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UNIT 1

Exercise 1. Read and translate the following words:

fascinating, mechanism, century, temperature, valve, measurement, intuitive, oscillation, equation, frequency, discipline.

Exercise 2. Complete the chart and translate the words:

	Verb
	Noun

	to apply
	

	
	regulator

	to require
	

	to measure
	

	
	performance

	to amplify
	

	
	extension

	to install
	


Exercise 3. Make adverbs from the following adjectives and compose sentences with them:

approximate, general, accurate, different, eminent, particular, frequent, rapid, former, simultaneous.

Exercise 4. Find in the text a word that has the same or a similar meaning to the following:

amazing, device, to invent, permanent, rate, motor, to demand, precise, necessary, to connect, prominent.

Exercise 5. Essential vocabulary to the text:

feedback controller – регулятор обратной связи
flyball - поплавок
attenuation – уменьшение, затухание, ослабление
transient – переходный, неустановившийся

electronic feedback amplifier – усилитель с обратной связью

domain – область, сфера

to devise – изобретать, придумывать

impetus – побудительная сила, толчок, стимул

to foster – поощрять, благоприятствовать.

Exercise 6. Read and translate the text. Name the steps in the history of a feedback system.

TEXT A. History of Automatic Control (Part I)

The use of feedback in order to control a system has had a fascinating history. The first applications of feedback control rest in the development of float regulator mechanisms in Greece in the period 300 to 1 B.C. The water clock of Ktesibios used a float regulator. An oil lamp devised by Philon in approximately 250 B.C. used a float regulator for maintaining a constant level of fuel oil. Heron of Alexandria, who lived in the first century A.D., published a book entitled Pneumatica, which outlined several forms of water-level mechanisms using float regulators.

The first feedback system to be invented in modern Europe was the temperature regulator of Cornelis Drebbel (1572-1633) of Holland. Denis Papin (1647-1712) invented the first pressure regulator for steam boilers in 1681. Papin’s pressure regulator was a form of safety regulator similar to a pressure-cooker valve.

The first automatic feedback controller used in an industrial process is generally agreed to be James Watt’s flyball governor developed in 1769 for controlling the speed of a steam engine. The all-mechanical device measured the speed of the output shaft and utilized the movement of the flyball with speed to control the valve and therefore the amount of steam entering the engine. As the speed increases, the ball weights rise and move away from the shaft axis thus closing the valve. The flyweights require power from the engine in order to turn and therefore make the speed measurement less accurate.

The first historical feedback system claimed by Russia is the water-level float regulator said to have been invented by I. Polzunov in 1765. The float detects the water level and controls the valve that covers the water inlet in the boiler.

The period preceding 1868 was characterized by the development of automatic control systems by intuitive invention. Efforts to increase the accuracy of the control system led to slower attenuation of the transient oscillations and even to unstable systems. It then became imperative to develop a theory of automatic control.

J. C. Maxwell formulated a mathematical theory related to control theory using a differential equation model of a governor. Maxwell’s study was concerned with the effect various system parameters had on the system performance. During the same period, I.A. Vyshnegradskii formulated a mathematical theory of regulators.

Prior to World War II, control theory and practice developed in the United States of America and Western Europe in a different manner than in Russia and Eastern Europe. One main impetus for the use of feedback in the United States was the development of the telephone system and the electronic feedback amplifiers by Bode, Nyquist, and the Bell Telephone Laboratories.  The frequency domain was used primarily to describe the operation of the feedback amplifiers in terms of bandwidth and other frequency variables. In contrast, the eminent mathematicians and applied mechanicians in Russia inspired and dominated the field of control theory. Therefore, in Russian theory tended to utilize a time-domain formulation using differential equations.

A large impetus to the theory and practice of automatic control occurred during World War II when it became necessary to design and construct automatic airplane pilots, gun-positioning systems, radar antenna control systems, and other military systems based on the feedback control approach. The complexity  and expected performance of these military systems necessitated an extension of the available control techniques and fostered interest in control systems and the development of new insights and methods. Prior to 1940, for most cases, the design of control systems was an art involving a trial-and-error approach. During the decade of the 1940s, mathematical and analytical methods increased in number and utility, and control engineering became an engineering discipline in its own right.

Exercise 7. What significance do the following names have in relation to the development of control systems?
Ktesibios, Heron of Alexandria, Cornelis Drebbel, Denis Papin, James Watt,           I. Polzunov, J.C. Maxwell, I. A. Vyshnegradskii, Bode.

Exercise 8. What do these dates in the text refer to?
300 B.C., 250 B.C., 1572, 1712, 1769, 1765, 1868, 1940.

Exercise 9. Find in the text English equivalents for the following word- combinations and use them in sentences of your own:

увлекательная история, постоянный уровень, паровой котёл, менее точный, период предшествующий, стало настоятельно необходимым, ширина полосы (частот), выдающиеся математики, делать необходимым.

