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Abstract— This article presents a hybrid design for a 

quadrotor aircraft. The hybrid is a combined system of a land 

robot and a quadrotor aircraft aimed at performing both 

driving and flying tasks. The hybrid quadrotor performs flying 

tasks in the usual way a normal quadrotor would do while the 

added caterpillar tracks would help maneuver over any type of 

terrain. The current prototype design was established after 

analyzing multiple designs and their response to various loads 

and impact forces. This study focuses on a practical approach to 

designing a hybrid quadrotor with experimental studies 

demonstrating the performance and feasibility on both flying 

and driving missions. The research outcomes were successful, 

and the new hybrid structure managed to survive a drop from a 

height greater than 2 meters. The hybrid quadrotor prototype 

was tested using finite element analysis and validated 

experimentally.   

Keywords— hybrid, quadrotor, drone, flying robot, caterpillar 

track  

I. INTRODUCTION  

As of the last few years, studies on Unmanned Aerial 

Vehicles (UAVs) has dramatically increased. With advances 

in technology, the capabilities of UAVs have steadily 

improved making them more useful and creating multiple 

uses for them. Its uses range from hobby enthusiasts to oil 

and gas applications. Quite recently, UAVs have been used 

in a more commercial environment to deliver packages to 

customers, to record videos from unique angles for 

advertising agencies and in certain off-road sports or even 

events [1-2]. But the appearance of COVID-19 and other 

contagious disease, the future is going more rapidly towards 

autonomous technology.  Most UAVs have a standard Take-

off and landing (CTOL) system which is acceptable in certain 

situations high altitude surveillance which would not be 

cramped for space during take-off or landing procedures nor 

would it require to maintain a certain geographical position 

based on global positioning [3-6]. 

 While this is acceptable in most scenarios, certain 

situations such as low altitude surveillance in urban areas or 

maneuvering within a building requires increased 

maneuverability and hovering capabilities. The ability to 

take-off and land vertically (VTOL), to be able to hover and 

maintain its position became a priority. Vehicles with the 

VTOL system such as the helicopter have existed for quite 

some time [7-10]. From this single rotor design has led to a 

new subsection of UAVs with VTOL capabilities known as 

multi-rotors. While the helicopter is capable of taking off and 

landing vertically, it is not the most versatile aircraft and has 

difficulty in changing directions suddenly or achieving a high 

speed. Also, the helicopter was not designed to be an 

omnidirectional aircraft, so for example, moving backwards 

becomes a difficult maneuver to control and can be 

dangerous. Within tight spaces in an urban environment such 

as between buildings or under structures such as bridges or in 

tunnels, being omnidirectional would be a great asset to have. 

Multi-rotors aim to address these issues while improving on 

the overall design on a VTOL system [11-12].  

 Among the various types of multi-rotors, the 

quadrotor, as its name suggests uses a four-rotor system to 

fly. A four-rotor system has many advantages over other 

available systems. Capabilities such as hovering while 

maintaining direction becomes far less complicated when 

compared to a Single rotor design. Also, maneuvering during 

flight is done by controlling the RPM of each motor as 

opposed to varying the angles of the blades in a single rotor 

system which is relatively more difficult. Since maneuvering 

is done by controlling the rpm of each motor rather than 

controlling the angle of the blades, it makes the aircraft more 

capable in being omnidirectional. Also, because of the 

increase in rotors, the quadrotor is capable of lifting a much 

heavier payload as compared to a single rotor [13-15]. 

In recent years, quadrotor systems being developed have 

focused on system control [16], maneuverability [18] and 

autonomous navigation through collaboration with multiple 

UAVs [19]. These research topics focus on the quadrotors 

flying capabilities. A hybrid version of a quadcopter, one that 

is capable of flying and driving is rarely considered for 

research [20-24]. While UAVs and UGVs are very capable in 

their own respected ways, they are limited as to what they can 

do. A UAV is capable of traversing long distances in a very 

short amount of time but when it comes to performing any 

type of work in a specific place, it fails in comparison with 

other types of unmanned vehicles. When in close quarters 

with terrain, wildlife, people or anything else, it becomes 

difficult to control and could prove to be dangerous to others 

or even itself. Carbon fiber and other composite materials was 

used to reduce the load ratio in different structures and main 

body of the UAVs [25-27]. An Unmanned Ground Vehicle 

(UGV) would be more capable than quadcopters at certain 
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tasks that require the vehicle to be in proximity or requires 

precision handling of an organism or substance. 

