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Abstract: A feature of modern heavy transport aircraft is their layout with engines on elastic pylons under the wing, with the fuel
tanks located in the wing consoles. In this case, the main elastic tones of the aircraft’s own oscillations, which determine its
dynamic response to external disturbing influences, include the so-called motor tones (vertical and horizontal (lateral) oscillations
of engines on elastic pylons). A new type of flutter has appeared — pylon, which for some aircraft determines the critical flutter
speed of the aircraft as a whole. The main reason for this phenomenon is the low oscillation damping of the engine on the pylon
under the wing. Therefore, research aimed at modernizing the engine mounting points on the pylon in order to reduce the level of
elastic oscillations during aircraft operation seems relevant. One of the possible ways to solve this problem is to use the concept of a
freed engine, when the engine attachment points to the pylon are modernized, providing more effective damping of engine
oscillations. In order to confirm the possibility of practical implementation of these solutions, corresponding experimental studies
were carried out on an experimental setup developed by the authors. A design of engine mounting units has been developed that
allows specified displacements of the engine relative to the pylon during forced elastic oscillations of the system, which includes a
hinged suspension, installation of additional elastic elements and hydraulic dampers.The article presents the results of studies of the
influence of elastic-dissipative parameters (partial frequency of natural oscillations and partial decrement of oscillations) of an
engine mount on an elastic pylon on the dynamic characteristics of the dynamic system “wing model — elastic pylon — engine”. It is
shown that by introducing specially designed engine suspension units on pylons, it is possible to significantly change the dynamic
characteristics (frequencies and amplitudes of natural oscillations) of the elastic system as a whole. Thus, the amplitudes of
oscillations of the engine’s center of mass in the region of motor tones decrease by 3...7 times during forced harmonic oscillations.
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IKCNEPUMEHTAJIbHBbIC HCCJICI0BAHUS BJIUSHUSA
YIPYTrOAUCCUNIATUBHBIX IAPAMETPOB Y3JI0B KPEIVICHUA IBUTATEIs
HA IUHAMMYECKHE XapPAKTePUCTHKH CUCTEMbI
«MOJIeJIb KPbLJIa — YIPYTUil TAJIOH — ABUTATEJIb)
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AnHotammsi: OCOOEHHOCTBIO COBPEMEHHBIX TSDKENBIX TPAHCIIOPTHBIX CaMOJIETOB SIBISIETCS KOMIIOHOBKA C JIBUTATeNSIMH Ha
YIPYruX MUIOHAX MOA KPbUIOM, IIPH 3TOM OCHOBHAs Macca TOILIMBA pa3MelleHa B KOHCOJIIX KpbUla. B 3ToM cityyae B umcio
OCHOBHBIX YNPYTHMX TOHOB COOCTBEHHBIX KOJIEOaHMH JerarenbHoro anmapara (JIA), KoTopble OnpenesnsitoT ero AMHAMUYECKUH
OTKJIMK Ha BHEIIHHWE BO3MYIIAIOIME BO3ACHCTBUS, BXOAIT TAaK HAa3blBACMBIC [BUTAaTelbHBIE TOHA (BEPTUKAIBHBIE H
ropu3oHTaIbHbIe (OOKOBBIE) KoeOaHWs JBHUTaresneil Ha ynpyrux IwioHax). IlosBuicst HOBBIA BHJ (aTTepa — IMJIOHHBIM,
KOTOpBI UI1 HEKOTOPBIX JICTATENBHBIX AIapaToB ONpEIeNsieT KPUTHYECKYI0 cKopocTh (uiarrepa JIA B nenom. OcHOBHas
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NPUYMHA 3TOTO SIBJICHHS 3aKIIFOYAETCS B HU3KOM JAEMII(pUPOBAHNM KOJICOAHMI JIBUTATeNsl Ha MWIOHE NoJ KpbutoM. [lostomy
NIPEZICTABIIIOTCS AKTYaJIbHBIMH HCCIIEZIOBAHMSI, HalpaBJICHHbIE HAa MOJEPHM3ALMIO Y3JI0B KpEIUICHHUs ABUIraTelleldl Ha IUIIOHE C
LENBIO CHIDKEHHS YPOBHsI YIIPYTruX KoneOaHuii mpy skcruryaranuy JIA. OHNM U3 BO3MOXKHBIX ITyTeH peleHust JaHHOH 3a1aun
SIBJISIETCSl WCIIOJIb30BAaHME KOHIIENIMM OCBOOOXKAEHHOTO JIBUTATeNs, KOTJa IPOBOAWTCS MOJEPHM3ALMsS Y3JIOB KpEIUICHUS
JIBATATE K MIJIOHY, obecriednBarorias oornee s pekTuBHOE neMiiprupoBanre koiaedanuii apurareneii. C menpro ToaTBep KICHHS
BO3MO>KHOCTH HPAKTHYECKOH PeayIn3alMy JAHHBIX PEIlCHNH POBEICHB! COOTBETCTBYIOIINE SKCIIGPHMEHTAIIBHBIC HCCIICIOBAHMUS
Ha pa3pa0OTaHHOW aBTOpaMH OSKCIICPHUMEHTAIBHOH YCTaHOBKe. Pazpa0oTaHa KOHCTPYKLHMSI Y3JIOB KpEIUICHHS IBHTATelIs,
JOIyCKAIOI[asi 3alaHHble CMEILEHHS [IBUTaTeNsi OTHOCHTENBHO IWJIOHA HPU BBIHYXICHHBIX YHPYIHX KOJeOaHHSAX CHCTEMB,
KOTOpas BKJIIOYAeT IIAPHUPHBIA ITOABEC, YCTAHOBKY JOMOJIHHUTENBHBIX YIPYTHX 3JIEMEHTOB M I'MIpaBIMYECKHX Iemrdepos. B
CTaTbe TIPUBONATCS pE3yJbTaThl MCCIEIOBAaHWI BIMSHMSA YIPYrOAUCCHIIATHBHBIX IAPaMETPOB (HapIUaJbHOH YacTOTHI
COOCTBEHHBIX KOJICOAHMH M MapIHaJIbHOTO JICKPEMEHTa KOJIeOaHMIi) TOJIBECKHU JIBUTATEN sl HA YIIPYTOM ITUJIOHE Ha AUHAMUYECKUE
XAPAKTEPUCTUKY AUHAMUYECKOM CUCTEMbI «MOJIEb KpbUIA — YIPYIUil NMWIOH — JABUrareib». IlokazaHo, 4To IyTeM BBEICHUS
CrICaJIbHbIM 06pa30M CKOHCTPYUPOBAHHBIX Y3JIOB TIOABECKHU JIBUT arejieil Ha MNMIIOHAX NpEACTaBIACTCA BO3MOKHBIM
CYILIECTBEHHO M3MEHHTD TMHAMHYECKIE XapaKTEPUCTHKH (YaCTOTHI M aMILTHTY bl COOCTBEHHBIX KOJIEOAHMIT) yIPYTOi CHCTEMBI B
nenoM. Tax, aMIuMTy bl KoteOaHHi LIEHTpa Macc JBUrarteis B OOJIaCTH JBUIATENILHBIX TOHOB YMEHBLIAIOTCS B 3...7 pa3 NpH
BBIHYXJICHHBIX TaPMOHIYECKUX KOJICOAHMSIX.

