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Abstract More and more motorcycles appear on the roads, which can be seen, for example, on the basis of statistic data
presented by the Central Statistical Office. The data shows that every year there are more newly registered motorcycles and
that there are many road accidents involving two-wheelers. The following work presents a review of the existing literature
related to crash tests of motorcycles and dummies. The paper presents the standards according to which the tests are carried
out, various crash tests and the stands on which the tests were carried out. The paper presents and describes a dummy used
in motorcycle crash tests and presents the differences between its construction and the construction of the Hybrid III dummy.
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1. Introduction

Motorcycles are becoming an increasingly popular
means of transport. In Asian countries, they constitute a
significant number of vehicles in road traffic. In European
countries, there is also an increase in interest in two-wheelers
and an increasing number of them on the roads. The increase
in the number of motorcycles can also be seen from the
increase in the number of new two-wheelers registered in
Poland. Based on the data provided by the Central Statistical
Office, it can be seen that there are new motorcycles in
Poland every year.

Due to the increasing number of motorcycles, road
incidents involving motorcycles have begun to be
investigated and analyzed, because motorcycles do not have
as many safety systems as vehicles, and the driver and
passenger are not protected to the same extent as vehicle
users. 28% of victims of all road accidents are motorcyclists
[6].

The paper presents dummies used in motorcycle crash
tests and discusses the literature on motorcycle crash tests.

2. Crash test dummies

In motorcycle crash tests, dummies are not tested on
people's stands for safety reasons. Hybrid dummies were
mainly used for the study [16]. People involved in crash
testing motorcycles decided to develop an anthropometric
dummy adapted to testing two-wheelers. As a result of this
idea, the MATD 1 dummy (Motorcyclist Anthropometric
Test Device) was developed and created [1]. The dummy is
presented in Figure 1. The dummy was made as a result of
modification of the Hybrid III dummy.
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Figure 1. Dummy MATD 1 [1]

The dummy had built-in sensors that allowed for wireless
data collection [1,10]. The standard Hybrid III dummy's
femurs and tibias were replaced with brittle bones equivalent
to human bones, and knee joints were created to simulate the
possibility of ruptured ligaments, in order to observe
accidental injuries and to better represent the movement of
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limbs during a crash. Figure 2 shows the fractured femur of
the MATD dummy.

Figure. 2. The femur of the MATD dummy cracked during
the crash test [10]

Modifications also included the hands, MATD 1
allowed for better placement of the hands on the steering
wheel of the vehicle. Despite the fact that a motorcycle crash
dummy has been specially designed, hybrid III dummies are
often used for testing. On the basis of tests with the use of
dummies, it is checked what injuries occur within the limbs,
head and spine [1,2,3,4,5,6,8]. The use of maenkins and crash
tests can increase safety

3. Crash tests of motorcycles and vehicles

Crash tests of motorcycles are carried out on special
stands. Usually, these are special tracks on which the
motorcycle moves on a trolley [7,8,10,11]. An example stand
is shown in Figure 3. The Figure shows a motorcycle placed
on a special rack that moves along a prepared track.

Figure. 3. Motorcycle crash test bench [11]

Motorcycle crash tests are usually carried out according
to the ISO 13232 standard. The standard applies to two-
wheeled motorcycles. The standard outlines test and analysis
procedures, moreover, it specifies the type of vehicle the
motorcycle collides with, whether both vehicles are in
motion, the type of motion the motorcycle is moving before
the impact, and it specifies that the motorcycle is to move at
a constant speed. The standard also defines which dummies
should be used for testing and how they should be placed on
the vehicle. The standard describes the occurring injuries and
their division into individual areas of the body. Based on the
analyses, the standard defines different types of collisions
between a motorcycle and a passenger vehicle and the angle
at which the collision occurred. The collision configurations
of a motorcycle and a vehicle are shown in Figure 4.
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Figure. 4. Shock configurations for motorcycle with vehicle according
to ISO 13232 [10]

Based on the ISO 13232 standard, simulation tests are
performed first, and then tests performed on full-size test
stands. Figure 5 shows a crash test performed according to
configuration 413 of the ISO 13232 standard. The test was
performed at a speed of 48 km/h and the effectiveness of the
airbag on the motorcycle was checked [10].

