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XeMa TexXHoNormueckoro npouyecca ¢opmoobpaszosaHuna
Shaping Sequence

STanbl CKNaAbiBaHUSA
M KannbpoBkm
Folding and calibration stages

PazMeuyeHHbIU JINCT
Marked-out sheet

NcxoaHbIU NJIOCKUU JINCT
Initial plane sheet
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ApxuTeKTypHbie (hOopMbl CKNaaYaTbiX CTPYKTYP
Architectural forms of folded structures

Mnockas
Plane

OaMHaApHOM KPUBU3HbI
Single curvature

[ BOMHON KPUBU3HbI U NE€PEMEHHOMU BbICOTbI
Double curvature and variable height
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LLieBpOHHbIE CTPYKTYPbI
Chevron Structures
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CnupaneBuaHasa CTPyKTypa
Helix shaped structure
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Cnoco6 apeHnpoBaHuna naHeneun drosensirxa camosnera

Aircraft Fuselage Panel Drainage
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LLieBpOHHbIE CTPYKTYPbI
Chevron Structures

3aKOHOMEpPHOCTU 06pa3oBaHMA LWWEeBPOHHbIX CKJ1aA4YaTbIX CTPYKTYP
Regularities of chevron fold structures construction

Transformation parameter in ultimate compressed state:
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LLieBpOHHbIE CTPYKTYPbI
Chevron Structures

OnpepeneHne KOHCTPYKTUBHbIX NapaMeTpoB KPpUBOJIMHEUHOMN avyencton LLCK
Determining the design parameters of the helix shaped structure
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LLieBpOHHbIE CTPYKTYPbI
Chevron Structures

OnpepeneHne KOHCTPYKTUBHbIX NapaMeTpoB KPpUBOJIMHEUHOMN avyencton LLCK
Determining the design parameters of the helix shaped structure
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Hayqno-uccnenoaaTenbcxue na60paTopma no TexHoNorMm

LIEBPOHHbIX CTPYKTYP
Research Laboratories for Chevron Constructions Production

Engineering | A a
JlabopaTtopusa ABTOMaTusauum

NpoOEeKTUpoBaHUA
Design Automation Lab

(BHL B IUIANHC)

ALC

Och sHHTORO
S

Ucnonbsyemoe MO:
Used Software:

1. CATIA VS5

2. SolidWorks
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HayuyHo-uccneposarenbckue naboparopmm no TexXxHONOrumn

LEeBPOHHbIX CTPYKTYP
Research Laboratories for Chevron Constructions Production

Engineering

JlabopaTtopusa noaroroBkm obpasuos
Ona ncnbiTaHMM n TepMoobpaboTku

Test Specimens Production
and Thermal Treatment Laboratory

JlabopaTtopusa NponUTKu

Impregnation Laboratory
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HayuyHo-uccneposarenbckue naboparopmm no TexXxHONOrumn

LUEeBPOHHbIX CTPYKTYP
Research Laboratories for Chevron Constructions Production

Engineering

JlTabopaTopusa nccnegosBaHus
napaMeTpoB nosimMmepusayuum
Tivence Physical-Chemical Analysis Lab
p fridec (research of binder service properties)
water 1‘ 2 3 -4

extractor —» water
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YcTaHOBKa AJ1I1 HaHeCeHUSA NOKPbITUA OKYyHaHueM
Installation for Dip Coating
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YcTaHOBKa A1 HAHEeCeHUA NOKPbITUA pacnbi/ZieHueM
Installation for Spraying

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




. _ i

HayuyHo-uccneposarenbckue naboparopmm no TexXxHONOrumn
LLIEeBPOHHbIX CTPYKTYP

Research Laboratories for Chevron Constructions Production
Engineering

JlabopaTtopusa poTauMOHHOIo
¢dopmoobpaszoBaHun

Rotary Shaping Lab

rear view

YCTaHOBKM Aia poTauuoHHoro dopmMmoobpasoBaHusa:
Rotary Shaping Machines:

1. >akcnepuMeHTasbHaa / experimental (L = 200 mm)
2. onbITHO-npoMbiusieHHas / experimental-industrial (L = 700 mm)
3.  MopAaysib NpPoOMbIWIEHHOW ycTaHoBKMU / industrial module (L = 1050 mm)
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CxemMa npeaBaputesibHOro portaumoHHoro ¢popmoobpaszoBaHus
Preliminary Folding by Rotary Shaping

