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Coupler curve and four bar linkage design 
 
Desired Coupler Curve 

 
 
Motion Gen 
Screenshot from graphical synthesis tool, MotionGen. Linkage parameters included below.  
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Link Lengths                                                                             Foot Position 

Crank: 1 in                                                                             β = 81°   
Rocker: 1.1811 in                                                                   r_p = 2.56 in 
Coupler: 2.10 in 
Frame: 2 in 

 
Implementation 
Our designed coupler curve matches our desired coupler curve almost exactly. The motion is tall and 
ovular so that the body of the robot can be raised high enough to clear the hurdles, but our β and r_p are 
slightly different than the values given from the Motion Gen simulation.  This is to avoid an interference 
issue between the front and back legs 
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Motor characterization and gear ratio selection 
 
Stall Torque    calculations on page 9 
Measured 0.0216 in*lb  
(stall torque measured at 3V using the low gear ratio of 203.7:) 
 
Manufacturer Specs - Stall Torque 0.5 oz*in = 0.03125 in*lb 
 
Percent error of 30.88% 
 
Gear Ratio 
Motor Gear Ratio: Low 203.7:1 
Additional Gear Ratio (outside gearbox): 1:1 
 
Maximum Mass Calculations 
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Foot design 

   
Testing 
We tested the performance of the feet experimentally to see if they would help the robot to complete the 
courses. This means that we would construct a new foot design and then attach it on to the robot before 
sending the robot through the course to do a qualitative test on the performance of the foot as the robot 
completed the course.  
We did not use the provided rubber balls as they had a footprint small enough to get caught in between 
rocks or against the hurdles, which hindered the movement of our robot by stalling the motor. 
 
Final foot design  
Optimal foot design was determined using an iterative process with both software and experimental 
testing. MotionGen software was used to determine the optimal coupler curve so that the robot would be 
able to complete the courses without feet. However, feet would be necessary for the rocks and hurdles 
courses in particular so that the current design of the legs would not get stuck either in between rocks or 
up against a hurdle. We would first find a foot design that would complete each obstacle course 
separately. We found that a smaller footprint would work better for the hurdles course, however a larger 
footprint would be better for the rocks course. We came to the conclusion that we would not be able to 
solve this discrepancy in optimal foot design in time and decided to optimize for the rocks course as it has 
a higher weight for us than the hurdles. We cut out varying sizes of foam blocks with a varying length of 
1 to 3 inches, which were incremented by 1 inch, as well as varied the width from 1 to 3 inches, with 
increments of 1 inch. We tested the different block sizes five times before settling on a block that is 2 
inches in length and 1 inch in width, which could complete the course with an average of 1.6 rescues. A 
slightly wider block of foam seemed to be more to our benefit as a 2 inch by 2 inch block of foam also 
worked well however, it had a tendency to get caught under the body of the robot. So to ensure that our 
feet were better optimized, we tried a block that was 2 inches by 1.5 inches, which performed consistently 
well on the rocks course without catching on the body and also required on average, no rescues. 
 
Friction coefficient calculations on page 8 and 9 
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Manufacturing a better mount plate 
 
Engineering Drawing  Attached on Page 10 
 
 
Proposed Design 
 
Our proposed design is to make one solid body to house the motor and gears such that the body is a 
topless box with holes in the sides at the locations where the axles would protrude. The body would no 
longer require a slot in the bottom as it will be designed to be tall enough to house the gears within the 
box. The removal of this slot would also reduce the cost to injection mold the body of the robot. The box 
also has a platform tall enough to place the motor so that the motor driven axle can stick out of the 
necessary holes, while also keeping the motor secured within the box.  There is also a small battery 
housing to prevent any harmful movement of the batteries, which can cause imbalances in the center of 
mass, during walking. 
 
The primary manufacturing process would be injection molding. This method would allow for 
manufacturing of a large quantity of plastic parts at a reasonable cost since variable costs lower when you 
reach over 10,000 parts. As our body is now designed to be injection molded, there are no secondary 
processes involved in its construction. This design would improve upon the design provided in the kit by 
improving on aspects which must be consistent such as gear alignment and evenly tightened nuts and 
bolts. Design requirements which are key to this manufacturing process include injection molding with a 
lightweight material, that can still withstand the forces and torques involved with the robot walking such 
that it clears the hurdles. Additional design requirements include symmetry in the final assembly so that 
stability can be maintained in the robot while it’s in motion.  
 
Estimated Cost  
 
Approximately $450,000 for the mold cost, with an additional $50,000 total for the 50,000 units. This 
totals to be about $500,000 for the 50,000 units. 
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Supporting Materials  
 

 
 
 
 
 

7 



 
 
Minimum Coefficient of Friction Calculation 

 
 
 
Coefficient of Friction Experimentation Data 
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Motor Stall Torque 
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