ME4245 Robot Kinematics, Dynamics and Control
Quiz 1.2 1 Oct 2012, 16:00— 17:00.

. Figure 1 shows a robot with 2 rotational joints followed by | translational joint. Frame U is attached to
the base of the robot. Its end-effector (E) carries a tool with Frame T attached to the tool at its tip. Frame
E is attached to the end-effector and the position and orientation of the tool with respect to the end-
effector is known to be *Tt. At the configuration shown:

o the coordinates of points A, B, C, D & E are indicated in the figure, and all are expressed in Frame U

e all links of the robof are in the XY piane of Frame U

e the 1*' joint is rotating around Zy at 3 rad/sec

» the 2™ joint is rotating along BD at 2 rad/sec, and

o the 3" joint is translating along the last link CE at 1 m/sec.

At the configuration shown in Fig, 1, determine the complete expressions for the following:

a) translational velocity of the end effector YU
b) angular velocity of the end effector Yor

¢) translational velocity of the tool UUT

d) angular velocity of the tool Yaor

. Figure 2 shows a planar robot with 3 joints (1 rotational followed by 2 translational joints) which
operates in the XY plane of Frame U. Frames U and E are attached to the base and end effector,
respectively.

a) Determine the complete manipulator Jacobian that relates the generalized velocity of the end effector
{Frame E) in the base frame (U} with the joint velocities ¢,,4,,4; .

b) If the task is “uy and Uuy (end effector translational velocities along xy plane of Frame U), determine
the joint positions in which the robot is at a singular configuration.

¢) If the task is “u, (end effector translational velocity along x axis of Frame U) and Y, (end effector
angular velocity around an axis parallel to Z axis of Frame U), determine the joint positions in which
the robot is at a singular configuration.

d) The robot’s end effector is initially at the joint configuration shown in Fig, 2. It is desired to move
the robot’s end effector (origin of Frame E) to a position indicated by coordinates (20, 20, 0) in
Frame U, such that the sum of the squares of the joint velocities are minimized. Describe what
motions the joints should take to achieve this.
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or compute x, y from q1, q2, and q3.







