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KOMPOZITI — IZDELKI v gradbeniStvu

CRP profili

CRP v Uni Stuttgart



KOMPOZITI - IZDELKI v gradbenistvu

Uni Dresden: FR/beton (FRC)




KOMPOZITI - IZDELKI v gradbenistvu

Uni Tongji, 3D tiskana ojacitev mostu; FRP most 4



KOMPOZITI — IZDELKI v gradbeniStvu

Dubai, najvecja FRP jahta in nekaj zgradb



GLOBALNE GROZNJE KOT POSLOVNE PRILOZNOSTI

- ekonomske, okoljske, geopolitiche, druzbene, tehnoloske.

1 Klimatske spremembe +1,5 °C, CO,, metan

Zemlja se je segrela za 1 °C od industrijske revolucije, ko je bilo CO, 280 ppm;
zdaj je 412 ppm in narasca. Za zahtevano omejitev 1,5 °C je nujno zmanjsati

eVes

CO, odtis.

Household emissions in 1990,2017 and 2050

Annual emissions, kilogrammes of CO2

m Heating Transport m Electricity Mdm' gmm a .
m Aviation Waste Diet / Agriculture d v m,kgen V%C?
1990 - I 14,752 Inox 9.7 6.15
Aluminij 155 8.24
2017 I l 8,798 HDPE rec 47 1 7
80% emiss?giz ‘ l 3,475 PVC rec o 18

2050
Net zero emissions

I 1,160

0 3,000 6,000 9,000 12,000 15,000

Sourge; Climate Change Committee/BEIS (2019) B[B|C]

Povecanje CO2 emisij po onesnazevalcih ( transport ...);
Cilj za zmanjSanje emisij za 80 % v letih 1990-2050.



GLOBALNE GROZNJE KOT POSLOVNE PRILOZNOSTI

Globalni problemi:

Zdravje, gibanje
CO,, segrevanje
Pitna voda

Hrana

Energija
Samozadostne hise
Lahki avtomobili
Krozna ekonomija
Redke kovine
Mikroplastika
Fosfor-atrofikacija morij

Prebojne teme:

Biopolimeri,

(Bio) kompoziti
|zolacije VIP

Nano pene

Bariere (VIP)
Absorberji
Fotovoltaika

Vetrnice

Reciklati

Redke kovine
Funkcionalni, odzivni materiali
Brizganje-integrirano
Povrsinske tehnologije
3D print

Implantati

Cistilne naprave



EU RAZPISI

H-MI55-2021-NEB-01-01 Support the deployment of lighthouse demonstrators for the New European Bauhaus initiative in the context of H Europe missions 25 Jan 2022
H-CL5-2021-D4-01-02 Industrialisation of deep renovation workflows for energy-efficient buildings 19 Oct 2021
H-CL5-2021-D4-02-01 Demonstrating integrated technology solutions for buildings with performance guarantees (Built4People) 23 Jan 2022
H-CL5-2021-D4-02-03 Strengthening European coordination and exchange for innovation uptake towards sustainability, quality, circularity and social inclusion in the 25 Jan 2022
built environment as a contribution to the new European Bauhaus (Built4People)

H-CL5-2022-D4-01-02 Renewable-intensive, energy positive homes 08 Sep 2022
H-CL5-2022-D4-01-03 Smarter buildings for better energy performance 08 Sep 2022
H-CL5-2022-D4-01-01 Demand response in energy-efficient residential buildings 08 Sep 2022
H-CL5-2022-D4-02-01 Designs, materials and solutions to improve resilience, preparedness & responsiveness of the built environment for climate adaptation (Built4people) |24 Jan 2023
H-CL5-2022-D4-02-02 Solutions for the sustainable, resilient, inclusive and accessible regeneration of neighbourhoods enabling low carbon footprint lifestyles and businesses (Built4People) 24 Jan 2023
H-CL5-2022-D4-02-03 Sustainable and resource-efficient solutions for an open, accessible, inclusive, resilient and low-emission cultural heritage: prevention, monitoring, |24 Jan 2023
management, maintenance, and renovation (Built4People)

H-CL5-2022-D4-02-04 Smart-grid ready and smart-network ready buildings, acting as active utility nodes (Built4People) 24 Jan 2023
H-CL5-2022-D4-02-05 More sustainable buildings with reduced embodied energy / carbon, high life-cycle performance and reduced life-cycle costs (Built4People) 24 Jan 2023
H-CL5-2021-D2-01-08 Emerging technologies for a climate neutral Europe 19 Oct 2021
H-CL5-2021-D3-02-04 Novel tandem, high efficiency Photovoltaic technologies targeting low cost production with earth abundant materials 05 Jan 2022
H-CL5-2021-D3-03-13 Demonstration pilot lines for alternative and innovative PV technologies (Novel c-Si tandem, thin film tandem, bifacial, CPV, etc.) 23 Feb 2022
H-CL5-2021-D3-03-12 Innovation on floating wind energy deployment optimized for deep waters and different sea basins (Mediterranean Sea, Black Sea, Baltic Sea, North-Ocean) 23 Feb 2022
H-CL5-2021-D3-03-11 Development of hydropower equipment for hidden hydropower 23 Feb 2022
H-CL5-2021-D3-03-06 Novel approaches to concentrated solar power (CSP) 23 Feb 2022
H-CL5-2021-D3-03-07 Stable high-performance Perovskite Photovoltaics 23 Feb 2022
H-CL5-2021-D3-03-05 Wind energy in the natural and social environment 23 Feb 2022
H-CL5-2022-D3-01-06 Novel Agro-Photovoltaic systems 26 Apr 2022
H-CL5-2022-D3-01-03 Advanced manufacturing of Integrated PV 26 Apr 2022
H-CL5-2022-D3-01-02 Demonstration of innovative materials, supply cycles, recycling technologies to increase the overall circularity of wind energy technology and to 26 Apr 2022
reduce the primary use of critical raw materials

