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New Mechanical Development’s to the Hand-Arm System

Aurora Felicia Cristea, Mihai Nedelcu

Abstract — The paper wants to bring into attention the
new contributions to the development of the dynamics of
the human hand-arm system at seven degrees of freedom.
For this purpose are contributors to shaping the
mechanics of hand-arm system subjected, exposure of
excitation due to vibrating tools (drill) by analyzing the
motions of their components.

We are interested in the action of mechanical system vibrations
transmission after the direction of Oz (over the arm) and the
possibility that these dose of vibrations, it could be to produce
disease.

Index Terms — displacements, hand-arm system,
vibration

I. INTRODUCTION

The papers in the field [1-8], [10] reveal various
mathematical modeling of the hand-arm system, in particular
to adapt them to the robot series systems.

All papers regarding to the hand-arm system analyses
through the introduction of the simplifying assumptions e.g.,
reducing their movement to five degrees of freedom, they are
considered a linear joint, its neglect some mechanical characteristics,
its make research on particular cases of arm position etc.

This paper brings contributions regarding this aspect, by
choosing a mechanic and its treatment as model mathematics,
with a very similar model real hand-arm and the introduction
of a total of seven degrees of freedom in its analysis.

II. THEORETICAL RESEARCH

A. Mechanical model study

The final model choice mechanic hand-arm system is
concertized through its simplify model (Fig. 1) and explaining
its initial conditions of motion, as well as choice or
determination of the mechanical components of stiffness and
damping, as well as those of the anthropometrical parameters.
It is believed the use of drills, whose frequent use is made at
frequency f = 2500 Hz. It is considering the study with the
subject in the vertical position after to the main transmission
of vibrations, zh = z-axis (Fig.1) in accordance with the
anatomical standards, they are contained in the ISO 5349
/1/2/2001 regarding hand-arm transmission of vibrations
[7-9]. There is believed caused by excitation force drill on the
wrist and is given by the relation (1).
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Fig.1 Mechanical model of the hand-arm system.
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Fit) = zp(cpw cosleat) + kg sinlet)) (1)

where the mechanical characteristics are presented in the table
11, and initial hand displacement notated =;=0.04 mm (this is
evaluates of the primary measurements and the considered ®
pulsation is:

w =2nf 2)

The subjects taken into study are a group of fifteen men of
average stature and age between 40-50 years.

While driving the gear (60 mm diameter) is using 2 hours
with brief pause of 2 minute and the fundraising force
considered to be 25 N.

Of course, like as simplifying hypothesis in the paper they
are considered:

- It neglects the shoulder rotation #:=0;

- The hand mass is considering the concentrate in the
mass center ( f; ), the forearm and arm are
consideration with the distributed masses in the all
volume;

- In this study is considering the elbow and wrist rotation
of 8,=90° and &,= 30",

- The fix of the shoulder joint is considering mechanical
flush.

B. Mechanical and anthropometrical characteristics

For determining the mechanical properties were addressed
notions of mechanical and electrical impedance dates,
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measured of the components elements of the hand-arm
system, and its do not make study of this paper [12-13], [16].
Anthropometrical components namely masses and lengths
of the hand, arm and forearm were determined using the
notions of spatial geometry for determining the position of the
centers of gravity of the component elements of the hand-arm
system. The basics of biomechanics dates are determination
using medical data from experiments on cadaver provided by
medical institutions. All these values anthropometrical and
mechanical properties have resulted in table I and table II.

Table I — Anthropometrical parameters of the hand-arm system.

m;=0.5 kg 1,;=0.092 m 1,=0.200 m
mp,= 1.25 kg 122: 0.185m 12: 0.315m
m3:2 kg 133:0.298 m 13: 0.355m

And the moments of inertia mechanical axial reported at the
centers of gravity of the forearm and arm, its labeled J, and J,
are considered to be articulated like as rigid beams.

1,=0.00647 kgm®;  15=0.0140 kgm’.

Table IT — Mechanical parameters of the hand-arm system.

