
1 

 
 

Operation Bunny 
Final Report 

 
Team “Get A Little Pushy”  
Agents José Gutierrez, Jasmine Lee, Emily Sataua, & Catherine Tran 
 
 
March 19, 2013 
ME 112 
Winter Quarter 
Professor/Head Agent J. Gerdes 
  



2 

Executive Summary 

 
Our mission to stop SPECTRE’s diabolical destruction plans has successfully been 

completed! Thanks to camera footage obtained from our previous mission, our agents learned that 
SPECTRE was planning to destroy Stanford's energy facility with a giant laser. The laser was 
protected by a laser system designed to destroy any living creature that gets within it’s boundaries. 
However, further research revealed that the laser system will not destroy a rabbit, or (to avoid 
risking the lives of innocent rabbits) a mechanical device that resembled a rabbit well enough to fool 
the system.  

Our team was able to construct a mechanism that resembled an actual rabbit, mimicked it's 
gait, had an extra rabbit characteristic,  operated on battery power, and was able to walk up a ramp 
and hit the self-destruct button on the laser in approximately 18 seconds. From a free-body diagram 
analysis in our initial design process, we determined that the gearbox required to drive our rabbit 
should have a gear ratio of 186.58:1. A Tamiya 6-Speed Gearbox Kit with a gear ratio of 196.7:1 
was used in our final mechanism. A battery pack containing two AA batteries were used to power 
our rabbit. Our extra rabbit feature involved attaching a carrot to a stick in front of the rabbit, and 
attached it to a moving axle  to make it appear like the rabbit was chasing after the carrot. 

Vertical slider cranks (see Figure 1) were used as quick return mechanisms  for each of the 
back legs. The connecting rod in the slider-crank mechanism was extended past the pin joint to act 
as a rotating limb that moved up and down while rotating.  The rotation of the crankshaft was 
provided by directly connecting it’s rotating pin to the output shafts of the gearbox. A pin joint at a 
higher position on the leg was connected to a slot and acted as the slider. The sliders  were 
connected by an axle across the body of the rabbit to ensure that the two hind legs could move in 
sync.  To create the movement of the front legs, our team experimented with different linkage 
connections on Working Model and analysed their movement. This led us to choose a rocker-crank 
four-bar linkage that transformed the rotational movement of the back leg into a rocking movement 
in the front leg (see Figure  2). From our Working Model analysis, we learned that the connecting 
rod between the rocker and the crankshaft in the four-bar linkage across the rabbit body had to be 
the same length as the horizontal distance between the fixed points on the front legs to the 
crankshaft pin. The rod also had to be connected from the highest point on the crankshaft to a 
higher point on the front leg. Working Model also showed us that rounded legs were much more 
efficient than rectangular ones, and that more friction was helpful in pushing our mechanism 
forward.  
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Figure 1- Quick-return slider cranks were used         Figure 2 - A rocker-crank four bar linkage was  used to 

move each of the back legs.                               move the front legs with respect to the hind legs. 

 
Our prototypes and final product were all built out of masonite. When we tested our 

prototype, we not only noticed that the ends of the legs needed to be rounded, but that they also 
required more surface area and friction to push off of the ground better. Our final mechanism had 
rubber bands and X-Acto blades that were attached to the bottom of the legs to obtain a better 
surface grip.  

Another unforeseen problem was choosing the right fasteners to attach the pieces together. 
Binding posts were used in our first limb connection and because they weren’t flathead binding 
posts,  they were a problem in joints with multiple pin connections. We resorted to hot glue and 
masonite washers in areas that couldn’t use the binding posts, and added spacers to keep pieces in 
plane if the binding posts’ head pushed something too far out.  Other factors that didn’t emerge 
until the prototype was built was figuring out the weight distribution on the mechanism. The motor 
and gearbox connected to the hind legs added a lot of weight to the back of the rabbit, but weight 
was also needed at the front to balance the rabbit so that the front legs didn’t kick off too much and 
cause the rabbit to flip back. Distributing the weight on the rabbit alone took a lot of trial and 
error, and eventually we decided to add a tail extension to the back of the rabbit so that the rabbit 
could not flip back even without too much weight at the front of the rabbit. 
  



4 

Torque Analysis from Virtual Work  

 
When we performed the virtual work analysis for our final design, we chose the position of 

the four bar linkage and took our measurements as shown in Figures 3 and 4 below keeping in mind 
that the four bars were not always physical bars of our bunny, but the distances between each of the 
four joints.                     

