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Предисловие


 Предлагаемые методические указания предназначены для студентов старших курсов МГТУ им. Н.Э. Баумана, изучающих системы автоматического управления. 


Методические указания содержат 3 модуля, в которые входят основной текст (А), предназначенный для самостоятельной работы студентов и предполагающий изучающее чтение, и дополнительные тексты (B, C, D), предназначенные для ознакомительного и просмотрового чтения, а также предтекстовые и послетекстовые упражнения.
     
 Одной из основных целей данных методических указаний является совершенствование умения чтения с общим охватом содержания и чтения с элементами анализа оригинальной научно-технической литературы. Поэтому любая работа с текстом начинается с просмотрового чтения, что позволяет воспринимать текст как единое целое. Задания по составлению собственного плана изложения позволяют критически оценивать и переосмысливать прочитанное, перегруппировывать полученную информацию, что является необходимым для написания аннотаций и рефератов.

     
 Авторы сознательно не выделяли активный словарь к каждому тексту, так как задания и отсутствие вынесенной лексики способствуют работе со справочными материалами, в том числе с электронными источниками, что дает возможность расширить и углубить знания по изучаемой специальности.


В конце пособия помещены упражнения на повторение грамматических конструкций, а также список латинских слов и сокращений, наиболее часто используемых в научно-технической литературе, и глоссарий.

     
 Методические указания помогут будущим специалистам лучше ориентироваться в потоке публикаций на английском языке, использовать информацию применительно к собственной сфере деятельности, таким образом расширяя кругозор и повышая свой профессиональный уровень.

UNIT 1

Task 1. Skim text A and speak about its main points.

Task 2. Find the following word combinations in the text and give their Russian equivalents:
for the benefit of humankind; control system engineers; to provide useful economic products; the twin goals of understanding and control; an arrangement of components; specified inputs; an engineering system; the internal workings of  the component elements; a mechanical, pneumatic, hydraulic, electrical or electronic system; the overall picture; actual position; desired position; making adjustments; by switching the heater on or off; to express the physical system in terms of a model. 

Task 3. Read and translate the text using a dictionary. Choose, underline and write out words and word combinations which are essential for your speciality. Remember them.

Text A. Systems

     Engineering is concerned with understanding and controlling the materials and forces of nature for the benefit of humankind. Control system engineers are concerned with understanding and controlling segments of their environment, often called systems, in order to provide useful economic products for society. The twin goals of understanding and control are complementary because, in order to be controlled more effectively, the systems under control must be understood and modeled. 
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     A system can be defined as an arrangement of components within some boundary which work together to provide some form of output from a specified input or inputs (Fig. 1). The boundary divides the system from the environment and the system interacts with the environment by means of signals crossing the boundary from the environment to the system, i.e. inputs, and signals crossing the boundary from the system to the environment, i.e. outputs.
     With an engineering system an engineer is more interested in the inputs and outputs of a system than the internal workings of the component elements of that system. By considering devices as systems we can concentrate on what they do rather than their internal workings. Thus if we know the relationship between the output and the input of a system, we can work out how it will behave whether it be a mechanical, pneumatic, hydraulic, electrical or electronic system. We can see the overall picture without becoming bogged down by internal detail. 
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       Control systems are systems that are used to maintain a desired result or value (Fig. 2). For example, driving a car along a road involves the brain of the driver as a controller comparing the actual position of the car on the road with the desired [image: image10.png]Input
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position and making adjustments to correct any error between the desired and actual position. A room thermostat is another example of a controller, it controlling the heating system to give the required room temperature by switching the heater on or off to reduce the error between the actual temperature and the required temperature. 

      With a systems approach to control we express the physical system in terms of a model with the various physical components described as system blocks and with inputs and outputs and the relationship between the inputs and outputs expressed by means of a mathematical equation.

                                                                                                                        (1960)
Task 4. Give definitions to:
system; control system; inputs; outputs.
Task 5. Match a verb in A with a noun in B. Make up sentences with the resulting word combinations using the information learnt from the text.
A                                           B

to maintain                           an error

to make                                a system

to correct                              an adjustment

to reduce                               the difference

to model                               a value

Task 6. Answer the questions.
1. What is engineering concerned with?

2. What are control system engineers engaged in?

3. Why are the twin goals of understanding and control complementary?

4. What is a system?

5. How does the system interact with the environment?

6. What is an engineer interested in in the case of an engineering system? Why?

7. What is the purpose of a control system?

8. How is the physical system expressed with a system approach to control?

Task 7. Speak about control systems using Figs. 1 and 2.
Task 8. Skim text B and speak about its main points. 
Task 9. Read  text B with a dictionary to know its content in detail and complete the tasks that follow. 
Text B. Block Diagrams
     A useful way of representing a system is as a block diagram: within the boundary described by the box outline is the system and inputs to the system are shown by arrows entering the box and outputs by arrows leaving the box. Fig. 3(a) illustrates this for an electric motor system; there is an input of electrical energy and an output of mechanical energy in the form of the rotation of the motor shaft. 
      While we can represent a control system as a single block with an input and an output, it is generally more useful to consider the system as a series of interconnected system elements, with each system element being represented by a block having a particular function. Thus, in the case of the driver of a car steering [image: image11.png]


the car along a road we can consider the overall control system to have the elements of (1) the driver with an input of the actual position he/she sees of the car on the road and also his/her thoughts on where the car should be in relation to the road giving an output of the hands turning the steering wheel; (2)the car steering unit with the input of the steering wheel position and the output of the front wheel positions and hence the positioning of the car on the road. Fig. 3(b) shows how these elements might be represented.
     In drawing formal block diagram models a number of conventions to represent the elements and connections are used:

1. System element  

     A system element is shown as a box with an input shown as an inward directed arrow and an output as an outward directed arrow (Fig. 4(a)).
2. Information flows
A control system will be made up of a number of interconnected systems and we can draw a model of such a system as a series of interconnected blocks. Thus we can have one box giving an output which then becomes the input for another box (Fig. 4(b)). We draw a line to connect the boxes and indicate a flow of information in the direction indicated by the arrow; the line does not necessarily represent a physical connection or the form of a physical connection. 
3. Summing junction

     We often have situations with control systems where two signals are perhaps added together or one subtracted from another and the result of such operations then fed on to some system element. This is represented by a circle with the inputs to quadrants of the circle given + or − signs to indicate whether we are summing two positive quantities or summing a positive quantity and a negative quantity and so subtracting signals (Fig. 4(c)).

4. Take-off point

     In the case of the car driving system shown in Fig. 3(b), the overall output is the actual position of the car on the road. But this signal is also tapped off to become an input to the car driver so that he or she can compare the actual position with the required position to adjust the steering wheel accordingly. As another illustration, in the case of a central heating system the overall output is the temperature of a room. But this temperature signal is also tapped off to become an input to the thermostat system where it is compared with the required temperature signal. Such a 'tapping-off' point in the system is represented as shown in Fig. 4(d).

                                                                                                                          (2582)

Task 10. Label the elements of a block diagram in Fig. 4.

Task 11. Make up a plan for this text in the form of questions. Discuss the questions with the others in your group.