KitioueBble €J10Ba: yIpyroayCCHIIaTUBHBIC IapaMeTphl MOJBECKH, IMHAMUYECKHE XapaKTePUCTHKH, 4acTOTa W aMIUIUTYIa
COOCTBEHHBIX KOJCOAHUI, aMIUIUTYIHO-4ACTOTHBIE XapAKTEPUCTHKH.

s uurupoBanus: Ilerpo 1O.B., CemakoBa M.B., VYrpenmno B.I'. DkcneprMeHTambHBIE WCCICIOBAHUS BIUSHUS
YIIPYTOJMCCHITATUBHBIX APAMETPOB Y3JIOB KPEIUICHHS IBUTATENS HA TMHAMUYECKUE XapaKTEPUCTHKH CUCTEMbI «MOJIENb KPbLJia —
YIpyruid nuinoH — asurarensy // Hayunsiii Bectauk MI'TY T'A. 2024. T. 27, Ne 2. C. 94-102. DOI: 10.26467/2079-0619-2024-
27-2-94-102

Introduction tem. In this case the gyroscopic and dynamic
functions of elastic oscillations dissipator in
“wing — elastic pylon — engine” system are
joined in the engine [10—15]. The results of ex-
periments on the oscillation dissipation method
principal materialization opportunity and effi-
ciency are presented in the following article.