CxemMbl 6UMroskm
Cresing Shemes

NMpoanonbHasn
Longitudinal

MonepeyHasn
Transversal
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CxeMa npeaBaputesibHOro porauMmoHHoro ¢popmoobpasosaHus
Preliminary Folding by Rotary Shaping
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CxeMa npeaBaputesibHOro potauMmoHHoro ¢popmoobpasosaHus
Preliminary Folding by Rotary Shaping

TexHn4Yeckme xapakTepucTukm ysna 6mMroekn-rmbkmn (H=25 Mmm)
Preliminary Folding Module Technical Characteristics (H=25 mm)

LLivpuHa 3arotoBKM - 820 MM;
Blank width - 820 mm;

CxemMma opueHTauumm roppa - nonepeyHas;
Crimp orientation - transversal.

NleomeTpunueckme napametpsbi LLCK
FC Geometrical Parameters

Lar no 30J1 (25) - 50 MMm;
Zigzag Line Step (2S) - 50 mm;
War no NOJ1 (2L) - 25 MM;
Saw-Tooth Line Step (2L) - 25 mm;
BbicoTa LUCK (H) - 25 MM;
Folded structure height - 25 mm;
Amnnutyaa 30J1 (V) - 25 MM;
Saw-Tooth Line amplitude - 25 mm.
Mmmm‘,‘
— —ad
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CxeMa OoKOHYaTe/NIbHOINro poTalMoOHHOIro CKiiaAbiBaHUA
Final Rotary Folding
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CxeMa OKOHYaTEe/IbHOINo poTauMOHHOIO CK/laAbiBaHUA
Final Rotary Folding

TexHun4yecKkmne XxapaktTepuctuku yssna cknagbiBaHma (H=25 Mmm)
Final Rotary Folding Module Technical Characteristics (H=25 mm)

Manbubl 3B€304YEK - HEOPUEHTUPYEMBDIE;
Star pins - nonorientable;

KonunuecrtBo cTyneHeu cknagbiBaHua - 1;
Final Rotary Folding Stage Number - 1;

Konnuecrso OM, o6pabaTbiBaeMbiX 3a

oaAuH obopoT - 8;
Number of Elementary Modules, handled per
revolution -1;

NMepenag BbicOT, cpabaTbiBaeMbliii B

CTyneHu - 18 MM. |
FC Elevation, operated in stage - 18 mm.
Mm %
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Bbi60p onTMaNibHbIX NapaMeTpoB CTPYKTYPbI
Structure Optimal Parameters Selection

P MPa
CpaBHeHUe TUNOB 3anoJIHUTeNA MeXay coboil N0 KpUTepuio «BeC-NPOYHOCTb> —, 3
Comparison of core types between each other by the criterion of "weight-strength” 0 kg/m

KonuuectBo ncnbiTaHum > 300

MTrla Number of tests > 300
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apuvaHTbl 3anNoJIHUTENIEN ANA NaHesien rpy30Boro orceka
Alternative Cores for Cargo Lining Panels

Crimp-Cellular Rectangular Trapezoid
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. [deMOoHCTpPaunoHHbIN obpa3ey ¢ 3anonHuTenem tuna M-rodp
Demonstrator feat. M-crimp core
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Ncnonb3oBaHUe CKJZlaa4vyaToro 3anoJiIHUTenNns B 3JieMeHTaxX

onepeHun netaTtesibHbiX annapartoB
Using the folded cores in aircraft tail and wing elements

«PepmMmep-2> -
NMpoekT, coBMeCTHbIU C [lpe3aeHCKUM

“Farmer-2”
«MypeHa | T(:'_'XHuquKMM yHu_BepcuTeT_OM
M . - 4 Project, together with Technische
urena P “ i .
: Universitat Dresden

«Knnernk» @fg
“Kinetic” -
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npeﬂ.ﬂO)KEHVIH MO NOBbLIWEHUNIO YAEJIbHbIX MPOYHOCTHbIX

XapaKTepUCTUK 3anoJiHuTens
Proposals to Improve Core Specific Strength Characteristics

BepTukanbHble Pudtbl
CTEHKMU ‘ Grooves

4. N WSO
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3aryweHue
Densification
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npennomeﬂvm MO NOBbLIWEHUIO YAEJIbHbIX MPOYHOCTHbIX

