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VY po6oTi BUPINIYETHCS 3aj7a4a OIIHKU HaIPYy>KEHO-AehOPMOBAHOTO CTaHy 3a-
CIIIHKU TETUIOOOMIHHOTO BY3JIa MIEPBUHHOI CUCTEMH OOPOOKH TMOBITPSI Cy4acHOTO
TPAHCIOPTHOTO JIITaKa, sIKa 3HaXOJAUTHCS Y CUCTEMI MIArOTOBKH MoBiTps. Crucrema
MiATOTOBKY MOBITPS MpPU3HAYEHA ISl BiZOOPY MOBITPS BiJ MapuIoBOi YCTaHOBKH
JIBUTYHA 200 TOTIOMDXKHOI CHJIOBOI yCTAaHOBKH, MOJAJIBINOT HOT0o 00poOKM Ta TpaH-
CIOPTYBaHHA Yy CHCTeMy >kuTTe3abesrmedeHHs. [lig dac aHamizy HampyKeHO-
ne(OpMOBAHOIO CTaHy pealbHHUX aBilalliiHUX KOHCTPYKIIH, 13 ypaxyBaHHSIM Tpa-
HUYHUX YMOB Ta PEKMMIB HABAaHTAKCHHS, aHATITHYHI METOAHM PO3PaxyHKY HE
3aBXIu € epeKTUBHI, TOMY y JaHiil poOOTi OyiHM 3aCTOCOBaHI YHCEIbHI METOAU
nocmikeHHs1. Ha 0CHOBI MeTo/la CKiHUEHHHX eJIEMEHTIB OyB NpOBEIEHHUH aHawi3
HanpyXeHo-1e(OPMOBAHOTO CTaHy 3aCJIIHKU TEIUIOOOMIHHOTO BYy3Ja i3 ypaxXyBaH-
HSIM BCIX KOHCTPYKTUBHHUX OCOOIMBOCTEH. BUKOpPHCTOBYBAINCH TPUBUMIPHI CKiH-
YEeHHI1 €JIEMEHTH, K1 HallOUTbII TOYHO BIAMOBIIalOTh PO3paxXyHKOBiH cxemi. Yunce-
JTHHUNA aHaJi3 HAaMpPYKEeHO-Ie(QOPMOBAHOTO CTaHY JIa€ MOMIJIMBICTh BUSHAYUTH He-
Oe3mnedHi 001acTi HaNpy>KeHb, 1€ MOKYTh BUHUKHYTH BTOMHI TPIIIMHU 1 BIIOYTH-
Csl pyHHYBaHHs.

The work solves the problem of the stress-strain state estimation of the heat ex-
change unit damper of the primary air handling system in modern transport air-
craft, which is located in the air preparation system. It’s designed for air sampling
from the engine's cruise unit or auxiliary power unit, its further processing and
transportation to the life support system. When analyzing the stress-strain state of
real aircraft structures, taking into account boundary conditions and load modes,
analytical calculation methods are not always effective, therefore, numerical re-
search methods were used in this work.Based on the finite element method, the
stress-strain state analysis of the heat exchange unit damper was carried out, taking
into account all the design features. Three-dimensional finite elements were used,
which most accurately correspond to the calculation scheme. Numerical analysis of
the stress-strain state made it possible to determine dangerous areas of stress where
fatigue cracks may appear and destruction may be occur.

Introduction
In connection with the development of aircraft construction, the task of

assessing the stress-strain state of the heat exchange unit damper of a primary air
treatment modern transport aircraft is relevant.
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This system is designed to take air from the cruise engine or auxiliary
power unit, further process it and transport it to the life support system.

The system includes pipelines and units for the air preparation system in
the wing and fuselage, center plane, gargrot, in the tail part of the fuselage, and
in the compartment of the auxiliary power plant.

The pipelines of the system are made of sheet stainless steel and titanium
alloy, heat-insulated with fiberglass and lined with fiberglass.

The air sampling subsystem (ASS) ensures air sampling from engines
with the necessary parameters and supplying it to the distribution line to con-
sumers. Two ASS are installed on the plane, connected to each other by a pipe-
line and a ring valve in the center plane. Pipelines and units are mounted on the
engines and in the engine pylons.

Formulation and solution of the problem

The location in three-dimensional space is as follows: the model is in-
stalled through eyelets with the help of levers, which in turn are connected to
fasteners on the body. Through the upper flange with the help of bolts, the
damper is connected to the heat exchanger. Fig. 1 shows a model of the heat ex-
change unit damper.

The damper, in addition to its own geometry of the body, consists of a
body (1), a cover (3), three blades — two outer ones (5) and the middle one (6)
fixed on the shafts (7, 8) with rivets (13), and a mechanism for turning the
blades ( 18).