Exercise 10. Compose sentences with the following expressions from the text 
(in written form) and exchange your notebooks with your group-mates for further translation:

in order to, similar to, therefore, thus, even, in terms of, furthermore, due to, prior to, in contrast, especially.

Exercise 11. Translate the following participle phrases into Russian:

1. Radar antenna control systems designed during World War II were based on…

2. A mathematical model for a governor control of a steam engine formulated by J.C. Maxwell became…

3. Mechanized assembly machine introduced by Henry Ford was soon…

4. Feedback amplifiers analyzed by H.W. Bode were used…

5. A method for analyzing the stability of systems developed by H. Nyquist increased…

Exercise 12. Find attributive participle phrases in the text and translate them.

Exercise 13. Translate the following word groups into English:

иллюстрированный научный журнал; статья, написанная незнакомым автором; имя, широко известное в научных кругах; текст, переведённый с ошибками.

Exercise 14. Look at the expression from the text: trial-and-error approach.
In English there are many fixed pairs of words joined by a conjunction “and”. Translate some of them and compose sentences of your own.

Now and again, up and down, safe and sound, sick and tired, law and order, wait and see, ins and outs, odds and ends.

Exercise 15. Read and translate the text:

TEXT B. History of Automatic Control (Part П)

Frequency-domain techniques continued to dominate the field of control following World War II with the increased use of the Laplace transform and the complex frequency plane. During the 1950s, the emphasis in control engineering theory was on the development and use of the s-plane methods and, particularly, the root locus approach. Furthermore, during the 1980s, the utilization of digital computers for control components became routine. These new controlling elements possessed an ability to calculate rapidly and accurately that was formerly not available to the control engineer.  There are now over ninety thousand digital process control computers installed in the United States. These computers are employed especially for process control systems in which many variables are measured and controlled simultaneously by the computer.

With the advent of Sputnik and the space age, another new impetus was imparted to control engineering. It became necessary to design complex, highly accurate control systems for missiles and space probes. Furthermore, the necessity to minimize the weight of satellites and to control them very accurately has spawned the important field of optimal control. Due to these requirements, the time-domain methods due to Liapunov, Minorsky, and others have  met with great interest in the last decade. New theories of optimal control have been developed by L.S. Pontryagin in Russia and R. Bellman in the United States. It now appears that control engineering must consider both the time-domain and the frequency domain approaches simultaneously in the analysis and design of control systems.

Exercise 16. Ask questions using question-words “who” or “what”.

Example: 
The time-domain methods are due to Liapunov and Minorsky.  

Who are the time-domain methods due to?  

1. New theories of optimal control are due to L. S. Pontryagin.

2. New impetus is due to the advent of Sputnik.

3. The discrepancy is due to many reasons.

4. The temperature regulator was due to Cornelius Drebbel.

5. This discovery is due more or less to pure accident.
Exercise 17. Recast the following sentences using the expression “to be due to”.

Example: 
The first pressure regulator was invented by Dennis Papin. 

The first pressure regulator was due to Dennis Papin.

1. The establishment of these facts resulted from a long period of experimental research.
2. The complexity of the problem brought forth some misunderstanding.
3. The development of digital computers leads to rapid advances in control engineering.

4. The complexity of military systems causes an extension of the available control techniques.
5. The increasing interest in achieving optimum performance fostered the development of new insights and methods.
Exercise 18. Insert “due to” or “to be due to”

1. The errors….careless analysis.

2. The flyball governor…. James Watt.

3. The problem could be solved…. very careful investigations.

4. The failures of the experiment …. absence of necessary equipment.

5. This invention …. Heron of Alexandria. 

Exercise 19. Paraphrase the sentences below using the expressions “to be famous for”, “to be distinguished for”, “to be known for”.

Example: 
Columbus discovered America.

Columbus is famous for his discovery of America.

1. L.S. Pontryagin developed the theory of optimal control.

2. I. Polzunov invented the water-level float regulator.

3. J.C. Maxwell formulated a mathematical theory related to control theory.

4. Philon devised an oil lamp.

5. Henry Ford introduced mechanized assembly machine for automobile production.

Exercise 20. Paraphrase the sentences below according to the example.

Example: 
To my mind, the text is very interesting.

I find the text very interesting.

1. To my mind, the experiment is very important.

2. To my mind, the idea is rather complicated.

3. To my mind, the data are accurate.

4. To my mind, this invention is very helpful.

Exercise 21. Describe Watt’s flyball governor work using the picture.

[image: image1.jpg]



Exercise 22. Describe the work of a water-level float regulator using the picture.

[image: image2.jpg]



Exercise 23. Look at the table of the selected historical developments of control systems, translate it and ask questions using the question word “who”.

	1769
	James Watt’s steam engine and governor developed. The Watt steam engine is often used to mark the beginning of the Industrial Revolution in Great Britain. During the industrial revolution, great strides were made in the development of mechanization, a technology preceding automation.

