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AUTOMATION CONTROL SYSTEM OF TECHNICAL CONDITION
OF GAS TURBINE ENGINE COMPRESSOR

The article is devoted to one of the approaches to the construction of an automated system
for solving the problems of diagnostics and monitoring of the flow duct of aircraft gas turbine
engines and gas turbine plants. Timely detection of faults and subsequent monitoring of their de-
velopment in operation are possible thanks to automated systems for assessing the technical
condition of engines. This is particularly relevant in operating conditions as the knowledge of
the technical condition of the engine is necessary for any engine maintenance system allows to
choose the content and timing of maintenance, repair of the flow duct of gas turbine engines and
gas turbine plants, as well as commissioning.

The engineering technique, which can be applied at the performance of maintenance and
stages of tests and debugging of aircraft engines, is considered. The automated system imple-
ments a method of measuring the airflow through the compressor and a technique for assessing
the technical condition of the compressor by the relative change in airflow.

To determine the airflow rate through the gas turbine engine, it is sufficient to measure only
static pressure values in the flow part. The static pressure receivers are not located in the flow
part and do not obscure it, and thus do not affect the compressor gas-dynamic stability margin.
The inspection area is selected for measuring in the flow duct of the air intake. Static pressure in
the maximum and minimum cross-sections of the chosen area is measured, the maximum cross-
section area of the flow duct, the total temperature of the airflow is measured outside the air in-
take. To determine the airflow rate, the functional dependence of the airflow rate on the static
pressure is used.

The algorithm for monitoring and diagnosing the operating condition of the engine is based
on a comparison of the actual values of air flow rate with the airflow rate determined during the
control tests or when using a mathematical model adapted for this gas turbine engine.

The positive effect of the using of the proposed automated control system of the technical
condition is that the airflow rate measured under operating conditions will significantly increase
the objectivity of the control of the operation and technical condition of the gas turbine engine.

Keywords: automated system; primary converters, metrological characteristics;, air con-
sumption, compressor, gas turbine engine; evaluation of technical condition, algorithm,; metro-
logical characteristics; functional scheme; approbation.

Introduction timate the efficiency of maintenance, the current repair
of the flow duct of GTE, GTU, debugging (engine sink,
The control system of any engine is designed to es-  elimination of cracks, regulation of compressor mecha-

timate the technical condition of the engine as a whole ~ hization, etc.). ) o .
and as for its individual units and systems. Correct and timely estimation of the operational

The estimation of the operating conditions of the condition allows maintaining the reliability of controlled
gas turbine engine (GTE), gas turbine unit (GTU) refers ~ equipment at a given operational level.
to the control of their technical condition, both in ac- Controlled objects represent a complex multilevel
cordance with the values of its main parameters with the ~ technical system. Analysis of the failures and troubles
requirements of the technical (operational) documenta-  Of individual systems and units [1, 2], allows to identify
tion, and according to the proposed criterion — the de-  the most frequently damaged parts in the operation.
viation of the air flow rate through the compressor. This ~ One of these parts is the flow duct of the GTE, which
allows us to determine not only the technical condition ~ interacts directly with the working fluid (air, gas). Time-
of the GTE, GTU, as a technical object, but also to es- ly detection of faults, their estimation, as well as the



subsequent control over their development in operation
are possible due to automatic systems of estimation the
technical condition of the GTE. The presence of effi-
cient automatic systems based on modern methods
(techniques) for estimation the technical state of the
GTE are necessary in any system of their maintenance.
Particularly relevant this factor is in operation condi-
tions.

The basis of determination of airflow rate through
the compressor is the following relationship [3]:

where G — air flow rate. determined according the pa-
rameters of the air intake (Fig.1);

m — coefficient taking into account the thermal
physic properties of air;

Py — static pressure in the minimum section of the
measuring area;

Ty — total temperature of ambient air;

Fp - area of the minimum section of the measuring
area;

k — adiabatic index;

P, — static pressure in the maximum section of the
measuring area;

op — total pressure loss coefficient in the measur-
ing part;

Ag — coefficient of the flow duct cross section area
change in the measuring part.

The value of m is determined as follows:

k+1

k/ 2 \k1
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where R — gas constant, is a constant value and for air it
is 287 J /kg K.