Task 12. Summarize the text according to this plan.

Task 13. Render into English.
      Систему управления можно разбить на блоки, имеющие вход и выход. Для того, чтобы показать взаимосвязи этих блоков, используют структурные схемы. На них каждый элемент изображается в виде прямоугольника, внутри

которого записывается его передаточная функция. Вход и выход блока показывают соответственно «входящей» и «выходящей» стрелками. Для суммирующих элементов используют специальное обозначение – круг, разбитый на сектора.                                                                                        (374)
Task 14. Skim text C and say what it deals with.
Task 15. Read  text C with a dictionary to know its content in detail and complete the tasks that follow.
Text C. Control Systems Models

      There are two basic forms of control systems, one being called open-loop and the other closed-loop.  In an open-loop control system the output from the system has no effect on the input signal to the plant or process. The output is determined solely by the initial setting. Open-loop systems have the advantage of being relatively simple and consequently cheap with generally good reliability. However, they are often inaccurate since there is no correction for errors in the output which might result from extraneous disturbances.

       Open-loop control is often used with processes that require the sequencing of events by on-off signals, e.g. washing machines which require the water to be switched on and then, after a suitable time, switched off followed by   the heater being switched on and then, after a suitable time, switched off.

     In a closed-loop control system a signal indicating the state of the output of the system is fed back to the input where it is compared with what was required and the difference is used to modify the output of the system so that it maintains the output at the required value. The term closed-loop refers to the loop created by the feedback path. Closed-loop systems have the advantage of being relatively accurate in matching the actual position to the required values. They are, however, more complex and so more costly with a greater chance of breakdown as a consequence of the greater number of components.

     The difference between the open- and closed-loop systems can be illustrated by the following example. Consider the heating of a room to some required temperature using an electric fire with a selection switch which allows a 1 KW or a 2 KW heating element to be selected. The decision might be made, as a result of experience, that to obtain the required temperature it is only necessary to switch on the 1 kW element. The room will heat up and reach a temperature which is determined by the fact the 1 kW element is switched on. The temperature of the room is thus controlled by an initial decision and no further adjustments are made.  If there are changes in the conditions, perhaps someone opening a window, there is no way the heat output can be adjusted to compensate. This is an example of open-loop control in that there is no information fed back to the element to adjust it and to maintain a constant temperature. The heating system with the electric fire could be made a closed-loop system if the person has a thermometer and switches the 1 KW and 2KW elements on or off to maintain the temperature of the room constant. In this situation there is feedback, the input to the system being adjusted according to whether its output is the required temperature. Thus if a window is opened and there is a sudden cold blast of air, the feedback signal changes because the room temperature changes and is fed back to modify the input to the system. The input to the heating process depends on the deviation of the actual temperature fed back from the output of the system from the required temperature initially set. The   difference between the two values is determined by a comparison - the person in this case. A simple block diagram representation is given in Fig. 5.
                                                                                                                          (2660)
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Figure 5. Room heating system

Task 16. Explain the difference between open-loop and closed-loop control.
Task 17. Speak about the advantages and disadvantages of open-loop control systems.

Task 18. Speak about the advantages and disadvantages of closed-loop control 
systems.

Task 19. Render into English.

      Можно ли управлять, не используя обратную связь? В принципе, можно. В этом случае регулятор не получает никакой информации о реальном состоянии объекта, поэтому должно быть точно известно, как этот объект себя ведет. Только тогда можно заранее рассчитать, как им нужно управлять. Однако при этом нельзя гарантировать, что задание будет выполнено. Такие системы называют  разомкнутыми системами, поскольку информация передается не по замкнутому контуру, а только в одном направлении.

Несмотря на недостатки, разомкнутые системы применяются на практике. Например, информационное табло на вокзале. Или простейшая система управления двигателем, в которой не требуется очень точно поддерживать частоту вращения. Однако с точки зрения теории управления разомкнутые системы малоинтересны.                                                                                  (786)

Task 20. Search the Web for additional information on the topic of Unit 1. Use texts A,B,C, and your findings to make a presentation on the basics of control systems.
Task 21. Read the text, find definitions to the terms process variable, process upset, process instrumentation and remember them.
Text D. Process Variables and Process Instrumentation

     The parts of the process to be controlled are referred to as the process variables. Any condition that causes a process variable to deviate from the desired level or "set point" is referred to as a process upset. Depending on the process, there are many different kinds of process variables that we may want to control. Some typical examples of process variables are liquid level, fluid flow rate, temperature, pressure, voltage rate or resistance (when working with electricity), density or PH (when working with a chemical process), and position or speed (when working with mechanical systems).
     The devices that are used to monitor and control these variables are generally referred to as process instrumentation or simply instrumentation. Instruments have two basic jobs, and may combine both tasks into one device. First, they measure and indicate the value of a process variable, which may then show up as information on a readout, gauge, recorder etc. Secondly, after comparing the variable reading to some predetermined value (or set point), they send out a controlling signal to another element in the system. Typically this might be a valve or heating element, which causes a change in the operation. Such a change might be a valve opening or closing, or a heating element increasing or decreasing the temperature. This has the effect of changing the process enough to bring the process variable in line with the set point.
                                                                                                                          (1199)
UNIT 2
Task 1. Skim text A and speak about its main points.

Task 2. Find the following word combinations in the text and give their Russian equivalents:
to manually deal with all the process variables; an automatic process control system; to do exactly what the name implies; depending on the location; regardless of location; to vary in shape, size, and components; to control the flow of water in and out of a tank; is referred to as; to convert the motion into a signal; to bring the process variable back to set point. 
Task 3. Read and translate the text using a dictionary. Choose, underline and write out words and word combinations which are essential for your speciality. Remember them.

Text A. Basic Elements in Closed-loop Control
     In a simple situation, it may be possible for one operator to manually deal with all the process variables and control them, but processes become more complex, the number of process variables and upsets that must be dealt with increases. Additionally, as in the case of an offshore platform or gas processing facility, these processes are physically spread out over a large area. In such cases, automatic process control systems are installed. An automatic process control system does exactly what the name implies: it automatically controls a process and its variables. Depending on the location where they are installed, automatic process controls

vary in their shape, size, and components. However, regardless of location, all

automatic process control systems contain the following main elements:
1. A primary measuring element (sensor)

2. A transmitting element (transducer)

3. A controller, and

4. A final control element

     The level control system in Fig.6 controls the flow of water into and out of a holding tank or reservoir. The desired level of the tank is referred to as the set point. The demand on the tank causes the water level to drop and consequently causes a float in the tank to drop as well. The float is the primary measuring element of this simple system. The primary element is the part of the system that detects a process upset or change in the value of a process variable. The primary element is linked to the transmitting element. 
The transmitting element converts the motion of the primary measuring element into a signal (typically a change in pressure in a pneumatic line or an electric signal) which represents the value of the process upset. This signal or value is then sent to (or input) to the controller where it is compared to a value representing the desired set point. The difference between the two values (set point and upset) is then computed, and another signal is sent out (output) to the final control element, in this case, a valve. This output signal is proportional to the amount of corrective action necessary by the valve to bring the process variable (water level) back to set point.