	1800
	Eli Whitney’s concept of interchangeable parts manufacturing demonstrated in the production of muskets. Whitney’s development is often considered as the beginning of mass production.

	1868
	J.C. Maxwell formulates a mathematical model for a governor control of a steam engine.

	1913
	Henry Ford’s mechanized assembly machine introduced for automobile production.

	1927
	H.W. Bode analyzes feedback amplifiers.

	1932
	N. Nyquist develops a method for analyzing the stability of systems.

	1952
	Numerical control (NC) developed at Massachusetts Institute of technology for control of machine-tool axes. 

	1954
	George Devol develops “programmed article transfer” considered to be the first industrial robot design.

	1960
	First Unimate robot introduced, based on Devol’s designs. Unimate installed in 1961 for tending die-casting machines.


Exercise 24. Enlarge the table using the facts from Texts A and B .

Exercise 25. Speak about the history of automatic control.
Exercise 26. Translate the text with a dictionary.

TEXT C. Control systems

Control systems are combinations of components (electrical, mechanical, thermal, or hydraulic) that act together to maintain actual system performance close to a desired set of performance specifications. Open-loop control systems (e.g., automatic toasters and alarm clocks) are those in which the output has no effect on the input (Fig. 1).
[image: image4.jpg]Plant Plant

Input

Desired Error
Output 4 —. Signal

Figure 2: A closed-loop control system.



Closed-loop control systems (e.g., thermostats, engine governors, automotive cruise-control systems, and automatic tuning control circuits) are those in which the output has an effect on the input in such a way as to maintain the desired output value (Fig. 2). 
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Figure 1: An open-loop control system.



A closed-loop system includes some way to measure its output to sense changes so that corrective action can be taken. The speed with which a simple closed-loop control system moves to correct its output is described by its damping ratio and natural frequency. A system with a small damping ratio is characterized by overshooting the desired output before settling down. Systems with larger damping ratios do not overshoot the desired output, but respond more slowly.

Exercise 27. A minute for rest.

Who is a scientist?

One who, consuming midnight oil 

in studies diligent and slow, 

teaches himself, with painful toil 

the things that other people know.
diligent – прилежный, старательный
toil – тяжёлый труд

Last things first
Solutions to problems

are easy to find:
The problem’s a great contribution.

What is truly an art

is to wring from your mind

a problem to fit a solution.
to wring – вытаскивать, выуживать
UNIT 2

Exercise 1. Read and translate the following words:

hierarchy [΄haıəra:kı] , ratio [΄reı∫ıəu], expenditure, surface, acceleration, virtually, entire, emerging, extremely.
Exercise 2. Complete the chart and translate the words:

	a)
	Verb
	Adjective

	
	to adapt
	—

	
	to excite
	—

	
	—
	inflationary

	
	—
	productive

	
	to create
	—


	b)
	Verb
	Noun

	
	—
	concern

	
	to refer
	—

	
	—
	determination

	
	to expect
	—

	
	—
	supplement

	
	—
	evolution

	
	to replace
	—


Exercise 3. Find in the text a word that has the opposite meaning to the following:

out-of-date, to decrease, falling, to finish, long, regressive, complexity, partly, permanent, useless.

Exercise 4. Essential vocabulary to the text

to arouse – [ə΄rauz] вызывать, возбуждать
to offset – возмещать, компенсировать
gain – рост, увеличение
bituminous – [bı΄tju:mınəs] битумный, битуминозный

lignite – [΄lıgnaıt] лигнит, бурый уголь

easing – облегчение, ослабление

to inaugurate – [i΄nɔ:gjureıt] начинать, открывать
displacement – вытеснение
tolerance – допуск
stable – устойчивый
Exercise 5. Read and translate the text. Be ready to give definitions to such concepts as “automation” and “productivity”.

TEXT A. Control Engineering Practice 

Control engineering is concerned with the analysis and design of goal-oriented systems. Therefore the mechanization of goal-oriented policies has grown into a hierarchy of goal-oriented systems. Modern control theory is concerned with systems with the self-organizing, adaptive, robust, learning and optimum qualities. This interest has aroused even greater excitement among control engineers.

The control of an industrial process (manufacturing, production, and so on) by automatic rather than human means is often called “automation”. Automation is prevalent in the chemical, electric power, paper, automobile, and steel industries, among others. The concept of automation is central to our industrial society. Automatic machines are used to increase the production of a plant per worker in order to offset rising wages and inflationary costs. Thus industries are concerned with the productivity per worker of their plant. “Productivity” is defined as the ratio of physical output to physical input. In this case we are referring to labour productivity, which is real output per hour of work. For example, in a study conducted by the US Commerce Department it was determined that labour productivity grew at an average annual rate of 2,8% from 1988 to 2004. In order to continue these productivity gains, expenditures for factory automation are expected to rise from 5 billion dollars in 1998 to 8 billion dollars in 2014. The US manufacturers currently supply approximately one-half of world-wide control equipment. The transformation of the US labour force in the country’s brief history follows the progressive mechanization of work that attended the evolution of the agrarian republic into an industrial world power.

