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The problem of non-stationary eigenbending vibrations of a helicopter rotor blade is solved. The helicopter blade is
approximated by a thin rectangular plate. The vibration of the blade is modeled on the basis of the classical theory of bending
vibration, the Lagrange-Sophie Germain equation, under the conditions of cantilever fixation. The problem is solved in two
ways, both of which reveal the relationship between the eigenvalues. It is shown that the solution of the problem is not unique.
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Introduction. The problem of flight safety is an important part of aircraft flight planning. One of the
aspects of helicopter safety is the aerodynamic resistance to changes in the external load on the helicopter
rotor [ 1], since the rotor is responsible for keeping the helicopter in the air in a state of balance.

In different flight regimes, the aerodynamic characteristics of the rotor vary substantially. Variable
unsteady loads acting on the helicopter rotor blades cause bending vibrations of the blades, which
consequently leads to unsteady changes in aerodynamic characteristics, in particular, thrust. This is a
negative impact on flight stability and can lead to unexpected situations, loss of helicopter balance, and
subsequent crash. Thus, the relevance and importance of solving the problem of blade eigenvibrations
is obvious.

Despite the importance of this issue, a review of existing works indicates that insufficient attention
has been paid to the relationship between helicopter rotor blade motion and aerodynamic stability in
motion. Most of the existing works are devoted to two areas of research: 1) studying the flow field
around the blades, on the basis of which the pressure coefficient and the blade drag coefficient are
calculated (using approximate formulas) [2], [3]; 2) studying the oscillation of the blade as an element
of a mechanical system using the methods of theoretical mechanics. However, the existing videos of
helicopter blade movement in flight (Fig. 1) show that the blade behavior is more similar to small
unsteady bending vibrations of a plate. Therefore, in order to study the non-stationary behavior of a
helicopter blade, the following model problem is proposed in this paper. Let us assume that the
helicopter blade is, to a first approximation, close to a thin rectangular plate, the unsteady vibrations of
which are studied in this paper under certain boundary conditions. That is, we will replace the blade in
the first approximation with a thin rectangular plate.

Mathematical model of blade vibration. It is known that helicopter rotor blades are manufactured
to be sufficiently rigid, which means that the Kirchhoff-Love hypothesis about the absence of
transverse deformations of the plate (blade) is fulfilled. So, let's apply the Kirchhoff-Love theory [4] of
plate bending.

Consider a rectangular plate (Fig. 2). Let's introduce a rectangular Cartesian coordinate system, so
Oxyz . Let the deflection of the plate, i.e. its deviation from the initial position w= 0, be denoted by

w(x, y,t).
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(b)

Fig. 1. Instantaneous camera photos of helicopter blade transverse movement: (a) lower position; (b) middle position; (c) upper
position

We assume, as a first approximation, that the cylindrical stiffness D of the plate and its thickness
h are constant. The equations describing such vibrations are the Lagrange-Sophie Germain equations
[5]:
o'w o'w  o'w
D(—F+2——+—)+ phw=¢q(x,,1), 1
e ooy 6y4) phw=q(x,y,t) (1)
where ¢(x,y,t) is the load distributed over the blade surface. To formulate the problem for equation (1),

it is necessary to set boundary conditions that
maximally meet the conditions for fixing the -

helicopter rotor blade to the main rotor shaft, as
well as initial conditions. However, before
formulating and solving the problem, we will
present a brief analysis of the already solved

L . 0
problems of plate oscillation under different
boundary conditions. This will help us %
understand the direction and methods of
research Fig. 2. Different blade positions corresponding to Fig. 1

In [6], the problem of eigenvibrations oscillations of a cantilevered rectangular plate was solved
approximately using the Ritz method, [7, p.77, (4.56)]. In [8], [9], the Ritz method was also used to
determine an approximate solution for the vibration frequencies and modes. A more detailed analysis
of the plate vibration under different boundary conditions is given in monograph [7].

Later, the issue of studying the free oscillations of a rectangular plate is returned to again [10], [11],
where the eigenvalues and modes of oscillations are studied under the condition of asymptotic
approximations. Thus, we can see that not for all cases of loading the boundary of a rectangular plate,
it was possible to find an analytical solution without resorting to asymptotic and approximate methods
of solving problems.

Since we are interested in finding an analytical solution of the problem of oscillations of a
cantilevered plate, we consider two variants of the problem statement: 1) eigenvibrations of the plate,
2) forced vibrations of the plate.

