MECH 572 Introduction to Robotics
Midterm Exam October 30, 2008, 2:30—4:00

N.B.: Figures cited in this examination sheet are to be found in the textbook.

1. (25%) Find the angle and the direction of the axis of rotation of the matrix Q that
takes frame F(O, X,Y, Z) into frame F'(C, X' Y’ Z") of Fig. 2.13. Hint: Define unit
vectors i, i’ and X' parallel to X', Y’ and Z'; then, notice that expressions for i’ and
k' in terms of 1, j and k are straightforward. An expression for j can be obtained as a
cross product of known vectors. As well, convert all your square roots and fractions to
decimal form at the outset, using four digits.

2. With reference to Fig. 3.9, a force f; of 10 N acts on the cube AB... H along edge
EH, directed from E to H. A second force fy of 10 N as well acts along edge CG,
directed from C to G.

(a) (10%) Find the wrench acting on the cube if the moment is taken with respect to
the centroid' M of the cube, of position vector m, in terms of the side length a
of the cube.

(b) (15%) Find the Pliicker coordinates of the wrench axis in frame A, XY, Z.

3. A wrench w acting on the EE of a six-revolute robot is measured both by joint-torque
sensors that measure the torque exerted by each motor when balancing w statically
and by a six-axis sensor collocated on the gripper. Upon processing the joint torques
{719, a wrench value [w ], is obtained, and compared with the wrench value reported
by the gripper wrench sensor [w |, in EE coordinates. The two numerical values are
displayed below:

(wl,=[1 0 0 0 0 1]", [w],=[0 0 1 1 0 0]"

(a) (10%) List the conditions that the two wrench values must satisfy in order for them
to be acceptable, and show that the two measurements satisfy these conditions.

(a) (15%) Find the matrix Q that describes the orientation of the EE, i.e., the matrix
that carries F; into Fg.

4. (25%) Attached is the data sheet of the Fanuc S-700 robot. Based on this sheet,
produce a table of Denavit-Hartenberg parameters that describe the geometry of the
robot. In the figures, all dimensions are indicated in mm. In order to speed up the
marking, use the — and + signs associated with the joints to define the Z;-axes
unambiguously.

!The centroid of a geometric solid is the centre of mass of the same solid if it is considered as an object
of uniform mass distribution.
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New generation middle class multipurpose robot servicable to the backside

FANUC ROBOT S-MODEL 700
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# B Configurations

The FANUC ROBOT S-MODEL 700 is a 6-axes articulated
! multipurpose robot with 30 kg payload specially developed for
| the handling-spotwelding applications.

The S-700 has a high-rigidity and ease of maintenance mecha-
nism. It can be used for various kind of applications handled
with middle-weight workpieces.

FEATURES

® A backside handling has been achieved with a dead zonless expansive
operation range. The ceiling installation can be realized with the
specific balanced mechanical structure.

@ High-rigidity and superior reliability have been achieved through the
direct-coupled joint structure without belts nor key driving elements.
@ The cables and the motors are installed inside the mechanical unit,
and the completely sealed grease-bath method is applied to the drive

gears, which secured safer constructions against dust and water.

®The motors do not extend outward on either side of the robot.
Peripherals can therefore be installed directly next to the robot. Also
the robot position is automatically maintained by the safety brakes,
in the case of mulfunctions or power failure.

® A fully electronic absolute position detection system eliminates the
need for zero return operation after power on, and enables automatic
start in any positions.

® The robot coordinate system is precisely set by the mastering fixture.
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KiE, XM

300° (120°/sec)

180° (105°/sec)

390° (105°/sec)

380° (180°/sec)

380° (180°/sec)

540° (240°/sec)
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Oy b DEE Robot motion

Specifications

Floor & Upside-down mount

300° (120%sec)

180° (105%sec

390° (105%sec;

380° (180°%/sec;

)
)
)
| 380° (180°%/sec)

Inline wrist: 240° (180°/s)

| 540° (240%sec)

30 kg

Electric servo drive by AC servo motor

+0.2 mm

Based on JIS B8432

| Mechanical unit: Approx. 500kg

Ambient temperature : 0 ~ 45°C

Ambient humidity
Normally 75% RH or less
Short term Max 95% RH

(within one month)
No dew, nor frost allowed
Vibration 0.5 Gorless
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