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Text 1. Automation

Task 1. Read the following words and word combinations

to the text and remember them:

assembly — aBToMaTnyeckas cbopka;

automata — aBTomaTbl, po60Tbl, aBTOMaTHKa;

automatic transfer machining — o6pa6otka B aBTOMaTHnye-
CKOW JTUHUK;

communication engineering — TexHu4eckne cpeacTea
CBSA3M;

continuous cycle — HenpepbIBHbIN LNKIT;

control engineering — TexHMKa yrnpaBfeHus;

float-type controller - nonnaekoBbIf perynsitop;

self-checking — caMokoHTponMpyeMmbii;

self-feeding — aBTOMaTMueckas nogava;

self-initiating — aBToMaTHuecknin nyck;

speed governor — perynsaTop CKOpoCTy;

weaver — Tkay, TKaumxa;

weaving loom — TKaLKWi1 CTaHOK;

Task 2. Read the text and try to understand it:

It is well known that since ancient time people have tried
to construct automatic toys. Those toys were put into motion by hidden
mechanisms of automatic devices. The mechanical wonders of the past
indicated the road for developing automatic systems later. Clocks and
watches, being the first automatic systems, suggested people an idea
of producing automata in industrial manufacture. The Frenchman Vau-
canson built a weaving loom replacing fifty weavers. The talented Rus-
sian mechanic Ivan Polzunov invented a float-type controller for his
steam engine. Steam engine found universal application due to the in-
vention of the centrifugal speed governor, designed by the English in-
ventor James Watt. Soon automation spread to all technological
spheres and became a moving force of technological advance.

So, automation deals with the theory and construction of con-
trol systems which can function without man’s participation. It should
be noted that modern automatic industrial process involves four inde-
pendent components, each component becoming more powerful in the
presence of the other. They are: transfer machining, automatic assem-
bly, communication engineering and control engineering. These four
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components are linked together into a single process called automa-
tion. When two or more automatic machines are connected together
with automatic controls, which may be mechanical, electrical or a com-
bination of them, an automated control is formed. This system creates
a self-feeding, self-initiating and self-checking process.

It should be noted that electronics has greatly extended the
range of automatic control and has made the processing of information
rapid and automatic. Electronic devices are able to respond very quickly
to signals and take measurements and detect faults very accurately.
So, they can effectively control many processes and machines working
at high speeds. Due to the above mentioned advantages, automatic
control systems find wide application in many fields of technology. Au-
tomatic controls relieve man of many monotonous activities. Besides,
they can perform functions which are beyond the physical abilities of a
man.

People make great use of automation in industry; it is especially
effective in continuous cycle production. Various kinds of electronic de-
vices are applied in automatic aircraft pilots, as radio aids to air and
marine navigation. Owing to automation special devices make precise
calculations for space vehicle movement, help to launch missiles and to
direct them to the correct path. Automatic interplanetary stations and
space rockets are equipped with orientation systems, photo-television
apparatus, special soft landing radio systems and movement control
systems of high precision. These systems ensure safe returning and
safe landing.

Task 3. Give the English equivalents for the following Russian
words and expressions:

MapoBOi ABUraTenb, ABWMXXYLIAs CWMa, TEXHOMOMMYECKMn nporpecc,
yHKUMOHMpOBaTL 6€3 yyacTns Yenoseka, cnegyet OTMETUTb, Avana-
30H aBTOMATMYECKOro yrnpasneHus, o6paboTka nHdopmauum, pearnpo-
BaTb OYeHb HbICTPO; 06HAPYXUTb HEMCMPABHOCTb, paboTaTb Ha BbICO-
KMX CKOPOCTSIX, CUCTEMA aBTOMaTM4YeCKOro yrnpaBfieHus, HalTu Wnpo-
Koe NpuMeHeHue, pusmnyeckme BO3MOXHOCTM Yenoseka, 6narogaps as-
TOMaTu3aUun, MeXNNaHeTHas CTaHUMS, TOYHbIE pacyeTbl, TPAaeKTopus,
KOCMUYECKMIA kopabrib.
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Task 4. Say whether these sentences are true or false, cor-
rect the false ones.

1. Functioning without man’s participation is the essence of automation.
2. Ivan Polzunov invented a float-type controller for his weaving loom.
3. Each component of four independent components becomes less
powerful in the presence of the other.

4. Electronics has greatly narrowed the range of automatic control.

5. Automatic control systems find little application in many fields of
technology.

6. Electronic devices are only able to respond very quickly to signals.
7. Automated control creates a self-feeding, self-initiating and self-
checking process.

8. Automation helps to make precise calculations for space vehicle
movement.

Task 5. Answer the questions:

1. What suggested people an idea of producing automata in industrial
manufacture? 2. Why did steam engine find universal application?

3. What did James Watt invent?

4. What does automation deal with?

5. What independent components does modern automatic industrial
process involve? 6. What is called automation?

7. What can effectively control many processes and machines working
at high speeds?

8. Which systems ensure safe returning and safe landing?

9. Which spheres is automation primarily used in?

10. What do movement control systems of high precision provide?

Text 2. The Digital Computer

Task 1. Read the following words and word combinations to
the text and remember them:

adaptive control — agantueHoe ynpasneHue;

approximate method — npvbnvkeHHbI MeTOf;

closed loop control — perynnpoBaHne B 3aMKHYTOM KOHTYpE;
control engineering — TexHMKa aBTOMaTU4YECKOro YNpaBfeHns u pe-
ryNMpoBaHusl, TEXHUKA KOHTPONS;
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direct digital control — npsimoe uncnoBoe nporpaMmmHOe yrnpasne-
Hue;

frequency response — 4acTOTHas XapaKTepUCTUKa;

fuzzy control — HeueTkoe ynpaBneHue;

knowledge-based control — ynpasneHune ¢ ncrnonb3osaHmeM 6a3bl
3HaHui;

learning control — ynpaeneHue c 0byueHunem;

loop — uMKn, KOHTYP;

plugboard — wrencenbHas naHens;

proper — 34. CO6CTBEHHO;

reliable — HaaeXHbIl;

root locus design — cvHTE3 C NMOMOWBIO METOAA KOPHEBOro rofo-
rpaca;

ruggedized — B NoneBoM MCMOSIHEHWUM, NpeAHa3HAYeHHbIN ANs 3KC-
nayatauum B TSXKENbIX YCOBUSIX;

sequential logic control — nocnegoBaTenbHoe normyeckoe ynpasne-
HUe;

Servos — UCMoJIHUTENbHbIE MPUBOAbI, CEPBOMEXAHU3MBI;

to supersede — BLITECHUTD;

three-term — TpexkaHanbHbIi;

Task 2. Read the text and try to understand it:

The introduction of digital technologies in the late 1950s
brought enormous changes to automatic control.

Control engineering had long been associated with computing
devices — as noted above, a driving force for the development of servos
was for applications in analogue computing. But the great change with
the introduction of digital computers was that ultimately the approxi-
mate methods of frequency response or root locus design, developed
explicitly to avoid computation, could be replaced by techniques in
which accurate computation played a vital role.

The earliest systems were supervisory systems, in which indi-
vidual loops were controlled by conventional electrical, pneumatic or
hydraulic controllers, but monitored and optimized by computer. Spe-
cialized process control computers followed in the second half of the
1960s, offering direct digital control (DDC) as well as supervisory con-
trol.

In DDC the computer itself implements a discrete form of a
control algorithm such as three-term control or other procedure. Such
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systems were expensive, however, and also suffered many problems
with programming, and were soon superseded by the much cheaper
minicomputers of the early 1970s. But, as in so many other areas, it
was the microprocessor that had the greatest effect.

Microprocessor-based digital controllers were soon developed
that were compact, reliable, included a wide selection of control algo-
rithms, had good communications with supervisory computers, and
comparatively easy to use programming and diagnostic tools via an ef-
fective operator interface. Microprocessors could also easily be built into
specific pieces of equipment, such as robot arms, to provide dedicated
position control, for example.

A development often neglected in the history of automatic con-
trol is the programmable logic controller (PLC). PLCs were developed to
replace individual relays used for sequential (and combinational) logic
control in various industrial sectors. Early plugboard devices appeared
in the mid 1960s, but the first PLC proper was probably the Modicon,
developed for General Motors to replace electromechanical relays in
automotive component production. Modern PLCs offer a wide range of
control options, including conventional closed loop control algorithms
such as PID as well as the logic functions. In spite of the rise of the
ruggedized PCs in many industrial applications, PLCs are still widely
used owing to their reliability and familiarity.

(The classic example is in flight control, where the altitude af-
fects aircraft dynamics, and needs therefore to be taken into account
when setting gain.) Digital adaptive control, however, offers much
greater possibilities for:

1. Identification of relevant system parameters.

2. Making decisions about the required modifications to the
control algorithm.

3. Implementing the changes.

Optimal and robust techniques too, were developed, the most
celebrated perhaps being the linear-quadratic- Gaussian (LQG) and Ao
approaches from the 1960s onwards. Without digital computers these
techniques, that attempt to optimize system rejection of disturbances
(according to some measure of behaviour) while at the same time being
resistant to errors in the model, would simply be mathematical curiosi-
ties.

A very different approach to control rendered possible by mod-
ern computers is to move away from purely mathematic models of sys-
tem behaviour and controller algorithms. In fuzzy control, for example,
control action is based on a set of rules expressed in terms of fuzzy

8
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variables. For example

IF the speed is "high”

AND the distance to final stop is "short”

THEN apply brakes “firmly”.

The fuzzy variables high, short and firmly can be translated by
means of an appropriate computer program into effective control for,
in this case, a train. Related techniques include /earning contro/ and
knowledge-based control. In the former, the control system can /earn
about its environment using artificial intelligence techniques (AI) and
modify its behavior accordingly. In the latter, a range of Al techniques
are applied to reasoning about the situation so as to provide appropri-
ate control action.

(by C.C. Bissell, A History of Automatic Control)

Task 3. Give the English equivalents for the following Rus-
sian words and expressions:

LUMbPOBbIE TEXHONOMMM, BbIMUCIUTENbHBLIE YCTPOMCTBA; ABU-
XKyLlas cuna; aHanoroBasl BbIYMCIIMTENbHAs CUCTEMA; 3SKCMIMUMTHO;
TOYHOE BbIYNC/IEHWNE; KOHTPOSIMPYIOLWAs CUCTEMA; TPAANLMOHHbIN KOH-
TPOJINEP; CyrNepBM3OPHOE YNPaB/iEHUE; anropuTM YNpaB/ieHUs; OKa-
3aTb BNUSIHUE; MO3MLIMOHHOE YNpaBneHne; MaHunynsaTop poboTa (pyka
poboTa); NIOrMUYEeCKnii KOHTPOSNIEP; UCMbITbIBATb NMPOBMIEMBI; 31EKTPO-
MEXaHUYECKOE pesie; aamabaTuyeckoe pasMarHuimMBaHue; NporpaMmm-
PYEMbIN NOrMUYECKUIn KOHTPONIEP; MArHWTHbLIE AWUMONW; 3NIEKTPOHHAs
060/04Ka; cTeneHb NOABWXXHOCTW; KpUTEPUI MoBeaeHus; Ntobo3Ha-
TENbHOCTb, Kypbe3; Habop npasw.

