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The possibilities of optimizing the level of roug Samara State Aerospace Universityhness profile surfaces 

means CNC lathe. Using a diamond cutter, especially machine design and software provided by the CNC system, the 
technological process, which is close to the technical nature of nursing, which can significantly reduce the level of 
roughness of the curved surface. The reduced level of roughness occurs at any fragment contoured surface. Software, 
the influence of transverse and longitudinal play ball - screw propellers, and get micro rough surface with a flat top, 
which favorably affect the performance properties, such as diffractive optical elements.  

Shaped surfaces noncanonical form, solid model, diffuser lighting device, -system, numerical controlled 
machine. 
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In this paper the influence of dimensional characteristics of flat surfaces on the coordinate measuring accuracy of 

their geometric parameters, such as central point coordinates and angular coordinates of the normal vector, is researched 
in case of dimensional measurement on bridge-type CMM DEA GLOBAL PERFORMANCE 07.10.07. Dependences 
of considered geometric parameters on control point number and pattern diagonal are obtained. 
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Residual stresses in flat specimens made of 698 alloy after ultrasonic hardening under different regimes have 

been studied. Optimal regimes of ultrasonic hardening have been determined on ground of average integral residual 
stresses criterion. 

Flat specimens, 698 alloy, ultrasonic hardening regimes, average integral residual stresses criterion. 
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REDUCTION OF VARIABLE RESONANCE STRESSES 
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© 2012   A. O. Shklovets, M. N. Sen’chev, P. T. Dzhibilov 

Samara State Aerospace University named after academician S. P. Korolyov  
(National Research University) 

This paper deals with methods for calculating the resonant stresses in compressor blades caused by flow circum-
ferential nonuniformity with modern programs of numerical simulation. Also shown are the approaches to reducing 
these stresses through the installation guide blades at different angles and profile of Shvarov application. 
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IMPROVING THE EFFICIENCY OF GAS TURBINES BY REGENERATING HEAT 
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Preliminary study of heat recovery and intermediate cooling of working medium effect over the turboshaft en-

gine effective efficiency is carried out. 
 
Effective efficiency, available heat drop, cycle parameters, heat recovery, intermediate cooling of working medium. 
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APPLICATION OF THE  ARTIFICAL NEYRAL NETWORKSTHEORY METHODS FOR 
GENERALIZATION AND REPRESENTATION CHARACHTERISTICS OF AVIATION 

GAS TURBINE ENGINES AXIAL COMPRESSORS  
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The methods of generalization and representation characteristics of gas turbine axial compressor using the me-

thods of neural network approximation.An algorithm for experimental performance generalization in mathematical 
packages on methods of artificial neural networks are submitted. We compare the results of approximation and interpo-
lation characteristics by neural networks based on multi-layer perceptron and based on radial basis functions for differ-
ent values of the design compressor pressure ratio. The expediency of applying the methods of generalization and repre-
sentation compressor characteristics using a two-layer perceptron are shown. 
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FULFILMENT OF INITIAL DESIGN LEVEL OF GAS TURBINE ENGINE USING THE 
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Computer-aided system of gas turbine engine calculation and analysis (ASTRA) developed at the Aircraft En-
gine Theory department of Samara State Aerospace University is described. Its functional capabilities and development 
of gas turbine engine simulators for various initial-stage design tasks are described. 
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OPTIMIZATION FEATURES OF THE WORKING PROCESS PARAMETERS 
OF BYPASS ENGINE ON THE BASIS OF GIVEN GAS GENERATOR 
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Formulation of problem bypass engine parameters optimization using the aircraft efficiency criteria in a case of 
gas-generator being preselected is described. 
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GAS TURBINE ENGINE DESIGNING ON THE BASIS OF  
A UNIFIED GAS GENERATOR 

 
© 2012   V. N. Rybakov 
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The article describes the choice of working process parameters of three-shaft bypass engine. Possibility of creat-
ing a set of engines varying in the thrust level on the basis of the selected gas generator is studied. Efficiency of the uni-
fied gas generator as a subsystem of ground-based powerplant is examined. 
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Results of experimental researches of elastic and sealing elements made of MR material for shaft sealing are 
given. 

