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Objective & Hypothesis

● Objective: 
○ To determine the optimal resting height 

of the hopper hinge point to maximize 
forward velocity (or distance traveled 
per actuation).

● Hypothesis:
○ I hypothesize that the lowest hinge point  

will provide the best balance between 
stride length and stability. Too low will 
cause drag; too high will cause 
instability.

● Performance Metric: 
○ distance traveled per 5 hops.

Figure 1: Hopper height 
adjustment system



Experimental Setup

● Independent Variable: Hopper 
hinge point height (measured from 
the hinge point to the ground).

● Dependent Variable: Distance 
traveled (measured from start line 
to rear axle).

● Constants (Controlled Variables):
○ Pressure: Regulated to 30 psi for every 

run.
○ Actuation: 5 Hops per run.
○ Timing: Solenoid fires every 1 second.

Figure 2: Bolts can be 
removed to adjust hopper 
height.



Methodology

● Procedure:
○ Robot placed at marked start line.
○ Arduino performs automated 5-hop routine.
○ Distance measured with tape measure.
○ Repeated 10 times for each of the 5 height settings (Total = 50 data points).

● Statistical Analysis:
○ Calculated Mean x_bar for central tendency.
○ Calculated Standard Deviation sigma to quantify consistency/reliability.
○ Identify highest mean for each height.



Height Test: 210 [mm]

Run # 1 2 3 4 5 6 7 8 9 10

Dist 
[m]

2.6 3.1 2.9 1.9 3.0 3.0 2.8 2.7 2.9 3.4

Table 1: Distance traveled wrt 210 mm hinge height 



Height Test: 225 [mm]

Run # 1 2 3 4 5 6 7 8 9 10

Dist 
[m]

2.7 2.4 2.3 2.4 2.8 2.6 2.4 2.4 2.7 2.6

Table 2: Distance traveled wrt 225 mm hinge height 



Height Test: 240 [mm]

Run # 1 2 3 4 5 6 7 8 9 10

Dist 
[m]

1.4 1.6 1.6 1.7 1.5 1.5 1.4 1.3 1.4 1.5

Table 3: Distance traveled wrt 240 mm hinge height 



Height Test: 255 [mm]

Run # 1 2 3 4 5 6 7 8 9 10

Dist 
[m]

1.0 0.9 0.5 0.7 0.5 0.6 0.8 0.7 0.5 0.6

Table 4: Distance traveled wrt 255 mm hinge height 



Height Test: 270 [mm]

Run # 1 2 3 4 5 6 7 8 9 10

Dist 
[m]

0.4 0.6 0.3 0.1 0.5 0.3 0.2 0.1 0.2 0.3

Table 5: Distance traveled wrt 270 mm hinge height 



Overall Results

Hinge Height [mm] Mean Distance [m] SD Distance [m] Notes

210 2.83 0.39 The best

225 2.53 0.17 Moved

240 1.49 0.12 Kind of moved

255 0.68 0.18 Barely moved

270 0.30 0.16 Barely moved

Table 6: Run results summary across hinge heights



Plot of Results
Figure 3:



Code for Plot

Figure 4: Plot code for matlab



Videos of Suboptimal Hinge Height Performance

Video 2: Run 10 255 mm
(misspoke in video)

Video 1: Run 5 240 mm

https://docs.google.com/file/d/1UBph0Dez3eBebwLEr7W3cOwv9F-IPVO_/preview
https://docs.google.com/file/d/11MXOkVS-rFunMeV1Ahvq0jDLf4gDvB-e/preview


Videos of Optimal Hinge Height Performance

Video 4:  run 1  225 mmVideo 3: The best, run 10  210 mm

https://docs.google.com/file/d/1oT4InO_mpmyV_DDBG7LVB4OKakyJnUv_/preview
https://docs.google.com/file/d/1zDewl6sq4IFho37lMWx7Ha7jdRHNQvsK/preview


Key Takeaways

● Optimal Setting Identified: 
○ The lowest tested hinge height (210 mm) is the optimal configuration for maximum efficiency 

and forward velocity.
● Performance Peak: 

○ At 210 mm, the robot traveled an average of 2.83 m per 5 hops, significantly outperforming 
higher hinge placements.

● Hypothesis Confirmed: 
○ The lower center of gravity and optimized stride angle provided the best balance of stability 

and distance, minimizing the drag and instability seen at higher settings (like the 0.30 m 
average at 270 mm).

● Final Design Decision: 
○ The robot's hopper hinge will be permanently locked at 210 mm moving forward to maximize 

overall performance.


