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VIBRATIONS OF AIRCRAFT ENGINES TURBINE BLADES WITH
HYSTERETIC ENERGY DISSIPATION

Po3rnsgaroTbest KOMMBaHHS JIONATOK TypOiH aBiallifHUX JABUTYHIB 3 YpaxyBaHHSIM
ricrepe3rcHoro tepts. HeniniitHa 3a/1aua po3B’s3yeThes 3a JOMOMOTOI0 PO3KJIIaJaHHS
3a MaJuM rapaMeTpoMm. s BU3HAUYEHHS BIACHUX YacTOT Ta OPM KOJMBAaHb BHKO-
PHCTOBYEThCS BapialliifHO-CITKOBUH mijnxix nmoOynoBu (yHKIioHaniB Tumy Penes ta
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MiHIMIi3a1lis 1X METOJOM MOKOOPJMHATHOTO crycKy. OnepaHi piBHSHHS pe30HaHC-
HUX KPHBHX JIOTIATKH. 3ajada Mpo BUMYIICHI KOJIMBAHHS PO3B’SI3YETHCS MIIIXOM
PO3KIIaZIaHHs 32 BIaCHUMH (hopMamMu

Ru PaccmatpuBaroTcs koneOaHus JIOMAaTOK TypOUH aBUALIMOHHBIX JBUTATENeH C yue-
TOM TUcTepe3ucHOro TpeHus. HenuneilHas 3agaua pemaeTcsi ¢ IOMOULIbIO Pas3iioxke-
HUS 110 MajoMmy mapametpy. s onpezneneHusi COOCTBEHHBIX 4acTOT U GOpM KoJie-
OaHMIT MCIONB3YETCS] BApUAIMOHHO-CETOYHBIN TOXO MOCTPOCHHS (DYHKIIMOHAIOB
tuna Panes m MUHMMM3AIMS MX METOJOM MOKOOpAMHATHOro crycka. [lomydeHsr
YpaBHEHUS PE30HAHCHBIX KPUBBIX JIOMATKHU. 3ajada O BBIHYXICHHBIX KOJICOAQHMSIX
pelaeTcs MyTeM pas3yioKeHUs 10 COOCTBEHHBIM (hopMam.

Introduction

Turbines of aircraft gas turbine engines are the main nodes that determine
the characteristics of the engine. Compressors and turbines are the bladed ma-
chines, elements of which are the blades of the rotor group, called the working
blades. The gas stream energy transformation into mechanical energy of the ro-
tor is carried out in the interscapular channels of the turbine wheel. Constructive
and technological features of working blades have a fundamental influence on
the gas dynamics engine characteristics and stability and reliability of their
work. Strength properties of working blades also exert a major influence on the
characteristics of reliability, since the breakage of working blades could lead to
the destruction of the engine. Considering the hard operating conditions of
working blades and their role in the engine, since the reliability and engine re-
source are usually determined by the reliability and lifetime of the turbine
blades, therefore, the task of calculating the blades under the action of vibration
loads is important. An interesting approach to study the vibration between
shrouded turbine blades in an aero-engine was applied in the work [1]. In deriv-
ing the equation of motion the Euler-Bernoulli beam theory was used. The ap-
proximate solution of equations was carried out by Galerkin method.

Formulation of the problem

Let us consider the load on the turbine blades.

Pulsating gas stream acting on the turbine blades can be seen as the over-
lay of the stream with a speed that changes periodically on stream with constant
speed v.

Periodic component of the gas stream creates a load distribution along the
blade q(z) cos pt i m, (z)cospt , a constant component under blades vibration
causes the additional aerodynamic forces which are based on the hypothesis of
stationarity [2] and for small angles of attack are expressed as:

oC 100(3 1
(pl(Z,t):a—aypbvz|:6+v§(zb—xo)—;%} (l)



122
Mexanika 2ipocKoniunux cucmeum

o 1] 3 b | 1oy
Z,t)=—="E pbV?| 0+ =| Zb—X, - ———— |- == |,
0:(21)=75,P V|4 T e [Vt
oo

where p is the density of gas; a is the angle of attack;
X, 1S the distance from the front edge to the stiffness center of profile;
b is a chord of profile; C, is a lift coefficient;
C,,g — coefficient of lifting force moment as to the torsion axis;
y is a deflection; 6 is a torsion angle.
The scheme of the blade is shown in Fig. 1.
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Fig. 1. The scheme of the blade

