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1. (20%) Consider the inverted pendulum system shown in Figure 1. sy
Assume that the mass of the mobile base is m; and the inverted | m,
pendulum is 7, with a massless rod of the length /. The angle of the
rod to the vertical axis is 6. For the system, y(#), the horizontal g |
movement, is considered as the output with the input u(#) as the l
driving force on the mobile base.

(1) Derive the dynamic model of the inverted pendulum system.
(2) Find out the transfer function of the inverted pendulum system

with y(t) as the output and u(t) as the input if 6 is large. * ™
(3) If 6(t) is very small, find out the transfer of the system with 8(t) as 777777 9/ 9 7T
the output and u(t) as the input. Figure 1. Inverted pendulum system.

2. (15%) The mechanical system shown in Figure 2 (a) is used as part of the unity feedback system shown in
Figure 2 (b). Find the values of M and D to yield 20% overshoot and 2 seconds settling time.

eal®) | Motor ~{ N1 =10

For the motor:
Jo =1kg-m2 ot
Dg = 1 N-m-sfrad — (1)

Ra = I Q _‘[—
Kp =1V-sfrad . fv = 1 Nes/m
K =1 N-m/A
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Figure 2. Motor and load in a feedback control system
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3. (30%) An example of an automated highway system is shown in Figure 3. A velocity control system for

maintaining the velocity between vehicles is illustrated in Figure 4. The output ¥(s) is the relative velocity
of the two automobiles; the input R(s) is the desired relative velocity between the two vehicles. Our
design goal is to develop a controller that can maintain the prescribed velocity between the vehicles and
maneuver the active vehicle as commanded. '
The CONTROL GOAL of the system is to maintain the prescribed velocity between the two vehicles,

and maneuver the active vehicle as commanded. Design a controller with your choice from a PD or PI
controller to satisfy the following SPECIFICATIONS.

(1) Zero steady-state error to a step input

(2) Steady-state error due to a ramp input of es<25% of the input magnitude

(3) Percent overshoot of < 5% to a step input

(4) Settling time of 75<1.5 sec to a step input (using a 2% criterion to establish settling time)

Hint: you can use the root locus technique for second-order approximation of transient response.
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Figure 3. Automated highway system.

Tys)
. Controller  Automobile system
e G i + T G T o
+ 1
Ris G,. S B S — » ;
(®) s 3 E+2G+8) )

Figure 4. Vehicle velocity control system.
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Assuming that block diagram for the roll control system shown in Figure 5,
(1) Find out the range of gain for stability, and the oscillation frequency by

4. (20%) A ship’s roll can be stabilized with a control system. A voltage applied to the fins’ actuators creates
a roll torque that is applied to the ship. The ship, in response to the roll torque, yields a roll angle.

answer the followings

using the root locus

technique.
(2) If K=5, determine the gain and phase margins for the systém via plotting the Nyquist diagram.
: Ship
Desired Roll .o Fin ¢ roll Actual
roli angle ransgucer actuator ynamics ol
angle, 0,(s) 3 <y emon, 60 | [ | Volage | g5 | Torque 9 angle, 6,(s)
_% ] s+5 152+ 12549 o

5. (15%) Consider a unity feedback control system with the transfer function

(1) Find the analytical expressions for the magnitude and phase response.
(2) Plot the Bode plot and answer the gain and phase margins.

Figure 5. Block diagram of a ship’s roll-stabilizing system.

System 1: G(s) = %:—4:% System 2: G(s) = —(—5—%
s(s+1)(s (s +2)(s




