MCHE 474: Control Systems
Fall 2017 — Homework 1

Assigned: Monday, August 28
Due: Friday, September 1, 5pm

Assignment: The problems included in this document.

Submission: Emailed single pdf document:
e to joshua.vaughan@louisiana.edu
e with subject line CLID-MCHE474-HW1, where CLID is replaced with
your CLID
e and that has a single pdf attached with filename CLID-MCHE474-HW1,
where CLID is replaced with your CLID
e Note: Submissions with incorrect filenames or submitted as multiple

images/pdfs will be rejected.
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MCHE 474 — Fall 2017 — Homework 1 Due: 5:00pm Friday, September 1

Problem 1

Figure 1 shows a planar representation of
a walking robot of body mass m. You
may assume the legs are massless. The
robot is on an incline, but the center of
mass is still centered between its legs
with respect to the inclined plane.

a. Identify all the forces acting on the
system. Draw the free body
diagram.

b. Assume a rigid configuration as
drawn in Figure 2. Sum moments

about the lower leg’s ground-
. Figure 2: Walking Robot on an
contact location. )
c. What has to happen for the robot to Incline
fall down the hill? Use your answer
from part b as support.
d. What do these moments suggest about how the robot should be oriented on

uneven terrain?9

3)




Problem 1 (cont)

b. Sum moments about point 0. A key insight to this problem is treating this
configuration as a single, rigid body. This allows us to ignore the reaction
forces. So, the free body diagram reduces to:
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MCHE 474 — Fall 2017 — Homework 1 Due: 5:00pm Friday, September 1

Problem 2
Figure 2 shows a robotic arm. Assume that
the elbow joint is held rigid, such that 8 is
constant. The two links, [; and lg, are both
rigid and massless. There is a point mass,
m, at the endpoint. There is a pure torque,
T, acting at the pin joint.

a.

. How many degrees-of-freedom does

. Write the position of the endpoint

Identify all the forces acting on the
system. Draw the free body diagram.

the system have?

mass, m, relative to the pin.

Figure 2: A Robotic Arm

. Write the equations of motion for this

system.

. What torque, T, is required to maintain a configuration at angle 67
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Problem 2 (cont.) ™
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MCHE 474 — Fall 2017 — Homework 1 Due: 5:00pm Friday, September 1

Problem 3
In Figure 3, a block of mass m, height

W

h, and width w rests on an incline
place of angle 6. The coefficient of
friction between the plane and the
block is M.

a. Draw the free body diagram for
this system.

b. How many degrees of freedom
does this system have if it is
assumed that it does not tip
over?
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c. How many degrees of freedom

does this system have if it’s Figure 3: Block on an Incline Plane

possible that it tips over?

d. Write the equations of motion for this system.

e. At what combination of angle and coefficient of friction will the block begin to
slide?
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b) The system has 1 DOF. The block only slides down the incline.

c) If the box can tip over, then there are 2 DOF. We can use the
COM location along the incline and the angle of tipping relative
to the incline.



Problem 3 (cont)
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MCHE 474 — Fall 2017 — Homework 1 Due: 5:00pfn Tuesday, January 26th

Problem 4

Figure 4 shows a system of a uniform rod, length [ l

and mass m rotating about a perfect pin. An ® Uniform rod
always-horizontal force is acts on the end of the length:l
rod. mass—m
a. Draw the free body diagram for this system.
b. Write the equations of motion for this

system.
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Figure 4: A Bar Pendulum
with Force at End
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