Eigenbending vibrations of a cantilevered plate. Formulation of the problem
First, we solve the problem of eigenvibrations of a plate (blade), i.e. when g(x,y,t) =0. We set the

following boundary conditions:
1) clamped edge, y=0:

W(x,0,1)= a—W(x,O, 1)=0, 2
ox
2) freeedge, y=R:

2 2 3 3
W oW W aW}O’ -

k
M, =-DE+vi2y=0, 0 =-D|ZL+-v
* (8x2 oy’ ) O { ox’ ( )axay2
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3) freeedge, x=0; x=c:

2 3 3
M, = D(a_W+ o 2) 0, 0 = {aa;ﬂ(z )aaa } 0. )

In the boundary conditions (2)-(4), the stationary part of the blade displacement w(x,y,?) is
denoted by W(x,y). To solve problems (1)-(4), we apply the well-known Navier approach.

Determination of eigenvalues and eigenmodes of a plate by the Navier method. To find the
eigenvalues and natural oscillation shapes of the plate, we need to put in equation (1) g(x,y,?)=0.

That is, consider the natural oscillations of a helicopter blade. The boundary conditions (2)-(4) are
those of a cantilevered plate. According to Navier's approach [5], [12], the solution of the stationary
part of the problem should be sought in the form:

W(x,y)=sinAx-sind,y, ®)
where 4,4, are the eigenvalues determined from the boundary conditions. Boundary condition (2) is
exactly satisfied, since at y =0 we have sin4, -0 =0. Therefore, we will not find eigenvalues A,,4,
from it. Instead, the boundary condition (3), consisting of two equations, is the determining one.

2y 2y
Indeed, the boundary condition M = —D(aa—2 88 > )‘ =R =0, after differentiation and
X
substitution y = R, yields:
—A2sin A, x-sin A, R — VA3 sin 4,x-sin L,R=0. (6)

Since sinA;x can take on different values, we assume that sin A,x # 0. So, dividing (6) by sin4,x,
we have:

(4 +VA3)sinL,R=0. (7)
The expression ﬂqz + v/1§ > 0, since both eigenvalues do not turn to zero simultaneously (we are not

interested in a trivial solution), then we have:
sinA,R=0. (8)

Equation (8) defines a set of eigenvalues: A, = %,n ez.

Fulfilment of the boundary condition
. ow ow
QX‘}:R:_ {63 +(2- V)Gxﬁy } =0
leads to the following relation:
(=4, -sin LR —(2-v)AA;)-cos A4, x-sinL,R=0 . 9)
Since cosAx #0 for most values of x, therefore, relation (9) is satisfied for sinA,R =0. Thus,
both free edge boundary conditions give the same equation for the eigenvalues of 4, .

Fulfilment of the boundary condition M = 0 leads to the relation:

X‘X:O
—2,’sin 4,0-sin A,y —vA; sin 4,0-sin A,y =0, (10)
because sin4,0=0.

Fulfilling the boundary condition M, _ =0 gives the following relationship:

X‘X=C

—A>sin 4,C-sin 4,y —vA; sin ;,C-sin 1,y =0. (11)

Since sin A,y it is different from zero for virtually the entire region of change in the values of y,
except for a counted number of points, the relation (11) is fulfilled under the condition:
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sinllc=0,thatisﬂ,1=”—m, meZ. (12)
c

In the end, we obtained a set of eigenforms that are the same as in the Navier solution. But the
fulfilment of the condition 9, , =0 leads to the following relation:

(-2 = 2=WAA3)cos A,0-sin 1,y =0. (13)
Since cosA,0=1and sin A,y # 0, then the relation (13) is satisfied under the condition:
-4’ =Q2-VAA; =0, (14)
which is only valid when
A =Fi2-V)A,. (15)

Relationship (15) indicates the dependence of the two forms of fluctuations on each other.
Fulfilment of the condition O,_. =0 leads to the following equality:

(=2 = 2=V A3)cos 4,C-sind,y =0, (16)

which is satisfied by condition (15), or
cosAc=0. 7
If condition (17) is fulfilled, condition (12) is not fulfilled, i.e., we assume that cos 4,c# 0. Thus,

for the conditions of the free edge of the plate, we have obtained the dependence of the eigenvalues on
each other. Why is this so? The answer to this question is given by another method of solving this
problem.

