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Summary. The paper deals with the issue of finite element simulation and analysis of the process of forming 
tubular blanks using the QForm 2D/3D software, to help one in assessing the intensity distribution of stresses 
during the deformation process, and the degree of strain which may lead to cracks under conditions of this 
type of deformation pattern. 
 

 : -  , , ,  , -
 . 

 
Key words: finite-element simulation, crimping, expanding, tubular blanks, plastic deformation. 
 

 621.913 
 

    -    
-      .    

    : 
– VeraCAD (  – Eratz Ingenieur Buro ( )) –   -

   ,    -
      ,   -

     ; 
– Matilda (  –  GMS Bernau ( )) – , -

     ; 
– THERMPROF (  –   ( )) – , -

        ,  
     ; 

– QForm 2D/3D (  –  « » ( )) –  
        ,  

    . 
     QForm 2D/3D,   

        -
 .      -

Материал поступил 22.01.2014

АВИАЦИОННАЯ И РАКЕТНО-КОСМИЧЕСКАЯ ТЕХНИКА
AVIATION, ROCKET AND SPACE TECHNOLOGY



5

Колыхалов Д.Г.
КОНЕЧНО-ЭЛЕМЕНТНЫЙ АНАЛИЗ ПРОЦЕССА  ФОРМООБРАЗОВАНИЯ ЭЛЕМЕНТОВ ТРУБ ЛЕТАТЕЛЬНЫХ 
АППАРАТОВ  

 ,    ,   , , -
  . 

  ,   ,   -
      .   -

    .        -
 ,        ,  

         -
  . QForm        -

   ,      -
  . 

    ,  QForm   -
     ,    -

         
.  QForm      -

  .  ,    -
       ,   -
 [1]. 

 QForm        -
   .     -
 3D-     .    -

       .   
        

:  
– NX (  Unigraphics  UG) –  CAD/CAM/CAE –   -

 Siemens PLM Software.      
Parasolid; 

– CATIA –    ( )  -
 Dassault Systèmes; 

– Pro/ENGINEER –     Parametric 
Technology Corporation; 

– T-FLEX CAD – ,    «  »  
  .     -

  Parasolid. 
  NX       -

  ( . .1 – 5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

. 1.     
    

Колыхалов Д.Г.
КОНЕЧНО-ЭЛЕМЕНТНЫЙ АНАЛИЗ ПРОЦЕССА  ФОРМООБРАЗОВАНИЯ ЭЛЕМЕНТОВ ТРУБ ЛЕТАТЕЛЬНЫХ 
АППАРАТОВ



6

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

       STEP 
A203/214 3D (*.stp, *.step)         QForm. 

  ,   QForm      (  
),           -

.       ,  
         

 .  
         -

 :     ,   
     ,  - -
    .      

         
. 

. 2. 3D-   
   

. 3. 2D-    
   

. 5. 2D-    
     

. 4. 3D-    
     



7

 
    QForm   . 6. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
. 6.     QForm 

 
         . 7. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

. 7.      
 

          -
,       ,  , -

,    ,   ( ) 
,   -  .  ,     -

 . 

 
 

  
 

  
 

 

 
 

 
 

 

 
 

  
 

Колыхалов Д.Г.
КОНЕЧНО-ЭЛЕМЕНТНЫЙ АНАЛИЗ ПРОЦЕССА  ФОРМООБРАЗОВАНИЯ ЭЛЕМЕНТОВ ТРУБ ЛЕТАТЕЛЬНЫХ 
АППАРАТОВ



8

 
 . 8         , -
   QForm. 

 
. 8.        

 
   ,  ,   

( )        -
 ,      . -
       ,    -

      . -
  ,   ,    

,        [2].  
 . 9       -

. 
 

 
. 9.    

   



9

 
         

  .   ,   -
   ,    (  , 
         ) [3]. 

      ,  -
        . -

,       , -
    .      

  ,    ,    
      [4]. 
 

