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DESIGN AND SIMULATION ANALYSIS OF A SIX-
WHEELED RESCUE ROBOT

Hengzheng LI!, Lei YANG?", Yue HAN?, Jie YANG*, Conghu LIU®, Yin
ZHANG®"

The complex on-site environment after a disaster is often the main factor
hindering rescue workers from carrying out timely rescue work. This article designs
a six- wheel rescue robot with a rocker arm bogie structure. The robot uses the rear
wheels as the steering gear, and each wheel is independently driven, which has good
flexibility and obstacle crossing ability. The simulation test of ADAMS shows that
after optimizing the robot body size, it can pass over a vertical obstacle model with a
height of 250 mm, meeting the preset passing requirement of 200 mm. Compared with
robots without control optimization, robots using drive-time function control have
smoother and more accurate steering, and their steering performance has been
improved significantly.
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1. Introduction

The complex on-site environment and risk uncertainty after a disaster have
brought enormous difficulties to post disaster rescue. Using remote controlled
robots to investigate and search can better help rescue workers quickly clear the
situation at the scene after the disaster, reducing the work intensity and rescue risks
of rescue workers [1-3]. In order to develop rescue robots suitable for various types
of disaster scenes, scholars have conducted a lot of research on rescue robots, and
have achieved certain results. The existing land rescue robots can be divided into
three types in terms of configuration: foot type, wheel type, and crawler type [4].
The footed robot has strong obstacle surmounting ability and flexibility in post
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disaster scenarios, but its movement speed is low, the high center of gravity leads
to easy rollover and insufficient stability [5,6]. Wheeled robots have strong mobility
but rely more on structured road, which has limitations in dealing with complex on-
site environments after disasters [7,8]. Crawler type robots have good obstacle
surmounting ability and high flexibility, but poor movement ability [9-10]. As
shown in Fig. 1 (a), the "Ruins search and assistance rescue robot" designed and
developed by the Shenyang Institute of Automation, Chinese Academy of Sciences
is equipped with a color camera and thermal imager, which can better adapt to
search work under collapsed buildings. Fig. 1 (b) is a "Kinect" earthquake rescue
robot designed and developed by the University of Warwick in the United Kingdom,
which is equipped with a range finder capable of transmitting three-dimensional
image data in real time. Fig. 1 (c¢) shows the "Quince" rescue robot at Chiba
University of Technology in Japan. The robot is equipped with infrared sensors and
carbon dioxide sensors, which can detect the respiration and temperature of
personnel on the scene after the disaster, providing assistance for rescue personnel

in their search.
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Fig. 1. Typical rescue robot: (a) "Ruin search and assisted rescue robot",
(b) "Kinect" earthquake rescue robot, (c) "Quince" rescue robot.

Although the above rescue robots have provided significant assistance in
disaster rescue, there are still significant application limitations for rescue robots.
On the one hand, the collapse of obstacles in the post disaster scene limits the use
of some rescue robots. On the other hand, rescue robots still need significant
improvements in their travel speed and turning performance. At present, the
performance requirements for mobile rescue robots are mainly reflected in aspects
such as smoothness of travel, obstacle surmounting, normal travel speed, endurance,
and adaptive ground capabilities [11-15]. Aiming at the problems existing in the
current application of land rescue robots, this paper designs a six-wheeled rescue
robot with a rocker bogie, and completes the structural design and motion
simulation analysis of the robot. The relevant research in this article can provide a
theoretical reference for the design and development of high-speed and high-
trafficability rescue robots.
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2. Overall Design of the Six-wheeled Rescue Robot
2.1 Overall Structural Design

The six-wheeled rescue robot is composed of robot body, center differential,
main rocker arm, auxiliary rocker arm, drive motor, rear wheel steering gear and
wheels. Its overall structure is shown in Figure 2.

