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,e liquid tank semitrailer has higher centroid and poor stability, and the vehicle is prone to rollover when turning or changing
lanes at high speed. ,us, many companies have developed active antirollover systems in recent years. But the systems’ anti-
rollover capabilities are different. However, there are no specific test conditions and test standards for antirollover systems. Taking
this as a starting point, first, an automotive intelligent security cloud terminal and a multiaxis sensor are selected for the test data
acquisition, and a remote data acquisition system based on a mobile signal is established. Second, a vehicle road test scheme with a
free choice of route is designed. Set the rollover trigger conditions, obtain the test data through the database, and classify the data
into dangerous scenarios.,ird, the typical scenarios with rollover risk are obtained by data fitting. Finally, the typical antirollover
system test conditions of the liquid tank semitrailer are obtained by optimizing and analysing the typical scenarios through the
simulation software.,e results show that the J-steering test with a turning radius of 45m in both clockwise and counterclockwise
directions can be used as an accurate typical test condition of the antirollover system of liquid tank semitrailers.

1. Introduction

Liquid goods are mostly transported by liquid tank semi-
trailers; thus, the centroid of gravity of the body will be very
high [1, 2]. Moreover, a liquid is prone to shaking during
such movement [3]. Hence, the stability of liquid tank trucks
is much worse than that of passenger cars, which results in
the incidence of traffic accidents increasing each year. Once a
liquid tank semitrailer has a traffic accident, according to the
particularity of the liquid, the accident can pose a great safety
hazard to the driver and also cause great damage to the
surrounding environment. In response to this situation,
many antirollover technologies have emerged in recent
years. ,e active rollover prevention (ARP) systems, which
are powered by the advancement of onboard sensing and
actuating technology, such as active steering control, active
suspension, differential braking, and active antirollover
preventer [4–9]. Passive warning-based systems are also
emerged [10]. Within a PWS, the rollover propensity is
detected or predicted throughout a rollover index, and then,

a warning is provided to alert the driver to command
corrective action.

However, a method to test and evaluate the ability to
prevent rollover and standardize the rollover test standard
for liquid tank semitrailers has not been reported. In fact,
such a method has very important theoretical value and
practical significance for research on the driving conditions
of liquid tank semitrailers. ,us, this paper takes this point
as an entry point for the study.

First, an automotive intelligent security cloud terminal
and a multiaxis sensor are selected for the test data acqui-
sition equipment. ,en, a vehicle road test scheme with a
free choice of route is designed in this paper. A remote data
acquisition system based on a mobile signal has risk of
rollover. Finally, the characteristic fragments of typical data
of a liquid tank semitrailer in a dangerous state are obtained
through a summary and verification. ,e obtained con-
clusions will provide data support and a basis for the sub-
sequent formulation of the antirollover test conditions for
semitrailer transport vehicles.

Hindawi
Journal of Advanced Transportation
Volume 2020, Article ID 8846176, 8 pages
https://doi.org/10.1155/2020/8846176

mailto:swcai@163.com
https://orcid.org/0000-0003-2431-7777
https://orcid.org/0000-0002-9965-3145
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/8846176


2. Data Collection

2.1. Design of the Test Scheme. In this part, a vehicle road test
scheme with a free choice of route is designed to collect
driving data. ,e driving routes and driving time are not
specific requirements and only follow the driver’s need to
complete the driving process.,e acquisition time of the test
data is not limited. ,e experimental data collection
equipment is installed on the test vehicle, and real-time data
are collected and transmitted remotely and then stored. ,e
operating principle of the experimental data acquisition
system is shown in Figure 1.

,e rollover threshold refers to the lateral acceleration
that the vehicle is subjected to when it starts to roll over. A
large rollover threshold indicates high side-turn stability
performance of the vehicle. ,e vehicle roll angle is a var-
iable quantity that reflects the body roll state. When the
vehicle roll angle keeps increasing and exceeds the rollover
threshold, it will cause the vehicle to roll over. ,erefore, the
parameters considered in this paper are the vehicle roll angle
and lateral acceleration.

