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Setup

We are measuring the motion of a jumping ball using a WA

robot which re cords the sound caused by a steel sphere F IV N
hitting a plate. The degree of energy loss, i.€. the BERERBA L]
dissipative properties, are characterized by the il

coefficient of re stitution. It is defined as the ratio between
the post-collisional and the pre-collisional velocitie s.
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Three impacts are needed to calculate the coefficient of S PN TN
normal restitution g(v,)=v,/v,=t,/t,. We are using several
plate materials (glass, liquid metal, SiC™ and lexan) to T e T

measure their influence on the cogfficient of re stitution.
We are also analyzing the distribution of ¢ in the
meE asure me nts.
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Model for distribution Model for steps

Assuming that the large data noise inthe measurementsis
caused by the surface roughness of the particle,, our model
consists of a large central sphere of radius R and many (up

to 3 million) small spheres (R, = 4*10" R) which
represent the asperities. A close-up of the simulated
sphere and the microscopic image of a real steel sphere

shows the similaritie s.

The steps in the measure ment can be explained

Model of an oscillating object bouncingona  The used robot for performing large
by stored energy in oscillatory degrees of
freedom. Depending on the phase of oscillation

rigid surface. scale experiments.
when the sphere is contacting the surface, the

coefficie nt of normal re stitution can be increased k12

ordecreased.

\d

L 1]
- ~

rG
N
B - K
Z X Sketch of the two main €igen modes of an oscillating o
| sphere. For a 5 mm steel sphere as used in the
—C experimentthe corre sponding eigenfrequencies are:
vc/ N\
¢ - prolate./oblata mode: T 0=3.1 pE (left) Simplified model for a body with
Sketch of the sphere with one asparity and the -breathingmode: T, =1.8 us(right) vibrational de gre € of fre edom.
differe nt coordinate syste m.
Results for distribution Results for steps
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The coefficient of re stitution € plotted versus impact velocity. Betwe en the two
blue lines lie 80 % of the data points (Simulation: ~300.000 data points;
Experiment: ~300.000 data points). The green line marks the median. In the experimental data one can S R
The figures below show the distribution of € for differe nt velocity intervalls (0.3 gasily spot a step-like structure. The w B
m/sto 1.0 m/s; half-logarithmic scalg). width of the steps is about 0.05 m/s [ )

and the steps are equidistant. The
simple model shown above can _
L L LN AL S A produce a oscillation of € (se¢€ figure 0.85-
on the upper right). The minima and '
maxima can be explained by the -
phase when the sphere is contacting %%
the surface. With damping turned on, - o o o
the curve transforms to a more step- 01 02 = (= 04 0:5
like structure comparable with the “
experiment (see right figure).
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Conclusion

By using the 3d model, numerical simulations show almost the same behavior as the experiment.
Therefore, the microscopic asperitie s are able to mimic the sphere’s surface roughness. We believe
that the fluctuations in the measure ment can be attributed to microscopic surface impurities of the
. : : : . References
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