                                                                                                                          (1809)

Task 4.  Answer the questions.

1. Is it possible for one operator to manually deal with all the process variables? When?

2. In what situations are automatic process control systems used?

3. What does an automatic process control system do? 
4. What do automatic process controls shape, size, and components depend on?
5. What are the main elements of any automatic control system? 

6. What is the purpose of a primary measuring element?

7. What is the function of a transmitting element?

8. Where is the difference between the set point and the process upset computed?

9. What element is responsible for bringing the process variable back to set point?

Task 5. Complete the text using the words below.
Output       controller       process       cylinder       element       corrects       signal
final control element        correct      power       control action       input  
The correction element or, as it is often called, the__________, produces a change in the __________ which aims to __________or change the controlled condition. The term actuator is used for the__________ of a correction unit that provides the __________ to carry out the__________. An example is a motor, with an__________ of a voltage to its armature coils and an __________ of a rotating shaft which, via possibly a screw, rotates and __________ the position of a workpiece.  Another example is a hydraulic or pneumatic cylinder. The __________ has a piston which can be moved along the cylinder depending on a pressure __________ from the__________. 
Task 6. Identify the basic control loop elements in the case of  1) a person controlling the temperature of a room using electric fire, 2) a person controlling the level of liquid inside a tank. Use Glossary if necessary.
Controlled variable is _______________
Set point (reference) is _______________
Comparison element is _______________
Error signal is _______________
Controller is _______________
Actuator is _______________

 Controlled process is _______________
Sensor is _______________
Task 7. Speak about the basic elements of a closed- loop control system.

Task 8. Label a primary measuring element and a final control element in Fig. 6.

Task 9. Describe the level control system represented in Fig. 6.
Task 10. Skim text B and decide into how many   sections or stages of thought it can be divided. Make use of the author's  paragraphing.
Task 11. Read  the text carefully to know its content in more detail and complete the tasks that follow. 

Text B. Feedback Control
     In level control system, if the level increases above the set point, the automatic process control system will control the valve until it is partially closed or, if necessary, shut completely. If the level drops below the set point, the valve is opened, allowing more water to enter the reservoir. As the level of the water changes, this information is sensed by the level sensing primary element. This new level becomes information that is fed back into the control system. This process of
sensing the level of the water, comparing it against a desired value, making a change in the process to bring the process variable in line with the set point and then feed back the new information to the level controller is commonly referred to as feedback control. Because of the cyclical or "looping" nature of feedback control, a process that uses feedback control is sometimes referred to as a "feedback loop". Therefore, it can compensate unmeasured disturbances in the loop. 
     Feedback control may be either manual or automatic. The difference between automatic and manual control systems is that automatic control systems use instruments and automatic control equipment to control the process, whereas manual systems use an operator to make decisions and adjustments. The system described is automatic, with little need for anyone to interact with the process once it is placed into service. It may be desirable, however, to add additional instrumentation to give an operator updated information about the status of the system. For example, a chart or a strip recorder can be added to record process upsets over a period of time, or a warning signal can be added, activated by a very high or low level in the tank. 
     The feedback is said to be negative feedback when the error signal is the difference between the desired value and the measured output value from the process. Positive feedback occurs when the reference value is added to the measured value. A simple example of positive feedback is the characteristic of an electric resistor. The higher its temperature is, the lower its resistance. When  current passes through the resistor it becomes warm. A consequence of this is that the resistance decreases. This results in the current increasing. The increased current causes the resistor to become even warmer. A consequence of this is that its resistance decreases further. This results in an increase in current and so on. It is a positive feedback since the input, the current, is increased by the feedback from the output rather than maintained at a constant value (unstable system). Negative feedback is able to stabilize the controlled system and maintains the output at a constant value (stable system).
                                                                                                                          (2281)

Task 12. Explain the concepts feedback control and feedback loop in your own words the way you understand it. 
Task 13. Give each stage of thought a suitable title.                                                         
Task 14. Condense the content of each stage of thought into one statement. 
Task 15. Write a descriptive abstract of the text. Remember that an abstract does not give any details, nor does it make  judgments about the work. Use Passive Constructions.  
Task 16. Explain the difference between positive and negative feedback and give an example of each. Which of them provides a stable control system?
 Task 17. Search the Web for more feedback examples. Report your findings to others in your group.
Task 18. Render into English.

      А.  В типичную систему управления входят объект, регулятор, привод и датчики. Однако, набор этих элементов – еще не система. Для превращения в систему нужны каналы связи, через них идет обмен информацией между элементами. Для передачи информации могут использоваться электрический ток, воздух (пневматические системы), жидкость (гидравлические системы), компьютерные сети. Взаимосвязанные элементы – это уже система, которая обладает (за счет связей) особыми свойствами, которых нет у отдельных элементов и любой их комбинации.
                                                                                                                            (455)
     Б.  Информация в системе управления как бы «ходит по кругу»: регулятор выдает сигнал управления на привод, который воздействует непосредственно на объект; затем информация об объекте через датчики возвращается обратно к регулятору и все начинается заново. Говорят, что в системе есть обратная связь, то есть регулятор использует информацию о состоянии объекта для выработки управления. Системы с обратной связью называют замкнутыми, поскольку информация передается по замкнутому контуру.

                                                                                                                            (420)    
Task 19. Look at the title of text C and the figures and decide what the text is about. 
Task 20.  Read  the text carefully to know its content in more detail and explain the difference between feedback and feed-forward control.
Text C. Feed-forward Control

     Feedback systems and feedback control loops are the most common type of control found. However, there are the disadvantages in using just feedback control systems in all applications. In a gas-fired water heater shown in Figure 7 the desired temperature of the water in the tank is controlled by the use of a feedback mechanism which controls the fuel gas supply to the gas-fired heater. If the temperature of the output water is too hot, the amount of fuel gas going to the heater is reduced. If the output water is too cool, the supply of fuel gas is increased.
[image: image2.png]Controller

Gas
inletamp

‘Transmitter

Water

Water
inlet




Figure 7. Feedback control of gas-fired water heater

A simple feedback mechanism controlling the temperature of the water is not operated until the temperature sensor detects a deviation from some set point. In many situations this is unacceptable because it is critical to maintain certain process variables within a very small range. Suppose that in the example of heating water the temperature range of the water in the vessel is critical. In instances such as this, it may be necessary to use feed-forward control. It is an open-loop strategy to predict and compensate as quickly as possible the known (measured) disturbances. 
     An automatic feed-forward control system installed on the water heater is shown in Figure 8. In this example, a temperature sensing element is installed on the water inlet (as opposed to the feedback system where it is installed on the outlet).
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Figure 8. Feed-forward control of gas-fired water heater

 If the temperature of the incoming water changes, a signal is sent to the measuring element, which is also a transmitter. The transmitter sends the signal to the controlling element, where it is then compared to the set point. If a difference is noted, the controlling element sends a proportional control signal to the final controlling element (the gas supply valve of the gas-fired heater), which then increases or decreases the temperature of the fire tube. The result of this feed-forward control is that the temperature of the controlled variable (in this case, the temperature of the heated water in the vessel) will be consistent. It is possible also to have a manual feed-forward control system. Here an operator would read a temperature gauge on the water inlet, mentally compare the figure to the set point, and adjust the gas-fired heater accordingly. 
     The use of feed-forward control by itself is rare. In any process that might be found in industry, there are many possible disturbances that could arise. If, for example, the water output temperature were to change, a feed-forward control system by itself would not have the capability to sense this situation.  

