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THE STRENGTH CALCULATION OF THE TRANSPORT AIRCRAFT
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CONTROL SYSTEM ELEMENT BY THE FINITE ELEMENT

METHOD

Pobota nmpucBsYeHa BU3HAYCHHIO HANPYKEHO-1e(OPMOBAHOTO CTaHY €JIeMEH-
Ta CUCTEMH KepyBaHHS TPAHCIIOPTHOTO JIiITaKa, SIKHH CITY>)KUTh JUIS TIepenadi pyxy i
€ CJIEMEHTOM MEXaHi3My ISl BIIXHWJICHHS PYyJisi HAlPSIMKY Ta 3HSITTS HABaHTa)KCH-
HS 13 IPOBOJIKY KepyBaHHs. Y pa3i pyWHYBaHHS JaHOTO €JIEMEHTa CHCTEMa Kepy-
BaHHA He Oyne (QyHKIIOHYBaTH BHACHIOK 4Oro OyayTh BHBEJAEHI 13 Jaay JesKi
€JIEMEHTH EJIEKTPOHHOI ycTaHOBKM JiTaka. Ilin Wac mocmikeHHs HarpyXKeHOTO
CTaHy CKJIQJIHUX JeTajeil Ta MexaHi3MiB B aBiaOyayBaHHS aHANITUYHI METOJIU HE
3aBXKIU € e(PeKTUBHUMU, X092 TAKOXK 3aCTOCOBYIOThCA. JIJIss BU3HAYCHHS HAIpy-
KEHO-IIe()OPMOBAHOTO CTaHy y poOOTi 3aCTOCOBYBABCS YHCEIbHHUI METOJT — METOT
CKIHYCHHUX CJIEMEHTIB, SIKHH 3 BEIUKOI TOYHICTIO MOJCIIOE HAIMPYKEHO-
neopMoBaHMIA CTaH MEXaHIYHUX CUCTEM 13 ypaxyBaHHSM I'PaHUYHUX YMOB Ta 3a-
JTAHOTO HABAHTAXKEHHS. Y SKOCTI CKIHYCHHOTO eJIeMEeHTa OyB BHOPAHHI YOTHPHOX
BY3JIOBUI  TeTpacIpuuyHHi elleMeHT. Ha OCHOBI  aHamily HampyXeHo-
neOopMOBAHOTO CTaHy OyJi0 BH3HAYCHO HEOE3MeuHi MICI y KOHCTPYKIIiI, Jie €
MO>KJIMBICTh MOSIBU TPIIIMHY 1 K HACHIJJOK IbOTO — pyHHYBaHHS.

The work is devoted to determining the stress-strain state of the element of the
control system of the transport aircraft, which serves to transmit motion and is an
element of the mechanism for deflecting the rudder and removing the load from
the control wiring. If this element is destroyed, the control system will not func-
tion, as a result of which some elements of the electronic installation of the aircraft
will be disabled. Analytical methods are not always effective when studying the
stress state of complex parts and mechanisms of aircraft construction, although
they are also used. To determine the stress-strain state in the work, a numerical
method was used - the finite element method, which models the stress-strain state
of mechanical systems with great accuracy, taking into account the boundary con-
ditions and the given load. A four-node tetrahedral element was chosen as a finite
element. Based on the analysis of the stress-strain state, dangerous places in the
structure were identified, where there is a possibility of a crack appearing and, as a
consequence, destruction.
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Introduction

The control system of a transport aircraft is quite complex and important,
consisting of many structures. Analytical methods of solving mechanics
problems are widely used nowadays [1—4]. Due to the fact that analytical
methods, solving problems of the stressed-strained state of mechanical systems
are not always effective, it is necessary to use numerical calculation methods
[5 - 8]. Let's consider an element of the control system of a transport aircraft
(Fig. 1). The element under consideration is a rocker in the rudder channel. The
rocker serves to transmit motion. The rocker is part of the mechanical control
system, which is part of the mechanism for deflecting the steering wheel and
removing the load from the control wiring, depending on the forces acting on the
steering wheel.

