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The motion of the following device will be studied.
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Geometry and distributed mass modelling.

The system identifies :
- four rigid bodies : (S), (S,), (S,) and (S;) ;
- a motor (Aco;), considered being external to the study, located in parallel with the
cylindrical joint (S, - S,), drives (S,) relative to (S,) at a known constant velocity @, ;
- a tensile-compressive spring (R) of negligible mass is located between the bodies (S,) and
(S;) along a diameter of (S,).
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- six rigid joints.

(So-S;) :cylindrical (S5,-S,) :revolute
(S,-S;) :prismatic (So-S,) :sphere with a geometric plane of S,
(R-S,)  :sphere (R-S;)  :sphere located at the centre of mass G, of S,

The centre of mass of (S,) merged into the centre of the circle and (S;) is assumed to be a
punctual body for the kinetic study.

Forces modelling.

The spring is supposed to be a linear elastic spring.

The cylindrical, revolute, prismatic and spheres are supposed to be perfect joints unlike the
sphere plane joint. For this joint, the sliding friction is taken into account through the Coulomb’s
model.

The system moves in the gravitational field which is defined by the vertical unit vector Z,

normal of the plane.

Galilean reference frame.

The fixed body (S,) frame is supposed to be a Galilean reference frame.

Construct the vectorial geometric model.

Draw the sketch of the joints and write the vectorial models.

Define the vectorial model of the bodies

Ry = Ry [A ;(qo’ YorZo1 )]
R = R [B’ G, : (7(123 Y Zoy )]
R, = R, [B’ C.G, ;(X123’ Yo3: 223 )]
R, = R; [Gs : (7(123 Y31 Lo )]
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Define the parameters :

- the bases : reminder ;
- the points :

- the equations of constraint ;

- the number of the kinematically independent parameters ;

Construct the vectorial models of the forces and the existence conditions of the joints

a. The spring

b. The sphere plane joint (existence condition and Coulomb’s model)
- compute the sliding velocity of (S,) with respect to (S,) at the contact point | between

the two bodies ;

Go,z (l) =
- express the resultant of the twistor of the interaction forces of (S,) acting on (S,) using
its property with respect to the sliding velocity ;

§{So _)Sz}:

- existence condition of the sphere plane joint ;
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- Coulomb’s law :
= Rolling without sliding case :
o Existence condition

o Equation

= Sliding case :
o Existence condition

o Equation

c. The zero components of the interaction forces, according to the assumptions of the perfect joints and the rigid
bodies

d. The gravitational field

e. The twistor applied by the motor (Acy,), not sought in the study.

{AC01 —_—> Sl} =

Define the unknowns of the motion study
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Apply the dynamic theorems

Define the cut :

unknowns

unknowns

@

+ unknowns |

Define the unknowns of the motion study

Define the sketch of the characteristics :
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Write the scalar consequences of the dynamic theorems, the angular momentum theorem will
be computed at point B which can be considered as a fixed point with respect to the frame Ro.

Use the scalar consequences of the dynamic theorems
- compute the components of the external forces;

- compute the components of kinetics;
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