305-572A MECHANICS OF ROBOTIC SYSTEMS I
FINAL EXAM

DATE: DECEMBER 21, 2000 TIME: 9:00-12:00

OPEN BOOK

Examiner: Dr. Z. Liu (Local 09125)
Associate Examiner: Prof. J. Angeles (Local 6315)

NOTE:
e The total mark is 60. The weights are indicated in each problem.

 Although the Faculty of Engineering Standard Calculator is allowed, all problems
can be solved without using a calculator

PROBLEM 1 (15/60)

A two-revolute orthogonal manipulator (Z: perpendicular to Z2) is shown in Figure 1
under global coordinate system Fo (Xo-Yo-Zo), The axes for joint frames Fi (X1-Y1-Z1)
and F2 (X2-Y2-Z2) are defined according to Denavit-Hartenberg notation. Foand F have
common origin. X7 is coincident with Xo and Zs makes 45° angle with Yo. |O102| = 1.
Moreover, a cylinder is also defined in Fo. The axis the cylinder is parallel to Xo and
intersects with Yoat C. |QoC] = b. The radius of its cross section is 7.

(1) Compute the rotation matrix that transforms coordinates from F2 to Fo

(2) A reference point 4 is defined for the collision avoidance purpose, its coordinates in
F2being (0, 0, a). Derive the condition under which point 4 does not collide with
surface of the cylinder

Z2
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Figure 1



305-572A MECHANICS OF ROBOTIC SYSTEMS 1
FINAL EXAM

O DATE: DECEMBER 21, 2000 TIME: 9:00-12:00

PROBLEM 2 (10/60)

A three-revolute arm manipulator is shown in Figure 2.

(1) Find the Denavit-Hartenberg parameters of the manipulator
(2) Determine the maximum number of inverse kinematic solutions that can be obtained
for the current manipulator posture.

\) Figure 2
PROBLEM 3 (15/60)

Shown in Figure 3 is a three-revolute wrist manipulator. Assume that all links are
statically balanced and the mass centres of all links are coincident at the wrist centre C.
Moreover, the moment of inertia of all links about the mass centre are isotropic such that
their inertial matrix can be expressed as I: = al fori =4, 5, 6, where ot is a scalar and 1 is
the 3x3 identity matrix.

(1) 1t is proposed during a task planning that the Xs-Ys-Zs frame attain a specific
orientation with respect to X+-Ys-Zs frame as defined by the following rotation matrix

L)

2 2]
\/2_ 2
2 2
0 0 1
. ) that transforms coordinates from Xs-Ys-Zs frame to X+-Y¢-Z4 frame. Determine if the
\

proposed orientation is feasible.
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(2) Derive the expression for kinetic energy of the manipulator.

: C
- DB,
45°
60° N\
AN
AN
Zs /
\ Z5
Figure 3
PROBLEM 4 (20/60)
- A decoupled manipulator has five revolute joints and one prismatic joint as shown in
) Figure 4. The Denavit-Hartenberg Parameters of the manipulator are given in the
following table:

i ai bi o
1 0 0 90°
2 0 0 90°
3 0 b3 (Variable) 0
4 0 b4 90°
5 0 0 9Q°
6 0 bs 0

Under the current posture, X7 axis is vertical and pointing downwards while Zs and Zs are
vertical pointing upwards. Moreover, both Zs and Z7 are parallel to Z2 that makes 180°

with Y. .

(1) Find the Jacobian matrix
(2) Compute the joint rate that will produce the twist at P as

1 1
[oli=}1 [vo]1=]1
1 1
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(3) Compute the joint torque and moments required to balance the following wrench
acting at P

1 1

[n]i=|1 (fli=11
1 1

B Zs
-
( |

Z6 / P

A

Zs 73

\ZI

Xi

Figure 4
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