The calculation and study of the rocker at the specified loads is necessary
for consideration, since when the rocker is destroyed, this mechanism will no
longer function and may disable some elements of the electronic installation of
the aircraft.

Fig. 1. Element of the control system of a transport aircraft

Problem statement

The rocking chair has 3 nodes (A, B, C) (Fig. 2). It is fixed at node A on
the axis and serves to transmit longitudinal force with a reinforcing lever.
Subnodes B and C are joined by rods.
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Fig. 2. Rocker in the direction rudder channel

The effort is transferred to the rolling pin in the node B and increased by
the lever and then transmitted through the node C per stem. Analyzing the forces
acting on the rocking chair we have the following load scheme (Fig. 3)

Fig. 3. Load scheme

The most critical position is the position when the rocking chair is
vertically down. This is because when the angle changes, the force will act at an
angle to the rocking chair and the bending force will be reduced due to the fact
that the angle of action changes (that is, given the angle, the force will decrease
through the cosine of this angle).

Considering the load scheme, size, profile, material, load concentrators,
cross -sectional profiles — we get the next course of solution of the problem.

Creating a model and performing a calculation

The solution will be looking for finite elements that allows a numerical
analysis of the stress-deformed state of the structure [5 - 7].
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First you need to get a geometric model. For the model we will need input
data. Input data for this step is the size of the part itself. The part itself is not
standard, so the size is taken from the real model.

A three -dimensional model (geometric model), implemented in
Simcenter 3D is depicted on (Fig. 4).

Fig. 4. A trivial model of construction

The first step in constructing any finite-element analysis is the sampling
of a geometric model of a relatively complex shape on finishing elements.

Each finite element is a part of the general geometric model (sub-region),
which has a relatively simple shape within which the solution is sought. The set
of solutions for each finite element gives a common solution for the whole
model.

The finishing elements are connected by means of nodes. The
combination of nodes and finite elements is called a grid. The density of the grid
depends on the number of elements. The main variable in the finite elements is
nodal movement. After determining the displacement, you can get deformation
in the element, then, using the dependencies between deformation and stresses
(for a linear problem — a generalized sound of sound), you can find the field
distribution fields. Movement in a real solid is continuous and can be
determined at any point, but in the finite-element model of movement are
determined only in nodes. In order to determine the movement at any point of
the discrete model, namely in the middle of the finite element, the so-called
functions are introduced, which are polynomials. In our case, the finite element
IS tetrahedron.

Consider the element in the form of tetrahedron (Fig. 5). We introduce at
each vertex of three unknown movements,, in the directions of the axes X, v, z,
accordingly [6, 7].

The vector of displacement at an arbitrary point of tetrahedron is
approximated by polynomials

U=oa, +a,X+0,Y+0a,z

V=0, +aX+a,y+0,Z, (1)
W=0y + 0, X+ 0, Y+0,,2
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After further equating of these expressions for moving nodal points, we
get for each of the movements u, v, w by four equations, from which you can
express o;.

Fig. 5. Tetrahedral spatial finite element

Three moving components are approximated in an element volume by
expressions

u
u=|v |=Nqg (2)
W
N, N, N, N,
N=[ N, N, N, N,
N, N, N, N,

q:(u1 Vi WU, vV, W, Ug Vi W U, 'V, W4)-

N; form functions look like

1
N. :a(a1+b2x+c3y+d4z), (3)
where
1 X z |
2 Vo X, Y, Z, 1y, z
1 1 XS y3 23
V=— , a =% Y Z b1:_1 Ys 43
61|11 X, vy, z, y , A ,
_1 Xl yl Zl_ 4 y4 4 y4 4
X2 Z2 X2 y2
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The values of other coefficients in the functions Ny, ..., N, are determined

by the circular permutation of indexes in the rows of determinants. Determine
the deformation vector

e=(e & & Yy Yy Vi)

