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Abstract: The crocodile simulation robot is a biomimetic robot designed and manufactured 

by integrating mechanical technology, electronics, and bionics principles. It is modeled after 

the appearance of a crocodile and is capable of mimicking its movements and behaviors. The 

robot features a realistic appearance, flexible motion, strong adaptability, and sensory 

capabilities. This study designed a crocodile simulation robot with a highly realistic 

appearance, agile movements, and strong environmental perception and adaptability. This 

design employs spherical gears to control head movement, universal joints to connect the 

torso, and a cable-driven system to steer the torso and tail. The study focuses on the 

development of the crocodile simulation robot, outlining its overall design concept, key 

technologies, and expected application scenarios. This crocodile simulation robot is designed 

based on biomimetic principles to achieve a highly realistic appearance, agile movements, 

and strong environmental adaptability. The key technologies include spherical gears for head 

control, universal joints for torso connection, and a cable-driven system for coordinated torso 

and tail movement. It is expected to be applied in fields such as environmental monitoring 

and scientific research, leveraging its lifelike motion and sensory capabilities. 

Keywords: Bionic Crocodile Robot, Spherical Gear, Monopole Gear, Cable-Driven System, 
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1. Introduction 

As human society continues to develop, we have accelerated our exploration of the world. 

Amphibious robots, capable of freely operating on both land and in water, hold vast application 

potential and significant research value. 

In existing studies, Du Tonglang et al. designed a bionic crocodile robot with crawling and rolling 

capabilities [1], employing a Hopf oscillator-based CPG network for gait control, integrating the ZMP 

principle to enhance stability, and optimizing the trot gait through tail swinging, with simulations 

verifying its stable motion. Zhao Yuhang performed a kinematic analysis of the robot’s limbs, spine, 

and tail using an enhanced D-H method, addressing both forward and inverse kinematics along with 

the reachable space to ascertain the model’s accuracy [2]. Huang Kefan and colleagues employed 

motion capture technology to gather crocodile gait data [3], determining the joint angles of a robotic 

crocodile, the stability of which was validated through simulations demonstrating its consistent 

crawling capability. You Peng devised an amphibious robot modeled after the spectacled caiman, the 

bio-inspired motion of which was substantiated through simulations [4]. He Weiyan et al. established 

a co-simulation system integrating motor dynamics and robot kinematics [5], analyzing the impact of 

motor torque on the high-speed running of legged robots, concluding that motor dynamics exhibit a 
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first-order low-pass filtering characteristic. Li Hengjin et al. developed a cable-driven soft robot [6], 

proposing a workspace computation method based on the SOFA simulation framework, with 

experiments demonstrating a more uniform workspace distribution. Chen Shuai designed a cable-

driven continuum robot inspired by the human spine structure [7], introducing a BP neural network-

based inverse kinematics solution and verifying control precision. Feng Chuangxin et al., based on 

the large-amplitude slender-body theory, established a crocodile oscillation dynamics model, deriving 

fluid forces and propulsion efficiency calculation methods [8]. 

This paper primarily focuses on the mechanical structure design and circuit system installation of 

a bionic crocodile robot, which can be categorized into structural design descriptions and simulation 

analysis. 

The research fills a gap in the field regarding the detailed mechanical structure of bionic crocodiles 

and expands the theoretical framework of crocodile biomimicry. The innovations introduced in this 

study reduce failure rates, enhance the adaptability of the bionic crocodile, and make the entire robot 

more flexible and lightweight. 

2. Design Description 

2.1. Overall Design 

The body shape of the bionic crocodile robot mimics the streamlined form of a real crocodile to 

reduce resistance during movement in both water and on land (as shown in Figure 1). 

·Cable-Driven System: The movement of the body and tail is achieved through a cable-driven 

system, which provides precise force control and a flexible range of motion. 

·Spherical Gear Drive: The head's pitch and horizontal swinging movements are controlled using 

spherical gears. 

·Power System: The robot is driven by electric motors and powered by batteries. 

 

Figure 1: Overall Design of the Bionic Crocodile Robot 

2.2. System Design 

In the head of the bionic crocodile robot, the meshing design of the spherical gear and the monopole 

gear (as shown in Figure 2) allows multi-degree-of-freedom movement. This design not only provides 

high mobility but also ensures precise and flexible motion. Existing contact and stress analysis of 

spherical gear tooth surfaces indicate good reliability and durability. 
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Figure 2: Engagement Design of Spherical Gear and Monopole Gear. 

The cable-driven system, renowned for its exceptional capacity for continuous deformation and 

environmental adaptability, has increasingly garnered attention as a focal point of research within the 

robotics domain. This system modulates the tension and slackness of cables to facilitate the bending 

and stretching of the body, thereby emulating movements such as the crawling and swimming 

behaviors of crocodiles. An infrared sensor ismounted on the head, equipping the crocodile robot 

with the capability to detect its surroundings and execute functions such as obstacle avoidance. 

2.3. Component Design 

The head incorporates spherical and monopole gears to facilitate rotational movement with two 

degrees of freedom (as illustrated in Figure 3). Additionally, an infrared sensor is mounted atop the 

crocodile’s snout, enabling infrared recognition capabilities. The design of the crocodile’s head 

features a cavity intended to house the motor that actuates the gear movement, thereby reducing the 

head’s weight and contributing to the enhanced stability of the bionic crocodile robot. 

