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1. The Basic Problems of Automation
in Production Process

Automation makes possible an increase in the productivity of
labour and a growth in the abundance of material wealth. The
principal advantages of automation may be listed as;

1)an increase in the productivity of technological equipment
resulting from more accurate observation of the correct technical
conditions;

2)a reduction in wear of the equipment and an increase in
the length of time between overhauls resuiting from the- greater
stability of the operating conditions under automation ; |

3 )an improvement in the quality of the manufactured pro-
duct; ‘ : - - - : : A

4 )a reduction in production losses and a lowering in the coef-
ficient of .consumption, i. e. ; a reduction in the consumption of
raw materials; .

5)a reduction in. the consumption of thermal and electrical
energy:; ' '

6 ) the possibility of intensification of the process and of:the
application of progtressive technological methods; '

7)a reduction in the size of the factory building and an econ-
omy in construction works and materials resulting from a more ra-
tional partnership between technological and auxiliary equip-
ment; | ) -

8)an improvement in the working conditions of the produc-
tion workers, especially those engaged in processes which are dan-
gerous or harmful te health; b IR R

9)a reduction in the number of maintenance personnély "

10)an improvement in the organization of production;

11)an improvement'ih the 'cdordination of production control
and an increase in the reliability of operation of the process,’t'c'i—
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gether with reduction or avoidance of faults. |

Apart from the general effects of the introduction of automa-
tion enumerated above, each case may treveal other effects. The
numerous subsidiary effects of automation are mutually intercon-
nected. However, it would be inexpedient to consider them as all
present simultaneously and to the same degree. For each praocess to
be automated, it is necessary, on the basis of a detailed analysis,
to determine the more important basic problems of automation and
to commence the solution of these problems by the technical means
of automation. The number of these basic problems should not be
large, so that.time is not wasted on their solution.

For example, any of the following may be cited as a typical
problem of automation . _

1)the maximum increase in productivity of the technological
equipment; . '

2)a guarantee of the finest possible quality of the finished
product ;

3)a reduction in: the consumption of raw materials;-

4)a reduction in the consumption of thermal and electrical
e€nergy ;

5)an increase in safety and an improvement in the working
conditions of the production personnel;

6.)the maximum reduction in maintenance personnel;

7)a guarantee of maximum output of production per worker
etc.

.. The correct choice of the basic automation problems permits
effects to be obtained, which are best adapted to a particular type
of production, and in addition, avoid overlgading the system of
automation.
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2. Applications of Automatic Control

Although the scope of automatic control is virtually unlimit-
ed, we will limit this discussion to examples which are common-
place in modern industry.

1)Servomechanisms

Although a servomechanism is not a control application per
se,this device is commonplace in automatic control. A servomech-
anism,or “servo” for short, is a closed-loop control system in
which the controlled variable is mechanical position or motién. It
is designed so that the output will quickly and precisely respond to
a change in the output command. Thus we may think of a ser-
vomechanism as a following device,

Another form of servomechanism in which the rate of change
or velocity of the output is controlled is known as a rate or veloci-
ty servothechanism. |

2)Process control

Process control is a term applied to the control of variables in
a manufacturing process. Chemical plants, oil refineries, foodpro-
cessing plants, blast furnaces, and steel mill are examples of pro-
duction processes to which automatic control is applied. Process
controt is concerned with maintaining at a desired value such pro-
cess variables as temperature ,pressure, flow rate,liquid level,vis-
cosity ,density ,and composition. ]

Much current work in process control involves extending the
use of the digital computer to provide direct digital control (DDC)
of the process variables. In direct digital control the computer cal-
culates the values of the manipulated variables directly from the
values of the set points and the measurements of the process vari-
ables. The decisions of the computer are applied to digital actuators
in the process. Since the computer duplicates the analog controller



action ,these conventional controller are no longer needed.
3)Power generation

The electric power industry is primarily concerned with ener-
gy conversion and distribution. Large modern power plants which
may exceed several hundred megawatts of generation reguire com-
plex control systems to account for the interrelationship of the
many variables and provide optimum power prodution. Controf -of
power generation may be generally regarded as an appiiéation of
process control,and it is commeon to have as many as 100 manipu-
lated variables under computer control.

Automatic control has also been extensjvely applied to the
distribution of electric power. Power systems are commonly made
up of a number of generating plants. As load requirements fluctu-
ate, the generation and transmission of power is controlled to
achieve minimum cost of system operation. In addition,most large
power systems are interconnected with each other,and the flow of
power between systems is controlled.

