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Hydraulic Design
NorthDarunsonthaya, Dan Nguyen
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Drive Mode

Valve 5 and 6 are 
power.

Default State

Coast Mode

All valves are open

Neutral State

Charge Mode

Valves 1 and 3 are 
powered to allow 

the accumulator to 
charge

Discharge Mode

Valves 1,5,6 are 
powered.

Regen Mode

While the bike is in 
regen mode, it 

converts the bike’s 
motion into stored 

pressure

Valve Table
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Valve 2

Valve 5

Valve 6

Valve 1

Valve 3

Valve 4

Fig. 1 : Valve 
Logic Based 
on Mode 
Selection



Drive Pump 

Brand Marzocchi
Type External gear
Model # ALP1A-D-7
Material Aluminum
Rotation Clockwise
Displacement 5.2 cm3 / rev.
Provider Iowa Fluid Power

Brand Hydac
Model # SB330-4A1/112S-210C
Material Carbon Steel Shell
Capacity 1 gallon
Pressure Range 0-3000 psi

              
              
 Accumulator   
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Fig. 1: Marzocchi Gear 
Pump

Fig. 2: Hydac Bladder 
Accumulator



Motors     

Brand Dynamic FC

Type External Gear

Model # GM-F10-41-P-B

Material Aluminum

Rotation Bi-directional

Displacement 4.1 cm3 / rev.

Provider Iowa Fluid Power

Brand Dynamic FC

Type External Gear

Model # GM-F10-52-P-B

Material Aluminum

Rotation Bi-directional

Displacement 5.2 cm3 / rev.

Provider Iowa Fluid Power

Brand Dynamic FC
Type External Gear
Model # GM-F10-41-P-B
Material Aluminum
Rotation Bi-directional
Displacement 4.1 cm3 / rev.
Provider Iowa Fluid Power
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Fig. 3:
Dynamic FC 4.1cc Motor

Fig. 4:
Dynamic FC 5.2cc Motor

Fig. 5:
Dynamic FC 4.1cc Motor
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Hydraulic Calculations
Table 1: Effects of Pedal Gearbox on Fluid Circuit

Table 2: Motor Torque based on Accumulator Parameters
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Mechanical Design
Alex Sortor, Aiden Kostolecki
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Changes From Last Year

• Clubs first 3-wheeled 
design

• Variable displacement motor
– 3 separate motors with 

different displacements
– Allows 3 distinct 

displacements
• Better rider ergonomics

– Accumulator location
– Reservoir location
– Lower center of gravity

10Fig. 6: 2024 -2025 Vehicle



Bike Design

• Tilting Cargo Trike 
Design

• Built by club 
members, using 
school facilities
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Fig. 7: 2025 – 2026 Vehicle



Pinion Crankset Gearbox

• 6-speed German 
engineered gearbox

– Input from crankset, output to 
drive pump

– 295% gear range

– Total pump gear ratio from 3:1 to 
10:1
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Fig. 8:
Pinion 6-Speed
Gearbox Cutaway

Fig. 9:
Pinion Gearbox



Rear wheel motor arrangement
• Variable displacement motor

– 3 Motors to achieve 3 effective gear 
ratios by varying total displacement

 Motor 1 (4.1 cc)
 Motors 1 and 2 (8.2 cc)
 Motors 1, 2, and 3 (13.4 cc)
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Fig. 10:
Variable 
Displacement 
Motor 
Configuration

Fig. 11:
Motor 
configuration on 
bicycle



Pneumatic Design
AlexanderSortor
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Diagram

15Fig. 12: 2025 – 2026 Pneumatic Diagram Operation



Pneumatic Usage
• Prevent the bike from leaning and center it 

based on speed
• Usesa pneumatic cylinder placed within the 

frontsuspension
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Fig. 13:
Pneumatic Cylinder
In Suspension



Electrical Design
Robert Bohl, Braeton Henzel
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Components

Components Components Components 

Components Components 
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Components 
Controller 
 IFP Control Kit 

• uControl MC3-21-10

19Fig. 14: uControl MC3-21-10 PLC



Components 

Battery of Choice
• Talentcell Lithium Ion Battery 
• 12V-24V
• 35,000 mAH
• Includes its own on/off switch
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Fig. 15:
Tallentcell Lithium Battery



Components 
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Fig. 16: Momentary 
Buttons Fig. 17: Installed Buttons



Components 

Cadence & Speed Sensors
• Inductive Sensors 24VDC NPN
• Monitor pedals & rear wheel rotation speed

Sensor Pulses
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Fig. 18: Expected Output 
(Square Wave)

Fig. 19: NPN 
Proximity Sensor
Configuration



Components 

Angular Position Sensor
• Used to determine the tilt of the bike
• 0-5V output
• Will be used to up-write for pneumatic controls
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Fig. 20: Voltage Output 
Inclinometer



Pneumatics Program

Controller Cylinder
Set Point

Angle 
Sensor

OutputValve 
Block

**This program will only run when the bike is stationary 24

Fig. 21: Pneumatics Control 
Logic Loop

Fig. 22: Pneumatic Diagram 
Operation



PLC Program 
PLC Software 
• Uses Codesys software
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Fig. 23: Codesys

Fig. 24: Code Sample - 
Buttons



Lessons Learned
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Difficulties and Lessons Learned

• Lost & incorrect shipments, prolonged delays
• Motor failures & replacement
• Overambitious design
• Need time to test and acquire experimental data
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