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ABSTRACT 
 

This report is attributed to the University of Cincinnati 2012-2013 Chainless Challenge team. 

This was a great opportunity to learn about hydraulic systems, apply knowledge taught over 

the last few years, and sum up a great educational experience. In the following report you 

will see the hard work and dedication over the course of the year that led to the design and 

fabrication of a human assisted hydraulic vehicle. There were many steps painstakingly taken 

in order to make a working vehicle worthy to compete. The knowledge and real world 

experience learn from this event will forever be memorable and appreciated.  
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INTRODUCTION 
 

BACKGROUND 
 

Parker Hannifin is a motion and control technologies corporation; in 2005 they started the 

Chainless Challenge, it is a competition that was inspired by the cycling community. Since a 

large portion of Parker’s business focuses on hydraulics they decided to merge the two ideas 

into a competition.   This competition rules are fairly simple develop a 100% human powered 

bicycle without using any chains to transfer power.  This competition was primarily aimed 

towards students of universities as a senior design project. Each university chosen to compete 

selects a group of 5-8 seniors to participate. These students start from scratch and design 

either a hydraulically or pneumatically powered bike to compete in several different races. 

There was an endurance race, an efficiency race, and a sprint race.  The endurance race was 

an 8 mile course. The efficiency race deals with utilizing an accumulator to store energy for a 

later use. The sprint race was 100 meter dash to the finish. Each team needs to work together 

to create a bike that works the best in each race in order to win the Chainless Challenge. 

 

This year’s team had four members on it, so the bike development was split into three 

sections; Chris Clark and Maxton Lown were working the hydraulic powertrain, Brandon 

Randal was assigned on the braking system, and Nick Macaluso was assigned to the bike 

frame. 
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LAST YEAR TEAMS INTERVIEW 
 

Last year was the University of Cincinnati first year entering the Parker: Chainless 

Challenge. Both the mechanical engineering and mechanical engineering technology students 

were allowed to enter a bike into the competition, however this year only the METs entered a 

bike.  The bikes below in are last year’s bikes, figure 1 is the MET’s bike and figure 2 (1) is 

of the ME’s bike.  Both teams decided to use upright bikes with belts that turn pumps to  

 

    
Figure 1-MET Hydraulic Bike                     Figure 2-ME Hydraulic Bike 

    

move the hydraulic fluid. Both teams encounter many of the same problems which the 

interview help enlightened.  Each team stated that their biggest problem was tension on their 

belts; however belts and chain are being more restricted this year so this factor has little 

effect.  The second biggest problem they both had in common was a weight issue.  Hydraulic 

components are meant for industrial use and not man powered so they tend to be heavy and 

bulky. The biggest problem with weight is that every pound that is put onto the bike is every 

extra pound the driver has to move.   
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RESEARCH 
 

CLEVELAND STATE UNIVERSITY  
 

Cleveland State University designed a hydraulic bike one year for the competition, instead up 

using an upright bike they went with a recumbent style. The bike can be seen below in figure 

3 (2). The recumbent style bikes do have their advantages and disadvantages.  This style of 

bike spreads the weight out more evenly and is great deal more stable than an upright bike;  

 

 
Figure 3-Cleveland State University Bike 

 

however they tend to be more expensive. This team used a radial pump to move the hydraulic 

fluid. This type of pump is efficient and allowed them to push a steady flow of fluid through 

their system, unlike a piston pump. 

 

2012 COMPETITOR DESIGN 
 

These competitors also used a recombinant style bike for their entry. They took second place 

in 2012; the design for their bike can be seen in figure 4 (3) below. They decided for a 

recombinant for the stability and also the ability to easily charge their accumulator. 

 

 
Figure 4- Recombinant Competitor Design 
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2009 COMPETITOR DESIGN UNIVERSITY OF MICHIGAN  
 

The University of Michigan in 2009 fabricated this upright bike, which is very similar to 

UC’s bikes last year. However this bike has a feature that helps it be more efficient. This bike 

includes in its design regenerative breaking. Whenever the bike need to slow down it pumps  

 

 
 

Figure 5-University of Michigan Bike 

 

fluid into its accumulator from its motor which slows the bike down and whenever extra 

power is needed the system switches and releases the high pressure fluid in the accumulator. 

The hydraulic system can be seen in the figure 5 (4)  above. 

 

RESEARCH SUMMARY 

 
By researching past bike designs it has helped focus the path of the current bike design. It 

was helpful to see how pervious competitors set up their design, what components they used 

and how well their design worked for them. It was found that most bikes were hydraulically 

driven over pneumatics. It also became apparent that recombinant bikes seemed to be fairly 

popular due to their stability from the extra weight the hydraulic components add. 
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OBJECTIVES 
 

Based on the Parker Chainless Challenge competition requirements and research, a list of 

factors were generated to produce the most successful design. These features are ranked in a 

list of importance with weighted percentages. The correlating percentages will help 

determine the most important aspects and what should be focused on during the design 

process. 

1. No chain connections  12% 

a. Alternative method of transferring energy 

2. Light-weight  12% 

a. Less than 175 lbs 

3. Human powered  12%  

a. Human input supplies power to the system 

4. Reliable   11% 

a. Reliability of component life and proper design criteria specified in the 

following spec sheets: 

i. Brakes spec sheet 

ii. Wheel spec sheet 

iii. Frame spec sheet 

iv. Hydraulic system spec sheet  

5. Stable  10%  

a. Use 3 wheel recumbent trike 

b. Low center of gravity  

6. Operated by one person  9% 

a. Design for a single seat application 

b. Rider with weight less than 220 lbs 

7. Conservation energy design  9% 

a. Incorporate energy storing system 

b. Regenerative Braking  

8. Safe   8%    

a. Guards that protect the rider from moving components 

b. Components rated for system pressures and speed 

c. Design braking for parking, speeds and weight 

d. Meets all Parker Chainless Challenge competition safety requirements 

e. Maximum cruise speed range of 45 mph 

9. Affordable  7% 

a. Less than $3500 

10. Bio-degradable fluid  5%  

      a. Design for a system that utilizes bio-degradable fluids 

11. Easy to mount  5%  

a. Use 3 wheel recumbent trike 

b. Adjustable seat 

c. Less than 25 inches from seat to ground 
Above are the team decided engineering characteristics. The team generated most of these 

factors based off the Parker: Chainless Challenge rules. Then main features that will be 

closely monitored will be the bike’s weight, reliability, and having no chain/belt connections. 