What will we take advantage of Koshi addictions

e=Au=ANg, (4)
where
B T
9 9 o0 9 g 2
OX oy 0z
a=lo 2 o0 2 2
oy oX 0Oz
0 0 2o 2 2
0z oy oX
After the substitution (2) in (4), with (3), we get
e=Bq, (5)
where
b, 00O b, 0O0ODb 0O0WDb 00 ]
0c, 00c 00¢c 0O0TCO
B:i00d300d400d100d2 ©)
evic b, 0 c, bp 0 cg bpb O c, b O
0d, ¢, 0 dg c, 0d, ¢, 0 d ¢
d, 0O b d, O b di O b d, 0 D]

Tension for isotropic material according to Hooke law looks like
o = De, (7)
where

1 A
1

= > >

_ EQ@-v)
@+ v)(1-2v)

T O o o

(8)

T O O o o

T O o © o o

Y _(1-2v)
i-v' FToawy
The matrix of rigidity
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K = j B"DBdV. )
\

The nodal forces due to the action of surface loads are determined by the
vectors of loads corresponding to each of the faces of the element.

P 0 P P
P, 0 P, :
P 0 P, P,
P P 0 P
P, P, 0 P,
=S| P|, S| P |, Seu| O |, S|P )
3(P| 3|P| 3|P| 3|0
P, P, P, 0
P P, P, 0
0 P P P
0 P, P P,
0 P, | P, | P |

In the conditions of linear static analysis, a system of static equilibrium is
solved:

(KU} ={F}, (11)
where [K] —is a Global matrix of stiffness of items:
{U} —is a vector of nodal movements;

{F} —is a vector of external forces.

The matrix of rigidity considered here the four -footed tetrahedron thus
looks like (12X12):

K1.1 K1.12

(KO = ¢ (11)
K K

A finite element model of the rocking mechanism of the transport aircraft
control system was developed. The number of finite elements was 365384, the
number of nodes 96126 (Fig. 6).

One of the questions is also the issue of implementing parts (bolts,
rivets, etc.). Our rocking chair is part of the mechanism. Connections can be
represented as 3D model [8] (Fig. 7).

121 12.12
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Fig. 6. The net of the finished elements of the rocking chair

Next, in order to solve the problem, we need to set the material. The item
is made of AK-6 aluminum (64, = 380 MPa).

Fig. 7. Finally elemental connection model

The next step will be to set the boundary conditions and loads to get the
problem of finding the hazardous places of the workpiece, taking into account
the principle of work. From the conditions of load, the force acting in the node B
is 7400 N. We place the rolling pin vertically, as it is the most critical position.
In the node A the rolling pin is fixed. Draw a linear static analysis- the
determination of the stress-deformed state of structures in the conditions of
static loads under the given boundary conditions.

Assumptions used for linear static analysis:

— the rigidity matrix does not depend on the deformed state;

— the limit conditions do not depend on the deformed state;

— moving — small; only linear-efficient properties of materials;

— components of tension stresses and tensor deformations are related to linear
ratios;

— Dynamic effects are not taken into account.

The finite-element model was investigated by a linear static method and
found dangerous places of this model at a given load. Dangerous places are
shown in (Fig. 8, Fig. 9). The figure shows equivalent stresses by Mizes.
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Fig. 9. Equivalent stresses by Mizes (Projection 2)

The results of the calculation show that at a given load, the maximum
equivalent voltage did not exceed 208 MPa.

Conclusions

According to the results, we can conclude that the method of finished
elements allows to analyze the stress-deformed state of the system of control of
the transport aircraft, taking into account real limit conditions and loading and
finding problematic places for their further improvement or solving the problem
of optimization of the structure in order to reduce stress in hazardous places.
This model clearly defined places where the work may be destroyed by
overloading, or a crack due to the accumulation of damage.
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