 
 

1. QForm –          [ -
 ] / .: . .   .;  « », . . URL: http://qform3d. 

ru/db_files/326/1394.pdf (   22.02.2013). 
2. . 124805   U1 24/12.      / 

. . , . . , . .  [  .];    -
-  . . - . – 2012121722/28; .  25.05.12; . 10.02.13, .  4. – 3 . 

3. , . .         -
       / . . , . . , . . , 

. .  //   - -    -
.     . – 2011. –  IV-1(8). – . 78-85. 

4.       / . . ,  
. . , . . , . . , . .  //   - -  

  .     . – 2012. –  II-1 (10). –  
. 4-10. 

 

Колыхалов Д.Г.
КОНЕЧНО-ЭЛЕМЕНТНЫЙ АНАЛИЗ ПРОЦЕССА  ФОРМООБРАЗОВАНИЯ ЭЛЕМЕНТОВ ТРУБ ЛЕТАТЕЛЬНЫХ 
АППАРАТОВ



10

 
 . .,  . .,  . .,  . . 

B. N. Maryin, E. B. Schelkunov, S. V. Vinogradov, S. B. Maryin 
 

      
     

  
 
A HOLE-MAKING UNIVERSAL TOOL FOR LONG-LIFE BOLTED JOINTS  
IN AIRCRAFT ENGINEERING 
 

   –   ,   «    
 » - -     

( , - - ). E-mail: maryinsb@mail.ru. 
Mr. Boris N. Maryin – Doctor of Engineering, Professor, Department of Foundry Machines and Technolo-
gy, Komsomolsk-on-Amur State Technical University (Russia, Komsomolsk-on-Amur). E-mail: 
maryinsb@mail.ru. 
 

   –   ,   «  -
» - -     ( , -

- - ). E-mail: kmopevm@knastu.ru. 
Mr. Evgeny B. Schelkunov – PhD in Engineering, Associate Professor, Department of Mechanical Engi-
neering Technology, Komsomolsk-on-Amur State Technical University (Russia, Komsomolsk-on-Amur).  
E-mail: kmopevm@knastu.ru. 
 

   –   ,   «  
» - -     ( , 

- - ). E-mail: sergwin72@rambler.ru. 
Mr. Sergey V. Vinogradov – PhD in Engineering, Associate Professor, Department of Mechanical Engi-
neering Technology, Komsomolsk-on-Amur State Technical University; Russia, Komsomolsk-on-Amur. E-
mail:  sergwin72@rambler.ru. 
 

   –   ,   «    
 » - -     

( , - - ). E-mail: maryinsb@mail.ru. 
Mr. Sergey B. Maryin – Doctor of Engineering, Professor, Department of Foundry Machines and Techno-
logy, Komsomolsk-on-Amur State Technical University (Russia, Komsomolsk-on-Amur). E-mail: 
maryinsb@mail.ru. 
 

.   ,    , 
      . 

 
Summary. The paper presents a universal machining tool helping reduce the work labour input and enhance 
engineering capabilities for making holes of different sizes. 
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Summary. The paper offers analysis of existing methods for obtaining developed views of component parts, 
and shows their weak points. We propose a new method of producing developed views with preliminary 
consideration of component parts’ thickness variation. Taking one such component part as an example, we 
demonstrate the process of making its developed view by the proposed scanning method. 
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Summary. The paper presents the results of an investigation of continuous modulated radiation of the 
DLDPM12-655-25 laser, with the purpose of determining the optimal mode of generation depending on the 
ratio between laser average emission power and input. 
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      SolidWorks Flow Simulation. 

