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Abstract – The study is to accurately simulate the actual motion of the bridge tower detector to 
provide a virtuous method for the bridge safety detection process. This paper takes the bridge 
tower detector as the research object and used UG three-dimensional modeling software to 
establish a 3D solid model of the virtual prototype of the bridge tower detector. The model is 
imported into the Automatic Dynamic Analysis of Mechanical Systems (ADAMS) environment 
through Parasolid format to verify the accuracy of the data transmitted. On the premise of referring 
to similar studies, combining the actual situation of the bridge tower detector studied, the macro 
function provided by ADAMS is used to establish the wire rope system model of the bridge tower 
detector. In the process of simulating the vibration of the bridge tower detector, there has been 
vibration throughout the operating phase. The large fluctuations due to system instability at start-
up were ignored which almost fluctuated between -250mm/s2 to 250mm/s2 acceleration. The 
fluctuations show periodic changes, and a large fluctuation occurs about every 7 seconds, which is 
directly related to the characteristics of the rope. In the process of simulating the bridge tower 
detector attitude, the rotation angle of the detector relative to the center of mass coordinates in the 
direction of roll degree of freedom fluctuates between 0.01° to 0.05°. The angular velocity varies 
between -0.025deg/s and 0.025deg/s, which is almost negligible. The designed bridge tower 
detector has a decent overall operating condition and can encounter the requirements for future 
studies. This study can provide theoretical support for the actual operation of the bridge tower 
detector. 
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1. Introduction 
 
With the rapid development of science and 
technology, bridge technology is becoming more 
mature and progressive. Especially in recent years, 
traffic development in China has been rapid, and 
bridge construction has risen to unprecedented 
heights [1]. The development of the bridge cause 
makes the mileage of bridges constantly increase, 
and it will inevitably accompany the increase in 
traffic volume. Increasingly large overloaded 
vehicles have brought severe tests on the traffic 
capacity and operational safety of highways and 
bridges. At the same time, some bridges have 
become increasingly damaged due to years of 
disrepair, and their aging speeds are more difficult to 
meet today’s traffic capacity requirements. The 
contradictions caused by the mentioned two 
phenomena have become increasingly prominent 
[2]. According to surveys, there are currently more 
than 90,000 dangerous bridges in China, and the 
situation of low load standard is also very serious. 

Although some old and dangerous bridges have been 
rebuilt, there are still a large number of dangerous 
bridges that remain with tribulation, which has 
seriously affected traffic safety [3]. Therefore, to 
better ensure the safety and smoothness of traffic, 
and to ensure the safe driving of vehicles, the work 
of strengthening the detection and maintenance of 
bridges must be the focus of future work by relevant 
scientific researchers and traffic management 
departments at all levels. Only by taking precautions 
we can ensure that the bridge is always in good 
working condition [4]. 

To accurately simulate the actual motion of the 
bridge tower detector, a more complete virtual 
prototype model is needed. Automatic Dynamic 
Analysis of Mechanical Systems (ADAMS) focuses on 
mechanical dynamic simulation, but the control is 
relatively lacking [5-6]. In addition, the algorithms 
that come with ADAMS software are often 
inadequate when solving complex virtual prototype 
models. At this time, the most effective method is to 
seek the assistance of third-party professional 

mailto:wleiu12031@126.com


Simulation of Dynamic Stability Performance of Traffic Safety Bridge Tower Detector System 

 

 

International Journal of Mechatronics and Applied Mechanics, 2020, Issue 8, Vol. II 87 

control software. As one of the important toolboxes 
of MATLAB, Simulink occupies an important position 
in the field of professional control and designing aid. 
Because of its powerful solving function, Simulink 
can quickly solve differential equations, can simulate 
various dynamic systems in real-time, with relatively 
small time consumption and errors [7]. The method 
gives full play to the mechanical dynamic analysis 
capabilities of ADAMS and makes use of Simulink’s 
powerful solution capabilities to make up for the 
shortcomings of ADAMS in solving complex models. 
Compared with the traditional method, it has the 
characteristics of accuracy, convenience, and speed, 
which can help some complex mechanical systems to 
perform dynamic simulations smoothly and 
effectively. Some scholars used the joint simulation 
of ADAMS and Simulink to accurately study the 
multi-body dynamics model of the vehicle model 
integrated with air springs [8-9]. Some scholars have 
proposed a law on the motion of servo motors to 
obtain the kinematic relationship of flexible motion 
between the motor and the connector on the robot 
arm. Similarly, the feasibility of the control and 
actuator system is verified by the joint simulation of 
ADAMS and Simulink [10]. 