The easing of human labour by technology, a process that began in prehistory, is entering a new stage. The acceleration in the pace of technological innovations inaugurated by the Industrial Revolution has until recently resulted mainly in the displacement of human muscle power from the tasks of production. The current revolution in computer technology is causing an equally momentous social change: the extension of information gathering and information processing as computers extend the reach of human brain.
Control systems are used to achieve 1) increased productivity and 2) improved performance of a device or system. Automation is used to improve productivity and obtain high quality products. Automation is the automatic operation or control of a process, device or system. We utilize automatic control of machines and processes to produce a product within specified tolerances.

The term “automation” first became popular in the automobile industry. Transfer lines were coupled with automatic machine tools to create long machinery lines that could produce engine parts, such as the cylinder block, virtually without operator intervention. In body-parts manufacturing, automatic-feed mechanisms were coupled with high speed stamping presses to increase productivity in sheet-metal forming. In many other areas where designs were relatively stable, such as radiator production, entire automated lines replaced manual operations.

With the demand for flexible, custom production emerging in the 1990s, a need for flexible automation and robots is growing.

There are about 150,000 control engineers in the United States and also in Japan, and over 100, 000 control engineers in Russia. The theory, practice and application of automatic control is a large, exciting, and extremely useful engineering discipline. One can readily understand the motivation for a study of modern control systems. 

Exercise 6. Translate the following word-combinations and compose sentences with them:

goal-oriented system, rising wages and inflationary costs, average annual rate, productivity gains, world-wide control equipment, easing of human labour, pace of technological innovations, displacement of human muscle power, specified tolerances, entire automatic lines.

Exercise 7. Complete each sentence with the most appropriate ending.

	1. The mechanization of goal-oriented policies.

2. Automatic machines are used

3. To continue these productivity gains, expenditures for factory automation

4. The easing of human labour

5. Transfer lines were coupled with automatic machine tools

6. With the demand for flexible, custom production 
	A. to increase the production of a plant per worker.

B. is entering a new stage.

C. a need for flexible automation and robotics is growing.

D. has grown into a hierarchy of goal-oriented control systems.

E. to create long machinery lines.

F. are expected to rise. 


Exercise 8. Translate the following sentences paying attention to the underlined words:

1. Moreover, computers and software have changed the way engineering design is done.

2. Despite the seemingly obvious requirement of control systems, it was only in the early 1980s that control researchers developed mathematical techniques to cope with the problem.

3. The approach in these latter formulas is mathematical rather than graphical.

4. It must be kept in mind that a control engineer’s role is not merely one of designing control systems for fixed plants.

5. For this reason it is important that a theory of feedback not only lead to designs but also indicate directly when the performance objectives cannot be met.

Exercise 9. Translate the sentences with the infinitive as an adverbial modifier of purpose (чтобы). Remember that in this function the infinitive can be introduced by “in order” or “so as” (formal).

1. To deal with the problem perfectly, we must investigate it thoroughly.

2. In order to define the concept “productivity” we should know the difference between physical output and physical input.

3. So as to enlarge the number of control engineers, universities stress the importance of this useful engineering discipline.

4. The article was written to formulate a precise problem of the theory of feedback control system design.

Exercise 10. Find in the text the sentences with the infinitive as an adverbial modifier of purpose and translate them.

Exercise 11. The infinitive can be also used as an adverbial modifier of result with “too” (слишком) and “enough” (достаточно). Combine two sentences into one according to the example:

a) Example:
The results are reliable. They can be published in the proceedings.

The results are reliable enough to be published in the proceedings.

1. The idea is clear. It can be formulated exactly.

2. The phenomenon occurs very often. It can be observed.

3. The method is good. It can be used in practice.

4.  The conclusions are quite reasonable. They account for the above data. 

5. The point is quite trivial. It needn’t be mentioned.

b) Example:
The idea is not quite clear. It can’t be formulated exactly.

The idea is too unclear to be formulated exactly.

1. The measurements are not accurate. They do not contribute the necessary information.

2. The classification is not simple. It can’t be used in practice.

3. The research is not done carefully. It has no practical application.

4. The task is not easy. It can’t be done without some preliminary work.

Exercise 12. Make the following sentences negative using the verb “to fail + Infinitive”.
Example:
He succeeded in obtaining new data.

He failed to obtain new data.

1. I managed to complete my work in time.

2. The latest data didn’t confirm the previous ones. 

3. We couldn’t increase expenditures for factory automation.

4. We couldn’t improve the figures of acceleration which were not stable at that moment.

Exercise 13. Read and translate the text.