2.2. Acquisition Equipment Installation. In this paper, the
acquisition of vehicle driving data is based on the remote
data acquisition of a mobile signal. ,e transmission signal
of this system is not easily influenced by environmental
factors. Additionally, the resulting measurement data can be
transmitted to the cloud in real time, making it convenient to
view driving data in real time. Since the test needs to collect a
large amount of data, including the vehicle’s running status,
angular velocity, acceleration, and angle of each direction,
the collection equipment include the automotive intelligent
safety cloud terminal “Nicigo” and a nine-axis sensor, as
shown in Figure 2.

,e equipment installation vehicle is Dongfeng Tianlong
(model DFL4251AX16A). As the installation semitrailer is a
dangerous goods liquid tanker and the rollover tendency
tends to be for the rear trailer, a nine-axis gyroscope is
installed near the centroid of the trailer (the central of the
second vertical beam cross section of the trailer frame,
measured to be 5.7m away from the rear of the vehicle). ,e
installation location is shown in Figure 3, and the overall
installation position is shown in Figure 4.

3. Data Collection of the Driving Conditions

To intuitively identify the dangerous scenario categories and
effectively analyse the causes of rollover accidents, a database
of the dangerous segments of the liquid tank semitrailers was
established. ,e database was based on data transmitted to
the cloud in real time.

3.1. Dangerous Scenario Classification. Before establishing a
dangerous fragment database for dangerous goods transport
vehicles, the dangerous scenarios were divided into the
following scenarios: an abrupt deceleration, a sharp turn, a
lane departure, and a collision warning.

For the rapid deceleration and collision warning sce-
narios, the vehicle braking distance and brake deceleration
were set at a threshold according to the safe operating
technical conditions of China’s vehicle standard GB7258-
2017.

For the sharp turn and lane departure scenarios, the
vehicle mainly exhibits excessive lateral acceleration.
According to the rollover threshold table for different types
of vehicles, the lateral acceleration threshold of liquid tank
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Figure 1: Operating principle of the experimental data acquisition
system.

Figure 2: Automotive intelligent safety cloud terminal “Nicigo.”

Figure 3: Nine-axis gyroscope installation.
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semitrailers is 0.4g–0.6 g. Because the test is a vehicle road
test and not a rollover test on a proving ground, the
threshold cannot be reached based on the actual vehicle
operation. ,erefore, the trigger condition for the rollover
scenario was set to V≥ 30 km/h. ,e absolute value of the
lateral acceleration ay was set to 0.2 g or more.

3.2. Establishment of a Database for the Driving Conditions.
We establish a liquid tank semitrailer driving database that
includes three parts: event statistics, data display, and system
management. ,e database stores data collected by the
automotive intelligent safety cloud terminal “Nicigo” and
the nine-axis sensor. ,e data mainly include basic infor-
mation such as the license plate, trip ID, device number, start
time, end time, duration, and distance and dangerous sce-
nario information such as rapid turns, abrupt decelerations,
lane departures, and collision warnings.

We set up a data query and presentation page to provide
basic information about the vehicle, a GPS trajectory display,
images or videos of hazardous scenario alerts, and statistics
of early warning events.

As shown in Table 1, based on the data uploaded by the
intelligent terminal, the system can determine the start time
and distance of each segment of the trip and a number of
abnormal conditions such as sharp turns, abrupt decelera-
tions, lane departures, and collision warnings.

In this way, the frequency of various working conditions
can be directly obtained, and the working condition cate-
gories that need to be researched and calibrated are
determined.

A total of 837,837 sets of data were collected in the
database. ,e number and proportion of each early warning
event were counted. ,e results are shown in Figure 5.

4. Extraction of Dangerous Scenarios and the
Design of Typical Test Conditions

According to the statistics, sharp turns and lane departure
warnings directly affect the rollover of liquid tank semi-
trailers. Hence, we analyse the rollover test conditions of
liquid tank semitrailers under the above two conditions.

4.1.DangerousScenarioExtraction. ,e sharp turns and lane
departure warning events were organized according to the
driving speed at the time of the event. To obtain an accurate

speed segment, the lane departure warning events were
divided into accelerated lane changing scenarios, uniform
motion lane changing scenarios, and braking lane changing
scenarios.