This paper takes the bridge tower detector as the 
research object and uses the three-dimensional 
modeling software UG and virtual prototype 
dynamic analysis software ADAMS to establish the 
bridge tower detector model. Then, combined with 
the control system simulation software 
MATLAB/Simulink, a mechatronics joint simulation 
model is established. Also, its motion stability is 
studied and analyzed and ultimately contributes to 
the detection of bridge safety. The novelty of this 
paper is to combine ADAMS and MATLAB/Simulink 
in the simulation research of bridge tower detector, 
reducing the experimental cost. 
 

2. Method 
 
The structure of the bridge tower detector is 
complex, and its stable operation directly affects the 
detection and position accuracy of the bridge 
detection equipment. Through theoretical 
calculations and experimental studies, the factors 
which affect these dynamic performances and the 
methods of improvement are analyzed to rationally 
improve and optimize the structure and parameters 
of the equipment [11-12]. 
Since the bridge tower detector is a new type of 
testing equipment, there is no related research on it 
at present. For the research of improving the 
dynamic performance of such equipment, 
experimental methods are generally used. Because 
the most real and effective data can be obtained 
through experiments. But the experiment can only 
be implemented after the product prototype is 
produced, which increases the risk of product design 
errors, cost, and development cycle. If the virtual 

prototype technology is used, it can not only modify 
in time to reduce design errors but also speed up the 
product development cycle and effectively reduce 
the development funds. 
 
2.1 Joint simulation method 
 

All required software to draw the work are 
illustrated in flowchart Figure 1. First, a three-
dimensional solid model of the virtual prototype of 
the bridge tower detector is established by using the 
three-dimensional design software UG, and it is 
imported into the dynamic analysis software 
ADAMS. Then, in the ADAMS software, the ADAMS 
macro command is used to establish the wire rope 
system model of the bridge tower detector. A tire-
road coupling model is established using the tire and 
road attribute files. In accordance with the kinematic 
relationship and motion of the physical prototype, 
the drives, constraints, and forces are added to each 
component in the ADAMS software. A motor control 
model is built with MATLAB/Simulink. According to 
the theory of mechatronics and combining the 
Control module in ADAMS, the joint simulation 
model of the bridge tower detector is completed, to 
perform the dynamic analysis of the whole machine. 
 

Three-dimensional modeling

Using Parasolid Import 

ADAMS

The establishment of road model of 

steel wire rope and tire

ADAMS adds

 drives, constraints, and forces The establishment of control model

The mechatronics joint simulation 

model is established

Results analysis and research

Whether the conditions are met

END
 

Figure 1: Mechatronics joint simulation flowchart 
 
2.2 ADAMS modeling method 
 

ADAMS software is a virtual prototype analysis 
software developed by Mechanical Dynamics 
Company, and widely used virtual prototype analysis 
software. It can study the maximum load of 
components and be used to analyze the anti-
deformation capability of the structure and dynamic 
characteristics such as stress changes, shape 
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displacements and strain states under load condition 
[13]. 

In ADAMS, components can be divided into rigid 
components and flexible components. When a force 
is applied to a component, if the geometry will not 
change at any specified time, such elements are 
called rigid elements, but has the mass and inertia 
attribute. In contrast, deformed elements are called 
flexible elements. Multi-body dynamics is the 
premise of research on complex motion software 
using ADAMS software. The computer simulates the 
virtual prototype and obtains its performance 
indicators, helping developers understand whether 
there are defects in the design of the virtual 
prototype and make up for the defects. It not only 

significantly reduces product development time, but 
also decreases research and development costs [14-
15]. 

The mechanical system simulation analysis 
provided by ADAMS can effectively reflect the actual 
system motion and meet the application standards, 
making ADAMS the most widely used mechanical 
system motion simulation analysis software in the 
world. Before the designed product is produced, the 
user only needs to simulate and analyze its virtual 
prototype to predict its performance in advance, that 
is, to achieve the purpose of timely modification and 
optimization. Therefore, this software got more and 
more attention from relevant fields worldwide. The 
ADAMS simulation flowchart is shown in Figure 2. 
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Figure 2: ADAMS simulation flowchart 

 
2.3 Virtual prototype design 
 

The emergence of virtual prototype technology is 
undoubtedly a major revolution for the traditional 
product development model. For the traditional 
product development model, as shown in Figure 3, 
the development process begins with product 
design, and a physical prototype is manufactured 
based on the design information. After the prototype 
is manufactured, the prototype is tested and 

evaluated by experiments and other theoretical 
manners.  