1

Fig. 1. The scheme of the flow part of the lemniscate
air intake [4, 5]: 1 — air intake; 2 — engine air inlet
nose cone; "n" — the maximum and "B" — minimum

cross sections

In all engineering calculations adiabatic index k is
accepted as a constant, the value of which for air is
equal to 1.4.

The area of Fy is constant magnitude and is meas-
ured only one time.

The total pressure loss coefficient is a function of
the Mach number M and in our conditions is taken to be
a constant and equal to 1.0 [2, 3, 5].

The coefficient of the flow duct cross section area
change in the inspection part

Fp \*
Ap (F_n UB) )

where F, is the maximum area cross section of the in-
spection part, is a constant as Fy and is measured only
for one time. So Ag is constant too.

Thus, to determine the air flow rate through the
flow duct of the compressor, which is equipped with an
axial air intake (Fig. 1), the next is needed:

1. pre-determine the constants k, Fg, F,, op, T, Ag;

2. measure the temperature of the ambient air T; ;

3. measure static pressure in the maximum area
cross section of the measuring section Py;

4. measure static pressure in the minimum area
cross section of the measuring section Pg;

5. determine the air flow rate by dependence (1);

6. reduce the airflow rate to the Standard Atmos-
phere.

The basis of this method is the invention [3]. Ac-
cording to this method the air flow rate measurement is
performed in the air intake of GTE on the section of the
flow duct between the maximal and minimal cross sec-
tions.

When the constants are substituted into the above-
mentioned dependence, it simplifies and takes the form

of the function G = f(Pg, P, T; ), where the external air

temperature is measured by the regular receiver, and the
static pressure values is measured by the using pilot-
static tube, made in the form of openings with a diame-
ter of 1 mm [3 - 5] in the sections "n" and "B", which do
not obscure the flow duct of the air intake and do not
affect the main parameters of the GTE and gas dynamic
stability of the compressor.

Reducing of the air flow rate value to the Standard
Atmosphere is carried out by the formula (2) [2 - 5]:

= 760 /T_H
Gred - chr Py 288 (2)

where Gq — the reduced value of air flow rate, G, -
current value of air flow rate, Py, Ty — pressure and
temperature of air in front of the engine.



Thus, in order to determine the air flow rate pass-
ing through the GTE in the flow duct, it is sufficient to
measure only the static pressure values, the receivers of
which do not settle in the flow duct and do not obscure
it and not affect the compressor gas-dynamic stability.

It is proposed to use a criterion changing of the air
flow rate through the compressor to estimate the effec-
tiveness of maintenance activities, in parallel with the
estimation of the technical condition of the GTU. This
criterion is compared with the permissible value for it
and, a conclusion about the state of the GTU is made on
the basis of this comparison. That is, this technique is
based on a comparison of the actual values of air flow
rate with the basic (initial), which are determined by the
factory corresponding characteristic (acceptance test,
throttle performance), or using a mathematical model
adapted for this GTU.

1. Crux of problem

Minimizing the measurement of air flow through
the compressor of the gas turbine engine, processing
and filing the results without operator intervention.

1. Construction of the basic flow
characteristics

To construct, for example, the basic flow character-
istics of the GTU D-336, the throttle performance of the
gas turbine unit D-336 was used, the air flow of which is
given in table. 1 in the form of functional relation
Ghrea = f(nhp.red)

Table 1
The functional relation Gy, ,..q = f (nhp_red)

th. red>
rev/ min|

Gb,reda
kg/s
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According to table 1 the approximation of the
basic characteristics was carried out and it was got in
the graphic (Fig. 2) and analytical form:

Gprea = —258,0720310738 + 0,03610998961y,), ,q
—0,0000010768n7,, 04

This representation makes it possible to compare
the actual value of the air flow rate with the base with
the minimum error in the range of operating frequencies
of the high pressure cascade rotor.
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Fig. 2. Graphical representation of the basic
characteristic

2. Algorithm for the measuring
the air flow rate through the GTD

The algorithm for assessing the technical condition
of the compressor is shown in Fig. 3.

