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1 
Opportunity  

Quadcopter landings are vulnerable to tip-over, rotor strike, and instability when operating on 

uneven and unpredictable terrain. Current drones, both hobby and commercial, use fixed landing gear 

because of the inherent light weight, low cost, and simple integration. However, rigid landing gear 

requires flat, obstacle-free surfaces and provides zero ability to adapt to real-world conditions. TerraLegs 

addresses this limitation by providing a powered, self-leveling landing gear system that allows 

quadcopters to land safely and reliably in complex terrain conditions, reducing operational risk and 

increasing potential deployment area. The system is fully modular, enabling it to be mounted to any 

existing frames with just a few bolts and a power lead.  

High-Level Strategy 
TerraLegs is a powered landing-gear system that uses a single 12V motor to control 4 legs 

simultaneously via a worm gear based gearbox that drives a cam and carriage mechanism. Three distinct 

cam positions, 0°, 90° and 180° correspond to stowed, free-moving, and clamped states respectively. At 

0°, the carriage presses levers on the leg hubs to stow the legs near horizontal for flight. At 90°, the 

carriage is neutral, allowing the legs to passively settle to terrain in landing. At 180°, ratchet style teeth 

on the carriage mesh with similar teeth on each leg hub, locking legs in fixed positions without 

continuous power.  

An ESP32 Feather V2 runs an event-driven state machine using an internal limit switch for 

homing and a downward-facing LiDaR sensor to determine several state transitions. Power to the ESP32 

is provided by a small battery and to the motor by the main drone battery. 

This system was designed to enable quadcopter landings on uneven terrain, intended to 

accommodate at least  ±5 cm terrain variation, complete deployment and locking in <10 s, maintain 

drone tilt within ±5°, require no holding power when clamped, and remain under 750g. The realized 

system achieved passive adaptation to  ±7.25 cm height variation at 15cm hover, zero holding power 

when clamped, and had a final mass <650g.  The final landing sequence required ~6.1 s to complete, 

with opportunity to be reduced further, however was unable to stay within the desired tilt limits in all 

terrain conditions. The discrete locking teeth constrain each leg to 15° increments, resulting in a possible 

clamping error up to ±7.5° per leg. This quantization effect is greater when clamping nearer to 

horizontal, where small angular errors produce larger positional changes. Despite this limitation, 

even-ground landing tests with 15 ± 2 cm never resulted in a final platform tilt greater than 5°.  

Fully Assembled, Integrated Design 

 

 



 

2 
Functional-Critical Decisions and Calculations 

 

These calculations were done using skills 

from ME C85, introduction to solid 

mechanics, as well as some empirical 

engineering assumptions. 

 

Required Motor Torque: 

The maximum required torque occurs when retracting the legs, as when the legs are locked during 

landing, most of the force is taken by the ratchet-gear-like mechanism. 

 

Max torque required to retract 2 legs (each cam retracts 2 legs, D1 = 0.15m, m = 0.0238kg): 

 𝑇
2−𝑙𝑒𝑔𝑠

= 𝐹 × 𝐷
1

= 𝑚 * 𝑎 * 𝐷
1

* 𝑠𝑖𝑛(90) * 2 = 0. 0238 * 9. 81 *. 15 *  1 * 2 = 0. 0350217 𝑁𝑚 

Required force to lift 2 legs (D2 = 0.01m): 

 𝑇
2−𝑙𝑒𝑔𝑠

= 0. 0350217 =  𝐹 × 𝐷
2
 =  𝐹 * 0. 01 * 𝑠𝑖𝑛(90) → 𝐹

2−𝑙𝑒𝑔𝑠
 =  7. 00434𝑁

Combined required force 2-carriages must push down with (carriageMass = 0.0125kg): 

  2 * 𝐹
2−𝑙𝑒𝑔𝑠

− 𝑐𝑎𝑟𝑟𝑖𝑎𝑔𝑒𝑀𝑎𝑠𝑠 * 9. 81 * 2 = 2 * 7. 00434𝑁 − 0. 0125 * 9. 81 * 2 = 13. 76343𝑁

Conservative estimate of total required motor torque (camRadius = 0.0155m): 

 0.21 N*m 𝑇
𝑚𝑜𝑡𝑜𝑟

= 𝐹 × 𝑐𝑎𝑚𝑅𝑎𝑑𝑖𝑢𝑠 =  13. 76343 * 0. 0155 * 𝑠𝑖𝑛(90) ≈

 

Bearing Load and Plate Stress: 

Due to cam reaction forces being symmetric 

about the motor shaft, the system was modeled 

as a simply supported beam, resulting in a max 

bearing load of  per 13. 76343/2 ≈ 6. 9𝑁
bearing as calculated above. 

 

Calculation of bearing plate stress was done using a pin-in-hole stress approximation and assuming a 

uniform PLA plate (F = force, D = hole/bearing diameter, T = hole/bearing thickness, 60/360 = contact 

arc): 

  =  σ
𝑏𝑒𝑎𝑟𝑖𝑛𝑔

≈ 𝐹/(𝐷 * 𝑇 *  60/360) 6. 9/(10 * 10−3 *  3 * 10−3 *  60/360) ≈ 0. 73 𝑀𝑃𝑎.

 

The bearing plate stress was well below the strength of PLA (~ 50 MPa), though we used a uniform 

composition in our assumptions. Given the high factor of safety there was no concern about material 

strengths for the expected loadings, supported by no visible damage in any stage of project testing.  

 

Motor Decision: 

Due to long lead times, the motor was selected before the final design was complete. Early concepts 

assumed longer legs printed from a denser material, requiring a higher motor torque, and sizing was 

 



 

3 
intended to be conservative due to dynamic loads and friction not being explicitly modeled in our 

calculations. With this in mind, we ordered a motor with a stall torque of 2.5 N*m. As a result of the 

changes in leg design, we had an increased static factor of safety (~12), ensuring reliable operation but 

leaving room for improvement in speed and weight.  

Circuit and State Transition Diagrams 

 

Reflection  
TerraLegs functioned reliably as an integrated prototype, successfully demonstrating a single-actuator 

landing gear capable of adapting to adverse terrain. An early decision to prioritize integration allowed for 

necessary debugging, but due to motor lead-times, our motor was sized on a longer leg design, which 

was later resized to fit on-hand Bambu P1S build volume. This critical design change reduced torque 

demand, resulting in an oversized motor limiting potential weight reduction and speed maximization. 

Future project iterations would include a higher speed motor and machined leg hubs with higher 

resolution teeth to address quantization error and improve repeatability in higher variability terrain.  

 



 

4 
Appendix A: Bill of Materials  
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Appendix B: CAD  

 

Figure B1: Cam at 0° position, pressing down on carriage and holding legs in stowed (horizontal) position. 

Support pieces hidden for visibility. 

 

Figure B2. Cam at 90° position, legs free to move under their own weight. Support pieces hidden for 

visibility. 

 

Figure B3. Cam at 180° position, pressing up on the carriage and locking legs in a clamped position. 

Support pieces hidden for visibility. 
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Figure B4: Terralegs CAD assembly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

7 
Appendix C: Code 
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