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Unit 1
ADVANCED GAS TURBINES HEALTH

MONITORING SYSTEMS
Vocabulary:
Axial compressor — oceBoi KOMITpeccop
Combustor - kamepa cropaHus
To extract - u3BiIeKaTh
Expanding gases — pacuupsironuecs ra3bl
Shaft - Ban
Application - npumeHeHue
Advantages - npenMyIecTBa
Reliability - nHagexHOCTH
Availability — gocTynHocTh
10. Low emissions — HU3KHE BBIOPOCHI
11. Carbon oxide — okcua yrieposa
12. Nitrogen oxide — okcu a3ota
13. Flexibility - rubkoctn
14. Exhaust gases — BBIXOASIIIHNE Ta3bl
15. Density - INIOTHOCTH
16. Surge — pe3kuii pocT
17. Pursuit - cTpemiieHue
18. Compression ratio — K03 PUITUESHT CHKATHUS
19. Ceramic coating — KEpaMHUYECKOE MTOKPBITHE
20. Superalloy - cynepcmias

WX hR W=

Read and translate the text.
INTRODUCTION

Gas turbines operate on the Brayton’s thermodynamic cycle where air is
compressed by an axial or a centrifugal compressor and fuel is added which is
then burnt in the combustor. The power turbine extracts work from the
expanding gases propelling both the compressor and the shaft. Power turbine
work is used to drive compressor, generator, pump, etc. The main components
of a gas turbine are: compressor, combustor and power turbine.

Gas turbines are widely used in industrial applications due to many
advantages over other technologies such as: high reliability and availability,
wide power range, clean energy production, low carbon oxides and nitrogen
oxides emissions, fuel flexibility, exhaust gases can be reused for other
processes, dense modular design, high power density, short construction time,
low cost of generated power and short start-stop cycle time.

These advantages over other technologies have led to a surge in new
installations over the last couple of decades. There has been much progress
made in gas turbine technologies. The pursuit of higher efficiency is driven by
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a higher compression ratio and increased turbine inlet temperature: ceramic
coatings, superalloys, single crystal technology. Higher efficiency should go
hand in hand with increased reliability and availability.

The turbojet engine shown below has air inlet conditions of 0.3 bar and 250 K at a

INTAKE COMPRESSION COMBUSTION EXHAUST

Combustion Chambers

Cold Section Hot Section

velocity of 265 m/s. The air decelerates through the intake section until its velocity
is essentially zero.

The compressor has a pressure ratio (poutle/Pintet) = 20 and an exit temperature of
600 K.

The combustor exit temperature 1s 1750 K. All the turbine haft power goes to
driving the compressor.

Finally, the nozzle exit pressure and temperature are 0.3 bar and 850 K,
respectively.

Exercise 1. Answer the following questions:

1.  What is gas turbines operation principle?

2. What is the turbine power used for?

3. What are the main components of a gas turbine?

4.  Where and why are gas turbines widely used?

5. What has led to a surge in new installations over the last couple of
decades?

6. What is the reason for a pursuit of higher efficiency?

Exercise 2. Read and translate the following word combinations:

Thermodynamic cycle, centrifugal compressor, power turbine extracts,
expanding gases, industrial applications, due to many advantages, high
reliability and availability, wide power range, clean energy production, fuel
flexibility, can be reused for other processes, dense modular design, high
power density, low cost of generated power, lead to a surge in new
installations, a couple of decades, pursuit of higher efficiency, a higher
compression ratio, increased inlet temperature, single crystal technology,
higher efficiency, increased reliability and availability.



Exercise 3. Find in the text English equivalents to the following
expressions:

['a30Bble TypOWHBI; TEPMOJMHAMUYECKUN LHKJ; BO3AYX CXKUMAETCH;
TOIUIMBO JO0ABIISIETCS. U CXKUTaeTCs; KaMepa CropaHusi; TypOMHa H3BJIEKaeT
DHEPTUI0; NPUBOAWTH B JIBM)KEHUE KaK KOMIIPECCOpP, TaK W Bajl; MOLIHOCTH
CUJIOBOM TypOUHBI; OCHOBHBIE KOMIIOHEHTHI Ta30BOM TYpOWHBI; Ta30BbIE
TypOUHBI MIMPOKO HCHOJIB3YIOTCS; Onarojgaps MHOTHUM MpPEUMYILIECTBaM;
BBICOKAass HAJEKHOCTh M JIOCTYIIHOCTb;, IIMPOKUKA JHAMA30H MOIIHOCTH;
HKOJIOTUYECKH YHUCTOE MPOU3BOACTBO HHEPIrUHU; HU3KHUE BBIOPOCHI OKCHUJOB
yriepoja U OKCHIOB a30Ta; TOIUIMBHAs T'HOKOCTh; BBIXOJAIIUE Ta3bl MOTYT
OBITH TTOBTOPHO MCIIOJIb30BaHbBI, MJIOTHAsI MOJYJIbHAas KOHCTPYKIMS; BBICOKAS
MOIIIHOCTh; ~ KOPOTKO€  BpEMs  OPOM3BOACTBA;  HHU3Kasg  CTOUMOCTH
BbIpa0ATHIBAEMOU AJIEKTPOIHEPTUU; KOPOTKOE BPEMSI IIMKJIA MyCKa-OCTAHOBKMU;
nporpecc B 00JacTH Ta30TypOMHHBIX TEXHOJIOTUM; CTpeMJieHue K Oosee
BoicokoMmy KIIJI; ©Oosee BbICOKHM KOAI(POUIMEHT CXKATUs, TMOBBIIICHHAS
TeMIeparypa Ha BXoAe TypOuHbl, Oonee BbicoKas 3(EPEKTUBHOCTD;
MOBBILLIEHHAS! HAJIEXKHOCTh U JOCTYITHOCTb.

Exercise 4. Make up all possible types of questions:

1. Gas turbines operate on the Brayton’s thermodynamic cycle.

2. These advantages over other technologies have led to a surge in
new installations over the last couple of decades.

3. Gas turbines are widely used in industrial applications.

4. Exhaust gases can be reused for other processes.

5. Higher efficiency should go hand in hand with increased reliability
and availability.

Exercise 5. Translate the following sentences into English:

1. ["a30BbIe TYpOUHBI HIUPOKO UCTIOIB3YIOTCSI B IPOMBIIILIEHHOCTH.

2. . OCHOBHBIMH KOMIIOHEHTAaMH Ta30BOM TYpOHWHBI SIBISIOTCS
KOMIIpEeCcCcOop, KaMepa CropaHusi U CUiIoBasi TypOMHa.

3. Bo3myx c:kuMaeTcst OCEBBIM WIIH IIEHTPOOEIKHBIM KOMITPECCOPOM.

4. Beixomsme ra3pl MOTYT OBITh MOBTOPHO WCHOJIB30BAHBI IS
JPYTrUX MPOLIECCOB.

5. 3HauUUTENbHBIN  mporpecc  ObUT  JOCTUTHYT B oOyacTu
ra3oTypOMHHBIX TEXHOJIOTUM.

6. ['azoBbie TypOWHBI pPabOTAaIOT O TEPMOJUHAMHYECKOMY ITHUKITY
bpaittona.

7. TypOuHa U3BIEKAET YHEPTUIO U3 PACHIUPSIOUINXCS Ia30B.

Exercise 6. Find in the text the sentences with the verbs in the
Passive voice, explain their usage.



Exercise 7. Find in the text the nouns with the suffixes —or, -tion and
say what verbs they are derived from.

Exercise 8. Retell the text.

Unit 2.

Read and translate the text:

ADVANCED GAS TURBINES HEALTH MONITORING

ALGORITHM
The term Advanced Gas Turbine Health Monitoring System (AGTHMS)
is viewed as a system that monitors a machine and detects faults and predicts
the performance degradation. Data mining is followed by performance
evaluation and abnormal operation detection in search of pre-failure symptoms.
To perform the above functions effectively, the following requirements should
be met:

. system should be automated as much as possible in monitoring,
system analysis and supporting decision making;

. robust against noisy signal and faulty information,;

. wide range of detectable faults and adjustability to newly
discovered faults which may not be initially reported;

. use existing instruments or as few new ones as possible;

. flexible, modular and open architecture allowing an easy

adaptation to operator needs;
user-friendliness so that unskilled personnel can use it with
minimum training.
Additionally, the following elements must be implemented:

. acquisition of measurement data;

. evaluation of data to discard unreliable and faulty sensor readings;

. data processing to derive useful diagnostics information;

. management of historic data to maintain records of valuable
information.

AGTHMS should monitor various parameters simultaneously such as
Gas Path Analysis (GPA), vibration level, oil debris detection and engine
actuators. A combination of different classifiers can be employed with oil
debris low and high lube oil differential temperature (difference between lube
oil supply and drain bearing temperature) will execute a shutdown command
confirming the abnormal bearing operation. Individual readings could give a
false indication due to sensor or controller malfunction, however a
combination of more than one readings can improve the decision-making
algorithm. Merging information from different instruments will reduce the
number of false trip alarms caused by a sensor malfunction. Moreover,
equipment abnormalities can be detected before they develop into failure.
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Gas turbines often utilize redundant sensors for monitoring critical
parameters. However, this increases overall package cost and adds complexity
to both electrical and mechanical systems. With AGTHMS it can be possible to
monitor engine sensor health status indirectly by taking advantage of other
readings. The simple example can be found in relationship between shaft
rotational speed and the first harmonic of the spectrum analysis from a
proximity probe. When both the engine bearing and the sensor are healthy,
readings should correlate but in case they do not a possible malfunction could
be present and an alarm or shutdown should be initiated.

Analyzing the vibration spectrum and comparing them with readings
from a different sensor, such as a speed probe, can bring the following
benefits:

. Sensor cross-check — increased system integrity level without the
need for redundant sensors;
. Gas turbine alarm/shutdown counteraction is based on several

rather than on a single reading.

Vocabulary:
1. To detect - oOHapyxuBaTh
2. Fault - HeucnpaBHOCTH
3. Faulty - neucnpaBHBIi
4.  Performance - mpou3BOAUTEIBHOCTD
5. Evaluation - orieska
6. Requirement - TpeGoBanue
7. Robust - ycToWunBbIN, KpeImKui
8. Range - nuanazon
0. Adjustability - mpucnoco0sieMoCTh
10. Instruments - mpubopsI
11. Flexible - rubkuii
12. To implement - ocyIecTBISITh
13. Acquisition - npuoOpeTeHue
14. To derive - u3BnexKarnb
15. Simultaneously - ogHOBpeMEHHO
16. Debris — mocTOpOHHUE MTPEIMETHI
17. Lube — cma3ka, nyOpukaHT
18. Shutdown - BeIKITFOUCHUE
19. Malfunction — HEeHCTIpaBHOCTH, HECpabaTHIBAHUE
20. To utilize - ncnomb30BaTh
21. Redundant - pe3epBHBIii
22. Proximity probe — 66CKOHTAKTHBIN JTaTYHUK
23. Benefits - npeumyiecTna
24.  Cross-check — nepekpecTHas nmpoBepka
25. Counteraction - MpOTUBOJCUCTBUE
26. Readings — noka3anus



Exercise 1. Answer the following questions:

1. What does AGTHMS stand for?

2. What is the function of AGTHM system?

3. What requirements should be met to perform the functions of the
system effectively?
What additional elements must be implemented?
What parameters should AGTHM system monitor simultaneously?
What can occur due to sensor or controller malfunction?
What can improve the decision-making algorithm?
What will reduce the number of false trip alarms?