Sealing with MR elements, experimental research performance of sealing, wear pattern, destruction.  
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In this work compared the accuracy of three-dimensional and two-dimensional modeling of the echo in the 
ANSYS program for the example of rounding edges of the union.  
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calculation design, gas-dynamic calculation. 
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SIMULATION OF MANUFACTURING PROCESSES  
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In this article we propose to use virtual model of manufacturing to reduce all production expenses by using the 

digital models both the products and all means of production, manufacturing and logistics processes. It allows the pro-
duction manager to access information about the product and planning production with optimization of all the resources 
and the processes, integrating data with suppliers at the earliest stage of design. 

 
Simulation, “lean production”, production processes, virtual model of manufacturing, optimization.  
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ON THE STRUCTURAL AND OBJECT APPROACHES TO MODERN TRAINING FOR 
THE AEROSPACE INDUSTRY 
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Requirements for modern training for the aerospace industry are set out. he experience of the training at the Fa-
culty of aircraft engines SSAU are described. The role and nature of the system methodology is demonstrated. The 
advantages and disadvantages of structural and object approaches to the implementation of this methodology in the 
learning process are compared. It is concluded that the using of object - oriented approach is promoting. 

Training for the aerospace industry, system methodology, structural and object approaches, object - oriented 
approach is promoting. 
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ON A METHOD OF PRACTICAL TRAINING FULFILLMENT FOR COURSE OF 
STUDIES “DESIGN OF MAIN UNITS AND SYSTEMS OF ENGINE” 

© 2012    V. A. Borisov, A. M. Zhizhkin 
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(National Research University) 
 

Problems of practical training fulfillment for course of studies “Design of Main Unit and Systems of Rocket 
Engines” by students are discussed.  
 

Methods of teaching, laboratory work, construction units of rocket engines. 
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The issues compiling hardened part endurance limit increment prediction after making a semicircular profile cut 
are discussed in this paper. Estimation of coefficient of residual stresses influence on solid and hollow cylindrical parts 
endurance limit is given. 
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STUDY OF RESIDUAL STRAINED STATE COMPONENTS DISTRIBUTION IN 
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Residual strained state components distribution along the smallest section of surface hardened cylindrical 
part diameter D = 10 mm with a circular cut and the dependence of axial residual stresses in the smallest section 
on the depth and radius of the cut have been examined using finite-element modeling. 
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RESIDUAL STRESSES DISTRIBUTION REGULARITIES IN THE  
SMALLEST SECTION OF HARDENED HOLLOW CYLINDRICAL DETAIL  

WITH CIRCULAR CUT 
© 2012  V. P. Sazanov, Y. S. Larionova, S. A. Kolychev  

Samara State Aerospace University named after academician S.P. Korolyov 
(National Research University) 

 
The results of the residual strained state components distribution along the smallest section of superficial har-

dened hollow cylindrical part are given. The dependence of axial residual stresses in the smallest section on concentra-
tor geometric parameters have been examined. 

 
Residual stresses, fatigue resistance, superficial hardening, finite element modeling, hollow cylindrical part, 

stress state components, circular cut. 
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SUPERFICIAL HARDENED PART CRITICAL DEPTH OF NON-PROPAGATING  
FATIGUE CRACK EVALUATION 

 
© 2012   V. A. Kirpichev, O. Yu. Semyonova 

 
Samara State Aerospace University named after academician S.P. Korolyov 

(National Research University) 
 
The issue compiling non- propagating fatigue crack critical depth dependence on cylindrical parts transverse siz-

es is discussed. Evaluation of crack depth calculation formulas is given. 
 
Non propagating fatigue crack critical depth, outstripping superficial plastic deforming, endurance limit, 

stresses concentrator, cylindrical part. 
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THE DEPENDENCE OF DETAIL FATIGUE RESISTANCE ON THE THICKNESS OF 
HARDENING LAYER UNDER OUTSTRIPPING SUPERFICIAL PLASTIC DEFORMING 

© 2012   V. S. Vakuljuk 
Samara State Aerospace University named after academician S.P. Korolyov 

(National Research University) 
The fact, that the part with a concentrator endurance limit under outstripping superficial plastic deforming de-

pends on the hardened surface layer with compressive residual stresses thickness has been established. 
Outstripping superficial plastic deforming, hardened layer thickness, residual stresses, part with a concentrator, 

endurance limit. 
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SIMULATING OF ROOTS COMPRESSOR 
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The dynamic model of a Roots compressor is given in article. Also indirect confirmations of adequacy of the 

developed model are given in article and the chamber of muffling of an exhaust of a compressor. 
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THE CALCULATION OF OPTIMUM WORKER FREQUENCIES OF THE 
THERMOACOUSTIC ELECTRIC GENERATOR WITH INCLUDING READY 