Chainless Challenge-Hydraulic Powertrain Maxton Lown 

10 

ALTERNATE VEHICLE DESIGN 
 

All of the alternate designs incorporate the same trike; the design difference is mainly placed 

on the different modes of energy transfer. Many of the other components were found to only 

fit into one location.  The accumulator comes pre-fabricated so its design was calculated and 

its placement was determined by being as close as possible to the motor. The reservoir 

placement was also easily determined by needing to be the highest component on the bike to 

be able to use gravity to feed the hydraulic oil, so it was placed on the bike shelf which is the 

highest steady location on the bike. The pump, motor, and accumulator selection reasoning 

can be found in the Part Selection portion of this report. 

 

ALTERNATE DESIGN ONE 

 
Figure 6 – Drive Shaft Design 

 

Design one uses a drive shaft that is connected to the peddles and pump. By using the 

driveshaft it allows for the pump to be mounted as close as possible to the motor, this allows 

the bike design to use the shortest hoses possible to save on weight and efficiency.  However 

there are some drawl backs to using such a long drive shaft. Firstly, the shaft would have to 

be made from metal to be strong enough to transfer the load; this metal shaft will add a lot of 

weight to the bike. Secondly, by having most of the components in the back it puts a lot of 

the weight on the back tire.  

 

  

 

 

Drive 

Shaft 

Pump Motor Accumulator Reservoir 
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ALTERNATE DESIGN TWO 

 
Figure 7 – Through Shaft Design 

 

Design two was designed around using a through shaft pump, instead of having a gearing 

mechanism to attach the peddles to too turn the pump the peddles could be mounted to the 

shaft running through the pump. This would allow lowering the weight on the bike which is 

desired. However through shafts pumps are extremely difficult to come by and the few that 

are made are for industrial use and do fit this application.  

 

ALTERNATE DESIGN THREE 

 
Figure 8 – Gearbox Design 

 

The third design was model chosen to use for the competition. This design uses a two shafted 

input gear box attached to the pump to transfer energy. The gearbox does add some weight to 

the bike however it has a 2:1 gearing ratio that steps up the RPM output on the bike to allow 

for greater speed. The gearbox and pump are coupled together and mounted via custom 

bracket to the frame. The hosing from the pump will run down the frame of the bike and 

under the seat to the components in the rear. The distance between the pump and motor is too 

little to see any big efficiency losses.  
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SCHEMATIC 
 

FLUID SCHEMATIC DESIGN 
 

To design any hydraulic system a schematic needs to be created to make a logic and detailed 

map of the fluid flow. This map is used to make a logically working system that fits the 

required needs. There are a few factors that needed to be considered to develop the system: 

fluid circuit operations, size and weight of components, efficiency of power, and the limited 

space available.  These factors were weighed in every decision of the circuit design.  

 

MODES OF OPERATION 
 

The hydraulic assisted bicycle’s fluid schematic has several different operations.  The 

operations include direct drive, pre-charge, coasting, discharge, regenerative breaking. In the 

direct drive schematic, all valves are open so that the pump can provide a direct flow of fluid 

to the motor.  During pre-charge, all valves will be closed and allow the pump to draw fluid 

from the reservoir to pre-charge the accumulator.  The coasting schematic will allow the 

motor to short cycle itself in a closed loop.  In the discharge schematic, all valves will open 

and release the stored energy in the accumulator.  In the final schematic, regenerative 

breaking, the motor will draw fluid from the reservoir and act as a pump to supply the 

accumulator with fluid pressure. 

 

One schematic was decided upon for the hydraulic assisted vehicle. 

 

MAIN SCHEMATIC 

 
Figure 9- Hydraulic Schematic 

 

 

The main schematic shows the location of each component as well as the possible direction 

of flow. Examine the key to determine the symbol used in the figure. 
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MAIN DRIVE SCHEMATIC  

 
Figure 10- Main Drive Schematic 

 

The main drive schematic is the path that will be used most of the time during bike use; it 

cycles the hydraulic fluid between the pump and motor. This path is more efficient then 

pumping it up to the reservoir and back.  If there is fluid loss in the path the pump will pull 

any needed fluid from the reservoir. 

 

ACCUMULATOR CHARGING SCHEMATIC  

 
Figure 11 - Charging Schematic 

 

Before the race the accumulator is allow to be charged, above is the charging schematic. The 

normally open electric switch is switched off and the fluid has nowhere to go except the 

accumulator. The pump pulls fluid from the reservoir and pressurizes it into the accumulator. 
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ACCUMULATOR DISCHARGE SCHEMATIC  

 
Figure 12 - Discharge Schematic 

 

When the potential energy stored in the accumulator is wanted to be used the electric switch 

is opened and fluid pressurizes the motor causing it to move. Any extra fluid that the pump 

cannot push back into the motor will trip the pressure valve and be stored in the reservoir for 

the next charging. 

 

COASTING SCHEMATIC  

 
Figure 13 – Coasting Schematic 

 

Because the tire is locked onto the motor and cannot spin freely like a normal bike a coasting 

branch had to be made in order to let fluid circulate with the least amount of resistance. 

Without this branch the motor would pump the fluid up to the reservoir and back but by 

inserting a small hose the fluid can bypass the reservoir to a more efficient path and just 

circulate around the pump. 



