Pre-reading

Identify the following words and match the words with the pictures listed below.

water clock furnace water-ring vacuum pump
compressor thermostat pressure regulator

Discuss the following questions with your partner.

1. What do you know about automatic control? When did automatic control first
appear in human history?

2. Which field is automatic control the most widely applied in? How can it be well
incorporated into other fields?
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Automatic Control

! Automatic control in engineering and
technology is a wide generic term covering
the application of mechanisms to the
operation and regulation of processes
without continuous direct human

Jintervention. !

2 Automatic control covers the range of
application from a household thermostat
controlling a boiler, to a large industrial
control system with tens of thousands of
input measurements and output control
signals. In control complexity it can range
from simple on-off control to multi-
variable high level algorithms.

3 In the simplest type of an automatic
control loop, a controller compares a
measured value of a process with a desired
set value, and processes the resulting error
signal to change some input to the process,
in such a way that the process stays at its
set point despite disturbances. This closed-
loop control is an application of negative
feedback to a system. The mathematical
basis of control theory was begun in the
18th century, and advanced rapidly in the
20th century.

ey

~ 4 The history of automatic control traces

back to Ancient Greece. It was a
preoccupation of the Greeks and Arabs

(in the period between about 300 B.C.

and about 1200 A.D.) to keep accurate
track of time. In about 270 B.C. the Greek
Ctesibius invented a float for a water
clock, a device not unlike the ball and cock
in a modern flush toilet. The invention of
the mechanical clock in the 14th century
made the water clock and its feedback
control system obsolete. The float regulator
does not appear again until its use in the
Industrial Revolution.

5 Thomas Newcomen invented the steam

engine in 1713, and this date marks the
accepted beginning of the Industrial
Revolution. However, its roots can be
traced back into the 17th century. The
introduction of prime movers, or self-
driven machines advanced grain mills,
furnaces, boilers, and the steam engine
created a new requirement for automatic
control systems including temperature
regulators (invented in 1624), pressure
regulators (1681), float regulators (1700)
and speed control devices. The design of
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feedback control systems up through the
Industrial Revolution was done by trial- .
and-error, together with a great deal of
engineering intuition. Thus, it was more
of an art than a science. In the mid-19th
century mathematics was first used to
analyze the stability of feedback control
systems. Since mathematics is the formal
language of automatic control theory, we
could call the period before this time the
prehistory of control theory.

The First and Second World Wars saw
major advancements in the field of mass
communication and signal processing.
Other key advances in automatic control
include differential equations, stability
theory and system theory, frequency
domain analysis, ship control, and
stochastic analysis.

With the advent of the space age in 1957,
controls design, particularly in the United
States, turned away from the frequency-
domain techniques of classical control
theory and backed into the differential

equation techniques of the late 19th century,

which were couched in the time domain.
The modern era saw time-domain design
for nonlinear systems, navigation, optimal
control and estimation theory, nonlinear
control theory, digital control and filtering
theory, and the personal computer.
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Fundamentally, there are two types of
control loop: open loop control and closed
loop control.

In open loop control, the control action
from the controller is independent of the
process output. A good example of this is a
central heating boiler controlled only by a
timer, so that heat is applied for a constant
time, regardless of the temperature of the
building.

In closed loop control, the control action
from the controller is dependent on the
process output. In the case of the boiler
analogy this would include a thermostat
to monitor the building temperature,

and thereby feed back a signal to ensure
the controller maintains the building at
the temperature set on the thermostat.

A closed loop controller therefore has a
feedback loop which ensures the controller!
exerts a control action to give a process
output the same as the “reference input”
or “set point”. For this reason, closed
loop controllers are also called feedback
controllers.

The definition of a closed loop control
system according to the British Standard
Institution is “a control system possessing
monitoring feedback, the deviation signal
formed as a result of this feedback being



_used to control the action of a

final control element in such
a way as to tend to reduce the

deviation to zero”.

Likewise, a feedback control system is a system which tends to maintain a prescribed
relationship of one system variable to another by comparing functions of these
variables and using the difference as a means of control.

The advanced type of [automation that revolutionized manufacturing, aircraft,
communications and other industries, is feedback control, which is usually
continuous and involves taking measurements using a sensor and making calculated
adjustments to keep the measured variable within a set range. The theoretical basis
of closed loop automation is control theory.

A thermostat is a simple negative feedback controller: when the temperature (the
“process variable” or PV) goes below a set point (SP), the heater is switched on.
Another example could be a pressure switch on an air compressor. When the
pressure (PV) drops below the threshold (SP), the pump is powered. Refrigerators
and vacuum pumps contain similar mechanisms operating in reverse, but still

providing negative feedback to correct errors.

Simple on-off feedback control systems like these are cheap and effective. In some
cases, like the simple compressor example, they may represent a good design choice.

In most applications of on-off feedback control, some consideration needs to be
given to other costs, such as wear and tear of control valves and perhaps other start-
up costs when power is reapplied each time the PV drops. Therefore, practical on-off
control systems are designed to include hysteresis which acts as a deadband, a region
around the set point value in which no control action occurs. The width of deadband
may be adjustable or programmable.
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New words and expressions

generic /d31'nerik/ adj. :
relating to all members of a genus 25019; JE#

intervention /,inta'venfan/ n:
the act of becoming involved in a certain situation
in order to change what happens 4 \; i

variable /'veariabl/ n.

sth. that is likely to vary A8 #k; n[A5p]3E
algorithm /'®lgoridom/ n. ZH N
feedback /'fizdbaek/ n.

- the process in which part of the output of a system
is returned to its input in order to regulate its
further output 5z i ‘
preoccupation /pritokju'perfon/n.
the mental state of being preoccupied by sth. 431
Bk
obsolete /'pbsalizt/ ad).
no longer used, aut of date FEFFf; it

regulator /'regjuleita(r)/ n.

an instrument for controlling the temperature,
speed, etc. of sth. tifER; JAT78%
intuition /,mtjuz'tfon/ n. :
the ability to understand or know sth. because of a
feeling rather than by considering the facts E% ;
HEH
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domain /douv'mern/ n.

a set of possible quantities by which sth. can vary 1,
filter /'filta(r)/ vt.

to remove unwanted substances from water, air,
etc. by passing it through a special substance or
piece of equipment i i/

' analogy /o'nzlad31/ n.

sth. that seems similar between two situations or
processes Z5H:

deviation / dizvr'e1fon/ n.

a noticeable difference from what is expected or

acceptable fR2; iRz

prescribed /pri'skraibd/ adj.
set down as a rule or guide HLEM)

compressor /kom'presa(r)/ n.

a machine or part of a machine that compresses air
or gas JEZRtL

hysteresis / hista'rizsis/ n. IRHEFBIS

deadband /'dedbaend/ n.

an interval of a signal domain or band where no

action occurs FEiliH; FEX