2

1. Robot body, 2. Center differential, 3. Main rocker arm, 4. Auxiliary rocker arm,
5. Drive motor, 6. Rear wheel steering gear, 7. Wheels
Fig. 2. Overall schematic diagram of the robot

The overall structure of the robot is a rocker arm-bogie. A triaxial center
differential is installed on the robot body. The side shaft of the differential is locked
with the main rocker arm of the robot body, and the longitudinal shaft fits with the
bearing seat on the robot body. The center differential can ensure the balance of the
robot body when the rocker arms on both sides rotate. The main rocker arms are
symmetrically distributed on both sides of the robot body. The rear end of the main
rocker arm is connected to the rear wheel steering gear, and the front end is
connected to the auxiliary rocker arm. The cooperation of the main and auxiliary
rocker arms ensures the obstacle passing ability of the robot. The rear wheel steering
actuator is the steering mechanism of a robot, which controls the active deflection
of the rear wheel through a servo mechanism to achieve the purpose of steering.
The robot traveling method adopts a centralized control distributed drive method.
A drive mechanism is installed at the ends of the steering mechanism and the
auxiliary rocker arm. A central control element installed on the vehicle body
controls the rotation speed of the drive motor. This driving method has a simple
structure and is conducive to giving full play to the kinematic performance and
portability of the robot [16-21]. In order to ensure the flexibility and obstacle
passing ability of the robot, and to integrate the actual working environment of the
robot, the overall structural dimensions of the six-wheeled rescue robot are shown
in Fig. 3.
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Fig. 3. Overall dimension parameters of the robot
2.2 Design of Robot Steering Control

When the six-wheeled rescue robot moves forward and backward in a
straight line, its left and right wheels rotate at the same speed. When turning is
required during driving, due to the absence of a steering differential in the robot
body structure and the independent drive of each wheel, the vehicle body is prone
to slip or drag during cornering. In order to ensure the turning performance of the
robot, it is necessary to control the rotational speed of each wheel. When the robot
turns, the radians swept by the wheel trains on both sides of the robot are the same,
that is, the angular speed @ and movement time ¢ of both sides are the same, and
the relationship formula between the angular velocity and the linear velocity is
satisfied:

V= wr (1)

Where v is the wheel rotational speed, unit: m/s. w is the angular speed
of the robot body turning, units: rad/s. r is the distance from the wheel to the
steering center, unit: m.

From Equation (1), the proportional relationship between the rotational
speed v of each wheel and the distance » from each wheel to the steering center
can be obtained. From the relationship between steering angle and steering radius
[22]:

L
r= sin @ (2)

Where L is the overall length of the robot, unit: m. 8 is the steering
angle, unit: rad.

The geometric relationship of each wheel of the robot is shown in Figure 4.
Taking point o as the steering center, the linear speed of wheel 2 is expressed as v
and its speed is defined as 1. By combining Formula (1) and Formula (2), the output

speed relationship of each wheel during steering can be obtained:
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Ry

Un = 1.72 R_2 (3)
Where n is the wheel number.
dy
=
dy
4, r

Fig. 4. Schematic diagram of geometric relationship of each wheel

In Fig. 4, d4, d,, d;is the half axle length of the front, middle, and rear
axles, d4, ds is the length between the front and rear axles and the middle axle.
Substituting the geometric dimension relationship in Fig. 4 into Equation 3 can
obtain the speed relationship formula for each wheel:

r /dﬁ+(d1+r)2 @
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Substituting the actual size data of the robot into Equation (4) - (9) can
obtain the proportional function of the output speed of each wheel when the robot
turns, as shown in Table 1. Compiling the obtained function into its control code
can achieve control of the output speed of each wheel of the robot.
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Speed proportional function of each wheel of the robot

Table 1

Wheel number

Velocity proportional function
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JrE =234
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3. Simulation and Optimization of Six-wheeled Robot

3.1 Simulation of robot obstacle crossing

According to the design size requirements of the rescue robot, the
SolidWorks software is used for modeling. After modeling, import the model into
the database of Adams software, create a gravity coordinate system, and determine
the centroid and reference marker points of each component. Define the material
type of each component to ensure quality consistency. Create three vertical obstacle
models (height: 150 mm, 200 mm, 250 mm) and add it to the ground environment.
Add corresponding motion pair connections to the components to ensure that the
model can move according to the design and ensure corresponding motion
relationships during simulation. The simulation parameter settings for the robot
during the motion simulation process are shown in Table 2.