0. Why do gas turbines utilize redundant sensors?

10. What are the disadvantages of the redundant sensors?

11. What should be initiated in case of engine bearing and sensor
malfunction?

12.  What are the benefits of comparing the vibration spectrum with
speed probe readings?

XNk

Exercise 2. Read and translate the following word combinations:

Advanced Gas Turbine Health Monitoring System, to detect faults,
performance degradation, performance evaluation, abnormal operation
detection, pre-failure symptoms, to support decision- making, faulty
information, newly discovered faults, existing instruments, to allow an easy
adaptation, unskilled personnel, to discard unreliable readings, to derive useful
information, oil debris detection, to execute a shutdown command, abnormal
bearing operation, individual readings, a false indication, merging information,
to reduce the number of false trip alarms, equipment abnormalities, to develop
into failure.

Exercise 3. Find in the text English equivalents to the following
expressions:

YcoBepmieHCTBOBaHHAS cucrema MOHUTOpPHUHTA TEXHUYECKOTO
COCTOSIHUS razoBou TYpOUHBI; 0O0Hapy>XKHBATh HEWCIIPABHOCTH;
IIPOTHO3UPOBATH CHVDKCHUE IIPOU3BOIUTEIBHOCTH; OLICHKA

MIPOM3BOJINTEIILHOCTH, OOHApy>XCHHE aHOMaJIWi B paboTe; BBIMNOJHATH
TpeOOBaHMUS; MOMACPKKA MPUHITHS PEIICHHUI; UCIIOJIbh30BaTh CYIIECTBYIOIIHE
MpUOOPHI; aTaNTHPOBATBCSA K TOTPEOHOCTSAM oOrepaTopa; OICHKa JaHHBIX;
yCTpaHEHHE OIMMOOYHBIX MOKAa3aHUW JAaTYMKOB; 0Opa0dOTKa JAaHHBIX;, BEIACHHUC
yJyera IIeHHOW WH(OpMaIuu; ypoBeHb BHOpallMU;, OOHApPY>KHMBATh MPUMECH B
Macjie, aHoMallbHass ~ paboTra  TOJMINMITHUKA;,  JIO)KHAs  WHJWKAIUS;
HCUCTIPABHOCTh  JIATYMKA;, YJIYYIIATh AJTOPUTM MPUHATHS  PCIICHUM,
YMCHBIIIATHh KOJIWYECTBO JIOKHBIX CpabdaThIBaHHWM;, pE3€pPBHBIC JIaTUUKH,
YCIIOXKHATh KaK 3JICKTPHYCCKHE, TaK M MEXaHHYCCKHE CHCTEMBbI; KOCBCHHO
KOHTPOJIMPOBATh  COCTOSIHME  JATYMKOB  JIBUTAQTEJIS; WHUITUUPOBATH
CUTHAJIN3aIlMI0 WM OCTAaHOBKY; TEpEeKpeCTHas IIPOBEpPKa JaTYUKOB;
IIPOTHUBOJACUCTBHE CUTHATY TPEBOTH.



Exercise 4. Make up all possible types of questions:

1. Gas turbines often utilize redundant sensors for monitoring critical
parameters.

2. Merging information from different instruments will reduce the
number of false trip alarms.

3. Equipment abnormalities can be detected before they develop into
failure.

4. This increases package cost and adds complexity to both electrical
and mechanical systems.

5. Gas turbine alarm/shutdown counteraction is based on several
readings.

Exercise 5. Translate the following sentences into English:

1.  OtnenbHbIE MOKAa3aHUS MOTYT JIaBaTh JIOKHYIO WHIAMKALIMIO HU3-32
HEUCIIPABHOCTH JIaTUYHUKA.

2. B ra3oBbIx TypOMHAaX 4acTO HCIOJB3YIOTCS PE3€PBHBIC NATUYUKU
TSI MOHUTOPUHTA KPUTHYECKUX IMapaMeTPOB.

3. OObenuHenve WHGOPMAIUM OT Pa3HBIX MNPUOOPOB YMEHBIIUT
KOJIMYECTBO JIOKHBIX CpabaThIBAHUM, BHI3BAHHBIX HEMCIPABHOCTHIO TaTYMKA.

4.  Cucrema MOHMTOPHMHIA JOJDKHA OJHOBPEMEHHO KOHTPOJIUPOBATH

pa3IuyHbIe MMapaMeTphbl, 0OHAPYKUBATh MPUMECH B Macje U KOHTPOJIUPOBATH
paboTy MpUBOIOB ABUTATEIS.

5. Cuctema pgobkHa OBITh MaKCUMaJIbHO aBTOMAaTU3UpPOBAaHA B
00JIaCTU MOHHUTOPUHIA, CHUCTEMHOTI'O aHajau3a W TOJJICPKKU TNPUHSATHUS
pEILIECHUIA.

6. Cucrema noKHa OBITH YCTOWYMBA K IIYMHBIM CHUTHajJlaM |
omnO09YHON HH(POPMAITUH.
7.  CucremMa I0JDKHA HCIIOJIB30BaTh CYIIECTBYIOIIUE MPUOOPHI WU

KaK MO>XHO MCHBIIIC HOBBIX.

Exercise 6. Complete the following table using suitable forms:

Verb Noun
to perform
evaluation
to implement
requirement
decision
to correlate
measurement
to utilize
combination
to compare
to develop
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Exercise 7. Read, translate and retell the following text:

In the aviation industry, effective aircraft maintenance management is
crucial for staying compliant and ensuring uptime. Streamlining maintenance
and operations tasks through fleet management software gives your team a
comprehensive look at the health of your assets both on the ground and in the
sky. An effective aircraft maintenance management process requires
collaboration across the entire team. Troubleshooting issues can be difficult
when you are using paper-based logs and reports. With aircraft maintenance
management software, you and your crew can track, maintain and analyze a
complete system of record for your fleet from anywhere.

Unit 3.

Read and translate the text:

PROBLEM DEFINITION

A typical arrangement of the main components in the engine health
monitoring system usually takes into account monitoring such parameters as
temperatures, pressures, flow parameters, vibration level and speed. These are
passed to a digital controller which contains a set of pre-defined rules (i.e. If
value x is less than y the engine is OK, on the contrary an alarm signal is sent
or shutdown engine safely). Standard arrangement is sufficient for majority of
engine operation. The fast digital controller can act upon rapid changing
conditions allowing safe and efficient operation of the engine. The main
advantages of this condition-based control are: an implementation simplicity
and a straightforward modification procedure when necessary. However, it
often lacks a prognosis value and a comprehensive diagnostics functionality as
the majority of analyzed data based on the pre-defined “IF-THEN” rules.

More advanced diagnostics and prognostics require a new approach.
Enhanced arrangement provides additional signal processing solely dedicated
to engine health and performance monitoring. The key elements in this system
are: Observer, Signal Decomposition & Conditioning and Condition
Assessment. Signal Decomposition & Conditioning block can allow advanced
processing of signals registered by vibration and displacement sensors. This
pre-processing of raw data allows for an extraction of interesting features for a
user in such a way that an incipient fault can be detected and acted upon before
it develops into a failure.

The key feature of Enhanced Arrangement is to allow the self-condition
assessment and do it effectively. Health classification algorithm, imbedded in
Condition Assessment block, requires a residual between the measured and the
predicted outputs. This forecast can be archived by Observer, which consists of
regression methods accurately predicting expected engine outputs for a given
operating point (engine speed, load, temperature, etc.). Classification methods
can employ expert knowledge to correctly label symptoms to a potential
problem and make decision: whether to or not to continue engine operation,
adjust setpoints, inform operator or shut down the engine.
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Vocabulary:

Arrangement - pacIioJI0KE€HHE

To contain - conepxarb

Value - 3Hauenue

On the contrary - HaoGopoT
Sufficient - TocTaTOYHBIN

Majority - 60JIBIIMHCTBO

Simplicity - mpoctoTa
Straightforward - He3ambIcIOBaTHIN
To lack — ucnbsITEIBaTE HETOCTATOK
Comprehensive - BceCTOpOHHUIN
Advanced - npoBUHYTHI
Enhanced - ycoBepIiiieHCTBOBaHHBIM
Additional - 1OTTOIHUTETBHBIN
Assessment - OIleHKa

Displacement - cmenienue

Raw data — ucxoausle JaHHBIE
Extraction - u3BiaedyeHue

Incipient fault — 3apoxaromuiicst cooit
Feature — ueprta, CBOMCTBO
Imbedded — BcTpoeHHBIHN, BIOXKEHHBIN
Residual - octaTounsli

Forecast - mporaos

To consist of — cocTosTh U3

Output - BbIx01

Setpoint — 3aJIaHHOC 3HAYCHUE

Exercise 1. Answer the following questions:

1.

What parameters are taken into account for the engine health

monitoring system?

2.
3.
4,
control?
5.

6
7
8
9
1

0.

What does a digital controller contain?
Which arrangement is sufficient for majority of engine operation?
What are the advantages and disadvantages of the condition-based

What does enhanced arrangement provide?

What are the key elements of the new system?

Why is pre-processing of raw data conducted?

What is the key feature of the enhanced arrangement?
What does health classification algorithm require?
What can classification methods employ?

12



Exercise 2. Read and translate the following word combinations:

Main components, to take into account, a set of pre-defined rules, majority
of engine operation, rapid changing conditions, safe and efficient operation,
condition-based control, comprehensive diagnostics functionality, to require a new
approach, to provide additional signal processing, key elements, condition
assessment, advanced processing of signals, a displacement sensor, raw data, to
extract interesting features, an incipient fault, to develop into a failure, to be
imbedded in Condition Assessment block, to archive the forecast, to employ expert
knowledge, to predict accurately, to adjust, setpoints.

Exercise 3. Find in the text English equivalents to the following
expressions:

Bonee mpoaBUHYyTasi TUArHOCTHKA; HOBBIN MMOAXOJ; YCOBEPIICHCTBOBAHHAS
KOMIIOHOBKa; 00ecrevYnBaTh JOMOJHUTEIBHYI0 00pabOTKY CHUTHANIOB; KITFOYEBAs
OCOOCHHOCTh, O00€CIEeYUTh PACIIMPEHHYI0 O00paOOTKy CHTHAJOB; JaT4uK
CMEIICHUS; UCXOHBIE TaHHBIC; U3BJIEYh HHTEPECHBIC MPEANOCHIUTKN; OOHAPYKHUTH
3apOKIAroNMiics  cOOif; HCIIONIb30BaTh  AKCIEPTHBIE 3HAHUS; OTKJIFOYHUTH
JBUTATENb;, THIIMYHOE PACIIOJOKEHUE, TEXHUYECKOE COCTOSHUE JBHUTATEIIS;
YUUTBIBATh IapaMeTphl, CcoOAepX aTh HA00p TMpaBWI; OBICTPBIA ITUPPOBOI
KOHTpoOJuiep; obecrneunBaTh Oe30macHyr0 M 3PGEKTHUBHYIO pabOTy JIBUTATENS;
OCHOBHBIE ITPEUMYIIECTBA; MPOCTOTA pean3alnu; OOJBIIMHCTBO JaHHBIX.

