36ipuuk Haykosux npays eporcasno2o naykoeo-0ociiono2o incmumymy asiayii. 2021.Bun.Nel7(24)

URL 629.7.083.

DOI: 10.54858/dndia.2021-17-17

O.P. Lobunkol, S.V. Pashchenkol, V.V. Samuleevl, A.A. Shulhin'

'State research institute of aviation, Kyiv

THE OPERATIONAL TECHNIQUE FOR THE MAJOR COMPONENTS
OF AFTERBURNING TURBOFAN ENGINE ROTORS

The operational technique for the major components of the fighter aircraft engine rotors has been introduced
proceeding from the real conditions of their cyclic loading in each flight or ground test and a priori information on
their previous operation. It has been confirmed that the obtained technical solutions not only conform to the current
methods of accounting for the depletion of the cycle life of the Afterburning Turbofan Engine (ATE), but also
introduce additional opportunities to consider individual characteristics and conditions of their cyclic loading
throughout the overall operating time. A method for estimating the depletion of the cycle life in accordance with the
Total Accumulated Cycle (TAC) has been proposed. It allows the comparison of the actual operating time of the
ATE in hours and the accumulated value of cyclic damage to the engine and its major components (within the TAC

parameter) during the previous operation.
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DESCRIPTION OF THE ISSUE

The operating time of some tactical aircraft
engines of the Ukrainian Air Forces reaches the values
assigned operating time. This fact intensifies the need
for research on solving the issue of the further increase
or individual extension in accordance with the technical
condition of the major components (MCs) cycle life of
the certain types of engines, provided that the safety of
their use during the extended period is maintained. This
raises a number of controversial issues related to the
need for increasing the cycle life values of the ATE
which are set up on fighters.

The design and technological peculiarities of ATE
manifest themselves in the fact that the cycle life of
certain rotor MCs is shorter than the overall cycle life of
the engine where they are used. This leads to the need
for replacing some MCs with new ones during the
overhaul of the engine in order to ensure the further
cycle life until the scheduled maintenance. It is known
[1] that the MCs include the compressor and turbine
rotor discs the cycle life of which is set within the
loading cycles.

It is acceptable practice in aircraft engine building
and tactical aircraft ATE operation in the United States
and European countries [1, 2] to apply the TAC
parameter as one of the key parameters which
characterizes the depletion of the cycle life of both the
engine and its MCs.

Accounting for the cyclic damage accumulation of
certain MCs [3, p.1050] since being placed in service
has been introduced in the recent engine modifications

which are used on such fighter aircrafts as Su-30, Su-34,
Su-35 and others.

For the fourth-generation ATEs [3, p. 112;
4, p. 56] it is common practice to use electronic of the
automatic control systems (EACS) which have 2 - 3
modes of settings (restrictions) of the defining
parameters at maximum modes: rotor speed, turbine gas
temperature, etc. where both the training or combat
loading cycles are being implemented.

The purpose of the research is to substantiate the
possibility of increasing the operating time resource of
the MCs in accordance with the operating time of
fighter aircraft engines which have significant operating
time in the previous operating period in the absence of
information on monitoring the accumulated damage
throughout this period.

EXPERIMENTAL STUDY

Operational damage permissible values for the
MCs of the ATE rotors in TAC are estimated by means
of the calculation and experimental methods [1, 5] and
are confirmed at equivalent-cyclic tests being part of an
engine or on special acceleration benches. In accordance
with [1] in general, the value of the engine TAC or its
MCs is defined as follows:

M Ny Ny Ner =Ny
K, K, Kj Ky
where N, N,, N3, Ngr stand for the number of total

TAC = (1)

loading cycles of N; type and elementary cycles of N,
and Nj types, in which a certain amplitude of the rotor

speed change is being realized [1, 5], as well as the
overall number of engine starts Ngr in the previous
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operation period; Kj, K,, K3, Ky stand for the

coefficients which determine the contribution rate to the
engine TAC or MCs of its rotors in accordance with the
total and elementary loading cycles, as well as engine
starts without further implementation of the N; type

total cycles in the process of their performance.

