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A rigid body has its coordinate system (x,y,z,) originally coincident with the reference coordinate
system (X,Y,Z,). The body later has moved and the origin of its coordinate system now move to
(2,2,0), a point on its x-axis is at (2,2,-2), and a point on its z-axis is at (4,2,0), all with respect to
X,Y,Z,. Determine

a) the transformation matrix representing the new position of the body,

b) the vector of direction cosine of the screw axis of this displacement,

c) the angle of rotation of this helical motion displacement,

d) the pitch of the screw, and

e) the point on the screw axis closest to the global origin.
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2. The body in problem 1 has the time derivative operator matrices given as follows.

0 3 —15 —2 0 —2 —1 2 W
-3 0 —22 —1 2 0 3 2
w= and &X=
15 22 0 2 1 =3 0 —5
L 0 0 0 0 0 O 0 0

a) determine the velocity vector of a point on the body described by its local coordinate as (2, 1, 2)
b) determine the 4x4 matrix representing the acceleration of the body (the second time derivative

of the transformation matrix).
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3. If the mass of the body in problem 1 is 10 kg and the center of gravity is at (1, 1, 1), I, =12
kg-m’, I, =7kgm’, I, =10kgm’, L, =1, =1, =0kgm’, determine
a) the inertia matrix,

b) the kinetic energy of this body (using the velocity from problem 2).
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4. Determine the equation of motion, in matrix vector form, of the system shown using Lagrangian

method.
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The figure shows a parallel-pulley-and-belt joint with pulley radii r; and ry, and center disctance d.
The coordinate systems uvw and xyz attached to the links before and after the joint, respectively,
are shown as initial configuration. If the joint variable ¢ is the rotation of the first pulley, which
cause the coordinate systems to move to u'v'w' and x'y'z, determine the joint transformation matrix

[®] , and derivative operator matrices, [Q] and [Q'] , of this joint.