Task 4. Say whether these sentences are true or false, correct
the false ones.

1. Digital technologies greatly changed automatic control.

2. Analogue computing offered direct digital control.

3. Microprocessor-based digital controllers were not compact
and reliable.

4. An effective operator interface is used as a programming and
diagnostic tool.

5. A programmable logic controller was often neglected in the

9
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history of automatic control.

6. The first programmable logic controller was to replace elec-
tromechanical relays.

7. A modern approach to control is considered to be a mathe-
matic model of system behaviour.

8. Fuzzy variables cannot be translated into effective control.

9. In knowledge-based control a range of Al techniques are
applied to learn about the environment.

Task 5. Answer the questions:

. What brought enormous changes to automatic control?

. What was a driving force for the development of servos?

. How can you describe the earliest systems?

. What followed in the second half of the 1960s?

. What kind of problems did DDC suffer?

. What features did microprocessor-based digital controllers

OV h WN

possess?
7. What were programmable logic controllers developed for?
8. Why are PLCs still used?
9. What does digital adaptive control offer?
10. What kind of approach do modern computers suggest?
11. How is artificial intelligence in the techniques including
learning control and knowledge-based control used?

Text 3. Open and closed loop systems

Task 1. Read the following words and word combinations
to the text and remember them:

feedback — obpaTHas cBsi3b;

closed loop system — cuctema c 06paTHOM CBSI3bIO;

CNC — computer numerical control (uscnosoe nporpamMmMHoe
ynpasneHue);

high-end — BbICOKOTEXHONOMMYHBIN;

limit switch — kKoHeuHbI BbIK/IOYATENb;

open loop system — cucrema 6e3 06paTHoOl CBS3N;

order of magnitude — nopsgok (BennumHebl);

proportional—integral—derivative controller — nponopuu-
OHaNbHO-UHTErpanbHbI  aAnddepeHumanbHeii  perynstop  (MAA-

10



YupassieHue nudppoBbIX 06pa30BaTeNbHbIX TEXHOJIOTHUH

MHOoCTpaHHbIN S13bIK (AHTJIMUCKUI)

perynsTop);

to outfit — ocHawartsb;

to output — BbIBOAMTL (AaHHbIE);

to relay — nepeHanpaBnsitb;

set point — 3agaHHasa BennuMHa;

step and direction signals — curHanbl o warax v Hanpasne-
HUSIX NEepPEMELLEHNIA;

tolerance — fonycTMMoOe OTKIOHEHWE;

to trip — 34. oTknouaTL

Task 2. Read the text and try to understand it:

The open and closed loop systems describe the two primary
types of CNC control systems. Open and closed loops describe the con-
trol process of a system. Open loop refers to a system where the com-
munication between the controller system and the motor is one way.

The process for an open loop system is simple. After the user
decides what he/she wants to do and generates the g-code or some
sort of work file, the NC software then creates the necessary step and
direction signals to perform the desired task. The computer relays this
information to the controller which then energizes the motor/s. After
the motor moves to the desired position, there is no feedback to the
controller system to verify the action.

In the CNC industry, open loop systems use stepper motors.
However, just because a system uses stepper motors, it does not mean
the system is an open loop system. Stepper motors may be outfitted
with encoders to provide position feedback just like servo motors

Stepper motors are able to operate in an open loop system
while servo motors are not, for CNC applications at least. Because step-
per motors do not require feedback hardware, the price for an open
loop CNC system is much cheaper and it is simpler than a closed loop
system. This makes it more affordable for hobbyists to build their own
CNC machine.

There are drawbacks of the open loop system. Because there
is no feedback to the controller, if the motor does not operate as in-
structed there is no way for the system to know about this problem.
The controller system will continue performing the next task as if there
is no problem until a limit switch is tripped or the operator resets the
machine.

The closed loop system has a feedback system to monitor the
output of the motors. Closed systems are also able to correct errors in

11
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position, velocity, and acceleration, and also fault the system if the error
is too large.

There are two types of closed loop systems. The first type re-
turns the feedback to the CNC controller, and the second one returns
the feedback into the computer. Both systems are true closed loop sys-
tems. The system where the feedback is fed into the signal generator
or computer is usually found on high-end machines.

The most common type of closed loop controller system is the
system where an encoder, glass scale, or some other type of analog
device is responsible for the feedback signal.

Most of these closed loop controllers are PID or proportional—
integral—derivative controllers. The encoder output is fed into the motor
driver. A PID controller attempts to correct the error between a meas-
ured variable and a desired set point by calculating and then outputting
a corrective action that can adjust the process accordingly and rapidly,
to keep the error minimal.

This type of control loop is set to fault at a preset value. This
should stop the machine in case of excess error. Some people believe
that this type of system can be inaccurate. This is untrue if setup is
done properly. The resolution of this type of servo system should be
designed to be one order of magnitude more precise than the machine.
With this setup, even if the machine were to fault, the error is still less
than the machine tolerance.

The disadvantages of closed loop systems are cost and com-
plexity. Closed loop controllers can be harder to tune and have more
parts that could fail.

Task 3. Give the English equivalents for the following Russian
words and expressions:

LaroBbIi ABUraTeslb; pa3paboTumk-nobuTenb; CTeKIsHHas
LWKana; 6biTb OTBETCTBEHHLIM 3a; aHAIOrOBOE YCTPOMCTBO; perympo-
BaTb MpOLECC; ApaiBep ABUraTens; AaHHble AaTyuunka; obecrieunBaTtb
MWHUMaJbHYIO NOrPEeLLHOCTb; N3MepeHHas nepeMeHHast; peryimposaTb
npoLecc COOTBETCTBEHHbIM 06pa3oM; NpeaBapuTenbHO 3aJaHHas Be-
JIMYMNHA; YCTAHOBMIEH HA MOrpeLHOCTb/oWwnbKy; n3bbiTouHas norpetu-
HOCTb; TpyAHeEe perynMpoBaTb/HAaCTPOUTb; Ha OAWH NMOPSAAOK TOYHee.

Task 4. Fill in the blanks with the proper words:

12
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1. Open and closed loops describe the ... process of a system.

2. The NC software creates the necessary step and direction
signals ... the desired task.

3. ... motors may be outfitted with encoders to provide position
feedback just like ... motors.

4. The closed loop system has a feedback system ... the output
of the motors.

5. There are two types of ... loop systems.

6. A PID controller attempts to correct the error between a ...
variable and a ... set point.

7. The disadvantages of closed loop systems are ... and ... .

Task 5. Answer the questions:

1. What kind of control does an open loop system perform?

2. What kind of motors do the open loop systems use in CNC
industry?

3. Why is the price for an open loop CNC system much cheaper?

4. What are the drawbacks of the open loop system?

5. What errors are the closed systems able to correct?

6. What is the most common type of the closed loop controller
system?

7. How can a PID controller correct the error between a meas-
ured variable and a desired set point?

8. What stops the machine in case of an excess error?

9. What kind of controllers has more parts that can fail?

Text 4. Data acquisition

Task 1. Read the following words and word combinations to
the text and remember them:
acquisition — c6op u obpaboTka (AaHHbIX);
application — 34. npumMeHsemMas TexHuKa;
breakout box — pacnpeaenuTenbHblli WKT;
bus — WK1Ha, MarncTpanbHbI KaHan;
data acquisition (DAQ) card — nnata cbopa gaHHbIX;
flexible — yHuBepcanbHbIi;
general purpose — yHVBepcasbHbIi, CTaHAAPTHbIN;
linearization — cnpsamnexune, nMHeapusaums;
to manipulate — o6pabaTtbiBaTh;
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multiplexer — MynbTUnnekcep, ynioTHATENb KaHAMOB;
sampling — n3mepexune, cbem (AaHHbIX);

Sensor — JaTuuK;

serial — nocnegoBaTenbHbIN;

signal conditioning — dopmmnpoBaHune curHana;
stand-alone logger — oTaeNbHbIV perncTpaTop AaHHbIX;
voltage ramp — nuHeliHoe N3MepeHNE HanpsiXXeHus;
waveform — curHan.

Task 2. Read the text and try to understand it:

Data acquisition is the process of sampling signals that meas-
ure real world physical conditions and converting the resulting samples
into digital numeric values that can be manipulated by a computer. Data
acquisition systems (abbreviated with the acronym DAS or DAQ) typi-
cally convert analog waveforms into digital values for processing. The
components of data acquisition systems include:

- Sensors that convert physical parameters to electrical signals.

- Signal conditioning circuitry to convert sensor signals into a
form that can be converted to digital values.

- Analog-to-digital converters, which convert conditioned sen-
sor signals to digital values.

Data acquisition applications are controlled by software pro-
grams developed using various general purpose programming lan-
guages such as BASIC, C, Fortran, Java, Lisp, Pascal.

Specialized software tools used for building large-scale data ac-
quisition systems include EPICS. Graphical programming environments
include ladder logic, Visual C++, Visual Basic, and Lab VIEW.

Data acquisition begins with the physical phenomenon or phys-
ical property to be measured. Examples of this include temperature,
light intensity, gas pressure, fluid flow, and force. Regardless of the
type of physical property to be measured, the physical state that is to
be measured must first be transformed into a unified form that can be
sampled by a data acquisition system. The task of performing such
transformations falls on devices called sensors.

A sensor, which is a type of transducer, is a device that con-
verts a physical property into a corresponding electrical signal (e.g., a
voltage or current) or, in many cases, into a corresponding electrical
characteristic (e.g., resistance or capacitance) that can easily be con-
verted to an electrical signal.

The ability of a data acquisition system to measure differing

14
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properties depends on having sensors that are suited to detect the var-
ious properties to be measured. There are specific sensors for many
different applications. DAQ systems also employ various signal condi-
tioning techniques to adequately modify various electrical signals into
voltage that can then be digitized using an Analog-to-digital converter
(ADC).

Signals may be digital (also called logic signals) or analog de-
pending on the transducer used.

Signal conditioning may be necessary if the signal from the
transducer is not suitable for the DAQ hardware being used. The signal
may need to be amplified, filtered or demodulated. Various other ex-
amples of signal conditioning might be bridge completion, providing
current or voltage excitation to the sensor, isolation, and linearization.
For transmission purposes, single ended analog signals, which are more
susceptible to noise, can be converted to differential signals. Once dig-
itized, the signal can be encoded to reduce and correct transmission
€errors.

DAQ hardware is what usually interfaces between the signal
and a PC. It could be in the form of modules that can be connected to
the computer's ports (parallel, serial, USB, etc.) or cards connected to
slots (S-100 bus, Apple Bus, ISA, MCA, PCI, PCI-E, etc.) in the mother-
board. Usually the space on the back of a PCI card is too small for all
the connections needed, so an external breakout box is required. The
cable between this box and the PC can be expensive due to the many
wires, and the required shielding.