Therefore, in this article, an innovative and unique hybrid 

quadrotor design, capable of flying and driving is presented. 

The design concept for this hybrid is as shown in Figure 1. 

While the four motors normally present in a quadrotor handle 

flying capabilities, two additional motors are added to 

support driving capabilities. For driving capabilities, two 

motorized gears are used on the left and right side of the 

quadrotor, each of which drive a continuous track, a similar 

system to that of a tank. Just as in a tank, changing directions 

is done by creating a difference in RPM between the motors. 

   

Fig. 1. Design Concept for a hybrid quadrotor 

The uniqueness of this design is that theoretically, it can 

be implemented on any existing quadrotor platform. 

Simulation and experimental studies on both flying and 

driving ability are conducted to demonstrate the feasibility of 

this concept design.  

II. OPERATION OF A HYBRID QUADROTOR SYSTEM 

A. Flying operations 

The hybrid quadrotor follows a standard symmetrical ‘X’ 

layout for the four motors, with adjacent motors rotating in 

opposite directions, one rotating clockwise with the other 

rotating anti-clockwise to counter each other’s moment on 

the center of the system. This ensures that the hybrid 

quadrotor does not spin out of control. In order to maneuver 

in any direction, the rpm of individual motors is manipulated 

to create the desired movement, as shown in Figure 2. This is 

what makes a quadrotor exceptional at omnidirectional 

movement. Table 1 describes the operation system for a 

quadrotor and how it maneuvers in any direction. This system 

applies to the Hybrid Quadrotor mentioned in this article as 

well. 

 

Fig. 2. Forward directional movement (Left) and anti-clockwise rotational 

movement (Right) 

TABLE I.  LATERAL AND ROTATIONAL MOVEMENT THROUGH ROTOR RPM 

MANIPULATION FOR A QUADROTOR 

 
Rotor RPM Manipulation 

Rotor 1 Rotor 2 Rotor 3 Rotor 4 

Move up Increase Increase Increase Increase 

Move Down Decrease Decrease Decrease Decrease 

Hold Position Maintain Maintain Maintain Maintain 

Move Forward Maintain Increase Maintain Increase 

Move Backward Increase Maintain Increase Maintain 

Roll Left Maintain Increase Increase Maintain 

Roll Right Increase Maintain Maintain Increase 

Yaw Left Increase Increase Maintain Maintain 

Yaw Right Maintain Maintain Increase Increase 

 

B. Driving operations 

Utilizing the same concept for movement in a tank, the 

two continuous tracks on each side of the quadrotor work 

together to perform driving maneuvers as shown in Figure 3. 

By either creating a difference in RPM between the motors 

or by rotating them in opposite directions, maneuvers such as 

turning left and right or rotating while maintaining its current 

position is possible. Table 2 describes the operation system 

for a vehicle with continuous tracks on how it maneuvers in 

any direction. This system applies to the Hybrid Quadrotor 

mentioned in this article as well. 

 

Fig. 3. Layout for a vehicle with continuous tracks 

TABLE II.  MOTOR RPM MANIPULATION MOVEMENT FOR 

VEHICLE WITH CONTINUOUS TRACKS  

 
Rotor RPM Manipulation 

Rotor 1 Rotor 2 

Move Forward Increase Increase 

Move Backward Reverse Reverse 

Turn Left Decrease Increase 

Turn Right Increase Decrease 

Rotate Left Reverse Forward 

Rotate Right Forward Reverse 
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C. Control System 

The avionics system is the brain of the quadrotor and 

helps navigate and control the system. It is in charge of 

controlling the current to the motors, monitors the IMU and 

reads current information about the UAV such as altitude, 

orientation, velocity and direction of movement. With the 

exception of the two motors that are directly connected to the 

radio receiver, Figure 4 shows the standard hardware layout 

for a quadrotor build. 