TEXT B. Examples of Modern Control Systems
Feedback control is a fundamental fact of modern industry and society. Driving an automobile is a pleasant task when the auto responds rapidly to the driver’s commands. Many cars have power steering and brakes, which utilize hydraulic amplifiers for amplification of the force to the brakes or the steering wheel. The desired course is compared with a measurement of the actual course in order to generate a measure of the error. This measurement is obtained by visual and tactile (body movement) feedback. There is an additional feedback from the feel of the steering wheel by the hand (sensor). This feedback system is a familiar version of the steering control system in an ocean liner or the flight controls in a large airplane. All these systems operate in a closed-loop sequence. The actual and the desired outputs are compared, and a measure of the difference is used to drive the power amplifier. The power amplifier causes the actuator to modulate the process in order to reduce the error. The sequence is such that if the ship, for instance, is heading incorrectly to the right, the rudder is actuated in order to direct the ship to the left. If the output is subtracted from the input and the difference is used as the input signal to the power amplifier the system is called negative feedback control system. Feedback systems are not always negative feedback systems in nature. Economic inflation, which is evidenced by continually rising prices, is a positive feedback system. A positive feedback control system adds the feedback signal to the input signal, and the resulting signal is used as the input to the process.
Other familiar control systems have the same basic elements. A refrigerator has a temperature setting or desired temperature, a thermostat to measure the actual temperature and the error, and a compressor motor for power amplification. Other examples in the home are the oven, the furnace and the water heater. In industry, there are speed controls, process temperature and pressure controls, position, thickness, composition, and quality controls among many others.

Automation is often used for processes that were previously operated by humans. When automated, the process can operate without human assistance or interference. In fact, most automated systems are capable of performing their functions with greater accuracy and precision, and in less time, than humans are able to do.
Exercise 14. Read and translate the following text and ask questions beginning ‘What…?’, ‘How…?’, ‘Where…?’, ‘In what way…?’, ‘What for…?’, ‘When…?’ 

A robot is a computer controlled machine and is a technology closely associated with automation. Industrial robotics can be defined as a particular field of automation in which the automated machine (i.e. the robot) is designed to substitute for human labour.  To do this, robots possess certain human-like characteristics. Today, the most common human-like characteristic is a mechanical manipulator that is patterned somewhat after the human arm and wrist. We recognize that the automatic machine is well suited to some tasks, while often tasks are best carried out by humans. 

Exercise 15. Describe the work of a manual control system for regulating the level of fluid using the picture. 
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Exercise 16. Compose sentences with some of the words from the text “Examples of Modern Control Systems” and exchange your notebooks with your group-mates for further translation:
to obtain, to be familiar with, to compare, to cause, to reduce, human assistance, to be capable of, accuracy and precision; 

Exercise 17. React to the following statements and questions using the verb “to obtain”. Mind: “to obtain” means to get something by making effort (to obtain data, evidence, information, knowledge, result, degree).

Example:
– You obtained valuable information, didn’t you?

– Yes, I’m glad to tell you, I succeeded in obtaining important information.

1. I hear you obtained some convincing experimental evidence to prove your hypothesis.

2. When did you obtain your degree?

3. I suppose you obtained a lot of experience through your work.

4. I hope the results obtained by you will help you to proceed with your work.   
Exercise 18. Translate the sentences using the verbs “to advise” or “to consult”. Mind: you consult your scientific adviser; he advises something to you.

1. Я должен посоветоваться со своим руководителем. 

2. Кто посоветовал вам использовать этот метод?

3. Мой руководитель советовал мне использовать другой подход к решению этой проблемы.

4. Они не советовались со мной.

5. Я советую вам проверить свои данные ещё раз.

Exercise 19. Speak about feedback control, the desired course of an automobile, closed-loop sequence, a thermostat, water heater, industrial robotics, beginning with the introductory phrases:

further study proves…, careful research demonstrates…, thorough study confirms…, extensive investigations make it clear…, numerous experiments suggest…, detailed analysis shows… .  

Exercise 20. Be ready to speak about any example of a modern control system.

Exercise 21. Translate the text without a dictionary.

TEXT C. Automation

Automation is automatic operation and control of machinery or processes by devices, such as robots that can make and execute decisions without human intervention. The principal feature of such devices is their use of self-correcting control systems that employ feedback, i.e., they use part of their output to control their input. Once the automated process is set up, human participation in the manufacturing process involves little more than maintenance and repair of the equipment. In a typical automated manufacturing process, the feeding in of materials, the machine operation, the transfers from one machine to another, the final assembly, the removal, and the packing are all done automatically. In some automated manufacturing, a single robot with interchangeable tool heads performs all of the various manufacturing assignments. At various stages in the operation are inspection devices that reject substandard products and adjust the machinery to correct any malfunction. Since electronic computers are able to store, select, record, and present data systematically, they are widely used to direct automated systems. Automation is applied in industry to the manufacture of foodstuffs, chemicals, pharmaceuticals, and electronic equipment, and is used in steel mills, automobile plants, and coal mines. Another application is its use in the launching, aiming, and guidance of military rockets. Automation has also been applied to information handling, resulting in automatically prepared bills and reports and the solution of many engineering problems. It offers high quality products together with great savings in costs.
Exercise 22. A minute for rest

Originality

Original thought

is a straightforward process.

