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Abstract - In a framework within doctoral research study at the Valahia University from Târgovişte
and the National Institute for Research and Development for Mechatronics and Measurement
Technique from Bucharest, with the aim to create a simple, reliable, mobile portable walking
device, accessible both technical and financially, usable in natural walking conditions, and allowing
to be obtained the objective and exploitable information to be found on the descriptive parameters
of walking and energetic parameters, has created the idea of designing a tool to collect the
information, of which the foot is capable to give during contact with the ground. If the measuring
instrument could be in direct contact with the ground, then the main spatial-temporal parameters,
the ground reaction forces and energy parameters could be analysed. Therefore, the need to
propose a walking study based on the information and conclusions from the extensive
documentation made previously appeared. If this tool could be placed in a footwear and be
independent of any nearby analysis system, then it will be able to be used in natural walking
conditions.
Among other facilities related to the complex analysis of ground forces, a dynamic variation form
during a friction coefficient step could be determined and represented, a parameter that provides
much information on walking pathology or shoe quality and footprint quality. Some significant
aspects and results will be highlighted in this article.
Keywords: Walking analysis, ground reaction force, friction coefficient, tribology.

1. Introduction
The issue of considering tribological subjects as
multidisciplinary is considered essential.
Definition: A system is a set of elements,
interconnected by structures and functions [1].
Applying the general theory of systems implies the
observance of two conditions: the interactions
between the parts must be non-existent or at least
small enough to be neglected. This condition leads to
the fact that the parts can be isolated first, logically,
mathematically and reassembled. Relationships that
describe the influence of the parts must be linear,
only this is the condition of additivity. For
exemplification Figure 1 explain the system concept
and the hierarchical principle for the tribological
sensor assembly and the tire that applies to the
footwear [2][3].

Figure 1- The diagram of tribological system formed
by the sensor assembly
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Tribology is defined as the science of interaction
of moving surfaces and as the study of the
consequences resulting from this interaction (τριβή
= friction in Greek language and λόγος – logic,
rationality, for the science term, in Greek language is
used επιστήμη = science).
The concept of tribology involves the interaction
of two or more bodies, on one or more contact
surfaces, with or without relative macroscopic
movement, for the transmission of normal and
tangential forces. Tangential forces that resist
movement or movement tendency occur on contact
surfaces. These forces are generally called friction
forces.
At macroscopic level, the friction force is
considered to be the result of the adhesion forces,
the elastic and plastic deformation, and the
electrostatic forces on the real contact surface
represented simplified in Figure 2.

Figure 2 - Conceptual simplified scheme

Figure 3 - Reference axis system
Next we define the required coefficient of friction RCOF as the minimum friction coefficient μ, which
must be available at the floor-to-floor interface to
prevent slipping forward while walking.
In the literature, authors like Perkins [3] used a
force platform to measure the horizontal (Fy) and
vertical forces (Fz), the forces exerted between the
shoes and the ground during normal walking. The
ratio of tangential forward and normal surface forces
(Fy / Fz) is time-based function as in Figure no. 4.
Next we define the required coefficient of friction
- RCOF as the minimum friction coefficient μ, which
must be available at the floor-to-floor interface to
prevent slipping forward while walking [4][5].
In the literature [5] and other authors like
Perkins used a force platform to measure horizontal
(Fy) and vertical forces (Fz), the components of force
exerted between shoes and the ground during
normal walking. The ratio of tangential to forward
and normal surface forces (Fy / Fz) is time-related
function as in Figure 4 [3].

In the microscopic model of friction there are
deformation processes and adhesion processes. Thus
the kinetic coefficient of friction in dry regime is
written as in relation (1):
(1)
In the tribology science it is considered that the
mechanical work is a main parameter for the
characterization of friction and wear phenomena.
The energy balance shows that the mechanical work
at the entrance to the system is equal to the required
mechanical work at the exit plus the energy stored in
the system and the energy converted to thermal
energy.

