EE3510 Chapter 1105060012 Yu-Sung Chang
(E1.1) Describe typical sensors that can measure each of the following:
Linear position、Velocity (or speed)、Nongravitational acceleration、Rotational position (or angle)、Rotational velocity、Temperature、Pressure、Liquid (or gas) flow rate、Torque、Force
Ans. 
[image: ]

(E1.2) Describe typical actuators that can convert the following:
Fluidic energy to mechanical energy、Electrical energy to mechanical energy、Mechanical deformation to electrical energy、Chemical energy to kinetic energy
Ans.
[image: ]

(E1.13) Consider the inverted pendulum shown in Figure E1.13. Sketch the block diagram of a feedback control system using Figure 1.3 as the model. Identify the process, sensor, actuator, and controller. The objective is keeping the pendulum in the upright position, that is to keep 6 = 0, in the presence of disturbances.
[image: ]
Ans.
???




(P1.2) In the past, control systems used a human operator as part of a closed-loop control system. Sketch the block diagram of the valve control system shown in Figure.
[image: ]
	Ans.
[image: ]

(P1.6) A simple model of the price-wage inflationary spiral is shown in Figure PI.6. Add additional feedback loops, such as legislative control or control of the tax rate, to stabilize the system. It is assumed that an increase in workers' salaries, after some time delay, results in an increase in prices. Under what conditions could prices be stabilized by falsifying or delaying the availability of cost-of-living data? How would a national wage and price economic guideline program affect the feedback system?
[image: ]
	Ans.
If you assume that increasing worker’s wages results in increased prices, then by delaying or falsifying cost-of-living data you could reduce or eliminate the pressure to increase worker’s wages, thus stabilizing prices. This would work only if there were no other factors forcing the cost-of-living up. Government price and wage economic guidelines would take the place of additional “controllers” in the block diagram, as shown in the block diagram.
	[image: ]
(P1.26) NASA is developing a compact rover designed to transmit data from the surface of an asteroid back to Earth. The rover will use a camera to take panoramic shots of the asteroid surface. The rover can position itself so that the camera can be pointed straight down at the surface or straight up at the sky. Sketch a block diagram illustrating how the micro-rover can be positioned to point the camera in the desired direction. Assume that the pointing commands are relayed from the Earth to the micro-rover and that the position of the camera is measured and relayed back to Earth.
	Ans.
[bookmark: _heading=h.gjdgxs]	[image: ]
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CHAPTER 1 Introduction to Control Systems
Problems
P1.1  An automobile interior cabin temperature control system block diagram:
EE3510 Chapter 1 105060012 Yu-Sung Change!
Contter
P1.2 In the past, control systems used a human operator as part of a closed-loop ‘Thermostat and
air conditioning
control system. Sketch the block diagram of the valve control system shown in Figure.<’ inver unit

P1.2 A human operator controlled valve system:
i

flaw Valve

FIGURE P1.2  Flid-flow control. <«

Ans.<

P1.3 A chemical composition control block diagram:
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signal, and the resulting signal is used as the input to the process. A simple model of
the price-wage inflationary spiral is shown in Figure P1.6. Add additional feedback
L . . FIGURE P1.5 A photocell is mounted in each tube. The light reaching
loops, such as legislative control or control of the tax rate, to stabilize the system. It is enc);cell is the same in both only when the light source is exactly in the
middie as shown.
assumed that an increase in workers' salaries, after some time delay, results in an
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If you assume that increasing worker’s wages results in increased prices, then by
delaying or falsifying cost-of-living data you could reduce or eliminate the
pressure to increase worker’s wages, thus stabilizing prices. This would work
only if there were no other factors forcing the cost-of-living up. Government
price and wage economic guidelines would take the place of additional
“controllers” in the block diagram, as shown in the block diagram.<’
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would work only if there were no other factors forcing the cost-of-living
up. Government price and wage economic guidelines would take the place
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(P1.26) NASA is developing a compact rover designed to transmit data from the
surface of an asteroid back to Earth. The rover will use a camera to take panoramic
shots of the asteroid surface. The rover can position itself so that the camera can be
pointed straight down at the surface or straight up at the sky. Sketch a block diagram
illustrating how the micro-rover can be positioned to point the camera in the desired
direction. Assume that the pointing commands are relayed from the Earth to the

micro-rover and that the position of the camera is measured and relayed back to
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E1.1 Describe typical sensors that can measure each of the following:<’ E1.1 A microprocessor controlled laser system:
a. Linear position ¢ i
b. Velocity (or speed)< . — :
c. Nongravitational acceleration < becees e | Micro- Currentit) Lacer R |
d. Rotational position (or angle) < pover - processor| out
e. Rotational velocity < I “;;::‘
f. Temperature ¢ power Sensor [
g. Pressure <
h. Liquid (or gas) flow rate <
i. Torque ¢ E1.2 A driver controlled cruise control system:
j. Force<
o Controller p—
E1.2 Describe typical actuators that can convert the following:<' Desied 4 Driver Foot pedal Carand 5 Actual
a. Fluidic energy to mechanical energy < speed - Engine :i‘::;d
b. Electrical energy to mechanical enerngé‘ .
c. Mechanical deformation to electrical energy < Visual indication of speed Speedometer
d. Chemical energy to kinetic energy<’

E1.3 Although the principle of conservation of momentum explains much of
the process of fly-casting, there does not exist a comprehensive scientific
explanation of how a fly-fisher uses the small backward and forward mo-
tion of the fly rod to cast an almost weightless fly lure long distances (the

1
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E1.13 Consider the inverted pendulum shown in Figure E1.13. Sketch the block
diagram of a feedback control system using Figure 1.3 as the model. Identify the
process, sensor, actuator, and controller. The objective is keep the pendulum in the

upright position, that is to keep 6 = 0, in the presence of disturbances.é‘
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trolled by an input current (o yield the power output. A
microprocessor controls the input current to the laser.
‘The microprocessor compares the desired power level
with a measured signal proportional to the laser power
output obtained from a sensor. Complete the block di-
agram representing this closed-loop control system
shown in Figure E1.3, identifying the output, input, and
measured variables and the control device.

