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2.12 Introduction to Robotics
Exercise problems and Solutions for the
Trablen | End-of-Term Exam

Figure 1 shows a two d.o.f. planar robot with a parallelogram mechamsm, Note
that links 1 and 3 as well as 2 and 4 are parallel to each other, and that joint axes 1 and 2
are aligned. Links 1 and 2 are driven by independent DC motors fixed to the base. Using
the notations shown in the figure, answer the following questions.

1-1] Obtain the Jacobian matrix relating endpoint velocities vx and vy to joint velocities
» and 2.

[1-2] Obtain the joint torques, 7:and 72, mqlﬁreﬂ for bearing endpoint forces, Fx and /5.

[1-3] Let Xp be a 2x2 feedback gain matrix relating joint torques T = [z, 72" to joint

position error 88 = [86:, 687", that is, T = Kp:68 Obtain the gain matrix Kp that
generates the desired endpoint compliance specified in Figure 2. Namely, the desire
compliance 1s Cr and Czin the two directions of principal axis, xb and yb, while the axis x»
is angle a from the x axis.

Base

Figure 1 Planar robot with parallelogram mechanism Figure 2 Desired compliance



[1-4]. Obtain the moment of inertia reflected to Joint | when Joint 2 is fixed, that is, the 1-1
¢lement of the inertia matrix H = 1HH} associated with generalized coordinates &, &, . Which

particular motion of the arm links is the £, element associated with?

[1-5). Explain why H | and H,, of the inertia matrix do not vary, although the arm
configuration varies, i.e. configuration-invariant.

[1-6]. Show that the off-diagonal element of the inertia matrix is given by
Hy = (mfyf = md L )eos(d, - 6,).

[1-7]. We want to decouple and linearize the arm dynamics by re-distributing mass among the
four links. Obtain conditions for the mass parameters to make the arm dynamics totally decoupled
and linearized for all arm configurations. Also explain why that happens.

Problem 2

A robot is unscrewing a hexa-head bolt by using a wrench, as shown in the figure below.
Obtain both natural and artificial constraints to perform this task by using Mason’'s hybrid
position/force control. Define an appropriate C-frame and parameters necessary for
describing the constraints, and show your notations in a sketch. Assume that the process is
quasi-static and no friction. Also assume that thece is no gap between the head of the bolt
and the wrench.
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Froblem 2
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