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THE DESIGN, ANALYSIS, FABRICATION AND TEST OF
THE FOOT OF INTELLIGENT WALKING VEHICLE
FOR COMPLEX TERRAIN

ABSTRACT

As the mobile carrier of many functional robots, intelligent walking vehicle is the research
and development basis of robots in the fields of military reconnaissance, disaster rescue, mineral
exploration and planetary exploration. At present, relevant studies focus on how to extend the
motion range of intelligent walking car from artificial structured scenes to wild and unstructured
scenes.

This paper analyzed the existing mobile mechanisms of intelligent walking vehicle and the
climbing principles of climbing robot, then summarizes the environmental adaptability of all these
kinds of robots. Among them, foot mobile robot has the strongest adaptability to complex terrain,
but it is unable to climb steep slopes. If apply the microspine climbing mechanism to its foot, the
grasp force can be enhanced and its application range can be expanded. For this purpose, the
engineering design of microspine climbing foot for quadruped robot was completed in this paper
based on the technology of microspine climbing, and its mechanical structure was checked and
improved by theoretical method and finite element method. On this basis, we fabricated the
prototype of microspine climbing foot. Experiment of the climbing ability of one spiny foot and a
test of the quadruped robot equipped with spiny feet were carried out. The robot can be stably
attached to a 60° rough slope, which verified the effectiveness and reliability of the microspine
climbing foot.

The research shows that the proposed method can provide sufficient grasping force on rough
surface, enabling the walking vehicle to achieve stable climbing on the rough slope, and laying a
foundation for the design and research of intelligent walking vehicle in complex terrain.

Key words: intelligent walking vehicle, microspine climbing mechanism, legged robot, bionic

cling, complex terrain
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THE DESIGN, ANALYSIS, FABRICATION AND TEST OF
THE FOOT OF INTELLIGENT WALKING VEHICLE
FOR COMPLEX TERRAIN

In recent decades, the development of robot technology has not only completely changed the
traditional manufacturing industry, but also brought about profound changes in people’s life. First
of all, a large number of robots with fixed bases appeared, which undertook some repetitive, heavy
and dangerous work in many industrial manufacturing occasions, thus greatly improving the
efficiency of industrial production. Then, with the breakthroughs and innovations in the field of
mechanism theory, SLAM technology, automatic control and artificial intelligence, the intelligent
walking car, which can realize autonomous moving by sensing the external state and its own state
through the sensor, began to appear and gradually applied to lots of artificial structured environment,
such as house cleaning, health care, restaurant service and interactive entertainment. Now it has
become an indispensable part of people's daily life.

At present, intelligent walking car is able to cope with most of the tasks in the artificial
structured environment. However, social development has put forward higher requirements for
intelligent walking cars. More and more application scenes appear, requiring the intelligent walking
car to face more complex terrain. The search and rescue work of people in danger in earthquake
ruins, the surface detection work of asteroids, the military reconnaissance work in the field under
complex terrain and other unstructured scenarios require the intelligent walking vehicle to have
better terrain adaptability and flexibility, specifically, it is necessary to have the ability to walk on
undulating ground, climb over various obstacles and climb steep slopes.

In order to enhance the adaptability of intelligent walking vehicle to complex terrain,
researchers have made innovations in the mobile mechanism of walking vehicle. After the wheeled
robot, crawler, foot and wheel-foot walking robots have appeared one after another, constantly
expanding the application range of the vehicle. The wheeled car has a highly efficient travelling
form on a relatively flat road surface, but has a weak ability to cross obstacles. Some researches
improved wheeled car by using special chassis or suspension design, but it is not enough. Crawler
trolleys have strong adaptability to all kinds of terrains, but their disadvantages are heavy weight
and high energy consumption. Based on bionics principles, foot type and wheel-foot type robots use
the supporting leg as the mobile carrier, which has the strongest flexibility and manoeuvrability, and
can pass through undulating roads and various obstacles. However, the mechanical structure and
control strategy of foot type robots are the most complex.

Generally speaking, the foot type walking car has the strongest environmental adaptability, but
its feet are mostly made of some elastic organic materials, which mainly play the role of shock
absorption. However, it cannot provide enough friction force or grasping force to allow the foot
robots climb the steep slope.