Then, according to the comparison between the 
evaluation data and the original design data, a 
certain optimization is made to the original design, 
which will inevitably extend the product 
development cycle. Moreover, this design pattern 
will have a physical prototype manufactured and 
modified once every cycle. Therefore, the increase in 
development costs is also inevitable. 
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conceptual design 
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design

Manufacturing 

physical prototype

Test physical 

prototype

Product finalizing 

production

Find the problem, modify the 

design and rebuild the 

prototype

 
Figure 3: Traditional product development process 

 
Obviously, for the increasingly competitive 

modern market, this model cannot keep up with the 
pace of the times, and sooner or later it will be 
eliminated. The following alternative technology is 
the virtual prototype development technology.  

As shown in Figure 4, because there is no need to 
manufacture a physical prototype, the new 
technology shortens the research and development 

cycle and produces high-quality new products in the 
shortest time, greatly reducing product development 
costs. Therefore, it is possible to respond quickly to 
the changing market.  

From the development flowchart, the huge 
advantages of using the virtual prototype technology 
development process are more intuitively seen. 
 

 

conceptual design 
Detailed 

design

Manufacturing 

physical prototype

Test physical 

prototype

  
Figure 4: Traditional product development process 

 
The prototype model is established by 3D 

modeling software and assembled based on the 
relationship of position and constraints. Then, it 
needs to be transmitted to the ADAMS environment 
through a certain format. The wire rope system 
model and the tire-road coupling model are 
established through the related functions of ADAMS.  

The constraints and forces are added to connect 
the various components.  

Therefore, it is important to add elements such as 
drives, constraints, and forces between components 
based on the actual motion of the physical prototype. 
But it is not the last step because some errors will 
inevitably occur during the modeling process.  

Therefore, it is necessary to constantly check and 
verify the model, find out error and timely modify it, 
to build a complete and correct prototype model.  
The modeling flowchart is shown in Figure 5. 
 

Three-dimensional modeling

Using Parasolid Import 

ADAMS

Build a tire surface model

ADAMS adds

 drives, constraints, and forces

The mechatronics joint simulation 

model is established

Whether the conditions are met

END

Y

Build wire rope model

N

 
Figure 5: Modeling flowchart of the virtual prototype of the bridge tower detector 
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2.4 Simulink motor simulation 
 

Model of the asynchronous motor on any two-
phase rotating coordinate system d, q, 0: The d, q, 0 
system is based on the double reaction principle. The 
d axis coincides with the rotor direct axis. The q axis 
is 90 degrees coordinate system ahead of the d axis 
in the same direction as the rotor and rotates at 
synchronous speed. Whereas, abc is a representation 
of three-phase voltage. Three-phase AC power 
source is composed of three AC potentials with the 
same frequency, equal amplitude, and a phase 
difference of 120 degrees. Since the d, q, 0 system 
can directly reflect the rotation angle and position of 
the rotor and the stator, the d, q, 0 system is used in 
this paper to facilitate the solution. The stator of a 
wound asynchronous motor has three-phase 
symmetrical windings of A, B, and C. The rotor has 
three-phase symmetrical windings of a, b, and c. 
According to the equation of coordinate 
transformation, the voltage, current, and magnetic 
flux of the stator and rotor are transformed to the d, 
q, 0 coordinate system. Then, the mathematical 
model of the asynchronous motor on any two-phase 
rotating coordinate system is obtained. The 
mathematical model has only two phases and can 
directly reflect the rotation angle and position of the 
rotor and stator, which is simpler than the original. 
Because its coordinate system is arbitrarily rotated, 
it is more general farm. 

The three-phase asynchronous motor simulation 
model is composed of four modules: stator model, 
rotor model, magnetic flux model, and torque model. 
According to the voltage, magnetic flux and torque 
equation of the stator and rotor of the motor under 
the d, q, 0 system, a simulation model of the stator, 
rotor, magnetic flux and torque of the motor can be 
established. 
 

3. Results and Discussion 
3.1 Simulation results of bridge tower 
detector vibration 
 

Considering the configuration of the computer, 
this project only considers the simulation lifting 
once, and the time is 35 seconds. Using a trapezoidal 
speed chart, the time distribution of acceleration, 
uniform speed, and deceleration are respectively 5 
seconds, 25 seconds, and 5 seconds, with a constant 
speed of 500mm/s. Before the joint simulation, to 
verify whether the model can run normally, the STEP 
function is used to control the motor speed instead 
of Simulink. Among them, the STEP function is a 
design process function, which can display the law of 
motion of the drive with time in the design, and its 
format is STEP (time, t1, x1, t2, x2). Where: t1 is the 
start time, and x1 is the initial value. While, t2 is the 
end time, and x2 is the end value. 