In accordance with the algorithm, a software was
done. It includes:

» program of diagnostics and installation of the
technical part of the system;

* the software for calculating air flow rate and re-
cording the results of measurements

Introduction of air intake
parameters Fg F, .Og!
adiabatic index k:
parameters Tz Py By By

Input of initial
information

Generating parameter
registration card >

1l

Air flow rate
determination

|Gred—Ghred|< 5%

no J{

perfect state

EXtra test

Writing cf air flow rate il
in Relation to IT

the standard atmcsphere
END

Fig.3.The algorithm for determining the air flow
by an automated system
3.Automated system for measuring air flow through
the gas turbine engine compressor

Automation system for measuring the air flow rate
through the gas turbine engine compressor (Fig. 4) min-
imizes the operator's participation in the processing of
the data. It implements the algorithm of air flow rate
measurement method [4]. The method of determining
the change of the air flow through the compressor and

13800 nhp.
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consists of?

1. sets of primary signal converters, (re-
ceivers, sensors) installed on the gas turbine
engine;

2. eight-channel communication with the
object module;

3. electric cable;

4. data interface controller RS-422A/RS-

5. portable PC-based workstation;
6. software;
7. technical documentation.
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Fig. 4. Functional scheme of the automated system
for measuring air flow rate through the compressor

In Fig. 4 the object communication module (MSO)
is selected with the dashed line, where Ent0 ... Ent7 —
analog inputs from sensors; IAO .... IA7 — input amplifi-
ers; AS — analog switching unit; ADC — analog-digital
Converter; SCC — single-chip controller; FM — flash
memory; GIC — galvanic isolated Converter; other
modules of the system: KI — interface Converter;
PC — workstation based on personal computer.

System specifications:

8. input signal from sensors — current
4...20mA;

9. supply voltage — 220 V;

10. power consumption —no more than 30
Wi

11. number of measurements per second —
no more than 20;

12. error — 0,05%;

13. distinguishing ability — 16 bit;

14. isolation voltage — 2500 To;

15. ambient temperature — from -10 to
+70 °C.

The primary converters are - temperature sensor
and two pressure sensors. Each GTU has a standard
temperature sensor, the signal from which can be used
in the system. To measure the air temperature before
GTU it is advisable to use a sensor type KVANT -
DDTVN 5303/4B2A (-50...+ 650 °C), and to measure
the static pressure in the air intake — sensors such as
MDD-1-1000, MDD-Te-220-780, Metran-100-DIF
Vnl1350, Safir 2415, Honeywell 307536667-000 and

etc.

The pressure sensors of the type MDD-1-1000,
MDD-Te-220-780, in particular used in the flight re-
corders, require a special converter to convert the analog
signal into digital. Besides this their metrological char-
acteristic requires testing of sensors once a year, so it's
better to apply the sensors with more stable metrological
characteristics and digital output like types Metran-100-
DIF Vnl1350, [6] Safir 2415, Honeywell 307536667-
000.

Pressure sensors “Safir” have been made in
Ukraine by Private JSC “Manometr-Kharkiv” since
1998 in accordance with the specification
U24275859.002-99. They designed for continuous con-
version of liquid and gas pressure into a unified electri-
cal signal. The sensors “Safir” minimized the shortcom-
ings of sensors such as “Sapfir-22” and its Russian ana-
logs. The error associated with the influence of tempera-
ture and static pressure was reduced. Resistance to one-
way overloads was increased. Structurally, the sensor is
a device in which two units can be selected: the measur-
ing unit and the electronic unit. Sensors for various pa-
rameters have a unified electronic unit. The sensor
works follows: the pressure of the working fluid is
transferred from the pressure receiver into the chamber
(chambers) of the measuring unit where it is converted
into the deformation of the sensing element associated
with the strain gauge, which leads to a change in the
electrical resistance of the strain gauges. The electronic
unit converts this resistance change into a constant cur-
rent signal output. The upper limits of measurements
are shown in table 2.

Table 2
The upper limits of measures

MeaSI.lred Type The upper limits

physical
. of sensor of measures, kPa

quantity

Pressure 2415 0,63; 1,00; 1,60; 2,50;
difference 4,00; 6,30

The maximum permissible displacement of “zero”
(change in the output signal at zero pressure) as a per-
centage of the range of displacement of the output signal,
which occurs due to changes in ambient temperature
from the boundaries in the range of 23+2 °C to another
temperature in the operating temperature range for every
10 °C, is determined by:

Ape= £A5:[1 + 0,5(Prax/Prax)]s

where A, — values taken from the table 2;
P'1ax — maximum upper limit of measurement for
this sensor type;



Pnax — the actual value of the upper limit of meas-
urements for this sensor type.