              
        Figure 3 - Four bar mechanism on bunny    Figure 4- Four bar mechanism to be analyzed 

 
After performing our calculations (see Appendix A) found that the torque needed to power our 
bunny to destroy SPECTRE’s laser was 0.2204 Nm, which makes our required gear ratio 169.5:1.  
One fact to note is that this analysis of our system was performed after finalizing our design.  The 
preliminary system analysis and testing analyses we performed will be explained in the Results from 
Testing section of this report. 
 
The graph below (Graph 1) displays our coupler curve, which shows the motion of our front leg.  
The curve does not display a closed loop because the leg oscillates on the path displayed.  It was 
extremely helpful for us to know the motion of our leg prior to prototyping because we knew that 
the leg would rise and fall before and after contact with the ground and that it swung in the desired 
pattern. 

 
Graph 1 - Coupler Curve 
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Results from Simulations with Multiple Legs 

 
Our initial designs focused on imitating a rabbit’s gait as closely as possible. After looking at 

several videos of rabbits, we determined that the rabbit moved its front and back legs together, but 
in opposite directions to hop forward as shown below (see Figure 5) 
 

 
 Figure 5 - Rabbit gait sketch 

 
Performing this analysis helped us realize that the motion of the rabbit depends largely on the hind 
legs and we decided to prototype this pair of legs first. At first, we considered using either a four-bar 
linkage or a slider-crank mechanism to replicate the motion of the hind legs. However, after 
creating models of several different assemblies on Working Model and prototypes out of Lego 
blocks (see below), we decided that a slider-crank mechanism was more suitable for our desired hind 
leg motion. 
  

  

Figure 6 - Lego prototype of slider-crank leg  Figure 7 - Slider-crank Working Model simulation 

  
After deciding to use the slider-crank mechanism, our focus shifted to finding a way to link the 
motion of the hind legs to the front legs via a four-bar linkage. Since the front and hind legs were 
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supposed to move in sync, but in opposite directions, we decided to use a rocker-crank four-bar 
linkage similar to the one pictured below: 
 

 
Figure 8 - Slider-crank with four-bar linkage sketch 

 
Using this linkage together with our slider-crank enabled the front and back legs to have the desired 
motion. After drawing the concept, we decided to simulate the motion of this mechanism by 
replicating it using Working Model. 
 

  
Figure 9 - Working Model simulation of assembly 

 
Our Working Model analysis enabled us to experiment with various features such as leg length, foot 
size, motor speed, and foot friction. Based on this model, we were eventually able to determine the 
ratios of dimensions between the legs and the rest of the assembly.  
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Results from Testing  

 
Prior to any analysis, we chose and purchased a motor that was underpowered with low 

gear ratio options. Realizing that a stronger motor was needed, we made some calculations based 
on a simple free-body diagram. Taking the case where the greatest force was required from the 
motor, when the motor must act directly against gravity, we estimated and calculated the torque 

necessary to drive the rabbit forward.  
 

Fmotor ≈  Fg + Ffriction losses  
 

where, 
Fmotor is the force required from the motor 

Fg is the gravitational force on the rabbit 
Ffriction losses is the accumulative internal friction 
in the system 

 
Figure 10 - Initial FBD’s to determine gear ratio 

 
Using a total mass  of .3 kilograms, a crank radius of .03m from the motor to the leg, and assuming 
that the friction losses would be 10% of the rabbit weight, we calculated the necessary torque from 
the motor, which came out to be to be 0.09702 Nm. From the motor specifications for the Mabuchi 
RE-260RA-18130, the motor runs the most efficiently at 0.0013 Nm. The required gear ratio for the 
transmission can thus be calculated as follows: 
 

Gear Ratio = GR = Tout/ Tin = 0.09702 Nm / 0.0013 Nm = 74.6 
 
where, 
Tout is the output torque 
Tin is the input torque 
 

After several testings, we realized that we needed to add more features to the mechanism for 
additional support. We also adjusted the size of the rabbit, particularly the length of the legs, so that 
it took greater strides and would move over a distance quicker. These changes added weight to our 
rabbit and we found that our gear ratio was not providing enough torque for our rabbit to lift off of 
the ground. We weighed our rabbit again and found that the mass has more than doubled to .750 
kilograms. Once we changed this value in our free body diagram  analysis, we arrived at a gear ratio 
of 186.58:1.  

The gear ratio used in our mechanism from the Tamiya 6-Speed Gearbox Motor Kit was 
196.7:1, which was more than sufficient in providing the right amount of torque required to power 
our mechanism. We also added mechanical advantage from our motor to our mechanism with our 
slider crank design in order to prevent wear in our motor and to ensure our bunny’s success. The 
slider crank has a longer crank length than our motor, which provides more torque to the legs than 
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provided by the motor alone. 
To ensure flexibility in our prototyping process, all linkages were designed to be adjustable. 

