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A modern large-sized aircraft dynamic properties analysis, determined by the specificity of its layout scheme, demonstrates that the 
engines on under the wing elastic pylons  lightly damped oscillations cause a number of undesirable phenomena, including intense 
accumulation of fatigue damage of the pylon-to-the-wing attachment, in fact in the area of engine installation in the pylon and the 
wing. The results of theoretical and experimental research show that with some engine attachment to the pylon structural 
modification it becomes possible to use the engines inertial and gyroscopic properties to absorb these oscillations. In this case, the 
motor tones damping coefficients increase by an order of magnitude or even more, so the gyroscopic coupling of elastic vibration 
tones is realized. With the rational choice of the additional parameters of elastic and dissipative bonds in the engine attachments it is 
possible to affect the aircraft wing and engines aero elastic vibrations effectively, which has a significant effect on the aircraft 
elements structural capabilities. A mathematical model of aero elasticity (MMAE) with respect to the kinetic moment of the engine 
rotors and specially designed units for attaching the engines to the pylons was developed in order to study the influence and the 
selection of rational elastic-dissipative parameters of the pylons-under-the-wing aircraft engine mounts. The method of 
predetermined basic forms is used for the aircraft with running engines on the pylons MMAE synthesis. The given forms are 
considered as the aircraft basic structure forms natural vibrations in the void. This work treats the engine nacelle and the rotor as 
absolutely rigid bodies, the elasticity of the rotor to the nacelle attachment is neglected. The pylon is modeled by an elastic beam, 
and the elastic and dissipative properties of the pylon-to-the-wing and the engine-to-the-pylon attachments are correspondingly by 
elastic-dissipative bonds.  Schematic diagrams of the engine to the pylon attachments are proposed. The results of the study devoted 
to the influence of the proposed attachment points modifications on the load and integral strength characteristics of the main 
structural elements of the engine – pylon – wing dynamic system on the example of an An-124 aircraft are presented. The practical 
implementation of the proposed solutions aimed to reduce the level of fatigue damage to structural elements of the aircraft 
feasibility is proved. 
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INTRODUCTION 

 
One of the main features of a modern aircraft layout is the location of engines on elastic pylons 

under the wing. With obvious design and operational advantages of such a layout, an actual problem 
arises: engines on elastic pylons lightly damped oscillations. This phenomenon is conditioned by the 
fact that the oscillations energy dissipation in the dynamic engine – pylon – wing system is only per-
formed by internal and structural damping. Engines on elastic pylons oscillations lead to the elements 
of the wing and pylon structure fatigue damage accumulation and to the aero elastic dynamic instabil-
ity of the "pylon" flutter type occurrence as well as to the worsen the crew and equipment operation  
performance.  

At the same time, the results of theoretical and experimental studies [1–9] show that certain en-
gine to pylons attachment points design modifications, aimed at some engine and pylon relative dis-
placement provision, can significantly increase the dissipative properties of the engine – pylon – wing 
dynamic system. In this case, special elastic elements and damping devices are introduced into 
the structure, and the running engine can be used as an inertial and gyroscopic oscillations dampen-
er [10-15]. Research shows that with rational (tuning) values of the engine to the pylon attachment 
elastic dissipative parameters, it is possible to influence the aero elastic oscillations of the engine – py-
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lon – wing dynamic system effectively. At the same time, the damping coefficients of motor tones in-
crease by an order of magnitude or more. 

This paper studies some design schemes of engine to pylon attachment points and the influence 
of the proposed modifications on the aero elastic oscillations in the engine – pylon – wing dynamic 
system is analyzed. Mathematical model of an aircraft with operative elastic pylons engines, which is 
developed by the authors, is used for analytical research [1]. The results of the study devoted to the 
influence of the proposed attachment points modifications on the load and integral strength character-
istics of the main structural elements of the engine – pylon – wing dynamic system on the example of 
an An-124 aircraft are presented. The practical implementation of the proposed solutions aimed to re-
duce the level of fatigue damage to structural elements of the aircraft feasibility is proved. 