Solving problems (1)-(4) by the Levy method. Indeed, this problem can be solved by another

method after we have found 4, = %, ne Z . Let's apply the approach used by Levy when solving the

problem for a rectangular plate with two parallel edges hinged (see [4]).

Consider the case of the homogeneous equation (1). The values found above will not be affected by
the zero equality of the right-hand side of equation (1), since we found these values only from
satisfying the boundary conditions without solving equation (1).

Since the helicopter rotor rotates around the helicopter main shaft with a frequency of @ , we assume

that the load is harmonically distributed in time: w(x, y,t) =W (x, y)cos(@t — ¢) . Therefore, we have:

o'w _otw atw
+ +

ox* ox’9y? oy

According to [4], the general solution W,, (x,y) of equation (18) is presented in the form:

D( Y—pho*W =0. (18)

W (3.3) = X, (2)-sin Ly (19)

Substituting (19) into (18) results in the usual linear homogeneous differential equation of the
fourth order for X, (x):

Ty o g ph 5
X —-2(—)X, +|(—)'-—w" |X, =0. 20
m—2( R ) X, [( R ) D } m (20)
The characteristic equation for a given differential equation is:

st =2(mn/R)*s* + [(ﬂn/R)4 —%’wz} =0. (1)

In this case , [%’wz > (mnf a)* , we have the following solutions:

512 =ii\/ %’wz —(n/R)?, s34= i\/ /%’wz +(zn/R)* . (22)

So, then
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X, (x)=C;sink;x + C, coskyx + Cyshk,x + Cychkyx (23)

Taking into account (23), the solution of the general form of equation (18) is written:

where

W(x,y) =Y W, (x,y)= Y (C sinkpx+C, coskyx -+ Cyshhyx + Cychk,x)- sin% y. (25)
n=1 n=1
It is easy to see from (24), (25) that the general solution has only one sum over n, since the
expressions k,,k, depend only on the numbers n and the rotation frequency of @ .
Next, we satisfy the boundary conditions for M Ax=0ic = 0, Qt—:w =0:
FW W

=———+v——>=0, or after substitution (25):

a) Mx‘x:O ax2 ayZ

(—=Cky” sin(k; - 0) = C, k> cos(k, -0) + C3ky sh(k, - 0) + Cyky ch(k, - 0) sin% y-

—W(C; sin(k, - 0) + C, cos(k, - 0) + Cysh(k, - 0)+ C,ch(k, -0)(%)2 sin% y=0. (26)

3 3
_ow +(2- v)a—W2 =0, or after substitution (25):
v

V.= ox

(—=Ck” cos(k, -0) = Co ke sin(k, - 0) + Cyky> ch(ky - 0) + Cyky sh(k, - 0) sin% y-

2= VNG costhy-0)—Cokysinlly-0)+ Coochhy 0)+ksCishlhy - OX ) sin"2y=0. (27)

2 2
o + va—W =0, or after substitution (25):

D M 2o T

(—=Ck” sin(k; - ¢) — Cyk, cos(ky - ¢) + Cyky“sh(ky - )+ Cyky ch(k, - c)sin% y-

—W(C;sin(k, - ¢)+ C, cos(ky - ¢) + Cysh(ky - €)+ Cych(k, -c)(%)2 sin% y=0. (28)
3 3
d Qo = a—VZ+ 2-v) J W2 =0, or after substitution (25):
= Ox dxdy

(—=Cik;” cos(hk, - ¢) — Cok,* sin(k, - €) + Csky ch(ky - €) + Cykey shik, - €) sin% y-
2= VUG costh €)= Cokysinlly )+ Clahlhy-€) +Cishlhy ) ) sin 2y =0. (29)

The multiplier sin% y remains unchanged and can be reduced by almost everywhere in equations

(26)-(29) (except for the points y =0;R ). As a result, we have a homogeneous system of four linear
algebraic equations with respect to unknown constants C;,C,,C;,C,, which has a nontrivial solution
only if its determinant is zero. If we fulfil this condition, then our system of linear algebraic equations
will have a rank less than the number of unknowns. This means that we actually have a linear
relationship among the unknown constants C,,C,,C;,C, . From the condition of equality of the zero

determinant of the matrix, we also get the dependence of the eigenvalues. Thus, as in the above Navier
solution, we also find a linear dependence of the eigenvalues in this approach. This means that in the
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case of one boundary being clamped and the remaining three free, the solution to the homogeneous
equation (18) is not unique.