Exercise 4. Make up all possible types of questions:

1. More advanced diagnostics and prognostics require a new approach.

2. If an engine failure occurs while at cruise altitude, it may be necessary
to descend.

3. The flaps are normally not used for increasing the descent rate.

4. Major repairs and overhauls are done by technicians and engineers in
the hangar.

5. The fast digital controller can provide safe and efficient operation of
the engine.

Exercise 5. Translate the following sentences into English:

1. beicTpeiii 1 POBON KOHTPOJUIEP MOXKET JACHCTBOBaThH B OBICTPO
MEHSIIOITUXCSL YCIIOBHUAX, oOecreunBasi Oe30macHyr0 W 3(P(EKTUBHYIO paboTy
JIBUTATEIIS.

2. OCHOBHBIMH TIPEUMYIIECTBAMH TAaKOTO YIPABICHUS  SIBISIFOTCS:
MPOCTOTA peau3aliy U MPOoCTas Mporeaypa MoauduKanuy mpu HEOOXOAUMOCTH.

3. bonee mponBuHyTass AWMArHOCTHMKA ¥ TPOTHO3UPOBAHUE TPEOYIOT
HOBOTO MOJXO0/a.

4. Y coBepIieHCTBOBaHHASI KOMIIOHOBKA 00€CIIEYNBACT JOTIOTHUTEIBHYIO
00pabOTKy CHUTHAJIOB, TPEAHA3HAYCHHYIO [JI1 MOHUTOPWHTA TEXHHUYECKOTO
COCTOSIHUS U TIPOU3BOAUTEIILHOCTH JBUTATEIS.

5. brox pasnokeHWsi U MOHHUTOPHWHTA CHTHAJOB MOXET OOeCIeYuTh
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paclIMpeHHyl0 00paOOTKYy CUTHAJIOB, PETUCTPUPYEMBIX JAaTYMKAMU BUOpalUU U
CMEUICHHUS.

6. KitoueBass 0COOCHHOCTh YCOBEPIIEHCTBOBAHHOW CHCTEMBI COCTOUT B
TOM, 4YTO OHa II03BOJISIET MPOBOJUTH CAMOKOHTPOJIb CHCTEMbl M JI€NIaTh 3TO
3¢ pexTUBHO.

7. MeTtonbl Kiaccu(PUKAMU MOTYT MCIOJb30BaTh SKCIEPTHBIE 3HAHUS
JUISl IPABWJIBHOM MapKUPOBKH CUMIITOMOB MOTEHIIMATLHON MPOOIEeMbl U IPUHSITHUS
pelIeHHUs.

Exercise 6. Find in the text the sentences with the verbs in the Passive
Voice, explain their usage.

Exercise 7. Form nouns from the verbs:

To equip, to arrange, to provide, to know, to act, to move, to exist, to locate,
to add, to continue, to occur, to determine, to vibrate, to perform, to allow, to
displace, to extract, to detect, to develop, to assess, to predict, to expect, to decide,
to adjust.

Unit 4.

Read and translate the text:

Part 1.
OPERATION ADJUSTMENT

The operation of a typical industrial gas turbine will be governed by a set
of “IF-THEN” rules and tunable constants. These will vary engine to engine as
no customer site is identical and the manufacturing tolerance of gas turbines
require a number of specific settings to be tailored to individual units. These
can include inlet guide vane or bleed valve range, fuel starting schedule, fuel
pressure at burner, engine shaft speed or pilot to main ratio for a low NOx
emission engine and many more. A control system for a gas turbine should
include parameters correction for a variation of an inlet temperature or a
barometric pressure. This allows an on-line adjustment to the engine operation.
However, in “Standard Arrangement”, there are limitations in the self-
adjusting capability as the control system uses “IF-THEN” rules. The self-
adjusting ability of “Enhanced Arrangement” can be significantly increased.
For example, a customer has received a different type of diesel fuel and now
his engine is struggling to start on his liquid. Furthermore, the situation takes
place in a remote location and the gas turbine manufacturing expert cannot
mobilize himself on very short notice. The engine starts on liquid but fails to
reach the minimum temperature in a defined time frame. An expert would
probably adjust fuel command schedule for more aggressive behaviour.
However, the personnel on-site are not qualified to carry out such
modifications. AGTHMS could perform the system auto-diagnostics. In the
first stage, Condition Assessment block receives “Engine Failed to Reach

Temperature- Shutdown” alarm.
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The algorithm performs a basic condition check on the actuators to
eliminate their malfunction. In the next step of the algorithm, the occurrence of
a certain number of failed start attempts is required before classifier can be
triggered. In this example, two main causes are rectified with a probability of
72% and 28% respectively. The algorithm takes a decision to change fuel ramp
and another start is initiated. This time engine exceeds the maximum
temperature setpoint during start-up. The fuel ramp is reduced and the engine
starts successfully.

Part 2.

FAULT CLASSIFIFCATION

Condition Assessment block is expected to accurately distinguish abnormal,
leading to faults symptoms, from the false ones. A selected classifier will usually
have a trade-off between a high recall or a precision.

A high recall will lead to more false alarm (lower precision) detections,
making the system more sensitive to unusual operating conditions. It will be
expected from this classifier to detect the majority of possible faults at expense of
spurious faults. On the other hand, a high precision classifier will be less sensitive
to abnormal (lower recall) states but less prompt to a false failure detection.
Depending on the fault scenario the high precision classifier can be selected to
make instantaneous counteraction such as engine shutdowns as it is going to be
more robust to noise than high recall. In such cases, the high recall classifier can be
effective in detecting symptoms, otherwise it would be missed by the precision
focused classifier, therefore the output from it should be analyzed further by
another algorithm or a system operator/an expert. Symptoms classified with high
recall could be used with “Combined decision making” algorithm where more than
one cause is required for a counteraction.

Part 1 Vocabulary:

To govern — pyKOBOJUTH, PETYJIUPOBATH

Tunable - HacTpanBaeMbIit

To vary - MeHATBCS

Manufacturing tolerance — mpou3BOACTBEHHBII TOMYCK
To be tailored — ObITh MOJJOTHAHHBIM, AAANTHPOBAHHBIM
Inlet guide vane — BXo/1HO# HampaBIISIIONINI anmapar
Bleed valve — BeimyckHOI Kitaran
A customer — KJIUEHT, 3aKa34nK
A burner - ¢popcyHka

Engine shaft speed — ckopocTs BpaieHus Bana JBUTATEINS
Self-adjusting capability — BO3MOKHOCTh CAMOPETYINPOBAHUS
Remote location — ynaneHHoe MecTONOI0KEHUE

To define - onpenensite

Time frame — BpeMEHHON TPOMEKYTOK

To carry out - mpoOBONUTH

XA R W=
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16.  To eliminate - ycTpaHsaTh

17.  Malfunction — HeucrpaBHOCTb, HECpaOaThIBAaHUE
18.  Occurrence - coobiTHE

19.  An attempt - monsITKa

20.  To trigger - cpabaTbIBaTh

21.  To rectify - ucipaBasTh

22.  Probability - BeposTHOCTB

23.  To exceed — npeBbIlLIATH

Part 2 Vocabulary:

High recall — BeicOkast cTenenb 3a1oOMUHaHUs
Accurately - TouHO

To distinguish - paznuyarsb

A trade-off - kommpomucc

Sensitive - YyBCTBUTEIbHBIN

At expense of — 3a cuet yero-nubo

Spurious faults — 10»HbIe HEUCTIPABHOCTH
High precision — BbicOKasi TOUHOCTh

. Instantaneous counteraction — MTHOBEHHOE MPOTUBOJCHCTBUE
0. Robust - ycToiuuBHIit

1. A cause — npuunHa

SISO R WD =

Exercise 1. Answer the following questions:

Part 1.

1. How will the operation of a typical industrial gas turbine be governed?

2. What does manufacturing tolerance of gas turbines require?

3. What can specific settings include?

4. . Why should a control system for a gas turbine include parameters
correction?

5. What limitations are there in Standard Arrangement?

6. How to increase the self-adjusting ability of enhanced arrangement?
Give an example from the text.

7. What are the stages of auto-diagnostics of the advanced gas turbine

health monitoring system?

Part 2.

1. What will a high recall lead to?

2 How can you detect the majority of possible faults?

3. How is a high precision classifier selected?

4 What counteraction occurs depending on the fault scenario?
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Exercise 2. Read and translate the following word combinations:

Part 1:

a set of rules, tunable constants, manufacturing tolerance, require a number
of specific settings, to be tailored to individual units, inlet guide vane, bleed valve
range, fuel starting schedule, fuel pressure at burner, engine shaft speed, to include
parameters correction, a variation of an inlet temperature, an on-line adjustment,
self-adjusting capability, to be significantly increased, liquid, a remote location,
gas turbine manufacturing, on short notice, a defined time frame, fuel command
schedule, more aggressive behavior, perform auto-diagnostics, to perform a basic
condition check, to eliminate malfunction, the occurrence of attempts, , two main
causes are rectified, to exceed the maximum temperature.

Part 2:

to distinguish abnormal symptoms from the false ones, evaluation classifiers,
to make the system more sensitive to smth, unusual operating conditions, to detect
the majority of possible faults, at expense of spurious faults, false failure detection,
to make instantaneous counteraction, engine shutdown, to be more robust to noise,
combined decision making, to be required for a counteraction.

Exercise 3. Find in the text English equivalents to the following
expressions:

OKCIUTyaTalllsi TPOMBINUICHHONH Ta30BOW  TypOWHBI, HacTpanBaeMbIC
KOHCTAHTBI, BapbUPOBATHCS OT JBUTATENS K JBHUTATEINO, TUIONIAIKA 3aKa3dyHKa,
IIPOU3BOJICTBEHHBIE JIOMYCKH, TPeOOBaTh Psi CHENU(PUUECKUX HACTPOEK, OBITH
aNaliTAPOBAaHHBIM K OTIEJIBHBIM arperaraM, Juama3oH padoThl BXO/HBIX
HaNpaBJISIONIUX aNlapaToB, BHITYCKHON KiamaH, rpaduk no0aBieHHs TOILINBA,
JaBJICHUE TOILUIMBA B OPCYHKE, CKOPOCTh BpAICHHS Bajia JIBHUTATEIIsI, KOPPEKIIHS
apaMeTpoB, PETYJIHPOBKA B PEKHUME pEaTbHOTO BpPEMEHH, OTpPaHHYCHUS B
BO3MOKHOCTH CaMOPETYJIMPOBAHUS, CIIOCOOHOCTh K CaMOHACTPOWKE, YIaJICHHOE
MECTOHAXOXKICHHUS, CHEIHAIUCT 10 MPOU3BOJCTBY T'a30BBIX TYpOWH, B CPOYHOM
MOPSAZIKE, OIpPEACIICHHBIN MPOMEXYTOK BPEMEHH, TrpaduK YIpPaBICHUS IMOJa4eH
TOTUIMBA, YCTPAaHUTh HEUCIPABHOCTH, OINPEIACICHHOE KOJUYECTBO HEYJAYHBIX
MOTBITOK 3aIyCKa, MPUBOJIUTH K TMOSBICHUIO CUMIITOMOB HEUCTPABHOCTH, UMETh
KOMITPOMHCC, JIOKHOE cpabaThiBaHue, Oojiee HHU3Kas TOYHOCTH, TIOBBIIIATH
YYBCTBUTEIBHOCTh CHUCTEMBI, HEOOBIYHBIC YCIOBHS JKCIUTyaTallid, OOHAPYKUTH
OOJBIIMHCTBO BO3MOXKHBIX HEHUCIPABHOCTEH 3a CUET JIOKHBIX CpabaThIBaHUM, B
3aBUCUMOCTH OT CIIGHApUs HEWCIPABHOCTH, MTHOBEHHOE TIPOTUBOJCIHCTBHE,
OTKJIFOYCHHE JIBUTATENsI, OBITH O0JIee YCTOMUMBBIM K IIyMY, KIACCU(DHUIIMPOBATH C
BBICOKOI CTETECHBIO 3aIIOMUHAHUS, KOMOMHUPOBAHHOE MPUHSATUE PEIICHUN.