DAQ cards often contain multiple components (multiplexer,
ADC, DAC, TTL-IO, high speed timers, RAM). These are accessible via
a bus by a microcontroller, which can run small programs. A controller
is more flexible than a hard wired logic, yet cheaper than a CPU so that
it is permissible to block it with simple polling loops. For example: Wait-
ing for a trigger, starting the ADC, looking up the time, waiting for the
ADC to finish, move value to RAM, switch multiplexer, get TTL input,
let DAC proceed with voltage ramp. Many times reconfigurable logic is
used to achieve high speed for specific tasks and digital signal proces-
sors are used after the data has been acquired to obtain some results.
The fixed connection with the PC allows for comfortable compilation
and debugging. Using an external housing a modular design with slots
in a bus can grow with the needs of the user.

Not all DAQ hardware has to run permanently connected to a
PC, for example intelligent stand-alone loggers and oscilloscopes, which
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can be operated from a PC, yet they can operate completely independ-
ent of the PC.

Task 3. Give the English equivalents for the following Russian
words and expressions:

dhusnyeckoe cocTosiHNE; Npeobpa3oBaTh aHaNoroBbIli CUrHan B
UMpPOBOE 3HAYEHNE; MPOrPAMMHbBIM MPOAYKT; HE3ABUCMMO OT; eaunHasi
opMa; COOTBETCTBYIOLWMIA SMEKTPUYECKWI CUrHas/XapaKTepUCTVKa;
06Hapy>UTb pasfMuHbIE CBOMCTBA; C LIESb0 Nepeaayn; oaHOCTOPOH-
HVE aHanoroBble CUrHasbl; MaTepuUHcKas nnata; 6onee rubkuii, YeMm;
nepeHanaxvBaemblii normyeckunii 651ok; avddepeHUmanbHblii CUrHan;
uMpoBOI NPOLIECCOP CUIHASOB.

Task 4. Say whether these sentences are true or false, correct
the false ones.

1. Data acquisition systems typically convert digital waveforms into an-
alog values.

2. Programming languages control data acquisition applications.

3. The physical state to be measured must first be transformed into a
unified form.

4. There are universal sensors for many different applications.

5. Digital signals are also called logic signals.

6. All DAQ hardware has to run permanently connected to a PC.

7. A microcontroller can run small programs.

8. Single ended analog signals are susceptible to noise.

Task 5. Guess or look up in a dictionary or some other
reference materials the meanings of the following abbreviations or ac-
ronyms:

USB, ISA, MCA, PCI, PCI-E, ADC, DAC, TTL, TTL-IO, RAM.
Task 6. Answer the questions:
1. What is data acquisition?

2. What are the components of data acquisition systems?
3. What do data acquisition systems convert?
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4. What programming languages are used for developing software pro-
grams to control data acquisition applications?

5. What devices transform the physical state into a unified form?

6. What does the ability of a data acquisition system to measure differ-
ing properties depend on?

7. In what case may signal conditioning be necessary?

8. Which ones are similar to each other?

9. Where are such slots as S-100 bus, Apple Bus, ISA, MCA, PCI, PCI-E
located?

10. What components do DAQ cards often contain?

Task 7. Fill in the blanks with the proper words.
1. Data acquisition is the process of

world physical conditions.
a) transmitting; b) sampling;  ¢) correcting

signals that measure real

2. Specialized tools are used for building large-scale data ac-
quisition systems.
a) software;b) hardware; ¢) information

3. A sensor is a device that converts a physical into a cor-
responding electrical signal.

a) data; b) appearance; c) property

4. DAQ systems use various signal conditioning to adequately
modify various electrical signals into voltage.

a) computers; b) models; ¢) techniques

5. DAQ is what usually interfaces between the signal and
a PC.
a) hardware;  b) software; c) engineering

6. A controller is than a CPU.
a) more expensive; b) cheaper; ¢) the best

7. The fixed with the PC allows for comfortable compilation
and debugging.
a) design; b) connection; ) construction.
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Text Compression

Cpean OCHOBHbIX 3TaroB Hay4HO-MH(MOPMALMOHHON aes-
TENbHOCTM BaXKHOE MECTO 3aHMMAET aHaIUTUKO-CUHTETMYECKas nepe-
paboTKa nocTynatoLlein MHhopPMaLMM Ha POAHOM U MHOCTPAHHBIX A3bl-
Kax, BK/IHoUatoLLas NepeBo/] C OAHOMO A3blka Ha ApPYroi, 0630pbl, aHHO-
TUpoBaHue, pecdeprpoBaHue 1 T.4.

PedepaTr (Review) — 3T0 OkaToe, KpaTKoe U3/I0XKeHME TeK-
CTa C OCHOBHbIMKU (hAaKTUYECKMMUN AaHHbIMKU, BbIBOAAMW U PEKOMEHAA-
umnamu. Mo NonHoTe M3NOXEHMS CoaepXXaHUsl NeYaTHOro TekcTa pede-
paTbl MPUHSTO AENUTb Ha pedepaTbi-pe3toMe U pedepaTbl-KOHCMEKTLI.

TpeboBaHusi K COCTaBIEHNIO PehEPATa.

1. Pedepat cTpOMTCS Ha OCHOBE KJIOYEBbIX PparMeHTOB, Bbl-
[ENEeHHbIX U3 TEKCTa.

2. Pedepat pomkeH 6bITb HaNUcaH NUTepPaTypPHbIM A3bIKOM C
MCMO/b30BaHNEM HayUYHOW TEPMUHOMOMNM, NMPUHSATON B HAYYHOWN NUTe-
paType Mo TOW WX MHOM OTPAC/Y HAYKN U TEXHUKM,

3. Pedepat gomkeH 06bEKTUBHO M TOYHO OTpaxaTb coaep-
»KaHWe NepBOMCTOYHUKA; HEMb3s1 BHOCUTb Kakue-nnbo U3MeHeHust nnm
JIOMOJTHEHMS MO cyllecTBy pedepupyeMol paboTbl.

4. He cneayer B pecepate usnaratb COGCTBEHHYIO TOUKY 3pe-
HUS UM KPUTUYECKME 3aMeYaHus.

CrpykTypa pegepara:

1) BbIXoAHbIE A@HHbIE UCTOYHMKA: PaMUAMS U MHMUMASbI aB-
TOpa, 3arnaBune, U34aTenbCTBO, MECTOo, rof usaaHus (4ns XxypHana —
Ha3BaHWe 1 HOMep).

2) [naBHas MbICNb, naes pedepupyemMoro Matepuana.

3) Ws3noxeHune copepxaHus: pedepupyeMbiil MaTepuan us-
naraeTcs B NocnefoBaTeNbHOCTH, B KOTOPOW OH NPUBOAMTCS B TEKCTE.

4) BbiBOAbl aBTOpPaA WM Pe3ysbTaThbl UCCIEL0BaHWNA.

lTopsiaok pabotsl Hag pegepartom.

1. IMpocMOTpeTb TEKCT C Lesibio 03HAKOMIIEHUS C ero coaepxa-
HUEM.

2. O3HaKOMUTBCA C rpaduyeckoi YacTblo (YepTexamu, cxe-
Mamu, Tabnuuamm
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M T.N.) C LUeNblo YTOYHEHUS CoAepXXaHUs TeKCTa Npu YTeHuu.

3. BoigenuTb ab3aubl TEKCTa, coaepKaline oCHOBHYO MHAOp-
MaLmio, NOATBEPXKAAIOLLYIO, PACKPbIBAIOLLYIO U YTOUHSIOLLYIO 3arfiaBue
TeKcTa.

4. ONycTuTb BTOPOCTENEHHYO MH(POPMaUMIO.

5. MoBTOpPHO NpoynTaTh BblAENEHHbIE ab3aLlbl.

6. Mpeobpa3oBaTb C/IOXHbIE CMHTAKCUYECKME KOHCTPYKLUMM B
6onee npocrble.

8. 0606LWNTb OTAENbHbIE CBEAEHUS! B €AMHbIN CBSA3HBIN TEKCT.

9. 3an1caTb NONYYEHHYO COKpALLEHHYO MH(OPMaLMIO MO yKa-
3aHHOM BbilLie CXEME.

AHHoTauus (Abstract / Summary) — 570 KpaTkas xapak-
TEPUCTUKA TEKCTA C U3NIOXKEHUEM Hanbosiee BaXKHbIX NOSOXeHMA. Oc-
HOBHbIM OT/IMYMEM aHHOTaUMK OT pedepaTa sBnseTcs To, YTo pedepat
JaeT npeacTaBieHNE O COAEepXaHUM OpurMHana, a aHHoTauus —
TOMbKO O ero TemaTuke. AHHOTauMs MepeyvncnsieT, HasblBaeT npo-
61emMbl OpUrnHana, Ho He pacKpbiBaeT MX.

Mo ueneBoMy Ha3HAYEHMIO Y COAEPXKAHUIO aHHOTaLMKN noapas-
OENAIOTCA Ha CnpaBOYHbIE U PEKOMEHAATE/bHbIE (VIJWI VIHd.)OpMaLWIOH-
Hble 1 onucaTesbHble), cneunMann3vpoBaHHbie 1 oblume.

TPe60oBaHNS K COCTAB/IEHMNIO aHHOTALMN.

1. Tpu coctaBneHun aHHOTaumm cnegyet usberatb COXHbIX
KOHCTPYKUMI U NPeanoXeHui.

2. AHHOTauMIO HeobxoaMMO COCTaBNATb, COXPaHsAs norude-
CKYtO CTPYKTYpY TEKCTa.

3. [Ana ob6obuieHns nHdopMaumm pekoMeHayeTcs UCNonb30-
BaTb CreumanbHble 060poThl U (hpasbl-KuLLe, NpUBEAEHHbIE HUXKE.

4. HasBaHusa ¢vpM, KOMNaHWNM cnefyeT AaBaTb B UX OPUTK-
HaflbHOM HanucaHumn; abbpeBnaTypbl U pasnnyHbIE COKpaLLEHUS Heob-
XOAMMO UCMOMb30BaTb B COOTBETCTBMM C O6LENPUHATLIMA B CNPaBoY-
HOM NuTepaType.

CTpyKkTYpa aHHOTaUMN.
1) BbIxoaHble AaHHble UCTOYHMKA: (PaMUInS U MHULMANbI aB-

TOpa, 3arnaBune, U34aTenbCTBO, MECTOo, roa usaaHus (4ns XypHana —
Ha3BaHue 1 HoMep).

19



YupassieHue nudppoBbIX 06pa30BaTeNbHbIX TEXHOJIOTHUH

MHOoCTpaHHbIN S13bIK (AHTJIMUCKUI)

2) BseneHue oblueit TeMbI.