 
MATHEMATICAL MODEL OF THE AIRCRAFT AERO ELASTICITY 

WITH THE ENGINES RUNNING ON ELASTIC PYLONS 
 

The development of a mathematical model of aero elasticity (MMAE) is an important stage 
in the study of the engine attachment points to elastic pylons under-the-wing structural modifications 
influence on the aircraft structural elements strength characteristics. The method of predetermined 
basic forms is used for the aircraft with running engines on the pylons MMAE synthesis [1, 16–20]. 
In accordance with this method, the deformations of structures in perturbed motion take the form of 
expansion in a series of known coordinate vector functions (forms). The given forms are considered 
to be the forms of the aircraft basic structure natural oscillations in the void. This work treats the en-
gine nacelle and the rotor as absolutely rigid bodies, the elasticity of the rotor to the nacelle attachment 
is neglected. The pylon is modeled by an elastic beam, and the elastic and dissipative properties of 
the pylon-to-the-wing and the engine-to-the-pylon attachments are correspondingly by elastic-
dissipative bonds. The engine has a kinetic moment ࡼࡴ the influence of the engine thrust dynamic 
components is neglected. Thus, in [3] it is shown that the influence of dynamic thrust components on 
the natural frequencies and forms of oscillations, as well as on the flutter characteristics of the aircraft, 
is insignificant and can be ignored. When calculating aerodynamic characteristics, the engine is sche-
matized as a set of vertical and horizontal thin bearing surfaces modeled by a family of attached and 
free vortices. 

We consider an elastic plane that performs a steady horizontal flight at the speed of V  in its 
initial state. Having the set-up inertia-mass engine parameters, the pylon geometric characteristics, the 
rotor kinetic moment ࡼࡴ, the engine-to-the-pylon attachment points elastic-dissipative parameters, us-
ing the Lagrange equations, it is possible to  form a perturbed motion equation of  an  elastic aircraft 
with the engine running on the pylon  as shown in [1]. In the matrix form the mathematical model of 
an aircraft aero elasticity (MMAE) has the following form: 
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where   BM ,  BD ,  BB  are correspondingly  the generalized mass, damping, and stiffness of the 
base model matrix; 

 Bq  – is the  vector – a column of generalized coordinates describing the relative engine and 
pylon due to the flexibility of the attachment points displacement; 

 dq  – is the vector – a column of generalized coordinates describing the relative engine and 
pylon due to the malleability of the attachment points displacements; 

 dD ,  dB  – are damping and elasticity matrixes of the additional elastic dissipative bonds; 

 BGG  – is the influence of the running engine (gyroscopic coupling by generalized coordi-
nates) matrix; 

 dF  – is the matrix, made up of vectors projections of absolute linear and angular displace-
ments associated with the coordinate system engine on the corresponding axes of this system; 

 HP  – is the matrix of generalized external forces;  

  0  –  is the null matrix. 
Let’s assume that all basic structure parameters are known, and the matrix of internal and struc-

tural damping coefficients is set. 
Let the coordinate system 321 xxxO   be connected to the engine (Fig. 1).  
The following designations in Figure 1 and Figure 2 are used: 1– beam model of the wing con-

sole; 2 – beam model of the pylon; 3 – engine; 4 – additionally introduced elastic elements of the en-
gine attachment points to the pylon design; 5 – additionally introduced dissipative elements of the en-
gine attachment points to the pylon design (for example, hydraulic dampers). The engine generally has 
six degrees of freedom of relative displacements, which are set by the vector dq . At the same time 

321 ,, ddd qqq  are – the coordinates describing the engine linear displacement due to its attachment 

points to the pylon malleability; 654 ,, ddd qqq  are – the coordinates of relative angular deviation; 

)1,6(, kdb dkdk  – is the partial coefficients of stiffness and damping of the corresponding elastic 
and dissipative elements. 

The research has shown that the maximum effect of damping the motor tones vibrations with 
minimal modifications of the original engine to the pylon  attachment scheme is achieved by ensuring 
that it can rotate about the axis 1Ox  (fig.1, coordinate 4dq ) or the axis aa   (fig. 2, coordinate 

5dq  ). In the first case, the provisionally released engine is a gyroscopic oscillation damper, built ac-
cording to the scheme of a high – speed gyroscope, and in the second case it is a damper of inertial os-
cillations with friction. 
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Fig. 1. The engine-to-the-pylon fastening scheme with the possibility of rotation around the 1Ox axis 

 

 
Fig. 2. The engine-to-the-pylon fastening scheme with the possibility of rotation around the aa   axis 

 
RESEARCH RESULTS OF THE RUNNING ENGINES INFLUENCE ON THE AIRCRAFT 

STRUCTURAL CAPABILITIES   
 

The aircraft with modified engine attachment points aero elastic and structural capabilities 
mathematical modeling process consisted of two stages. At the first stage, the rational (set-up) elastic-
dissipative parameters of the engine attachment points to the pylons for a given suspension variant 
were determined (fig. 1 or fig. 2). The mathematical model of aero elasticity created in accordance 
with the method of specified basic forms was used. The system of equations was solved with the use of 
own values for different damping and stiffness coefficients of additional elastic-dissipative elements, 
while the partial compliance with other generalized coordinates corresponded to the initial values of 
the base model.  As set-up parameters of a suspension bracket such parameters were accepted at which 
damping coefficients (the real part of the characteristic equation roots) of the motor tones reached the 
maximum values on absolute size. The second stage, studied the influence of the engine with modified 



