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Initial plane sheet 

  
Marked-out sheet 

  
  

Folding and calibration stages 
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Double curvature and variable height 

  
Single curvature 

 
Plane 



Kazan State Technical University n.a. N.A. Tupolev 

Modena Fiere, October 13, 2010, Italy 

- 4 - 

  
Helix shaped structure 
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Aircraft Fuselage Panel Drainage 
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Regularities of chevron fold structures construction 

Transformation parameter in ultimate compressed state: 

- a0, a1, b0, b1, 0, 1, 2 –

internal geometry parameters; 

- nS, nL – elemenary modules 

number; 

-  - transformation parameter 

of folded structure. 
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Determining the design parameters of the helix shaped structure 

- radius of inside cylinder curvature; 

- radius of outside cylinder curvature; 

- helix step. 

- value characterizing the distortion of 

the folded block. 
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Determining the design parameters of the helix shaped structure 
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 : 
Used Software: 

1. CATIA V5 
2. SolidWorks 

1 

4 

  
 

Design Automation Lab 
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Test Specimens Production 
and Thermal Treatment Laboratory 

  

Impregnation Laboratory 



Kazan State Technical University n.a. N.A. Tupolev 

Modena Fiere, October 13, 2010, Italy 

- 11 - 

  
  

Physical-Chemical Analysis Lab 
(research of binder service properties) 
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Installation for Dip Coating 



Kazan State Technical University n.a. N.A. Tupolev 

Modena Fiere, October 13, 2010, Italy 

- 13 - 

     

Installation for Spraying 
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   : 
Rotary Shaping Machines: 
1.  / experimental (L = 200 mm) 
2. -  / experimental-industrial (L = 700 mm) 
3.    / industrial module (L = 1050 mm) 

1 

2 

3 

  
 

Rotary Shaping Lab 
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Preliminary Folding by Rotary Shaping 

 
Longitudinal 

  
Cresing Shemes  

Transversal 
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Rolling Parameters 

    

Preliminary Folding by Rotary Shaping 

 
Longitudinal 

 
Transversal 
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Preliminary Folding by Rotary Shaping 

  - 820 ; 
Blank width  - 820 mm;  

    - ; 
Crimp orientation  - transversal. 

   
FC Geometrical Parameters 

   (2S)  - 50 ; 
Zigzag Line Step (2S)  - 50 mm; 

   (2L)  - 25 ; 
Saw-Tooth Line Step (2L)  - 25 mm; 

  (H)  - 25 ;    
Folded structure height  - 25 mm; 

  (V)  - 25 ; 

Saw-Tooth Line amplitude  - 25 mm. 

   -  ( =25 ) 
Preliminary Folding Module Technical Characteristics (H=25 mm) 
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Final Rotary Folding 

- star wheel diameter, max 

- star wheel diameter, min 

- distance between axes 

- angular displacement between adjacent star wheels 

- distance between adjacent star wheels 
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 Final Rotary Folding 

  - ; 

Star pins  - nonorientable; 

    - 1; 
Final Rotary Folding Stage Number  - 1; 

 ,    
   - 8; 

Number of Elementary Modules, handled per 
revolution  - 1; 

 ,    

  - 18 . 

FC Elevation, operated in stage  - 18 mm. 

    ( =25 ) 
Final Rotary Folding Module Technical Characteristics (H=25 mm) 
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- crimp Z-crimp 

    

 Structure Optimal Parameters Selection  

       « - » 
Comparison of core types between each other by the criterion of "weight-strength" 

  > 300 

Number of tests > 300 
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Alternative Cores for Cargo Lining Panels 

Chevron Regular Chevron Non-Regular Modified Chevron 

Crimp-Cellular Rectangular Trapezoid 
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     M-  

Demonstrator feat. M-crimp core 
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Using the folded cores in aircraft tail and wing elements 

,    
  

Project, together with Technische 
Universität Dresden 

« » 
“Kinetic” 

« » 
“Murena” 

« -2» 
“Farmer-2” 
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Densification 

 
 

Vertical Walls 

 
Grooves 

     

  
Proposals to Improve Core Specific Strength Characteristics 
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Proposals to Improve Core Specific Strength Characteristics 

    
 FC Density Coefficient 

     
Parameters in the ultimate compressed state 
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Punching 
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Using nanoparticles as structural nanomodificators for polymer 

papers coating  

  
Carbon nanotubes 
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Thickness 

of crimp 

material 

Tunnels size 

control 

Crimp geometry 

changing 

Crimp 

material 

changing 

Material 

combination 

Layer orientation 

relatively noise 

source Layer orientation 

relative to each 

other 

Granular 

material adding 

Investigation 

Areas 

    

 Acoustic Characteristics Investigation 
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Layer 

orientation 

relatively noise 
source 

Material 

combination 

  

 The Studied Aries 

37 dB 

38 dB 

25 dB 

28 dB 

40 dB 

26 dB 35 dB 
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Core for structural elements 

  
 , 

  

  
  

The density of core, kg/m3 Strength, MPa 

compression shear 

30 1,4 1,0 

40 2,4 1,8 

60 4,0 2,5 

,  
Purpose, characteristics 

Dimensions of the 
structural elements, 

mm 

 200 100 50 

Estimated strength 
characteristics of core 
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Consequences 

  : 
Folded structures allow: 

-   c   ; 
- make design with various architectural forms; 

-   ,    ; 
- has strength properties comparable with existing core types; 

-          

   . 
-potentially it is more technological, referring to the manufacture from sheet metal without 

cutting and gluing operations. 

 

Conclusion 

  –   ,    
     ,  , 

,    . . 
Folded structures - a perspective type of core, which can be used in sandwich panels of load-

bearing and auxiliary units of the transport vehicles, elements of the heat exchangers, filters, 
interior panels, etc. 
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