Exercise 4. Make up all possible types of questions:

1. The operation of a typical industrial gas turbine will be governed by a
set of rules.
2. The manufacturing tolerance of gas turbines requires a number of
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specific settings.

3. There are limitations in the self-adjusting capability.

4. The self-adjusting ability of Enhanced Arrangement can be
significantly increased.

5. A control system for a gas turbine should include parameters
correction.

Exercise 5. Translate the following sentences into English:

1. OKcmlyaTanusi TUIIOBOM MPOMBIIIJIEHHON Tra3oBoM TypOuHBI Oyjaer
peryinupoBatbcst HAOOPOM MPaBUI U HACTPAUBAEMbBIX KOHCTAHT.

2. Onu OyayT BapbUpPOBATHCS OT JIBUraTeNsl K JIBUTATENIO.

3. [IpousBoACTBEHHBIE JTONYCKM HA Tra3oBble TypOUHBI TpeOylOT psiaa
cnenuUYecKX HaCTPOEK.

4. Cucrema ynopaBieHHMsT Ta30BOM TypOMHOM JOJKHA BKIIIOYAThH
KOPPEKIIMIO TapaMeTPOB ISl K3BMEHEHUS TeMIIEpaTyphbl Ha BXOJE.

5. Opnako, B CTaHAApPTHONW KOMIIOHOBKE €CTh OIpaHUYEHUS B
BO3MOXHOCTH CaMOPETYJIMPOBAHUS.

6.  AJTOPUTM  BBINOJHSET  MPOBEPKY  OCHOBHOTO  COCTOSIHUS
UCIIOJIHUTEIBHBIX MEXaHU3MOB JUIsl YCTPaHEHUSI HEUCITPABHOCTH.

7. C npyroil cTOpoHBI, BBICOKOTOUHBINA Kiaccupukarop OyIeT MeHee

9YBCTBUTCIICH K aHOMAJIbHBIM COCTOSHUSM.

Exercise 6. Complete the following table using suitable forms:

Noun Adjective Verb
tunable
prevent
precision
vary
specific
correction ...
improve
failure
perform
safe
collection
determined

Exercise 7. Choose the correct negative prefix:

correct to fix in-

normal to lock im-
to continue stable un-
active balance dis-
usual to mobilize ab-
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Exercise 8. Read, translate and retell the following text:

Track and Schedule Aircraft Maintenance in a Centralized Location

When it comes to preventative maintenance (PM), the aviation industry
needs to be at the top of its game. In addition to routine servicing, a commercial
aircraft must be serviced after a certain number of flight hours in order to remain
compliant with Federal Aviation Administration (FAA) and International Civil
Aviation Organization (ICAQO) standards.

Though maintenance processes are regulated, many aircraft fleets are not
running as efficiently as they could be. Communication bottlenecks are caused
when information can’t be delivered quickly, which can result in aircraft
downtime.

Leveraging aircraft maintenance management software allows your crew to
seamlessly communicate so you can be proactive in solving maintenance issues.

Creating routine service schedules for your aircraft keeps your fleet
organized and airworthy. With a PM scheduling tool, you can stay on top of
regular servicing by setting reminders and due soon thresholds to help you
maximize uptime.

When your aircraft does require maintenance, you don’t want paperwork and
spreadsheets slowing you down.

Generating work orders through your aircraft maintenance software allows
your crew to get to work immediately. With detailed line items, you can efficiently
track service work from start to finish and ensure your assets and equipment are
primed for use.

Aside from scheduling and performing aircraft maintenance, it is important
to be able to track data and run reports. Utilizing data and reports ensures you are

efficiently allocating your resources.

Aircraft maintenance software allows you to generate customizable reports,
track maintenance, view operational costs and gain insight into the overall health
of your assets.

Unit 5.

Read and translate the text:

PROGNOSTICS AND DIAGNOSTICS

The two main functions of the advanced gas turbine health monitoring
system are the diagnostics, which can be referred to as a function that detects
present and past abnormalities, and the prognostics, which allows an
estimation of the engine wear & tear and a prediction of faults.

Prognostics

The capability to predict the health of a machine component over time is
at the foundation of Condition Based Maintenance. It relies on the current
health assessment and uses this information to plot the degradation curve of a
component allowing for time to failure prediction. The prognostic methods can
be classified as data-driven and model-based.

Data-driven prognostics

19



This approach relies on the assumption that statistical characteristics of
the data are relatively unchanged unless the malfunction event occurs in the
system. Prognostics uses this approach for a statistical and learning technique
from the theory of pattern recognition.

Model-based prognostics

Using an accurate mathematical model, this check can be performed
between its outputs and measurements from sensors. Residuals are calculated
and their values are used to detect signs of the system malfunction. However,
this is more effective for smaller systems as an analytical approach requires a
detailed quantitative mathematical model. For larger systems it can be
expensive and time consuming.

Knowledge-based prognostics

This type of prognostics can be made based on a causal analysis, expert
systems and pattern recognition. The first one is based on modelling fault-
symptom relationships. Expert system can be formulated as IF-THEN rules,
which mimics a troubleshooting that is done by an experienced engineer not
requiring him to be present for consultation.

Diagnostics

This can be related to fault, abnormality or failure detection. The
advanced gas turbine health monitoring system should allow an incipient fault
detection. The severity of a fault will usually increase over time with the
equipment usage. An early root cause analysis can reduce the impact of a fault
on the system operation. Detecting signs of the system malfunction at an early
stage can be used not only to plan an earlier part replacement, but also to
change from the operation method. It can help to minimize the risk of an
abnormality developing into a catastrophic failure at an early stage of the
operation. For example, if the gearbox gear's excessive wear is detected using
the vibration analysis the control system can reduce work extracted from the
shaft, which reduces the risk of a catastrophic failure of the gearbox as gears
will work at lower forces. This may give the user extra time to order a
replacement part and schedule an equipment shutdown for overhaul.

Vocabulary:

1 To refer to — cchuIaThCA Ha, 03HAYATH

2 Abnormality - anomanus

3 An estimation - oreHKa

4 Engine wear & tear - ©3HOC IBUTATEIIS

5. A prediction of faults - mporuo3 HencnpaBHOCTH

6 To predict the health — mporHo3upoBath coctosiHue

7 To rely on — nonararbcst Ha

8 A degradation curve - kpuBas Jerpajganuu

9. Data-driven method — MeTo1, OCHOBAaHHBIN Ha JaHHBIX
10.  Model-based — nHa ocHOBe Mojeneit
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11.  An assumption - npeAnoa0XeHHe

12. Approach - noaxon

13.  Technique - meTon

14.  Recognition - pacrio3HaBaHUE

15.  Residual - ocrarok

16.  Value - 3HaueHue

17.  Sign — 3HaK, NpU3HAK

18.  *Knowledge-based — ocHOBaHHBIN Ha 3HAHUSIX
19.  Causal analysis - MpUYUHHO-CJIEACTBEHHbBIN aHAIN3
20.  Relationships - oTHOIIEHUS

21. A troubleshooting - ycTpaHeHHne HEUCTTPAaBHOCTEH
22.  An experienced engineer — ONBITHBIA UHXKEHED
23.  Incipient - 3apoXaarOIIUIACs

24.  To reduce - ymeHbIIATD

25. Impact - Bo3aericTBre

26. A Gearbox — kopoOka IpHUBOJIOB

27.  Excessive wear - Upe3MepHBI U3HOC

28.  Overhaul — kanuTanbHBIA PEMOHT

Exercise 1. Answer the following questions:
1. What are the two main functions of the advanced gas turbine
monitoring system?

2. What is at the foundation of Condition Based Maintenance?

3. What is needed to plot the degradation curve of a component?

4. How can prognostic methods be classified?

5. What does data-driven method rely on?

6. How does model-based method work?

7. Will you explain the main idea of knowledge-based prognostics
method?

8. What can reduce the impact of a fault on the system operation?

9. How can detecting signs of the system malfunction at an early stage
be used?

10. What are the advantages of excessive wear detection at an early stage?

Exercise 2. Read and translate the following word combinations:

To detect present and past abnormalities, to allow an estimation of the engine
wear and tear, a prediction of faults, to rely on the current health assessment, to
plot the degradation curve, failure prediction, *data-driven prognostics, to rely on
the assumption, learning technique, pattern recognition, an accurate mathematical
model, to detect signs of the system malfunction, analytical approach, to be
expensive and time consuming, to be based on a causal analysis, pattern
recognition, modelling fault-symptom relationships, to mimic a troubleshooting, an
experienced engineer, failure detection, to allow an incipient fault detection,
severity of a fault, equipment usage, to reduce the impact of a fault, to plan an
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earlier part replacement, to develop into a catastrophic failure, excessive wear,
time to order a replacement part, to schedule an equipment shutdown for overhaul.

Exercise 3. Find in the text English equivalents to the following
expressions:

O1neHuTh U3HOC JBUTATEINS, TPECKa3aTh HEUCIIPABHOCTH, TEKYIash OICHKa
TEXHUYECKOTO COCTOSIHUS, TIOCTPOCHHE KPUBOW JETpajallii, MPOTHO3HPOBATH
BpEeMs JI0 OTKa3a, METOJbI NMPOTHO3UPOBAHUS, HA OCHOBE TEOPHUU PACIIO3HABAHUS
00pa3oB, BBIUMCIATH OCTATKH, WCIIONH30BAaTh 3HAYCHUS, OOHAPYKUTh MPHU3HAKH
HEUCTIPABHOCTH CHUCTEMbI, Ha OCHOBE NPHYUHHO-CIICJICTBEHHOTO aHaJIM3a,
UMUTUPOBATh yCTPAaHEHHWE HEHWCIPABHOCTEH, oOecneynBaTh OOHApPYKCHHE
3apOJKJIAIOMINXCS HEUCIIPABHOCTEH, CTENEHb TSKECTH HEHCIPABHOCTH, DPAHHHM
aHaJIM3 TICPBONPUYWH, YMCHBIIHWTH BIIMSHUE COOS Ha pabOTy CHCTEMBI,
IUTAaHWpOBaHWE OoJiee paHHEH 3aMEHBl JcTaliel, W3MCHCHHE YCJIOBHM
9KCILTyaTallii, MUHUMH3UPOBATh PHUCK, MepepacTath B KaTtacTpoduueckuii cOoi,
HAa pPAaHHEW CTaauu ODKCIUTyaTallMHM, YPE3MEpPHBI HM3HOC, JaTh IOJIb30BATEIIIO
JOTIOJTHUTEIIBHOE BpEMs, 3aKa3aTh 3allaCHYI 4YacTh, 3aIlUIAaHUPOBATh OCTAHOBKY
000pyI0BaHUS Ha KalUTAIbHBIA PEMOHT.

