ME4245 Quiz 1.2 — 13 October 2014, 16:00-17:00

1. Figure 1 shows a cart supporting an inclined plane via joint driven by a motor. The motor
rotates the plane about joint A (planar rotation). A block slides down the inclined plane.
Frame C is attached to the cart, and Frame B is attached to the block. Frame U is fixed to
the ground. At a certain instant of time, shown in Figure 1, the following are known:

Position and orientation of Frame C in U, UT¢

Position and orientation of Frame B in C, CTB

Translational and angular velocity of C in U, Yuc and Ywc, respectively

Block is moving down the inclined plane at 2 m/s

Inclined plane rotating at 30 degrees/s counterclockwise when it is an angle of

45 degrees with respect to the horizontal (AB makes an able of 45 degrees with
respect to the Yc axis.
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Figure 1

(a) Determine the expression for the translational velocity of the origin of Frame B with
respect to Frame U as a function of the known quantities.

(b) Determine the expression for the angular velocity of block B with respect to Frame U as
function of the known quantities.
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2. Figure 2 shows a planar robot with 2 joints: the first is rotational, moving the 1% link about
the z axis in a counter-clockwise fashion; the 2" joint is translational and moves the 2™ link
along the longitudinal axis of the 1* link. Frame U is attached to the ground and its origin
coincides with the location of the 1% joint.
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Figure 2

(a)Determine the expression for the full manipulator Jacobian relating the translational and
angular velocity of the end-effector (Frame E) with the joint velocities.

(b) The end-effector is carrying a tool with Frame B attached to the tool tip. Frame B is attached
to the end-effector with *Tg known and fixed (constant). Determine the expression of the
full manipulator Jacobian relating the translational and angular velocity of Frame B in Frame
U,as a function of the manipulator Jacobian in (a)

(c) If the task of the robot is for its end-effector to translate along the XY plane of Frame U,
determine the joint coordinates in which the robot becomes singular, if any.

(d) If the task of the robot is for its end-effector to translate along an axis parallel to Xu and
rotate about Zu, determine the joint coordinates in which the robot becomes singular, if any.

(e) If the task of the robot is for its end-effector to only translate along an axis parallel to Xu,
determine the joint coordinates in which the robot becomes singular, if any.
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