Figure. 5. Collision of a motorcycle with a passenger vehicle in
configuration 413 according to ISO 13232 [10]

Many studies discuss whether a helmet adequately
protects a motorcyclist's head during a collision with a
vehicle or during a fall [2, 3, 4, 5]. Direct investigations
collect information on the displacement and acceleration that
occur during the event. In addition, medical reports about the
injuries sustained by the driver of the vehicle are also
analyzed. Based on this work, it can be seen that helmets
largely prevent loss of life and reduce the risk of serious skull
injuries. Crash tests of motorcycles allow for the
development of newer and newer solutions that increase the
safety of motorcyclists [8]. The tests allow to determine the
forces acting on both vehicles and the motorcyclist. The
motorcycle hitting the side of the vehicle had a speed of about
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50 km/h. During the test, the initial position of the driver's
head and its displacement relative to the trunk were
determined using a high-speed camera. In addition, during
the test, the impact of the padding inside the helmet on the
victim was checked. The conducted research showed what
part of the kinetic energy of the motorcyclist's body,
dissipated during the accident, depended on the course of
deformation of the vehicle body at the point of impact of the
motorcyclist's head and the helmet, and on the type of helmet
lining material.

Motorcycle crashes are based on vehicle crash tests [ 14].

One of the studies using a motorcycle collision was a study
to determine whether the measurements recorded by a high-
speed camera will be consistent with the data recorded by the
acceleration and angular velocity sensors placed in the black
box inside the vehicle [12, 13]. The impact of a motorcycle
against the side of a passenger vehicle was recorded. The
crash test is shown in Figure 6.
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Figure. 6. Crash test recorded with a high-speed rotating camera at 1000
frames per second [7]

Data from the camera were processed using a film
analysis program, while data from the sensors were analyzed
using mathematical relationships [15]. Based on these two
analyses, the authors concluded that the measurement results
are consistent with each other because the position of the
Figure resulting from the calculations was consistent with
what the camera recorded on the video. The results of the
analysis are shown in Figures 7 and 8.

Figure. 7. Impact analysis based on time-lapse analysis of film [7]
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Figure. 8. Crash analysis based on the calculation method [7]

3.1.Crash tests for motorcycles with road barriers

In addition to examining road accidents involving a
motorcycle and a vehicle, collisions of motorcyclists with
energy-intensive barriers are also investigated [9, 17, 20, 21,
22,23.24]. Such events usually occur outside urban areas and
are usually caused by excessive speed of the driver, loss of
control of the vehicle during maneuvers. During the tests, the
impact on concrete and metal protective barriers was tested.
The test was performed at a speed of 60 km/h. A Hybrid IIT
dummy representing a 50th percentile male was used for the
study. During the test, the motorcycle hit the protective
barriers at different angles. Figure 9 shows the stand with the
motorcycle properly tilted. During the tests, the displacement
and acceleration of individual parts of the body, in particular
the head, were measured. The forces that occur when
colliding with barriers were also measured.

Figure. 9 Crash test bench with road barriers [9]

Based on the observation of collisions, it was noted
which injuries occur most often and what are their causes.
Based on the research, it was proposed to modernize the
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barriers in order to increase the safety of motorcyclists.
Further studies have been carried out that have shown that
changes in barriers can increase the safety of drivers.

4. Conclusions

There are more and more motorcycles on the road and

their riders account for almost one-third of all road fatalities.
For this reason, it is important to research the issues related
to motorcycles as much as possible. Thanks to such research,
it is possible to introduce changes in vehicles, protective
clothing and road infrastructure in order to increase the safety
of two-wheelers.
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