Том 23, № 03, 2020 Научный Вестник МГТУ ГА
Vol. 23, No. 03, 2020 Civil Aviation High Technologies
 

67 

attachment points on the aero elastic and structural capabilities of the aircraft. Some calculation results 
are shown in Figures 3 ... 7. 

Dynamic reaction of the large-sized plane of the An-124 type to external disturbance and con-
trol influences was investigated in particular.  The analysis of the obtained data shows that the engine 
with modified attachment points has a significant impact on the intensity and repeatability of dynamic 
loads acting on the pylon and wing of the aircraft. Thus, Figure 3 shows the normalized oscillogram of 

the bending moment increments in the root section of the external engine pylon 
p
xM with the fol-

lowing initial data: the aircraft's flight speed 100V  m/s; the vertical gust speed 10yW  m/s; the 
aircraft without fuel. A solid line shows the dependence at the original engine mounting scheme, a 
dashed line shows the dependence at the set-up parameters of the conditionally released engine relative 
to the vertical axis (fig. 1).  The similar oscillogram for increase of the bending moment kxM in the 
section of the wing corresponding to the external engine mounting location is shown in Figure 4. 

 

 
Fig. 3. Normalized oscillogram of bending moment increase 

in the root section of the external engine pylon 
 

Fig. 4. Normalized oscillogram of bending moment 
increase in the wing section corresponding to the external 

engine mounts location 
 
The rational choice of the engine suspension elastic-dissipative parameters allows you to re-

duce significantly the amplitude of its oscillations, primarily in the area of torsion and engine elastic 
tones. As an example, Figure 5 shows normalized amplitude-frequency response characteristic (AFC) 
of the vertical oscillations  yA   in the center of mass of the external engine in the An-124 aircraft with-
out fuel in the area of torsion and motor elastic tones. The elastic tones on the frequency axis are ar-
ranged in the following sequence: symmetrical torsion oscillations of the wing first tone SK1; the en-
gine vertical oscillations SDV; the engine lateral oscillations SB;  symmetrical torsion oscillations of 
the second tone wing SK2; symmetrical horizontal bending oscillations f the first tone  wing SGI1; 
symmetrical bending oscillations of the first tone fuselage SIFL. The solid line corresponds to the orig-
inal parameters of the suspension, the dashed line corresponds to the engine, conditionally released 
related to the horizontal axis a a  (fig. 2). It is evident that the amplitude-frequency characteristic of 
the engine vertical and lateral oscillations changes significantly in the lower elastic torsion vibration 
tones of the wing.  Due to the gyroscopic coupling of the wing and the engine elastic vibration tones, 
both the natural frequencies absolute values and the engine – pylon – wing dynamic system dissipative 
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properties change. The external engine oscillation wide frequency range amplitudes are reduced 
by  1.5 ... 5 times. 

It is obvious that decrease in level and repeatability of the dynamic loads which effects the en-
gine – pylon – wing system leads to the reduction of fatigue damageability of the design elements and 
to the increase of their resource. An important quantitative characteristic of the aircraft structure load-
ing capacity is the spectral density of the bending moment in the calculated cross sections. 

Figure 6 shows the normalized spectral density of the bending moment K
MS  in the An-124 air-

craft wing section, corresponding to the attachment point of the external engine, when the aircraft is 
taxiing along  the airfield without fuel at the  speed of =10 m/s. The solid line shows the curve for the 
original engine mounting scheme, and a dashed line for the mounting scheme shown in Figure 2. 

 

 
Fig. 5. Normalized amplitude-frequency characteristic of 
the An-124 aircraft external engine center of mass vertical 

oscillations yA   

Fig. 6. Normalized spectral density of the An-124 aircraft 
wing section bending moment, corresponding to the 

attachment point of the external engine 

 
The obtained spectral characteristics of changes in the integral force factors in the cross sec-

tions of the aircraft structure elements were used to quantify the resource in accordance with the hy-
pothesis of spectral summation of fatigue damage. In particular, some impact assessment results of the 
proposed improvements of the engine-to-the-pylon attachment points, strength characteristics of the 
large An-124 type aircraft main structural wing elements are shown in Figure 7 in the form of the 
graphs showing the resource increase coefficient changes for the lower NT  and upper VT panels at  
the external engine attachment point.  