Exercise 4. Make up all possible types of questions:

1. The severity of a fault will usually increase over time with the
equipment usage.
2. Detecting signs of the system malfunction at an early stage can be

used not only to plan an earlier part replacement, but also to change from the
operation method.

3. An analytical approach requires a detailed quantitative mathematical
model.

4. Residuals are calculated and their values are used to detect signs of the
system malfunction.

5. This may give the user extra time to order a replacement part and

schedule an equipment shutdown for overhaul.

Exercise 5. Translate the following sentences into English:

1. CnocoOHOCTh MPOTHO3UPOBATH COCTOSHUE KOMIIOHEHTA MAaIlHWHbI
yepe3 Kakoe-TO BpeMs JEKUT B OCHOBE OOCIYyXUBAHUS MO TEXHUYECKOMY
COCTOSIHUIO.

2. KpuBasi nerpaganuy KOMIIOHEHTa MO3BOJSIET MPOTHO3UPOBATH BPEMsI
JI0 OTKa3a.

3. Meroasl  HPOTHO3MPOBAHUS  MOKHO  KJacCUPUUUPOBATh  Kak
OCHOBAHHBIE HA JAHHBIX U HA MOJEIHPOBAHUHU.

4. AHaIUTUYECKUN MOAX0]1 TpeOyeT HaJINYUs noApoOHOI
KOJINYECTBEHHON MAaTEMaTHYE€CKOU MOJIEIH.

3. Cuctema nomkHa oOecCleuyuBaTh OOHAPYKEHHUE 3apOKIAIOIINXCS
HEHCIIPAaBHOCTEM.
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6.  PanHMii aHaTM3 MEPBOMPHYMH MOKET YMEHBIIUTHL BIHsSHUE cOOs Ha
paboTy CUCTEMBI.

7. OOHapyXeHHEe TPU3HAKOB HEUCIIPAaBHOCTH CHCTEMBl HAa pPaHHEH
CTaJNM MOKET OBITh MCTIOJB30BAHO HE TOJIBKO IS INIAHUPOBAHUS OoJiee paHHEH
3aMEHBI JeTaJIeH, HO ¥ JIJI1 U3MEHECHHSI YCIIOBHIA dKCIUTyaTaIlUH.

Exercise 6. Find in the text the sentences with the verbs in the Passive
Voice, explain their usage.

Exercise 7. Read the following international words. Define their
meanings comparing them to the meanings of the corresponding Russian
words:

Diagnostics, prognostics, function, machine, component, degradation,
characteristics, technique, theory, model, calculation, expert, symptom, analysis,
operation, plan, method, catastrophic, vibration, user.

Unit 6.

Read and translate the text:

CONDITION BASED MAINTENANCE

The concept of a condition based maintenance is well known in industry. It
proposes a maintenance regime based on the equipment condition rather than on
the hourly operation schedule. Engine performance will deteriorate over time
reducing the amount of work that can be extracted from the shaft. This will happen
due to the reduced compressor efficiency. Air mass flow will decrease at designed
compressor speed because of engine degradation. Sources of degradation in the
engines are well known (fouling, erosion, hot corrosion, internal liner surface
cracking, increase in the tip and seal clearance, contamination, plugging of the
injector and the cooling holes). The velocity of these processes will be different
depending on the manufacturing tolerance and is strongly associated with the
engine operating conditions such as the atmospheric conditions and the engine
operation regime (full or partial load, frequency of start & stop cycles, type and
quality of fuel). These variables would mean that degradation curves of two similar
engines will never be identical and the maintenance based on the operation hours
of the machinery is inaccurate, exposing user to avoidable costs, downtime and
finally a reduced production. From the user's perspective, too frequent preventive
maintenance inspections on the equipment can also have a negative effect on
reliability due to maintenance-induced faults.

The main advantages of this approach are a reduced operation cost and a
higher availability as it allows operator to better plan maintenance.

A similar method of monitoring gas turbine performance can be applied to
other equipment such as actuators if a sufficient number of sensors is available.
Valves can be condition monitored not only to confirm if open/close transition is
made in a designed time period but also to detect wear by establishing the
trajectory of degradation (performance-versus-time plot). A valve used for the fuel
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flow control can be monitored for a deposit build-up due to impure fuel. This will
affect flow thereby monitoring the pressure drop on this valve at a given
percentage opening. If this relation deviates too great an early scheduled overhaul
should be performed before the valve fails.

Gas Path Analysis

This common method in evaluating AGTHMS relies on a thermodynamic
analysis of the gas path and of the energy balance. Using existing sensors for:
air/gas flow, atmospheric pressure, intake/exhaust temperature, combustion
temperature spread, shaft rotational speed and power generated on the shaft. This
information could be used to detect: ineffective operation, compressor and turbine
fouling, foreign object damage, filter clogging, plugged nozzles, worn seals,
excessive blade and nozzles tip clearance.

This is based on an assumption that most faults in a gas turbine will show up
or leave signature in the performance of the component exposed to the air/gas flow
passing through the engine.

Direct analysis of thermodynamic data

The first step of the analysis is to observe the engine output data under
normal operating conditions at given speed and power. The second step is to
calculate deviations of the readings over time, providing both the magnitude and
the rate of changes. The greatest advantage of this method is its straightforward
implementation; however, this approach can help to rectify only the previous
known faults. To overcome this drawback an additional implementation of the
engine model, which has a fault simulation signature is suggested.

Vocabulary:
1. To deteriorate - yxyamartbcs
2. To decrease - yMeHbIIIATh
3. Sources - HICTOYHUKHU
4. Fouling — 3amaciuBaHme, HENOJIAIKH
5. Crack - Tpemuna
6. Contamination - 3arpsi3HEHHE
7. Seal — ymuoTHs0mas mpokIaaKa, TePMETUK
8. Plugging - 3akymnopka
9. A variable - nepemenHas
10.  Inaccurate - HETOUHBIN
11.  Avoidable — He Hen30€KHBIMH, TO, YETO MOKHO M30€KaTh
12. Downtime - npocToi
13.  Preventive - npoduaakTHYECKHIA
14. Reliability - HagexxHOCTH
15.  Availability - noctynHocTb
16.  Impure fuel — TommBo ¢ npuMeckIo
17.  To deviate - OTKIOHATHCS
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18.  Exhaust — BbIxJ10M, BBIXOJTHOE YCTPOMCTBO
19.  Foreign object — mocTOpOHHUI TpeAMET

20.  Clogging - 3acopeHue

21.  Magnitude - BennunHa

22.  Implementation — peanu3aius, BbIIOIHEHUE

Exercise 1. Answer the following questions:

1. What does a condition-based maintenance propose?

2. What will engine performance reduction lead to?

3. What are the sources of degradation in the engines?

4. What does the degradation processes velocity depend on?

5. Why can too frequent preventive maintenance inspections on the
equipment have a negative effect on reliability?

6. What are the main advantages of the condition-based maintenance?

7.  What information is needed to detect ineffective operation,
compressor and turbine fouling, foreign object damage?

8. What are the advantages and drawbacks of the direct analyses of

thermodynamic data?

Exercise 2. Read and translate the following word combinations:

condition based maintenance, equipment condition, hourly operation
schedule, engine performance, reduced compressor efficiency, engine degradation,
sources of degradation, plugging of the injector, cooling holes, manufacturing
tolerance, preventive maintenance inspections, reduced operation cost, higher
availability, due to impure fuel, an early scheduled overhaul, exhaust temperature,
shaft rotational speed, to detect: ineffective operation, compressor and turbine
fouling, foreign object damage, filter clogging, plugged nozzles, worn seals, to
calculate deviations of the readings, to overcome the drawback.

Exercise 3. Find in the text English equivalents to the following:

CTpaTerusi TEXHUYECKOr0 OOCITYKUBAHUS; MPOU3BOAUTEIBHOCTD JIBUTATENIS;
TEXHHYECKOEe  OOCITy)XMBaHWE, OCHOBAaHHOE€ Ha  COCTOSIHUM;  CHU)XCHHE
b (HEKTUBHOCTH  KOMIIPECCOpa; COKpalleHne o0bema paloT, IUIAHOBBIMA
KalUTAIbHBIM PEMOHT KJalaHa; OTCJIEKUBAaTh MaJCHUE AABJICHUSA; 3arpsi3HEHHOE
TOIUIMBO; PEryJIMPOBAHUE pacXoJa TOIUIMBA;, pPACUYETHBIM NEPUOJ BpPEMEHHU;
oOHapyKeHHEe U3HOCA; KOHTPOIh PaO0TOCTIOCOOHOCTH Ta30BhIX TYPOHH; CHIDKCHHE
HKCIUTYyaTAallMOHHBIX  pPAacXOJOB; 3aKyNMOPUBAHHE WHXKEKTOpA; TMOJHAs WU
YaCcTUYHAsl Harpy3Ka; 4acToTa IIUKIIOB ITyCKa-OCTAaHOBKH; TUIl U KQYECTBO TOIUIMBA;
CTONKHYTBCS C pacxoJaMd, KOTOPBIX MOXHO H30eXKaTh, CIHUIIKOM 4YacThIe
npo(UIaKTHYECKHEe OCMOTPBI 000pyIOBaHMS; OOHAPYXHUTh HEIPHEKTUBHYIO
paboTy; 3arpsi3HEHHE KOMIIpeccopa M TYpOUHBI; MOBPEKICHUS MMOCTOPOHHUMU
npeaMeTaMu; 3acopeHue (puiIbTpa; U3HOIICHHbIC YIUIOTHEHUS; BBIYUCIUTH
OTKJIOHCHUS TIOKA3aHUM.
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Exercise 4. Make up all possible types of questions:

1. Air mass flow will decrease at designed compressor speed because of
engine degradation.
2. Method of advanced gas turbine health monitoring system evaluation

relies on a thermodynamic analysis of the gas path and of the energy balance.
3. The greatest advantage of this method is its straightforward

implementation.
4. This approach can help to rectify only the previous known faults.
5. Artificial Neural Networks have been a powerful tool in estimating

gas turbines performance and fault detection.

Exercise 5. Translate the following sentences into English:

1. CrpaTterus TEXHMUYECKOIO0 OOCIYKMBAHHUS IO COCTOSIHHIO XOPOIIO
W3BECTHA B AaBUALIMOHHOW WHTYCTPHHU.
2. Crnumkom yacThle MPO(PUIAKTUYECKHE OCMOTPBI 000pYyAO0BaHUS

MOTYT OTPHUIIATEIbHO CKa3aThCsl Ha €ro HaJIe)KHOCTHU HM3-3a HEHUCIIPAaBHOCTEH,
BBI3BAHHBIX OIIMOKAMU B X0JI€ TEXHUYECKOTO 0OCITY>KUBAHHUSI.

3. Knaman, wucnons3yeMblii 11 peryJMpOBaHHUS pacxoja TOIUINUBA,
MOKET KOHTPOJUPOBATHCS HA HAJIMUWE OTJIOKCHHH, BBI3BAHHBIX 3arps3HEHHBIM
TOILJIUBOM.

4, DTOT METOJT OCHOBaH Ha TMPEIANOJIOKEHUH, YTO OOJbIIas YacTh
HEHCIIPABHOCTEH B Ta30BOM TypOWMHE TIPOSIBUTCI B pabOTe KOMIIOHEHTA,
MOJBEPTAIOIIETOCS]  BO3JEHCTBUIO TMOTOKA  BO3/AyXa, MPOXOJSIIETO  4Yepe3
JIBUTaTEIb.

