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THE STRESS-STRAIN STATE ASSESSMENT OF THE HEAT 

EXCHANGE UNIT DAMPER OF THE AIR HANDLING AIRCRAFT 

PRIMARY SYSTEM 

 У роботі вирішується задача оцінки напружено-деформованого стану за-

слінки теплообмінного вузла первинної системи обробки повітря сучасного 

транспортного літака, яка знаходиться у системі підготовки повітря. Система 

підготовки повітря призначена для відбору повітря від маршової установки 

двигуна або допоміжної силової установки, подальшої його обробки та тран-

спортування у систему життєзабезпечення. Під час аналізу напружено-

деформованого стану реальних авіаційних конструкцій, із урахуванням гра-

ничних умов та режимів навантаження, аналітичні методи розрахунку не 

завжди є ефективні, тому у даній роботі були застосовані чисельні методи 

дослідження. На основі метода скінченних елементів був проведений аналіз 

напружено-деформованого стану заслінки теплообмінного вузла із урахуван-

ням всіх конструктивних особливостей. Використовувались тривимірні скін-

ченні елементи, які найбільш точно відповідають розрахунковій схемі. Чисе-

льний аналіз напружено-деформованого стану дає можливість визначити не-

безпечні області напружень, де можуть виникнути втомні тріщини і відбути-

ся руйнування. 

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). 

 

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. Letʼs 

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: 
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where α is the coefficient of linear expansion, and ΔT is the average heating 

temperature for the element. 

In the general case, the elasticity matrix has the form: 
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where the elasticity matrix for an isotropic material has the form: 
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(6) 

The submatrix with indices rs of the stiffness matrix has a dimension of 

3 × 3 and is determined by the relation:  

      
T

srs D VBk B  (7) 

where V is the tetrahedron volume. 

The nodal forces due to the initial deformation are written in the form: 
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or for the i-th component:       
0

0
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   . 

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: 

1225
43650 Па ,

0,028094

y

Ф

P
P

S
      

where 
yP  is the estimated inertial load on the damper body; 

ФS  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. 

 

Fig. 2. Load on the damper body 
 



107 

М е х а н і к а  е л е м е н т і в  к о н с т р у к ц і й  

 

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 

 

Fig. 4. Distribution of equivalent stresses according to Misses 
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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: 

max 131,2 МПа .p   
The largest displacement from design loads: 

max 0,989 мм.f   

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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