                                                                                                                      (2317)

Task 21. Skim text D and speak about its main points. 
Task 22. Read  the text carefully to know its content in more detail and complete the tasks that follow. 

Text D. Combination of Feedback/Feed-forward Control
     It can be concluded that feedback normally presents the most practical technique for the development of a control system. However, in a situation when the controlled plant is affected by a small number of dominant disturbances, which can be properly monitored (measured),  the feedback could be supplemented by a feed-forward mechanism, responsible for dominant disturbances. Because of the shortcomings of both the feedback and feed-forward control systems, what we usually find is the two control systems combined together as shown in figure 9. The feed-forward control loop compensates for changes in the inlet water temperature while the feedback control loop makes adjustments to compensate for other process disturbances. This combination of control loops allows for process control which will compensate for both inlet water temperature changes as well as for changes in the output water temperature.
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Figure 9.  Feedback and feed-forward control

     In general, automatic control has two major objectives: firstly, closed-loop system stability has to be guaranteed by the means of control system; secondly, the best possible performance during transient and steady state response has to be provided by the controller.
     Control systems can be considered to fall in two main categories. In a process control system  variables such as temperature, liquid level, fluid flow, and pressure are maintained constant. Thus in a chemical process there may be a need to maintain the level of a liquid in a tank to a particular level or to a particular temperature. These variables are also commonly found in oil and gas industry. In

this type of applications, the desired output for the controlled system is rare to be

changed and it is required to maintain the output at this value (regulation objective). A servo control system involves consistent and accurate positioning some moving parts or maintaining a constant speed. This might be, for example, a motor designed to run at a constant speed or a machining operation in which the position, speed and operation of a tool is automatically controlled. In this type of applications, the desired output for the controlled system could be frequently changed. Therefore, it is required to follow this change and to maintain the new
desired value (regulation plus tracking objectives).                                     (1997)
Task 23. Ask questions to the text. Discuss the questions with the others in your group.

 Task 24. Speak about 1)automatic control objectives; 2)two main categories of control systems. 
Task 25. Compare between process control and servo control systems. Give an example for each.
                                                              UNIT 3

Task 1. Skim text A and speak about its main points.                                                    Task 2. Find the following word combinations in the text and give their Russian equivalents:

missile flight control system; overall homing loop; a simplified block diagram; the terminal phase of flight; the missile and target motion relative to inertial space; the angle between an inertial reference and the missile-to-target line-of-sight (LOS)  vector; in the parlance of feedback control; the overall stability  and performance of the control system; the dynamics of each element in the loop; in concert with the other elements; feedback control loop within the overall homing loop; a deflection angle; to turn the autopilot command into the physical motion of the control effector.
Task 3. Read text A using a dictionary and translate it. Choose, underline and write out words and word combinations which are essential for your speciality. Remember them.

Text A. Missile Flight Control Systems
The missile flight control system is one element of the overall homing loop. Figure 10 is a simplified block diagram of the missile homing loop configured for the terminal phase of flight when the missile is approaching intercept with the target. The missile and target motion relative to inertial space can be combined mathematically to obtain the relative motion between the missile and the target. The terminal sensor measures the angle between an inertial reference and the missile-to-target line-of-sight (LOS) vector, which is called the LOS angle. The state estimator uses LOS angle measurements to estimate LOS angle rate and perhaps other quantities such as target acceleration. The state estimates feed a guidance law that develops the flight control commands required to intercept the target. The flight control system forces the missile to track the guidance commands, resulting in the achieved missile motion. The achieved missile motion alters the relative geometry, which then is sensed and used to determine the next set of flight control commands, and so on. This loop continues to operate until the missile intercepts the target.


 In the parlance of feedback control, the homing loop is a feedback control system that regulates the LOS angle rate to zero. As such, the overall stability and performance of this control system are determined by the dynamics of each element in the loop. Consequently,  the flight control system cannot be designed in a vacuum. Instead, it must be designed in concert with the other elements to meet overall homing-loop performance requirements in the presence of target  maneuvers and other disturbances in the system, e.g., terminal sensor noise (not shown in Fig.10), which can negatively impact missile performance. 
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Figure 1. The flight control system is one element in the missile
homing loop. The inertial missile motion controlled by the flight
control system combines with the target motion to form the rela-
tive geometry between the missile and target. The terminal sensor
measures the missile-to-target LOS angle. The state estimator
forms an estimate of the LOS angle rate, which in turn is input to
the guidance law. The output of the guidance law is the steering
command, typically a translational acceleration. The flight control
system uses the missile control effectors, such as aerodynamic
tail surfaces, to force the missile to track steering commands to
achieve a target intercept.

commands, and so on. This loop continues to operate
until the missile intercepts the target.

-In the parlance of feedback control, the homing
loop is a feedback control system that regulates the
LOS angle rate to zero. As such, the overall stability
and performance of this control system are determined
by the dynamics of each element in the loop. Conse-
quently, the flight control system cannot be designed in
a vacuum. Instead, it must be designed in concert with
the other elements to meet overall homing-loop perfor-
mance requirements in the presence of target maneu-
vers and other disturbances in the system, e.g., terminal
sensor noise (not shown in Fig. 1), whlch can negatlvely
impact missile performance.} wibs ~ -4

The remainder of this article is divided into six sec-
tions. The first section discusses the specific elements of
the flight control system. Particular emphasis is placed
on understanding the dynamics of the missile and how
they affect the flight control system designer. The next

[ /three sections describe different types of flight control

“systems, objectives to be considered in their design, and
a brief design example. The last two sections discuss
some of the challenges that need to be addressed in the

~future and APL’s contributions to Navy systems and the
field in general.

FLIGHT CONTROL SYSTEM ELEMENTS

‘} * As noted above, the flight control system is one ele-
' ment of the overall homing loop. Figure 2 shows the
basic elements of the flight control system, which itself
is another feedback control loop within the overall
homing loop depicted in Fig. 1.

asures the missile translatio

na ular velocity. The outputs of the IMU are

Figure 2. The four basic elements of the flight control system are
shown in the gray box. The IMU senses the inertial motion of the
missile. Its outputs and the inputs from the guidance law are com-
bined in the autopilot to form a command input to the control
effector, such as the commanded deflection angle to an aerody-
namic control surface. The actuator turns the autopilot command
into the physical motion of the control effector, which in turn
influences the airframe dynamics to track the guidance command.

combined with the guidance commands in the autopi-
lot to compute the commanded control input, such as a
desired tail-surface deflection or thrust-vector angle. An
actuator, usually an electromechanical system, forces
the physical control input to follow the commanded
control input. The airframe dynamics respond to the
control input. The basic objective of the flight control
system is to force the achieved missile dynamics to track |
the guid mmands in a well-controlled manner.
d to assess how we
the flight control system works are discussed in Flight
Control System Design Ob)ectwes This section provides
an overview of each element of the flight control loop.