4 YNumerical control

There are many manufacturing operations such as boring,
drilling , milling ,and weiding which must be performed with high
precision on a repetitive basis. Numerical control(N/C) is a sys-
tem that uses predetermi'ned instructions called a program to con-
trol a sequence of such operations. The instructions to accompiish a
desired operation are coded and stored on some medium such as
punched paper tape, magnetic tape, or punched cards. These in-
structions are usually stored in the form of numbers-hence the
name numerical control. The instructions identify what tool is to
be used,in what way (e. g. ,cutting speed), and the path of the
tool movement(position, direction, velocity,etc. ).

5)Transportation

To provide mass transportation systems for modern urban ar-
eas, large , complex control systems are needed. Several automatic
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transportation systems now in operation have high-speed trains
running at several-minute intervals. Automatic control is neces-
sary to maintain a constant flow of trains and to provide comfort-
able acceleration and braking at station stops.

Aircraft flight control is another important application in the
transportation field. This has been proven to be one of the most
complex control applications due to the wide range of system pa-
rameters and the interaction between controls. Aircraft control
systems are frequently adaptive in nature; that is, the operation
adapts itself to the surrounding conditions. For examples,since the
behavior of an aircraft may differ radically at low and high alti-
tudes the control system must be modified as a function of alti-
tude. |

Shipsteering and roll- stabilization controls are similar to
flight control but generally require far highter powers and involve
lower speeds of response.
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numerical control B, s
punched paper tape’ FAAH
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3. Open-loop and Closed-loop Control

If we examine the word control, we find several meanings
given in the dictionary, e.g., command, direct, govern, and reg-
ulate. Thus, a control system may be regarded as a group of physi-
cal components arranged to direct the flow of energy to a machine
or process in such a manner as to achieve the desired perform-
ance.

The word automatic means self-moving or self-acting; thus
an automatic control system is a self-acting control system.

An important distinction applied to control systems, whether
automatic or otherwise, is that between open-loop and closed-loop
operation. Automatic control, including this distinction, can per-
haps be best introduced by means of a simple example.

Assume that the oven shown in Fig. 1 is heated by an electric
heater controlled by a switch that provides several levels of cur-
rent to the heating element. The setting of the switch represents the
input quantity since it activates the system to produce the output.
The temperature of the oven is the output or controlied quantity..
Since the current to the heater is the quantity being altered, . we
can think of it as the manipulated quantity..

For a given setting of the control switch the oven temperature
will reach a value related to the heater current and heat losses
through the oven walls. If the temperature is-unsatisfactory, this
fact by itself can in no way alter the input to the oven control.
" Thus it can be said that the output quantity has no effect on the
input quantity. The control in this case is identified as an opén—
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loop control system. If some condition such as the ambient temper-
ature surrounding the oven should change, the oven temperature
will also change. Thus the open-loop control system cannot correct
for changes that disturb the controlled quantity.

. .
Switch setting
(input quantity) Temperature
: (output quantity)

Control -
Power switch /
source Oven
/
O
N
) Current _ . . Heating
{manipulated quantity) element

Fig. 1 Oven-temperature control, open-loop

A human being can be added to the system for the purpose of
maintaining the oven temperature at a desired value. This is shown
in Fig. 2. By abserving a thermometer within the oven, the person
could alter the posmon of the control -switch to more nearly
achieve the required temperature. It is important to note that the
addition of the human operator has pfovided. a means by which the
output is fed back and compared with the desired value. Actual
control of the heating element depends on-the error or difference
between.  the desired -and actual temperatures. -Any hecessary
change is. made in the direction of reducing this error. For exam-
ple, if the temperature were low, the heater current would be in-
creased to provide more heat. , ‘

Systems in which the output has an effect upon the input are
called closed-loop control systems or, more commonly, feedback
control systems. The feedback nature of the system in Fig. 2 may
be seen by tracing the closed-loop. The function of comparing the
actual temperature with the desired value is performed in the mind
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of the operator, and the command is executed by the response of

Fig. 2 Oven-temperature control, manual closed-loop

his muscles. Eventhough closed-loop control of the oven is estab-
lished by the dperator, the results may be less than satisfactory.
The temperature will cycle above and below the desired value as
~ the operator adjusts the switch even though the excursions would
tend to decrease with operator experience. A change in the level of
the power source ot in the ambient temperature surrounding- the
oven would adversely affect the system’s output. In addition,
watching a thermometer and operating a switch would be a dull
and time-consuming task. This arrangement could be described as a
manual ciosed-loop control system.

| To. further improve performance and obtain more precise
control, the human may be:replaced by a mechanical, electrical,
or other form of comparison and control unit. Fig. 3 shows . the
oven control system with closed-loop control.implemented on an
automatic basis, that is, without human intervention. The temper-
ature is now measured by a thermocouple, a device that generates
an electrical voltage proportional to temperature. This voltage is
fed back and compared with a reference voltage that represents the
desired temperature. The difference between the two voltages is
amplified electronically and controls the current to the heating ele-