ELECTRODYNAMIC UNIT AND GIVEN LOAD 
© 2012   G. V. Vorotnikov, A. N. Kruchkov 
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Thermoacoustic generator, consisting of a thermoacoustic travelling-wave engine and linear alternator 1S102MA 

with electrical load of 80 Om, is being considered. Under considerations of maximum electric power and different pres-
sure amplitudes the frequency of operating point was determined by electroacoustic analogy approach. The calculation 
results were compared with the results of calculation in program code DeltaE.  
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Thermoacoustic generator, consisting of a thermoacoustic travelling-wave engine and linear alternator 1S102MA 
with electrical load of  80 , is being considered. Elements of device are prototyped linear quadrupole. The accounting 
features of main parameter are brought.  The calculation results were compared with the results of calculation in pro-
gram code DeltaE.  
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In the paper, based on the example of development and improvement of the conditioned clothing, is examined 

the possibility of designing of this local zone in the productions, with the high temperature. 
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A SIMPLIFIED METHOD OF THERMOACOUSTIC ENGINE ANALYSIS 
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A simplified method of thermoacoustic engine analysis is proposed. The main idea is that the thermoacoustic en-

gine assumed as the acoustical circuit which consists of different components. Acoustic pressures, volume velocities at 
the two ends of any component and other engine parameters are computed by the transfer equations. Comparison results 
obtained by this method and by program code DeltaE are given.  
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Method of numerical-analytical determination of centripetal ultralow power (CULPT) turbines volume and mass 
at the initial stage of the design are shown. The developed mathematical model of mass can be used to solve the prob-
lem of multicriteria optimization of CULPT parameters, which includes optimization of ultralow power turbodrives 
mass characteristics.  
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ИССЛЕДОВАНИЕ ЗАКОНА РАСПРЕДЕЛЕНИЯ  
УГЛОВОЙ ПРОИЗВОДСТВЕННОЙ ПОГРЕШНОСТИ 

© 2012   Е. Ю. Исмайлова  
Самарский государственный аэрокосмический университет имени академика С.П. Королёва 

(национальный исследовательский университет) 
 

Рассмотрено влияние соотношения систематической и случайной погрешностей на характер распределе-
ния вероятности угловой производственной погрешности. 

 
Угловая погрешность, случайная погрешность, систематическая погрешность, закон распределения, 

кривые распределения, вероятность распределения. 
 
Для механической обработки деталей 

машин на современных машиностроитель-
ных предприятиях широко применяются 
станки с числовым программным управлени-
ем. Их доля в общем парке применяемых 
станков увеличивается с каждым годом. Это 
обусловлено рядом преимуществ использо-
вания станков с ЧПУ, одним из которых яв-
ляется возможность обработки в автоматиче-
ском режиме сложных фасонных поверхно- 

стей с управлением по трём и более коорди-
натам. Формообразование на многокоорди-
натных станках с ЧПУ обеспечивается 
управлением тремя  линейными координата-
ми – перемещением вдоль осей X, Y, Z  и  
тремя поворотами A, B, C. Например, на рис. 
1 представлена схема расположения пяти 
программируемых осей координат плоско-
шлифовального станка с поворотным столом 
BLOHM Profimat MC. 

 

 
          а                                                                           б   

Рис. 1.  Программируемые оси координат станка BLOHM Profimat MC 
 

Последовательность размерных связей 
при этом можно выразить схемой (рис. 2). 