Guidance Inputs

The inputs to the flight control system are outputs
from the guidance law that need to be followed to ulti-
mately effect a target im:grcepthh;e specific form of the
flight control system inputs (acceleration commands,
attitude commands, etc.) depends on the specific appli-
cation (discussed. later). In general, the flight control
system must be designed based on the expected charac-
teristics of the commands, which are determined by the ——"""
other elements of the homing loop and overall system 111 M
requirements. Characteristics of concern can be static, / T
dynamic, or thh! An example of a static characteris-
tic is the maximum input that the flight control system 7
is expected to be able to track. For instance, a typical
rule of thumb for intercepting a target that has constant
acceleration perpendicular to the LOS is for the missile
to have a 3:1 acceleration advantage over the target. If
the missile system is expected to intercept a 10-g accel-
erating threat, then the flight control system should be
able to force the missile to maintain a 30-g acceleration.
An example of a dynamic characteristic is the expected
frequency content of the command. For instance, rapid
changes in the command are expected as the missile
approaches intercept against a maneuvering threat, but
the input commands may change more slowly during
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Figure 10. A missile homing loop.

 Figure 11 shows the basic elements of the flight control system, which itself is another feedback control loop within the overall homing loop depicted in Fig.10. An inertial measurement unit (IMU) measures the missile translational acceleration and angular velocity. The outputs of the IMU are combined with the guidance commands in the autopilot to compute the commanded control input, such as a desired tail-surface deflection or thrust-vector angle. The actuator turns the autopilot command into the physical motion of the control effector, which in turn influences the airframe dynamics to track the guidance command.  
                                                                                                                          (2066)
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Figure 1. The flight control system is one element in the missile
homing loop. The inertial missile motion controlled by the flight
control system combines with the target motion to form the rela-
tive geometry between the missile and target. The terminal sensor
measures the missile-to-target LOS angle. The state estimator
forms an estimate of the LOS angle rate, which in turn is input to
the guidance law. The output of the guidance law is the steering
command, typically a translational acceleration. The flight control
system uses the missile control effectors, such as aerodynamic
tail surfaces, to force the missile to track steering commands to
achieve a target intercept.

commands, and so on. This loop continues to operate
until the missile intercepts the target.

-In the parlance of feedback control, the homing
loop is a feedback control system that regulates the
LOS angle rate to zero. As such, the overall stability
and performance of this control system are determined
by the dynamics of each element in the loop. Conse-
quently, the flight control system cannot be designed in
a vacuum. Instead, it must be designed in concert with
the other elements to meet overall homing-loop perfor-
mance requirements in the presence of target maneu-
vers and other disturbances in the system, e.g., terminal
sensor noise (not shown in Fig. 1), whlch can negatlvely
impact missile performance.} wibs ~ -4

The remainder of this article is divided into six sec-
tions. The first section discusses the specific elements of
the flight control system. Particular emphasis is placed
on understanding the dynamics of the missile and how
they affect the flight control system designer. The next

[ /three sections describe different types of flight control

“systems, objectives to be considered in their design, and
a brief design example. The last two sections discuss
some of the challenges that need to be addressed in the

~future and APL’s contributions to Navy systems and the
field in general.

FLIGHT CONTROL SYSTEM ELEMENTS

‘} * As noted above, the flight control system is one ele-
' ment of the overall homing loop. Figure 2 shows the
basic elements of the flight control system, which itself
is another feedback control loop within the overall
homing loop depicted in Fig. 1.

asures the missile translatio

na ular velocity. The outputs of the IMU are

Figure 2. The four basic elements of the flight control system are
shown in the gray box. The IMU senses the inertial motion of the
missile. Its outputs and the inputs from the guidance law are com-
bined in the autopilot to form a command input to the control
effector, such as the commanded deflection angle to an aerody-
namic control surface. The actuator turns the autopilot command
into the physical motion of the control effector, which in turn
influences the airframe dynamics to track the guidance command.

combined with the guidance commands in the autopi-
lot to compute the commanded control input, such as a
desired tail-surface deflection or thrust-vector angle. An
actuator, usually an electromechanical system, forces
the physical control input to follow the commanded
control input. The airframe dynamics respond to the
control input. The basic objective of the flight control
system is to force the achieved missile dynamics to track |
the guid mmands in a well-controlled manner.
d to assess how we
the flight control system works are discussed in Flight
Control System Design Ob)ectwes This section provides
an overview of each element of the flight control loop.

Guidance Inputs

The inputs to the flight control system are outputs
from the guidance law that need to be followed to ulti-
mately effect a target im:grcepthh;e specific form of the
flight control system inputs (acceleration commands,
attitude commands, etc.) depends on the specific appli-
cation (discussed. later). In general, the flight control
system must be designed based on the expected charac-
teristics of the commands, which are determined by the ——"""
other elements of the homing loop and overall system 111 M
requirements. Characteristics of concern can be static, / T
dynamic, or thh! An example of a static characteris-
tic is the maximum input that the flight control system 7
is expected to be able to track. For instance, a typical
rule of thumb for intercepting a target that has constant
acceleration perpendicular to the LOS is for the missile
to have a 3:1 acceleration advantage over the target. If
the missile system is expected to intercept a 10-g accel-
erating threat, then the flight control system should be
able to force the missile to maintain a 30-g acceleration.
An example of a dynamic characteristic is the expected
frequency content of the command. For instance, rapid
changes in the command are expected as the missile
approaches intercept against a maneuvering threat, but
the input commands may change more slowly during
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Figure 11. The basic elements of the flight control system shown in the grey box.

Task 4. Match a verb in A with words in B. Make up sentences with the resulting word combinations using the information learnt from the text.

A                                      B

to estimate


the airframe dynamics

to influence


overall homing-loop performance requirements

to force


LOS angle rate

to meet


 the missile to track steering commands

to impact


 the target

to intercept


 missile performance

Task 5. Give definitions to:

homing loop;  LOS angle.

Task 6. Answer the questions.
1. What is considered to be one element of the overall homing loop?

2. What can the missile and target motion relative to inertial space be combined mathematically for?

3. What does the terminal sensor measure?

4. What does a guidance law do?
5. Are the overall stability and performance of the control system determined by the dynamics of each element in the loop?

6. Does terminal sensor noise positively impact missile performance?
7. Which elements of the flight control system are shown in Figure 11?

8. Are the outputs of the Inertial Measurement Unit combined with the guidance commands in an actuator ?
9. What is an actuator used for?

10. What do the airframe dynamics respond to?

11.What is the basic objective of the flight control system?
Task 7. Speak about the missile flight control system as an element of the overall homing loop using Figures 10 and 11.

Task 8. Skim text B and speak about its main points.

Task 9. Work in groups of five, A, B, C, D and E. Study text B  to know its content in detail and make brief notes on the main points in each of the texts. Get ready to exchange the information with others in your group.