2. Experimental Work
We recall that for the tribological system considered
in Figure 1 the considered axle system is
represented in Figure 3.
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Figure 4 - Friction coefficient diagram
In the graph in Figure 4, the interesting points are
numbered and have the following meanings:
1 is the impact of the heel
2 is the results of the force exerted as a reaction
to the impact of the heel
3 and 4 is the result of interaction with the floor
and the beginning of the push
5 and 6 is the detaching of the top of the floor
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The ratio of the antero (shear force) and the
vertical (normal) force generated during walking is
also known as the friction coefficient (COF) during
normal locomotion on dry surfaces.
The significance of the force ratio (Fy / Fz) is that
it indicates, among other things, where the phase of a
step would slip most likely [6].
The sliding most likely is in the braking phase of
the FRS vertical, initially small at the moment of the
heel impact, which produces a small amount of
friction. If friction is not sufficient during the braking
period, an ante-posterior foot slip will likely occur.
This could be particularly dangerous due to the
presence of rapid energy transfer to one of the legs
during the fall.

Recent discoveries about human walking
biomechanics have highlighted the ability to adapt to
slippery "potential” surfaces. Such studies have been
performed on subjects who have walked on a known
dry (traction) surface [5]
The overall effect of these adaptations was a
reduction in the minimum required peak COF
(Redfern and DiPasquale 1997), therefore, humans
have the ability to reduce the slip potential with
regard to the interaction of footwear with the floor
(Cham and Redfern 2002) [7].
Measurements to highlight minimal tribological
aspects such as friction coefficients were also
performed using the CALORCRO system in its own
construction based on the mentioned sensor system.

Figure 5 – The axis system and decomposition of reaction forces
A standardized procedure to be applied to such
measurements is included in the International
Standard on Shoe Slip Resistance Assessment ISO
13287: 2006; Personal Protective Equipment Footwear - Test Method for Slip Resistance.
The procedure used is also based on the fact that
the realized system uses a calibration method for
each sensor by controlled load with a force up to
1000N, the procedure described in a separate
chapter.
Such a procedure allows for a more accurate COF
footprint calculation because the body weight of the
subject in real-time is determined simultaneously
with the FRS collected while the subject travels a
distance of 10m, going normally.

Thus, the ratio between Fy and Fz determined the
time variation of the dynamic (kinetic) COF
coefficient of friction.
The results for determining the Fy / Fz
tribological ratio were obtained as an additional
requirement to the initial purpose of the project at
the suggestion of the guidance committee [8].
The measured and calculated values are shown in
Table 1 and based on these values, Figure 6 is
graphically depicted in the same diagram the FRS
evolution and the Fy / Fz ratio for one step.
The measured values calculate the finding of the
presentation in Table 1 and based on these values in
Figure 6 is plotted in the same FRS evolution chart
and a Fy / Fz ratio for one step.
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Table no. 1 – Experimental results

The electronic equipment developed in the doctoral
research is portable, it applies a new method of
assessing the energy consumption on walking, using
a calculation algorithm based on the measurement of
the vertical reaction force on the ground and on the
determination of the coordinates of its application
point.
The equipment will consist of two power sensors
(for right foot and left foot), two electronic blocks
conditioning signal, a microcontroller data
acquisition system, and specialized software.
The two resistors provided with resistive tactile
sensors measure the vertical ground reaction force
at 8 foot-to-ground contact points. The signals
provided by force resistive tactile sensors are
amplified and digitized by the conditioning blocks,
attached to the back of the shoe of the subject under
consideration.
Signal conditioning blocks are connected to the
data acquisition unit, fixed on a strap attached to the
middle of the subject under consideration as we can
see in Figure 7
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Figure 7 - Portable electronic equipment for gait
analysis and determination of calorimetry when
walking
The experimental results from table 1 are the basis
of the calculation of the Fy/Fz ratio, graphically
represented in Figure 8 with the highlighting of
sliding risk moments.

International Journal of Mechatronics and Applied Mechanics, 2017, Issue 2

Tribological Aspects of the Walking and Practical Determination of the Friction Coefficient Using a Portable
Apparatus for Ground Reaction Force Analysis

Figure 8 – The graph obtained from the table no. 1

2. Conclusions
Analysis

on

Tribological

Experimental results indicate interesting research
directions to determine the risk of slipping or even
dropping depending on different flooring materials
(the equipment applied over the shoes is the same).
The main risk factor for slippage is, by definition, the
reduced friction between shoe and walking surface
[9][10].
Determination of the degree of wear of the
flexible soles and of the sensor system
Determination of the pattern correlated with
various diseases like diabetes and Parkinson’s
disease.
Determination of the pattern correlated with
various surgical interventions and prosthesis
The importance of tribological study of the
system:
The wear study
The study of fatigue
The study of slippage
The study of footwear’s influence and floor
interface by walking
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