 

 
 

Рис. 2. Размерные связи для станка  
BLOHM Profimat MC 

 
Размерные связи обрабатываемой заго-

товки описываются размерными цепями. 
Сложная объёмная обработка приводит к об-
разованию многомерных размерных цепей, 
которые  учитывают и обеспечивают взаим-

ное расположение геометрических элемен-
тов заготовки между собой (их можно на-
звать внутренними связями), а также взаим-
ное расположение геометрических элемен-
тов обрабатываемой заготовки по отноше-
нию к геометрическим элементам станка, 
крепежного приспособления  и режущего 
инструмента (внешние связи). Это взаимное 
расположение характеризуется как линей-
ными расстояниями между элементами, так 
и взаимными угловыми поворотами между 
ними. Отсюда следует, что составляющие 
звенья размерной цепи представляют собой 
геометрические векторы. 
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Реальная природа формирования по-
грешностей обработки на многокоординат-
ных станках с ЧПУ является функцией взаи-
мосвязи векторов – составляющих звеньев 
пространственной размерной цепи. Множе-
ство случайных величин пространственных 
размерных связей образуют систему вели-
чин, распределяющихся как по модулям со-
ставляющих векторов, так и по направлени-
ям расположения этих векторов.  

В связи с этим представляет интерес 
определение и исследование законов распре-
деления производственных угловых погреш-
ностей, которые определяются систематиче-
ской и случайной составляющими. 

Таким образом, вектор, характеризую-
щий угловую погрешность, может быть 
представлен в виде суммы двух векторных 
погрешностей: вектора систематической по-
грешности ar  и вектора случайной погреш-
ности rr  . 

ra rrr
+=Δ .                 (1) 

Угловая погрешность Δφ  (рис. 3) ха-
рактеризует возможное положение суммар-
ного вектора Δ

r
 относительно системы коор-

динат станка, начало которой расположено в 
точке О. Задачей является изучение закона 
распределения случайного угла φ. 

 
Рис. 3. Схема формирования 

 угловой  производственной погрешности  
 

Случайную погрешность rr  можно 
представить отклонениями точек плоскости 
от точки О1 – центра группирования случай-
ной погрешности. Распределение точек на 
плоскости подчиняется закону Гаусса с зо-
ной практического рассеяния в пределах 
круга с радиусом R = 3σ (рис. 3). Системати-
ческая погрешность а представляет расстоя-
ние центра этого круга О1 от начала отсчёта 
О суммарной погрешности Δ

r
. 

В производстве возможны различные 
варианты соотношения систематических и 
случайных погрешностей, что накладывает 

условия на анализ угловой погрешности. Эти 
соотношения могут изменяться в пределах 

∞≤≤
R
ar

0 .     (2) 

Если систематическая погрешность 
ar =0, то центр О1 круга совпадет с началом 
отсчёта О и с вероятностью 0,9973 величины 
суммарного вектора угловой погрешности 
Δ
r

 будут заключены в интервале: 

R≤Δ≤
r

0 .                    (3) 

Угол φ наклона вектора Δ
r

 к некоторой 
оси координат будет принимать равноверо-
ятные значения в пределах (рис.4) 

πϕ 20 ≤≤ .                    (4) 

ϕ 
Рис. 4. График распределения угловой погрешности 

при систематической составляющей а=0 

 
Рис. 5. Широта распределения угловой погрешности 
при появлении систематической составляющей а<R 

 
С появлением систематической по-

грешности а распределение углов наклона φ 
не будет равновероятным. Вероятность по-
лучения погрешностей Δ

r
, направленных в 

сторону вектора ar , будет большей, чем ве-
роятность противоположного направления 
(рис. 5, 6).  

 
Рис. 6. График распределения угловой погрешности 

при систематической составляющей а<R 
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При Ra =
r  широта распределения век-

тора Δ
r

 может достигнуть наибольшего зна-
чения, равного 2R (рис.7). 

 
Рис. 7. Широта распределения угловой погрешности 
при появлении систематической составляющей а=R 

 
Закон распределения угловой погреш-

ности  при Ra =
r

 
будет стремиться к нор-

мальному (рис. 8). 

 
Рис. 8. График распределения угловой погрешности 

при систематической составляющей а=R 
 

При Ra >
r  погрешности Δ

r
 будут рас-

полагаться внутри угла, образованного каса-
тельными, проведёнными из точки О к ок-
ружности (рис. 9). Из рис. 9 видно, что угол 
φ будет находиться в пределах: 

arcsin arcsinR R
a a

ϕ− ≤ ≤ .      (5) 

 
Рис. 9. Схема распределения углов наклона вектора 

производственной погрешности при а>R 
 

Тогда область распределения угловой 
погрешности сузится и кривая распределе-
ния примет вид (рис. 10). 