Student A     Read text 1



Student B     Read text 2



Student C     Read text 3



Student D     Read text 4



Student E     Read text 5
Text B. Flight Control System Elements 

1  Guidanсe Inputs


The inputs to the flight control system are outputs from the guidance law that need to be followed to ultimately effect a target intercept.  The specific form of the flight control system inputs (acceleration commands, attitude commands, etc.) depends on the specific application. In general, the flight control system must be designed based on the expected characteristics of the commands, which are determined by the other elements of the homing loop and overall system requirements. Characteristics of concern can be static, dynamic, or both.         (461)
2  Airframe Dynamics

The dynamics of the airframe are governed by fundamental equations of motion, with their specific characteristics determined by the missile aerodynamic response, propulsion, and mass properties.                                                                                                                                                                                                                                                   Consider the diagram in Fig.12, which shows the missile flying in space constrained to the vertical plane. In the pitch plane, the missile dynamics and kinematics can be described by four variables. Az is the component of the translational acceleration normal to the missile longitudinal axis. The angle of attack (AOA), α, is a measure of how the missile is oriented relative to the airflow and is the angle between the missile velocity vector and the missile centerline. The flight-path angle γ is a measure of the direction of travel relative to inertial space, i.e. the angle between the missile velocity vector and an inertial  reference. The pitch angle Ө defines the missile orientation relative to inertial space and is the angle between the inertial reference and the missile longitudinal axis. [image: image7.jpg]the midcourse phase of flight where the objective is to
keep the missile on an approximate collision path or to
minimize energy loss. Other dynamic characteristics of
concern include the guidance command update rate
and the amount of terminal sensor noise flowing into
the flight control system and causing unnecessary con-

trol actuator activity. ¢l ) ﬁ
1 4l >

Airframe Dynamics
Recall that the objective of the flight control system

_is to force the missile dynamics to track the input com-
c/’“‘\?qand The dynamics of the airframe are governed by
ze”f ndamental equations of motion, with their specific

#'“Characteristics determined by the missile aerodynamic

response, propulsion, and mass properties. Assuming
that missile motion is restricted to the vertical plane
(typical for early concept development), the equations of
motion that govern the missile dynamics can be devel-
oped in straightforward fashion.

Consider the diagram in Fig. 3, which shows the mis-
sile flying in space constrained to the vertical plane. The
angle between the inertial reference axis and the mis-
sile velocity vector is called the flight-path angle y. The
angle from the veloci e missile centerline
is called DA) a. The angle from
the inertial reference to the mmlle Centerline is called
the pitch angle 0. Acceleration in the direction normal
to the missile A, derives from two sources. The non-zero
AOA generates aerodynamic lift. Normal acceleration

Inertial reference

Figure 3. In the pitch plane, the missile dynamics and kinemat-
ics can be described by four variables. A, is the component of
the translational acceleration normal to the missile longitudinal
axis. The AOA, «, is a measure of how the missile is oriented rela-
tive to the airflow and is the angle between the missile velocity
vector and the missile longitudinal axis. The flight-path angle vy is
a measure of the direction of travel relative to inertial space, i.e.,
the angle between the missile velocity vector and an inertial refer-
ence. The pitch angle 6 defines the missile orientation relative to
inertial space and is the angle between the inertial reference and
the missile longitudinal axis.

MISSILE FLIGHT CONTROL SYSTEMS

also can be developed by a control input & such as tail-
fin deflection or thrust-deflection angle. In general, the
missile acceleration also has a component along the
centerline due to thrust and drag. For the simple model
being developed here, we assume that this acceleration
is negligible.

Based on the diagram in Fig. 3, the fundamental rela-
tionship among the three angles above is

The angular acceleration is the moment applied to the
airframe divided by the moment of inertia,

§=Mle.d) »

The applied moment is a function of the control input &
and the aerodynamic force induced by the AOA. The
rate of change of the flight-path angle is the component
of missile acceleration perpendicular to the velocity
vector divided by the magnitude of the velocity vector.
Assuming that the AOA is small, the flight-path angle
rate is

A cos(a) A,
o i el 6)
\Y% \%

The normal acceleration is determined by the forces
applied to the missile divided by its mass

At )

7 m

The applied force is a function of the control input &
and the aerodynamic force induced by the AOA. Substi-
tuting Egs. 3 and 4 into Eq. 1 and combining the result
with Eq. 2 yields a coupled set of nonlinear differential
equations where the state variables are the AOA and
the pitch rare:

3 F(a, 8)
0= R
mV (5)
5 _ M(a, 8)
—_—__j_—c

Although these differential equations can be solved
numerically, an analytical approach often is desirable to
fully understand the missile dynamics. Therefore, the
equations of motion are linearized around an operating
condition so that linear systems theory can be applied.
Assuming constant missile speed, linearization of Eq. 5
yields a second-order state-space description of the mis-
sile dynamics
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Figure 12. The missile dynamics and kinematics  described by four variables
Acceleration in the direction normal to the missile Az  derives from two sources. The non-zero AOA generates aerodynamic lift. Normal acceleration also can be developed by a control input δ such as tail-fin deflection or thrust-deflection angle. In general, the missile acceleration also has a component along the centerline due to thrust and drag. For the simple model being developed here, we assume that this acceleration is negligible.                                                                                 (1274)
3  Actuator

The missile actuator  converts the desired control command developed by the autopilot into physical motion, such as rotation of a tail fin, that will effect the desired missile motion. Actuators for endoatmospheric missiles typically need to be high-bandwidth devices (significantly higher than the desired bandwidth of the flight control loop itself) that can overcome significant loads. Most actuators are electromechanical, with hydraulic actuators being an option in certain applications.
                                                                                                                            (420)                                                                                                                                                     
4  Inertial Measurement Unit

The IMU measures the missile dynamics for feedback to the autopilot. In most flight control applications, the IMU is composed of accelerometers and gyroscopes to measure three components of the missile translational acceleration and three components of missile angular velocity.

Like the actuator, the IMU needs to be a high-bandwidth device relative to the desired bandwidth of the flight control loop. In some applications, other quantities need to be measured, such as the pitch angle for an attitude control system. In this case, other sensors can be used (e.g. an inertially stabilized platform), or IMU outputs can feed strapdown navigation equations that are implemented in a digital computer to determine the missile attitude, which  then is sent to the autopilot as a feedback measurement.


The flight control system must be designed such that the missile dynamics do not exceed the dynamic range of the IMU. If the IMU saturates, the missile will lose its inertial reference, and the flight control feedback is corrupted. The former may be crucial, depending on the specific missile application and the phase of flight. The latter may be more problematic if the dynamic range is exceeded for too long, particularly if the missile is statically unstable.                                       (1061)
5  Autopilot

The autopilot is a set of equations that takes as inputs the guidance commands and the feedback measurements from the IMU and computes the control command as the output. As mentioned previously , the autopilot must be designed so that the control command does not cause oversaturation of the actuator or the IMU. Because the autopilot usually is a set of differential equations, computing  its output involves integrating signals with respect to time. Most modern autopilots are implemented in discrete time on digital computers, although analog autopilots are still used.                                                                           (482)
Task 10. Describe the missile dynamics and kinematics by means of four variables  in Fig. 12.

Task 11. Make up a plan of the text in the form of questions. Discuss the questions with others in your group.

Task 12. a) Read the text again and ask additional questions embracing its contents. b) Combine your answers into a short summary of the text.