5. [lepBpIM 3TamoM aHanu3a SBIAETCS HAOMIOJCHHE 3a BBIXOJAHBIMHU
JAHHBIMU JIBUTATENIsl MPU HOPMAJIBHBIX YCIOBUSX PA0OOTHI MPU 3aJaHHBIX YaCTOTE
BpaIleHUs ¥ MOIIHOCTH.

6. Ha BTOpOM 3Tare BBIUMCISIOTCS OTKJIOHEHHs TOKa3aHUW ¢ TEUCHHEM

BPEMEHU C YYETOM KaK BEJIMYMHBI, TAK U CKOPOCTU U3MEHEHUM.
7. HauGonbmum nperMyIiecTBOM 3TOTO METOJa SBIISETCS €ro mpocTast
peanu3anusi.

Exercise 6. Make verbs from the following nouns:

Noun Verb
performance
evaluation
implementation
requirement
decision
contamination
measurement
clearance
combination
reliability
deviation
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Exercise 7. Read, translate and retell the following text:

Aircraft engines produce the power needed for aircraft. For this reason,
aircraft engines are very important for flight safety. Today’s complex and
advanced technology systems require advanced and expensive maintenance
strategies. Maintenance services are costly for airline companies. For

manufacturers, maintenance is a source of revenue.

Because of the high cost of maintenance, gas turbine engines must be
operated within specified physical limits. Today’s aircraft engines are made safer
by increasing the number of control parameters and sensors. The engines have a
complex mechanical system. Because aircraft engines operate at high temperatures,
high pressures, and high speeds, there are lots of possibilities of various faults in
the aircraft. Gas turbine engines show the effects of wear and tear over time. A
small fault during the flight does not prevent the engine from running, but if this
fault is not detected, it could lead to a bigger fault. If these bigger faults cannot be
prevented in the aircraft, it can lead to high maintenance costs and accidents. When
aircraft are taken for maintenance, the condition of the gas turbine engine is
investigated by various tests and measurements. Condition-based maintenance
(CBM) is being performed to provide effective and efficient maintenance in
today’s maintenance services.

Unit 7.

Read and translate the text:

Corrosion and Corrosion Control in Aviation

A commercial airplane is designed and operated for maximum yield,
1.e., capacity to deliver (e. g., expressed as passenger km) as a function of
operating and capital costs. Among attributes contributing to an aircraft yield are
its size, shape, speed, mass, and fuel efficiency. Some of these are constrained by
aerodynamic considerations and external factors but mass and fuel efficiency are
strongly influenced by the selection and application of the materials of
construction.

The importance of minimizing mass is illustrated by a specific example. The
take-off mass of a typical fully laden wide-body passenger aircraft is 370 tons,
comprising 160 tons of structure including engines, 170 tons of fuel but only 40
tons of payload. Mass saved in the structure can be either transferred to the payload
or used to secure some alternative economic benefit. Since the mass ratio of the
structure to the payload is four, the effect of increments in mass on yield is
magnified in proportion, e.g., a 1% change in mass theoretically produces a 4%
change in yield. Therefore all contributions to mass are scrutinized. For example,
metal sections and thicknesses are the reasonable minima needed to carry the
maximum anticipated stresses safely and excessive structural reserves to
compensate for avoidable corrosion are unacceptable. Even protective coatings,
such as paints, contribute some mass and must be applied with discrimination. It is
within this context that resistance to corrosion and other degradation agencies must
be considered.

The control of corrosion has various implications:
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1. Safety is paramount and corrosion damage must not initiate

structural failure in flight.

2. Aircraft represent heavy capital investment that must besprotected; the
costs of degradation and rectification must be within allowances made in planned
amortization.

3. Airline schedules must not be disrupted through unplanned

grounding.

These requirements must be met in the competitive context of airline
operations and under the supervision of aviation authorities acting in the public
interest such as the FAA and their equivalents in other countries.

This imposes strict disciplines on the selection, fabrication, surface treatment
and service history records of the structural materials.

Vocabulary:
1. Yield — moXoaHOCTH, TPOU3BOIUTEIBHOCTD
2. Capacity — eMKOCTh, CHOCOOHOCTb
3. To deliver - nocTaBiIsIThH
4. Capital costs — kanuTanbHbBIE 3aTPaThI
5. Attribute — npusHak
6. To contribute - cnocoG¢cTBOBaTH
7. Shape - popma
8. To constrain - orpaHUYMBaTH
0. Considerations - cooOpaxeHus
10.  Application - npuMeHeHHE
11.  Fully laden — momHOCTBIO 3arpy>KeHHBIN
12.  To comprise — BKJIFOYaTh, OXBAaThIBATh
13.  Payload — nmosie3nas 3arpyska
14.  Benefit — Beiroga, MpuOBLIL
15.  Increment - npupaiieHue
16.  To magnify - yBeTuInTH
17.  Contribution - BKJIaz
18.  To scrutinize — TmaTeIbLHO U3y4aTh
19.  Thickness - TonmuHa
20.  To anticipate - mpeIBUACTH
21.  Coating - MOKpHITHE
22.  Resistance - CONpOTUBIICHUE
23.  Implication — BoBieueHUE, TPUIACTHOCTH
24.  To impose - HajaraTh

Exercise 1. Answer the following questions:

1. Will you explain the meaning of the term “yield”?

2. What are some of the attributes contributing to an aircraft yield?

3. What is strongly influenced by the selection and application of the
materials of construction?
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Why is it important to minimize aircraft take-off mass?

Why are all contributions to aircraft take-off mass scrutinized?
Why must protective coatings be applied with discrimination?
What are the requirements to the aircraft corrosion control?

Nowk

Exercise 2. Read and translate the following word combinations:

maximum yield, capital costs, to contribute to an aircraft yield, fuel
efficiency, to be constrained by aerodynamic considerations, external factors, to be
strongly influenced, fully laden wide-body passenger aircraft, to comprise 160
tonnes, to secure some alternative economic benefit, ratio of the structure to the
payload, to be magnified in proportion, reasonable minima, anticipated stresses,
excessive structural reserves, avoidable corrosion, protective coating, to be applied
with discrimination, resistance to corrosion, the costs of degradation and
rectification, under the supervision of aviation authorities.

Exercise 3. Find in the text English equivalents to the following:

Koppo3noHnHoe TOBpEekICHUE, CEPhE3HOE KAIMTAIOBIOKECHHUE, 3aTpPaThl Ha
YCTpAaHCHHUE TOCIACACTBUN CTapeHUS M PEMOHT, HENPEIABUICHHBIC IPHUMUHBI,
Hajaratb ~ CTPOTME  TPaHMIIBI,  MaKCUMajbHas  NOPUOBUIb,  TOILIMBHAS
SKOHOMHYHOCTh, IIMPOKO(DIO3CISKHBIA  MACCAKUPCKUA  CaMOJIET, TOJIC3HAs
3arpys3ka, OTHOIIIGHHE MacChl KOHCTPYKIIMU K Macce IMOJIC3HOTO I'py3a, pa3yMHBIC
MUHHUMYMBI, BBIICP)KUBAaTh MaKCHUMaJIbHBIC OKHMJAeMbIC YCHIHMS O€30I1acHO,
3aIUTHBIC TIOKPBITUS, MUHUMAaJIbHAs TOJIIIUHA, TPOIECCCHI CTAPCHUSI.

Exercise 4. Make up all possible types of questions:

1. The control of corrosion has various implications.

2. Corrosion damage must not initiate structural damage in flight.

3. The Investigation concluded that the ATC procedure involved was
potentially hazardous.

4 The major concern of aviation industry is safety of flight.

5. The airplane engine will burn off a certain amount of fuel during
operation.

Exercise 5. Translate the following sentences into English:

1. Cpenun mpu3HAKOB, CIIOCOOCTBYIOMIMX MPUOBUTEHOCTH CaMoJIeTa - €ro
pasmep, hopma, CKOPOCTh, Macca U TOTUIUBHAS IKOHOMHYHOCTD.

2. Ha maccy ¥ TOIIMBHYIO 3KOHOMUYHOCTh CaMOJIETa CHJIBHOE BIUSHHE
OKa3bIBAET BHIOOP M MPUMEHEHHE PA3IMIHBIX KOHCTPYKIIMOHHBIX MaTepUaJIOB.

3. Kommepueckuid caMoseT pa3padaThiBa€TCAd W HKCILUTyaTUPYETCS IS
MaKCHUMaJIbHON TTPHOBLTH.

4. 3alUTHBIC TOKPBITHS, TAKUE KAaK KPACKH, BHOCST HEKOTOPYIO Maccy U
JOJKHBI OBITh MPUMEHEHBI C MUHUMAIbHOM TOJIIUHOM.

5. ['padukn  aBHaKOMIIaHMM HE JOJKHBI  OBITH  COpBaHbI IO

HEIPEBUJICHHBIM MPUYUHAM.
6. Koppo3nonHoe moBpexAeHUE HE JIOJKHO NMPHUBECTH K PA3PYLICHUIO
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KOHCTPYKIIMM CAMOJIETA B IOJIETE.

Exercise 6. Find in the text the sentences with the verbs in the Passive
Voice, explain their usage.

Exercise 7. Give the three forms of all the verbs used in the text.

Exercise 8. Read, translate and retell the following text:

The average age of the aircraft in use today is getting older. Many mechanics
are maintaining aged aircraft and fleets that have special inspection and
maintenance needs. Although there are many issues to consider when working with
older aircraft, the most insidious of these is corrosion. It can slowly progress and
become well established before being detected. Just as cancer can be devastating to
the human body, corrosion can spread to adjacent structure at a rapid pace once it
takes hold. It can lead to fatigue, weakened structure, and have a catastrophic
impact on public safety. Early detection and treatment are essential to controlling
corrosion.

Unit 8.

Read and translate the text:

Airframes. Materials of Construction

For economy in mass, cost benefit analysis reveals that the most
desirable properties of airframe materials are low density, high modulus, and
damage tolerance. Following years of experience, the materials that best meet these
requirements are the age-hardening aluminum alloys in the AA 2000 and AA 7000
series, particularly AA 2024, and AA 7075 alloys. Typically, fuselage skins are
fabricated from rolled sheet of the more damage-tolerant alloy, AA 2024,
supported on frames usually made from the stronger alloy AA 7075. A modern
practice is to machine wings to shape from AA 2024 alloy plate to produce integral
stiffeners and to optimize mass by varying the thickness to keep stress levels
consistent. There is some replacement of aluminum alloys by carbon fiber
composites where the imposed stress system is suitable. Aluminum alloys
containing lithium offer density and modulus advantages for possible future use
but they are not generally accepted for aircraft at present, although they are applied
in space vehicles.

Corrosion of Aluminum Alloys in Airframes
Water causing corrosion on the inside of the fuselage structure is
accumulated from vapor from human sources condensing against the cold skin and
where insulating materials can obstruct drainage. The corrosion is insidious,
developing out of sight and eating into structural reserves. The decisive criterion is
area loss, reducing the ability of the material to % transfer loads correctly within
the structure. It is unusual to find substantial damage on open flat panels and

corrosion is generally associated with specific features of the structure.
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Corrosion around faying surfaces, rivets, joints, and crevices is particularly
troublesome. The incidence and severity of corrosion in these places is sensitive to
details of construction. Errors in assembly that encourage corrosion include:

1. Crevices between fuselage skins and frames

2. Dry, i.e., unsealed, joint assembly.

3. Gaps where sealant fails to protect interfaces between multiple skins
applied to reduce stress levels around cut-outs such as door-frames.

