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Agenda

• Team intro and problem statement

• Review of midway presentation

• Design modifications

• Vehicle Construction

• Initial Testing

• Final vehicle and subsystem design

• Lessons Learned
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Meet the Team
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Jonathan Katz
Mechanical Engineer

Jackson Harvey
Mechanical Engineer

Jimmy Colfer
Mechanical Engineer​

Gavin McGee
Computer Engineer​

Dr. Rachel Horenstein
Faculty Advisor



Problem Statement

• Students must design and construct a hydraulic-powered 

vehicle and compete in a series of test events and 

design competitions

• Project will be completed as part of senior design 

project, with little to no outside help on design or 

fabrication
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Design Objectives

• New “from-scratch” design

– Learn from previous DU teams' mistakes

• 2018 – Lack of detail

• 2019 – Unrealistically complex

• Team goal: create simple, efficient, 

and fast vehicle

– Minimizing fabrication complexity and 

build time

– Focusing on the sprint and endurance 

challenge

• Higher rider-dependency events

• Top design speed – 35 MPH
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2018 DU Team Design

2019 DU Team Design



Midway Presentation

• Selected tandem bike due to separation of 

hydraulic and mechanical systems

• Planned to use existing derailleur for gear 

shifting during operation
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Midway Presentation
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Hydraulic Circuit
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Design Updates

• Feedback from midway review highlighted 

regen-braking issue

• Reservoir manufacturing challenges

• Pump unavailability/replacement pump 

discrepancies

• Transition to fixed wheel design
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Pump Change

Original component 
selection: Eaton 26003

SunSource was unable to supply 
this pump (Notified on Feb. 4)

Last minute 
component change 
to Danfoss SP2NN 

pump

After receiving, learned the DU 
machine lacked resources to machine 

spline coupling

Final Decision:  Re-use pump from the 
2018 DU FPVC Team
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Eaton 26003 -LZG 
Original Pump

Danfoss SP2NN –
Selected Pump

Eaton 26702-DAB
Actual Used Pump

Displacement (CID) 0.58 0.513 0.54

Direction CCW CCW Bi-Directional

Shaft Type 5/8” Keyed 9 tooth spline 5/8” Keyed



Vehicle Construction
Pump and Motor Couplings

• Machined out of aluminum stock

• Designed to mate with bike sprockets
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Vehicle Construction 
Accumulator, Pump, and Motor mounts

• Laser cut acrylic, secured with bike frame mounts
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Motor

Pump Mount

Manifold Mount



Vehicle Construction

Accumulator Mount

• 3D printed to mount on stoker rider tube
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Initial Build
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Testing
• Stationary bike stand used for proof-of-concept tests

– Demonstrated all drive modes worked under zero load

• Performance tests done outside

– Demonstrated proof of working vehicle

– Realized issues with chain tensioning, re-machined pump coupling with tighter 

shaft fit,

– Remade motor mount to include chain tensioning
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Final Vehicle



Final Vehicle -
Hydraulics
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Accumulator
• Parker charging kit

• Dry N2 from DU chemistry lab

• Tested accumulator + gauges 

simultaneously
– Direct charge for ~2 minutes

– Pressure gauge @ test point and 

– Transducer in manifold 
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Live readout on display



Electronics

• All circuitry in housing
– Banana plugs for all external connections

– Main power switch

– 3 relay circuits for solenoid control

– Buck converter for microcontroller

– 16-bit ADC converter for transducer 

• Control
– Raspberry PI

– 7” Touchscreen for display and drive mode control
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Gearing

• Fixed wheel design for regen

• Can modify chain to 3 different stoker 

cassette settings

• Testing results from motor pressure 

guage:

– Cruising: 1000-1500 psi

– Acceleration/uphill: 2500-2750 psi
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Captain – Pump (40T-24T)

Stoker out – Rear Wheel (36,42,52 -22)

Motor – Stoker in (36T-40T)



Lessons Learned

• Over-estimate part lead times and anticipate component unavailability

• Have a fabrication plan in place before component selection, 

including fittings and adapters

• Hydraulics fittings and industry standard threads/adapters are 

complicated 

– Focused too much on the theoretical aspects of the design rather 

than practical

• Should have put more time into learning the mechanisms of bicycle 

components: Derailers, chain tensioners, free vs fixed wheel hubs, 

etc…

• Start assembly and fabrication phase as soon as possible, do not put 

too much responsibility on third part manufacturers or suppliers
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Questions?
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Backup Slides
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Vehicle Construction
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Vehicle Construction
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Pump 
Mount

Motor 
Mount

Manifold 
Mount

Initial Assembly



Drive Modes
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Direct Drive

2→3

Closed



Drive Modes
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Direct Charge

2→1



Drive Modes
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Boost Drive

2→3

Closed

6 stops flow



Drive Modes
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Regenerative

Braking

2→3

Closed

6 stops flow



EE Schematic
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Human 
Performance Test
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Test Goals Determine peak and average rider output power

Methods • A 200 ft sprint with the unmodified bicycle (1:1 captain-stoker 
power transmission)

• Times recorded at 100 and 200 ft
• Videos recorded to observe pedal speed
• Several trials at different rear-cassette gear ratios to confirm 

power results

Results • Avg power output 200-300 W
• Peak power output 1000+ W



Pump & Motor 
Calculations

Assumptions

Results
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Coeff of Rolling Resistance1 0.005 System Pressure 2750 psi

Grade 2 % Hydraulic Circuit Efficiency 0.9

Human Power Output 500 W Peak Rider Speed 35 mph

System Weight 290 lb

System Flow Rate 0.42 GPM

Motor CIR 0.388

Pump CIR 0.591

1) “Rolling Resistance.” Engineering ToolBox, https://www.engineeringtoolbox.com/rolling-friction-
resistance-d_1303.html. 

Part of Summary of Midway 
Slides



Hardware Selection

33

Motor

• Marzocchi ALM1A-R-9-E2
• .3878 CID bi-directional 

gear  motor

Accumulator
• Steelhead Composites 

AB30CN010G0N
• Composite 1 gal. accumulator

Pump

• Eaton 26003-LZG
• .58 CID CCW gear pump

Should be Summary of 
Midway Slides



Manifold Design
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Manifold Design
• Custom Designed Manifold in 

Solidworks with MDTools

• Expecting approval by 1/7/22
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Reservoir

• Custom Designed Aluminum reservoir (~1.5 gallons)

• Interior Baffling System and Flow Diffusers

• Breather Port and quick-fill/drainage ports

• Laser cut as one sheet to reduce welds and possible 

failure points

• Fabricated locally in Denver, CO by H&H Metals
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Calculations 1/2
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Calculations 2/2
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Accumulator

Nominal Volume Operating Pressure Dimension A Dimension B Weight

1 gal 3000 psi 15.7 in 6.5 in 10.8 lbs

39

- Carbon fiber lightweight reservoir 
from Steelhead Composites in 
Golden, CO



Pump Specs
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E2-means 
external drain



Motor
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SBV1-10-C
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RV1-10
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DWBFXNN

44



NCEBLCN
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