 
Рис. 10. График распределения угловой погрешности 

при систематической составляющей а>R 

Случайный угол φ можно представить 
как функцию двух случайных величин φ(x;y) 
и определить его значения в интервале (-π,π): 
         arctg  - π,      если  -π ≤ φ < - ; 

φ=     arctg  ,          если   -  ≤ φ <  ;                 � 6) 

          arctg  ,    если     ≤ φ ≤  π. 
Функцией распределения F(Δφ) случай-

ного угла φ, согласно теории вероятностей, 
является вероятность того, что он примет 
значение меньшее, чем аргумент функции 
Δφ: 
                                  0, если Δφ ≤ � π; 
                                  P(-π < arctg  – π < Δφ),  

                                  если –π < Δφ ≤ � �  

F(Δφ)=P(φ<Δφ)=    P( �  < arctg  < Δφ)+Р( �  �  φ � � � ,  

                                 если �  < Δφ ≤ �  

                                 P(  < arctg  + π < Δφ)+Р( �  � φ�   � ,  

                                 если  < Δφ < π�  

                                     � �  если Δφ > π.                              (7) 
                   0, если Δφ ≤ � π; 
                    P(0 <  arctg   < Δφ + π),  
                    если –π < Δφ ≤ � �  
F(Δφ) =      P(�  < arctg   < Δφ) + К1, 
                    если �  < Δφ < �  

                    P(  < arctg   < Δφ � π) + К2, 
                    если  < Δφ < π�  

                      � �  если Δφ > π,                                   (8) 
где К1 = Р(�  �  φ � � � ,   К2 = Р(�  �  φ �   . 

Плотность распределения вероятностей 
f(Δϕ) для случайного угла φ находится как 
производная от функции распределения: 

ϕϕϕ Δ′=Δ′=Δ ∫∫ )),(()()( dxdyyxfFf
D

 .       (9) 

В результате решения получено выра-
жение для плотности распределения )(f ϕΔ : 

             + cosΔφ·Ф( cosΔφ),  
f(Δφ)=                                                  если Δφ (-π, π); 

    0,    если Δφ (-π, π), 

где 
2

2( )
х t

Ф х е dt
−

−∞

= ∫ .                                 � 10) 

При малых значениях систематической 
составляющей угловой производственной 
погрешности, т.е. при а/σ << 1, разложение 
правой части выражения (10) в степенной 
ряд по а/σ  приведёт к выражению, ограни-
ченному членами второго порядка: 
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f(  φ) ≈  +  cos(Δφ) +  cos 2(Δφ).   (11) 

Из (11) следует, что плотность распре-
деления угловой производственной погреш-
ности представляет косинусоиду с амплиту-
дой   .  

Сравнительный характер кривых рас-
пределения вероятностей угловых производ-
ственных погрешностей при различных со-
отношениях систематической  и случайной 
погрешности представлен на рис.11. 

 
 

Рис. 11. Характер кривых распределения угловой 
 погрешности при различных соотношениях  
систематической и случайной погрешности 

Чтобы установить нормативные значе-
ния соотношения а/σ для оценки точности 
различных вариантов технологических про-
цессов, необходимо исследование соотноше-
ния а/σ в действующем производстве мето-
дом статистического анализа. 
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The influence of the ratio of systematic and random errors on the nature of the probability distribution 
of the angular error in production. 
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The results on studies of the possibility of applying the technology of micro-arc oxidation as the repair and re-

placement technology for aluminum alloys are presented. The possibility of using technology MAO to repair and re-
store the geometry of the working surfaces of parts made of aluminum-silicon alloys operating at high temperatures and 
significant thermal deformations was displayed. 
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The paper presents an analytical review of hybrid drives of vehicles.  
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In the conditions of modernization of the enterprises of space branch the turning and milling equipment widely 
takes root. Its productive use when manufacturing high-precision low-rigid details from materials demands the deep 
analysis of features of behavior of difficult technological system taking into account operational factors. 
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In the article calculation researches of vibrations of pipelines of aviation engine are resulted in the environment  

of ANSYS and experimental researches by the noncontact system of ARAMIS. 
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RESEARCH OF INFLUENCE OF THE THERMAL STREAM FROM THE MID-FLIGHT 
LIQUID ROCKET ENGINE ON PARAMETERS OF OPERATING LIQUID ROCKET 