Chainless Challenge-Hydraulic Powertrain Maxton Lown 

15 

REGENERATIVE BRAKING SCHEMATIC  

 
Figure 14- Regenerative Schematic 

 

Whenever the bike needs to slow down the regenerative breaking system was useful to store 

that kinetic energy used to stop. When stopping the first electric valve will close, isolating 

the accumulator and the second and third electric valve will open. The motor will then act as 

a pump pulling fluid from the reservoir and pump it into the accumulator using the inertia 

from the bike. The longer this system is engaged the slower the bike will go, due to the work 

from the motor. 

 

PART SELECTION  
 

PUMP AND MOTOR SELECTION 
 

The pump and motor selection was decided upon research.  The research choices where vane 

pumps, gear pumps, and piston pumps all coming in variable displacements and fixed 

displacements.   Vane pumps are only efficient at high RPM because it uses centrifugal force 

to work, since this bicycle will be man powered the speed need to work will not always be 

reached.  We initially thought that piston pumps caused small surges in the system which 

made them a lesser choice, from last year team’s advice, however they their slip clogged 

which caused the surging.  Having a used variable displacement pump from a competitor of 

the 2012 Parker Chainless Challenge a test was set up. The results showed that the variable 

displacement was touchy and hard to maintain a constant displacement.  This resulted in a 

“slip” in the system.  The test disproved the use of the any variable displacement.  

Left is a fixed displacement gear pump. Gear pumps and motors are reliable at lower RPMs. 

Gear pumps tend to be a lot less efficient compared to the different type of motors. 

 

The decision was a fixed displacement piston pump which resided as the best choice for this 

application. Parker’s F11 series fit the criteria.  The F11-010 will act as the pump and the 

F11-005 will act as the motor. See Calculations for pump and motor info. 
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It was desired to have low displacement in the motor in order for the accumulator to do the 

most work during the efficiency race. Also the pump needed to be close in displacement but 

have a little higher displacement as well to make up for slip. The motor displacement was 

chosen to be 0.30in³ and the pump displacement was chosen to be 0.60in³. 

 

ACCUMULATOR SELECTION 
 

Accumulators come in three main types’ bladder, diaphragm, and piston. Each works similar 

by using hydraulic pressure to charge a gas like a spring to store potential energy, but they 

each have their own features. For the build a piston accumulator was chosen. Piston 

accumulators have a slender shape which will make it easier to mount. They tend to have a 

high flow rate and are reliable at higher pressures. Also the 90in³ volume that was calculated 

fits in the piston volume spectrum. 

 

HOSE SELECTION 
 

The hoses purpose in the system is to transport hydraulic fluid from one device to another. It 

is important to choose a hose that can handle the pressure in the system to prevent a system 

failure. By finding the maximum pressure a safe medium pressure hosing was selected. The 

size of which was decided to be 3/8”, since the system has low flow rates a smaller hose 

could be selected. The smaller hose also tends to withstand pressure better and have lower 

efficiency drops. 

 

PART ANALYSIS 
 

PUMP AND MOTOR ANALYSIS 
 

The hydraulic drive system is the heart of this project and with that needs special 

consideration in certain aspects of its design. To start the design some parameters needed to 

be set. It was found in earlier testing that the max speed of the bike was around 15 mph, and 

that was a good benchmark to test against. To reach this speed it was found that the bikes 20 

inch tires need to revolve at around 252 RPM to reach the 15 mph goal.  

 

It was desired for the pump and motor to have low displacements and to have the pump have 

a higher displacement then the motor to help check loses. Please read the part section for 

further details on the motor and pump selection.  

 

It was also important to find the maximum torque required to move the bike. To calculate the 

torque a situation where the toque was the highest was require. So a situation of biking up 

hill was used, and the torque was found to be 217 inch pounds. Now that it was known what 

need to be reached the rest of the system could be designed. It was found that the average 

rider can put out 0.27 hp and 120 RPM. 
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 It was important to hit the right RPM to obtain the right speed; in order to do this a gear ratio 

of 2:1 was chosen to step the RPM up. The possible RPM that could be inputted into the 

pump was now around 240 RPM. This speed will allow us to reach the speed we want while 

staying at a reasonable level of torque. 

 

The differential pressure was found using a function of horsepower and flow rate and maxed 

out at around 1600psi. And the minimum working pressure for the system was found to be 

1100psi. 

 

ACCUMULATOR ANALYSIS 
 

The volume was based around the efficiency challenge. The bicycle has to reach at least 200 

meters with two stops, which is around 656 feet. By knowing the tire circumference, motor 

displacement, and picking a volume a distance can be calculated. By choosing a volume of 

90in³ the distance of 1570 feet could be reached, this is not taking into count any losses, 

however it will have enough volume to reach the desired distance. Please see the calculations 

section for the calculations. 

 

CALCULATIONS 
 

 
Table 1 – Hydraulic Equations 

 

Above are the formulas used to find the values of the system, this table was taken from 

Parkers website.  

Variable Word Formula w/ Units Simplified Formula

Fluid Pressure - P (PSI) = Force (Pounds) / Area ( Sq. In.) P  =  F / A

Fluid Flow Rate - Q GPM= Flow (Gallons) / Unit Time (Minutes) Q = V / T

Fluid Power in Horsepower - HP Horsepower = Pressure (PSIG) × Flow (GPM)/ 1714 HP = PQ / 1714

Variable Word Formula w/ Units Simplified Formula
Pump Output Flow - GPM GPM = (Speed (rpm) × disp. (cu. in.)) / 231 GPM =  (n ×d) / 231

Pump Input Horsepower - HP HP =  GPM × Pressure (psi) / 1714 × Efficiency HP  =  (Q ×P) / 1714 × E

Overall Efficiency = Output HP / Input HP EOverall = HPOut / HPIn X 100

Overall Efficiency = Volumetric Eff. × Mechanical Eff. EOverall = EffVol. × EffMech. 

