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ABSTRACT

For the purpose of measuring the impedance of human walkers ‘in action’, an aluminium slab
with three force transducers and a velocity transducer was used to determine force and velocity
signals during walking. A model of the walker is introduced. It is based on an ideal force source
with an impedance connected to a load impedance (floor). From the measured quantities the
load impedances, the walker impedance and the force source are computed. The goal of this
work is to develop a model of the impact sound insulation including the type of walker, floor and
floor covering

INTRODUCTION

During recent years there has been a growing discussion about floor impact noise. It is
discussed if the main floor impact source — the human walker — is properly represented by the
tapping machine. It was found that the rating of floors according to the tapping machine,
especially for light-weight floor constructions, can be wrong due to the low floor impedance and
the mismatching between the source impedances of walker and tapping machine. The
impedance of a human walker was measured and a modified tapping machine was presented
by Scholl [1], to improve the matching between tapping machine impedance and human walker
impedance.

Fig. 1 illustrates the relevant quantities for generation of impact sound by a human walker which
acts as the impact source on a floor construction.
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Fig. 1: A human walker as impact source

However, impedance measurements done so far have the shortcoming that the impedance is
measured in a static condition, where the foot rests upon a shaker with a force and velocity
transducer. So it was tried to measure the inner impedance in motion, which means during
walking, jumping, running etc.

Furthermore it was tried to characterise the walker not only by its impedance but also by the
force which is introduced into the floor. So the walker is modelled by an ideal force source and
an impedance. From this model the force introduced in an arbitrary floor construction can be
calculated.

In this paper the ‘traditional’ measurements as well as the new approach is presented and some

preliminary results are shown.

A MODEL OF THE HUMAN WALKER

A human walker can be modelled as an ideal force source and an impedance as seen in Fig. 2.
Scholl [1] derived a simple mechanical model from impedance measurements using only two
masses and a spring as shown in Fig. 3.
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Fig. 2: Model for the human walker
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Fig. 3: Simple mass-spring-mass model for the impedance of the human walker as in [1]

The mass-spring-mass model has approximately the same impedance as a human walker as
measured in [1]. The mass my; represents the ‘body’ of the walker and can be reduced to 500 g
(the mass of the hammers in the tapping machine) introducing changes only in the frequency

range below 50 Hz. Accordingly Scholl proposes to use a modified tapping machine with a layer
of rubber underneath.

The impedance and the force source are transformed into a real force source with adifferent
open-circuit force Fy’ and an frequency dependent inner impedance Z, as shown in Fig. 4.
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Fig. 4: Transforming the system of a two port and a force source into a Thevenin equivalent
circuit

The main question discussed in this paper is to separate the source characteristics from the
impedances involved and to develop a more detailed noise model which is useful for kinds of
impact noise excitation. Assuming a linear behaviour, this real source can be described by its
open-circuit force and short-circuit velocity analogue to a real voltage source as shown in Fig. 5.
For one frequency, this characteristic describes the relation between the force and the velocity
for a certain load impedance. The inner impedance and the open-circuit force can be
determined from the force and velocity measured at two different load impedances.



Fig. 5: A real force source and its characteristic derived from two measurements with load
impedances Zy; and Z;,

For a frequency dependent source and impedance, a characteristic as in Fig. 5 has to be
derived for each frequency.

The real force source behaves as follows: for floors with low connected impedances, a high
velocity is introduced with already a small force. The higher the floor impedance, the lower the
velocity and the higher the force. The power delivered by the source reaches a maximum if the
load impedance and the inner impedance are equal. For a floor with an infinitely high
impedance (like a concrete floor on the foundation of a building) the velocity is zero and the
force is Fy'. The velocity reaches its maximum v at Z,=0.