XapaKTepUCTUK 3anoJsiHuTens
Proposals to Improve Core Specific Strength Characteristics

W'y A N g\\%/&%\ _

A-A (68aee+ait)

B-B (éaaee=ait)

KoadpumumeHT rycrorbl CK
Vis FC Density Coefficient

MapameTpbl B NnpeaesibHO CXXaTOM COCTOSIHUMU
Parameters in the ultimate compressed state
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NMepdopupoBaHue
Punching
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NMpuMeHeHne HAaHOYACTUL, B Ka4YecTBe CTPYKTYPHbIX
HaHoMoAM(UKATOPOB NOKPbITUXA NOJIMMEPHbIX 6ymar

Using nanoparticles as structural nanomodificators for polymer
papers coating

YrnepoaHbie HAHOTPY6KM
Carbon nanotubes

KoHue a

HUeHTPaunA 3¢ddeKkTnBHaA NPoUHOCTb (KpUTUUECKan Harpy3Ka / macca)
HaHoO4YacTuUy B . ape

Effective strength (critical load/mass)

NOKpPbITUU
Concentration
of nanoparticles 0 0,02 % 0,2% 2%
in coating

Kevlar 0,1 417,16 544,1 456,6
Nomex 0,13 653,04 553,1 583,1

S | e
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NUccneanoBaHue aKYCTUUYECKUX XapaKTEepPUCTUK
Acoustic Characteristics Investigation

Layer orientation
relatively noise
source

Layer orientation
relative to each
other

Material
combination

Investigation
Areas

Crimp geometry
changing

Granular
material adding
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-
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Crimp
material
changing

Tunnels size
control

Thickness
of crimp
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NccnepnoBaHHblIe HanpaBJ/ieHUsA
The Studied Aries

Layer
orientation

relatively noise

_ source
M ate r I a,I JpueHTauna

combination

OTHOCUTENbHO
Q a a Apyr Apyra
[o6aenexve M3meHeHne
chinyumx HanpaeneHus \_ rROMETPUN
marepvanos
44 —

Mpw ogron » Ton
Xe reomMeTpum
Hanuuue unm

oTcyTCTBUE

NpoCBETOB

CoctaB
matepuan
a rocpa

TonwwmHa
marepuana
rocgpa
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3anosiHuTesNb ANA 3J1IeMEeHTOB KOHCTPYKUUMU

Core for structural element Ha3zHayeHMne, xapaKTepucTnkm
uctu clements Purpose, characteristics

FabaputHuie pasmepsbr Dimensions of the
anemeHTOB CTPYKTYpbl, structural elements,
MM mm
2 ~ 200x100x50 /’

OpueHTUpoBOUHbIE NMPOYHOCTHLIE Estimated strength
XapakTepucTUKU 3anonHutena  characteristics of core

compression shear
30 1,4 1,0
40 2,4 1,8
60 4,0 2,5

=
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CnepncrBus
Consequences

Cknapuyartblie CTPYKTYPbl NO3BOJIAIOT:
Folded structures allow:

- MPOEKTUPOBATb KOHCTPYKL MU C pa3HOO6pa3HbIMU apXUTEKTYPHbIMU (PpOpMaMu;
- make design with various architectural forms;

- AMEEeT NPOYHOCTHbIE XapaKTEPUCTUKMU, CONOCTaBUMbIe C CYLLEeCTBYOLWMMM 3aNnoJIHUTESIAMM,;
- has strength properties comparable with existing core types;

-noTeHUumanbHO 60Jsiee TEXHONOrM4YEeH BBUAY U3roTOBJIEHUSA U3 JIMCTOBbIX MaTepuanos 6e3
onepauuun pa3pe3aHusa U CKJIENKM.

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

BbiBOA
Conclusion

CknlapuaTtbie CTPYKTYPbl — NEPCNEeKTUBHbIMA TUMN 3aNOJIHUTEJNIA, KOTOPbIX MOXKET HaUuTHU
npMMeHeHMe B MHOIMOCJ/IOMHbIX NaHeNAX TPAHCMNOPTHbIX MALWIUH, 3JIeMeHTaX TenJ1006MeHHUKOB,
hunbTpOB, NaHENsIX MHTEpbepa U T.A4.

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.

e .
— KA ="
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