N/m Nm/rad Ns/m Nms/rad
k0:155800 ktlzl.g 00:300 011:5.2
k;=155800 | kp=2 ¢,=300 c3=6.14
k,=23600 k=2 c,=202.8 cp=4.9
k;=415400 c;=164.6

k,4=5025 c4=50

In the table II the parameters are represented:

k; (i=0,4) — longitudinal elasticity parameter regarding the
hand-arm system (ko — palm; ki, k, — hand; k3, k4 - arm);

ky; (i=1,3) — torsional elasticity parameter regarding the wrist,
elbow and shoulder;

¢; (i=0,4) — dumping parameter regarding components of
hand-arm systems (cy —palm; c;, ¢, — hand; cs, ¢4 - arm);

¢i (i=1,3) — dumping torsional parameter regarding wrist,
elbow and shoulder;

The motions to hand-arm system, giving them the number
of degrees of motion, are considered z; (i = 1,3), x; (i = 2,3)
and rotation after y, and y; axis.

C. Mathematical model

Taking into account the mechanical model presented in the
Fig.1 and applying fundamental laws of dynamics of
kinematic torque theorem and impulsive theorem have written
the explicit form of equations dynamical motions of hand-arm
system presented in the Fig 1.

my fl:; T ':I:: hy I:::IZI: T I:}:: hy I:{::I':: -
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The general matrix form regarding the relations (3)-(9)
could be written:

oo faftuy | pdlny . \
Ml —1 + [C])= E—_H]{Ur = {F}
Ldi= ) vl

(10)
where [M], [K], [C] are inertial matrix of the masses, dumping
and elasticity of the hand-arm system, {F} — is the excitation
force matrix having the (7x1) dimensions, and [U] represents
matrix of the generalized coordinates of the hand-arm system,
it notated {U} = {zy, z,, Xy, Z3, X3, 01, 0,}.

D. Theoretical results

The roots equations of motion given by relations (3) to (9)
were obtained through a double integration method with
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Runge-Kutta of order 4-5, it taking into account the initial
conditions by Matlab (using ODE45) [5], [15].

There are double integration of generalized coordinates of
movement resulted 14 linear or angular solutions, of which
seven for velocities and seven for displacements of mobility’s
system.

In the following it presents the graphs of linear and angular
displacements resulting from excitation frequency of the drill
of 2500 Hz and 5s for integration, but after 2s the motions are
stabilized.

Displacement z1
0.4

a. Hand displacements after Oz direction [m].
0.3

0.2

Displacement z2

Time [s]

b. Forearm displacements after Oz direction [ml].

Displacement x2

0
. i N
0.1 - i L H "
: E I o T T T T S B+ s T N B o B ST s
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c. Forearm displacements after Ox direction [m].
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Titme [3]
d. Arm displacements after Oz direction [m].
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Fig. 2 Theoretical solutions of the hand-arm system.

Figs. 2a-2g represents the linear and angular displacements
of the hand-arm system for an excitation frequency of 2500
Hz, at a drill.

The harmonically forms is unstable as arousal even at the
beginning of the movement, but it immediately stabilizer.

Note that the largest displacements of the hand-arm system
are after Oz anatomical axis of the system such as, around to
0.002 m after the Oz, around 0.001 m after Ox direction and
in the joints they are around value 0.6 rad.

These look like the vibrations from hand-arm in the Oz
direction are diminishes through the system, which is only
natural, but not significantly, because the long exposure (8 h)
they affect system stability [7-8]. Thus the highs achieved in
study, at hand are z; = 0.002 m at forearm z, = 0.0018 m
keeping the range accord and to the arm (z;) too.

It notes also, that rotations in the elbow are significant
value, compared with the one in the wrist.
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Fig.3 - a. zoom of 80% of Fig. 3b; b. Overlay theoretical
results of the hand-arm system (displacements and rotations).

Fig. 3b presents a graphic overlay of the displacement’s
system elements hand-arm of the Fig.2a-2g, and Fig. 3ais a
zoom of its, such movements for a total of 360 ranges from the
17000 integration intervals, whether to highlight how to
stabilize the displacements on the hand-arm system elements
and their characteristics to the starting of movement.