CALCULATION OF THE FORCE SOURCE AND THE INNER IMPEDANCE

From two measurements of the force F5;, Fa» and the velocity v, Vo over two load impedances
Zy1 and Z, connected to the real force source the ideal source R’ and the impedance Z, can
be calculated as follows:
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MEASUREMENT SET-UP

A measurement set-up has to be developed which allows the measurement of the force and the
velocity ‘below’ a human walker connected to different load impedances. One important
condition to be fulfilled is to apply identical excitation forces for both measurements. This means
that the person under test has to walk on the measurement plate twice in exactly the same
manner, which is nearly impossible. As an approximate solution, several measurements must
be carried out and mean values for the impedance and the open-circuit force derived.
Additionally there is a problem with the signal to noise ratio during the measurement. The
signals to be measured are the force and the velocity induced by the walker. Especially for
higher frequencies the force and the velocity are at a very low level. To obtain reasonable



signal-to-noise ratios, the connected load impedance should be in the same dimension as the
inner impedance of the walker (matched impedances to produce high output signal).

To make first experiences with this measurement method, a model of the walker and the
measurement set-up was built out of small springs and masses. The walker was modelled as
mass-spring-mass system with m;=400g, m,,=20g and m\,:3.4-10'6. These model elements
differ from the model parameters of Scholl [1] just for practical reasons (available material etc.).
The aluminium slab which is to be used in the real measurement on a human walker is
modelled by a steel cylinder with a mass of mg=380g. The load impedances consists of a mass
m,1=590g resp. my»=40g and a spring r1,1=2.32-10'7 m/N resp. r1511=3.3-10'7 m/N. As excitation
source a shaker was mounted on top of this model making sure that for each two
measurements the model was excited by identical forces. The excitation signal was shaped in a
way, that the problems with low signal-to-noise ratios at higher frequencies are reduced. Fig. 6
shows the set-up for a measurement and the model built of masses and damped springs.
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Fig. 6: Real measurement set-up and model

RESULTS

Fig. 7 shows the results of the force (upper curves) and the velocity (lower -curves)
measurement at two different load impedances. The differences F,; — Fa2 (upper curve) and \;
— Va2 (lower curve) are shown in Fig. 8. Fig. 9 and Fig. 10 show the calculated impedance and
the open-circuit force of the (modelled) walker according to eq. 1 and eq. 2. It can be seen, that
due to the characteristic of the inner impedance the measured signal for higher frequencies is at
a relatively low level resulting in a noisy signal particularly at frequencies above 2 kHz.
However, the interesting frequency range lies below 2 kHz because the force introduced by a
walker above 2 kHz is at such a low level that no audible sound is produced in the receiving
room. Load impedances with a relatively high damping were used to keep the measured signals
in a defined range at the resonance frequencies of the impedances.



CONCLUSION

A model for the human walker was proposed which is based on an ideal force source and an
inner impedance. To characterise the walker as impact source, the force and the impedance
were determined. These quantities were derived from two measurements of the force and the
velocity over two different load impedances. A measurement set-up consisting of an aluminium
slab mounted on 3 force transducers and a velocity transducer and a variable load impedance
underneath was developed. For first experiments, a model of the measurement set-up was built
from small masses (metal cylinders) and damped springs (2 plastic slabs with rubber foam in-
between). From the measured forces and velocities for two different load impedances, the inner
impedance and the open-circuit force were calculated.

As a next step measurements on a ‘real’ human walker have to be carried out. The major work
seems to be coping with the varying exciting force and the dynamics of the signals to be
measured. Another problem is to build terminating mechanical impedances Z, which show a
linear behaviour under high loads as they appear during walking, running etc.
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Fig. 7: Measured forces (upper curves) and Fig. 8: Results from substracting the forces
velocities of the model over two different load (upper curve) and the velocities.
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Fig. 9: Resulting inner impedance Z, of the Fig. 10: open-circuit force Fo' of the model.
model. 0 dB =1 N resp. 1 m/s 0dB =1Nresp.1m/s

BIBLIOGRAPHICAL REFERENCES

[1] Scholl, W: ,Impact sound insulation: the standard tapping machine shall learn to walk!”,
Journal of Building acoustics, Vol. 8 (2000), Nr. 4