ENGINES OF SMALL DRAUGHT IN THE CONDITIONS OF PERSPECTIVE 
RAZGONNOGO'S PROPULSION SYSTEM OF THE BLOCK 

© 2012   Y. I. Ageenko1,  
R. N. Galperin2, Y. S. Ivashin2,  V. E. Nigodjuk2,  V. V. Ryzhkov2, A. V. Sulinov2 

  
1«Isayev chemical engeneering design bureau – branch Krunichev State Research and  

Production Space Center» 
2The Samara state space university of a name of academician S.P. Korolyov  

(national research university) 
The pilot study of influence of the thermal stream simulating influence of the working mid-flight engine on pa-

rameters of liquid rocket engines of small draft is carried out. Operability of engines in the conditions of the propulsion 
system is confirmed, parameters of liquid rocket engines of small draft are defined and reserved before achievement of 
their limiting values on time and on temperature. 

Liquid rocket engine of small draft, fire vacuum stand, thermal stream, mid-flight engine, operability of the en-
gine, temperature of elements of a design. 
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RESEARCH OF RADIAL FACE CONTACT SEAL TIGHTNESS  
IN THE SUPPORT OF THE AIRCRAFT ENGINE COMPRESSOR  

AT VARIOUS OPERATIONAL MODES 
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(National Research University) 

 
In the article the sequence of leakage definition through radial face seal in a support of the compressor for take-

off and cruiser modes is resulted. Certain computational values of leakage (2,4 g/s on a take-off mode and 0,75 g/s on 
cruiser mode) coincide with available experience of seal designing. 

 
Compressor support, support seal, loads on support elements, deformation of support elements, leakage. 
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In article the new method for designing of aircraft engine and power plant seal is offered. This method consists 

of seal research as element of the force system, oil and internal air systems, and also in view of engine work on transient 
modes.  
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DEVELOPMENT OF A CALCULATION METHOD FOR CONTROL SYSTEM OF 
RADIAL CLEARANCE IN THE TURBINE OF GAS TURBINE ENGINE 

 
 2012   P. V. Bondarchuk, A. Yu. Tisarev, M. V. Lavrushin 

 
Samara State Aerospace University named after academician S. P. Korolyov  

(National Research University) 
 

This paper presents an algorithm for forming model technology processes in the control system of radial clear-
ance in the turbine of gas turbine engine with non-stationary work conditions. Based on the model of NK-361, radial 
clearances were calculated in the low pressure turbine throughout the work cycle of the engine, the geometric parame-
ters of the thermal control system of radial clearance were investigated and the gaps by air cooling of stator were calcu-
lated. 

 
System control radial clearance, thermal analysis, hydraulic network, heat transfer coefficient. 
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INVESTIGATION OF THE INFLUENCE OF NON-AXISYMMETRIC ELEMENTS IN 
SECONDARY AIR SYSTEM ON GAS TURBINE ENGINE FLOW PARAMETERS, THE 

TEMPERATURE FIELD AND DEFORMATION OF COMPONENTS 
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This article deals with the definition of the parameters of air flow in the pre-oil cavity in the  compressor support. 

The two types of interfaces were compared in CFD analysis. Thermal fields of parts were obtained and strength analysis 
of support parts were calculated. During the work, the heat transfer coefficients obtained by CFD analysis  and calcula-
tions using semi-empirical expressions were compared. The effect of the presence of holes in the pipe system to the 
circumferential displacement  of rear radial-face contact seal stator were analyzed. 
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Three main approaches to parametric models of blade machines formation are described. In fractional outlines 
the advantages and disadvantages of each approach. Particular attention is given to the importance of parametric models 
creating when turbomachines are being designed and refined.  
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COMBINED CALCULATION OF GAS GENERATORS OF SMALL GTE IN PACKAGE 
ANSYS CFX 
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(National Research University) 
This paper describes the main approaches to the implementation of the joint calculation of the gas generator in 

the package Ansys CFX, created on the basis of their technology and its validation by the example of small-size gas 
turbine engine. 
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The results of formation of structure assortment of commercially pure titanium as a function of the coarse-
grained or nanostructured status for providing the mechanical properties obtained a variety of ways details of assem-
blies are presented. The structure of titanium, depending on the circumstances and the nature of hydrogen absorption 
during machining is investigated. The impact of particular modes of heating and deformation processing workpieces on 
texture formation and the fluctuations of the mechanical properties of metal on its area and thickness are established. 
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