18

Fig. 1. Damper of the heat exchange unit
Fasteners allow the eyelets to move only angularly along the axis of the
eyelet holes. The body receives two types of load — excess pressure applied to
the blades, which in turn transmit the load to the holes under the shafts of the
blades and then to the eyelets of the fasteners, and inertial loads from the weight
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of the system, which is applied to the point of contact between the damper body
and the heat exchanger.

The task of assessing the stress-strain state was carried out using the finite
element method [1 - 4]. A three-dimensional element — a tetrahedron was used
to study the stress state of the heat exchanger valve body [5, 6]. All six defor-
mation components are taken into account in the three-dimensional case. Let’s
write the matrix of deformations using geometric equations in the form:
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Maybe write it down:
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Using the ratio (1) - (2) we obtain:
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The rest of the matrices are obtained by simply permuting the indices.
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The initial deformations, such as those due to thermal expansion, can be written
in the usual way in the form of a six-component vector, which has for isotropic
thermal expansion a simple form:

aAT
aAT
aAT

&,=1"; @
0
0
where a is the coefficient of linear expansion, and AT is the average heating

temperature for the element.
In the general case, the elasticity matrix has the form:

G.

SEMEUICE ®)

A 0 0 0
1-v 1-v
v 0 0 0
1-v 1-v
1L 1L 1 0 0 0
E(L-v) v 1-v
: ]:(1+v)(1—2 - 1-2v ' (6)
v) | 0 0 0 0 0
2(1-v)
0O 0 0 0 1-2v 0
2(1-v)
0 0 0 0 1-2v
i 2(1-v) |

The submatrix with indices rs of the stiffness matrix has a dimension of
3 x 3 and is determined by the relation:

[k]=[B]'[D][B.]V (7)
where V is the tetrahedron volume.
The nodal forces due to the initial deformation are written in the form:
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(F}" =—[B] [D][eaV (8)

or for the i-th component: {F,} =—[B ]'[D][&0]V -

The distributed volume forces can again be their X, Y, Z components. As
before, it can be shown that if the volume forces are constant, then the compo-
nents of their resultant are distributed evenly over the nodes of the element.

After analyzing the existing software products, based on the conditions of
the task and the available technical capabilities, it was decided to use the
ANSYS [7] program to assess the stress-strain state of the damper.

To calculate the overall strength of the damper body, the load from the
excess pressure of the air preparation system and the load from mass forces are
taken into account. Excess pressure is applied to the shaft holes in the form of a
load from the bearings. The load of mass forces is applied to the mounting
flange of the heat exchanger in the form of a distributed load.

The pressure force of the mass forces must be distributed over the entire
surface of the heat exchanger mounting flange:

P
po_y_ 1225 4sn0a,

S, 0,028094
where P, is the estimated inertial load on the damper body;
S, is the area of the heat exchanger mounting flange.

The force of excess pressure is applied to the eyelets of the damper axes.
The load on the damper body is shown in Fig. 2.

N
[G] provyshina 6: 740, N
[ Pressure: -4,365¢-002 MPa

0,00 50,00 100,00 {mm) ¥ X
N
25,00 75,00

Fig. 2. Load on the damper body
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Fig. 3. Finite element model of the damper

After creating a finite-element model of the damper (Fig. 3), the stress-
strain state was calculated. The obtained results are displayed graphically. The
interactive presentation of the results allows you to analyze the stress-strain state
of the structure [8]. Thus, Fig. 4, Fig. 5 show respectively the distribution of
equivalent stresses according to Misses and the distribution of displacements

Equivalent Stress .

Type: Equivalent (von-Mises) Stress 14.0
Unit: MPa

Time: 1
12,02.2016 1:06

6,2292e-11 Min

0,00 100,00 200,00 (mrm) : X
I 00O a0 -
®

50,00 150,00 Z

Fig. 4. Distribution of equivalent stresses according to Misses
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A: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm.

Time: 1

0,98944 Max
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Fig. 5. Distribution of movements

It can be seen from the obtained calculations that the maximum effective
stress is in the detail:

oc? =131,2Mlla.

The largest displacement from design loads:
fox =0,989 Mm .

Conclusions

In the work, based on modern numerical methods, an analysis of the
stress-strain state of the damper of the heat exchange unit was carried out, taking
into account all design features. This allowed for dangerous stress areas where
fatigue cracks could develop and failure could occur. The calculation of the
stress-strain state of this part of the aircraft was carried out using the finite ele-
ment method in the complex of ANSYS programs. Three-dimensional finite el-
ements were used. Based on the calculation data, it is possible to give recom-
mendations on the optimization of the damper of the heat exchange unit from
the point of view of strength.
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