3) [MpeaenbHO KpaTKOe M3M0XKEHNE OCHOBHbIX BOMPOCOB, pac-
CMaTpMBaEMbIX B TEKCTE.

4) O6Lwme BbIBOAbI MK 3aKJIOUYEHNS aBTOPa CTaTbW, 3MOLIMO-
HanbHO-OLIEHOYHOE OTHOLUEHWE COCTAaBUTENS aHHOTAUMN K aHHOTHpYye-
MOMY TeKCTY.

CIHCOK BbIDAXEHMH, PEKOMEHAYEMbIX /IS HAIMCaHUs pege-

para v aHHoragun.

1. The article (text) is entitled ...
The article is head-lined ...

CraTbs 03arnaBneHa ...

2. The author of the article is ...
The article is written by ...

ABTOp CcTaTbn — ...
CraTbs HanucaHa ...

3. Itis (was) published in ...

OHa (6bina) onybnmkoBaHa B ...

4 .The main idea of the article is

The subject of information is ...
The article deals with ...

The text is about ...

The article is devoted to ...
The article touches upon ...
The article describes ...

OcHoBHas naes cratbi ...
Tema coobuleHus ...
CraTbs paccMaTpUBaET ...
B TekcTe coobuaeTcs o ...
CraTbsl nocBsuWeHa ...
CraTbsl 3aTparvBaer ...
CraTbs OMUCHIBAET ...

5. The author reports (states,
stresses, thinks) ...

It is pointed out that...

It is stressed that ...

It is shown that...

The problems of ... are consid-
ered

Special attention is given to ...
An important information is given
on..

ABTOp CooblaeT (3aaBnseT,
noaYepKMBaET, AYMAET) ...
YKasblBaeTcs, 4To ...
MNoayepkmBaeTcs, uTo ...
lMokasaHo, 4To ...
PaccmaTpuBatoTcs npobnemsl ...
Ocoboe BHMMaHue yaensercs ...
MNpepocTaBnseTcs BaxHas WH-
dopmMaums o ...

6. The conclusion is made that ...
Conclusions are drawn ...

The author comes to the conclu-
sion that ...

[enaeTcsa BbIBOA O ...
Jenatotcs BbIBOAbI ...

ABTOp MpuXOAUT K BbIBOAY,
yTO...
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7. The article is of importance | Ctatbss BaxHa (npeacrasnseT
(interest) to ... MHTEepec) ans ...

Text 5. SCADA centers

Task 1. Read the following words and word combinations to
the text and remember them:
city gate station — 3amepHas cTtaHumsa nogaum rasa;
dedicated — cneunansHoOro HasHaueHus;
fiber-optic line - BONOKOHHO-ONTMYECKas NIMHUS CBA3W;
hard-wired system— cucrema c )ecTKol Normkon;
instrument — npnbop;
lag time — pa3pbiB BO BpeMeHu;
leased — apeHa0OBaHHbI;
master terminal unit — ocHoBHOI TepMuHan;
readings — nokasaxusa (npubopa);
remote terminal unit — ycTpoiicTBO CBA3M C 06bEKTOM;
retrofit — mogndmumpoBaHHas ycraHoBKa;
spread-spectrum technology — TexHonorusi pacluMpeHHoro crek-
Tpa;
supervisory control and data acquisition (SCADA) system — cu-
CTEMa AUCNETYEPCKOro KOHTPOSIS U cbopa AaHHbIX.

Task 2. Read the text and try to understand it:

Natural gas pipeline companies have customers on both ends
of the pipeline — the producers and processors that input gas into the
pipeline and the consumers and local distribution companies that take
gas out of the pipeline. To manage the natural gas that enters the pipe-
line and ensure that all customers receive timely delivery of their portion
of this gas, sophisticated control systems are required to monitor the
gas as it travels through all sections of a potentially very lengthy pipe-
line network. To accomplish the task of monitoring and controlling the
natural gas that is traveling through the pipeline, centralized gas control
stations collect, assimilate, and manage the data received from moni-
toring city gate stations and compressor stations all along the pipeline.

Most of the data that is received by a control station is provided
by supervisory control and data acquisition (SCADA) systems. These
systems are essentially sophisticated communications systems that take
measurements and collect data along the pipeline (usually in metering
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or compressor stations and valves) and transmit the data to the cen-
tralized control station. Flow rate through the pipeline, operational sta-
tus, pressure, and temperature readings may all be used to assess the
status of the pipeline at any one time. These systems also work in real
time, so there is little lag time between taking measurements along the
pipeline and transmitting them to the control station. Equipment status
scans are taken every 6 to 90 seconds depending on the communication
technology used in the field. This information allows pipeline engineers
to know exactly what is happening along the pipeline at all times, which
permits quick reactions to equipment malfunctions, leaks, or any other
unusual activity along the pipeline, as well as to monitoring load control.

Some SCADA systems also incorporate the ability to operate
certain equipment along the pipeline remotely, including compressor
stations, which allows engineers in a centralized control center to adjust
flow rates in the pipeline immediately and easily. Control and monitor-
ing are conducted by using remote terminal units (RTUs), which are
placed at intervals along the pipeline, at compressor stations, city
gate/measurement stations, underground storage fields, and other re-
lated locations. RTUs periodically collect data from field instruments
that measure pressure, temperature, flow, and heat content of the nat-
ural gas. The data are transmitted from the RTUs through a communi-
cations network that could consist of company-owned fiber-optic lines,
leased telephone lines, ground- or satellite-based microwave, or radio
communication systems.

The SCADA system is monitored 24 hours per day, 365 days a
year. SCADA systems allow the pipeline companies to control or shut
down portions of a pipeline in the event of an accident or for other
safety reasons. They are also used to collect data at different system
points as well as to feed data to other administrative function such as
billing, marketing, and monitoring cathodic protection systems.

In all SCADA systems, the master terminal unit and RTUs com-
municate through a defined network of some type. Early systems used
wired communications, either through private hard-wired systems
owned by the operator (usually practical only for short distances) or
through the public-switched phone network. Today there are still many
systems using public phone systems, encompassing both wire and fiber
optics technology. These facilities allow remote monitoring of the pipe-
line and communication with valves, compressors, and personnel dur-
ing operation. Most new systems and many retrofits are using some
form of wireless communications. Many pipelines own their own micro-
wave infrastructure, including dedicated towers and radio frequencies.

22



YupassieHue nudppoBbIX 06pa30BaTeNbHbIX TEXHOJIOTHUH

MHOoCTpaHHbIN S13bIK (AHTJIMUCKUI)

Systems using frequencies in the very high or ultrahigh frequency (VHF
and UHF, respectively) ranges are also in use. These operators may
own their own towers or lease space from other operators. Many newer
systems are making use of low-power radio transmissions. Satellite
communications are also used for long-distance communications.

Task 3. Give the English equivalents for the following Russian
words and expressions:

perynupoBaHWe Harpysku, CKOPOCTb MOTOKA, HEWCMPABHOCTb
060py10BaHKs, COCTOsSIHME TPYOOMNpoBOa, peEryiMpoBaTh CKOPOCTb Mo-
TOKa, B Liensix 6e30nacHOCT, CUCTEMA KaTOAHOW 3aluuThl, 6ecnposoa-
Hasi CBSI3b, AMANa30H CBEPXBbLICOKOW YaCTOThbl, Mepeaaya paanocurHa-
/OB Majol MOLLHOCTW, AUCTAHLUMOHHbIA KOHTPOSb.

Task 4. Answer the questions:

1. What do centralized gas control stations do?

2. Why is there little lag time between taking measurements along the
pipeline and transmitting them to the control station?

3. How do pipeline engineers know exactly what is happening along the
pipeline at all times?

4. What allows engineers in a centralized control center to adjust flow
rates in the pipeline immediately and easily?

5. How are data transmitted from the RTUs?

6. What are the reasons for shutting down portions of a pipeline?

7. What up-to-date facilities allow remote monitoring of the pipeline
and communication with valves, compressors, and personnel during the
operation?

Task 5. Say whether these sentences are true or false, correct
the false ones.

1. Consumers input gas into the pipeline.

2. Sophisticated control systems are required to monitor the gas as it
travels through all sections of a potentially very lengthy pipeline net-
work.

3. Most of the data that is received by a control station is provided by
RTUs.

4. The data are not transmitted from the RTUs through a communica-
tions network.
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5. Some forms of wireless communications are also used today.

6. Satellite communications are also used for short-distance communi-
cations.

7. Radio communication systems are not used to transmit data from
the RTUs.

8. RTUs are placed at intervals along the pipeline.

Text 6. Mackenzie Gas Project

Task 1. Read the following words and word combinations to
the text and remember them:
to aid — cnocobcTBOBaTH.
below freezing — H1Xe TOUKM 3aMep3aHns;
chilling — pe3koe oxnaxaeHwue;
facility — 3. HedTENPOMbIC/IOBbLIN 06BEKT;
friction — TpeHue;
impact — Bo3aelicTBue;
input — gaHHble, NONTyYEHHbIE CBEAEHUS;
machinery — TexHuka, obopynoBaHue;
permafrost — BeyHas mep3noTa;
to seek — cTpemnTbCA.

Task 2. Read the text and try to understand it:

Natural gas is moved through a pipeline under pressure. As
natural gas flows through a pipeline, it loses pressure due to friction
against the inside of the pipe. To keep the natural gas moving at the
desired rate, the pressure must be increased. This is accomplished with
compressor stations located along a pipeline.

In the proposed Mackenzie Gas Project, after natural gas leaves
the Inuvik area facility, it enters the natural gas pipeline. The temper-
ature of the natural gas will slowly decrease in the pipeline, along with
the pressure, as it flows south. The temperature decreases due to the
pressure reduction. As a result, the natural gas cools. The pressure of
the natural gas must be increased along the pipeline through the use
of compressor stations. When compressor stations increase the pres-
sure of the natural gas, the temperature of the natural gas rises. The
natural gas must be cooled to minimize impacts on the pipeline and
permafrost. Two main processes take place at a typical compressor sta-
tion: gas compression; and gas chilling and cooling. Compressor
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stations increase or raise the pressure of the natural gas using gas
compression machinery that is widely used throughout the oil and gas
industry.

The cooling or chilling method used at each compressor station
and the station spacing along the pipeline both help to control the tem-
perature. Soil conditions such as ground temperature and water content
surrounding the pipe are major factors in determining the required nat-
ural gas temperature. If permafrost exists continuously along the pipe-
line corridor, then the natural gas must be chilled below freezing year-
round. Continuous permafrost exists north of Fort Good Hope. Refrig-
eration is required to achieve this temperature. Where the permafrost
is primarily not continuous, the natural gas is cooled to below freezing
during the winter. It is also cooled in the warmer months, but remains
above freezing. Air coolers and heat exchangers are used to maintain
temperatures.