 

There are two adjusting springs on both sides of 
the detector, which are used to adjust the force 
between the detector and the side wall of the bridge 
tower as well as act as the contact force between the 
guide wheel and the guide wire rope. Also, they can 
also play a role in damping. The initial parameters of 
the adjustment springs set on both sides in ADAMS: 
Kc = 11 N/mm, Cc = 2.3 N•s/mm. 

There has been vibration throughout the 
operating stage and large fluctuations due to system 
instability at start-up are ignored. The vibration 
acceleration of the entire lifting process almost 
fluctuates between -250mm/s2 to 250mm/s2. The 
fluctuations show periodic changes, and a large 
fluctuation occurs about every 7 seconds, which is 
related to the characteristics of the rope. 

The vibration of the detector’s center of mass in 
the X and Y directions exists throughout the entire 
lifting process. But overall, the whole vibration 
process is relatively stable. The maximum value of 
the vibration acceleration of the center of mass in 
the X direction was 280.92 mm/s2, whereas the 
maximum value of the vibration acceleration in the Y 
direction was 636.16 mm/s2. 

There are many reasons for the large fluctuations 
in lifting acceleration phenomenon. The main reason 
is that the wire rope model is simulated by many 
small cylinders, not a flexible body in the true sense. 
When the small cylinder rises to the position of the 
motor drum, there must be a collision and impact 
with the motor drum, which will inevitably lead to 
acceleration fluctuations in the lifting direction. In 
addition, parameters such as the stiffness and 
damping of the wire rope as well as errors in the 
modeling of the detector model will cause the 
acceleration curve of the bridge tower detector to 
deviate from the theoretical curve during operation. 
 
3.2 Simulation results of attitude stability of 
bridge tower detector 
 

The peak values due to system instability in the 
first few seconds of the simulation are ignored. From 
the information shown in Figure 6, the maximum 
value of the beating displacement of the detector’s 
center of mass in the direction of surge degree of 
freedom is 4.58mm. The maximum beating 
displacement of the detector’s center of mass in the 
direction of sway degree of freedom is 7.51mm. 
According to the displacement curve in the direction 
of heave degree of freedom, it can be known that the 
stroke at the acceleration phase in the first 5 seconds 
is about 1248mm. The stroke in the middle 25 
seconds at constant speed phase is about 12538mm. 
The stroke during the deceleration phase of the next 
5 seconds is also about 1252mm. Therefore, the total 
lifting stroke is about 15000mm, which reaches the 
designed stroke. 
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Figure 6: Displacement of the detector’s center of mass in various degrees of freedom (A: Surge; B: Sway; C: Heave) 

 
The rotation angles and angular velocities in three 
degrees of freedom of the pitch, yaw, and roll of the 
detector relative to the center of mass coordinates 

were taken as the research objects. The obtained 
curves are shown in Figures 7-9. For easy 
identification, the angle unit is expressed as °. 
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Figure 7: Rotation angle and angular velocity of the detector relative to the center of mass in the direction of pitch 
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Figure 8: Rotation angle and angular velocity of the detector relative to the center of mass in the direction of yaw 
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Figure 9: Rotation angle and angular velocity of the detector relative to the center of mass in the direction of roll 
degree of freedom 
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From Figure 7, during the entire stroke, the 
rotation angle of the detector relative to the center of 
mass in the direction of pitch degree of freedom is 
almost stable at about 0.9° except for the large 
fluctuation at the beginning of the simulation. The 
angular velocity change trend is consistent with the 
angle change, and the fluctuation is small. Figure 8 
shows that during the entire stroke, the rotation 
angle of the detector relative to the center of mass 
coordinate in the direction of yaw degree of freedom 
fluctuates about 0.3°, and the maximum does not 
exceed 0.6°. The angular velocity fluctuates between 
-0.05deg/s to 0.05deg/s with lesser variations. 
Figure 9 shows that during the entire stroke, the 
rotation angle of the detector relative to the center of 
mass in the direction of roll degree of freedom 
fluctuates about 0.01°, and the maximum does not 
exceed 0.05°. The angular velocity fluctuates 
between -0.025deg/s and 0.025deg/s, which is 
almost negligible. From the above analysis, under the 
condition that the vibration acceleration of the 
detector meets the relevant national standards of the 
vertical elevator, its motion morphology during the 
entire stroke is also maintained well, which ensures 
that it can successfully complete the detection. 
 