Further direction of research. In a real situation, a helicopter blade modelled by a plate is
actually under the influence of a distributed aerodynamic load caused by the lift. Therefore, in Part 2 of
this paper, we propose a solution to the problem of eigenoscillations of the plate under the specified
boundary conditions and an example of numerical calculation. A general solution to the problem of
forced non-stationary oscillations of a plate and a helicopter blade is also obtained.

Conclusions. In this paper, the problem of small bending eigenoscillations of a rectangular thin
plate, which is used to model a helicopter blade, is formulated and analytically solved, provided that
one edge is cantilevered and the other three edges are free. To solve this problem, two approaches were
used - Navier and Levy. Both approaches showed the dependence of the eigenvalues, i.e., the existence
of more than one solution to the problem. Therefore, in Part 2 of this paper, we propose an example of
solving the problem under specified boundary conditions that allow us to distinguish from the entire
set of solutions a single solution to the problem of free oscillations of a plate, as well as to write down
a general solution to the problem of forced bending oscillations of a plate and a helicopter blade.

REFERENCES

1. Junhao Zhang, Pinqgi Xia. Aeromechanical Stability of a Bearingless Rotor Helicopter with Double-Swept Blades // Journal
of Aircraft. - March—April 2021.-vol. 58, No.2, p.244-252.

2. Dominique Fleischmann, Mudassir Lone, Simone Weber, Anuj Sharma. Fast Computational Aeroelastic Analysis of
Helicopter Rotor Blades // Proceedings of 2018 AIAA Aerospace Sciences Meeting. 8-12 January 2018, Kissimmee,
Florida, USA. https://doi.org/10.2514/6.2018-1044

3. S. Maksimovicl ; M. Kozic2 ; S. Stetic-Kozic3 ; K. Maksimovich ; I. Vasovich ; and M. Maksimovic. Determination of Load
Distributions on Main Helicopter Rotor Blades and Strength Analysis of Its Structural Components // Journal of Aerospace
Engineering.-2014. - Volume 27, Issue 6. https://doi.org/10.1061/(ASCE)AS.1943-5525.0000301

4. M.V. Vasylenko, O.M. Alekseichuk. Teoriia kolyvan i stiikosti rukhu (Theory of oscillations and stability of motion).//

Pidruchnyk.-K. Vyshcha shkola. - 2004,525s.

S. Timoshenko, S. Woinowsky-Krieger. Theory of Plates and Shells.// MCGRAW-HILL BOOK COMPANY-1959, 594p.

Young, D.: Vibration of Rectangular Plates by the Ritz Method. J. Appl. Mech.- Dec.1950. - vol. 17, no. 4, pp. 448-453.

Arthur W. Leissa. Vibration of Plates /NASA SP-160.-1969.- 353p.

Barton, M.V. Vibration of Rectangular and Skew Cantilever Plates //J. Appl. Mech. —Jun. 1951.- vol.18(2):129-134.

https://doi.org/10.1115/1.4010265

9.  Barton M.V. Free Vibration Characteristics of Cantilever Plates // Defense Res. Lab. Rept. DLR-222,CM 570,Univ.Texas.-
Dec.1949. https://apps.dtic.mil/sti/citations/ AD0609742

10. Leissa A. W. The free vibration of rectangular plates // J. Sound Vib.— 1973.—31.—P. 257-293.

11. V.V.Meleshko, S.O. Papkov. Zghynni kolyvannia pruzhnykh priamokutnykh plastyn z vilnymy kraiamy: vid Khladni
(1809) y Rittsa (1909) do nashykh dniv (Bending vibrations of elastic rectangular plates with free edges: from Chladni (1809)
and Ritz (1909) to the present day) //Akustychnyi visnyk/ - 2009.-t.12 Ne 4,5.34-51.

