
MECH 572 Introduction to Robotics

Midterm Exam October 30, 2008, 2:30–4:00

N.B.: Figures cited in this examination sheet are to be found in the textbook.

1. (25%) Find the angle and the direction of the axis of rotation of the matrix Q that
takes frame F(O,X, Y, Z) into frame F ′(C,X ′, Y ′, Z ′) of Fig. 2.13. Hint: Define unit
vectors i′, j′ and k′ parallel to X ′, Y ′ and Z ′; then, notice that expressions for i′ and
k′ in terms of i, j and k are straightforward. An expression for j′ can be obtained as a
cross product of known vectors. As well, convert all your square roots and fractions to
decimal form at the outset, using four digits.

2. With reference to Fig. 3.9, a force f1 of 10 N acts on the cube AB . . .H along edge
EH, directed from E to H. A second force f2 of 10 N as well acts along edge CG,
directed from C to G.

(a) (10%) Find the wrench acting on the cube if the moment is taken with respect to
the centroid1 M of the cube, of position vector m, in terms of the side length a
of the cube.

(b) (15%) Find the Plücker coordinates of the wrench axis in frame A,X, Y, Z.

3. A wrench w acting on the EE of a six-revolute robot is measured both by joint-torque
sensors that measure the torque exerted by each motor when balancing w statically
and by a six-axis sensor collocated on the gripper. Upon processing the joint torques
{ τi }61, a wrench value [ w ]1 is obtained, and compared with the wrench value reported
by the gripper wrench sensor [ w ]6, in EE coordinates. The two numerical values are
displayed below:

[ w ]1 = [ 1 0 0 0 0 1 ]T , [ w ]6 = [ 0 0 1 1 0 0 ]T

(a) (10%) List the conditions that the two wrench values must satisfy in order for them
to be acceptable, and show that the two measurements satisfy these conditions.

(a) (15%) Find the matrix Q that describes the orientation of the EE, i.e., the matrix
that carries F1 into F6.

4. (25%) Attached is the data sheet of the Fanuc S-700 robot. Based on this sheet,
produce a table of Denavit-Hartenberg parameters that describe the geometry of the
robot. In the figures, all dimensions are indicated in mm. In order to speed up the
marking, use the − and + signs associated with the joints to define the Zi-axes
unambiguously.

1The centroid of a geometric solid is the centre of mass of the same solid if it is considered as an object
of uniform mass distribution.
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