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INTRODUCTION

The work which is described in this paper was initiated by an interest within  the
International Standards Organization (1.5.0.) to develop a standard which would define - typical
values of the human hand arm impedance for specified conditions of measurement. A
knowledge of these values for all three directions of translatory motion would be of value
when calculating the loading provided by the human body when developing swandardised type
testing of different machines. 1t is also of value 1o have 2 knowledge of the impedance of
the hand arm when estimating the transfer characieristics of resilient materials such as gloves
and handle coverings, provided the physical characteristics of such materials are known.

Measuremenis of the mechanical impedance of the hand arm have not generally shown close
agreement  (1-T), Undoubtedly some of the differences have been due 1o different
experimental techniques and factors such as different postures and grips adopted by the
subject.

Although it is recognized that the impedance of the hand-arm will have a dependence on
parameters such as the gripping force, arm position, body posture and build, magnitude of
excitation and location of the measuring points, this study is not concerned with an
evaiuation of the importance of these factors, but rather an establishment of values of
impedance which relate to a pre—determined reference situation.

From 2 mechanical point of view; the hand-arm system can be modelled as a set of separate
elements consisting of masses, springs and viscous dampers, which 1aken as a whole constitute
a mechanical structure whose response to an applied: vibration can be described in terms of
its Mechanical Impedance Z. The Mechanical Impedance describes the velocity with which
the mechanical system moves when a force is applied. 1t is the complex ratio of the
vibration force and vibration velocity. The force and velocity being measured either at the
same point (driving point impedance), or at different poinis of the same system (transfer
impedance).  Generally the term refers_only 1o linear systems. Formally, the mechanical
impedance Z(w) is defined as the ratio of the Fourier transforms of the force and velocity
time functions F(w) and V{(w).
Edw)

Z{w) = Vi)
As both F(w) and V(w) are complex quantities, Z{w) is complex and has both magnitude and
phase or real and imaginary parts. The real part of Z reflects the damping properties of
the system, ie. the energy dissipating properties, the imaginary part reflects the elastic
properties and is associated with energy being stored in the system.

If the systém is excited using harmonic forces then the magnitude of Z{w) can be determined
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from the ratio of the magnitudes of the force and velocity and the phase of Z{w) can be
obtained from the phase difference betwcen the force and velocity. This has to be done at
discrete frequencies and is a time consuming process, It is also difficult 1o ensure that the
experimental conditions remain stable across a range of test frequencies.

By exciting the system with a suitable random signal and using a twin channel Fourier
analyser, the mechanical impedance can be computed directly in both magnitude and phase
(or real and imaginary pans). Care has to be taken to ensure that the cohercnce of the
system is satisfactory. In the study reported here, the impedance was measured- using the
tatier technique for one reference situation for groups of both Males and Females. ’

METHOD

The reference situation, which had been suggested by 1S0O was lo determine the driving point
impedance at 1/3 octave band frequencies for the basecentric coordinate directions and X, Y
and Z as specified in 18O 5349 (6) see figure 1. The grip force was 10 be set at 25 =
50N with the arm unsupported and elbow angle at 120, A handle is grasped by the
subject, while the acceleration input to the base of the handle is maintained constant at
about 0.5m/s?. The force and acceleration signals measured on the handle are fed inmo 2
dual channel FFT analyser and the transfer function between them is measured.  The
subsequent handling of the data in order to obtain the mechanical impedance of the handle
alone and hence that of the hand which is gripping the handle is performed in the computer
which is interfaced to the FFT analyser.

The handle was made of wood and balanced in such a way that it behaved salmost as a
perfect mass over the frequency range of imerest (16-500Hz). This was apparent from the
fact that the transfer function between the force and acceleration revealed that the force and
acceleration remained in phase over the frequency range studied. Fig 2 shows the initial
values of the real part of the dynamic mass of the handle, together with the valves obtained
after the stem of the handle had been chortened and an atiempt had been made to
re—distribute the mass along the length of the handle. The peaks associated with resonances
in the handle have clearly been reduced and it is the values of dynamic mass of the
modified handle which have subsequently been used to determine the impedance of the
handle.

The resolution of the analyser was set such that the impedance of the handle could be
determined for signals with a- bandwidth of 0.75Hz. An averaging time of 128 seconds was
adopted. The data which related 10 the handle alone was stored for jts subsequent use in
determining the impedance of the hand-arm when a subject gripped the handle, When the
handle was gripped, the transfer function between force and acceleration enabled the
impedance of the handle and hand to be determined. Subsequent subtraction of the real and
imaginary parts of the impedance of the handle from those of the handle pius hand gave the
real and imaginary parts of the impedance of the hand alone.

A group of 10 adult Male and a group of 10 adult Female subjects, selected to encompass 8
range of sizes and builds were used as subjects. [Each subject gripped the handle for about
24 minuvtes during which time a 128 second average of the transfer function was obtained.
From this information a value of impedance (magnitude and phase} of the hand-arm of each
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subject could be determined.