The relative change in the output signal range A g,
which occurs due to changes in ambient temperature
2342 °C to another temperature in the operating temper-
ature range for every 10 °C, does not exceed +A 4 (giv-
en in table 3).

Table 3
Changing the output signal due to the influence
of operational factors

Sensors with limits ' '
of acceptable basic error Ao % | Aas %
+0,20 0,06 0,10
+0,25 0,08 0,12
+ 0,50 0,15 0,20

The change in the output signal of sensors with a
range of 4...20 mA, which occurs due to a change in the
voltage of the power source from 15 to 42 V does not
exceed + 0,005% of the range of the output signal for
each 1V change in electrical voltage. The change in the
output signal of the sensors for changes in load re-
sistance does not exceed £ 0,01% of the range of the
output signal for every 100Q change in load resistance.
The sensors remain in operating condition when the
maximum permissible pressure is exceeded by 1,5
times. The service life of the sensors is 12 years. The
mass of the sensor is 5,8 kg. Metrological characteristics
of sensors «Safir» (Fig. 5), «Metran» (Fig. 6), "Honey-
well" (Fig. 7) are given below.

25

20 /

15 o

10 /

/ y = 0,0637k + 3,9344
" R? = 0,9997
5 >
0
0 50 100 150 200 250 300

P*B/760

Fig. 5. Metrological characteristics of the pressure
sensor “Safir” model 2415 Ne12179094
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Fig. 6. Metrological characteristics of the pressure
sensor Metran-100-DIF Vn 1350 No23748
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Fig.7. Metrological characteristics of the pressure sensor
Honeywell 307536667-000

As the switch of the automated system, you can
apply a switch-type ®7071 as analog-to-digital con-
verter (ADC) — ®7078, communication devices, and
read-only memory (ROM) — K573P®, electronic
computers — computer class Pentium 133.

The signals of the primary converters are fed to the
ADC, which converts the analog signal to digital by the
method of double integration. The digital signal is sup-
plied to the ROM via galvanic ally-isolated elements
and Protocol serial communication to a computer. The
computer operates in real time and cyclically take the
sensors readings. in the case of changes in the initial
data the air flow is calculated according to the algorithm
shown in Fig.3.

Parameters written by the system are automatically
counted and presented as a flow characteristic by using
the program SVZ 1.EXE. Characteristics can be ap-
proximated with the standard program Excel, as a result
of which we get the flow characteristics in both analyti-
cal and graphical forms, that allows to compare them.
The initial (basic) characteristic is taken as the charac-
teristic of the washed engine, that allows to evaluate
divergence of parameter

Gwash - Gfilt

AG = 100%.

Gwash

Using the data of the test report, the air flow rates
through the polluted engine and the same engine after



washing are reduced to standard atmosphere (table. 4).

Table 4
Data of the test report

Nreq pts Grcd filts Nreq pts Gred wash»

rev/min kg/s rev/min kg/s
5500 15,785 5550 15,197
6060 15,949 6050 15,631
6570 17,311 6520 16,489
7030 18,457 7020 17,962
6550 17,211 6510 16,582
6090 15,909 6040 15,356
5550 14,484 5550 14,123

According to this table, we approximate the
obtained data and get a graphical and analytical
representation of the flow characteristics before and
after the engine washing. From the obtained data , it can
be seen that the point of the first value of flow is
significantly allocated among the General distribution,
which is explained by the operation of the compressor

bypass valves. Excluding these points, the
approximation gives a linear distribution of the data
(Fig.8).

With further comparison of the compressor flow
characteristics of the polluted and washed engine, it is
seen that an almost equidistant displacement of the en-
gine flow characteristics in the entire range of its oper-
ating regimes. The maximum deviation of the charac-
teristics is approximately 5%, which is inherent in the
tolerance of the algorithm for evaluation performances
of the compressor.
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Fig. 8. Distribution of approximation data

Conclusion

The automated control system of the technical
condition of the gas turbine engine compressor de-
scribed in the article has been tested at the engine test
centre "Motor Sich", as well as at the underground gas
storage in Dashava. The system has shown its efficien-
¢y, it does not cause in changes to the design of the
engine and does not affect its gas-dynamic parameters,
the margin of stability. It can be used on helicopters
and ground gas turbine units with a lemniscate air in-
take.

