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Resume
The article presents a model designed dummy for crash test in ADAMS. The 
simulated model dummy has dimensions, shapes and mass corresponding 
to a 50-percentile man. The simulation program allows modification of the 
dummy parameters. It allows to study the dynamics of motion, distribution 
of forces and loads of individual parts of the body of the simulated model. 
The article describes the design process and how to select the appropriate 
stiffness and damping joints for the simulated dummy. The article contains 
the results of simulation crash tests performed in the ADAMS program, 
which were compared to results of the Hybryd III dummy physical crash 
test. The simulation is designed to reflect the greatest compliance of the 
movements of individual parts of the human body during the low speed 
collision.
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Most car equipment packages include systems 
such as ABS (Antilock Brake System), ASR (Anti 
Skid Regulation), ESC (Electronic Stability Control), 
EBD (Electronic Brake Distributor). There are many 
other systems that can increase vehicle safety, such as 
automatic parking systems, Traffic Sign Recognition, 
side collision threat detection (Side Detect System), rear 
collision detection (Rear Detect System) or automatic 
braking vehicle system [1, 8-11].

Each of these systems increases the safety of 
people in the car and other road users. Before such 
a  system could be introduced to the market, it has to 
undergo a  number of tests and trials, including the 
crash tests. Tests are usually carried out at a  request 
of the car manufacturers, consumer organizations 
and insurance companies. Simulation tests of road 
accidents are conducted worldwide by various institutes 
and organizations. In Europe, tests are systematically 
carried out by Euro-NCAP, i.e. the European New Car 
Assessment Program [8-9, 11]. The following programs 
carry out similar activities, independently of the Euro-
NCAP: Global NCAP, Japan NCAP, Korean NCAP, 
Latin NCAP, ASEAN NCAP, IIHS, NHTSA in the USA, 
NASVA in Japan and ANCAP in Australia. Ratings 
issued after the crash tests help consumers to choose 
the safest vehicles. In addition, they motivate the car 
manufacturers to improve vehicle design and increase 
driver and passenger safety. The increase in safety 
systems in motor vehicles is conducive to the decreasing 
number of road accidents [4, 9, 12]. 

1	 Introduction

Currently, more attention is paid to safety of 
people and motor vehicles. Automotive threats are 
becoming more and more apparent due to increase 
in the number of vehicles traveling on the roads and 
capabilities achieved by the high-speed cars [1-3]. The 
classic division of passenger cars in Europe, as well 
as in Poland, is based on the size of vehicles There 
are 10 categories of passenger cars, each category has 
a  different letter of the alphabet. The lower the letter 
of the alphabet, the lower the vehicle class.  Cars from 
category A and some of B are designed for city driving, 
which is why one is increasingly seeing versions of these 
cars with electric motors. On the other hand, category 
C and D cars are designed to cover greater extra-urban 
distances [2, 4-6]. The intended use of the car plays an 
important role in terms of safety; usually the city cars 
have a smaller power unit, which makes them unsuitable 
for developing high speeds on the road. In contrast, cars 
designed for longer routes are usually designed to 
achieve high speeds while driving. The increase in the 
level of technology favors development of the automotive 
industry, each car is equipped with several to several 
dozens of different security systems [6-8].

The issue of choosing the right equipment is 
more dependent on what the car is intended for. The 
active safety of a  vehicle is affected by its design and 
equipment, which aims to reduce the risk of a collision 
or road accident [8-9].
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fatalities in the road accidents has a visible downward 
trend for fatalities in the side and frontal collisions. 
Fatalities during the rear impact have remained at the 
same level for 10 years (Figure 3). The rear collisions are 
becoming more common. This is due to the development 
of infrastructure. It means that the increase in highways 

Over the past ten years, there has been a downward 
trend in frontal and side collisions in Poland, while 
rear collisions remain at the same level (Figure 1). The 
comparison of the number of injured in road accidents 
looks similar in Poland per year, there are 6,000 injured 
as a result of a rear collision (Figure 2). The number of 