Robot Motion Simulation Parameters [23-27]

Table 2

Parameter Numerical value
Rigidity 1.0E+05 N/m
Force index 2.2
damping 10.0 N-s/m
Penetration depth 0.1 mm
Static friction coefficient 0.71
Dynamic friction coefficient 0.4
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Since the robot is driven independently by six wheels, it is necessary to
apply the same rotational pair drive to each of the six-wheeled rotational pairs, and
define its driving time function (/50 d*time). Where, d is the rotation angle of the
wheel rotation pair, and the unit is °; time is the rotational time of the wheel, and
the unit is s. The meaning of (/50 d*time) is that the wheel drive motor rotates 150°
per second. After the preparation work is completed, perform motion simulation on
the robot model, and set the simulation time to 15 s. The simulation results of the
150 mm vertical obstacle show that the first four wheels of the robot successfully
surmounted the obstacle, but the subsequent two wheels skidded on the vertical
plane, causing it to be unable to surmount the obstacle. The centroid of the left rear
wheel of the robot is taken as the measurement object, and the geodetic coordinate
system is used as the reference coordinate system to measure its moving length.
The displacement and force curve of the six-wheeled robot is shown in Figure 5. In
the figure, the X axis represents the forward displacement of the robot, and the Y
axis represents the effective component force and movement displacement of the
robot in the obstacle crossing direction. As can be seen from the figure, when the
rear wheels start to climb over vertical obstacles, the contact force begins to appear,
but the peaks on the force curve are relatively discrete and the value is low. The Y-
axis displacement component curve is shown as a wave curve, and the robot
reciprocates up and down on the vertical plane of the obstacle. It is speculated that
the reason may be that the center of gravity of the robot's body platform is located
on the central axis of the main cantilever, causing the center of gravity of the entire
robot to deviate. It is speculated that the reason may be that the center of gravity of
the robot is located on the central axis of the main cantilever, causing the center of
gravity of the entire robot to deviate from the rear. When the robot climbs over the
vertical obstacle, the rear center of the robot causes a small contact force between
the wheel and the obstacle surface, which is insufficient to provide the driving force
for the robot to continue its upward movement.
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Fig. 5. Displacement and force curve of robot passing over obstacles before optimization
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3.2 Optimal design of robot structure

Without changing the motion relationships and overall dimensions of the
existing components of the robot, it is an inevitable choice to optimize the robot
structure so that the robot can pass over vertical obstacles with a height of 200 mm.
From the previous simulation analysis, it can be seen that the robot's inability to
pass the obstacle with a height of 150 mm may be caused by its center of gravity
being behind. Taking the central axis of the robot's main cantilever as the center,
the body platform is optimized from symmetrical distribution to a front length of
224 mm and a rear length of 112 mm. The optimized forward movement of the
robot's center of gravity can reduce the lift required by the rear wheels when the
robot climbs vertical obstacles, achieving the goal of improving its passing ability.
Similarly, three height obstacles (150 mm, 200 mm, and 250 mm) were set up, with
a simulation time of 15 s. The optimized model was simulated multiple times, and
all obstacles successfully passed over.
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Fig. 6. Displacement and force curve of the model over 150 mm