III. EXPERIMENTAL RESULTS

A. Simulate modeling

In the order of simulation of movements defining the
anatomical elements (hand, forearm, arm) of the hand-arm
system, using the same simplifying conditions used as in the
mechanical model from Fig.1, as the same mechanical
parameters (viscous-elastic coefficients), masses, lengths,
etc., one method developed in Simulink-SimMechanics [3-5],
[15]. This way, the model (scheme) developed in
SimMechanics it representing a hand-arm model Fig.4.

The results obtained by simulation of the hand-arm system
displacements (linear and angular displacements) [5-7], [15],
are graphically represented by Scope Blocks in
SimMechanics. Respectively, for the hand (z;) displacement,
for the forearm (z,, x;) displacement, for the arm
displacements (X3, z3), and rotation (8;, 6,) for the Oy —
angular displacement produced in the wrist and elbow joint.

Therefore, ensemble 1, notated 1, contains in
SimMechanics the blocks Env and Ground specific for the
source of excitation (machine-tool), and the Signal block
where it is imposed at simulation the frequency or the
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excitation pulsation. The source of excitation is considered
for this model frequency of 2500Hz (Fig.4) similar to the
theoretical model studied at the mechanical model presented
in the Fig.1.

For this paper it chose the Matlab simulation program (its
Simulink), because this presents a friendly interface and,
more importantly, has blocks (Table III) that display the
mechanical point of view for the system masses Mass Block
(a.), the mechanical characteristics (Elastic and Damping
Block — b.), the connecting blocks that can copy the
mechanical model in Fig.1, respectively Weld Blocks (c.) and
Cylindrical Joints (Joint elbow and Shoulder Block d1. and
d2.). Also, it presents blocks that allow setting the
displacement or rotation direction of the system as a Prismatic
Block (e.). In other words, the connection between the blocks
creates the same model as the theoretical model resulted from
the mathematical modeling (Fig.1). Also, it can intervene in
this system by imposing entry conditions that is Oz direction
and the input frequency or pulse given by the Ground Block
(f.), Machine Environment Block and Signal Generator (gl.
and g2.).

By accessing any of these blocks, a window opens in which
it can input the mechanical theoretical model characteristics
given by Fig.1, Tables I, II. Subsequently, this model will
simulate the displacements of the system created by Simulink.
The Joint Actuator Block and Body Sensor Block (hl. and
h2.) take over the displacements of the masses and convey it
to the Scope Block (il. and i2.). This displays graphically the
displacements of the center of these masses. Main
displacement is imposed by the Prismatic Block (e.), which,
in the case of this paper, is the z-axis that is along the
hand-arm system. In this case, the selection of the X, y, z
coordinates in the data window will be: x=0;y=0;z=1. It
notices that only the wrist and elbow joint that is the m, and
m; masses of the forearm and arm displacements
(displacements of the mass center are presented in i2. block)
along all three axes. For this reason, it selects x = 1,y = 1

(displacements given by the angle 91 , 92 ),and z=1.

Ensembles 2, 3, and 4 notated in the Fig.4 with 2, 3 and 4,
comply with the same anthropometrical properties from
theory study, as in the mechanical model proposed by Fig.1,
respectively the Body Blocks with the masses m;, m,, ms.

The Body Sensor and Scope Blocks are necessary for the
visualization of individual solutions, on the anatomic
elements: hand, forearm, and arm, respectively the
visualization of solutions (linear and angular displacements)
of the system, obtained in SimMechanics.

In the study of the block scheme, the simplifying conditions
imposed by the mechanical model in Fig.1 were complied
with, so it was considered the rotation in the shoulder joint of
0°, and in SimMechanics this was represented by Weld and
Ground Blocks of ensemble 4 (Fig.4).

In the figures 5a-5c can be observed the movement of the
hand (z, displacement) for the rotation of the machine-tool of
2500 Hz frequency. The z; displacement takes a maximal
value of the graphic (Fig.4a) around 0.003 m. The
displacements after Ox and rotations after Oy are in according with
the theoretical figures 2a-2g, respectively around 0.001 m and
0.006 rad. These simulating solutions are validating the theoretical
solutions given as by displacements of the Fig.2.