Our first moving prototype with four limbs had issues with friction from timing and dragging of the 
front and hind legs. By adjusting the length of the legs and distance between the cross-bar linkage 
between the front and hind legs, our team was able to fix the timing issue. 

During testing in MERL 126 on the wooden ramps, we found that we had issues with 
weight distribution and slipping. Our rabbit was back-heavy with the majority of the weight 
coming from the motor powering the hind legs. To quickly fix this issue, we taped a wrench onto the 

front end of the rabbit, which helped enormously. 

Figure 11- Ramp testing with weight distribution fix 

Although the additional weight at the front of the rabbit helped with balance, lack of 
friction between the limbs and the ground prevented our mechanism from propelling forward. 
Therefore rubber bands and tape were added to the ends of legs for better grip. This did not help as 
much as was expected. The legs were redesigned to increase surface contact with the ramp. Again, 
there were issues with grip. X-Acto knives were therefore added to the front and back legs to 
increase the grip between the bottom of the legs and the ramp surface. The blades were attached so 
that only the tips were making contact with the ground right before the legs kicked off. 

There were also issues with alignment during testing. This misalignment of the legs was not 
evident until after initial ramp testing. Our team noticed that as the rabbit ascended the ramp, it 
climbed at an angle and would wind up climbing over the side of the ramp instead of walking 
straight up towards the button. After much time spent correcting this misalignment by adding more 
spacers and washers and taking apart the legs to realign them and having no success, our team tried 
a different approach. We extended the sides of our mechanical rabbits to  help auto-align the 
mechanism by using the sidewalls while ascending the ramp. While adding weight to the head end of 
our rabbit did help with weight distribution, there were still issues with the rabbit tipping over 
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backwards occasionally. To prevent this, we added a support to the tail end. This support extended 
from the back of the body and was designed to provide an upward force to prevent the back of 
rabbit from hitting the ground and flipping the rabbit backwards.  
 

 
Figure 12- Rabbit with alignment fix and back support 

 
 Our analyses prior to building our mechanism were definitely helpful in designing and 
choosing our final limb shapes and linkages, but we had to make multiple changes and additions to 
our design before we came up with a functional mechanism. There were functionality problems that 
were not accounted for in our analyses dealing with friction between the mechanism and the ramp 
and also within the mechanism itself. Testing was definitely a crucial part of our design process as it 
allowed our team to troubleshoot and fix those unforeseen problems to create a functional and 
successful mechanical system. 
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Conclusion 

 
In conclusion, the agents of Team “Get A Little Pushy” chose to build a lightweight bunny 

with simple four bar linkage connections.  The lightweight design and the direct connection between 
the crank and our motor allowed us to use a maximum amount of torque in our system. 

We were able to gain valuable information about our final mechanism through both 
analytical and physical analyses.  Our force-body diagram gave us rough numbers to start choosing 
appropriate parts for our project, our virtual work analysis allowed us to see the final torque and 
gear ratio needed for our mechanism to still be successful, the coupler curve illustrated the output of 
our four bar linkage, and our simulations gave us a better insight into the dimensions and motions 
necessary for our mechanism to move.  All of this information gave us a better understanding of our 
system and the components necessary to make it move. 

Because we were so focused on a lightweight design, we chose to make our bunny compact 
with multiple holes in our framework to reduce the amount unnecessary weight in our system.  
These holes and the compact design allowed us to not only connect our crank directly to our motor 
(an obstacle faced by numerous other agents), but also made our design easily manipulable, 
allowing us to test different mechanism dimensions without having to redesign or re-cut masonite 
pieces.  However, there were challenges we faced that we did not foresee.  Masonite fatigued a lot 
quicker than we expected so we had to re-cut our rabbit component two times. There were also 
problems such as misaligned legs and an unbalanced body, but these were overcome by adding extra 
guards onto our final mechanism to prevent any problems while the bunny worked its way towards 
the self-destruct button.  We spent hours tinkering with the mechanism itself to try and improve its 
movement, but Superior Agent Marcus advised us towards the design adjustments we chose for our 
final product. If there is any piece of advice that we will hold with us for future bunny projects (or 
other comparable projects), it is listen to the superior agents! It saves time. 
 From this assignment, the mission agents have concluded that a successful mechanism is 
derived from a combination of pre-construction analyses and several physical test runs. A 
conceptually built linkage system doesn’t display the problems that can arise if the system were to 
be built in the real world.  