Figure 1 Comparison of the number of car accidents in Poland in the years 2008 -2018 [13]

Figure 2 Number of injured in car accidents in Poland in the years 2008 -2018 [13]
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longitudinal ligament and fracture of the first and 
second cervical vertebra (C1 and C2),

•	 compression fracture - where the vertebral bodies 
fracture,

•	 rotational (rotation of the chin to the shoulder) - 
involving the fracture of the lateral vertebra,

•	 hyperextension.
Cervical spine injuries associated with rapid and 

excessive deformity of the spine can be difficult to 
diagnose and treat for a  long time. They are also 
commonly found in rear impacts at low speed. While such 
accidents rarely result in fatalities, the consequences of 
the cervical spine injuries have a huge impact on society, 
with an estimated annual cost in Europe of around EUR 
10 billion [12, 17].

In the event of the rear impact, there are four 

and expressways prevents head-on collisions, because 
the vehicles move in one direction. These conditions 
favor the occurrence of rear collisions by hitting the rear 
of the car or not braking the vehicle [10, 13]. 

The rear collisions occur most often in the speed 
range from 10 to 30 km/h. Even at such low speeds, 
one can experience a serious spinal injury, since during 
the rear collision, the cervical spine becomes the most 
vulnerable [7, 11, 16]. The injury may affect muscles, 
tendons, intervertebral discs and nerves of the head and 
neck. The spinal injuries can be divided according to the 
mechanism [12, 16]:
•	 bending- consisting of fracture of the vertebral body 

and damage to the intercostal and longitudinal 
posterior ligaments,

•	 straightened - consisting in damage to the anterior 

Figure 3 Number of fatalities in car accidents in Poland in the years 2008 -2018 [13]

Figure 4 Phases of the head displacement of the rear impact case [18]
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the female centile population and the 5th and 95th 
percentile men [1, 20].

Crash tests and tests testing various types of 
security systems require considerable financial 
and time expenditure. The simulation programs of 
anthropometric dummies, include such programs as: 
Madymo, Dytran, Dassault Systemes SIMULIA, ANSYS 
Engineering Simulation, SIMPACT Caterham Super 
7, MSC Software ADAMS. These programs allow to 
perform simulated crash tests with minimal financial 
burdens. Only after collecting the appropriate amount of 
data confirming the effectiveness of simulation tests are 
the crash tests carried out. The demand for simulation 
programs and performing computer simulations prior to 
experimentation affects the development of specialized 
program networks [18-22].

2	 Research object

The human model from a physical point is a set of 
interrelated solids that are characterized by appropriate 
damping and rigidity. Each block has the right shape 

head displacement stages (Figure 4). In the first phase, 
the head is moved to the headrest of the chair. Then, 
in the second phase, the head is pressed against the 
headrest as a result of the inertial force after the rear 
impact. In the third phase, the head begins to move 
forward at a  speed increased by the energy of the 
headrest’s elastic force. In the last phase, the head 
begins to move backwards again relative to the headrest  
[12, 14, 18].

Currently, in the frontal impact tests of a  car, 
anthropometric dummies from the Hybryd III family 
and dummy THOR, representing a 50th percentile man, 
are used. Anthropometric dummies through the elastic-
damping materials used correspond to the structure and 
behavior of a person during a vehicle collision [14-15].

In the event of rear impacts, the BioRID (50th Male) 
dummy is used [1, 9-10, 19]. The distinguishing feature 
of BioRID-II is the spine, which consists of 24 separate 
vertebrae: 5 lumbar, 12 thoracic and 7 cervical. The 
other components of the dummy are identical to those of 
the Hybrid III dummy representing the 50th percentile 
male. The BioRID dummies only reflect a 50th percentile 
male, while there is no crash test dummy representing 

(a) (b)

Figure 5 Anthropometric dummy for the crash tests made in ADAMS program, (a) isometric view, (b) side view