Formula 1 does not take into consideration the
significant difference in the value of TAC which is
accumulated in the rotor MCs depending on the EACS
engine governor setting of the training or combat modes
and cannot be applied to the engine MCs which have
significant previous operation time as well as those
engines the operating system of which lacks accounting
for the cyclic damage of the rotor MCs since their
placement in service, as it is provided for in [1; 2; 3, p. 7].

In the method which has been developed by the
authors of this research the abovementioned
shortcoming is eliminated by converting formula 1 to a
form which has regard to this peculiarity of the EACS.
Nic
Kic

N N
2¢ | 113C

TACMC =
Kre  Kie

+

“Nr Nor  Nap  Ner—Nic=Nir @)
Kir  Kyr  Ksp Ky
Whee Njc, Npyc and N3 stand for the overall
number of total and elementary cycles in the previous
engine operation period while setting the EACS on the
combat mode; N;y, N,oy and N3y stand for the

overall number of total and elementary cycles in the
previous engine operation period while setting the
EACS on the training mode; K-, Kpc and Kj¢
stands for the coefficients which determine the
contribution to the TAC MCs of the total and
elementary cycles when the engine is running under the
EACS setting on the combat mode; K7, K7 and
Ksr stands for the coefficients which determine the
contribution to the TAC MCs of the total and
elementary cycles when the engine is running under the
EACS setting on the training mode; K, stand for the
coefficient which determine the contribution to the TAC
MCs of the engine start cycles after which it was not
running at maximum mode.

Numerical values of the coefficients K-, Ky,

Kic, Kir, Koy, Kzp and K, are determined by

calculation and experimental methods [1, 5].
Thus, the general view of the TAC MCs value can
be represented as follows:
TACMC = TACMCCF + TACMCTF +

+TACycgem +TACyc Ger » ©)
where TAC);ccr stands for the TAC value which has

been accumulated by the engine rotor MCs in the
process of performing flights when setting the EACS on

the combat mode; TAC,,;c7r stands for the TAC value

which has been accumulated by the engine rotor MCs in
the process of performing flights when setting the
EACS on the training mode; TACy;cgcpr stands for

the TAC value which has been accumulated by the rotor
MCs in the process of starting for the ground service
maintenance with the engine running at maximum
modes; TACycgcy stands for the TAC value which

has been accumulated by the rotor MCs while starting
for the ground service maintenance with the engine
running at idle power without the following transition to
the maximum mode.

The research carried out by the State Research
Institute of Aviation [6] outlines three groups of Typical
Flight Cycles (TFC) of the ATE performance in the
fighter flights which are implemented when setting the
engine EACS on the “C” (combat) mode and are
characterized by certain ratios (structure) of the
elementary cycles being implemented in them:

TFC Cl: Nic+2-Nyc +6- N3¢
TFC C2: N1C+0’5'N2C+6'N3C (4)
TFC C3: Nijc +2,5-N5¢

There are also three groups of TFC which are
implemented when setting the engine EACS on the “T”
(training) mode and are characterized by the appropriate
ratios (structure) of the elementary cycles being
implemented in them:

TFCT1: Ny + Nyp +7,5- Nag;

TFCT2: Ny +3,5 Nap; ®)
TFCT3: N1T+N3T'

According to the structure of the cyclic loading of
the ATE and their MCs by the elementary cycles of the
N, and N; types when performing flights, the

abovementioned TFC have significant differences in the
application of the engine EACS setting modes “C” and
“1”.

It has been found [6] that the realization
probability of the TFC significantly depends on the
modification of fighters (combat or training) on which
the flights are performed. The reason for this lies in the
differences in the sets of exercises performed mainly on
aircrafts of certain modification, as well as the setting
modes of the ATE which are used to perform them.

Proceeding from the mandatory implementation in
each flight of the total cycle of the engine type N; and

the familiar values of TAC in total and elementary
cycles obtained earlier, the most probable structures of
the Generalized Typical Flight Cycles (GTFC) of the
ATE performance under the cyclic loading of one of the
MCs have been formulated and described and appear as
follows:

GTFC—C(C) NIC +N2C +1,6'N3C;
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GTFC—-C(T): Njc+Nyc+4-N;c;
GTFC-T(C): Ny +0,25-Nyp +3-N3r; (6)
GTFC-T(T): Ni7 +0,33-Nyr +5-Nar.

where C - combat mode of the engine EACS; T -

training mode of the engine EACS; (C ) - combat

modification of fighter; (T ) - training modification of

fighter.