4. Stringer sections disposed so as to form gravity traps for water. Based on
experience, designs and construction techniques have been modified to reduce
corrosion damage.

These expedients include:

1. Eliminating multiple skins at cut-outs, by providing the extra thickness
needed for reinforcement from thicker sheets, profiled by chemical milling.

2. Provision of drainage holes closed by spring-loaded valves to prevent
accumulation of water at critical places.

3. Assembly of joints with sealants to prevent ingress of water. Certain
zones are corrosion free. Examples are the insides of pylon box sections that are
heated by the engines.

The whole of each wing structure forms a fuel tank and it inevitably collects
water through the temperature and humidity cycles experienced. If the water
remained, there would be a possible biological corrosion hazard by the growth of a
fungus at the water/fuel interface that generates acids.

In modern aircraft, any such problem is eliminated by sump pumping the
fuel from low remote points in the tank where any water could collect; this extracts
the water and delivers it harmlessly to the engines. Provided that this is done, there
are no residual corrosion problems on the insides of wings.

External Corrosion. Corrosion of Aluminum Structures

At low altitudes, the airframe is exposed to the natural atmosphere; it can be
made more aggressive locally by chlorides contributed from de-icing salts and
marine environments. Nevertheless, the general corrosion on the outside is less
than on the inside except in particular areas where it can be quite severe on some
aircraft.

The vulnerable areas include the external forward faces of the front and rear
wing spars and undercarriage bases; this may be associated with erosion-corrosion
induced by the airflow. External damage is easier to detect and rectify than internal
COITOSION.

Corrosion of Steel Components

Where necessary, some airframe fittings are made from high strength steel,
protected by electrodeposited coatings of cadmium for bi-metallic compatibility
with aluminum alloys. They include flap-track fittings and pylon pins together with
their terminating attachment points that unite the engines with the wings.
Corrosion of these components would be particularly serious and must be
monitored carefully and rectified because of possible interference with their vital
functions.
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

Vocabulary:

Property - cBONMCTBO

Density - II0THOCTH

Damage-tolerant — TepIMMBIi K TTOBPEKICHUIO
Stiffener — snemenT xxecTkocTU

Aluminum alloy — antoMuHUEBBIN CIUIaB
Thickness - TonuHa
Vapor - ucnapenue

Drainage — npeHax, BBIITYCK KUIKOCTH
Insidious — KOBapHBINA, CKPHITHINA

Substantial damage — 3HaunTENBHOE MOBPEKACHHE
A rivet - 3akyienka

Joint — MecTO coeTMHEHUS

Crevice - mieib

Sealant — repMeTHK, MaTepuai s yINIOTHEHUH
Gravity trap - OTCTOMHUK

Expedient — rieziecooOpa3HblIid, MOIX0 SN
Reinforcement — ycunenue, ykperieHue
Humidity - BraxxHoCTh

Harmlessly — 6e3 ymep6a

Residual - octatounbIit

Vulnerable - ysa3BuMBbIii

Compatibility — coBMeCTUMOCTB, COUETaHUE
Interference — BMeraTenbCcTBO, momMexa

Exercise 1. Answer the following questions:

l.
2.
3.

What are the most desirable properties of airframe materials?
What are the materials that best meet all the requirements?
Where is water causing corrosion on the inside of the fuselage

structure accumulated from?

4.

XA

9

10.
11.
12.
13.

What damage can the corrosion inside the fuselage structure cause?
What is corrosion generally associated with?

Where is corrosion particularly troublesome?

What sort of errors can encourage corrosion?

What has been done to reduce corrosion damage?

What zones are corrosion free?

What can cause corrosion damage in a wing structure?

What problem is eliminated by sump pumping in modern aircraft?
What are the external vulnerable areas of the aircraft?

What are some airframes fittings made of?

Exercise 2. Read and translate the following word combinations:
cost benefit analysis, the most desirable properties, low density, high
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modulus, damage tolerance, meet the requirements, age-hardening aluminium
alloy, to be fabricated from rolled sheet, to produce integral stiffeners, to keep
stress levels consistent, carbon fiber composites, insulating materials, to develop
out of sight, area loss, to find substantial damage, corrosion around faying
surfaces, errors in assembly, to protect interfaces between multiple skins, to form
gravity traps for water, to provide extra thickness, to prevent accumulation of
water, humidity cycles, to be eliminated by sump pumping, residual corrosion
problems.

Exercise 3. Find in the text English equivalents to the following:

Y I0BIETBOPATh TPEOOBAaHMSIM, TEPIUMOCTh K TIOBPEKICHUSAM, HHU3Kas
IUIOTHOCTh, CIUTAB AJTIOMHHHS JUCIICPCHOHHOTO OTBEPACHHS, HW3TOTOBUTH W3
MPOKATHOTO JIMCTOBOTO JKEJie3a, COCAUHCHUS YIJICBOJIOKHA, IPOW3BOAUTH
COCTaBHBIC JKECTKHE TMOJKIAIAKW, aHaiu3 dS()PEKTUBHOCTH 3aTpaT, caMble
JKEJIaTebHbIC CBOMCTBA, W3OJISIMOHHBIC MaTepUajbl, OIIMOKH TIpH COOpKe,
IIPEIOTBPAIaTh HAKOIUICHUE BOJbI, KOPPO3HUS BOKPYr IUIOTHO MPHJICTAIONIIUX
TIOBEPXHOCTEH, pa3BUBATHCS HEBWIMMO JUISI Tjla3, TMOTEPs IUIOMIAIH, YMEHBIITUTh
MOBPEKIAEMOCTh KOPpPO3WEH, YCTPaHATh C IIOMOIIBIO CHCTEMBI OTKAYKH,
OCTaTOYHBIC KOPPO3UOHHBIE TOPAXKCHUS, CTAIh BBICOKOH ITPOYHOCTH.

Exercise 4. Make up all possible types of questions:

1. At low altitudes, the airframe is exposed to the natural atmosphere.

2. Aluminum alloys containing lithium offer density and modulus
advantages for possible future use.

3. Designs and construction techniques have been modified to reduce
corrosion damage.

4. . Corrosion of these components would be particularly serious.

5. Cost benefit analysis reveals that the most desirable properties of

airframe materials are low density and damage tolerance.

Exercise 5. Translate the following sentences into English:

1. Ananu3z  23(pGEeKTUBHOCTH  3aTpaT  MOKa3bIBae€T, YTO  CaMbIe
JKeJaTelbHbIE CBOMCTBA MaTE€pUaJoOB IJIaHEpa — 3TO HU3KAsl IJIOTHOCTh, BBICOKUMN
MOAYJb MPOYHOCTH U TEPIUMOCTH K MOBPEXKICHUSIM.

2. AJIOMUHUEBBIE CIUIABBI, COAECPKAIINE JTUTUN, JAIOT MPEUMYIIECTBA B
IJIOTHOCTH U MPOYHOCTH JJIsI BO3MOXHOIO OyAyIIEr0 MUCIOJIb30BaHUS, HO OHHU HE
pacrnpoCTpaHEeHbl B CAMOJIETOCTPOEHUH B HACTOSIIIIEE BPEMSI, XOTSI U IPUMEHSIOTCS
B KOCMUYECKUX KOpaOJIsiX.

3. Koppo3susi koBapHa, oHa pa3BUBAETCS HEBUIMMO IS TJ1a3, pas3pylias
KOHCTPYKIIMOHHBIE PE3EPBBI CaMOJIeTa.
4. Koppo3nonHoe moBpexjaeHHe HedacTo OOHapy)KMBaeTcs  Ha

OTKPBITHIX IIJIOCKUX TIAHENSX, W Pa3BUTHIO KOPPO3HH OOBIYHO CIIOCOOCTBYIOT
omnpeeeHHbIe 0OCOOCHHOCTH CTPYKTYPBl KOHCTPYKIIMOHHOTO MaTepHania.
3. Koppo3ust BOkpyr moABH>KHBIX MOBEPXHOCTEH, 3aKJICTIOK, COUJICHECHHUI

U 1iesieil 0cCOOCHHO HENpUATHA.
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6.  OcCHOBBIBasICh Ha ONBITE, KOHCTPYKTOPCKHE M TEXHOJOTUYECKHE
METO/IbI OBIIT H3MEHEHBI, YTOOBI YMEHBIIUTH TOBPEKAAEMOCTD

KOppO3HEH.

7. KoHCTpyKmms KaXIoro Kpbuia (OpMHUpPYET TOIUTMBHBIM Oak, M OHa
HEU30eKHO COOMPAET BOJY U3-3a TEMIIEPATYPHBIX U BIAXKHOCTHBIX LIUKIIOB.

Exercise 6. Match the words on the left with their Russian equivalents
on the right.

1. drainage a) IPOU3BOIUTEINb
2. development b) 3HaUNTENbHBIN
3. interference C) TOJIIMHA

4. tolerance d) pa3zpaboTka

5. density €) TePIUMOCTh

6. attachment f) mI0THOCTH

7. passivation g) JOTIOTHEeHHE

8. coating h) BMemarenscTBO
9. compatibility 1) IpEHAXK

10. manufacturer ) CO371aHKE 3AITUTHOTO CIIOS
11. thickness k) mokpeiTHe

12. substantial 1) coBMeCTUMOCTH

Exercise 7. Form nouns from the verbs:

To desire, to require, to replace, to drain, to construct, to reinforce, to
accumulate, to erode, to corrode, to fit, to attach, to interfere, to rectify, to
contribute, to deliver, to provide, to reduce, to decide.

Exercise 8. Find in the text the nouns with the suffixes —or, -er, -tion, -
sion, -ence and say what verbs they are derived from.

Exercise 9. Read, translate and retell the following text:

What is corrosion?

The Dictionary of Aeronautical Terms defines corrosion as "an electrolytic
action which takes place inside a metal or on its surface. The metal reacts with an
electrolyte, and part of the metal is changed into a salt. The salt, which is the
corrosion, is usually dry and powdery, and it has no strength."

Four factors are needed for corrosion to exist:

1. Presence of a metal that will corrode (anode).

2. Presence of a dissimilar conductive material (cathode) which has less
tendency to corrode.

3. Presence of a conductive liquid (electrolyte).

4. Electrical contact between the anode and cathode (usually metal-to-metal
contact, or a fastener). Elimination of any of these factors will stop corrosion.
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READER
Text 1
Risk View of New Advanced Gas Turbines and Their

Technologies

The benefits of advanced gas turbines and their technologies are easily
quantified. The gas turbines produce more power, use less fuel, provide higher
combined cycle efficiencies, and reduce emissions levels significantly. So why is
the insurance industry concerned? Because, when you step back and examine
where new turbines are today versus where they were previously, there is a
significant down side. In particular:

 New advanced turbines are run at higher firing temperatures, are
physically larger in size, have larger throughput (airflows and fuel flows), and have
higher loadings (pressure and expansion ratios, fewer airfoils, larger diameters)
than previous gas turbine designs.