The Mackenzie Gas Project team seeks to improve the design,
construction and operation of the compressor stations through public
consultation. Information will also be gained from environmental and
Traditional Knowledge studies. The combined input will aid in defining
the proposed facility locations. Initially four compressor stations will be
built as part of the Mackenzie Gas Project.

Task 3. Give the English equivalents for the following Russian
words and expressions:

nepeMeLLaTbcs noj AaBNeHUEM; TepAaTb AaBNeHUe U3-3a Tpe-
HVSI; NPpU HEOBXOAMMOM CKOPOCTW; Hapafdy C AAB/EHWEM; COCTOSIHUE
NouYBbl; coaepXaHue BOAbl; OCHOBHbIe (hakTopbl; Tpebyemas Temnepa-
Typa NPUPOAHOro rasa; KOMMPEeCcUsl rasa; Cr/iolHasi MHOTOMETHAS
Mep3n0Ta, BO34yX00XNaaAUTENb, TEI'IJ'IOO6M€HHVIK,' nccneaoBaHUE OKpy-
)KatoLlen cpefbl; PacrofioXeHne CTaHUmM.

Task 4. Answer the questions:

1. Why does natural gas lose pressure as it flows through the
pipeline?

2. Why must the pressure of the natural gas be increased?

3. Why must the natural gas be cooled?

4. What two main processes take place at a typical compressor
station?
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5. Where is gas compression machinery widely used?

6. What are the major factors in determining the required nat-
ural gas temperature?

7. What kind of equipment is used to maintain temperature of
the natural gas?

8. What does the Mackenzie Gas Project team seek to do?

Task 5. Fill in the blanks with the proper words

1. Natural gas flows through a pipeline under

a) temperature; b) pressure; c) humidity
2. To keep the natural gas moving at the desired..., the pressure
must be increased.

a) temperature; b) direction; c) rate
3. Pressure increase is accomplished with ... stations.
a) compressor; b) railway; C) metering

4. The pressure of the natural gas must be ... along the pipeline.
a) increased; b) decreased; c) reduced

5. The natural gas must be cooled to minimize ... on the pipeline and
permafrost.

a) control; b) risks; C) impacts
6. Compressor stations raise the pressure of the natural gas using gas
compression...

a) machinery; b) turbines; c) staff
7. The cooling or chilling ... is used at each compressor station.
a) access; b) way; c) method
8. Where the permafrost is not continuous, the natural gas is cooled to

freezing during the winter.

a) below; b) above; ¢) equal

9. To maintain temperatures air coolers and heat ... are used.
a) exchangers; b) engines; c) turbines;

10 . Refrigeration is required ... below freezing year-round.
a) to transform; b) to heat; c) to chill

Text 7. Compressors

Task 1. Read the following words and word combinations to
the text and remember them:
to affix — npukpennato;
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anti surge — NpoTUBONOMNAXHbIN;

centrifugal — LeHTPO6EXHbIN;

crankshaft — koneHuaTbIi Ban;

duct - Bo3ayxoBog;

emission — BbI6poc;

to entrain — 3axBaTbiBaTh;

gap — 3a3op;

impeller — pabouee koneco;

inboard — BCTpoeHHbIif;

leaking, leakage — yTeuka;

packing system — ynnoTHeHWe NopLUHEBLIX LUTOKOB;
piston rod — WTOK NOpLHS;

reciprocating compressor — NopLIHEBOW KOMMPECcop;
seal — ynnoTHeHue;

setpoint — 3agaHHas BennuunHa;

speed setting — HacTpolika 060poTOB/CKOPOCTY;
spring — npy>xxwHa;

suction manifold — BnyckHolt MaHudbonbA;

supply chain — norncrmueckas uenouka, kaHan NnocTaBok;
surge — noMnax, 3HaunTenbHoe konebaHue, CKkayvok, pe3kuii nepenag;
surge control valve — NpoTMBONOMMNAXHbIV perynstop;
wet seal — rmagpounsonsiums

Task 2. Read the text and try to understand it:

Compressors are mechanical devices that increase the pressure
of natural gas and allow the natural gas to be transported from the
production site, through the supply chain, and to the consumer. Several
types of compressors are used for gas compression, each with different
characteristics such as operating power, speed, pressure and volume.

Reciprocating Compressors

In a reciprocating compressor, natural gas enters the suction
manifold, and then flows into a compression cylinder where it is com-
pressed by a piston driven in a reciprocating motion by the crankshaft
powered by an internal combustion engine. Emissions occur when nat-
ural gas leaks around the piston rod when pressurized natural gas is in
the cylinder. The compressor rod packing system consists of a series of
flexible rings that create a seal around the piston rod to prevent gas
from escaping between the rod and the inboard cylinder head. How-
ever, over time, during operation of the compressor, the rings become
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worn and the packaging system needs to be replaced to prevent exces-
sive leaking from the compression cylinder.

Centrifugal Compressors

Centrifugal compressors use a rotating disk or impeller to in-
crease the velocity of the natural gas where it is directed to a divergent
duct section that converts the velocity energy to pressure energy.
These compressors are primarily used for continuous, stationary
transport of natural gas in the processing and transmission systems.
Many centrifugal compressors use wet (meaning oil) seals around the
rotating shaft to prevent natural gas from escaping where the compres-
sor shaft exits the compressor casing. The wet seals use oil which is
circulated at high pressure to form a barrier against compressed natural
gas leakage. The circulated oil entrains and adsorbs some compressed
natural gas that may be released to the atmosphere during the seal oil
recirculation process.

Alternatively, dry seals can be used in place of wet seals in
centrifugal compressors. Dry seals prevent leakage by using the oppos-
ing force created by hydrodynamic grooves and springs. The hydrody-
namic grooves are etched into the surface of the rotating ring affixed
to the compressor shaft. When the compressor is not rotating, the sta-
tionary ring in the seal housing is pressed against the rotating ring by
springs. When the compressor shaft rotates at high speed, compressed
natural gas has only one pathway to leak down the shaft, and that is
between the rotating and stationary rings. This natural gas is pumped
between the grooves in the rotating and stationary rings. The opposing
force of high-pressure natural gas pumped between the rings and
springs trying to push the rings together creates a very thin gap be-
tween the rings through which little natural gas can leak. While the
compressor is operating, the rings are not in contact with each other
and, therefore, do not wear or need lubrication.

The object of the compressor performance control is to keep
the operating point close to the optimal setpoint without violating the
constraints, by means of control outputs, such as the speed setting.
However gas turbine speed control response is relatively slow and even
electrical motors are not fast enough since the surge response must be
in the 100 mS range. The anti surge control will protect the compressor
from going into surge by operating the surge control valve. The basic
strategy is to use distance between operating point and surge line to
control the valve with a slower response time starting at the surge con-
trol line. Crossing the surge trip line will control a fast response opening
of the surge valve to protect the compressor.
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Task 3. Find English equivalents for the following Russian
words and expressions:

3KCMNyaTauMoHHasl MOLHOCTb, Npeobpa3oBaTb KMHETUYECKYIO
3HEpPruio B 3HEPIUI0 AABNEHNS, YNIOTHUTENBHOE MAcno; Cyxoe ynaoT-
HEeHWe; KOHTPOJIb Ha BbIXOAE; NOTEPU SHEPrUW; aHTUMOMMAXHOE pery-
NIMPOBAHUE; He Hapyluasl OrPaHUYWTESNIbHBIX YCIOBUIA; peakumusl Ha
yrpaB/ieHne/BO3AeNCTBME; BpeMsi CpabaTbiBaHWS/peakUmm; MHUS pe-
rynnpoBaHuMsl MoMmnaxa.

Task 4. Answer the questions:

1. What are compressors intended for?

2. What types of compressors do you know?

3. How does gas compression occur in @ compression cylinder of a re-
ciprocating compressor?

4. When do emissions of natural gas take place?

5. Why does the packaging system need to be replaced?

6. What are centrifugal compressors primarily used for?

7. Can dry seals be used instead of wet seals in centrifugal compres-
sors?

8. What is the object of the compressor performance control?

9. What does the anti surge control protect the compressor from?

Task 5. Fill in the blanks with the proper words.

1. In a reciprocating compressor natural gas is compressed by
driven in a reciprocating motion by the crankshaft.

2. There are several types of compressors possessing different

such as operating power, speed, pressure and volume.

3. The compressor rod packing system consists of a number of

that create a seal around the piston rod.

4. Centrifugal compressors use to increase the velocity of

the natural gas.

5. Wet seals use oil which is circulated at high pressure to form

against compressed natural gas leakage.

6. Dry seals prevent leakage by using created by hydrody-

namic grooves and springs.
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7. The opposing force of high-pressure natural gas pumped between
the rings and springs creates a very thin between the rings.

Text 8. Metering and Storage Facilities

Task 1. Read the following words and word combinations to
the text and remember them:
Custody Transfer Metering Station — y3en yyeta HedTenpoayKToB.
hull — kopnyc nnatgopmbl;
to impede - 3anepxmnBaTb, NPENSATCTBOBATD;
invoicing — BbiCTaBneHue c4eTa;
jetty — npuyan;
meter — n3mepuTenbHbIM NpUGop, pacxoaoMmep;
metering station — y3en yueta HedTY;
meter run — U3MepuTENbHbIN Y4acToK
minute — He3HaUUTENbHbIN;
to offload — Bbirpyxathb;
Pig — AMArHOCTMYECKOE Y OYUCTHOE YCTPOMCTBO;
production tax — Hanor Ha akcnnyatauuio Heap;
prover loop — KOHTPOJSIbHbIN KOHTYP;
shuttle tanker — yenHo4HbIl TaHKep;
single point mooring — To4YeYHbIli CNocob LBAPTOBKM KPYMHOTOH-
HaXXHbIX CYAOB;
tank farm — pesepByapHbIii Napk

Task 2. Read the text and try to understand it:

Most plants do not allow local gas storage, but oil is often stored
before loading on a vessel, such as a shuttle tanker taking the oil to a
larger tanker terminal, or direct to crude carrier. Offshore production
facilities without a direct pipeline connection generally rely on crude
storage in the base or hull, to allow a shuttle tanker to offload about
once a week. A larger production complex generally has an associated
tank farm terminal allowing the storage of different grades of crude to
take up changes in demand, delays in transport etc.

Metering stations allow operators to monitor and manage the
natural gas and oil exported from the production installation. These
metering stations employ specialized meters to measure the natural gas
or ail as it flows through the pipeline, without impeding its movement.
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This metered volume represents a transfer of ownership from a pro-
ducer to a customer (or another division within the company) and is
therefore called Custody Transfer Metering Station. It forms the basis
for invoicing sold product and also for production taxes and revenue
sharing between partners and accuracy requirements are often set by
governmental authorities.

Typically the metering installation consists of a number of me-
ter runs so that one meter will not have to handle the full capacity
range, and associated prover loops so that the meter accuracy can be
tested and calibrated at regular intervals. Pipelines can measure any-
where from 6 to 48 inches in diameter. In order to ensure the efficient
and safe operation of the pipelines, operators routinely inspect their
pipelines for corrosion and defects. This is done through the use of
sophisticated pieces of equipment known as pigs.

