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Abstract: As a result of the use of roller skates for recreation or sports on uneven surfaces other than a special one, there is a significant
amount of mechanical energy absorbed by the frame of the skates as a result of unevenness, as well as combinations of jumps and landings
from different heights. Scientific study on this issue will provide an opportunity to gain an insight into how much mechanical stress is
distributed to а skate frame and to determine under what conditions the frame will be destroyed.
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The research takes place in the following steps:
3.1. Determination of the numerical value of the kinetic energy
released during a free landing (fall) of a body with a mass of 100 kg
(equal to approximately the 95th percentile male). [6.1.]
3.2. Determination of the mechanical force formed in the
innovative frame of roller skates as a result of the initial results
from point 3.1 by structural simulations with a computer calculation
module “NX NASTRAN”.
Free fall is a uniformly accelerating motion without initial
velocity, the acceleration of which is g, and its trajectory is a
vertical straight line. [6.2.]
Therefore, the formulas for velocity and path in the case of
uniformly accelerating motion are also valid in the case of free fall
of bodies, as the acceleration a is replaced by g, and the distance
traveled can be denoted by h instead of s.
Law of free fall velocity: v =gt
(1) [6.2.]
Law of free fall road: h = gt2/2
(2) [6.2.]
From (1) and (2), excluding the time t, we obtain the
dependences h = v2/2g (3) и v2 = 2gh (4). [6.2.]
Therefore, for a body with mass of 100 kg and a fall height of
0.8 m, the speed at the moment of impact is 3.96 m/s (14.26 km/h)
and the free fall time is 0.4 s.
The energy at the moment of impact is calculated by the
formula 1/2mv2 = mgh, where m is the mass of the object, v is the
velocity of fall, h is the height, and g is the earth’s acceleration.
[6.3.]
In this case, the energy released in a free fall of a body with a
mass of 100 kg and a fall height of 0.8 mis 784 J.
The calculation of the impact force is done according to the
formula 2mv/t, where m is the mass, v is the velocity, and t is the
contact time during the impact. We assume that the contact time
during the impact is 0.3 s. [6.4.]
Hence the impact force is equal to 1584 N. Since in a skate the
frame is divided into two symmetrical parts, there are four parts in
total and to simplify the simulation only one mirror half of the
frame will be examined.
We assume that the mass of the user is evenly distributed
between the two legs, obtaining 1584/2 = 792 N on a frame, and
divided by 2, because of the mirror halves, we get the value of 396
N.
This force will be used in the calculation of the obtained stresses in
the roller skate frame in the calculation module "NX NASTRAN".

1. Introduction
In the context of the new age characterized with more and more
facilitations in human activities and with the development of
electronic devices such as smartphones, tablets, computers and
related games, the increasingly sedentary lifestyles and deteriorating
health, which covers more and more young age groups make
people's interest in resuming and increasing physical activity as a
means of prevention against a number of negatives caused by
immobilization to return gradually.
Although active recreation is gaining increasing popularity,
many people still prefer not to move and spend a significant share
of their leisure time sitting in front of a computer, tablet or
smartphone without realizing the harmful effects on their bodies
and their lives as a whole, expressed in future overweight problems,
eye problems, hypertension, increased risk of cardiovascular
disease, disorders of the nervous and endocrine systems and others.
This group of people needs a stronger stimulus to make them
physically active. Combining this need with people's innate desire
to seek new and different experiences, we face the challenge of
inventing an attractive tool that arouses more people's interest in
active recreation, exercise and sports, which would result in greater
number of healthy and happy people.
The desire of people to have the freedom to move at a higher
speed than when walking and at the same time not to get too tired
dates back centuries. This pursuit has led to the advent of skating as
a means of transportation, attraction, play and sport. Due to the fact
that nowadays the market is saturated with a wide variety of skates,
bicycles and other fundamentally similar products, it can be
concluded that they maintain people's interest in themselves to a
certain, relatively constant, level.
An impetus of higher interest in movement can be achieved
through innovation in the design of a product that offers a new
experience that could not be achieved through existing solutions.

2. Assumptions and ways to solve the problem
As a result of the use of roller skates for entertainment or sports
on uneven surfaces, other than specially designed, there is a
significant amount of mechanical energy absorbed by the joints of
users due to passing through bumps or during the implementation of
combinations of jumps and landings from different heights. The
larger the mass of the users of the product, the more mechanical
energy they absorb. This energy has a shock character due to the
lack of absorbers in the known designs of roller skates.
The problem can be summarized as follows:
Study on the absorbed energy in the frame of roller skates, due
to dynamic loading during landing and determination of the
boundary conditions in which mechanical deformation and
destruction can occur.

4. Results and discussion
Figure 1 shows the scheme of the examination, as the surfaces
marked in blue are fixed, and the red arrows indicate the location
and direction of the influencing forces. The material is polyamide.

3. Solution to the studied problem

The study was carried out using the Finite Element Method.
Information about the network of the part (Fig. 2):
Number of elements: 56463;
Number of nodes: 110564;
Number of Tetra elements10: 56463; Network type: 3D
network, Tetra10;
Physical properties of the network: PSOLID2;
Size of the tetrahedral element: 2.5 mm.

As a result of the design of a new type of roller skates with
optimized construction, there is a need to check to what extent the
conceptual solution is applicable and feasible, as well as the
boundary conditions under which plastic deformation in the frame
would occur.
The research on this problem will consider several scenarios of
dynamic loading.
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Figure 4. Resulting displacement at a static loading with a force of
396 N

Figure 1. Test scheme

Figure 5 presents the results in terms of occurring equivalent
stresses in the frame construction according to Von Mises. The
maximum value is approximately 60.4 MPa, which is above the
yield strength of the material (58 MPa).

Figure 2. Shape of the network

Figure 5. Result for equivalent stresses
From the above it should be concluded that the values
obtained for the equivalent stresses are within the plastic
deformation zone which leads to structural destruction of the part in
this area.

Figure 3: Information about the material
Figure 3 gives general information about the material taken
from the software library.
The results of the examination and the simulation show that at a
force of 396 N the maximum resulting displacement of the areas of
the frame is 0.45 mm (Fig. 4).
The color diagram in Fig. 4 clearly shows which areas of the
part have the largest displacement.

Figure 6. Result of equivalent stresses in the nodes of the elements
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Figure 6 shows the values obtained in the nodes of the
elements. In reality, the value of the stresses is between those
obtained through Von Mises and those in the nodes of the elements,
which is again above the yield strength limit for the material, hence
the deformation is irreversible and is in the plastic zone
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5. Conclusion
This study determines the boundary numerical values of the
mechanical stresses occurring in the frame of roller skates under
dynamic load, which are sufficient to cause plastic deformation.
The results show that in the scenario of free landing of a person
with a mass of 100 kg from a height of 0.8 m, values close to the
yield strength limit of the selected material are obtained, but above
this limit.
The obtained numerical values should serve as a guide for their
improvement in the future product, either by using a material with
better mechanical properties, or by strengthening the part in the
weak areas, or perhaps applying a combination of these two
approaches.
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