* The technologies (design, materials, and coatings) required to achieve the
benefits are more complex to concurrently meet gas turbine performance,
emissions, and life requirements.

* The design margins with these technologies tend to be reduced or
invalidated. While analytical models may be extrapolated to evaluate the new
designs, full-scale verification of the new designs is an absolute necessity.
Similarly, the materials being used are either relatively new or are being pushed to
new limits.

* There is no reliability record for the new designs. While component rig
testing (scale or sector) may help validate some component’s performance, the first
time the unit reaches design conditions is in the owner’s plant. Essentially, the
units are considered prototype or unproven designs for the first three years of
operation or until all the major design problems are identified and corrected.

* The cost of hardware and subsequent cost of ownership have increased due
to the complex designs, increased size, and higher throughput in the advanced
machines.

. » Gas turbine operation has similarly become more complex and computer
driven requiring new/different skill sets for staffing in plants.

Text 2.
Know the enemy
Corrosion, or at least the type what we typically deal with is simply the
electromechanical deterioration of a base metal caused by a chemical reaction to its
surroundings — air and water. Unfortunately, many of the metals that make up a
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typical airframe are prone to corrosion. And the situation can be made even worse
wherever two dissimilar metals meet.

“Any time you have two dissimilar metals touching and you introduce
moisture, the least noble of the two materials is going to corrode. That’s just a
given,” stated Mark Pearson, general manager and owner, Lear Chemical Research
Corporation. “And the more you operate in areas with high humidity, salt, heat and
airborne pollutants, the faster that corrosion will accelerate.” In fact, many experts
believe that corrosion begins the moment the aircraft is assembled. Processed
metals are in an unstable format. With the help of an electrolyte, they want to
revert back to their original stable oxide form.

CORROSION ELECTROLYTE
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Pic.1.Galvanic corrosion occurs when two dissimilar metals make contact in the presence of an
electrolyte. It is usually recognizable by the presence of a build-up of corrosion at
the joint between the metals.

The specialists have been using various barrier coatings like paint and zinc
chromate to protect internal components for decades. While their steps do slow the
process, zinc chromates and paints eventually become brittle and come away from
the base metals. Once the barrier coating wears off, the corrosion switch is turned
on. When corrosion appears in lap joints and around rivets and screws, technicians
have to be ever more proactive in their ongoing inspections and the
implementation of a program that will keep moisture out of the damaged areas.

As Pearson said, in its most basic form, airframe corrosion is the electrolytic
destruction of metal by an electrochemical reaction with its environment. If we
could view a corrosion ‘cell’ at a microscopic level we see all the elements of a
battery — you have an anode, a cathode, a path of current and an electrolyte such as
water that’s laced with a bit of salt, dirt, exhaust or other airborne contaminant.
The introduction of the latter completes the ‘circuit,” which causes the transfer of
electrons to create corrosion between the two metals.
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Technicians: The First Line of Defense
“We’ve been developing and manufacturing corrosion control processes and
products longer than anyone and experience has shown that mitigation or
prevention is critical to corrosion control efforts,” Pearson said. “Prevention is far
better than trying to find a cure after corrosion has established itself in the aircraft.
A preventative maintenance program is the least expensive and most effective way
you can have to minimize corrosion.”

“To that end, technicians are extremely important in the ongoing battle to
control airframe corrosion,” he continued. “They need to be doing every inspection
with the intent to find signs of corrosion — especially in older aircraft. Borescopes
and other tools are invaluable in helping technicians see under floorboards, behind
pressure bulkheads and other tight spaces that are prone to holding a lot of
moisture and contaminants.”

CJioBapb TepMHHOB

Ne i/ Tepmun IIepeBon
1 capacity €MKOCTbh, BMECTUMOCTh
2 fuel efficiency TOIUJITMBHAS 9KOHOMUYHOCTh
3 aerodynamic considerations a’POJIMHAMHUYECKUE COOOPAKEHUS
4 take-off mass Macca B3JieTa
fully laden wide-body passenger HOMHOCTBIO garpymelfHHH
5 . MIUPOKODIO3EISHKHBIN
aircraft .
MACCAXUPCKUN caMoJIeT
6 payload TMIOJIC3HBIN TPY3
7 scrutinize TIIATEIHHO U3yYaTh
8 avoidable corrosion yCTpaHUMas KOPPO3HUs
9 protective coating 3aIIUTHOE ITOKPHITHE
10 | resistance to corrosion YCTOMYUBOCTH K KOPPO3UHU
11 | degradation agencies MIPOLIECCHI CTAPEHUS
12 | corrosion damage KOPPO3UOHHOE TIOPAKCHHE
13 | paramount YPE3BBIYANHO BAXKHBIN
14 | structural failure pa3pylieHue KOHCTPYKIIUU
15 | heavy capital investment 3HAYUTEIbHBIC KaTUTATOBIIOXKECHUS
16 | rectification WCNPABJIEHUE, YCTPAHEHUE
17 | airline schedules rpaduku (pacrrcanue) aBUaTuHUN
18 | disrupt COpBaTh
19 | unplanned grounding HezammanupoBaHHOE 3ampeiieHne
MOJIETOB
20 | requirement TpeboBaHue
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o1 HaOJIOJEHUEM aBUAIIMOHHBIX

21 | supervision of aviation authorities .
BJacTen

22 | service history records ACTOPIIL TOXHITHBOROTO
o0cCITy>KUBaHUS

23 | airframe IJIaHED

24 | desirable properties HPEATOTTHTETLHAIE
XapaKTePUCTUKH

25 | low density HU3Kasl TUIOTHOCTh

26 | high modulus BBICOKHM MOJ1yJIb TPOYHOCTHU

27 | damage-tolerance TEPIUMOCTb K MOBPEKICHUSIM

28 | age-hardening aluminum alloys CHIABBL TTIOMIIA
JUCTIEPCUOHHOTO OTBEPICHUS

29 | fuselage skin oOmuBKa (ro3esnska

30 | rolled sheet JIUCTOBOM MPOKAT

31 | machine wings IPOU3BOAUTH KPbLIbS

32 integral stiffeners COCTaBHBIE )KECTKHUE MOIKIAAKA

33 | carbon fiber COEIMHEHHUS YTJIEBOJIOKHA

34 | imposed stress system HAJIOKEHHAs! CUCTEMA HANIPSHKCHHUS

35 | lithium JTUTHH

36 | space vehicles KOCMHMYECKHUE aIlapaThbl

37 high copper and zinc contents BRICOROC COACPARAMHE MEAH 1
IIUHKA

13 natural passivation €CTECTBEHHA [TaCCUBALU

of aluminum ATIOMUHUS

39 | surface coatings MMOBEPXHOCTHBIC TTOKPBITHS

40 | roll-bonded cladding Hanecennas Ha pysioH 0060J104Ka

41 | metal manufacturer MIPOU3BOUTEINb METAJIIA

42 | galvanic protection rajJbBaHUYECKas 3aluTa

43 | sheet thickness TOJIILIMHA JINCTA

44 | machined surfaces o0paboTaHHbIE TOBEPXHOCTU

45 | paint protection 3alIATa MOKPaCcKOn

46 | chromate-inhibited primer XpOMAT-HHTHOUPOBAHHAS
TPYHTOBKA

47 | electrostatic guided spray AIEKTPOCTATUICCKU YIIPABISIEMOE
pacibUIeHUE KUIKOCTH

48 implementation BHEJIPECHUE

49 | sulfuric or phosphoric acid cepHas uiu pocdopHas KucioTa

50 | shot-peening npoOectpyitHas 06paboTka
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51 | fuselage (rozemsok

52 | vapor nap

53 | insulating materials M30JISIHUOHHBIE MAaTEPUAIIbI

54 | obstruct drainage 3aTPyIHUTDH JpPEHaX

55 | insidious KOBapHbIH

56 structural reserves CTPYKTYPHBIC PE3CPBhI

57 | substantial damage CEPbE3HOE MOBPEKACHHUE

58 | rivet 3aKJenkKa

59 | joints COWJICHECHUS

60 | crevice enb

61 evaluation of data OLIEHKA JaHHBIX

62 | stringer CTpUHIEp

63 | gravity traps rpaBUTAIMOHHbBIE JIOBYIIIKU

64 eliminating multiple skins at cut- | ycTpaHeHuEe MHOTOKpPATHBIX CJIOEB

outs OOIITUBKY B KOHTYpax

65 | chemical milling XUMHYECKOe (Ppe3epoBaHme

66 | spring-loaded valve HOJNPY>KUHEHHBIN KJIanaH

67 | pylon box sections OTCEKH MUJI0OHA

68 | fuel tank TOIUTMBHBIN OaK

69 | inevitably HEN30eKHO

70 | temperature and humidity cycles TEMICPETYPHBIE H BIAKHOCTHRIC
IIUKJITBI

71 | biological corrosion hazard yrpo3a OMOJOTUYECKON KOPPO3UHU

72 incipient 3apOXKIAIOIIHIACS

73 | sump pumping nepeKayka 0TX0/10B

74 | low altitudes HU3KHUE BBICOTHI

75 | de-icing MIPOTHUBOOOIIEICHUTETbHAS
o0paboTka

76 | vulnerable areas ySI3BUMBIE 00J1acTH

77 | wing spars JIOH>KEPOHBI KphLila

78 | undercarriage bases OCHOBAHUS IIACCH

79 | erosion-corrosion KOpPPO3HS B pE3yJbTaTE 3PO3UHU

80 air flow MOTOK BO3/1yXa

81 high strength steel BBICOKOTIPOYHAs CTaJlb

82 | enhanced arrangement YCOBCPHICHCTROBAHAA
KOMITOHOBKA

83 compatibility COBMECTUMOCTD

84 | flap-track fittings (UTTUHTY HAMPaBIISIOLIUX
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3aKpPBUIKOB
85 | pylon pins LIIMWIBKA MUJIOHOB
86 | local fatigue cracking MECTHOE€ YCTaJOCTHOE pa3pylICHUE
87 | joint-penetrating MIPOHUKHOBEHUE B TPEIIUHBI
88 | water-repellant BOJIOOTTAJIKMBAIOIIN I
89 long-term protection JIOJITOCPOYHAs 3aluTa
90 environmentally sensitive | Pa3pymienue, 4yBCTBUTEIBHOE K

cracking rapaMeTpaM OKpYKarollen cpeJibl
91 | fatigue cracking YCTAJIOCTHOE pa3pylleHue
92 | cyclic stresses UKJIMYECKUE HATPY3KU
93 | flight maneuver loads Harpy3KH Mpu MaHeBpax B MOJIETE
94 | gust load Harpy3ka OoT BO3JYIIHOI'O MOpPbIBa
95 | pressurization pasrepMeTH3anus
96 | markings on fractures MapKUPOBKa Ha HAJIOMax
97 | stress-corrosion cracking KopposuonHoe pactpeckuBaHue
98 | heat treatment procedures Hpouezypet Tepmirieckoi

00paboTKu
99 | nozzle COILIO
Jluteparypa

. Aviation Maintenance Magazine — avm-mag.com

imia.com -John A. Latcovich, Turbine Power Systems Conference and

Condition Monitoring Workshop February 25-27, 2002 Galveston, Texas

. David Talbot, James Talbot, Corrosion Science and Technology, CRC

Press LLC, 1998.
Adamowicz M, Zywica G. Advanced gas turbines health monitoring

systems. Diagnostyka. 2018;19(2):77-87.
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