A layout with engines on elastic pylons under
the wing is widely used on modern heavy
transport aircraft. Such a layout possesses some
important aerodynamic, integrity and service
benefits, but there also are some significant
drawbacks [1-8]. Thus, the new forms of pylon
flatters occur [1, 2, 4], gyroscopic effects of en-  Research methods
gines in operation affect dynamic system param-

eters significantly [2-4, 6], particularly, there is Research was run at the specially developed
a gyroscopic connect between symmetric and  experimental setup. There is the setup schematic
asymmetric oscillation tones. The main reason diagram in Figure 1, where I — rigid foundation;
for this phenomenon is the low oscillation damp- 2 — wing model (Mi-8 main rotor blade); 3 — py-
ing of the engine on the pylon under the wing, as Jon; 4 — mounting units to wing model; 5 — en-
in fact mode energy dissipates by construction gine mounting unit to the pylon; 6 — engine; A —
and inner system damping. Therefore, research evocation block; 7 — electrodynamic vibrator;
aimed at modernizing the engine mounting  §_ harmonic signal generator; B — register
points on the pylon in order to reduce the level block; 9 — transition sensory picker; /0 — boost-
of elastic oscillations during aircraft operation er; 11 — register equipment.

seems relevant [9]. The research run by the au- There is a fundamental oscillation frequency
thors showed that it is possible to increase the spectrum (frequency correlation, spectrum posi-
system dynamic features by using the concept of  tion sequence), specific to a modern heavy
a freed (loosely mounted) engine [3]. The engine transport aircraft wing, in the setup. The engine
attachment points to the pylon are modernized,  is based on standard TS-21 turbo starter by freed
providing more effective damping of engine os- turbine mounting unit replacement for a fixed

cillations. Special elastomeric damping hardware converging jet pipe. Rotor and thrust rotation
elements are also implied in the mounting sys-
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Fig. 1. Schematic diagram of the experimental setup

a)
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Fig. 2. Constructive diagram of the engine mounting units on the pylon:
a — the engine is conditionally freed relative to the Ox axis; 6 — the engine is conditionally released relative to the Oy axis;
1, 3 — elastic element; 2, 4 — hydraulic damper

frequency change was reached by jet pipe outlets
of different face use and fuel introducing change,
respectively. Engine basic specifications: mass is
22.4 kg; rotor axial moment of inertia is
0.0078 kg'm?; rotor nominal spinning fre-
quency is 515 Hz; rotor spinning frequency
change range is 405...515 Hz; nominal engine
thrust is 235 H; thrust change range is
162...235 H; maximum jet pipe temperature
is 1120 K.

The engine is attached to the pylon by special
replaceable mount, which allows to change elas-
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tic dissipation engine attachment parameters.
The two mounting unit variants were used,
showed schematically in Figure 2, a, b. Oxyz co-
ordinate system is connected with mounting unit,
at the same time Oy axis passes through engine
mass center. There is the mounting scheme of an
engine, freed relative to the Ox axis in Figure 2
(conversion angle ¢,).

We manage to vary partial parameters of the
engine mounting units to the pylon by changing
the rigidity of the elastic element / and hydraulic
damper 2 damping coefficient: oscillation fre-
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Fig. 3. Normalized frequency response of vertical oscillations of the engine at the center of mass in the region of motor
tones (solid line — calculation, dashed line — experiment)

quency relative to axis Ox — f, and logarithmic
decrement of oscillation fading J, There is an
attachment of an engine, freed relative to Oy axis
(py conversion angle). Engine oscillation fre-
quency relative to axis Oy — f, and logarithmic
decrement 6, depend on elastic element 3 rigidity
and hydraulic damper 4 damping coefficient.
Partial attachment parameters dependence on the
elastic element rigidity values and damper damp-
ing coefficients was being investigated on the
special setup.