Task 13. Skim  text C and say what it deals with.
Task 14. Read the text using a dictionary to know its content in detail and complete the tasks that follow.

Text C. Types of Flight Control Systems

The specific type of flight control system depends on several factors, including the overall system mission and requirements, packaging constraints, and cost . In many applications, the type of flight control system changes with different phases of flight. 
Acceleration Control System

One type of flight control system common in many endoatmospheric applications is designed to track commanded acceleration perpendicular to the missile longitudinal axis. In this system, deflection of an aerodynamic control surface, such as a tail fin, is the control input, and pitch angular rate (q) and acceleration (Az) are measured by the IMU for feedback to the autopilot. The control deflection produces a small aerodynamic force on the tail fin but a large moment on the airframe because of its lever arm from the center of mass. The induced moment rotates the missile to produce the AOA, which in turn produces aerodynamic lift to accelerate the airframe.


The error between  the commanded and achieved acceleration is used as an input to the inner control loops that control missile pitch rate. The pitch rate control loops include integration with respect to time that is implemented in circuitry for an analog autopilot or with numerical difference equations in a computer in a digital autopilot. The three control gains are selected so that the closed-loop flight control system has the desired speed of response and robustness consistent with other design constraints such as actuator limits. 
Attitude Control System

Thе attitude control system also has  a three-loop structure like the acceleration control system. In this case, the control effector is the thrust-deflection angle that is actuated by either a nozzle or jet tabs. The feedback loops have a structure similar to that used in the acceleration control system, except that the outer loop is pitch-angle feedback instead of acceleration. The numerical values of the gains in the control loops may differ for controlling attitude compared to controlling  translational acceleration. The integration of pitch rate measured by the IMU to pitch attitude would typically be done via discrete integration in the missile navigation processing in the flight computer.             
Flight-Path Angle Control System

This type of system assumes that aerodynamic forces are small and hence applies for exoatmospheric flight or for endoatmospheric flight when the missile  speed is low. In this design, the feedback loops reflect the underlying physical relationships among the flight-path angle, AOA, flight-path angle rate, and pitch rate. The design explicitly uses estimates of the missile thrust and mass properties to compensate for how the missile dynamics change as propellant is expanded. The commanded input into the autopilot is the desired flight-path angle. The output is the thrust-vector deflection angle.                                                                    (2410)
 Task 15. Divide the text into logical parts. Choose the key sentences from the text and translate them.

Task 16. Explain the difference among the specific types of flight   control systems.

Task 17. Get ready to make a written abstract and a summary of the text.
Task 18. Work in groups of two, A and B. Read text D on flight control system design objectives and make brief notes on the main points of one of the two parts of the text.
Text D. Flight Control System Design Objectives
The particular figures of merit (FOMs) used to evaluate the flight control system are application dependent. Flight control system FOMs can be expressed in the time and frequency domains.
Time-domain Design Objectives
Some basic FOMs of a flight control system that are measured in the time domain define how quickly the missile will respond to a change in guidance command and also the deviation of the achieved missile motion relative to the command. For example, the time constant and rise time characterize how quickly the system responds to the change in the command. The percentage overshoot and peak amplitude characterize the degree to which the response is well controlled. The steady-state error and settling time are indicators of how well the system tracks the desired command. Designing the flight control system can require trade-offs between these FOMs. For example, a system that requires a small time constant
may have to suffer larger overshoots.                                                                                Frequency-Domain Design Objectives

Frequency-domain requirements are based on the classical control theory of Nyquist and Bode and are primarily concerned with quantifying the robustness of the flight control system. Robustness is important because the flight control system is designed based on models of the missile dynamics, actuator, and IMU,  which are inherently approximations (i.e., no model is perfect). Qualitatively, robustness is the degree to which the flight control system can tolerate the error between the assumed models and the real system.                                                               (1289)
Task 19. Now share the information  about your text with others in your group.
Task 20. Search the Web for additional material in order to provide an overview of missile flight control systems. Summarize the information on the issue and make a presentation. 

APPENDICES

Grammar Revision

Exercise 1. Translate the sentences into Russian paying attention to Passive Voice.

1. State equation, transfer function, and even impulse response can be used as the predictive model. 
2. With the advent of digital electronic engine controls this non-linear problem is easily taken care of using software.

3. An important feature of the feedback control system is that external disturbances which affect the response of the process will be sensed, and ultimately compensated for by the controller.
4. Requirements on the flying and handling qualities are simply present and they have to be followed.
5. Airplane flying qualities can be badly affected by a lag in the signal that is sent

to an actuator or a lag in an actuator itself. 
6.An adaptive control system can be thought of as having two loops. One loop is the normal closed-loop feedback with the plant and controller. The other loop is the parameter adjustment loop which takes a combination of the command input, control signal and output response and adjusts the controller parameters accordingly.
7. The parameters of a system such as rise time, settling time, overshoot and steady state error can be influenced by using the PID controller

8.The fuzzy rule set becomes more complex if the fuzzy level state associated with more than one signal must be accounted for.

9. The status or the configuration of the JET machine (JET - Joint European Torus – термоядерный реактор “Токамак” стран Европейского экономического сообщества) cannot be taken into account by a system on its own.

10. The design choice is typically driven by the necessity to facilitate integrated testing between plasma control facilities and their related diagnostic or actuator.

Exercise 2. Translate the sentences into Russian paying attention to Participle.

1. Any desirable design method should yield a robust control system when properly applied.

2. Having applied the method presented we could find a variation law of the 

regulator coefficient.

3. Engineered systems are often made up of modules that are designed to operate in essen​tially linear fashion, with any nonlinearities introduced in carefully selected locations and forms. 

4.The processing of analog signals is performed using components such as resistors and capacitors, with actual values varying significantly from the nominal  
design values.

5. The results of these analyses are communicated back to the contractor, with emphasis being on areas of concern and potential solutions that may need to be addressed in a subsequent design iteration.

6. Universal algorithmic methods created  provide the possibility to solve different problems of the control system synthesis.

7. Although originally derived for a linear problem, the Kalman filter is habitually applied with considerable success to many nonlinear problems.

8. Most actuators are electromechanical, with hydraulic actuators being an option in certain applications.
9. If not handled properly, faults developing on some Tokamak elements could result in severe damage to the machine.

10. Originally developed to meet the specialized control needs of power plants and petroleum refineries, model predictive control technology can now be found in a wide variety of application areas.
11. Based on three common ancestors, train control systems have been developed historically in many different ways throughout the railway companies.

12. Modern Identification Friend or Foe system is a two-channel system, with one frequency used for the interrogating signals and another for the reply.

13. With the center of pressure located in the right place, the rocket will remain stable.

Exercise 3. Translate the sentences into Russian paying attention to functions of  Infinitive.

1. To control the measurement is to keep it within acceptable limits.
2. To control the temperature manually the operator is to watch the indicated temperature, and by comparing it with the desired temperature, to open or close the valve to admit more or less steam .
3. The challenge for the control system designer is to establish the best control algorithm that will provide the optimum performance in terms of accuracy, dynamic response and stability. 

4. The principles to be discussed in this article can be applied equally well to both pneumatic and electronic controllers.

