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Abstract: - The modal analysis enables the evaluation of a certain structure's behaviour based on the
identification of the resonances or of the feed-back modes. It can be a method through which the modal
parameters of the human structure (frequency, amortization, modal shape) can be identified for our own

area of interest.
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1. INTRODUCTION

Charles Darwin named the purpose-oriented
life mechanisms as “complex organs of high
perfection” [1].

The human being can be considered as a whole
universe of a frightening beauty and complexity to
which most people cannot remain indifferent. As a
result, it could be deterring, as that instant when we
really understand the way the human body works,
may not be in the near future.

Biomechanics is the science which should bring
answers to engineers and provide them with data
they can comprehend. The description which
biomechanics gives to the interacting forces within
the human body as well as to the effect they have on
the functional human structure must respect the
engineering terminology. Paraphrasing a true
symbol of science — Richard P. Feynman — one can
say that, even if our limited mind divides the human
system into categories: mathematics, physics,
biology, chemistry, psychology, etc., nature has no
boundaries. [2]

Understanding mechanical cause and effect
relationships, relationships that occur during
movement of living organisms, preoccupied
humanity since ancient times. Aristotel, Galen,
Leonardo da Vinci, Harvey, Borelli, Newton and
closer to us, in terms of spatio - temporal, Professor
Rainer, were concerned with many others, to
research of human body movement mechanisms.

The human body is a functional anatomic entire,
a biological system whish does permanent exchange
of matter and energy with the environment, that is an
open system. The study of open systems must be

done while taking the whole system into
consideration, ignoring only that part of the
environment which has no contact with the system.

The exceptional complexity of the human body
makes the processes biomechanical modeling a very
difficult task. Nevertheless, the strict principles and
rules of mechanical engineering can still be applied.

In order for these models to be viable, they have
to be within the complexity-simplicity limit.
Furthermore, the modeling cost must be also
optimum, which is normal in a world focused more
and more on financial gain.

The dynamic response analysis of a mechanical
system in general, includes two categories of
problems:

e The direct problem (determining the system
response when the equations that describe its
dynamic behaviour are known);

e The inverted problem (determining the
movement equations or certain system parameters of
the mechanical system when its response is known
to a given perturbation).

At the former Technical University of Civil
Engineering - Department of Technical Mechanics

and mechanisms (the present Mechanical
Technology Department) - there have been
preoccupations  regarding the human body

biomechanical modeling.

Studies have showed that 50-60 Hz frequency
mechanical vibrations, correctly dosed, can be used
for therapeutically purposes. Based on these studies,
a seven degree dynamic model was made to
stimulate the interaction between a Galileo 2000
fitness device and the bone structure (Figure 1) [3].
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This is a simplified model of the one proposed by
Briiel & Kjaer [4].
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Figure 1. Bausic and Pavel biomechanical model (2007)

Another model used to stimulate the interaction
between the Galileo device and the bone structure
was the one used by Diekman, a one degree model
(Figure 2).
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Figure 2. Dickmann’s model (1957)

2. PROBLEM FORMULATION

World-known researchers, amongst which we
mention Ookuma, Nagamatsu, Butsuen, have done
researches regarding the data usage as a result of
measurements of the rigid solid matter vibrations or

the rigid solid systems in order to estimate their
dynamic properties (centre of gravity, moments of
inertia, amortization and stiffness coefficients).

In one of my previous articles [5], I described a
very interesting method of the researchers Pandit,
Yao and Hu, regarding the determination of these
mechanical properties, using data obtained as a
result of vibration measurements. This method uses
the Data Dependent System (DDS) methodology in
order to estimate the inertia, stiffness and dissipation
matrix without the measurement of the incoming
data. As a reminder, for a rigid solid, its centre of
gravity movement can be completely determined
when any of its locations movement is known.
Consequently, the centre of gravity displacement
vector ¢, can be written as [6]:

9 =Ggiq; (1)
where,
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01 0 z -z 0 X, — X,
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0 0 0 0
0 0 0 0 1
Coordinate transformation matrix from a

random point to the point g. Method appear to be
very attractive if we are dealing with complex
structures in situ, other methods are inaccurate, time
consuming and difficult. [6]

If frequencies, damping and mode shape were
obtained, as I said, according to the methodology
DDS, propose in this article an extension of this
research, namely, identification of the dynamic
behavior of the human body to external harmonic
perturbation through modal analysis method, thus
determining modal parameters (frequency, damping
and modal form) for all eigenmodes of interest. Each
mode is represented as a rigid solid with a single
degree of freedom, then we can construct a model of
the modal response.

3. PROBLEM SOLUTION

Consider body mass assimilated to a rigid solid
m, which is supported on compression and torsion
springs and compression and torsional dampers. The
springs and dampers are considered to be linear
(Figure 3).
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F, is the column matrix of perturbation forces:
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M, C, K are matrices of inertia, dissipation and
stiffness:
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Figure 3. The proposed model
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We choose a fixed reference, O;x;y;z; and a
mobile reference system attached model, Oxyz. The T Cy o T 0
model considered is therefore six degrees of freedom —Czx TCz G 0 0 0 (10)
(three translations and three rotations). Denote by x, C= 0 0 0 cl C;y —cl
», z translational displacements and the ¢,, ¢, . 0 0 0 o ot
movements of rotation around axes O;x;, O;y;, O;z;. fx yt tyZ
Knowing expressions written in the form of 0 0 0 Czx  —Cz  C;
kinetic energy matrix, £ and potential energy, V si
dissipative function, D: ky kg ke 0 0 0
-k k -k 0 0 0
2E =(q,M - 3 ST
(g.M -g) 3) . ke —ky k. 0 0 0 1
2V =(q.K -q) “4) 1o 0 0 kL -kl -kl
2D=(¢,C-q) 5) 0 0 0 —ky k hky
0 0 0 —ki, —ki, ki
Differential equation of motion is written:
k si k" are compression and torsional stiffness
M-g+C-q+K-q=F, (6) coefficients and ¢ si ¢/, compression and torsional
damping coefficients.
where Equation (6) can be decoupled in 6 independent
’ equations by introducing a new set of variables,
expressed by the column vector, &:
q=(u,&) (12)
Z . Z. .o .Z.
q= s 4= . Lqd=] . (7)  where, u is the modal matrix whose columns are
Px ?" ?x their own forms of vibrations and ¢ is of the form:
?, ?, ?,
P. P. P.
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The normalized modal matrix x, we obtain the
equation:

plh Mo Erp” Copéep” Ko E=p" F,(14)

After successive processing, equation (6)
decoupled for each degree of freedom [7]:

§i+2gl-~a)i'§l-—a)l- '§l pl’ :196 (15)
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After determining solutions (%), which are of the
form:

gi(t)zaﬂ_ jP(t) SI{@F (t— z’)}dz%
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(16)
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can also cause the body's response to external
harmonic perturbation, using transforms (12). [7]

+—

4. CONCLUSIONS

Biomechanical modeling of the human body is
the basis for progress in medicine, occupational
medicine, fitness equipment, etc. Have been
developed and continues to develop increasingly
performant orthoses or prostheses.

The authors propose for the future determination
of the dynamic characteristics of the human body
from vibration measurement and verification of
these features using both rigid body structure and
computer simulations.

This new phase will outline the main dangerous
consequences that vibration has on the human body
and most important beneficial effects of vibration on
the human body.
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