The developed system allows for express control
(operational control) in the current time.
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ABTOMATU3UPOBAHHASA CUCTEMA KOHTPOJISA TEXHUYECKOI'O COCTOSHUA
KOMITPECCOPA T'A3SOTYPBUHHOI'O JIBUTI'ATEJISA

H. C. Kyauk, B. B. Ko3nos, JI. I. Bonanckan

CraThs MOCBAIICHA OJHOMY U3 MOIXOIOB K MOCTPOCHUIO aBTOMATU3UPOBAHHON CUCTEMBI JIJIS PEIICHUS 3a1a4
JMUATHOCTHKYU M KOHTPOJISI MPOTOYHOM YaCTH aBUAIIMOHHBIX ra30TYPOUHHBIX JIBUTATEICH U ra30TypOMHHBIX yCTaHO-
BOK. CBOCBPEMECHHOE BBIBJIICHUE HEHCIPABHOCTEH M MOCICAYIOMNN KOHTPOJIb 332 UX Pa3BUTHEM B JKCILTyaTaIlUH
BO3MOXKHBI OJ1arojapsi aBTOMaTH3MPOBAHHBIM CHCTEMaM OIICHKH TEXHHYECKOI'O COCTOsSHMSA ABHraTencii. OcoOeHHO
aKTyaJbHBIM 3TO SBJISCTCS B YCIOBUSIX 3KCIDIyaTallUd, TaK KaK 3HAHHE TEXHHMYCCKOT'O COCTOSHHS JABHraTess HEoO-
XOIMMO B JIFOOOH CHCTEME TEXHHYECKOTrO OOCTY)KMBAaHHUS JBUTATENEH, TaK KaK MO3BOJIIET BHIOpATh COMCPKAHUE U
CPOKH TEXHHYECKOI'O OOCITY)KUBaHUs, TEKYIIIEr0 PEMOHTA Y3JIOB MPOTOYHOMN YaCTH ra30TYPOMHHBIX JBHTAaTElICH U
ra30TypOMHHBIX YCTaHOBOK, a TAKXKE HATAJOYHBIX paboT.

PaccmatpuBaercs MH)KEHEpHAS METOJUKA, KOTOpas MOXKET OBITh MPUMEHEHA IPH BBHITIOTHEHUH TEXHHUUECKOrO
00CITY)KUBaHUsI, a TAK)KE Ha 3TaraxX UCIBITAHUN M TOBOJKH aBHAIMOHHBIX TBUTATENeH. ABTOMAaTU3UPOBAHHAS CH-
CTeMa peau3yeT CIIocod U3MEPEHHUs pacxola BO3AyXa Yepe3 KOMIIPECCOp W JaHHYH METOMUKY OIICHKUA TeXHHYe-
CKOT'0 COCTOSIHHSI KOMIIPECCopa 0 OTHOCHTEIBHOMY H3MEHEHHUIO pacXoia Bo3ayxa.

Jlnst onpenesnieHus pacxoaa Bo3ayxa, npoxozsmero yepe3 I'T/] JocTaToOYHO MPOBECTH U3MEPEHHUS TOJIBKO CTa-
TUYECKUX 3HAYCHUU NABJCHUSA B MPOTOYHON YaCTH, MPUEMHUKH CTATHUCCKUX 3HAUYCHHUH JaBJICHHUS PacIOaraloTcs
Ha BHEIIHEH MOBEPXHOCTH MPOTOYHON YaCTH U HE 3aTCHSIOT €€, U TeM CaMbIM HE BJIMAIOT Ha 3alac ra3oJnHaMmuye-
CKOM yCTOWYMBOCTH KOMIIpEccopa. Y9YacToK ISl U3MEPEHHUS NMapaMeTPOB BEIOUPAIOT B MIPOTOYHOM YaCTH BO3IAYXO-
3a00pHHKa. Ha MaHHOM y4acTke M3MEpseTCs CTaTHYECKOE IaBJICHHE B MAKCUMaJIbHOM W MHHHAMATBHOM CCUCHHUSX,
MaKCHMaJIbHAs IUTONIAlb CCUCHHs MPOTOYHOMN YaCTH; MOJIHAS TeMIIepaTypa BO3ayXa U3MEpsIeTCsl CHAPY)KU BO3yXO-
3a00pHMKA IITATHOM CHCTEMOW KOHTPOJISA CHJIOBOH yCTaHOBKH. J[Jisl ompereneHHs pacxola BO3IyXa HCIIOIB3YIOT
(hYHKIIMOHATIBHYIO 3aBUCMMOCTh PAacXoj1a BO3AyXa OT CTATHUECKUX JaBJICHHU.