It’s easy enough

when you know what to do.

You simply combine

in appropriate doses

the blatantly false

and the perfectly true.
Thrift

Nobody can be lucky all the time;

so when your luck deserts you in some fashion

don’t think you’ve been abandoned in your prime

but rather that you are saving up your ration.

in your prime – в расцвете твоих лет.

UNIT 3

Exercise 1. Read and translate the following words:

emergence, intermediate, schedule, eventually, major, challenge, issue, criteria, consequence, synthesis.

Exercise 2. Translate the following derivative groups:

· invent, invention, inventive

· create, creator, creature, creative, creatively, creativity

· act, actor, active, activate, activity, actuator

· alter, alteration, alterable, alternative

· limit, limited, limitary, limitless, limitation 

· event, eventful, eventuate, eventual, eventually, eventuality 

· complex, complexity, complexion

· efficiency, efficient

· predict, prediction, predicted, predictive, predictor 

· identity, identical, identify, identification

· accuracy, accurate, accurately, accurateness

Exercise 3. Find in the text a word that has the same or a similar meaning to the following:

major, to compose, specific, to investigate, different, to satisfy, to produce, to define, to demand, certain.
Exercise 4. Translate the following word-combinations:

central task, reasoned purpose, complex process, design activity, material content, various alternative solutions, step-by-step activity, reactive process, major challenge, appropriate design specifications, wide range, relative importance, particular design, numerical or written form, conflicting criteria, absolutely sure prediction, risk-taking activity, main approach.

Exercise 5. Essential vocabulary to the text:

to conceive – понимать, представлять себе
to embody – воплощать, осуществлять
linear - линейный
iterative [΄ıtərətıv] - повторяющийся

to impose - налагать

explicitly – ясно, точно, определённо

to tradeoff – сбывать, обменивать

void – пустота, вакуум

intrinsic – присущий, свойственный

to be inherent – быть присущим, неотъемлемым

to adjust – приспосабливать, применять
Exercise 6. Read and translate the text. Be ready to give definitions to such concepts as “design”, “specification”, “tradeoff”, “design gap”, “synthesis”.

TEXT A. Engineering Design

Engineering design is the central task of the engineer. Design is the process of conceiving or inventing the forms, parts, and details of a system to achieve a reasoned purpose. It is a complex process in which both creativity and analysis play a central role.
Design activity can be thought of as planning for the emergence of a particular product or system. Design is a structured, innovative act whereby the engi​neer creatively uses knowledge and materials to specify the shape, function, and material content of a system. The design steps are: 1) to determine a need arising from the values of various groups, covering the spectrum from public policy makers to the consumer; 2) to specify in detail what the solution to that need must be and to embody these values; 3) to develop and evaluate various alternative solutions to meet these specifications; and 4) to decide which one is to be designed in detail and fabricated.
Of course, the design process is not a linear, step-by-step activity, but rather an iterative, reactive process. It includes several test points and continuous examination of intermediate results. Another factor in realistic design is the limitation of time. Design takes place under imposed schedules, and we eventually settle for a design which may be less than ideal, but considered "good enough."
A major challenge for the designer is to write the specifications for the technical product. Specifications are those statements which explicitly state what the device or product is to be and do. The design of technical systems aims to achieve appropriate design specifications and rests on four characteristics: 1) complexity, 2) tradeoffs, 3) gaps, and 4) risk.
Complexity of design results from the wide range of tools, issues, and knowledge to be used in the process. The large number of factors to be considered illus​trates the complexity of the design specification activity, not only in assigning these factors their relative importance in a particular design, but also in giving them substance either in numerical or written form, or both.
The concept of tradeoff involves the need to make a judgment about how much of a compromise one makes between two conflicting criteria, both of which are desirable. The design process requires an efficient compromise between desirable but conflicting criteria.
In making a technical device there is frequently a design gap or void to the extent that the final product does not appear the same as it had been visualized. For example, our image of the problem we're solving is not what appears in writ​ten description and ultimately in the specifications. Such gaps are intrinsic in the progression from an abstract idea to its realization.
This inability to make absolutely sure predictions of the performance of a technological object leads to major uncertainties about the actual effects of the designed devices and products. These uncertainties are embodied in the idea of unintended consequences or risk. The result is that designing a system is a risk-taking activity.
Complexity, tradeoff, gaps, and risk are inherent in designing new systems and devices. While they can be minimized by considering all the effects of a given design, they are always present in the design process.
Within engineering design, there is a fundamental difference between the two major types of thinking which must take place: engineering analysis and synthesis. Attention is focused on models of the physical systems which are analyzed to provide insight and which point in directions for improvement. On the other hand, synthesis is the process by which these new physical configurations are created.
The main approach to the most effective engineering design is parameter analysis and optimization. Parameter analysis is based on: 1) identification of the key parameters; 2) generation of the system configuration; and 3) evaluation of how well the configuration meets the needs. These three steps form an iterative loop. Once the key parameters are identified and the configuration synthesized, the designer can optimize the parameters. Typically, the designer strives to identify a limited set of parameters—hopefully less than five—to be adjusted.