Pigs are intelligent robotic devices that are propelled down
pipelines to evaluate the interior of the pipe. Pigs can test pipe thick-
ness, and roundness, check for signs of corrosion, detect minute leaks,
and any other defect along the interior of the pipeline that may either
impede the flow of gas, or pose a potential safety risk for the operation
of the pipeline. Sending a pig down a pipeline is fittingly known as 'pig-
ging' the pipeline.

The export facility must contain equipment to safely insert and
retrieve pigs from the pipeline as well as depressurization, referred to
as pig launchers and pig receivers. Loading on tankers involve loading
systems, ranging from tanker jetties to sophisticated single point moor-
ing and loading systems that allow the tanker to dock and load product
even in bad weather.

Task 3. Find English equivalents for the following Russian
words and expressions:

nepen Norpysko Ha CyHO; TaHKepHbI npuyan; nobblua 13
MOPCKMX MECTOPOXAEHWUIA; CneuuanbHble pacxofoMepbl; paboTaTb Ha
MOMHYO MOLLHOCTb; TpeboBaHMsl K TOYHOCTWU; UHTENNEKTYasbHble po-
60TU3MpPOBaHHbIE YCTPOMCTBA; NpoABUraTbCca No Tpybonposoay; oue-
HUTb BHYTPEHHEE COCTOsIHME TpybonpoBoaa; BHYTPEHHSAS OYMCTKa TPY-
6onpoBoaa; 6e3onacHO BCTaBASATb M M3BMEKaTb AMArHOCTMYECKOE W
O4YMCTHOE YCTPOMCTBO; COPOC AaBNEHUS; NpUYan Ans TaHKepa; YCTpoW-
CTBO 3arycka OYMCTHbIX YCTPOMCTB; YCTPOMCTBO MpPUEMA OYMUCTHbIX
YCTPOWCTB.
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Task 4. Answer the questions:

. What do metering stations allow operators to do?

. What are specialized meters applied for?

. What does a typical metering installation consist of?

. What is the reason for inspecting pipelines for corrosion and defects?
. What type of equipment are pigs?

. What kind of work can pigs do?

. What equipment must the export facility contain?

NOuUuThWN =

Task 5. Fill in the blanks with the proper words.

1. A larger production complex generally has an associated tank farm
terminal allowing the storage of different of crude ail.

2. Metering stations employ meters to measure the natural
gas or oil.

3. Custody Transfer Metering forms the basis for sold product.
4. The metering installation consists of a number of and asso-
ciated prover loops.

5. Inspection of pipelines for corrosion and defects is done with the
equipment known as

6. Pigs can detect any defect anng the of the pipeline.
7. the pipeline is sending a pig down a pipeline.
8. Loading on tankers involve loading systems allowing to dock

and load product even in bad weather.

Text 9. Metering

Task 1. Read the following words and word combinations to
the text and remember them:
analyzer — npubop ans 06paboTkM pe3ybTaToB MUCMbITaHWUI;
custody transfer — nepegaya npoagykrta notpebutenio;
dipstick — mepHas peika;
energy value — Tensiota cropaHus;
flare gas — chakenbHbIi ras;
injected gas — HarHeTaeMbIll B CKBaXKMHY ras.
LNG (liquefied natural gas) — ckvxeHHbIN NPUPOAHBIN ras;
manual records — py4Holi pexum 3anucu;
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mass flow — MmaccoBbIli pacxop;

meter factor — koaddnuneHT nepecyeta namepuTensHoro npubopa;
orifice meter — nMadparmeHHbIit pacxogomep;

orifice plate — nameputensHas amacdparma pacxogoMepa;

positive displacement meter — pacxogomep 06beMHoOro TMna;
pressure differential — nepenag gasnenus;

prover ball — wapuk kanubpatopa;

residue — ocagok

Task 2. Read the text and try to understand it:

Partners, authorities and customers all calculate invoices, taxes
and payments based on the actual product shipped out. Often custody
transfer also takes place at this point, it means a transfer of responsi-
bility from the producer to a customer, shuttle tanker operator or pipe-
line operator.

Although some small installations are still operated with dipstick
and manual records, larger installations have analysis and metering
equipment. To make sure readings are accurate, a fixed or movable
prover loop for calibration is also installed.

The analyzer instruments provide product data such as density,
viscosity and water content. Pressure and temperature compensation
is also included.

For liquid, turbine meters with dual pulse outputs are most
common. Alternatives are positive displacement meters (passes a fixed
volume per rotation or stroke) and Coriolis mass flow meters. These
instruments cannot cover the full range with sufficient accuracy. There-
fore the metering is split into several runs, and the number of runs in
use depends on the flow. Each run employs one meter and several in-
struments to provide temperature and pressure correction. Open/Close
valves allow runs to be selected and control valves can balance the flow
between runs. The instruments and actuators are monitored and con-
trolled by a flow computer. If the Interface is not digital, dual pulse
trains are used to allow direction sensing and fault finding.

To obtain required accuracy, the meters are calibrated. The
most common method is a prover loop. A prover ball moves though the
loop, and a calibrated volume is provided between the two detectors.
When a meter is to be calibrated the four way valve opens to allow oil
to flow behind the ball. The number of pulses from it passes one de-
tector to the other is counted. After one loop the four-way valve turns
to reverse flow direction and the ball moves back providing the same
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volume and in reverse, again counting the pulses. From the known ref-
erence volume, number of pulses, pressure and temperature the flow
computer can calculate the meter factor and provide accurate flow
measurements using formulas from industry standard organizations
such as API MPMS and ISO 5024. The accuracy is typically £ 0.3% of
standard volume.

Gas metering is similar, but instead, analyzers will measure hy-
drocarbon content and energy value (MJ/scm or BTU, Kcal/scf) as well
as pressure and temperature.

The meters are normally orifice meters or ultrasonic meters.
Orifice plates with a diameter less than the pipe are mounted in cas-
settes. The pressure differential over the orifice plate as well as pres-
sure and temperature is used in standard formulas (such as AGA 3 and
ISO 5024/5167) to calculate normalized flow. Different ranges are ac-
commodated with different size restrictions. Orifice plates are sensitive
to build up of residue and wear on the edges of the hole. Larger new
installations therefore prefer ultrasonic gas meters that work by sending
multiple ultrasonic beams across the path and measure the Doppler
Effect.

Gas metering is less accurate than liquid, typically £1.0% of
mass. There is usually not a prover loop, instead the instruments and
orifice plates are calibrated in separate equipment.

LNG is often metered with mass-flow meters that can operate
at the required low temperature.

At various points in the movement of oil and gas, similar meas-
urements are taken, usually in a more simplified variant. Examples are
Flare gas, Fuel Gas and Injected gas where required accuracy is 2-5%
percent.

Notes:

API MPMS — American Petroleum Institute's Manual of Petroleum
Measurement Standards — C60OpHMK CTaHZApPTOB MO W3MEPEHUSIM B
HebTAHOW NPOMbILLIEHHOCTM AMepuKkaHckoro HedTsaHoro MHCTUTYTa;
ISO — International Organization for Standardization — MexayHapoa-
Hasi opraHu3aums no CtaHAapTU3aumu;

BTU, Btu — British thermal unit — 6putaHckas Tennosas eaunHuua
(0,252 kkan);

AGA - American Gas Association — razosas accoumnaumns CLLA.

Task 3. Find English equivalents for the following Russian
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words and expressions:

ABYXVMMIYNIbCHbIE BbIXOAHLIE CUFHasbl; pacxoaomep Kopwonuca; nos-
HbIl IMANa30H; Pa3AensATbCa Ha HECKO/bKO YUYaCTKOB; KnanaH ABYyXMno-
3ULIMOHHOIO AENCTBUSA <OTKPbITUE-3aKPbITUES; ONPEAENeHNe Hanpas-
NEeHVsI NepeMeLleHnsi; obHapy)XeHMe HEWUCMPaBHOCTW; YETbIPEXXOAO-
BOW KnanaH; pechepeHTHbIN 06bEM; KOIMUYECTBO UMIMYSIbCOB; MOTOUHBbII
KOMMbIOTEP; YNbTPa3ByKoOBOM pacxoaoMmep; acdekT Adonnnepa; ynb-
TPa3BYKOBOW JTy4; HOPMUPOBAHHbIV MOTOK; MEHEE TOYHBIN; Tpebyemas
TOYHOCTDb.

Task 4. Answer the questions:

1. What equipment is usually installed to provide accurate readings?
2. What kind of data do the analyzer instruments provide?

3. Why is the metering split into several runs? What does the number
of runs depend on?

4. What equipment monitors and controls instruments and actuators?
5. How can flow computer calculate the meter factor and provide accu-
rate flow measurements?

6. What can gas analyzers measure?

7. What is used in standard formulas to calculate the normalized flow?
8. What are orifice plates sensitive to?

9. Is gas metering more accurate or less accurate than liquid metering?
10. What kind of equipment do larger new installations prefer?

Task 5. Fill in the blanks with the proper words.
1. Partners and customers calculate invoices, taxes and payments

based on the product shipped out.
a) virtual; b) actual; c) basic

2. with dual pulse outputs are most common for liquid.
a) Turbine meters; b) Altitude meters; c) Activity meters
3. Control valves can the flow between runs.

a) compare;b) balance; c) direct

4. To obtain the required accuracy, the meters are
a) refined; b) improved; ¢) calibrated
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5. Orifice plates are to build up of residue and wear on the
edges of the hole.
a) sensitive;  b) indifferent; ) active

6. In gas metering the instruments and orifice plates are calibrated
a) inside a pipeline; b) in separate equipment; ¢) in the field

7. Liquefied natural gas is often metered with meters.
a) leakage; b) power; c) mass-flow

Task 6. Say whether these sentences are true or false, correct
the false ones.

1. Custody transfer is a transfer of responsibility from the customer to
a producer.

2. Some small installations are still operated with dipstick and manual
records

3. The analyzer instruments provide such product data as light, bright-
ness and shape.
4. Alternatives for turbine meters with dual pulse outputs are positive
displacement meters and Coriolis mass-flow meters.
5. In some cases dual pulse trains are used to allow direction sensing
and fault finding.
6. The least common method of calibration is a prover loop.
7. When a meter is to be calibrated the four-way valve opens to allow
oil to flow before the ball.