 

Fig. 4. Standard Avionics System for an unmanned aircraft 

The Hybrid Quadrotor modelled in this article uses an 8-

channel radio receiver for the system. The first four channels 

are used for flight controls: Pitch, Throttle, Yaw and Roll. As 

seen in Figure 5, the two motors for the continuous tracks are 

directly connected to the radio receiver on channels 7 and 8. 

The radio controller used for this hybrid quadrotor was a 

FLYSKY FS-TH9X radio. 

 

Fig. 5. Standard Layout for electronics for the Hybrid Quadrotor 

 

III. DESIGN AND SIMULATION OF THE HYBRID ADD-ON 

FOR THE QUADROTOR 

The prototype shown in Figure 6 was the chosen design 

for building the hybrid quadrotor. The material chosen for the 

prototype was Acrylonitrile Butadiene Styrene (ABS) plastic. 

The ABS plastic used to 3D print the prototype has very slight 

elastic properties with a yield strength of 4.25e7 N/m2 [28-

30]. 

 

 

Fig. 6. 3D render of the chosen design for the hybrid quadrotor (a); 

Assembled model of the prototype design (b) 

A. Static Load Test  

Based on the estimated weight of 3 Kg for the final 

quadrotor, a static load simulation in which the center part of 

the model attached to the quadrotor was kept fixed and a load 

of 750 N was applied to the base of the model. This was to 

simulate a drop from 5 m. The impact velocity was found to 

be 9.91 m/s. While the frame was able to absorb most of the 

energy from impact, the stress concentrations on the center of 

the arm were too high. This would lead to plastic deformation 

and possible fractures or breaks (Figure 7). 

 

Fig. 7. 3D Static load test on the prototype 

 

a 

b 
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B. Drop Test 

To simulate a drop test, a stopping distance of 10 mm was 

assumed. A vertical orientation for the prototype as assumed 

and the floor was horizontal. The effects of von Mises stress, 

axial stress and stress intensity acting on the specimen was 

studied over the first 600 microseconds from impact. Figure 

8 shows the effect of these stresses over the simulation 

period.  

Based on the simulations, the ABS plastic cannot survive 

a drop from a height greater than 2 meters. Correspondingly, 

these results are based on ideal conditions. However, real 

tests confirmed higher values for stress. The quadrotor 

succeeded and survived a 2 meters height during 

experimental drop tests. But it should be mentioned that 

constant exposure to these stresses may cause fatigue and 

lower the life of the prototype. 

 

 

Fig. 8. (a) Von Mises Stress, (b) Stress intensity and (c) Axial Stress 

IV. FLIGHT TEST 

After constructing the prototype, a flight test revealed no 

negative effects on the quadrotor’s flying capabilities. The 

quadrotor had no trouble getting off the ground or during any 

of its flight maneuvers. In driving mode as well, the 

caterpillar tracks had no issues with interference with the rest 

of the quadrotor.   

The quadrotor was flown to a height of 120 meters before 

it started to disappear out of sight. Any further would require 

video feedback from the quadrotor as to not damage or lose 

it. It had a total flight time of roughly 14 minutes. This was 

at varying levels of throttle and would probably be extended 

during normal use. 

 

Fig. 9. Flight Test 

 

Fig. 10. Flight Test  

V. CONCLUSION 

The major achievement for this project was the design and 

construction of a new platform for hybrid quadrotors for 

future improvement and development. Recalling back to the 

this study’s objectives, which were to investigate methods 

through which a quadrotor could be converted in to a hybrid, 

to be capable of travelling on rough terrain and to be able to 

maintain its structural integrity in case of sudden small 

impact forces such as from falling from a relatively low 

height by simulating its behavior accurately using Finite 

Element Analysis. The purpose of this study was to approach 

hybrid designs of quadrotors in a different way from what is 

currently being done. This project managed to successfully 

combine what is arguably the most versatile forms from both 

land and air vehicles and create a hybrid that could take 

(b) 

(c) 

(a) 
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advantage of the maneuverability of both these types of 

vehicles. 
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