Exercise 7. Answer the following questions.

1. What are the design steps?

2. What does the design process include?
3. What is a major challenge for the designer?

4. What does complexity of design result from?

5. Why does a design gap appear?

6. Why is designing a system considered to be a risk-taking activity?

7. What is inherent in designing new systems?

8. How can you explain the fundamental difference between engineering analysis and synthesis?

9. What is parameter analysis based on?

Exercise 8. Complete the following statements according to the text.

1. Design activity can be thought of as…

2. Design takes place under…

3. The design of technical systems aims to…

4. The design process requires…

5. The inability to make absolutely sure predictions leads to…

6. Attention is focused on models of the physical systems which…

7. Once the key parameters are identified and the configuration synthesized….

8. The designer strives to…

Exercise 9. Translate into Russian paying attention to different ways of expressing the idea of discrepancy (discrepancy – разногласие, различие, противоречие). Mind the prepositions.

1. These ideas didn’t agree with each other.

2. The data are not in agreement with the previous observation.

3. This assumption won’t hold for electrons.

4. This type of classification is out of keeping with the fundamental approach to the problem.

5. This equation is not valid for this theory.

6. These ideas do not fit together.

7. The hypothesis is in contradiction to the theory of design gap.

8. This statement is not true for linear activity.

Exercise 10. Answer the following questions making use of the expressions: not to agree (with), to be out of keeping (with), to fit (into), to be in contradiction (to), to be not valid (for), to be not true (for). Begin your answers with the words:

	From my point of view…
	To my knowledge…

	In my opinion…
	As far as I can judge…


Example:
What do you think of the results obtained?

In my opinion the results obtained are not in agreement with the theory.

1. What do you think of the data reported? (the previous observations)

2. What is your opinion of the conclusions made (our current knowledge)

3. How do you regard the information available? (experimental facts)

4. What can you say about the classification accepted? (the current demands)

5. What can you say about the prediction made? (our point of view)

6. How do you estimate the hypothesis advanced? (the theory)

Exercise 11. Translate into English:

1. Результаты этих исследований неверны.

2. Это предложение несправедливо в отношении сложности проектирования.

3. Этот результат не согласуется с ранее полученными данными.

4. Ваши выводы противоречат проведённым испытаниям.

5. Эти факты не согласуются между собой.

6. Выдвинутая гипотеза не соответствует экспериментальным данным.

Exercise 12. Recast the following sentences making use of the expressions: to be characteristic of, to be typical of, to be characterized by, to be similar to.

1. Design is a complex combination of creativity and analysis.

2. Engineer creatively uses everything he knows to find out the content of a system.

3. To meet these specifications it is necessary to develop and evaluate various alternative solutions.

4. The design process includes several continuous test points and a number of intermediate results.

5. If a system is stable, the response to a specific input signal will provide several new measures.

6. This approach is quite useful because there is a reasonable correlation between the response of a system to a standard test input and the system’s ability to perform under normal operating conditions.

7. Many control systems experience input signals comparable to the standard test signals.

Exercise 13. Find in Text A the examples of the construction Verb+Preposition (to think of, etc.). Compose sentences with them (in written form) and exchange them with your group-mates for further translation.

Exercise 14. Read and translate the text .

TEXT B.Control System Design

The design of control systems is a specific example of engineering design. Again, the goal of control engineering design is to obtain the configuration, specifications, and identification of key parameters of a proposed system to meet an actual need.
The first step in the design process consists of identifying the variables that one desires to control. For example, one may state that the goal is to accurately control the velocity of a motor. The second step is to write the specifications in terms of the accuracy one must attain. This required accuracy of control will then lead to the identification of a sensor to measure the controlled variable.
The designer then proceeds to the first attempt to configure a system that will result in the desired control performance. This system configuration will normally consist of a sensor, the process under control, an actuator, and a controller. The next step consists of identifying a candidate for the actuator. This will, of course, depend on the process, but the actuation chosen must be capable of effectively adjusting the performance of the process. For exam​ple, if we wish to control the speed of a rotating flywheel, we will select a motor as the actuator. The sensor, in this case, will need to be capable of accurately measuring the speed.
The next step is the selection of a controller, which will often consist of a summing amplifier that will compare the desired response and the actual response and then forward this error-measurement signal to a compensator.
The final step in the design process is the adjustment of the parameters of the system in order to achieve the desired performance.

Exercise 15. Match the words from columns A and B to get word -combinations from the text and compose sentences with them.