8. Gas metering is less accurate than liquid metering.

9. At various points in the movement of oil and gas, quite different
measurements are taken.

10. In gas metering analyzers measure hydrocarbon content and en-
ergy value as well as pressure and temperature.

Text 10. Flow Meters

Task 1. Read the following words and word combinations to
the text and remember them:
to amplify — ycunuts;
bend — n3rn6, koneHo (Tpybonposoga);
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caused by — 34. noa Bo3aeincTemeM;

to differentiate — otnnyaTbCs, BUAOU3MEHSATBLCS.
flow meter — cueTumk-pacxoaomep;
maintenance — TexH1M4eckoe 06CTy)XMBaHNE U PEMOHT;
medium — cpefa, BEWECTBO;

mode of operation — pexum paboTbl;

to promote — cogeiicTBoBaTb, CNOCO6CTBOBATD;
sensor coil — ceHcopHasi 06MOTKa;

shift — casur;

transducer — npeobpasoBatens;

volume flow — 06beMHbIN pacxo

Task 2. Read the text and try to understand it:

Ultrasonic Flow Meters The ultrasonic flow meters are based
on the difference in transit time method. Each couple of transducers
(channel), built in the opposite side of the measuring tube, send and
receive acoustic signals through the flow in two opposite directions.
One signal is sent downstream of the flow and one is sent upstream,
both along the same path. A sound wave travels faster with the flow
than one against the flow. The difference in transit times is proportional
to the medium’s flow velocity. The number, shape and location of the
channels, are the key to compensating for flow profile effects. The ma-
jor difference is due to the centre beam which reliably differentiates
between turbulent and laminar flow.

Coriolis Mass Flow Meters The mode of operation of mass
flow meter is based on the Coriolis principle. This allows you to deter-
mine the mass flow of liquids and gases from the deformation of the
measuring pipe caused by liquids and gases. At the same time, the
density of the medium can be taken from the resonance frequency of
the pipe that has been caused to vibrate. Two sensor coils serve to
detect the Coriolis effect. If there is no flow, both sensors record the
same sinusoidal signal. Once a flow begins, the Coriolis force acts on
the flowing mass particles of the medium and leads to a deformation of
the measuring pipe and a phase shift between the sensor signals. The
sensors measure the phase shift of the sinusoidal vibrations. This phase
shift is directly proportional to the mass flow. Volume flow is calculated
from mass and density measurement. The straight-tube flow meters
ensure minimum pressure drop and minimum effects of bends in the
measuring tube.
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Electromagnetic Flow Meters The electromagnetic flow me-
ter is based on Faraday’s law of induction. According to this law, a cer-
tain voltage is induced in a conductor or conductive medium, which is
moving in a magnetic field. This voltage is proportional to the move-
ment speed of the medium. For electromagnetic flow meters, the in-
duced voltage is tapped either via two measuring electrodes that are in
conductive contact with the measure substance or in a capacitive man-
ner with no contact. An electronic measuring transducer amplifies the
signal and converts it to a standard signal. First introduced, the elec-
tromagnetic flow meter has been continuously developed ever since.
The use of non-mechanical devices is being promoted to reduce mainte-
nance and improve reliability.

Task 3. Find English equivalents for the following Russian
words and expressions:
npodwub NOTOKA; 3BYKOBasi BOJIHA; MOCHIIATh U MPUHMMATL aKycTuye-
CKWI cuUrHan; BAONb OAHOMO KaHana (TpaekTopuu); BPEMSI NMpOXOXAe-
HUS; TYpEYNEHTHBIN U NaMUHaPHbIN MOTOK; MacCoBbIN PacxooMep; Ya-
CTOTa pe30HaHca; CUHYCOMAAsbHbIM CUrHan; cuna Kopuonuca; nageHne
[aBneHus; 3akoH Gapajes; NPOBOASALUMIA KOHTAKT.

Task 4. Answer the questions:

1. What principle are the ultrasonic flow meters based on?

2. Does a sound wave travel faster with the flow or against the flow?
3. What is the mode of operation of the Coriolis mass flow meter based
on?

4. What does the Coriolos principle allow us to determine?

5. What do the straight-tube flow meters ensure?

6. What is the electromagnetic flow meter based on?

7. Why is the use of non-mechanical devices being promoted?

Task 5. Say whether these sentences are true or false, correct
the false ones.

1. Both signals in the ultrasonic flow meters are sent downstream along
different paths.

2. In the ultrasonic flow meters, the number, shape and location of the
channels are the key to compensating for flow profile effects.

3. The density of the medium serves to detect the Coriolis effect.

4. The Coriolis force acts on the flowing mass particles of the medium
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and leads to a deformation of the measuring pipe and a phase shift
between the sensor signals.

5. The phase shift of the sinusoidal vibrations is inversely proportional
to the mass flow.

6. According to Faraday’s law, a certain voltage is induced in a conduc-
tor or conductive medium, which is moving in a magnetic field.

7. An electronic measuring transducer weakens the signal and converts
it to a standard signal.

Task 6. Match the synonymous words in two columns.

1. path a. motion
2. speed b. impact
3. tube c. to intensify
4. to detect d. way
5. drop e. velocity
6. effect f. to move
7. movement g. to define
8. to result in h. pipe
9. to amplify i. to lead to
10. to travel j. decrease
Text 11.

Task 1. Read the text below and name it

Plate heat exchangers ensure low energy input, gentle product
handling and an efficient process. With GEA plate heat exchangers up
to 96 % of the energy used in the process can be recovered. To achieve
this all materials and components must be exactly matched to each
other. And this demands not only competence in heat transfer, but also
an exact knowledge of the processes. GEA has been an expert in the
field of heat transfer for decades and is a pioneering force in plate heat
exchanger development.

The Competence and Service Center for gasketed, fully welded
and brazed plate heat exchangers obtains the optimum performance
from every process. To achieve this, GEA supplies the complete range
of gasketed, fully-welded and brazed units. And this pioneering spirit is
being strengthened with the integration into the GEA Heat Exchangers
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Segment of the GEA Group. Every day a wealth of expertise and expe-
rience is processed and made available to all companies within the
group, resulting in valuable innovations.

Every single one of our products utilizes the latest, combined
process know-how and project expertise from all heat exchanger tech-
nologies. Developed in Germany and produced in a worldwide network
of modern manufacturing facilities our plate heat exchangers (PHES)
are individually tailored for heat exchanging processes: the size of their
heat exchanger surfaces, the selection of the plate materials, their sur-
face profiles and flow control properties, the wide range of gaskets and
connection variants create an almost unlimited modular system for tai-
lor-made heat exchanger solutions, offering problem-free upgrading or
downsizing.

Task 2. What type of text is it?

a) academic conference paper;
b) newspaper article;

) advertising article;

d) science fiction.

Task 3. Tell the classmates about the equipment described in the text
above.

Supplementary Reading
Read the texts and discuss them with the students in your group.

Text 1. A Brief History of Automatic Control
by Stuart Bennett

Automatic feedback control systems have been known and
used for more than 2000 years; some of the earliest examples are water
clocks described by Vitruvius and attributed to Ktesibios (circa 270
B.C.). Some three hundred years later, Heron of Alexandria described
a range of automata which employed a variety of feedback mecha-
nisms. The word "feedback" is a 20™ century neologism introduced in
the 1920s by radio engineers to describe parasitic, positive feeding back
of the signal from the output of an amplifier to the input circuit. It has
entered into common usage in the English-speaking world during the
latter half of the century.
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The history of automatic control divides conveniently into four
main periods as follows:
e Early Control: To 1900
e The Pre-Classical Period: 1900-1940
e The Classical Period: 1935-1960
e Modern Control: Post-1955

Early Control: To 1900

Knowledge of the control systems of the Hellenic period was
preserved within the Islamic culture that was rediscovered in the West
toward the end of the Renaissance. New inventions and

applications of old principles began to appear during the 18t
century-for example, Rene-Antoine Ferchault de Reamur (1683-1757)
proposed several automatic devices for controlling the temperature of
incubators. These were based on an invention of Cornelius Drebbel
(1572-1663). The temperature was measured by the expansion of a
liquid held in a vessel connected to the U-tube containing mercury. A
float in the mercury operated device which, through a mechanical link-
age, controlled the draft to a furnace and hence the rate of combustion
and heat output.

The most significant control development during the 18™ cen-
tury was the steam engine governor. The origins of this device lie in
the lift tenter mechanism which was used to control the gap between
the grinding-stones in both wind and water mills.

Most of the inventions and applications of this period were con-
cerned with the basic activities of controlling temperatures, pressures,
liquid levels, and the speed of rotating machinery: the desire was for
regulation and for stability. However, growth in the size of ships and
naval guns, and introduction of new weapons such as torpedoes, re-
sulted in the application of steam, hydraulic, and pneumatic power sys-
tems to operate position control mechanisms. In the United States, Brit-
ain, and France, engineers began to work on devising powered steering
engines to assist the helmsman; on large ships the hydrodynamic forces
on the rudder were such that large gear ratios between the helm and
the rudder were required and hence moving the rudder took a long
time. The first of powered steering engine, designed by Frederick Sick-
els in the U.S. (patented 1853) was an open-loop system.

Further applications for control systems became apparent with
the growth in knowledge of electricity and its applications. For example,
ill C lamps required the gap between the electrodes to be kept constant,
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and generally it was helpful to all users if either the voltage or the cur-
rent of the electricity supply was kept constant. Electricity also provided
additional tools for measurement, for transmission and manipulation of
signals, and for actuation which engineers began to use. The electric
relay, which provided high gain power amplification, and the spring bi-
ased solenoid, which provided (crude) proportional control action, were
significant devices.

The Pre-Classical Period (1900-1935)

The early years of the 20th century saw the rapid and wide-
spread application of feedback controllers for voltage, current, and fre-
quency regulation; boiler control for steam generation; electric motor
speed control; ship and aircraft steering and auto stabilization: and
temperature, pressure, and flow control in the process industries. In
the twenty years between 1909 and 1929, sales of instruments grew
rapidly as Fig. 1 shows. The majority of the instruments sold were
measuring, indicating, and recording devices, but toward the end of the
period the sales of controllers began to increase. The range of devices
designed, built, and manufactured was large; however, most were de-
signed without any clear understanding of the dynamics both of the
system to be controlled and of the measuring and actuating devices
used for control.

The Classical Period: 1935-1950

During the period 1935-1940, advances in understanding of
control system analysis and design were made independently by several
groups in several countries. The best known and most

influential work came from three groups working in the U.S.
The development in Europe and in Russia during this period followed a
somewhat different path deriving from Vyschnegradsky's work in Russia
and then Barkhausen's work in Germany, followed by developments
due to Cremer, Leonhard, and Mikhailov.

The wartime experience demonstrated the power of the fre-
quency response approach to the design of feedback systems; it also
revealed the weakness of any design method based on the assumption
of linear, deterministic behavior. Real systems are non-linear; real
measurements contain errors and are contaminated by noise; and in
real systems both the process and the environment are uncertain.

Work on developing frequency response ideas and design
methods continued throughout the 1950s. Design methods for systems

42



YupassieHue nudppoBbIX 06pa30BaTeNbHbIX TEXHOJIOTHUH

MHOoCTpaHHbIN S13bIK (AHTJIMUCKUI)

containing nonlinearities were developed, as were the theoretical foun-
dations of sampled-data systems. The teaching of servomechanisms
and control theory spread, initially through special courses run for prac-
ticing engineers and graduate students and then through incorporation
within the standard syllabus of many engineering courses.