 
Summary. The paper considers the results of numerical modelling of hydrodynamic processes in integrated 
energy devices (IED) and possible ways of visualizing calculation results in the SolidWorks Flow Simulation 
reverse engineering system. 
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Key words: integrated energy devices, hydrodynamic calculation, visualization, reverse engineering.  
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Summary. The paper demonstrates that the main shortcoming of tungsten-comprising hard alloys is their 
insufficiently high red-hardness, heat resistance, and the sharp increase in deterioration of working surfaces 
at temperatures above 740 ° , which demands their protection, one of methods being the ESA. During cut-
ting without cutting emulsion on a surface of a cutting edge of the Al/(W-Co8%) system, tribo-oxidation ini-
tiates formation of heat resisting compound aluminates of tungsten and polyoxides, playing the role of solid 
lubricant. 
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 Al/ 8       

,      -
   8  -    25 (25 % Si)    

  . 
3.       Al-Si - ,    

(   W-Al-Co-Si-O)        
         -

 Al,    .     -
      ,   ,   

 W-Co-O  Co-Si-O      Co     
 W-Al-Co-O. 
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Summary. The paper demonstrates how treatment with Zirconium/Boron-based substances impacts upon the 
wear resistance of electric spark hardened surfaces and integrated-hardened surfaces of Titanium. Results are 
shown of an investigation of structural phase changes in ZrB2-based electric spark coatings and laser/electric 
spark coatings during their application upon Titanium alloys. Also considered is the impact of the method of 
integrated hardening upon hardness gain in the surface layer and abrasive damage resistance increase. 
 

 :  ,  , , , -
 , . 

 
Key words: electric spark alloying, laser infusion, Titanium, surface, abrasive wear, hardness 
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 , ,       Ti   
     .       -

    ZrB2-SiC  AlN-ZrB2   ,  -
     ,   -

     ( )      Ti   
    ZrB2  TiB2,         

 ( ). 
   

        ZrB2  TiB2 
( . 1),    ,      20, 

3. 
        “ -

21”      :    f = 1200 , -
    = 0,08 ,   t = 7 .     

   AlN-TiB2-TiSi2.     -
,     3 %    d  2  3 . 

 1 
         

    1 2 

    
 : 

C . , .% 
(ZrB2, LaB6, SiC) 

  C, 
. %  

ZrB2 TiB2 

1  20 6Al-2Zr-2V-1 Mo-0,2Fe   
2 3 WC + 3% Co 

 7  
4  (Ti,Cr)B2, FeCr 80,32 
4  -1 LaB6, ZrB2, NiCr 86,66 27,47 
3  AlN, ZrB2, ZrSi2 29,96 29,96 46,19 
5 

-3 ZrB2, LaB6, SiC, ZrSi2 89,42 37,29 6  2  
8 +  
7 -2 ZrB2, LaB6, ZrSi2 77,03 59,05  7  
9 +  

 
      20 (   1-0). -

           / 2. 
  -  ( + )   Ar   

  “ -103” (    1,06 ,   
40,8 104 / 2,   3 / )       

 “ -15” (   1,06 ,    = 5·10-3 ,  -
 f = 10 ,   6,5·104 / 2).      -
      . 

       “ -3”  
CuK  ,     0,5    “ -3”. -

 ,      -
     “Camebax SX-50”  “Jeol Suberprobe 733”, 

    .    -
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 ,   . 
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  ( . . 2, , ), , ,   TiC-Ni  

   [10].   ,  ,   -
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-       , 
     . -

      -
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   ,   
 –    -

    :  
ZrB2 (5,9 10-6 K-1); LaB6 (6,4 10-6 K-1); SiC (4,7 10-6 K-1). 
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( )   Ti = 21,9 /( · )    

  Fe = 74,0 /( · ),  Al =  
= 221,5 /( · )    Cu = 401,2 /( · ) 

      -
  .   ,  

Ti  Zr     
,      -

  . 
 . 4    (1-9) -
   20   (L)    ( ) 

        
 .     -

     20   
(  1)   -  WC+3 % Co (  2). 

   -3   
   -

      WC-Co [13]. -

. 4.  -
  -
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t = 7 / 2).  -
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    (L, )     -

 [14]          
“   ”    . 