	A
	B

	1 – key
	a - accuracy

	2 – required
	b - flywheel

	3 - controlled
	c - signal

	4 – rotating
	d - parameters

	5 – desired
	e - response

	6 - error-measurement
	f - variable


Exercise 16. Translate into English using the following verbs with the appropriate prepositions:

	to consist
	to, in, of, on

	to lead
	

	to proceed
	

	to result
	

	to depend
	

	to be based
	


1. Предложенная система состоит из приборов, точно рассчитывающих скорость.

2. Настоятельная потребность в отличной работе системы привела к появлению совершенно новых современных устройств.

3. Эти результаты отразились на выборе контрольного устройства.
4. Всё будет зависеть от определения переменных.

5. Новые данные основываются на достигнутой точности расчетов.

6. Прежде чем приступить к работе, будьте уверены, что точно знаете всю дальнейшую  последовательность опыта.

Exercise 17. Speak about the steps of the design process.

Exercise 18. Use the words ‘subject’ or ‘object’ instead of their synonyms in the following sentences:

1. This is an excellent collection of articles on diverse topics.

2. The aim of my paper is to present the basic ideas of the theory in question.

3. The author treats a great variety of themes.
4. Other topics dealt with in this book are regularly reviewed in scientific journals.

5. The purpose of this volume is to analyze the character of an electrical, mechanical or biological system.

Exercise 19. Insert the right word: subject, object or subject matter:

1. The… of the book is of major importance.

2. Many articles of the volume deal with recent advances in the … .

3. The … of my thesis is arranged in the following way.

4. The … of the paper is to give some idea about a feedback control system design.

5. The … of my work is to investigate this particular problem.

1. Exercise 20. Translate into English:

2. Тема моей диссертации

3. Тема рецензируемой книги

4. Излагаемый материал доклада

5. Содержание книги

6. Цель сообщения

7. Я касаюсь различных аспектов темы. 

8. Содержание статьи делится на 2 части.

9. Цель моего сообщения – рассказать о полученных нами результатах. 

10. Предмет исследования

Exercise 21. Read and translate the following. Can you add anything?

The process of designing a control system generally involves many steps. A typical scenario is as follows:
1. Study the system to be controlled and decide what types of sensors and actuators will be used and where they will be placed.
2. Model the resulting system to be controlled.
3. Simplify the model if necessary so that it is tractable.
4. Analyze the resulting model; determine its properties.
5. Decide on performance specifications.
6. Decide on the type of controller to be used..
7. Design a controller to meet the specifications, if possible; if not, modify the specifications or generalize the type of controller sought.
8. Simulate the resulting controlled system, either on a computer or in a pilot plant.
9. Repeat from step 1 if necessary.
10. Choose hardware and software and implement the controller. 

11. Tune the controller on-line if necessary.
Exercise 22. Translate the text with a dictionary.

TEXT C. Design of an X-Y Plotter

Many physical phenomena are characterized by parameters that are transient or slowly varying. If these changes can be recorded, they can be examined at leisure and stored for future reference or comparison. To accomplish this recording, a number of electro-mechanical instruments have been developed, among them the X-Y recorder. In this instrument, the displacement along the X-axis represents a variable of interest or time, and the displacement along the Y-axis varies as a function of yet another variable.
Such recorders can be found in many laboratories recording experimental data such as changes in temperature, variations in transducer output levels, and stress versus applied strain, to name just a few. 
The purpose of a plotter is to accurately follow the input signal as it varies. We will consider the design of the movement of one axis, since the movement dynamics of both axes are identical. Thus we will strive to control very accurately the position and the movement of the pen as it follows the input signal.
In order to achieve accurate results, our goal is to achieve: 1) a step response with an overshoot of less than five percent and a settling time less than 0.5 second; 2) a percentage steady-state error for a step equal to zero. If we achieve these specifications, we will have a fast and accurate response.
Since we wish to move the pen, we select a dc motor as the actuator. The feedback sensor will be a 500-line optical encoder. By detecting all state changes of the two-channel quadrature output of the encoder, 2000 encoder counts per revolution of the motor shaft can be detected. This yields an encoder resolution of 0.001 inch at the pen tip. The encoder is mounted on the shaft of the motor. Since the encoder provides digital data, it is compared with the input signal by using a microprocessor. Next, we propose to use the difference signal calculated by the microprocessor as the error signal, and then use the microprocessor to calculate the necessary algorithm to obtain the designed compensator. The output of the compensator is then converted to an analog signal which will drive the motor.
Exercise 23. A minute for rest

1. Do you agree with these distinguished people?

2. I think and think, for months, for years, ninety-nine times the conclusion is false. The hundredth time I am right. (Al. Einstein)

3. Do you love life? Then don’t waste time for that is the stuff life is made of. (B. Franklin)

4. Genius is one percent inspiration and ninety-nine percent perspiration.   (Th. A. Edison)

5. Experience is the name everyone gives to their mistakes. (O. Wilde)
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