,e accelerated lane changing scenarios involved vehicle
lane changing behaviour during acceleration. Because the
vehicle speed changes during actual operation, the scenarios
where the vehicle speed range increases by more than 3 km/h
before and after the trigger point are defined as acceleration
lane changing scenarios, the scenarios where the vehicle speed
range changes by less than 3 km/h are defined as uniform
motion lane changing scenarios, and the scenarios where the
vehicle speed range decreases by more than 3 km/h are
considered to be braking lane changing scenarios.

A histogram of the driving speed ratios under different
test conditions was produced as shown in Figure 6.

Due to the volatility of the data, wavelet noise filtering
with dimensionality reduction was employed to process the
noise of data. In addition, driving segments that exhibit
sharp turns, accelerated lane changing scenarios, braking
lane changing scenarios, and uniform lane changing sce-
narios were selected. ,en, the correlation between the
selected feature fragments and the overall feature fragments
in which they were classified was calculated. ,e feature
fragments with a correlation coefficient greater than 0.8
(strongly related) were selected.

It can be seen from the speed map (Figure 6) that the
vehicle speed was generally less than 50 km/h and greater
than 35 km/h when making a turn onto the ramp.,erefore,
the change in the vehicle’s lateral acceleration roll angle was
compared with the initial speed of 35 km/h and the speed
change of 5 km/h.

,e change in the lateral acceleration in the sharp turn
scenarios is shown in Figure 7, and the change in the roll
angle is shown in Figure 8.

According to Figures 7 and 8, it can be concluded that
the greater the vehicle speed is when making a turn on a
ramp, the greater the lateral acceleration and the roll angle;
in this regime, liquid tank semitrailers are in a dangerous
state.

In the accelerated lane changing scenarios, uniform lane
changing scenarios, and braking lane changing scenarios,
the maximum speed range was 45 km/h–65 km/h. For the
convenience of analysis, lane changing scenarios with initial
speeds of 45 km/h, 55 km/h, and 65 km/h were selected, and
their lateral acceleration and vehicle roll angle data were
compared. ,e comparative results are presented in the
following.

,e comparative results of the lateral acceleration and
the vehicle roll angle data for the accelerated lane changing
scenarios are shown in Figures 9 and 10.

,e comparative results of the lateral acceleration and
the vehicle roll angle data for the uniform lane changing
scenarios are shown in Figures 11 and 12.

,e comparative results of the lateral acceleration and
the vehicle roll angle data for the breaking lane changing
scenarios are shown in Figures 13 and 14.

By analysing the four scenarios of sharp turns,
accelerated lane changing, uniform lane changing, and

Figure 4: Nine-axis gyroscope installation position.
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decelerated lane changing, it can be concluded that the liquid
tank semitrailer has the greatest lateral acceleration in the
sharp turn scenarios. Additionally, the alarm speed is
minimum when the lateral acceleration reaches the value in
the sharp turn scenarios. In addition, the roll angle is the
largest and is maintained for the longest time in the sharp
turn scenarios. ,e liquid tank semitrailer has the greatest

Table 1: Driving condition data center.

License plate
number Journey ID Device number Journey

start time
Journey
end time

Journey
duration

Journey
distance

Sharp
turn Deceleration

Lane
departure

warning (left)

ZhejiangB7F829 1568022108 862465030063269 2019/9/9
17:41:30

2019/9/9
17:42:56 1.43 0.35 0 0 0

ZhejiangB7F718 1568018469 862465030069225 2019/9/9
16:40:55

2019/9/9
16:42:38 1.72 0.12 0 0 0

ZhejiangB79698 1568018246 862465030068573 20 19/9/9
16:37:12

2019/9/9
16:37:58 0.77 0.11 0 15 0

ZhejiangB79698 1568017804 862465030068573 20 19/9/9
16:29:58

20 19/9/9
16:33:37 3.65 1.16 0 0 0

ZhejiangB0N312 1568017142 862465030070264 20 19/9/9
16:18:48

20 19/9/9
16:52:04 33.27 14.37 1 1 2

ZhejiangB7A590 1568015576 862465030051645 2019/9/9
15:52:54

2019/9/9
15:56:20 3.43 0.53 0 0 0

ZhejiangB7F830 1568014559 862465030031530 2019/9/9
15:35:47

20 19/9/9
15:39:37 3.83 1.07 0 1 0

ZhejiangB7F718 1568014501 862465030069255 2019/9/9
15:34:47

20 19/9/9
16:00:47 26 14.37 4 4 2

Number of events
Total number of events is 837837

Sharp turn
Lane departure (left)
Collision warning (primary)