In view of the gas stream forces and internal energy dissipation, the equa-
tion of turbine blade flexion and torsional vibrations in case of rod modes of are
look as:
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where EI and G1; are the bending and torsional stiffness of the rod;
m and [,,, are the inertia moment and mass length unit of the blade;
xc 1S the distance between the stiffness center and the gravity center of
the cross section;
f1(z,t), fo(z,t) are the nonlinear function of energy dissipation in the
material during bending and torsional vibrations;
©4,(z,t), ©,(z,t) are the aerodynamic forces of the gas stream is general-
ly nonlinear, in partial cases may have a linear kind (1).
The forces of internal friction are considerably less than elastic forces and
forces of inertia. Aerodynamic forces being proportional to the gas density are
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also smaller than inertia forces of blades. So all the forces on the right side of
equation (2) can be considered proportional to the small parameter «.

To investigate the systems (2) we have applied the asymptotic method of
nonlinear mechanics [3], [4]. This method was used by the authors [4] for solu-
tions of rod system bending vibrations with considering energy dissipation.
Considering the movement, that describes by system without the right part

(e =0), as unexcited movement and the forces on the right side are the forcing
small forces. The unconstrained system solution (¢ = 0) we obtain by a simple
way with considering boundary conditions of fixed cantilever rod:

y(o,t):e(o,t)zg(o,t)zo,
0%y 00 o’y
—(I,t)=—(I,t)=—=(I,t)=0.
The unconstrained system (2) solution (e # 0) in the first approximation
has the form [3], [4]:

y(z,t)=aY (z)cos(pt+y),
9(Z,t)=a(D(Z)cos(pt+\y), (4)

where Y(z), ®(z) are the bending and torsional vibrations forms, which were de-
termined from unexcited system (& = 0);
a is the amplitude coefficient that equal under the terms Y (I) = 1 to bend-
ing oscillation amplitude of the blade free end,;
Y is a phase of oscillation.
The amplitude o and phase s are generally determined from the equations
of the first approximation (5):

(3)

da  x(a) :
—=— — siny,
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and stationary vibrations P 0, ol 0 | are satisfy the relation (6):
2
(E] = _iz COS\V—MS"\\V :
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In equation (5) and (6) the following notation are adopted:
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Aerodynamic forces (1), and expressions for internal friction functions in
the first approximation, is taking into account the system decision (4), will
equal:
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where n, v and n are hysteresis loop parameters in accordance with the bending
and torsional vibrations;
¢ is a distance from the neutral axis of the cross section to the elementary
area dF,
z is a distance from the torsion axis to the elementary area u dF of the
Cross section ;
E is the Young's modulus; G is the Shear modulus.
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The process of turbine blade oscillation in the gas stream can be investi-
gated using equations (5).

Resonant oscillation curves of blade are described by equations (6).

For the determination of natural frequencies and blades forms of oscilla-
tions the approach, which is based on the variational-grid method of forming fi-
nite dimensional functional of Rayleigh type and minimizing it by coordinate-
wise descent method [5], [6] was used.

For construction of necessary functional the method of increasing stiff-
ness’s [5], [6] is proposed. Then, the determination of natural frequencies and
mechanical system forms of oscillations comes down to minimization problem:

. 11 Mz,
( uu)+ckz_;( Z,,U) )

< =inf __,
ueR (MU,U)
where (Ku,u) and (Mu,u) are the quadratic forms corresponding to the poten-

tial and Kinetic energy of the system;
K and M are the matrices of rigidity and mass, respectively,
u is the displacement vector, z is the desired form of vibrations.

From such Rayleigh ratio (22) follows that it’s not necessary to build pro-
jectors corresponding to founded eigenvectors during calculation process, but is
sufficient to store in computer memory only previously defined eigenvectors.
This allows to find the spectrum of frequencies and forms with less computa-
tional cost in comparison with the traditional approach [5], [6]. After the deter-
mination of natural frequencies spectrum and forms of oscillations the problem
of forced vibrations of constructions can be solved by decomposition by its own
forms of vibrations.

Conclusions

This paper deals with nonlinear oscillations of elastic gas turbine engines
blades with taking into account the hysteresis friction. The problem was solved
by the method of decomposition in the small parameter. For the determination of
natural frequencies and mechanical systems oscillations forms the variation-grid
method of forming Rayleigh type functionals was used and following minimiz-
ing it by coordinate-wise descent method. Application of the method of calcula-
tion will solve the problem of flexion and torsional vibrations of nonlinear elas-
tic blades as aircraft elements.
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