserved [ &7 = B
weight
Reservoir choices conserved
weight

Pneumatic additions gave us
torque and speed
advantages

Fail safe system to direct
drive ensures we can
compete in case of electrical
ISsues




] _ Fluid Power
Desigh Choices Matter! ohiliege

* Frame choice paid off

« Use of industry standard roller
chain sprockets allowed for
quick access to sprockets of
varying numbers of teeth




Club Success

Became a Registered
Student Organization (RSO)
at KSU in Fall 2023

Had a successful first club
meeting (online) with our
guest speaker, Ernie Parker
(February 1st)

Had a successful in-person
club meeting with Eric
Cummings @ Ross Controls
(February 23)

Had a successful in-person
club meeting with Cory
Fisher @ Sun Hydraulics

(Aprll 2nd ) % KENN
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