Table 1 The masses of individual body parts of the simulation dummy

No.
Simulation dummy

The name of the block Mass, kg

1 forearm 3.60

2 arm 0.50

3 hand 4.60

4 food 9.4

5 shank 0.60

6 thigh 13.80

7 neck 0.95

8 head 3.70

9 hips 20.40

10 chest 9.80

11 stomach 10.00

(Σ) 78.7 kg
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3	 Results of simulation tests

The simulation dummy was compared with the 
hybrid III dummy. The experiment was carried out at 
a speed of 20 km/h. In order to verify and validate the 
dummy parameters, the computer simulation crash 
test was compared to the experimental crash test. An 
experimental crash test was carried out at a  speed of 
20 km/h, using the Hybryd III dummy. The crash test 
stand is located at the Automotive Industry Institute in 
Warsaw. The stand for experimental research consists of 
a trolley to which a car seat with a dummy is attached.

The test element is accelerated by means of the 
rubber ropes of a total length of 25 meters, five on each 
side. 

The desired speed is obtained by pulling the ropes 
with the trolley to a certain length. After stretching the 
trolley ropes for a certain length, the stretched ropes are 
released and the trolley then gains speed. The desired 
speed of the trolley is measured in the non-driven 
section where the trolley moves inertly. Then the trolley 
is braked with 600 mm polyurethane bushes. The test 
run of the experimental event test, carried out at the 
Automotive Industry Institute in Warsaw, was recorded 
with a high speed NAC camera at 2500 frames/second 
[17].

The terms of the trial event experimental test have 
been reproduced in the MSC Adams program. In the 
computer simulation, a  built-in software camera using 
2500 frames per second was used. The simulation time 
was 5s. The car seat and the dummy were accelerated 

and mass. The designed crash test dummy (Figure 5) 
at low speed was made in the MSC Adams program. 
The program can examine the dynamics of movement of 
individual parts of the dummy’s body. It is also possible 
to determine the distribution of loads and forces acting 
on individual joints of the dummy. The program enables 
the transformation of a rigid body into a flexible model 
for finite element analysis. It allows to modify data and 
get detailed information about the exact movement 
of individual parts of the model, presenting them in 
a graphic way. 

The designed dummy model consists of 17 block of 
a  certain mass and size. The dummy was designed in 
the image of the Hybrid III dummy. Table 1 presents 
the masses of individual body parts of the designed 
dummy. The dummy was placed on a car seat consisting 
of one block, having properly selected stiffness and 
damping characteristics. The seat belts in the model 
under construction are a  system of parallel springs 
and vibration dampers mounted in a  horizontal plane 
parallel to the horizontal axis X. The only force on the 
system is the initial speed.

Creating a model in ADAMS focuses on connecting 
individual elements with special joints. The program 
environment makes it easy to make corrections related 
to mass or stiffness and damping of individual parts. 
In addition, ADAMS allows to introduce restrictions 
related to the displacement of individual elements, 
choose the appropriate articulation and the number of 
degrees of freedom. Figure 6 presents categories of mass 
modification and stiffness of elements in ADAMS.

        
Figure 6 Mass settings and stiffness of elements in ADAMS

T=0.08 [s] T= 0.25 [s] T= 0.45 [s] T= 0.70 [s]

Figure 7 Identification of the basic parameters of the model based on recorded real collisions with dummies
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begins to move forward again. 
In the first phase of the head movement, the 

computer simulation of the crash test obtained the 
compliance of the movement with the experiment at the 
level of 95 %, while the second phase of the movement 
achieved the compliance of about 80 %. The second phase 
is closely related to the stiffness and damping of the car 
seat.

In the TEMA Automotive program, the trajectory 
of the head of the Hybrid III dummy was determined 
during the experiment (Figure 9). The superimposed 
trajectories of the first phase of the head movement 
of the Hybrid III dummy during the experiment and 
the anthropometric dummy during the simulation are 
shown in Figure 10. Considered compatibility of the 
trajectory of the computer simulation motion with the 
experiment is at the level of 95 %.

