MEM 351 Dynamic Systems Lab

Homework


Homework – Representations, Poles and Zeros

Below is a free-body diagram of the damped compound pendulum, dimensions and experimental data plotting the time response from free fall.
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1. If 
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is the viscous damping coefficient, show that the equation of motion for the damped compound pendulum sketch above is given the equation below (10 points)
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Given the following block diagram and values, show that the open-loop transfer function is given by (5 points)
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3. Show that the time constant 
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and settling time 
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for the damped compound pendulum given that 
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and natural frequency
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 (5 points)

4. Show that the complex poles 
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will yield 
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and phase angle 
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(5 points)

� EMBED Equation.3  ���





� EMBED Equation.3  ����
= 0.0090�
� EMBED Equation.3  ����
�
� EMBED Equation.3  ����
= 0.00035�
� EMBED Equation.3  ����
�
� EMBED Equation.3  ����
= 0.43�
� EMBED Equation.3  ����
�
� EMBED Equation.3  ����
= 0.023�
� EMBED Equation.3  ����
�
� EMBED Equation.3  ����
= 9.81�
� EMBED Equation.3  ����
�
� EMBED Equation.3  ����
= 0.017�
� EMBED Equation.3  ����
�






�





�





� EMBED Equation.3  ����
Bar length�
0.495�
� EMBED Equation.3  ����
�
� EMBED Equation.3  ����
Pivot to CG distance�
0.023�
� EMBED Equation.3  ����
�
� EMBED Equation.3  ����
Mass of pendulum�
0.43�
� EMBED Equation.3  ����
�






�





� EMBED Equation.3  ���








( Copyright by Paul Oh


[image: image19.wmf]d

[image: image20.wmf]m

[image: image21.wmf]g

[image: image22.wmf]2

/

s

m

[image: image23.wmf]m

K

[image: image24.wmf]V

Nm

/

[image: image25.wmf]m  g

d

L

q

q

d

dt

c

L

q = 0

[image: image26.wmf]s

2

+

c

J

+

m

L

gd

J

s

1/J

q

V(s)

[Volts]

K

m

Propeller

Compound Pendulum

Motorized

T(s)

Torque

[Nm]

[Nm/Volts]

rad/sec

[

]

=

(s)

Q

[image: image27.wmf]L

[image: image28.wmf]m

[image: image29.wmf]d

[image: image30.wmf]m

[image: image31.wmf]L

m

[image: image32.wmf]kg

[image: image33.png]Angle [deg]

Time [sec]




[image: image34.wmf]0

=

+

+

q

q

q

L

gd

m

J

c

L

&

&

&

_1170003250.unknown

_1170004410.unknown

_1170004786.unknown

_1170004840.unknown

_1170004870.unknown

_1170004451.unknown

_1170003304.unknown

_1170003503.unknown

_1170003630.unknown

_1170003768.unknown

_1170003547.unknown

_1170003481.unknown

_1170003274.unknown

_1169063786.unknown

_1170003155.unknown

_1170003226.unknown

_1170003101.unknown

_1170003013.unknown

_1167489348.unknown

_1169036244.unknown

_1169036245.unknown

_1169036243.unknown

_1167489493.unknown

_1167466368.unknown

_1167465364.unknown

_1167465579.unknown

_1167465610.unknown

_1167465412.unknown

_1167465340.unknown