12.  Navier, Bull.soc.phil.-math., Paris, 1823.

20 N O\ th

Cmamms nadiiuna 08.09.2025

Jlyk’anos I1.B., JIykan A.B., Ukpuns O.O.
HECTAHUIOHAPHI 3r MTHAJIBHI KOJIMUBAHHSA JIOITATI POTOPA BEPTOJIBLOTY IIIJ AI€X0 PO3IIOAIJIEHOI'O
AEPOJUHAMIYHOI'O HABAHTAXKEHHS. YACTHHA 1. BJACHI 3IrMHAJIBHI KOJIMBAHHS JIOIIATI

CraOinbHICTh TOBEIIHKM BEPTOJILOTY IIiJ| 4Yac IMOJBOTY 3aNEKHUTh Bif OaraThox (akrtopiB. OauH 3 HUX Oe3moceperHbO
II0B’s13aHUI 3 HECTAlliOHAPHUMM NPYKHHMH 3THHAJIBHMMU KOJNMBAHHSAMH JioraTed poropa. THCK IMOBITpsS Ha MOBEPXHIO JIONATI
MPU3BOJIUTH /0 TOSBM B JIAHOMY €JIEMEHTI 3rHHanbHUX Jedopmaniil. OCKUIBKM PyX pOTOpa BEPTONBOTY € IEPIOJUYHMM,
HECTal[lOHapHEe HABAHTA)KEHHS Ha JIONATh 3MIHIOETHCS 32 TApPMOHIYHMM 3aKOHOM. B pe3ynbTaTi MaeMo 3MiHHMII TUCK Ta 3MiHY
nigiioMHoi cuiau. Bcee mepenideHe NPU3BOAUTH 10 3MIHM AepOJMHAMIYHMX MapaMerpiB, IO CHPHYMHSE HECTIMKICTH pyXy
BEPTOJBOTY. B naniit poOoTi JOCHIIPKEHHS 3rMHAIbHUX KOJIMBAHb JIONATI BAKOHYETHCS HA OCHOBI il MOZICIIIOBAHHS Y BUIJISI TOHKOT
IPSIMOKYTHO{ TJIACTHHH.

HasBHi ekcriepuMenTaibHi JaHi GoTo3iioMok 3adikcyBaM pyx JIONATi BEPTOIbOTY Y BUTIIA/I KOJIMBAHb, Ki € MOAIOHUMHU 10
KOJIMBaHb KOHCOJIBHO 3aKpilljIeHOl IIaCTUHH. Binomo, 1o yionati rejikonrtepa BUTOTOBIISIOTHCS JOCHTH SKOPCTKUMH 33 PaXyHOK
HasIBHUX peOep )KOPCTKOCTI - HEPBIOP.

Omxe, y HaHii poOoti Bukopucrano rinore3n Kipxroga-JIssa, piBusuHa Jlarpamxa-Codi JKepmeH i MopenroBaHHS
HECTAI[iOHAPHUX 3TMHAJIBHUX KOJIUBAHB JIONATi BEPTOIbOTY SIK TOHKOI IIACTHHH.

Orisz icHyrouux poOiT MoKas3as, 110 BUBYECHHIO 3rMHAJIBHUX KOJIMBAHb MPSAMOKYTHOI MJIACTHHH, IO OIUCYETHCS PIBHAHHAM
Jlarpamka-Codi XKepMmeH, NpHCBIYEHO YMMAJIO JOCITIZIKEHb. AJie, TOUHOTO PO3B'SI3KY 3ajadi MPO BijbHI KOJIMBAHHA IUIACTUHU Y
BHIAIKY 11 KOHCOJILHOT'O 3aKPIiIJICHHS! HEMae, iICHYIOTh JIMIlEe HAOIMKEeH] PO3B'I3KH 3 BUKOPUCTaHHAM MeToxy Pina.

B paniii poboti 1BOMa pisHMMHU criocobamu OyIo 37iHCHEHO Crpo0y aHaNITHYHO PO3B’A3aTH 3a7ady NPO BiIbHI KOJMBAHHS
MaJIOl aMILTITY/I1 TOHKOI IJIACTHHY 32 KJIACHYHUX I'PAHUYHUX YMOB KOHCOJIBHOTO 3aKPIIJICHHS IUIACTHHU. 3HAWACHNH aHaII THYHUH
PO3B’430k MeTosioM JIeBi, Ik BUABHIIOCH, HE € €IMHUM. CHcTeMa PIBHSAHB JUI BU3HAYEHHS KOe(illieHTIB 3arajJbHOro po3B’ 3Ky Mae
paHr, MEHIINH 3a KUIbKICTh HeBiZoMUX. Lle Bka3ye Ha 3aJIeXHICTh BIACHUX YMCEN 3a/1a4i, TOOTO 3B’A3aHICTh KOJIMBAHb, SIKA PaHille
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JleBi Oyna 3HaliieHa 3a iHIIMX IPaHUYHUX YMOB. OCKUIbKM Yy JaHii poOOTi 32 METY IOCTABJICHO 3HAXO/UKEHHS €IMHOTO PO3B’S3KY,
T0 y Yactuni 2 naHoi pobotu Oyjie HaBEAEHO NMPUKJIAJ YTOYHEHHX I'DAHMYHUX YMOB, SIKi JJO3BOJIMJIM 3HANTH €IMHUH PO3B’SI30K
3ajadi.