In addition to these two groups of subjects, two additional adult males each held the handle
for about 6 minutes, during which time ten 32-second averages of the transfer function were
obtained. In this way 10 separate estimates of the impedance of the hand-arm were made
" for each of these two subjects.

The whole of the above procedure was repeated for measurements done in the X, Y and Z
directions. ‘

RESULTS

The results are presented for the X direction only. The first groups of data, shown in fig
3, gives the impedance magnitude and phase for the X direction for each of the two subjects
for whom ten estimates of the impedance were obtained. The graphs give the mean values
of the determinations together with the associated standard deviations.

The second group of data shown in Figure 4 gives the average impedance magnitudes and
phases for the X direction for the group of 10 Male and 10 Female subjects. The graphs
give the mean values for each of the two groups together with the corresponding group
standard deviations.

Consideration of the individua! subject data first, shows that the general shape of the curves
for the two subjects are similar, but there are sufficient differences to suggest that there are
likely to be significant differences between the hand arm characteristics between different
individuals. Figure 3 suggests that there appear lo be two principal resonances in the X
direction. Data for Y and Z directions (not shown here) suggest responses that also differ
slightly in frequency and extent for the two subjects. -

In a previous study (5), the same two subjects had had the impedance of their hand-arm
measured in the X direction using a similar technique to that described here. However, on
that occasion, the measurements were performed at discrete frequencies using a harmonic
signal input 1o the handle. Also, the handle was made of stee]l and was about four times
the mass of the handle used in the study being reported here. This impaired the accuracy
with which measurements could be made - particularly at higher frequencies. Fig 5 shows
the magnitudes and phases of the impedance obiained in this earlier study. The vulues and
the general shapes of the curves are very similar to those obtained using the FFT transfer
function techniques. One is encouraged, therefore, to believe that the data obuained for the
remaining two axes of vibration is reliable.

When one examines, the curves in Figure 4 which relate 10 the groups of subjects, there are
some differences which are evident., There are clearly changes in the size and position of
the major resonances. The major resonances occur ai lower frequencies for the group of
males compared with groups of females.

A similar observation is apparent for the Z direction data. In the Y direction the

resonances are less marked and the differences between the male and female groups appear
to be less significant than in the X and Z directions. Howewer, as with data obtained in the
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X and Z directions, it is apparent that datw for individual subjects can be markedly different

from that which is obtained when data from groups of Males and/or Females is averaged.
These differences highlight a difficulty associated with the original initiative for conducting the
study which is being reported here, namely the need for a standardized set of values for the
impedance of the hand arm. Clearly if this is 1o be done, data for males and females
should be presented separately. A matier which may be less easy 10 resolve would be the
question of how the hand-arm system might be modelled. The data in Table 1 illustrates
the problem. Here the magnitude of the impedance in the X direction for each of the 10
Male subjects together with the associated mean and standard deviations are shown. Clearly
the values for each subjecis show maxima which occur at different frequencies for different
subjects.  The first one occurs al between about 20 and 50Hz and the second one at
between about 100 and 160Hz. When this data is averaged out 10 give the information for
the whole group shown in Figure 4, the first peak is virtually eliminated to give a curve
which. may well represent average values of the impedance of the hand arm, but does not
represenl the response of any one individual hand-arm. The problems created by this
observation become even more apparent if one aliempls to model the data in Figures 3 and
4.

A four degree of freedom unidirectional system which models the impedance magnitude and
phase can be constructed for the dala which relates to Subject 1 and Subject 2 shown in
Figure 3.  Although the sizes of the masses, springs and dampers which describe these
models are different for the two subjects, the responses of the models do follow the same
pattern as that observed on the individual subjects.

The modelling of the average data shown in Figure 4 proves to be more problematical and
\herefore raises the question of how one should proceed towards the establishment of a model
of the human hand arm.

The present authors would suggest that models for individual subjects should be constructed
and then the average value of each component part of the model be established, These
average values would then be used to construct a model which would simulate the ‘average’
hand arm system.

CONCLUSIONS

The magnitude and phase of the impedance of the hand arm has been measured for different
subjects. It proved possible to model the characteristics of individual subjects but an attempt
1o model the average characteristics of the hand arm has not been performed. Clearly if
there is a need for a model which describes the response of the typical hand arm system, it
is necessary to have a consensus view on how this model shouid be established. Should it
be a model which attempts to predict the average response of the male and/or female arm,
or should it be a model built up from the average component values of models which predict
response of individual subjects? If 15O wish to pursue thit particular work item, they should
decide on which appreach they wish to adopt. We believe that they should adopt the
second of the aliernative approaches which are outlined above i.e. average the component
values for models of individuai subjects and then construct a model which is derived from
these average component values.
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