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Team Introduction



Problem Statement
& Objective

➢ Design, build and test a fluid powered vehicle to compete in three 
performance competitions:

➢ Sprint Race (400-600 ft. course length)

➢ Efficiency Challenge (Accumulator power)

➢ Endurance Challenge (Laps and/or slalomed course, 1 mile max)



Design Criteria
➢ Safety

➢ Provide safe working vehicle

➢ Hydraulic system relief valve protection

➢ Safety shields over moving gears/chains

➢ Minimize vehicle weight

➢ Reduce vehicle drag

➢ Improve human power performance

➢ Maximize vehicle efficiency

➢ Integrate on-board accumulators

➢ Cost effective

➢ Build competitive vehicle using maximum resources available



Design Constraints

➢ Vehicle powered using hydraulic propulsion

➢ No internal combustion, electric engines

➢ Maximum vehicle weight to not exceed 210 lbs.

➢ No leaks permitted from vehicle

➢ Braking power to hold vehicle in position under load

➢ Follow all other rules and guidelines provided by NFPA



Engineering Design Process

➢ Define problem

➢ Research and brainstorm

➢ Evaluate and choose design

➢ Specify and analyze design

➢ Develop prototype

➢ Testing and redesign



Fluid Power Circuit Design
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Hydraulic Circuit Modes

Charging 
the 
Accumulators

Discharging 
the 
Accumulators

Regenerative 
Braking

Cruise/
Coasting



Hardware Selection
➢ Pump and Motor

➢ Two Parker Aerospace engine driven pumps

➢ 0.241 CIPR, fixed displacement

➢ 6600 rpm

➢ 2500 psig

➢ 6.5 gpm

➢ Weight: 3.44 lbs.

➢ Custom designed drive shafts for pump and motor

➢ 3D Model & Drawing created

➢ Procured from supplier

➢ Controls and plumbing

➢ 2 Position, 3-way valves (3000 psi)

➢ 3 speed Shimano internal hub



➢ Bracket(s)

➢ PA12 High density engineering grade thermoplastic

➢ Production part worthy material

➢ Reducing vehicle weight

➢ Hand pump (handle not shown)

➢ Increase system pressure for efficiency competition

➢ Selected for its largest displacement (stroke cycle)

➢ >3000 psi rating

➢ (2) System relief valves

➢ Cartridge, Poppet style, 3000 psi rating

Hardware Selection



Hardware Selection
➢ Accumulator(s)

➢ Two 100 in3 accumulators, ≤ 231 in3 Maximum Limit

➢ Light weight aerospace products

➢ 3000 psi rating

➢ Check Valves

➢ Male JIC 37° flare connection

➢ Reservoir

➢ Light weight polyethylene

➢ 2.5 gallon capacity



Results & Analysis

➢ Calculations:

➢ Input Hp: 0.3 Hp

➢ Starting torque: 882 in-lb (approx. 73.5 ft-lb)

➢ Cruising torque, 15 mph: 59 in-lb

➢ At 15 mph:

➢Motor: 388 RPM

➢Pump: 322 RPM

➢Pedals:

➢1st gear (.733:1): 48 RPM

➢2nd gear (1:1): 35 RPM

➢3rd gear (1.364:1): 26 RPM



Calculations



Calculations



Bracket Analysis

➢ Finite Element Analysis (FEA)

➢ Bearing load, 150 lbf, downward

➢ Constrained in 4 slots & mounting holes, fully fixed

➢ Max displacement: .002 in➢ Max von Mises Stress: 972.19 psi



CAD Visualization



WMU Vehicle Construction

➢ Strip down and disassemble the pre-existing tricycle

➢ Paint frame and reassemble the tricycle with new braking hardware

➢ Install mounting plate and brackets for component mounting



WMU Vehicle Construction

➢ Install control valves to frame of tricycle

➢ Install reservoir, gear hub, accumulators, relief valves, pump, and 
motor to mounting plate

➢ Connect fittings and tubing to the hydraulic circuit



WMU Vehicle Construction

➢ Install subassembly pneumatic system to tricycle

➢ Fill pneumatic tank with air and test pneumatic system

➢ Fill the hydraulic circuit with fluid and test system



WMU Vehicle Progress
➢ Functional vehicle for competition, ready for Delivery!

➢ All required vehicle modes operational



WMU Vehicle Progress

(WMU fluid powered vehicle shown above)



WMU Vehicle Progress
Best Use of Pneumatics Competition

Fluid power vehicle system schematic



WMU Vehicle Progress

➢ Pneumatic system implemented to operate Safety Shield

➢ Vehicle major parts and component listing:

Reservoir

Air shut off valve

Air regulator

(2) rotary mini control valves

(2) flow control valves

(2) 6” stroked actuators

(2) 4” stroked actuators

Push-Lok style fittings

¼” pneumatic tubing



Testing

➢ Endurance: 6-minute mile

➢ Efficiency Challenge: approx. 1,200ft, with 2500 psi in accumulators



Lessons Learned
➢ Stay on schedule

➢ Stick to the Design Process for theoretical calculations/analysis prior to 
building

➢ Use resources to the team’s max potential

➢ Check vehicle hydraulic system with hoses before hard lining

➢ Verify pump and motor builds pressure in only 1 direction

➢ Do not disassemble an internal bicycle gear hub

➢ Always have food during a team build day
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