Kuro4oBi c10Ba: jjonaTth poTopa BEpTOIbOTY, BJIACHI 3TMHAIbHI KOJIMBAHHS MPSMOKYTHOI IUIACTUHY, aHATITHYHUN PO3B’A30K.

Lukianov P.V., Lukan A.V., Shkryl O.O.
NON-STATIONARY BENDING VIBRATION OF A HELICOPTER ROTOR BLADE UNDER DISTRIBUTED
AERODYNAMIC LOAD. PART 1. BLADE'S EIGENBENDING VIBRATIONS

The stability of helicopter behaviour during flight depends on many factors. One of them is directly related to the non-stationary
elastic bending vibrations of the rotor blades. Air pressure on the blade surface causes bending deformations in this element. Since the
movement of the helicopter rotor is periodic, the non-stationary load on the blade varies according to a harmonic law. As a result, we
have a variable pressure and a change in lift. All of the above leads to a change in aerodynamic parameters, which causes helicopter
motion instability. In this paper, the study of the blade's bending vibrations is based on its modelling as a thin rectangular plate.

The available experimental data from photographs recorded the movement of the helicopter blade in the form of oscillations
similar to those of a cantilevered plate. It is known that helicopter blades are made quite rigid due to the existing stiffeners - nerves.

Therefore, in this work, the Kirchof-Love hypothesis and the Lagrange-Sophie Germain equation are used to simulate the non-
stationary bending vibrations of a helicopter blade as a thin plate.

A review of existing works has shown that many studies have been dedicated to the study of bending vibrations of a rectangular
plate described by the Lagrange-Sophie Germain equation. However, there is no exact solution to the problem of free vibrations of a
plate in the case of its cantilever mounting. There are only approximate solutions using the Ritz method.

In this paper, an attempt was made to solve analytically the problem of free oscillations of small amplitude of a thin plate under
classical boundary conditions of cantilevered plate fixation by two different methods. As it turned out, the analytical solution
obtained by the Levy method is not unique. The system of equations for determining the coefficients of the general solution has a
rank less than the number of unknowns. This indicates the dependence of the eigenvalues of the problem, i.e. the coupling of
oscillations, which was previously found by Levy under other boundary conditions. Since the goal of this paper is to find a single
solution, Part 2 of this paper presents an example of refined boundary conditions that allowed us to find a single solution to the
problem.

Keywords: helicopter rotor blade, bending eigen vibrations of a rectangular plate, analytical solution.
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Jlyk’anoe I1.B., Jlykan A.B., lkpurs O.O. HecranioHapHi 3ruHa/IbHI KOJIMBAaHHSA Jonati poropa BeproJbora. Yacruuna 1.
BaacHi 3ruHanbHi KoJIMBaHHs Jonarti // Onip maTepiaiiB i Teopist criopya: Hayk.-teX. 30ipH. — K.: KHYBA, 2025. — Bun. 115. —
C. 114-120.

Posg’azano 3a0auy npo Hecmayionaphi enachi 32UHANbHI KOIUGAHHA Jonami pomopa eepmonvoma. Jlonamv eepmonbomy
HAOIUIICEHO MOOEIIOEMbCS MOHKOIO NPAMOKYMHOIO niacmuHoio. [ocniodceno 6nachi KOUaHHs NAACMuHY HA OCHOGI DIGHAHHS
Jlazpanica - Coghi JKepmen 3a ymMo8 KOHCONbHO2O 3aKPINAeHHA 0OHO20 KIHYA ma Mpbox eLNbHUX Kinyie. [lokasaHo, wo poss 30K He
€ EOUHUM.
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The problem of non-stationary eigenbending vibrations of a helicopter rotor blade is solved. The helicopter blade is approximated
by a thin rectangular plate. The eigenvibrations of the plate are investigated on the basis of the Lagrange-Sophie Germain equation
under the conditions of cantilevered fixation of one end and three firee ends. It is shown that the solution is not unique.
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