The scheme of the wall climbing robots to achieve strong grasping force provides some
enlightenment for enhancing the climbing ability of the foot robot. Wall climbing robot is a kind of
robot which can move on the vertical wall through special climbing mechanism. The main climbing
methods are magnetic adsorption, vacuum adsorption and microspine. Magnetic adsorption
climbing device uses magnet to generate adsorption force, generally used in the scenes which robots
need to climb the wall of steel of other magnetic material, such as oil tank inspection, ship rust
removal, etc. The negative pressure adsorption mechanism forms a closed cavity with a suction cup
and the wall surface, then extracts the air from the cavity to form a negative pressure, and make use
of the atmospheric pressure to compress the robot on the wall surface. However, this kind of
climbing mechanism has high requirements for wall smoothness. The microspine climbing
mechanism is a kind of bionic mechanism, which mainly imitates the tiny spines on the feet of
insects or the claws of cats. It grasps the rough parts of the wall surface with the bionic hook claws
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and provides grasping force for the robot to climb on the wall surface steadily. The microspine
climbing mechanism has lower requirements on the climbing surface and is suitable for use in the
wild unstructured environment.

Therefore, this project aims at carrying out detection and rescue tasks in a complex
environment, and realizes the design, analysis and fabrication of the foot of the intelligent walking
vehicle in a complex terrain. Starting from the bionics point of view, to overcome the deficiency of
quadruped robot that it cannot climb the steep hard surface, this project mainly designs and
fabricates a microspine climbing foot suitable for quadruped walking robot. It can enhance the grasp
force of quadruped’s foot, so that the quadruped can not only walk quickly through a relatively flat
road with an upright gait, but also move on the steep hard rough surface with a climbing gait.

This paper describes in detail the design, fabrication and experimental process of the climbing
foot with microspines. The specific work is as follows:

1) Proposed a model which describes the contact of the spine and coarse inclined surface and
analysed the principle of the microspine clinging the rough surface.

Inspired by the principle of insect foot spines in nature, this paper proposes a contact model
for the spines and the rough inclined surface. This model simplifies the contact between the tip of
the spines and the rough surface of the wall into spherical contact, which can well explain the
principle of the contact between the surface and the spines, and the formation of mechanical locking.
On the basis of this, the paper deduces the successful grasp condition under which the microspine
can form an effective locking with the inclined surface, and then the probability of success of a
random grasp by microspine is estimated. Through the further analysis of the model, the influence
of tip radius, rough point radius, rough point height, slope and other factors on the climbing effect
was also obtained, which provided a basis for the design of the microspine claw.

2) A microspine climbing foot was designed to enhance the grasp force of the quadruped
robot’s foot.

The foot is composed of the spine claw, driving mechanism and frame. Inspired by the flexible
tarsal chain of the insect foot, this paper designed a kind of flexible microspine claw, which is
composed of rigid components and flexible connectors, and contains two tiny spines. When the
microspine contacts the wall surface, its flexible part will be deformed so that the microspine can
fit the complex surface. The driving mechanism is a linkage mechanism, which is simple and
reliable, and the elastic transmission mechanism is added to reduce the impact load. Through the
movement simulation of the overall design model, it is found that this kind of design can completely
realize the expected grasping movement trajectory of the climbing foot.

3) The key parts of the climbing foot were checked and analysed.

In this paper, we carried on the analysis to the force condition of the climbing foot when it is
clinging to the rough wall, and the average load of each microspine under the normal climbing state
is obtained. On this basis, the maximum stress and the maximum deformation of the microspine are
calculated by methods of theory and simulation respectively, and the results obtained by the two
methods are mutually verified, proving that the design of this paper can completely meet the load
bearing requirements.

4) A prototype of the climbing foot with microspine was made, and the feasibility of the scheme
was verified by experiments.

In this paper, a low cost and effective process flow for the microspine climbing foot is proposed,
and a prototype was made according to the process. We conducted a series of experiments, and the
grasping force of the microspine climbing foot under different rough surfaces was measured. The
experimental results showed that the microspine climbing foot can effectively enhance the grasping
force of the foot and obtain good grasping effect in the general rough surface in the field. In addition,
a quadruped robot equipped with the microspine climbing foot was tested. In the test, the quadruped
robot was able to hold onto steep rock walls and tree trunks steadily, achieving the desired goal of
the project.




