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Problem Sheet 4

Velocities and Static Forces

Q 1. Velocity Jacobian by Forward Iteration

Consider the manipulator shown above.

i) Calculate the velocity Jacobian of the tip of link three by velocity propagation. Derive

an expression for the Jacobian both in the base frame {0} and in the tool frame {4},

a frame of reference attached to the tip of link 3 and collinear with frame {3}.

ii) Compute the static force Jacobian for the manipulator for a force applied to the tip

of expressed in the base frame.

Q 2. Velocity Kinematics on SE(3)
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Consider the manipulator shown above. Calculate the forward (position) kinematics of

the tool frame of the manipulator

B
T T := B

T T (θ1, θ2, θ3).

Derive the velocity kinematics of the tool frame, expressed in the tool frame {T} by direct

differentiation of the forward kinematics. (Note that the forward kinematics were considered

in Problem sheet 2.)

Q 3. Euler angle velocity kinematics.

A 3R manipulator has kinematics athat corresond exactly to the set of Z-Y-Z Euler angles.

Give the Jacobian relating joint velocities to angular velocity of the final link in the frame

of reference of the base link.

Q 4. Static Force Jacobian.

Consider the manipulator shown above.

i) Compute the static force Jacobian (linear force expressed in the inertial frame applied

to the tool) for the manipulator.

ii) Compute the locus of singularities of the manipulator within its workspace.

iii) A horizontal point force must be applied by the robot to a workpiece to accomplish a

given task. The workspace jigs are configured to place the workpiece at any point in

the workspace.

Compute the possible configurations (and placement of the workpiece) of the robot

that could be used to supply a point force. Discuss the implications of using alternate

configurations and the implications for the joint forces and torques required. Given
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that the point force required would push the limits of the actuators, indicate your

choice of the best placement of the work piece and robot configuration to accomplish

the task.

Q 5. Jacobians and singularities

The position of the origin of link 2 for a certain planar RP manipulator is given by

0P 2org =

(

x

y

)

=

(

a1c1 − d2s1

a1s1 + d2c1

)

i) Sketch the geometry of the manipulator.

ii) Compute the 2 × 2 Jacobian that relates the two joint rates to the linear velocity of
0P 2org expressed in frame {2}.

iii) Compute all values of (θ1, θ2) such that the manipulator is in singularity.

3