5. James Watt invented the flyball governor as a mechanism to control the speed of a steam engine that did not require human intervention. 

6. Schmidt was the first to introduce the idea of evaluating partial derivatives at the estimated value of the state variables.

7. Optimization can be regarded as a branch of mathematics whose goal is to improve a variable in order to maximize a benefit (or minimize a cost). 
8. Airy was the first to discuss the instability of closed-loop systems, and the first to use differential equations in their analysis.

9. Maxwell’s technique was to linearize the differential equations of motion to find the characteristic of the system.

10. Due to the increasing complexity of the systems to be controlled and the interest in achieving optimum performance the importance of control system engineering has grown immeasurably.

Humans have always sought to increase the capability of their tools and their extensions, i. e., machines. 
Exercise 4. Translate the sentences into Russian paying attention to Infinitive Constructions.
1. The feedback is said to be negative when the error signal is the difference between the desired value and the measured output value from the process. 

2. The potential future application of feedback control systems and models appears to be unlimited.

3. The noisy measurements of the object's coordinates at ten different points on its orbit are believed to be equally reliable. 

4. The mechanism has proven to be very effective in detecting faults in some diagnostic sources.
5. This expertise requirement appears to be the main reason why predictive control is not used as widely as it deserves to be.
6. The theory and practice of modern control systems seems to have a bright and important future and is certain to justify the study of system modern automatic control theory and application. 

7. The Kalman filter is also used for predicting the likely future courses of dynamic systems that people are not likely to control, such as the flow of rivers during flood, or the trajectories of celestial bodies.

8. One basic concept is that for the automatic feedback control to exist the

automatic control loop must be closed.   

 9. Lack of good mathematical tools is a fundamental problem for fuzzy control to overcome. 
10. For satellites or space vehicles to accomplish their mission their orientation and position in space often require extremely precise management performed by onboard control systems. 
11. The author believes his course to provide the students with a breadth of design experiences, and also to make them think about the design of controllers as an ongoing process for which the theory provides a set of analysis tools. 
12. Experience shows robust controllers to have been designed with relatively little effort by following a few simple rules.

Exercise 5. Translate the sentences into Russian paying attention to different types of clauses.

1.  If the transmitter does not send an accurate signal, or if there is a lag in the measurement signal, the ability of the controller to manipulate the process will be degraded.

2. The basic idea of a feedback control loop is most easily understood by imagining what an operator would have to do if automatic control did not exist. 
3. Once we have done this, we do need to check whether the aircraft meets all the requirements. 
4. To verify that a set is a subspace, all we need to check is that the subset is closed under vector addition and under scalar multiplication.

5. Although fuzzy control has great potential for solving complex control problems, its design procedure is complicated and requires a great deal of specialty. 
6. The process requirements are compared with the process response in the controller whose task is to generate actions that ultimately bring the process in

line with the required state. 
7. Digital control offers distinct advantages over analog control, which explains its popularity. 

8. Based on a comparison of the signals, the automatic controller can tell whether the measurement signal is above or below the set point and move the valve accordingly until the measurement (temperature) comes to its final value. 
9. The underlying idea that motivated this article is that Control Theory is certain to be, at present, one of the most interdisciplinary areas of research.
10. As the speed increases, the response shows a marked reduction in steady state error and a less damped transient response. 
11. An important point to remember when using summing or comparison devices is that the inputs and outputs to/from the device must all have the same units.
12. This is the prototype of what is known as the Kalman filter. 
13. The subjects we address range from the basic concepts related to the dynamical systems approach to mathematical programming and calculus of variations.
14. Whether these two phenomena are related has yet to be discovered. 
15. The question was why learning control application has never been popular.
16. That feedback may create instability is a well-known fact. 
17.Should any of the relevant plasma parameters go outside the allowed range, the enable signal would be removed and the systems turned off.

18. What distinguishes an automatically controlled system is that it possesses working components which maintain at least some of its typical processes despite such excessive variations.
Glossary
The following glossary provides definitions utilized to describe a generic control system. The words are not in an alphabetical order, rather, in a logical one. 
• To control means to maintain a particular operation, status or performance of a

physical process

• Controlled plant or controlled process is the physical process, i.e. the combination of physical transformations which must be maintained according to a precisely defined operational regime.

• Controlled variable represents quantitatively the actual operation, status or

performance of the controlled process.

• Control system is a combination of components performing control functions. A

control system typically forms a closed-loop with the controlled process.

• Actuation signal symbolizes the control efforts applied to the controlled plant in

order to provide the desired effects on its status or performance.

• Sensor is the primary measuring element that is affected by the controlled (measured) variable change, usually it might be a change in resistance or inductance or capacitance element or a small mechanical movement.

• Transducer (transmitter) is a device that transforms a controlled variable into an

electrical signal thus providing the quantitative characterization of the actual

operation, status or performance of the controlled process.

• Set point (reference) is the signal that represents the desired operation, status or

performance of a controlled process. The controlled variables are represented by particular low power electric signals following some scale. The

reference signals have the same order of magnitude and power as the signals

representing controlled variables, but are defined by the human operators of the

process.

• Disturbance signals represent all external (and sometimes internal) factors that

result in the undesirable deviations of controlled variables from their required

values. (e.g. thermal process with opened door)

• Noise signal is unwanted random signal in the measuring device or in the process.

• Error detector is the element to generate the error signal.

• Error signal is the difference between the actual and desired values of controlled

variable, or between the reference and transducer output signals.

• Controller is an analog or digital device that defines the control efforts

transforming the error signal into the control signal, in accordance with the control

strategy.

• Servomechanism is an electric, hydraulic or pneumatic device that performs power

amplification of the control signal, generating a control effort.

• Actuator (final control element) is the device, driven by the servomechanism,

which directly affects the controlled process by applying the actuation signal.

• Stable control system is the system that maintains the controlled variable at its

desired value.
Latin Words and Abbreviations
ab ovo – c самого начала
A.D. (anno domini) – нашей эры
ad hoc – специальный
a.m. (ante meridiem = before noon) – до полудня
a posteriori – основанный на опыте;  из опыта
a priori – априорный; априори, независимо от опыта
B.C. (before Christ) – до нашей эры
cf. (confer = compare) – сравни
c.,ca (circa) – приблизительно, около
e.g. (exempli gratia = for example) – например
et al. (et alii =and others) – и другие
etc. (et cetera = and so on, and so forth) – и так далее
et seq. (et sequentia = and the following) – и далее
i.e. (id est = that is) – то есть
in situ – на месте
in toto  – в целом
N.B. (nota bene) – примечание, отметка
op. cit. (opere citato = a work cited) – в цитируемом труде
p.a., per an. (per annum = yearly) – ежегодно, в год
p.m. (post meridiem = after noon) – после полудня
pro et con (pro et contra = for and against) – за и против
sc, scil (scilicet = namely) – а именно
terra incognita – незнакомая область
vice versa – наоборот 
vs. (versus) – против, в сравнении с   
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Figure � SEQ Figure \* ARABIC �2�. Control system





Figure � SEQ Figure \* ARABIC �3�.  Examples
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Figure 4. Block diagram elements





Figure 6. Level control system