4. Discussion 
 
According to the principle of joint simulation of 
ADAMS and Simulink, this paper processes the 
definition of input variables and output variables of 
the model. The Simulink control model and the 
mechanical subsystem model are connected to form 
the final mechatronics simulation model. Before 
conducting the joint simulation, the model is firstly 
simulated by using the STEP function to control the 
motor speed. Also, the defects of the overturning of 
the model are found and corresponding 
improvement measures are taken. The necessity of 
mechatronics joint simulation is verified. Some 
scholars have proposed a law on the motion of servo 
motors to obtain the kinematic relationship of 
flexible motion between the motor and the 
connector on the robot arm. Also, the feasibility of 
the control and actuator system is verified by the 
joint simulation of ADAMS and Simulink method. It is 
almost the same as the research idea of this paper, 
but the research direction is different [16-17]. The 
research in this paper can almost monitor the 
motion state of the bridge tower detector, which is in 
line with the experimental purpose and 
experimental goal. 

In the process of simulating the vibration of the 
bridge tower detector, there has been vibration 
throughout the operating phase. The large 
fluctuations due to system instability at start-up are 
ignored. The vibration acceleration of the entire 
lifting process almost fluctuates between -
250mm/s2 to 250mm/s2. The fluctuations show 
periodic changes, and a large fluctuation occurs 

about every 7 seconds, which is related to the 
characteristics of the rope. In the process of 
simulating the bridge tower detector attitude, the 
rotation angle of the detector relative to the center of 
mass coordinates in the direction of roll degree of 
freedom fluctuates around 0.01°, and the maximum 
value does not exceed 0.05°. The angular velocity 
fluctuates between -0.025deg/s and 0.025deg/s, 
which is almost negligible. 

This paper studies the structure and operation 
mechanism of the bridge tower detector and uses UG 
to establish a three-dimensional solid model of the 
virtual prototype of the bridge tower detector. The 
model is imported into the ADAMS environment 
through the Parasolid format to verify the accuracy 
of the data transmitted in Parasolid format. On the 
premise of referring to similar studies, combining 
the actual situation of the bridge tower detector 
studied in this subject, the macro function provided 
by ADAMS is used to establish the wire rope system 
model of the bridge tower detector. 
 

5. Conclusions 
 
In this paper, the three-dimensional modeling 
software UG is used to study the bridge tower 
detector, and the virtual prototype dynamic analysis 
software ADAMS is used to establish the bridge 
tower detector model. Then, combined with the 
control system simulation software 
MATLAB/Simulink, a mechatronics joint simulation 
model is established, and its motion stability is 
studied and analyzed, which contributes to the 
detection of bridge safety. The joint simulation 
method is used to simulate the final model, and the 
vibration acceleration of the detector is analyzed. 
With reference to the stability evaluation method of 
the vertical elevator, the model is analyzed and 
evaluated. Also, the relevant parameters affecting its 
vibration are optimized so that the vibration 
acceleration of the detector meets the reference 
standard. In addition, the attitude stability of the 
detector is studied and analyzed, as well as the 
analysis of the impact of the wire rope performance 
on the system is performed. The results show that 
the designed bridge tower detector is in good overall 
operating condition and can meet the requirements 
for use. The feasibility of the application of the 
mechatronics joint simulation technology to the 
lifting system of complex models is verified. 

The research in this paper has achieved some 
useful results. However, due to the limited academic 
level and ability of the author, the paper still has the 
following deficiencies, which need to be studied and 
improved in future work. From the perspective of 
dynamic modeling, since the bridge tower detector is 
a complex multi-degree-of-freedom coupling system, 
the vibration of the wire rope will also affect the 
operation stability of the detector. At the same time, 
adjusting the time-variant characteristics of the 
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parameters of the spring, the relevant dynamic 
parameters of the running tire, as well as the actual 
wire rope’s mass, stiffness, damping, and other 
parameters will all affect the whole machine system 
to varying degrees. The in-depth study of the 
relationship between the system parameters and the 
vibration characteristics of the bridge tower detector 
as well as the establishment of a more accurate 
dynamic model are significant for improving the 
operation stability of the detector. Generally, there is 
the pressure of wind present at the height of the 
bridge tower, and the existence of wind load will 
inevitably affect the operation of the detection 
equipment. But this paper does not analyze the 
operation stability of the bridge tower detector 
under wind load. Therefore, the design and analysis 
of the bridge tower detector combined with 
aerodynamics can better improve its operating 
stability. 
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