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Project 

Specifications

• Compete in 4 Race

– Sprint – Distance 600ft.

– Regenerative Breaking – Restore 

power in accumulator.

– Endurance – Farthest distance in 

a time period.

– Efficiency – Hydraulic system.

• Max bike weight <= 210lbs.

• 3000 psi max.

• Bike Design Safety for Exposed 

Hazards.



Design 

Objectives

• Hydraulic driven vehicle powered by pedaling.

• Maximum pressure is 3000psi.

• Design our own Hydraulic Schematic.

• PLC to control pneumatic and hydraulic systems.

• Design a manual transmission gear box.

• Design a spoke-less front wheel.

• Design a Reservoir.



Project 

Deliverables

The design of this vehicle will require a 

submission of the following:

• An entry video of a working vehicle.

• Midway Review: Components list of 

everything purchased before build 

phase.

• Appealing to the eye with RGB 

lighting.

• Added training wheels for balancing.

• Detailed analysis of frame and 

calculations.

• Race vehicle in 4 races: Sprint, 

Regenerative, Endurance, and 

Efficiency.



Proof of 

Working 

Vehicle



Fabrication

Welded Construction

Material: Chromoly 4130 round 
tubing

Pedals on gear box

Aiming for a Hybrid style: 
Naked/Classic Motorcycles



Reservoir

Ergonomic design

3 gallons of oil

A36 steel sheet metal

Thickness of 0.0747''



Manifold Design



Frame FEA 

Stress = 268.8 psi



Frame FEA

FOS = 3.2



Hydraulics Circuit Design



Selection of Hardware

DESCRIPTION MODEL CODE PART NUMBER

Size -6 Solenoid Coil, 
32mm, 12V Deutsch

Coil 12DN-32-
1329 QS

2610149

Pressure Relief, 
Direct Acting, Poppet 
Type
2500 p

DB06C-01-C-N-
500V QS

2610342

Check Valve, Ball 
type

RV06A-01-C-N-01 QS 2610211

Check Valve, Ball 
type

RV06A-01-C-N-05 QS 2610212

Directional 3W/2P 
Direct Acting, Spool 
Type

WK06C-01-C-N-0 QS 2610183

Directional 4W/3P 
Direct Acting, Spool 
Type

WK06G-01-C-N-0 QS 2610192
0R THE WK10G-01

Poppet Type, Bi-
directional, Normally 
Closed, Direct Acting

WS08W-01

Hydraulic Test point 1620 (9/16-18 UNF) 
MC/NBR

6003737

ITEM ID PORT

MOTOR IN, REV OUT, PUMP 
UTJ

SAE-12

MOTOR OUT, ACCUM OUT SAE-08

https://www.hydac.com/shop/en/2610342
https://www.hydac.com/shop/en/2610342
https://catalog.hydac-na.com/item/cartridge-valves-check-valves-and-load/rv-cartridge-valves-check-valves/2610211
https://www.hydac.com/shop/en/2610212
https://www.hydac.com/shop/en/2610183
https://www.hydac.com/shop/en/2610192
https://catalog.hydac-na.com/item/test-points/1620-series-test-points-hoses/6003737
https://catalog.hydac-na.com/item/test-points/1620-series-test-points-hoses/6003737
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PLC Ladder Logic



Using the Click Program

Regen

Charge

Release

Stop

ON/OFF



Front Wheel Design

• Spokeless wheel

• 2 plates and Bearings

• Hydraulic Bicycle fork

• Aluminum 6061

• A36 steel frame

• 4-inch-thick wheel



Gearbox 

Design

• 3 Speed manual transmission

• 1st Gear - .66:1 Ratio

• 2nd Gear – 1:1 Ratio

• 3rd Gear – 2:1 Ratio



Gearbox Main Components



Gearbox 
Cross 

Section



Safety 

assessment

• Exposed gears on right side of pedals

– Initial risk level of 16

• Boxing with aluminum plates

– Acceptable Initial risk level of 2



Gear and Hydraulic 

Calculations

3Speed Transmission Calculations Hydraulic Pump Calculations
Formulas 1st Gear

V.R. = n_input /n_output
= N_output/ N_input Gear Ratio 1.5:1

CD= (PD_1 + PD_2)/2 # Teeth gear 1 24 Formulas 1st Gear

# Teeth gear 2 36 Q= V_D * n
Volumetric Displacement 
(in3 / rev) 0.69

Input Speed (rpm) 90 Q_a = n_v * Q_T Speed (rpm) 60.00

Output Speed (rpm) 60.00 Flow Rate (in3 / rev) 41.40

2nd Gear Actual (in3 / rev) 37.26

Gear Ratio 1:1 _ Efficiency 90%

# Teeth gear 3 30 2nd Gear

# Teeth gear 4 30
Volumetric Displacement 
(in3 / rev) 0.69

Input Speed (rpm) 90 Speed (rpm) 90

Output Speed (rpm) 90 Flow Rate (in3 / rev) 62.1

3rd Gear Actual (in3 / rev) 55.89

Gear Ratio 2:1 _ Efficiency 90%

# Teeth gear 5 48 3rd Gear

# Teeth gear 6 24
Volumetric Displacement 
(in3 / rev) 0.69

Input Speed (rpm) 90 Speed (rpm) 180

Output Speed (rpm) 180 Flow Rate (in3 / rev) 124.2

Actual (in3 / rev) 111.78

Efficiency 90%



Theoretical and Speed 

Calculations

Hydraulic motor Calculations Speed of Vehicle Calculations
Formulas 1st Gear Formulas 1st Gear

Q= V_D * n
Volumetric 
Displacement (in3 / rev) 0.69

V_bike = Radius * n_ 
motor Radius (in) 13

Q_T = n_v *Q_A Speed (rpm) 48.60 Motor Speed (rpm) 48.60

Theoretical (in3 / min) 33.53 Bike Speed (MPH) 3.75

Actual (in3 / min) 37.26 2nd Gear

Efficiency 90% Radius (in) 13

2nd Gear Motor Speed (rpm) 72.9

Volumetric 
Displacement (in3 / rev) 0.69 Bike Speed (MPH) 5.62

Speed (rpm) 72.9 3rd Gear

Theoretical (in3 / min) 50.301 Radius (in) 13

Actual (in3 / min) 55.89 Motor Speed (rpm) 145.8

Efficiency 90% Bike Speed (MPH) 11.25

3rd Gear

Volumetric 
Displacement (in3 / rev) 0.69

Speed (rpm) 145.8

Theoretical (in3 / min) 100.602

Actual (in3 / min) 111.78

Efficiency 90%



Gantt Chart



Parts List



Conclusion

After testing:

• Bike weight = 197.4lbs w/o oil

= 205lbs w/ oil

• The first run had oil leaks on the sensors

• More weight needed on the left side.

• The gear ratio had to be increased.

– More torque to the motor means less speed



Thank You to our Proud Sponsors
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