Pump Volumetric Efficiency - E Volumetric Efficiency = Actual Flow Rate Output 

(GPM) / Theoretical Flow Rate Output (GPM) × 100
EffVol. = QAct. / QTheo. X 100

Pump Mechanical Efficiency - E Mechanical Efficiency = Theoretical Torque to Drive 

/ Actual Torque to Drive × 100
EffMech = TTheo. / TAct. × 100

Pump Displacement - CIPR Displacement (In.3 / rev.) = Flow Rate (GPM) × 231 / 

Pump RPM

CIPR = GPM × 231 / RPM

Torque = Horsepower × 63025 / RPM T = 63025 × HP / RPM 

Torque = Pressure (PSIG) × Pump Displacement 

(CIPR) / 2π

T = P × CIPR / 6.28

Pump Formulas

Pump Efficiency - E 

Pump Torque - T

Basic Fluid Power Formulas / Hydraulics / Pneumatics
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FINAL MODEL DRAWILINGS  
 

TRIKE MODEL 
 

 
Figure 15 – Trike Model 

 

Above is Solidworks finished drawing of the bike and the main components. Please note that 

the hosing and reservoir are missing from the model. 
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FRONT ASSEMBLY 

 
Figure 16 – Front Assembly Model 

 

Above is a model of the front assembly. There is a custom made bracket that houses the 

gearbox and pump which are coupled together. The components will be securely bolted to 

the bracket and the bracket will be securely bolted to the frame. 

 

REAR ASSEMBLY 
 

  
Figure 17 – Rear Assembly Model 

 

Above is the rear assembly model. It was custom made and contains two metal plates welded 

to the frame in order to support the two bearings which support the wheel hub and allow it to 

roll smoothly. The metal plates also were design to secure the motor on the frame of the bike. 
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ASSEMBLY 
 

After all components were acquired and manufactured, the vehicle was ready for assembly. 

The main components were computer modeled to ensure proper fitting and sizing. By taking 

these individual components and the modified TerraTrike frame, the team was able to use 

different fasteners to assemble the individual components into one functioning vehicle.  

GEARBOX TO PUMP BRACKET 
 

The font assembly was made from three pieces. The gear box at the front that bolted onto the 

bracket, the pump on that bolted onto the rear of the bracket, and the bracket itself that 

connected to the frame of the bike via U-bolt. The U-bolt allow for easy movement of the 

front assembly while also making a secure connection to the frame. 

 

.  

Figure 18- Front Assembly 
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REAR WHEEL HUB 
 

The two bearings were needed to allow the hub to rotate. These bearing were bolted to two 

metal brackets that were welded to the rear frame of the vehicle. These metal brackets were 

threaded so that the bearings can be connected. This design allows the motor to be directly 

conned through the brackets onto the bearings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
Figure 19 - Rear Wheel Hub Assembly 
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ACCUMULATOR 
 

The accumulator is located behind on the seat behind the rider. U-Bolts are used to attach the 

accumulator to the bars running across the back of the seat.  It was suggested that the piston 

accumulators be positioned marginally vertical. The angle of the accumulator is equal to the 

angle of the seat which allows the accumulator to be position in the correct manner. 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHARGING THE ACCUMULATOR 
 

In order for the accumulator to work properly in the hydraulic system it needs the correct pre-

charge. To determine the right pre charge the minimum working pressure had to be found 

because that is the lowest pressure needed to move the vehicle forward. The minimum 

working pressure was about 1000psi which was important to know to be able to charge the 

accumulator to the right pressure.  The gas pre-charge was then set for the accumulator at 

750 psi because the pre-charge needs to be set 25% of the minimum working pressure. 

  

 

               
 

Accumulator 

U-Bolts 

Figure 20 - Accumulator Assembly 
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RESERVOIR 
 

A machined bracket and washers were used to provide a better attachment instead of using 

bungee cords or tape to hold down the reservoir. The reservoir was position at the highest 

point on the bike to allow the fluid to be gravity fed into the system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

HOSING AND FITTINGS 
 

When it came time to fabricate the hydraulic system it was decided that the most efficient 

and practical way to put it all together was to take it to the Parker hosing and fitting store. 

Before the build, the team had all of the main components positioned on the vehicle so all 

that was needed was to cut the hose to length and attach the correct fittings. With the help of 

the staff at the Parker store, the team spent a few hours laying out and attaching the hydraulic 

hosing. This allow us to efficiently use or money and time while selecting the least amount of 

fittings and using the shortest amount of hosing. After leaving the store the vehicle was ready 

for its first test. 

 

 
 

 

 

       
 

Reservoir 

Bracket 

Figure 21 - Reservoir Assembly 
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PROTOTYPE TESTING 
 

For the testing phase of the project the team needed to test the maneuverability, speed, 

accumulator efficiency challenge and braking.  

MANEUVERABILITY 
 

The vehicle itself has a stable design with three wheels making contact to the ground, 

however there was over 100 pounds of weight added to the vehicle changing its inertia. Even 

with all the extra weight the vehicle maneuvered to expectations. Going at full speed, turning 

was not an issue. 

SPEED 
 

Testing the speed of the prototype was important for multiple reasons: the team needed to see 

how it compared to the calculations, the vehicle has certain expectations of speed, and the 

team needs to see how well the vehicle could potential do in the challenge.  Before the 

hydraulic system was added the vehicle traveled at about 15 miles an hour with its chain and 

sprocket.  This was a benchmark value that the team tried to reach with the system. Once 

tested, the vehicle traveled at a top speed of 7 miles per hour, even though the calculations 

had the vehicle traveling around 20 miles per hour. The decrease in speed was due to a few 

reasons. Because of all the extra weight added, the RPM needed to reach the 20 miles per 

hour could not be reached as well as the weight lowered the overall efficacy. This extra 

weight was not added into the calculations. Even with the added weight, once the pressure 

was built up, the vehicle moved smoothly along.  
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ACCUMULATOR EFFICIENCY 
 

The accumulator efficiency challenge is one of the tasks for Parker’s competition. For this 

challenge, the accumulator needed to be charged to a certain pressure and then used to propel 

the vehicle as far as a team could travel. The vehicle’s accumulator was charged to 2500 psi 

propelling it 656 feet. The score for this competition is calculated by the following equation: 

 

Equation 1 - Competition Score 

 

Using this equation with the weight of the rider and vehicle at about 300 pounds and the 

volume at 90 inches cubed, the vehicle scored 10.496.  