    (L  100 )     
(“ ”),   .     -

 ,   tg  = I/L( ),     20 
( . . 4,  1)    -    -3  -2 

     ZrB2      
( . . 2) , ,   .  L,   
“    ”,    20   (~200 ) 

 ,    (~100 ).    ,    -
       . 

 II   (100   L  200  300 ,  “ ” ) -
     ( . . 2),     

 .       ,   
       ZrB2    ( .  

. 4, . 2).        . 
 2 

     20, 
   . 1 (9  –   1-0) 

-
 

 
ZrB2 ( .%) 

  10-3 3/  
  L,  

  
I 10-3 3 

    100  100-200  200-300  P = 44,1  P = 84,2  
3 31,28 0,198 0,1100 0,189 0,55 1,03 
6 60,87 0,145 0,0633 0,0949 0,40 0,30 
5 60,87 0,145 0,0407 0,0361 0,40 0,14 
7 76,67 0,112 0,0477 0,0239 0,32 0,54 
8 60,87 0,0771 0,0272 0,0227 0,22 0,023 
9  76,67 0,0341 0,0068 0,0102 0,10  
2  0,0433 0,0131 0,0197 0,13 0,12 
 

III   (L  200  300 , “  ”)   
   -  ,   -3  -

      .    ,  
      :  -3  -2 ( . . 2, 

. 2),      I  II . 
  ( . . 5),     -

  -2 [15].        
          

25 [16],   , ,  3  4  5  7  ( . 
. 5). 

   ZrB2,     
   ( . . 4,  5, 6)    .  

         -
 ( . . 4,  5, 7-9),  ~75 %. 
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   (L= 200 , P = 44,1 ) 

 
       ( . . 2). 
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   ,     -3,  -

 .         
  -3.    5  ,  -

 -  WC+3 % Co  P = 84,2  ( . . 2). 
    ( . . 4)    

  [17]       -
  “   ”     

  .      -
      ,     

    : 
ZrB2 + 2,5O2 = ZrO2 + B2O3,                                                                            (1) 
ZrSi2 + 3O2 = ZrO2 + 2SiO2,                                                                               (2) 
2LaB6 + 10,5O2 = La2O3 + 6B2O3,                                            (3) 
B2O3 + SiO2   ,                                 (4) 
Ti + O2 = TiO2,                                                                         (5) 
2TiO2 + B2O3 = 2TiB + 3,5O2,                                                 (6) 
3TiO2 + 2B2O3 = Ti3B4 + 6O2,                                                 (7) 
ZrO2 + TiO2    Ti-Zr-O,                              (8) 
ZrO2 + SiO2  ZrSiO4.                                                             (9) 

    ,    
  [17]. 

      “  -
 ”       

  -  -3,    ( . . 2). -
 ,   (4),        -

     B2O3,    . 
     4     

    -        
22  38  [17]. 
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        -
       .   -
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      -
    ZrB2,      -

    TiB2-       -
     -  . 

  -    ,   . 6. 
 

 
. 6.     -2 / 1-0:  
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4 –  ; 5 –   SiO2; 6 –  ;  

7 –  ; 8 –  ; 9 –  (Ti ) 
 

        
           

     ( . . 7). 
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Summary. The paper shows the development of experimental capabilities of the ship experimental tank at 
Komsomolsk-on-Amur State Technical University for marine engineering research purposes. 
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FIRE DYNAMICS AND FIRE CAUSES IN SOME BUIL-UP AREAS  
IN THE KHABAROVSK REGION 
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.          ,  
    .     ,  

   ,        
         .  

 
Summary. The paper offers an analysis of fire break-out dynamics in different civil engineering objects, and 
also of the people whose health is harmed therein. We single out geographic areas in the Khabarovsk region 
most in jeopardy of fire breakout, and the groups of people with the increased risk of being involved in fire 
hazardous situations, with the purpose of further planning targeted programs and measures. 
 

 : , , , ,  . 
 
Key words: fire, injured, casualties, risk, fire control. 
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