Fig. 6 shows the displacement and force curve of the model over 150 mm
obstacle. From the figure, it can be seen that during the process of climbing, the
displacement of the robot in the X-axis and Y-axis directions changes smoothly
without obvious fluctuations. The climbing force in the Y-axis direction of the
wheels has significantly improved. The process of robot climbing over obstacles is
shown in Figure 7. Fig. 7 (a) shows that the four front wheels of the robot model
are about to climb over the obstacle, while the rear wheels are still advancing on
the ground. Fig. 7 (b) shows that the four front wheels of the robot model have
climbed over the obstacle, and the rear wheels are in the process of climbing over
the obstacle; Fig. 7 (c) shows that all six wheels of the robot model have crossed
the obstacle and advanced on it, indicating that the robot model has successfully
passed the vertical obstacle set.
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Fig. 7. Obstacle crossing process of the six-wheeled robot: (a) the front wheels are about to climb
over the obstacle (b) the front wheels have crossed the obstacle (¢) completed climbing the
obstacle

In order to explore the passing performance of the optimized model, this
paper also simulated the process of the robot passing over the 250 mm obstacle. The
displacement and force curve of the model over 250 mm is shown in Figure 8. From
the image, it can be clearly seen that after the optimized robot rear wheel contacts
the vertical surface of the obstacle, the contact force generated is denser than the
contact force of the original model, and the force value is larger, providing sufficient
lifting force for the robot to pass over the obstacle.
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Fig. 8. Displacement and force curve of the model over 250 mm
Simulation results have shown that the assumption that the robot cannot
successfully cross vertical obstacles before optimization is correct. By changing the
center of gravity of the robot, the six-wheeled robot can surmount the vertical
obstacle with a height of 250 mm, which better meets the preset performance
requirements.

3.3 Simulation of six-wheeled robot steering control

Conduct steering simulation on the optimized structural model, and set the
maximum deflection angle of both rear wheels to 30° [13, 27]. Define the drive
time function of the wheel 2 rotation pair as (/00 d*time). According to the scale
function in Table 1, obtain the drive time function for each wheel as shown in
Table 3.
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Table 3
Steering drive time function
Wheel number Numerical value
1 100.21 d*time
2 100.00 d*time
3 102.19 d*time
4 66.92 d*time
5 63.39 d*time
6 66.79 d*time

In order to clarify the effect of the drive time function on the improvement
of the robot's steering performance, the steering simulation uses a model without
the drive time function as a control group (that is, drive time function of the six
wheels is all (100 d*time)). The optimization method for steering motion simulation
uses the steering drive time function in Table 3. Using the centroid of wheel 3 as
the measurement point, the geodetic coordinate system as the reference coordinate
system, and the XOZ plane as the motion plane, measure the motion curve of wheel
3 on the Z axis. The turning motion curve of the six-wheeled robot before and after
optimization using the drive time function is shown in Fig. 9.
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Fig. 9. Turning motion curve: (a) before optimization, (b) after optimization
Comparing Figure 9 (a) and 9 (b), it is evident that the simulation image
optimized by the drive time function is smoother and closer to the standard arc
compared to the unoptimized simulation image. This shows that the steering
controllability using the drive function designed is significantly higher than that
without steering optimization.

4. Conclusions

This article designs a six-wheel rescue robot with a rocker bogie structure
and uses Adams software to simulate and analyze the model. The obstacle crossing
motion simulation shows that the backward shift of the vehicle center of gravity is
the main reason why the vehicle cannot pass over a vertical obstacle with a height
of 150 mm. After optimizing the body size of the robot, its passing ability is
significantly improved, and it can pass over a vertical obstacle model with a height
of 250 mm, meeting the preset passing requirement of 200 mm. The simulation of
turning motion shows that when the robot using drive time function control
performs steering, its steering is smoother and more accurate, and its steering
performance is better improved compared to the robot without control optimization.
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Although the relevant research in this article provides a certain reference for the
design and development of the six-wheeled robot with a rocker arm, it only
simulates and analyzes the robot's passing ability when facing block shaped
obstacles. There are still shortcomings in research on the passing ability of
asymmetric obstacles (such as stones) and the stability of the vehicle body during
passing. In future research, we will continue to conduct relevant research with the
requirement of passing over asymmetric obstacles.
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