The mathematical expectation prediction of the
TAC realized in the GTFC have been defined for the
mentioned structures.

The Operation Manual on accounting for the
engine operating time at high and variable modes [7]
has been developed and implemented proceeding from
the use of engineering and logical analysis methods in
order create the conditions for the practical calculation
of the TAC MCs value.

Herein, the data from the engine log book since
being placed in service in relation to the overall
operating time and operating time at maximum modes is
summarized. For the practical application of the data on
the operating time of the engine since being placed in
service which have been obtained in accordance with
[6], formula 2 has been converted into formula 3:

NcF 7 4 NTF 7~
TACyc =2 " TACcr + ;™" TACTF; +

5N N
+ 202 BTACGs1 + 2, P TACGso, — (7)
where ECCFI. stands for the mathematical expectation

of the TAC MCs for the GTFC [1] of engine
performance when setting the EACS on the combat
mode being defined by statistical methods; 74Cy
stands for the mathematical expectation of the TAC
MCs for the GTFC of the engine performance when
setting the EACS on the training mode being
determined by statistical methods; 74Cggyy; stands for

the TAC MCs value under the & -th mode of ground
engine test; TACgg,,, stands for the TAC MCs value

when the engine runs at idle power mode during the
ground engine or aircraft system test; Nop stands for
the number of flights performed when setting the EACS
on the combat mode; Ny stands for the number of
flights performed when setting the EACS on the training
mode; Ngg; stands for the number of engine starts with
the subsequent transition to the maximum mode during
the ground test; Ngg, stands for the number of engine
starts when the engine runs at idle power mode during
the ground engine or aircraft system test; &k stands for
the type of ground engine test mode with remote control
units during its service maintenance.

Thus, the balance of ATAC,,~ which the engine

rotor MCs have, can be defined (estimated) as follows:

ATAC ¢ = TACHjcp —TAC, (8)

where TACAEKP stands for the permissible operating
value of the TAC,,~ which is analogous in its physical
essence to the permissible value of the MCs cyclic
damage of the engine rotors [1, 5] and is defined as the
ratio of the permissible value of the cyclic damage
established as a result of the MCs test within the engine
or test bench to the calculated value of its cyclic damage

in one total cycle (type N, cycle) which is accepted as

an actuation cycle.
The forecasted balance of the MCs cycle life of the
ATE rotors in terms of the operating time (in time units)
is defined as follows:
= ATACuc
TACGrrC
TAC grre stands  for  the

“TGTFC» ©

where mathematical

expectation of the TACy,- in the GTFC for a given
period of engine operation which is determined by

statistical methods; TGrpc stands for the forecasted

duration of the GTFC for a given period of engine
operation which is determined by statistical methods.

It has been found that there are certain consistent
patterns for the number of implementations in the

typical flights of elementary loading type N, and N,

cycles which are given in [8...11] when setting the
engine EACS on the combat mode as well as when
using engines on the aircrafts of various modifications.

Figure 1 shows the general algorithm which
implements the proposed operational technique for the
rotor MCs of the military aircraft engines.

SUMMARY

1. Modern approaches, design concepts and
implementation  examples of monitoring the
accumulated cycle damage of the MCs and functional
parameters of the ATE systems, their operation in
accordance with the technical condition have been
specified proceeding from the analysis results of the
existing system of the ATE MCs operation and
accounting for their performance (thermomechanical

loading).
2. It has been found that the options of increasing
the MCs assigned operating time should be

implemented by way of reducing the operating time at
the maximum and reheat power modes and at low
values of the major engine parameters at maximum and
reheat power modes by way of reducing the turbine inlet
temperature (switching on the “T” training mode).

3. The appropriate conditions for the introduction
of an automated system for monitoring the accumulated
cycle damage of the controlled MCs have been created
on the basis of the developed operational technique for
the MCs of the fighter ATE rotors.