Efficiency Challenge Result 

Total Weight 300 lbs. 

Total Distance 656 ft. 

Pre-charge Pressure 2500 psi 

Accumulator Volume 90 in^3 

Score 10.496 

Table 2 - Efficiency Challenge Results 
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BUDGET 
 

Below in table 3 is this year’s team’s proposed budget. The total cost hovering around 

$5,140.00 which included the prices from the free parts from parker. A majority of the 

budget is going to the bike frame, expenses for miscellaneous was allotted, and technically a 

lot was spent on the parker parts even though they were actually free.  

 

 
Table 3- Budget List 

Part Type Vendor Part Number Quantity Est. Price Free

Bike Fairfield Cyclery Terratrike Rover One 1 $700.00 -

100psi Tires Fairfield Cyclery Maxxis Miracle Tire 4 $131.96 -

Bike Rack Fairfield Cyclery Terratrike Rack 1 $59.95 -

Rebuilt Tire/labor Fairfield Cyclery labor 2 $191.30 -

Motor Parker F11-5-HU-V 1 $259.99 Free

Pump Parker F11-10-HU-V 1 $229.99 Free

Accumulator (Piston 3000psi) Parker A3N0090D3KUU 1 $399.99 Free

Electric Valve Parker DSL082NSPD012L-A6T 2 $299.98 Free

Electric Valve Parker DSL083BSPD012L-A6T 1 $199.99 Free

Hydraulic Fluid Parker Mobil Oil - $35.99 Free

Accumulator Charger Parker - 1 $300.00 -

Medium Pressure Hosing Hose & Fittings - - $290.29 -

Fittings Hose & Fittings - $183.03 -

Pressure gage Hose & Fittings J60 1 $21.75 -

Labor Hose & Fittings Labor $50.00 -

Needle Valve Hose & Fittings 451St 1 $58.00 -

Check Valve Hose & Fittings C1020S 5 $203.00 -

Lock Seal Hose & Fittings 56747 1 $20.03

Nitrogen Tank Eastern Welding Supply UN-1977 1 $93.72 -

Gear Box Zero Max C209806 1 $474.48 -

Bearings McMaster Carr 5967K84 2 $83.94 -

Coupling McMaster Carr 60845K16 1 $81.74 -

Pressure Let-off Valve McMaster Carr 4704k32 1 $107.38 -

Reservoir McMaster Carr 1364k33 1 $230.40 -

12v Battery McMaster Carr 7690k16 3 $41.22 -

Buttons McMaster Carr 7397k25 3 $18.09 -

U-bolt Ace Hardware Misc. 3 $17.97 -

Fasteners Ace Hardware Misc. 59 $32.07 -

Tie Down Tackle Ace Hardware Misc. 1 $18.99 -

Bolts/washers Ace Hardware Misc. - $8.20 -

Zip ties Ace Hardware 3001807 1 $9.49 -

Tape Ace Hardware 12704 1 $1.79 -

Drop Cloths Ace Hardware 11868 1 $3.99 -

spray paint Ace Hardware 17003 1 $3.99 -

sheet Metal Ace Hardware 20352 1 $9.89 -

Wire Ace Hardware - - $4.99 Free

Grease Ace Hardware - 1 $19.99

Rear Hub Custom Custom 2 $150.00 Free

Front Assembly Bracket Custom Custom 1 $100.00 Free

Total $5,147.57

Bill of Materials
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Here is the list of hose and fittings that were used in the trikes hydraulic system. All of these 

parts were obtained at Parker’s hosing and fitting store. 

 

 
 

Table 4 –Hosing and Fitting List 

 

 

 

 

 

 

 

 

 

 

 