The figures demonstrate  21 xx /lll   ;  1xl  – is the engine center of mass removal down rela-

tively to the pylon attachment points (along the 1O x axis in Fig. 1); 2xl  – is the engine center of mass 

removal forward along the 2xO axis. 
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Fig. 7. The graph of the resource-increase coefficient changes for the wing lower NT  and upper VT  panels of the An-124 

aircraft at the external engine attachment point 
 
The solid line shows the released engine dependence relatively the vertical axis (diagram 

fig. 1), the dashed line shows the released engine dependence relatively the horizontal axis (diagram 
fig. 2). The dashed line corresponds to the l value of the production An-124 aircraft.  All the men-
tioned above data are obtained with taking into account the engine rotor kinetic moment influence. 

 
CONCLUSION AND DISCUSSION OF THE OBTAINED RESULTS 

 
We studied the influence of elastic and dissipative parameters of engine attachment points on 

the elements of the engine – pylon – wing dynamic system   strength characteristics using the mathe-
matical model of aero elasticity developed by the authors, which takes into account the kinetic moment 
of engine rotors.  Potential attachments structural modifications which make it possible to have the 
greatest impact on the intensity and repeatability of loads on the structure are proposed. As an exam-
ple, the results of the An-124 aircraft wing elements resource evaluation in accordance with the spec-
tral summation of fatigue damage hypothesis are presented. It is shown that the specially designed 
elastic and damping elements being introduced into the structure allow us to expect the resource of in-
dividual structural elements increase by up to 30%. 
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 ДВИГАТЕЛЬ – ПИЛОН – КРЫЛО   
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1Московский государственный технический университет имени Н.Э. Баумана, 
 г. Москва, Россия 

2Московский государственный технический университет гражданской авиации, 
г. Москва, Россия 

 
Анализ особенностей динамических свойств современного крупногабаритного самолета, обусловленных спецификой его 
компоновочной схемы, показывает, что слабодемпфированные колебания двигателей на упругих пилонах под крылом 
являются причиной ряда нежелательных явлений, в том числе интенсивного накопления усталостных повреждений узлов 
крепления двигателя к пилону, пилона к крылу, собственно в пилоне и крыле в месте установки двигателей. Результаты 
теоретических и экспериментальных исследований показывают, что при определенной доработке конструкции узлов 
крепления двигателя к пилону появляется возможность использовать инерционные и гироскопические свойства 
двигателей для гашения данных колебаний. В этом случае на порядок и более возрастают коэффициенты демпфирования 
двигательных тонов, реализуется гироскопическая связанность упругих тонов колебаний. При рациональном выборе 
параметров дополнительных упругих и диссипативных связей в узлах крепления двигателей удается достаточно 
эффективно воздействовать на аэроупругие колебания крыла самолета и двигателей, что оказывает существенное 
влияние на прочностные характеристики элементов конструкции ЛА. Для исследования влияния и выбора рациональных 
упругодиссипативных параметров подвески двигателей самолета на пилонах под крылом разработана математическая 
модель аэроупругости (ММАУ) с учетом кинетического момента роторов двигателей и специальным образом 
сконструированных узлов крепления двигателей к пилонам. Для синтеза ММАУ самолета с работающими двигателями 
на пилонах используется хорошо зарекомендовавший себя метод заданных базовых форм.  В качестве заданных форм 
рассматриваются формы собственных колебаний базовой конструкции самолета в пустоте. В данной работе гондола и 
ротор двигателя рассматриваются как абсолютно жесткие тела, упругостью узлов крепления ротора к гондоле 
пренебрегается. Пилон моделируется упругой балкой, а упругие и диссипативные свойства узлов крепления пилона к 
крылу и двигателя к пилону соответствующими упругодиссипативными связями. Предложены принципиальные схемы 
узлов крепления двигателя к пилону. Приводятся результаты исследования влияния предлагаемых доработок узлов 
крепления на нагруженность и интегральные прочностные характеристики основных конструктивных элементов 
динамической системы двигатель – пилон – крыло на примере самолета    Ан-124. Доказана целесообразность 
практической реализации предлагаемых решений для снижения уровня усталостной повреждаемости элементов 
конструкции самолета. 
 
Ключевые слова: аэроупругость, двигатель на пилоне, инерционные и гироскопические свойства, упругодиссипативные 
связи, усталостная повреждаемость, ресурс. 
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