In the next step, it could try to validate these solutions with
the experimental research.
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Fig.4 Simulating mechanical model taking in account Fig.1
and table III.
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Fig.5 Simulating results, displacements and rotations.
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B. Experimental model

The researches regarding the transmissibility of mechanical
vibrations to the arm-hand system have been performed by
measuring the mechanical vibrations using a drilling machine.
The machine drilled through a chemically treated MDF board
using a 10cm drill. The experiment measured the vibrations
transmitted by the machine when operating without it
percussion (Fig.6).

The transducer was fixed of the hand, forearm and arm with
the elastically bands, directly of the skin. This was
measurement of the three directions after Ox, Oy and Oz axis
[5], [10], [17-19], [20-22].

It observes that on the arm, after Oz direction, the
vibrations are minimized (Fig. 6¢) in comparison with the
zl-hand and z2-forearm. These phenomena are corrects,
because the vibrations must be minimize after this direction ,
respectively till arm.

Whether, these vibrations, in time, their effects accumulate
in the hand-arm system and produce the sanguine and nerve
affections [11].

We observed that the experimental results are in theoretical
scale, but the obtained values are in concordance with the
simulating and theoretical model, and they remained in the
ISO standard (5349/2001) scale, yet.

0.015

Hand displacement [m]

oc0s I\

0 T 1
1000 \)2 3 00 / 07/\ 6000
-0.005

! /
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Time [ms]
a.
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0.005

L ,

1000 2 3 000 0 6000 7000 8000

-0.005 -

0015

Time [ms
b, [ms]

Arm displacement [m]

[ 1000 2000 0go 4000 S0

Time [ms]

C.

Fig.6 Experimental results, displacements only Oz direction.
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IV. CONCLUSIONS

The paper wants to inform readers about a new mechanic of
hand-arm system, this having seven degrees of freedom.

The paper presents the behavior of dynamic of system
under the mechanical vibration’s action. They are caused by
the using of drills. We are interesting in the vibration’s
transmission action regarding the mechanical system after the
direction Oz (over the arm). The possibility like these
vibrations can be to dose, because they do not producing
diseases.

We analyzed theoretically mathematical model of the
hand-arm system by writing and solving the equations of
motions. These were compared with the results of a pattern
rendered similar mechanical model (Fig.1) achieved with
Matlab (Simulink) and eventually, comparison with the
measurements of vibration, they are made on the hand-arm
system. Experimental measurements have been carried out,
only after the main direction of transmission their (Oz
direction), respective along the arm.

It has been observed that the theoretical results and
simulated values are very close, and they are in the same
approximate scale in comparison with those obtained after the
same direction, based on experimental dates. This fact can be
derived from the fact that modeling still have considered
insignificant simplifying assumptions, they have determined
the parameters of mechanical elasticity and stiffness, which
may not coincide entirely with the real ones.

The paper has achieved its intended purpose thus: he
presented a new mechanic model that corresponds more
closely to the one the real behavior of the hand-arm system. It
is determined of the experimental and theoretically solutions
regarding it. It is noting that if vibration’s exposure is not long
(2 hours >) exposure, but these vibrations are very harm to the
system, causing disease [11-13], [14] in the other cases.

V. DISCUSSIONS

Occupational illnesses of the hand [11], [14] start by the
loss of dexterity when handling working instruments and
devices and they lead to the weakening of the grip of the fist,
and the weakening of the grip in the fingers accompanied by
fatigue etc. [11]. In time, all these symptoms could to
degenerate in occupational disorders, such as VWF and other
professional illnesses (affecting the nervous and circulatory
systems, spine, hearing and sight etc.).

For these reasons the literature proposes and shows that
the protective means against mechanical vibration
transmission at the workplace, with respect to the safety of the
operator, it can be divided into two sub-categories:

a) Protective equipment, meaning protective clothing as
safety means: for example overalls, boots and gloves. The
gloves are used to avoid or rather to dissipate (absorb) the
vibrations from vibratory workplaces (for example
mining, constructions, lathe working, etc.), vibrations that
are transmitted from tools and machine — tools, directly to
the hand of the human operator.

b) The second category refers to the protection or safety
means, that are incorporated in tools and vibrating
equipment from the design phase. These are called
dampers and it could to take different shapes and
dimensions and can be made from various materials.
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e Further research in this field will contribute to the new
ergonomic and esthetical part of the attenuated device etc.
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