Part Type Type Part Number Quantity Price Each Total

Hosing 43 series assemble (23.5 feet) Hosing f4223906-8-6 13 $22.33 $290.29

Straight Thread Connector 6C50X-S 3 $4.63 $13.89

SAE Run Tee Connector 6AOG5JG5-S 1 $25.12 $25.12

6 SAE * 1/4 NPT Connector 6-1/4F5OF-S  2 $2.37 $4.74

Check Valve Valve C400S 2 $37.00 $74.00

Male Run Tee Connector 6RTX-S 1 $5.08 $5.08

3/8 Male Elbow Connector 6-6C4OMXS 1 $12.25 $12.25

Straight Thread Connector 6-8F50X-S 2 $1.91 $3.82

Straight Thread Connector 8C5OX-S 2 $5.84 $11.68

Reducer Connector 12-8 F5OG5-S 2 $3.40 $6.80

Straight Thread Connector 6 F5OX-S 1 $1.32 $1.32

Swivel TEE Connector 6S6X-S 1 $5.66 $5.66

Swivel Nut Connector SR6X-S 2 $5.94 $11.88

Male Connector Connector 6-6FTX-S 6 $1.04 $6.24

Needle Valve Valve N600S 1 $58.00 $58.00

8 SAE * 3/8 NPT Connector 8-3/8F5OF-S 1 $2.99 $2.99

Swivel Nut Elbow Connector 6C6X-S 2 $4.37 $8.74

Straight swivel 3 Connector 6-6F6X-S 2 $6.81 $13.62

Male Pipe Reducer Connector 1/2X3/8PTR-S 1 $1.56 $1.56

Straight Thread 45 Degree Connector 6V5OX-S 1 $5.16 $5.16

Male Elbow Connector 6-8CTX-S 1 $5.49 $5.49

Male Pipe Reducer Connector 3/4X1/2PTR-S 1 $2.05 $2.05

Female Pipe Elbow Connector 1/4DD-S 1 $3.36 $3.36

Male Pipe Elbow Connector 1/4CR-S 1 $2.69 $2.69

Male 45 Degree Elbow Connector 6VTX-S 1 $3.63 $3.63

Check valve Valve C600S 3 $43.00 $129.00

Pipe Nipple Connector 3/8FF-S 1 $1.22 $1.22

3/8 Male Tee Connector 3/8MMS-S 1 $6.95 $6.95

Male Elbow Connector 6-6CTX-S 3 $3.70 $11.10

Straight Thread Connector 6F50X-S 1 $1.32 $1.32

swivel nut 45 Degree Connector 6V6X-S 1 $4.67 $4.67

0-5000 psi Gage Gage J60 1 $21.75 $21.75

Loctite seal Sealant 56747 1 $20.03 $20.03

Labor Labor LABOR 50 $1.00 $50.00

Total 826.10$       

Parker Hosing & Fittings
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For one of Parker’s challenges they wanted to know the cost per vehicle if 500 of them were 

to be manufactured. Below is the list of parts and their respective price that each tike would 

need plus labor time was added to the cost. The cost for one of the 500 tikes was $3,200.99. 

Which was just a little off from the estimated $2,500.00 cost. 

 

 
 

Table 5 – Prototype Budget List 

 

 

  

Component Quantity Price Prototype 

3 Section Frame 1 $249.99

Handle Bars 2 $19.99

Disk Breaks 1 $35.99

Bike Seat 1 $35.99

Rear Hub 1 $75.99

100psi Tires 3 $99.99

Bike Rack 1 $59.95

Motor 1 $259.99

Pump 1 $229.99

Accumulator (Piston 3000psi) 1 $399.99

Electric Valve 2 $299.98

Electric Valve 1 $199.99

Hydraulic Fluid 4 gal $15.89

Medium Pressure Hosing (23.5Feet) 13 $290.29

Fittings - $183.03

Pressure gage 1 $21.75

Needle Valve 1 $58.00

Check Valve 3 $129.00

Lock Seal 1 $20.03

Nitrogen 1 $6.99

Gear Box 1 $474.48

Bearings 2 $83.94

Coupling 1 $81.74

Pressure Let-off Valve 1 $107.38

Reservoir 1 $30.99

12v Battery 1 $13.74

Buttons 2 $12.06

U-bolt 3 $17.97

Fasteners 59 $32.07

Bolts/washers - $8.20

Zip Ties (20 ties) 20 $3.79

sheet Metal (20"*16") 1 $4.99

18 Gage Wire (10 feet) - $2.49

Assembly - -

Total

$3,566.65

$6,030.00

$8,985.00

$16,035.00

$4,100.00

$237,240.00

$41,970.00

$40,870.00

$53,690.00

$15,495.00

$6,870.00

$64,500.00

$10,015.00

$7,945.00

$145,145.00

$91,515.00

500 Manufacture cost

$124,995.00

$9,995.00

$17,995.00

$1,245.00

Total

$1,645,492.50

$1,895.00

$2,495.00

$3,290.99

$129,995.00

Prototype Cost

$17,995.00

$37,995.00

$49,995.00

$29,975.00

$3,495.00

$114,995.00

$199,995.00

$149,990.00

$99,995.00

$10,875.00

$29,000.00

Total per

$45,000.00
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SCHEDULE 
 

 
 

Figure 22- Project Schedule 

 

Above is the project schedule developed to plan ahead important dates and add time 

restrictions to keep the project on track. It was to the upmost importance that each dead line 

was met in order to ensure that the bike will be done for the competition. The competition 

was set for early April but the bike needs to be ready for shipping two weeks before hand. 

 

The actual day to day schedule can be found in appendix C. There it can be seen that the 

schedule was follow pretty strictly allowing the team to have time to test and make the 

shipping date.    

Calendar September October November December January February March April

Initial Brianstorming

Bike Purchace and Kickoff

Solidworks Initial Bike

Frame Design

Order Components

Midway Review

Winter Report

Bill of Materials

Fabrication

Testing / Adjusting

Competition
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THE CHAINLESS CHALLENGE COMPETITION 

 
The day of the competition for Parker’s Chainless Challenge came up quick, out of 12 teams 

10 made their way to California to compete. And the first day we were given to get our trike 

ready for the completion, we one of the first teams to be done with prep. It took about 45 

minutes to unload the tike fill it with fluid and charge the accumulator. It was now ready to 

race the next day. 

 

There were 3 challenges for each team, the sprint race, efficiency race, and endurance race. 

The sprint race was just a test of speed, fast time to a 100 meters wins. For the efficiency race 

the teams could only use there accumulator, the bike had to go 100 meters stop then go 

another 100 meters. And lastly the endurance race, each bike had to go 8 miles in under 90 

minutes. 

 

The first race was the sprint race. The teams were allowed to use their accumulators, but for 

our system, because we didn’t have a dump switch the accumulator would have been much 

help. So we raced with just the direct drive, we came in 6
th

 place. Having a high pressurized 

accumulator with a control able flow dump switch would have been very beneficial here. 

 

Next race was the efficacy race. The accumulator was charged to the predetermined 2500 psi, 

however there was a designated area to charge and to race, so after charging and we moved 

our bike into place we lost some pressure. This incident caused the bike to stall after the stop 

at the 100 meter mark. In total we went 106 meters. Only three teams went the 200 meters 

this year. . Having a higher pressurized accumulator with a control able flow dump switch 

would have also been very beneficial here. 