There were the following methods of exper-
imental studies. Stimulated wing model oscilla-
tions with an engine on a pylon in frequency
range of fg = 1,5...6,5 Hz were triggered by the
A block. The B register block was used for en-
gine mass center oscillation amplitudes detection
in planes A, and Ay — horizontal and vertical
planes respectively. Amplitude frequency re-
sponses (AFR) were made for the engine in both
planes, which was based on the results obtained.
The following parameters were changed: the ro-
tor kinetic moment Hp; engine thrust R; elastic
and dissipative attachment parameters f,, Jy, f,,
oy. The results were processed in accordance

with GOST P 8.736-2011.
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Results of the research

There are the general experiment results
shown in Figures 3...8. Thus, there are AFRs for
an engine in operation attached rigidly on a py-
lon in Figure 3 and Figure 4 (engine thrust is
nominal, rotor spinning frequency is maximal) in
planes A, and A, - horizontal and vertical
planes respectively, gained by calculations (solid
line) and experiment (dashed line). AFRs are
normalized by engine mass center vertical oscil-
lation amplitude by its vertical oscillation CY "
tone. There is a satisfactory calculation and ex-
perimental data convergency.

There are experimental AFRs for the four
fundamental elastic tones for the engine not run-
ning (solid line) and the running one, attached
rigidly (dashed line) in Figure 5 and Figure 6,
where VWBI is a vertical first tone wing tortion;
CV " are horizontal (lateral) engine oscilla-
tions; CY ™ are vertical engine oscillation and
first tone wing camber; HWBI1 is a horizontal
first tone wing bending. Normalization is run by
A", for VWBI tone for the engine not running.
We can see that the effect of engine in operation
is a kind of increase in all engine tones dissipa-
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Fig. 4. Normalized frequency response of horizontal (lateral) engine oscillations in the center of mass in the area of motor
tones (solid line — calculation, dashed line — experiment)
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Fig. 5. Normalized experimental frequency response of vertical oscillations of the engine at the center of mass (solid line —
the engine is not running, dashed line — the engine is running)

tive features, along with divergence in motor
tones by frequency axis.

There are AFRs of engine mass center verti-
cal oscillations in the region of motor tones by
its rigid attachment to the pylon (solid line) and
partial parameter setting valuations (the “n” in-

dex) of the attachment (f"y=1.95 Hz; 6"y = 1.2)
in Figure 7. There are the same dependencies for
engine mass center oscillations for (f"y = 2.5 Hz,
0 "x = 0.8) in Figure 8. AFRs normalization for
Figure 7 and Figure 8 match the one for Figure 5
and Figure 6. Experimental data analysis allows
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Fig. 6. Normalized experimental frequency response of horizontal (lateral) oscillations of the engine at the center of mass
(solid line — the engine is not running, dashed line — the engine is running)
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Fig. 7. Normalized experimental frequency response of vertical oscillations of the engine at the center of mass in the
region of motor tones (solid line — rigidly mounted engine, dashed line — with suspension settings)

to claim that while running the freed engine oscillation amplitudes is expected. The same re-
method and its attachment setting parameters the sults were gained by calculation [1-3].
significant decrease (3...7 times) in motor tones
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Fig. 8. Normalized experimental frequency response of horizontal (lateral) oscillations of the engine at the center of mass
in the region of motor tones (solid line — rigidly mounted engine, dashed line — with suspension settings)

Conclusion

The results of experiment studies showed,
that the freed engine method is one of the per-
spective directions, allowing to reduce signifi-
cantly the dynamic loads on modern transport
aircraft construction elements. In this case we
manage to choose such engine mounting unit
parameters (elastic element rigidity and hydrau-
lic damper damping coefficient), which will al-
low to reduce 3...7 times engine mass center
vertical and lateral oscillation amplitudes in the
sphere of motor tones.
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