 

Figure 3: Overall structure of the head 

The trunk structure has a total of 7 degrees of freedom. The neck and waist each have 1 degree of 

freedom, and each segment of the spine has 1 degree of freedom, adding up to 5 degrees of freedom 

for the spine. Three cables are arranged to achieve lateral and pitching movements of the trunk. The 
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motor is located at the first segment to balance the crocodile's center of gravity and facilitate wiring. 

The battery box is also located at the first segment. 

The tail structure has a total of 9 degrees of freedom. Except for the sacrum, which has 1 degree 

of freedom, each segment of the tail has 1 degree of freedom. This part also uses cable-driven 

mechanisms, with one cable on each side to control the lateral swinging, providing steering and 

propulsion for the crocodile's movement in water. 

The front and hind legs each have 6 degrees of freedom. The shoulder and leg of the front legs 

each have 3 degrees of freedom, while the waist and leg of the hind legs each have 3 degrees of 

freedom. Motors are installed in cylindrical housings at the joints. 

3. Simulation Analysis 

3.1. Motion Simulation 

First, an overall plan is made for the terrestrial crawling motion simulation of the bionic crocodile 

robot, including trajectory planning for the robot’s foot, spine swinging, and gait planning. 

The swinging trajectory of the alligator’s spine is sampled and analyzed to ascertain the movement 

range of the spine joints, thereby providing a reference for the motion planning of the bionic 

crocodile’s spine joints. 

The positional data of each joint is compared with the actual spine movement data of the crocodile 

during its crawling motion at corresponding time points. 

3.2. Mechanical Analysis 

The mechanical performance indicators of each part are shown in Tables 1, 2, and 3. 

Table 1: Properties of Servos and Motors, Values, and Units 

Property Value Unit 

Elastic Modulus 210000 N/mm^2 

Poisson's Ratio 0.28 Not Applicable 

Shear Modulus 79000 N/mm^2 

Mass Density 7700 kg/m^3 

Tension Strength 723.8256 N/mm^2 

Compression Strength  N/mm^2 

Yield Strength 620.422 N/mm^2 

Thermal Expansion 

Coefficient 
1.3e-05 /K 

Thermal Conductivity 50 W/(m·K) 

Specific Heat 460 J/(kg·K) 

Material Damping Ratio  Not Applicable 

Table 2: Properties of Main Material, Values, and Units 

Property Value Unit 

Elastic Modulus 204999.9984 N/mm^2 

Poisson's Ratio 0.29 Not Applicable 

Shear Modulus 79999.99987 N/mm^2 

Mass Density 7858.000032 kg/m^3 

Tension Strength 425.0000032 N/mm^2 
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Compression Strength  N/mm^2 

Yield Strength 282.685049 N/mm^2 

Thermal Expansion 

Coefficient 
1.2e-05 /K 

Thermal Conductivity 52 W/(m·K) 

Specific Heat 486 J/(kg·K) 

Material Damping Ratio  Not Applicable 

Table 3: Properties of Cross Joints Material, Values, and Units 

PROPERTY VALUE UNIT 

ELASTIC MODULUS 210000 N/mm^2 

POISSON'S RATIO 0.28 Not Applicable 

SHEAR MODULUS 79000 N/mm^2 

MASS DENSITY 7700 kg/m^3 

TENSION STRENGTH 723.8256 N/mm^2 

COMPRESSION 

STRENGTH 
 N/mm^2 

YIELD STRENGTH 620.422 N/mm^2 

THERMAL EXPANSION 

COEFFICIENT 
1.3e-05 /K 

THERMAL 

CONDUCTIVITY 
50 W/(m·K) 

SPECIFIC HEAT 460 J/(kg·K) 

MATERIAL DAMPING 

RATIO 
 Not Applicable 

 

A 300N load was applied to key stress-bearing components, such as universal joints, footpads, and 

connection points of the front and rear legs. Elastic supports were installed at the footpads. Meshing 

analysis and buckling analysis revealed that all components could withstand the specified loads, 

exhibiting a uniform stress distribution across each section. 

4. Conclusion 

This study explores the crocodile as a bionic research subject, drawing inspiration from its natural 

locomotion to inform robotic design. A comprehensive analysis is conducted on the relative positions 

and angular variations of various body segments under different motion states. Furthermore, the 

research examines the mechanical properties of the crocodile’s limb structure, joint flexibility, and 

overall movement patterns in depth. Based on these findings, an amphibious bionic crocodile robot 

is designed, characterized by a low mechanical failure rate, high operational reliability, strong 

adaptability to complex environments, and a lightweight yet structurally flexible framework. These 

attributes contribute to enhancing the theoretical foundation for the topological design of bionic 

robotic systems inspired by crocodilian biomechanics. Nevertheless, certain limitations persist in this 

study, particularly concerning the acquisition of extensive prototype testing data and the experimental 

validation of multimodal motion control strategies. Future research will be dedicated to addressing 

these challenges by conducting further empirical studies and refining the control mechanisms to 

enhance the robot’s performance across diverse terrains and operational conditions. 

Table 2: (continued). 
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