1. (2 pts) The box shown on the left has handles rigidly attached to each of its faces. (The
handles cannot move relative to the box.) When a robot gripper closes on a handle, it forms
a cylindrical joint with the handle: the gripper can rotate around and translate along the
axis of the handle, as shown in the figure on the right.

Assume the box is jointly manipulated by n 7R robot arms, each of which is mounted to the
floor. If each of the n robots grasps a handle, forming a cylindrical joint with the box, how
many degrees of freedom does the entire system (robots plus box) have?
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2. (2 pts) The image below shows three Omnid mobile manipulators jointly carrying a rigid
object. Each mobile manipulator has 9 dof: a 6-dof manipulator mounted on a wheeled
mobile base, which is considered to have 3 dof (rotation and translation of the chassis in the
plane of the floor). Each robot manipulator’s end-effector “grasps” the object rigidly: no
relative motion is possible between the end-effector and the object. What is the total number
of degrees of freedom of the system (robots plus rigidly-grasped object)?
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3. (2 pts) The planar mechanism below has one prismatic joint, several revolute joints (rep-

resented as filled circles), and several links, including the gray disk. How many degrees of
freedom does this mechanism have?

4. We will represent a screw axis S in two different frames in parts (a) and (c).

(a) (2 pts) The screw axis can be represented in a frame {a} by the point ¢ = (3,1,0), a
direction § = (0,0,1), and a pitch h = 2. Write the screw axis as S,. This should be a
six-vector of numbers only.
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(b) (2 pts) A frarne initially aligned with {a} follows a twist V, = (,0,0,0,0,0)T for 1/2
second, ending at the frame {b}. What is the exponential coordinate representation of
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5. The figure below shows a schematic for a RPRR robot arm at its home configuration,
¢ = 0. The axis of J1 points upward on the page, the axis of the prismatic joint J2
is to the right, the axis of J3 is into the page, and the axis of J4 is out of the page.
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(b) (4 pts) Write the space Jacobian J,(0).
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(c) (2 pts) Is this home configuration a singularity? Explain briefly.
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6. (2 pts) Let Typ represent the {b} frame relative to the {a} frame and T}, represent the {c}
frame relative to the {a} frame. Consider the twist that takes a frame initially aligned with
{a} to alignment with {b} in 4 seconds. If the same twist is applied to {c} for 2 seconds,
moving it to {¢'}, give the expression for T, as a function of Ty and Tye.
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7. (2 pts) Let Tgp represent the configuration of {b} relative to {a}. A twist takes a frame
attached to a rigid body, initially aligned with {a}, to {b} in ¢ seconds. At the beginning of
the execution of this twist (when the body is at {a}), a wrench Fj, is applied to the body.
What is the power due to the wrench on the moving body as a function of T,; and F? You
may use the vec(-) operation, which is the inverse of the [] operation, i.e., vec([V]) = V.

[ = 4 log Tap =9 Waz vee (flog o)

e 7
rowel = %\br 5 o/ /;T% o %r/ﬁb oc ’?/ATjt“a\/ ‘6(‘ e%«QMp/L'-r-

'//p:’r/ybs in"—@d/&‘;\] \jPCC—}\—: (Oqu53