EL4  An automobile driver uses a control system to main-
tain the speed of the car at a prescribed level. Sketch a
block diagram to illustrate this feedback system.

ELS Fly-fishing is a sport that challenges the person to
cast a small feathery fly using alight rod and line. The
goal is to place the fly accurately and lightly on the
distant surface of the stream [59]. Describe the fly-
casting process and a model of this process.

EL6 An autofocus camera will adjust the distance of the
lens from the film by using a beam of infrared or ul-
trasound to determine the distance to the subject [42].
Sketch a block diagram of this open-loop control sys-
tem, and briefly explain its operation.

EL7 Because a sailboat cannot sail directly into the wind,
and traveling straight downwind is usually slow, the
shortest sailing distance is rarely a straight line. Thus
sailboats tack upwind—the familiar zigzag course—and
jibe downwind. A tactician's decision of when to tack
and where to go can determine the outcome of a race.

Describe the process of tacking a sailboat as the
wind shifts direction. Sketch a block diagram depict-
ing this process.

EL8 Modern automated highways are being implement-
ed around the world. Consider two highway lanes merg-
ing into a single lane. Describe a feedback control
system carried on the automobile trailing the lead au-
tomobile that ensures that the vehicles merge with a
prescribed gap between the two vehicles.

EL9  Describe the block diagram of the speed control sys-
tem of a motorcycle with a human driver.

EL10 Describe the process of human biofeedback used
to regulate factors such as pain or body temperature.

enabled. This will allow the aircraft to take advantage
of continuing improvements in computer power and
network growth. Aircraft can continuously communi-
cate their location, speed, and critical health parame-
ters to ground controllers, and gather and transmit
local meteorological data. Sketch a block diagram
showing how the meteorological data from multiple
aircraft can be transmitted to the ground, combined
using ground-based powerful networked computers
to create an accurate weather situational awareness,
and then transmitted back to the aircraft for optimal
routing.

EL12 Unmanned acrial vehicles (UAVs) are being de-
veloped to operate in the air autonomously for long
periods of time (see Section 1.3). By autonomous, we
mean that there is no interaction with human ground
controllers. Sketch a block diagram of an autonomous
UAV that is tasked for crop monitoring using aerial
photography. The UAV must photograph and transmit
the entire land area by flying a pre-specified trajectory
as accurately as possible.

'EL13_Consider the inverted pendulum shown in Figure
E1L13. Sketch the block diagram of a feedback control

Optical encoder to
‘measure angle

FIGURE E1.13 Inverted pendulum control.
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P1.2 In the past, control systems used a human operator as part of a closed-loop
control system. Sketch the block diagram of the valve control system shown in Figure
PL2.¢
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Problems

system using Figure 1.3 as the model. Identify the
process. sensor. actuator, and controller. The objective
is keep the pendulum in the upright position, that is to
keep 0 = 0,in the presence of disturbances.

PROBLEMS

Problems require extending the concepts of this chapter to

new situations.
The following systems may be described by a black
diagram showing the cause-effect relationship and
the feedback (if present). Each block should describe s
funetion. Use Figure 1.3 as a model where appropriate.

PL1 Many luxury automobiles have thermostatically
controlled air-conditioning systems for the comfort
of the passengers. Sketch a block diagram of an air-
conditioning system where the driver sets the desired
interior temperature on a dashboard panel. Identify
the function of each element of the thermostatically
controlled cooling system.

Outpit

Fluid
Hlow

FIGURE P1.2 Fluid-flow control
P13 In a chemical progess control system, it is valuable
to control the chemical composition of the product.
‘To do so, a measurement of the composition can be

39

EL14 Describe the block diagram of a person playing a
videa game. Suppose that the input device is a joystick
and the game is being played on a desktop computer.
Use Figure 1.3 as a model of the block diagram.

stream may be controlled. Complete the control feed-
back loop. and sketch a block diagram describing the
operation of the control loop.

P14 The accurate control of  nuclear reactor is impor-
tant for power system generators. Assuming the num-
ber of neutrons present is proportional 1o the power
level, an ionization chamber is used 1o measure the
power level. The current i, is proportional to the
power level. The position of the graphite control rods
moderates the power level. Complete the control sys-
tem of the nuclear reactor shown in Figare P1.4 and
sketch the block diagram describing the operation of
the feedback control loop.

Control rod

Tonization chamber

FIGURE P1.4  Nuclear reactor control.

P15 A lightsecking control system, used to track the
sun, is shown in Figure PLS. The output shaft, driven
by the motor through a worm reduction gear, has a
bracket attached on which are mounted two photocells.
Complete the closed-loop system so that the system
follows the light source.

PL6 Feedback systems do not always involve negative
feedback. Economic inflation, which is evidenced by
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