 

The last race was the endurance race was the endurance race. Our bike was design to travel 

on flat surfaces gearing it for speed rather than torque because the race was supposedly on a 

flat plain. The track was hillier than perceived and because of this the rider could not input 

enough torque to clime the hill in the track. A gearing hub would have been beneficial to 

allow a good torque output to climb the hills. 

 

Overall, the hydraulic system worked as expected and the knowledge gain can be used for the 

next year’s team to make an even better bike. In this competition we place 4
th

 in 4 events 

bring home $1,600 for next year’s team and the team’s final parker report placed 3
rd

 overall.   
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LESSONS LEARNED 
 

Though the vehicle did not travel as fast as the team anticipated, the overall project worked 

well with little issues during the manufacturing phase. Over the course of this project, the 

team has learned a great deal about team work, hydraulic systems, and engineering design. 

The team learned a lot from the teams last year which lead to a higher rate of success for this 

year. The team started early on the design and was able to get the parts in a timely fashion. 

The majority of the build came together in about two days with the help of the staff at Parker 

hosing and fittings.  

The biggest problem found on the build was how much weight played into the efficiency of 

the system. The team knew it was going to play a role because any weight added, the more 

weight the rider need to push. But it was hard to get around the addition of weight, due to 

how many of the hydraulic components available are bulky and heavy and intended for 

industrial use. The other problem the team faced was that some of the check valves did not 

work as expected; they were intended to have a low force spring for easy opening allowing 

the check valve to be opened through suction. This was just a small issue that was fixed by 

implementing a different valve.  

If our team was to do it again next year we would add a controllable dump valve on the 

accumulator, allowing better control over the high pressure in the accumulator. Also a 

gearing system, we were looking at a gearing hub initially, but could not get it to work in our 

design, however this would allowed us to reach the torque and speeds we want to hit. Also 

lower the pedals on the tike so the rider could apply more torque.  
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CONCLUSIONS 
 

This years Chainless Challenge team of the University of Cincinnati completed its challenge 

in successfully making a human assisted hydraulic vehicle. We met most of our set 

objectives for the competition. All but two were achieved; they were a light weight design 

and an affordable vehicle. Light weight is a difficult objective to achieve when dealing with 

hydraulic components, mainly because these components are designed heavy to withstand the 

high pressure seen in a hydraulic system. Even though our trike weighed approximately 150 

pounds we were still one of the lightest bikes at the competition.  

 

The other goal of our project was to design a vehicle under $2,500.00 while in reality our 

price came out to $3,566.65 for our prototype. In a production run of 500 trikes the price 

would have dropped to $3,290.98, this is $790.98 above the goal. Even though our price did 

not meet our price goal, like the weight factor, our bike was still one of the cheapest at the 

completion. 

 

The idea to design a hydraulic system intended to be powered by a human is intriguing.  

Through the testing and building of the vehicle it is not practical due to the high efficiency of 

chains. At the end of it all the team was successful in designing, fabricating, and competing a 

bike in the Parker Chainless Challenge, as well as this projected served as a great educational 

experience. 
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APPENDIX A - RESEARCH 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Chainless Challenge previous year’s MET and ME interview 

 

Overview 

In 2012, the MET’s and ME’s from UC competed in the Parker Chainless Challenge for 

the first time.  Due to this condition, a few design road blocks were expected. By 

interviewing both teams, we hoped to gain some insight and ultimately overcome the 

design issues that were faced. 

 

Bike Designs 

 Both bikes were hydraulically driven with a pedal pump in front and a motor in 

back. 

 Both bikes used chains which ran from the pedals to a pump connected to a motor.  

Due to the fact that there was extra slack in the chains, there was difficulty keeping 

the chain on the track during competition. However, since chains are strictly 

outlawed this year, we will have to pursue a different design strategy. 

 Both bikes were extremely heavy due to the large hydraulic machinery.  

 Both bike designs used standard two wheeled bicycles. The MET’s used training 

wheels on their bike for added stability while charging their accumulator. 

 The MET’s had a static pressure of 2000 psi, a steady pressure of 400-800 psi, and 

a 0.31 horsepower. 

 The ME’s used a piston accumulator that could be discarded by an electrical 

switch. They were able to incorporate regenerative breaking which charged the 

bikes accumulator when the brakes were applied. 

 

Pros & Cons 

 The ME’s said that they got their regenerative breaking to work pretty well. Their 

biggest down fall was excessive weight and lack of stability. 

 The MET’s said that their training wheels helped keep the bike stabile. 

 Overall, both teams agreed that excessive weight was the major problem. The 

weight had a drastic impact on the bikes overall efficiency. This makes sense 

because the more weight you have, the more work it takes to power it. Our team 

needs to really take into consideration the weight of all the parts and keep our 

bikes weight as low as possible. This will serve as a challenge because most 

hydraulic parts are built for large machinery where weight is irrelevant.  

 

Key Takeaways: 

 Keep weight as low as possible. 

 If chains are used, add a tensioner.  

 Use of filters lowers horsepower. 

 Watch out for air leaks. They will lower performance greatly. 

 Order parts early. They took a long time to get in the right part in. 

 Use a big gear at the pedals. 

 Use small hose lines. 
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http://forums.hydraulicspneumatics.com/eve/forums/a/tpc/f/8621030121/m/3841006821

/p/2  6/9/12 

 

Previous Competition Research 

 

Overview 

The Parker Chainless Challenge has been an annual event since 2005.  Over the past seven 

years, there have been many successful designs. However, each successful design had a 

few things in common.  They all designed a lightweight vehicle with integrated custom 

parts. 

 

Cleveland State University 

Cleveland State University has competed in this competition since the very beginning. 

Through designing experience, they have been able to really prove out there design 

process finding out what works and what doesn’t.  In some of their newest designs, they 

have chosen to fabricate their own custom radial pumps and motors.  This allows them to 

have the light weight and efficient design, which is required for a successful bike. With a 

custom design, they were able to integrate pumps and motors into the bike unlike anything 

off the shelf.  They develop a system using small components with very high pressures. 

