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|PRO 324-Power
Measurement in Road
Bicycles

“No Strain, No Gain...”




Team Organization

e Mechanical e Electrical
e Team Leader e Team Leader
e Celeste Wegrzyn e Dan Shaffer
e Team Members e Team Members
e Ross Allen e Luis Adrianzen
e Sara Claxton e Chris Antonio
e Gregory Herbert e Mark Callan

e Patrick Tagny Diesse
e Matthew Gaylord



Why Power Measurement?



Presenter
Presentation Notes
-Riders are able to see their input right away unlike a heart rate monitor which takes time to rise and is dependent on the condition of the rider
-Cyclists are able to formulate a workout where they can reach desired inputs
-*explain the survey


What i1s Power??

Force (Ibs) | Angle (°) | RPM | Torque (ft-lb) | Power (Watt) i
o0 % el an = | Power is the work per

65 % 60| 2010 179.77 unit time

120 0 [ 6] 68 W | 5oerie computed
from the torque applied
to the crank and the
rate of pedaling

e Torque Is rotational
force applied to the axis
of rotation through a
lever arm



Presenter
Presentation Notes
-The blue arrow represents a force applied by the rider
-The force is transferred into the center of the crank set through the crank arm which is the torque
-Multiplying the torque applied by the rate peddling gives the power
-A few examples are given in the table above


Background '

e EXisting products are too expensive

— Cost of current products
e Power Tap ($999.00)
« SRM ($2,607.80)
e Quarg CinQo ($1,495.00)
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Presenter
Presentation Notes
Powertap-Measures power in rear hub (part rear wheel attaches to bicycle with)
Quarq and SRM- Measure strain (power) in the crankset (part pedals and chain attach to)

*Explain Survey and Results Maybe add another slide with graph


Crankset Power Measurement Setup

— Strain Gages and Angle Sensor
— Power Measurement Circuit

— Wireless Transmission Protocol
e ANT+

— Bicycle Computer
e Garmin Edge 705

Chain Rings

GARMIN

Crank Arm
Spider



Presenter
Presentation Notes
-This slide just explains our approach to the project
-Describe the relationship between all of the components i.e. The stain gauges give signals to the power measurement circuit which finds the Power and sends it go the Bicycle Computer via the ANT+ Transmission Protocol



Our Approach

Use the strain in the crankset (spider) to find torque
Torque increases linearly with the strain

Strains can be multiplied by coefficients to find
torque at different crank angles

Strain gauges are used to find strain by finding
change In resistance through voltage drop across
Wheatstone bridge



Presenter
Presentation Notes
-Strain gages are placed on the spider in the crank set
-Preliminary tests and tests from last semester found that the Torque increases linearly with the strain
-An algorithm can be found which gives the torque from a given strain through coefficients found from testing


http://upload.wikimedia.org/wikipedia/commons/9/93/Wheatstonebridge.svg�

Mechanical Team ODjectives

e Revise test stand setup from a vertical to
horizontal configuration

e Obtain additional data from modified test
stand setup

e Design mounting system of circuit
e Obtain a bicycle for road testing
e Acquire road test data





Presenter
Presentation Notes
-Four Bridges were used on the crankset including 3 on the spider arms and another around the crank arm
-The four Bridges were input into the Vishay(*get name of equipment)
-The Instron machine was used to push on the pedal with a known force
*Universal testing machine with a 1000 lb capacity for an increased sensitivity 
-Strain Smart software on a computer used the Vishay machine to give stain and voltage readings from the bridges 




Mechanical Team Obstacles

 Non-linearity and non-zero return in data
e Delays Iin obtaining bicycle
e Attachment of components to crank

e Integrating electrical and mechanical
designs
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Presenter
Presentation Notes
Another example of Strain vs Angle this time for the outer ring and Left arm


Mechanical Obstacles

Strain (pe)

Large Chain Ring, Right Pedal, 67.5°, Gauge 4
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Presenter
Presentation Notes
Another example of Strain vs Angle this time for the outer ring and Left arm


Mechanical Results

Small Chain Ring, Left Pedal, 357.5°, Gauges2 & 4
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Presenter
Presentation Notes
-Graphs of Strain vs Angle to show dependence on angle and chain ring
-Bridges 2 and 4 are used for measurements because they are related to each other unlike the others

**symmetric configuration



Mechanical Results

o Strain-Power coefficients calculated from
testing

e Designed and manufactured circuitry
housing

e Integrated components to bike

T=c,V,+c,V,

Angle (°) | 225 | 675 | 1125 | 1575 | 2025 | 2475 | 2925 | 3375
C, -38766 | -64004 | -71699 | 21496 | 14641 | -9841 | -14880 | -11904
C, -42122 | -11667 | -24068 | -20482 | -91663 | -59697 | -44909 | -42161



Presenter
Presentation Notes
-Since the strain in the crank arm depends on the chain placement two independent readings are found so two bridges are used to find torque
-Bridges 2 and 4 are used as before
-Electrical team uses voltages so coefficients were found for the voltages
-The coefficients found through the experiments are given in the Table


Electrical Team Objectives

e Improve overall power efficiency of circuit

 Miniaturize and package electronics to
conform to working space of crank set

e Prepare schematic diagram for PCB layout

e Debug algorithm calculating applied torque
at crank set

e Integrate the angle sensor into the torque
calculation



Presenter
Presentation Notes
Starting 


Electrical Team Obstacles

e Miniaturization of the circuit board to fit on
the crank set

e Source code for the chip needed to be
updated to reflect coefficients from
mechanical testing

e Design of the PCB layout and assembly
Process


Presenter
Presentation Notes
Talk about problem with short ckt and bad components


Electrical Results

e Power measurement circuit

— 3V battery and 1V voltage regulator giving
constant voltage

— Miniaturized circuit to meet the size
constraints



Presenter
Presentation Notes
I would like to add pictures of actual circuits when I get them


Electrical Results

e Source code

— Integrated new
coefficients into the
code

— Integrated angle
sensor into the
program algorithm




I
Conclusion
 Prototype
e Developed miniaturized circuit
e Calculated strain-power coefficients

 Manufactured circuitry housing
e Obtained bicycle

e Future work
— Package product
—Road Testing
— Finite Element Analysis (FEA)
— Optimize battery life
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