Abrupt deceleration
Lane departure (right)
Collision warning (secondary)

Figure 5: Statistics of number and proportion of early warning
events.
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Figure 6:,e histogram of driving speed ratios under different test
conditions.
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Figure 7: Lateral acceleration change of vehicle-turning scenarios.
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tendency to roll over. Moreover, according to the early
warning event of the liquid tank semitrailers in Figure 5, it
can also be seen that the liquid tank semitrailers have the
highest alarm probability in sharp turn scenarios. ,e alarm
rate was more than 50% of the total rate for all rollover
dangerous scenarios. In summary, the sharp turn scenarios
were selected as the typical rollover test condition for liquid
tank semitrailers.

4.2. Typical Test Condition Design. After confirming the
sharp turn scenarios as the typical rollover test condition for
liquid tank semitrailers, the initial speed and turn radius of
the test need to be confirmed. If the turning radius is too
small, it will increase the driving difficulty, and the speed
threshold will be too low when the liquid tank semitrailer

rolls over. ,erefore, different curve radii were simulated
using Trucksim 8.0. ,e road setting is shown in Figure 15.
,e minimum turning radius of the test liquid tank semi-
trailer is calculated to be 17m. However, the vehicle speed is
too low when the specified radius ranges from 17 to 34m,
and the simulation result is not obvious. ,erefore, the
minimum curve radius was set to 35m and gradually in-
creased by 5m.,e rollover thresholds for each curve radius
are shown in Table 2.

Table 2 shows that as the radius of the curve increases,
the speed threshold required to reach the rollover state also
increases. Since the typical test conditions are implemented
in a professional test field, the turning radius during the test
should not be too large. Because the maximum width of the
test site is 80m, the turning radius should be less than 80m.
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Figure 8: Roll angle change of vehicle-turning scenarios.
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Figure 9: Lateral acceleration change of the accelerated lane
changing scenarios.
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Figure 10: Roll angle change of the accelerated lane changing
scenarios.
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Figure 11: Lateral acceleration change of the uniform motion lane
changing scenarios.
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Figure 12: Roll angle change of the uniform motion lane changing scenarios.
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Figure 13: Lateral acceleration change of the braking lane changing scenarios.
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Figure 14: Roll angle change of the braking lane changing scenarios.
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According to the simulation results and the actual operating
conditions, it can be seen that after selecting the test route
with a radius of 45m, the lateral acceleration is more ob-
vious, and the vehicle speed is also within the range of the
vehicle’s usual speed conditions. Hence, the turning radius is
determined to be 45m. ,us, the J-turn test in both
clockwise and counterclockwise directions is employed. ,e
test speed starts at 36 km/h and gradually increases until the
vehicle’s roll cage touches the ground. ,e fastest safe speed
at which the test vehicle completes the specified route of the
required test site is obtained through repeated tests.

5. Conclusions

In this paper, a typical antirollover system test condition of
the liquid tank semitrailer is obtained. An automotive

intelligent security cloud terminal and a multiaxis sensor are
selected for the test data acquisition, and a remote data
acquisition system based on a mobile signal is established. A
vehicle road test scheme with a free choice of route is
designed. Set the rollover trigger conditions, obtain the test
data through the database, and classify the data into dan-
gerous scenarios. ,e typical scenarios with rollover risk are
obtained by data fitting. ,e J-steering test with a turning
radius of 45m in both clockwise and counterclockwise di-
rections is obtained as an accurate typical test condition of
the antirollover system of liquid tank semitrailer. With this
approach, the antirollover capability of different types of
antirollover devices installed on the same vehicle model can
be compared. Additionally, the limit of the speed of different
type liquid tank semitrailers in test conditions can be ob-
tained with the same method.
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