Their system saw pressures of around 5,000 psi on the high end of pedaling.   

 

Design Features: 

Key features of their designs were the radial piston pumps and motors. These allowed the 

hydraulic fluid to flow at a more even flow rate unlike a piston motor. The even flow 

allows them to make more efficient power in their design.  The system uses small 

lightweight components with high pressures. 

 

Key Takeaways: 

 Radial pumps and motors allow for even and efficient hydraulic fluid flow 

 Small components help in the weight 

 High pressures help with performance and efficiency 

 
 

 

 
 

 

 

 

http://forums.hydraulicspneumatics.com/eve/forums/a/tpc/f/8621030121/m/3841006821

/p/2  9/9/12 

 

http://forums.hydraulicspneumatics.com/eve/forums/a/tpc/f/8621030121/m/3841006821/p/2
http://forums.hydraulicspneumatics.com/eve/forums/a/tpc/f/8621030121/m/3841006821/p/2
http://forums.hydraulicspneumatics.com/eve/forums/a/tpc/f/8621030121/m/3841006821/p/2
http://forums.hydraulicspneumatics.com/eve/forums/a/tpc/f/8621030121/m/3841006821/p/2
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2012 Parker Chainless Challenge Competitor Design  
 

 
 

This is a design from a competitor that competed in the 2012 Parker Chainless Challenge. 

As a team, their bike design took 2
nd

 place in the overall competition.  

 

Design Features: 

 Greenspeed recumbent trike 

 Energy was stored in an accumulator located at the rear of the bike 

 System achieved approximately 85% efficiency for RPM input supplied from the 

crank 

 Trike design offers good stability for the rider  

 Low center of gravity 

 

Key Takeaways: 

 Using a recumbent trike design will offer good stability when charging the 

accumulators 

 Design a system that achieves maximum efficiency  

 Large accumulator will be needed to store energy 

 Rear bike rack gives us a place to mount our hardware 

 

http://cargocollective.com/ElectricSlim#PARKER-CHAINLESS-CHALLENGE             

9/8/12 

http://cargocollective.com/ElectricSlim#PARKER-CHAINLESS-CHALLENGE
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2009 Parker Chainless Challenge Competitor Design  

 

 
 

This bike is from the University of Michigan’s team in 2009. In conjunction with the 

hydraulic drive train, a fluid accumulator allows the storage of energy, enabling 

regenerative braking and the release of energy when assistance in acceleration is needed. 

The use of regenerative braking gives our design a competitive edge by capturing 

normally wasted energy. We have emphasized drivetrain efficiency and safe functioning in 

order to create a fast, reliable bicycle, which are essential characteristics in meeting our 

goal of winning the competition. 

 

Design Features: 

 Two wheeled bike 

 Use of chains, pump, accumulator, motor, and internal gear hub 

 Chain from pedals goes to pump then power is transferred from pump to motor 

which is then transferred to back wheel using chains.  

 Accumulator is stored above the back tire. 

 

 

Key Takeaways: 

 This bikes design in similar to last year’s UC teams 

 Chains are used in this bike which is strictly prohibited this year. 

 The design of power transfer is very simple 

 

 

 http://deepblue.lib.umich.edu/bitstream/2027.42/86206/1/ME450%20Fall2009%20F

inal%20Report%20-%20Project%2014%20-%20Chainless%20Challenge.pdf 

9/13/2012 

 

http://deepblue.lib.umich.edu/bitstream/2027.42/86206/1/ME450%20Fall2009%20Final%20Report%20-%20Project%2014%20-%20Chainless%20Challenge.pdf
http://deepblue.lib.umich.edu/bitstream/2027.42/86206/1/ME450%20Fall2009%20Final%20Report%20-%20Project%2014%20-%20Chainless%20Challenge.pdf
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APPENDIX B – PRODUCT OBJECTIVES 
 

OBJECTIVES 
 Based on the Parker Chainless Challenge competition requirements and research, a 

list of factors were generated to produce the most successful design. These features are 

ranked in a list of importance with weighted percentages. The correlating percentages will 

help determine the most important aspects and what should be focused on during the design 

process. 

 

 

1. No chain connections  12% 

b. Alternative method of transferring energy 

2. Light-weight  12% 

b. Less than 175 lbs 

3. Human powered  12%  

b. Human input supplies power to the system 

4. Reliable   11% 

b. Reliability of component life and proper design criteria specified in the following 

spec sheets: 

v. Brakes spec sheet 

vi. Wheel spec sheet 

vii. Frame spec sheet 

viii. Hydraulic system spec sheet  

5. Stable  10%  

c. Use 3 wheel recumbent trike 

d. Low center of gravity  

6. Operated by one person  9% 

c. Design for a single seat application 

d. Rider with weight less than 220 lbs 

7. Conservation energy design  9% 

c. Incorporate energy storing system 

d. Regenerative Braking  

8. Safe   8%    

f. Guards that protect the rider from moving components 

g. Components rated for system pressures and speed 

h. Design braking for parking, speeds and weight 

i. Meets all Parker Chainless Challenge competition safety requirements 

j. Maximum cruise speed range of 45 mph 

9. Affordable  7% 

b. Less than $3500 

10. Bio-degradable fluid  5%  

      a. Design for a system that utilizes bio-degradable fluids 

11. Easy to mount  5%  

d. Use 3 wheel recumbent trike 

e. Adjustable seat 

f. Less than 25 inches from seat to ground 
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APPENDIX C – SCHEDULE  
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APPENDIX D – BUDGET 
 

 
 

 

Notes:  Parker Hannifin Corporation will purchase or supply: 

1. All purchased parts 

2. All components ordered from Parker 

3. All biodegradable fluids 

4. Shipping 

5. Travel expenses to and from the competition 
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APPENDIX E – MAIN COMPOENET DIAGRAMS 
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