AJITOPUTM KOHTPOJISI M JMATHOCTUKH TEXHHUYECKOTO COCTOSHMS JBUTaTeNs Oa3MpyeTcs Ha CPaBHCHUH JCH-
CTBUTENBHBIX 3HAYCHUH PAacXo/a BO3yXa CO 3HAUCHHSIMH Pacxojia ONpeeICHHBIMHE MPH MPOBEJACHUN KOHTPOIBHO-
CIAaTOYHBIX MCIBITAHUI WU TPU MCIIOIH30BAHUH aJalTUPOBAHHOM ISl JAHHOT'O ra30TYPOMHHOIO JBUTATEIIS MaTe-
MaTHYECKOH MOMIEIH.

[onoxurenbHbI# 3QdEKT 0T UCIOIB30BAHMUS TPEIaraeMOi aBTOMATU3UPOBAHHON CHCTEMBI KOHTPOJIS TEXHU-
YECKOT'O COCTOSIHHS 3aK/IFOUACTCS B TOM, UYTO M3MEPEHHBIM B SKCIUTYaTAI[HOHHBIX YCIOBUAX PACXOJ BO3IyXa CYIIe-
CTBCHHO MOBBICUT O0BEKTUBHOCTH KOHTPOJIS paOOTHI M OLIEHKU TEXHUYECKOT'O COCTOSHUSI IBUTATEIS.

KiroueBble cj10Ba: aBTOMATU3MPOBAHHASI CUCTEMA; TICPBUYHBIC TIPEOOPa30BATEIIN; METPOJIOTUICCKUAE XapaK-
TEPUCTHKH; PacXojl BO3IyXa; KOMIIPECCOpP; ra30TypOMHHBIN JBUraTelb; OICHKA TEXHUYECKOT'O COCTOSHHS, ajro-
PHUTM; METPOJIOTHYECKUE XapaKTePUCTUKH; (DYHKIIMOHATIBHAS CXeMa; arpodarus.

ABTOMATU30BAHA CUCTEMA KOHTPOJIIO TEXHIYHOI'O CTAHY KOMIIPECOPA
I'A30TYPBIHHUX /IBUT'YHIB

H. C. Kynux, B. B. Ko3noes, JI. I. Bonancoka

CraTTsl IpUCBSYEHA OJHOMY 3 IiIXO/IB JI0 MOOYI0BH aBTOMATH30BAHOI CUCTEMH JIJIsl BUPIIICHHS 3aB/aHb Jia-
THOCTHKH Ta KOHTPOJTIO IIPOTOYHOI YaCTHHH aBiallifHUX Ta30TypOiHHUX JBUTYHIB 1 ra30TypOiHHHX yCTaHOBOK. CBO-
€4acHEe BHSIBJICHHS HECHPABHOCTEH 1 MOJANBIINI KOHTPOJIb 32 IX PO3BUTKOM B €KCILTyaTallii MOXKJIMBI 3aBJSKU aB-
TOMAaTH30BaHUM CHCTEMaM OLIHKH TEXHIYHOrO CTaHy ABUTYHiB. OCOOJIMBO aKTyallbHUM L€ € B YMOBaX €KCILIyaTa-
1ii, TOMy IO 3HAaHHS TEXHIYHOrO CTaHy ABHI'YHA, HEOOXiAHO B Oyab-sKifl CHCTEMi TEXHIYHOIO OOCIYrOBYBaHHS
JIBUTYHIB 1 JO3BOJIsIE BUOPATH 3MICT Ta TEPMIHM TEXHIYHOTO OOCIYrOBYBaHHS, IIOTOYHOTO PEMOHTY IPOTOYHOI Yac-
TUHU Ta30TypOIHHMX JBUT'YHIB 1 ra30TypOiHHHX YCTaHOBOK, @ TAKOX HAJIAr0PKyBaIBHUX POOIT.

