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Massachusetts Institute of Technology
Department of Mechanical Engineering

2.12 Introduction to Robotics
Exercise Problems for the End-of-Term Examination

Problem 1

A carpenter robot is fixing a screw with a screwdriver, as shown in the figure below.
Assume that the task process is quasi-static and friction-less. Use the C-frame shown in the
figure. Note that the robot, although not shown, holds the screwdriver. At the instant shown, the
y-axis of the C-frame is perpendicular to the groove of the screw head. The pitch of the screw is
p. and the screw head is tightly mated with the screwdriver, having no play in the ¥ direction,
Answer the following questions.

a). Translational and rotational velocities in the z direction are coupled to each other due to the
screw, Consider the v_ —ew. plane shown below in order to describe the directions of constraint

space and admissible motion space. Note that v, is in the direction of admissible motion space
while v _is in the direction of constraint space. Obtain the components of the vectors pointing in

the directions of v, and v, .

b). Obtain the natural and artificial constraints for the robot to insert the screw based on hybrid
position and force control. Use v, and v_as well as associated force/torque ¢ and [ for
describing the natural and artificial constraints.

The sketch below was
intentionally made
inaccurate.
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Figure 1 Screw with C-frame and v, — @, plane



Problem 2

A two degree-of-freedom robot with one prismatic joint is shown below. Note that the
prismatic joint is in the direction of angle ¢ from the centerline of the first link. As shown in the
figure, joint angle & and distance = between the tip of the first link and the mass centroid of the
second link are used as generalized coordinates. The first actuator fixed to the base produces
torque r about the first joint, while the second actuator located at the up of the first link generates
linear force facting on the second link. Using the parameters shown in the figure, answer the
following questions.

a)  Obtain the moment of inertia seen by the first joint when the second joint is fixed at =.

b) Sketch free-body diagrams of the individual links and obtain Newton-Euler equations. 1gnore
friction.

¢) Eliminate the constraint force and moment between the two links, and obtain the closed-form
equations of motion with respect to generalized coordinates, fand z,

d) When the first joint is rotating at a constant speed & = @, , the second link moves at a

constant linear velocity 2 = F; . Obtain the Coriolis force induced in the second link and

show in which direction the Coriolis force is acting. Obtain the torque acting on the first joint
due to the Coriolis force, and show that this torques agrees with the corresponding nonlinear
term in the equations of motion.
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€} We want to decouple and linearize the system with respect to the generalized coordinates, ¢
and z, and form mdependent single-input-single-output PD control loops as shown in Figure
2. Obtain the computed torque control law to achieve this control and show the block diagram
of the control system, including both the computed control loops and the PD control loops.
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Problem 1

Figure 1 Screw with C-frame and v, — e, plane
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