








We note that the variables x,, y,,..., z, are already non-dimensional by nature.
Denoting:
. d
- i 7.5.2
L=l (7:52)

we can rewrite the dynamic equations (6.2.2.7,...,6.2.2.12) and the constraints (6.2.2.4,

6.2.2.5, 6.2.2.6) in the following non-dimensional form:

x =ﬁ'.)70, yo =_g+i‘y09 ZO =V'y09 (753)

xln _ _(x B2 (x,yz — X, 1_: Z, (leZ — X2 )) 4# Y (754)
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7.6 Numerical Examples:

7.6.1 Equilibrium in the XY Plane
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) 0 X, X, 10 / y X, X,
Initial Conditions: | X A L.
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Figure 7.1 Equilibrium in the XY Plane. Three-dimensional model (a),
Point of contact on the XZ plane (b), and Eccentricity (c)
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7.6.2 Planar Movement in the XY Plane.
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Figure 7.2 Planar movement in the XY Plane. Three-dimensional model (a),
Point of contact on the XZ plane (b), and Eccentricity (c)



7.6.3 Pivoting Coin Movement.
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Figure 7.3 Spinning coin movement. Three-dimensional model (a),

Point of contact on the XZ plane (b), and Eccentricity (c¢)
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7.6.4 Conical Movement
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Figure 7.4 Conical coin movement. Three-dimensional model (a),
Point of contact on the XZ plane (b), and Eccentricity (c)



Z  gtilde =0.01

7.6.5 Variations of gtilde in the conical movement
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Z  gtilde =0.07
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Figure 7.5 Trace on the x — z plane

7.7 Conclusions.

The objective of this thesis has been to study numerically the effect of in-plane
deformability on the motion of a rolling disc. To this end, the theory of pseudo-rigid
bodies was adopted, whereby the deformation is given by an affine transformation only,
rather than by the true deformability of a continuum. This approximation results in

a governing system of ordinary (rather than partial) differential equations, thus rendering
the tools of classical analytical dynamics applicable to the formulation and solution of the

problem. One of the interesting features of the proposed model is that, even in the case of
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rolling in a constant vertical plane, the constraint of rolling without slipping is
nonholonomic, in contradistinction with the rigid case. The numerical simulations show
that the trajectory of the coin on the rolling plane is heavily influenced by its
flexibility Figure 7.4 shows that in three-dimensions the trace on the x-z plane is a perfect
circle, the height of the centre of mass is still the same, and the ellipse eccentricity has
remained constant.

Figure 7.5 shows how the point of contact exhibits a more erratic behaviour, and there are
oscillations of the centre of mass and the ellipse eccentricity.
The numerical simulations suggest that it would be a worthwhile mathematical exercise

to attempt a qualitative study of the problem and to classify the solutions.
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APPENDIX A
NUMERICAL SOLUTIONS OF X, y,,20,X;, V1,215 %,5, V5,2,

1. Functions for Equilibrium in the XY Plane.
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2. Functions for Planar Movement in the XY Plane.
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3. Functions for Pivoting Coin.
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4. Functions for Conical Movement
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