Posrnsinaersest iHkeHepHa METOAMKA, sSika MOXKe OyTH 3aCTOCOBaHa NPH BHKOHAHHI TEXHIYHOTO OOCITYTOBY-
BaHHS, a TAaKOXX Ha eTarax BUIIPOOYBaHb 1 JOBEJCHHs aBialliiHUX IBUTYHIB. ABTOMAaTH30BaHAa CHUCTEMa peallizye
croci0 BUMIPIOBaHHS BHTPATH IOBITPS Yepe3 KOMIIPECOp 1 METOIMKY OLIHKU TEXHIYHOTO CTaHy KOMIIpecopa Io
BITHOCHI¥ 3MiHi BUTPATH HOBITPS.



Jlyis BU3HaYEeHHS BUTPATH MOBITPS, 1110 IpoxoauTh yepe3 I'T/I, nocTaTHRO IpOBECTH BUMIipPIOBaHHS TiJIbKH CTa-
TUYHHX 3HAYEHb THUCKY B NPOTOYHIN yacTuHi. [IpuiiMadi cTaTHYHKUX 3HAYEHb THCKY PO3TAIIOBYIOTHCS 30BHI MPOTO-
YHI YaCTUHH 1 HE 3aTiHIOIOTH 1i, | THM CaMHUM HE BIUIMBAIOTh Ha 3allac Ta30JAWHAMIYHOI CTilikocTi kommnpecopa. [i-
JISTHKY /17151 BUMipY BUOMPAIOTh B MPOTOYHIN YacTHHI MOBiTpo3abipHuka. Ha oOpaHOi AiNsSHII BUMIPIOETHCS CTATHY-
HUHA THCK B MakCHUMaJIbHOMY i MiHIMaJbHOMY Iepepi3zaX, MakCHMalbHa IUIONIA Mepepi3y MPOTOYHOI YaCTHHH, alie
TIOBHA TeMIleparypa HOBITPSHOTO MOTOKY BHMIPIOEThCS 30BHI MOBITPO3a0ipHUKA INTATHOIO CHCTEMOIO KOHTPOIIIO
CHJIOBOT yCTaHOBKHU. JIJ1s1 BU3HAYECHHS BUTPATH TOBITPsI BAKOPUCTOBYIOTH (DYHKIIOHAJIBHY 3QJICKHICTh BUTPATH I10-
BITpS BiJl CTATHYHOTO THCKY.

AJTOPUTM KOHTPOJIO 1 AIarHOCTUKH TEXHIYHOTO CTaHy JBUTYHA 0a3yeThCsl Ha MOPIBHSHHI ()aKTUYHUX 3HAUECHB
BUTpaTH TOBITPsI 31 3HAYECHHSIMUA BUTPATH, 11O BU3HAYEHI NPH MPOBEJCHHI KOHTPOIBbHO-3/[aBaJIbHUX BUIIPOOYBaHb
a0o IMpy BUKOPUCTAHHI a1alITOBAHOI JJISl TAHOTO Ta30TypOIHHOrO ABUT'YHA MaTeMaTHYHOT MOJIETI.

[o3uTuBHUI edeKT Bij BUKOPUCTaHHS 3alpOITOHOBAHOI ABTOMATHU30BaHOI CHCTEMH KOHTPOJIO TEXHIYHOTO
CTaHy TIOJISITa€ B TOMY, [0 BUMIpsIHA B €KCIUTyaTal[lfHUX YMOBaxX BUTpATa IOBITPSI CYTTEBO MiJBUIIUTH O0'€KTHB-
HICTh KOHTPOJIO POOOTH 1 TEXHIYHOTO CTaHy JIBUTYHA.

KarudoBi ciioBa: aBromaTH30BaHa cHCTeMa; MEPBUHHI MEPETBOPIOBAUi; METPOJIOTIYHI XapaKTEPUCTUKH; BU-
Tpara MOBITps; KOMIPECOp; ra30TypOiHHMI JIBUT'YH; OIIHKA TEXHIYHOI'O CTaHy; ajJrOPUTM; METPOJIOTIUHI Xapakre-
puctuky; QYHKIIOHAaJIbHA CXeMa; arnpoOarlis.
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