4. It has been proved on the basis of the feasibility
and experimental research that introduction of the
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accounting for the depletion of the assigned operating  Research Institute of Aviation are protected by a utility

time of the ATE MCs makes it possible to prolong their ~ model patent [12] and have been put into practice of the

cycle life up to 30%. ATE overhaul and operation of the Ukrainian Air Force
The method and technique developed at the State fighter aircrafts.

The look book
’;} The engine book data processing in accordance with Operation Manual [6]
C(C) C(T) T(C) T(T) GS1 C viax T viax
Y ' { : vv
3] [4] 5] 6] [ 7]
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Figure 1. Algorithm for implementing the developed technique
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METO/ EKCILTYATAIIi OCHOBHUX JIETAJIEN POTOPIB
TYPBOPEAKTUBHOI'O IBUT'YHA 3 ®OPCAKHOIO KAMEPOIO 3I'OPAHHSA

O.I1. Jlobynvxo, C.B. [lawenxo, B.B. Camynees, A.A. [Llynvein

Hanpayrosanns desaxumu asiayitinumu osucynamu nimakie makmuynoi asiayii Iosimpanux Cun oocseae 3nauenv, sKi
Habudcaomvcs 00 npusHaienozo pecypcy. Lle obymosnioe nompedy y npogedenti 00cniodcens wooo po36'a3anhs 3a60aHHs
no0aAnbUL020 30iNbUEHHSA ADO0 THOUBIOYANLHO20 NPOOOBIHCEHHS 3A MEXHIYHUM CIMAHOM Pecypcy OCHOBHUX Oemanell NeGHUX munie
08UCYHI8 34 YMO8U 3abe3neueHHs Oe3neku ix 3acmocy8amnHs y npooosxceHuli nepioo. llpu yvbomy euHuxae HU3Ka NPoOIEMHUX
numanb, Noe A3aHux 3 nompeboio 30inbuieHHA PecypCHUX HOKA3HUKIE NapKy mypOOopeaxmuGHux OBOKOHMYPHUX O6USYHIE 3
@opcadicroro kameporo 3eopanns (TPIJI®), axi ecmanoeniolomsbcs Ha TIMaKax-euHuWysadax. Y cmammi 3anponoHoeano memoo
excniyamayii OCHO8HUX Oemaineti pomopie asiayiliHux O8USYHIE TiMAKIE-8UHULLY8AYIE, AKULL 3ACHOBAHO HA 8PAXY8AHHI PEANbHUX
VMO8 IX YUKNIYHO20 HABAHMAIICEHHS 6 KOJICHOMY NONbomi abo HazeMHOMY Gunpobysanni ma anpiopuoi inghopmayii uooo
excniyamayii y nonepeonuii nepiod. [Jogedeno, wjo ompumaui npu ybOMy MeXHIYHI piuieHHs He MINbKU Y32002CYIOMbCs 3
gioomumu memooamu 00aIKy euuepnanns pecypcy asiayiunux TPI/[®, ane i nadaiomb 000amKo8i MONCIUBOCMI WOOO
6PAXYBAHHS THOUBIOYAILHUX OCOOAUBOCHEN MA YMO8 IX YUKIIYHOI HABAHMANCEHOCMI 3a 6ecb wac Hanpayroeants. Kpim mozeo
3anponoHo6ano cnocié oyiHKu 6Uuepnants pecypcy 3a 3a2anbHolo Kinbkicmio nHakonuyenux nosnux yuknie Total Accumulated
Cycle (TAC), saxuii doseonse nopienioeamu Gaxmuunuii Hapobimox agiayiinux TPIJI® 6 eodunax i nakonuuene 3HayeHHs
YUKTIYHOT nowKoOdceHocmi 08ueyHa ma 1ioeo ocHoguux demaneti (y napamempi TAC) nio uac nonepeonvoi excniyamayii. Ha
OCHOBI NPOBEOEHUX PO3PAXYHKOBO-AHANIMUYHUX [ eKCNEPUMEHMANbHUX OO0CTIONCEHb 008€0eHO, WO 6NPOBAONCEHHS. OONIKY
suUUepnanis Yukiuno2o pecypcy ochognux oemaneti TPIJI® 0o3s015¢ npodosocumu ix pecypc na seauduny 0o 30 %.

Knrouogi cnosa: TPLJ]D, ocrosni demani, nowKoodicenicms, pecypc, chocio.
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