Modern Control

Although the direction of some post -war work was influenced
by the insights and new understandings developed during the war, the
trajectory of development, Alistair J.G. MacFarlane (1979) argues, was
largely determined by two factors: first, the problem that governments
saw as important for the launching, maneuvering, guidance, and track-
ing of missiles and space vehicles; and second, by the advent of the
digital computer. The first problem was essentially control of ballistic
objects, and hence detailed physical models could be constructed in
terms of differential equations, both linear and non-linear; also meas-
uring instruments and other components of great accuracy and preci-
sion could be developed and used. Engineers working in the aerospace
industries, following the example set by Poincare, turned to formulating
the general differential equations in terms of a set of first-order equa-
tions, and thus began the approach that became known as the "state-
space" approach.

Text 2. What is Artificial Intelligence?
by John McCarthy

Artificial Intelligence is “the scientific understanding of the
mechanisms underlying thought and intelligent behavior and their em-
bodiment in machines.” It is the science and engineering of making
intelligent machines, especially intelligent computer programs. It is re-
lated to the similar task of using computers to understand human intel-
ligence, but AI does not have to confine itself to methods that are bio-
logically observable. Intelligence is the computational part of the ability
to achieve goals in the world. Varying kinds and degrees of intelligence
occur in people, many animals and some machines.

Artificial intelligence (Al )is a branch of computer science that
studies the computational requirements for tasks such as perception,
reasoning, and learning, and develops systems to perform those tasks.
Al is a diverse field whose researchers address a wide range of prob-
lems, use a variety of methods, and pursue a spectrum of scientific
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goals. For example, some researchers study the requirements for ex-
pert performance at specialized tasks, while others model com-
monsense processes; some researchers explain behaviors in terms of
low-level processes, using models inspired by the computation of the
brain, while others explain them in terms of higher-level psychological
constructs such as plans and goals. Some researchers aim to advance
understanding of human cognition, some to understand the require-
ments for intelligence in general (whether in humans or machines), and
some to develop artifacts such as intelligent devices, autonomous
agents, and systems that cooperate with people to amplify human abil-
ities.

Al is a young field—even its name, “artificial intelligence,” was
only coined in 1956. One of the challenges for AI has been to determine
which tasks to study—what constitutes an “Al question”-and how to
evaluate progress. Much early Al research focused on tasks commonly
thought to require high intelligence in people, such as playing high-
quality chess. Skeptics viewed this as an impossible assignment, but Al
made rapid progress. By the 1960’s, programs were capable of tour-
nament play. In 1997, in a landmark match, the chess system Deep
Blue defeated Gary Kasparov, the world’s human chess champion for
the previous twelve years. At the same time, however, Al research was
illuminating the enormous difficulty of commonsense tasks that people
take for granted, such as understanding stories or conversations. De-
veloping programs that can deal at a human level with rich everyday
reasoning remains a fundamental research challenge.

In the logicist approach to knowledge representation and rea-
soning, information is encoded as assertions in a logics, and the system
draws conclusions by deduction from those assertions. Other research
studies non-deductive forms of reasoning, such as reasoning by anal-
ogy and abductive inference—the process of inferring the best explana-
tion for a set of facts. Abductive inference does not guarantee sound
conclusions, but is enormously useful for tasks such as medical diagno-
sis, in which a reasoner must hypothesize causes for a set of symptoms.

Capturing the knowledge needed by Al systems has proven to
be a challenging task. The knowledge in rule-based expert systems, for
example, is represented in the form of rules listing conditions to check
for, and conclusions to be drawn if those conditions are satisfied. For
example, a rule might state that IF certain conditions hold (e.g., the
patient has certain symptoms), THEN certain conclusions should be
drawn (e.g., that the patient has a particular condition or disease). A
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natural way to generate these rules is to interview experts. Unfortu-
nately, the experts may not be able to adequately explain their deci-
sions in a rule-based way, resulting in a “knowledge-acquisition bottle-
neck” impeding system development.

In its short existence, Al has increased understanding of the
nature of intelligence and provided an impressive array of applications
in a wide range of areas. It has sharpened understanding of human
reasoning, and of the nature of intelligence in general. At the same
time, it has revealed the complexity of modeling human reasoning,
providing new areas and rich challenges for the future.

Text 3. The Emergence of Modern Control Theory

The modern or state space approach to control was ultimately
derived from original work by Poincare and Lyapunov at the end of the
19th century. As noted above, Russians had continued developments
along these lines, particularly during the 1920s and 1930s in centres of
excellence in Moscow and Gorkii (now Nizhnii Novgorod). Russian work
of the 1930s filtered slowly through to the West, but it was only in the
post war period, and particularly with the introduction of cover-to-cover
translations of the major Soviet journals, that researchers in the USA
and elsewhere became familiar with Soviet work. But phase plane ap-
proaches had already been adopted by Western control engineers.

One of the first was Leroy MacColl in his early textbook.

The cold war requirements of control engineering centred on
the control of ballistic objects for aerospace applications. Detailed and
accurate mathematical models, both linear and nonlinear, could be ob-
tained, and the classical techniques of frequency response and root lo-
cus — essentially approximations — were increasingly replaced by meth-
ods designed to optimize some measure of performance such as mini-
mizing trajectory time or fuel consumption. Higher-order models were
expressed as a set of first order equations in terms of the state varia-
bles. The state variables allowed for a more sophisticated representa-
tion of dynamic behaviour than the classical single-input, single-output
system modeled by a differential equation, and were suitable for multi-
variable problems. In general, we have in matrix form

x = Ax+Bu, y = Cx, where x are the state variables, uthe
inputs and y the outputs.

Automatic control developments in the late 1940s and 1950s
were greatly assisted by changes in the engineering professional bodies
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and a series of international conferences. In the USA both the American
Society of Mechanical Engineers and the American Institute of Electrical
Engineers made various changes to

their structure to reflect the growing importance of servomech-
anisms and feedback control. In the UK similar changes took place in
the British professional bodies, most notably the Institution of Electrical
Engineers, but also the Institute of Measurement and Control and the
mechanical and chemical engineering bodies. The first conferences on
the subject appeared in the late 1940s in London and New York, but
the first truly international conference was held in Cranfield, UK in 1951.
This was followed by a number of others, the most influential of which
was the Heidelberg event of September 1956, organized by the joint
control committee of the two major German engineering bodies, the
VDE and VDI. The establishment of the International Federation of Au-
tomatic Control followed in 1957 with its first conference in Moscow in
1960 [4.48]. The Moscow conference was perhaps most remarkable for
Kalman's paper On the general theory of control systems which identi-
fied the duality between multivariable feedback control and multivaria-
ble feedback filtering and which was seminal for the development of
optimal control.

The late 1950s and early 1960s saw the publication of a number
of other important works on dynamic programming and optimal control,
of which can be singled out those by Bellman, Kalman and Pontryagin.

Text 4. What Is a Control Engineer?
by David M. Koenig

So far we have implied that a control engineer designs control
algorithms. In fact, the title of control engineer can mean many things.
The following list, in no particular order, covers many of these "things":

1) Installer of control! instrumentation equipment (sometimes
called an "instrumentation engineer"): In my experience this is the most
prevalent description of a control engineer's activities. In this case, the
actual design of the control algorithm is usually quite straightforward.
The engineer usually purchases an off-the-shelf controller, installs it in
an instrumentation panel, probably of her design, and then proceeds to
make the controller work and get the process under control. This often
is not trivial. There may be control input sensor problems. For example,
the input signal may come from a thermocouple in an electrically heated
bath of some kind and there may be serious common and normal mode
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voltages riding on the millivolt signal representing the thermocouple
value. There may be control output actuator problems. There may be
challenging process dynamics problems, which require careful control-
ler tuning. In many ways, instrumentation engineering can be the most
challenging aspect of control engineering.

2) Control algorithm designer: When off-the-shelf controllers
will not do the job, the scene is often set for the control algorithm de-
signer. The vehicle may be a microprocessor with a higher-level lan-
guage like BASIC or a lower-level language like assembly language. It
may even require firmware. Many control/instrumentation engineers
fantasize about opportunities like this. They have to be careful to avoid
exotic custom undocumented algorithms and keep it simple.

3) Process improvement team member: Although this person is
trained in control engineering, success may result from solving process
problems rather than installing new control algorithms.

4) Process problem solver: This is just a different name for the
previous category although it may be used when the team members
have developed a track record of successes.

Text 5. Flow Meters

Gas Ultrasonic Flow Meters: ALTOSONIC V12 / V6 The
first of the next generation of ultrasonic custody-transfer flow meters:
their unique measurement chord arrangement combined with a dedi-
cated diagnostic chord, achieves a quantum leap in accuracy, independ-
ent of installation effects such as bends and swirl. Real-time perfor-
mance monitoring now makes predictive maintenance a reality. V12 is
the first ultrasonic gas flow meter to achieve OIML Accuracy Class 0.5;
most others only achieve Class 1.0.

Liquid Ultrasonic Flow Meters: ALTOSONIC V / III The
ALTOSONIC V is the most widely used ultrasonic meter for custody
transfer of liquid petroleum products. Its unique five beams and con-
tinuous Reynolds correction make it essentially independent of viscosity
and density over a wide dynamic flow range. It is therefore the ideal
meter for crude oil, LPG, and multi-product pipelines. There are special
versions available as MasterMeters, for high-viscosity crude, and for
LNG.

The ALTOSONIC III, offers a cost effective solution for single
petroleum products. Apart from greenfield it is also an ideal replace-
ment for traditional mechanical measurement devices.

Liquid and Gas Coriolis Mass Flow Meter: Optimass
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2000 These truly straight twin-tube mass flow meters have been spe-
cifically developed for high-volume measurements in the oil and gas
industry, such as terminals and transport pipelines. The Optimass 2000
Coriolis mass flow meter is easy to install, has a small footprint, and
measures essentially independent of pressure and temperature. It
therefore provides accurate, custody-transfer measurement of volume
and mass over a wide flow range.

Gas and Wet Gas Venturi Tube: VPE 7600 As part of our
meter portfolio, we manufacture a range of venturi flow meters to fulfil
our customers needs for this special technology for metering applica-
tions such as wet gas.

Electromagnetic Flow Meters These high-pressure meters
find use in well-water injection, produce water, as well as flow metering
applications in refineries. They are available in various sizes, materials
and liners to cover all needs. Auxiliary Metering Products for the Oil &
Gas industry Custody Transfer Flow Meters

Radar Level Meters These devices have an accuracy of up to
+1 mm (Custody Transfer OIML R 85) thanks to FMCW & PLL radar
technology. The horn antenna has a stay-clean design, purging system,
and no moving parts. 4-Wire or 2-wire loop-powered technology make
installation flexible. Communication is via HART, RS485, Profibus and
FF serial outputs. Also available as TDR contact version with rod and
cable antennas and heavy-duty marine version.
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