In addition, for the purposes of further verification of 
the compatibility of the computer simulation (the built-in 
dummy) with the experimental (Dummy Hybrid III), the 
resultant of the dummy head was determined based on 
the data from the ADAMS program environment. The 
resultant head of the simulated dummy was compared 
to result of the Hybrid III dummy head (Figure 11). 

from zero to the assumed speed. At this stage, the car 
seat moved for 2 seconds, after which it was braked 
to zero. The braking of the car seat is designed to 
simulate the collision of a  vehicle with a  stationary 
obstacle. Computer simulation of the crash test was 
superimposed to the recorded image of the Hybrid III 
dummy experimental crash test. Comparison of the 
simulation to the crash test is shown in Figure 7.

Most often, during the collisions at a  low speed, 
the trauma occurs to the cervical spine – 33 %, head 
including wounds and concussion – 23 %, lower limbs – 
21 %, chest – 8 %, other organs – 15 %. The most liable 
parts of the body to damage at low speeds are the neck 
and head. Figure 8 compares the displacement of the 
simulation dummy head and the Hybrid III dummy [10, 
20-21].

The head displacements in both the X and Y axes 
can be divided into two stages, in the first of them the 
head moves forward due to the inertia force associated 
with the rapid braking. Then the head moves towards 
the headrest of the car seat, hitting it. The second stage 
of displacement begins when the head hits the car seat 
headrest, then the head together with the additional 
force coming from the elasticity of the car seat headrest 

  
(a) (b)

Figure 8 Displacement of the dummy head (a) relative to the X axis, (b) relative to the Y axis

Figure 9 Hybrid III dummy head trajectory during the experiment
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Figure 10 Comparison of trajectories of dummies head

Figure 11 Accidental displacement characteristics of the simulated and experimental dummy head

Figure 12 Angle speed characteristics of the simulated and experimental dummy head
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to the experiment at 20 km/h showed that the data from 
the computer simulation differ from the experiment data 
by 20 %. By modifying the parameters of stiffness and 
damping, as well as the mass of individual parts of the 
dummy’s body, data corresponding to the crash test can 
be obtained, taking into account individual percentiles 
of the human population.

It should be emphasized that simulation programs 
significantly facilitate a  number of operations related 
to improving the safety of motor vehicles. More than 70 
years have passed since the creation of the first dummy 
(Sierra Sam Dummy). There is still a  need to design 
new joints and the construction of individual body 
parts of the anthropometric dummy to be similar to the 
human body. Contemporary simulation programs, such 
as Dytran or ADAMS, are geared towards the crash 
test simulations and data validation with experimental 
tests. This is due to the fact that nowadays they are an 
irreplaceable element of the structure, which must first 
successfully pass the simulation tests to be able to be 
physically performed.

Work on the physical structure of a  simulation 
dummy involves use of elements corresponding to the 
shape, mass and dimensions of individual parts of the 
human body and also involves use of the special joints 
reflecting the range of motion of individual human 
joints.

The difference between the results was up to 19 %. On 
the other hand, Figure 12 shows the angular velocity 
of the head of the dummies. It can be noticed that the 
difference between values of the angular velocity of the 
simulated dummy and the dummy hybrid III overlap in 
80 %.

4	 Conclusions

Car accidents in Poland from 2008 to 2018 have 
a  downward trend in the case of frontal and side 
collisions, whereas rear collisions are maintained at the 
same level and reach an average of 4,000 per year. The 
neck spine is the most liable during the rear collision and 
symptoms often appear several hours after the accident. 
Only one BioRid II dummy is used for the rear impacts, 
which is an improved version of the BioRid I from 1989. 
It represents a  50 percentile man. In the case of the 
rear collisions, there are no dummies representing the 
percentile population of women, children and the 5th 
and 95th percentile men.

The Adams program allows modifications of the 
dummy’s structure and adopted model parameters. 
The built in dummy in the program had stiffness and 
attenuation parameters in accordance with the Hybrid III 
dummy parameters. Comparison of computer simulation 
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