H-CL2-2022-HERITAGE-01-10 The New European Bauhaus — shaping a greener and fairer way of life in creative and inclusive societies through Architecture, Design and Arts |20 Apr 2022
H-CL2-2021-HERITAGE-01-01 Green technologies and materials for cultural heritage 07 Qct 2021
H-CL4-2022-RESILIENCE-01-11 Advanced lightweight materials for energy efficient structures (RIA) 30 Mar 2022
H-CL4-2022-RESILIENCE-01-20 Climate Neutral and Circular Innovative Materials Technologies Open Innovation Test Beds (IA) 30 Mar 2022
H-CL4-2021-RESILIENCE-02-32 Social and affordable housing district demonstrator (14) 25 Jan 2022
H-CL4-2022-RESILIENCE-01-07 Innovative solutions for efficient use and enhanced recovery of mineral and metal by-products from processing of raw materials (IA) 30 Mar 2022
H-CL4-2022-DIGITAL-EMERGING-02-20 2D-material-hased composites, coatings and foams (I1A) 16 Nov 2022
H-CL4-2022-RESILIENCE-01-16 Building and renovating by exploiting advanced materials for energy and resources efficient management (IA) 30 Mar 2022
H-CL4-2022-TWIN-TRANSITION-01-02 Products with complex functional surfaces (Made in Europe Partnership) (RIA) 30 Mar 2022
H-CL4-2022-TWIN-TRANSITION-01-10 Circular flows for solid waste in urban environment (Processes4Planet Partnership) (1A) 30 Mar 2022
H-CL6-2022-CIRCBIO-02-01-two-stage Integrated solutions for circularity in buildings and the construction sector 15 Feb 2022

EU subvencionira gradbenistvo.




KOMPOZITI - TRG

Others
3%

Consumer goods

Transportation
14%

Marine

E&E

Wind energy

Construction 15%

Aerospace
12%

Pipe & tank Grandviewresearch

Globalni trg kompozitov 2020:
12.9mil. t, 103 md S, CAGR 5%




KOMPOZITI - TRG

B Automotive & Transportation

u Aerospace & Defence

 Wind Energy

® Electrical & Electronics
®  Construction

B Pipes & Tanks
Marine

% Others

Grandviewresearch

Trg kompozitov v Evropi 2018: 17,8 mdS, CAGR 7,5%
Manjsi delez za gradbenistvo
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KOMPOZITI - TRG

Global Composites Market ,

m By Region(2019-2026)

AXIMIZE

MARKET RESEARCH PVT. LTD. ‘ |
2019 2020 2021 2022 2023 2024 2025 2026

B North America ® Europe M AsiaPacific = Middle East and Africa B South America

Trg kompozitnih materialov po regijah
Evropa sele tretja
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KOMPOZITI - TRG

Europe Construction Composites Market, By Country

(in $ millions)
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Source: Inkwood Research

Kompoziti v gradbenistvu po drzavah:
prednjaci Nemcija
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KOMPOZITI — postopki predelave

Global Composite Market by Manufacturing Process, 2014-2025 (in Billion USD)

2014 2015 2006 2017 2018 2019 2020 2021 2022 2023 2024 2025

m Layup m Flament Winding m Injection Molding
Pultrusion B Compression Molding M Resin Transfer Molding
m Others

Tehnologije kompozitov v smer zaprtih, ekolosko prijaznih
postopkov
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KOMPOZITI - postopki

Roc¢no laminiranje
Nabrizgavanije
Kont. impregnacije
SMC

BMC/DMC
Navijanje
Centrifugalni liv
Pultruzija
Vro¢e/hladno preSanje
RTM

Ostali

Poli beton

Shematski prikaz vecanja uporabe RTM

postopkov v primerjavi z ostalimi postopki izdelave kompozitov
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KOMPOZITI - postopki predelave

Navijanje

Rocno

laminiranje Nabrizgavanje

Pultruzija

BMC

Centrifugalni
post.

GMT/LFT
brizganje/
presanje

Postopki predelave kompozitov v Evropi (v 1.000 tonah)




KOMPOZITI - TRG

Composites market size, by fibers 2016 -2027 Bil.$ = B
—
I
]
I
11.47 1231 f— B
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

W Glass Fiber Carbon Fiber B Others

I WA QBN | BT B arch. ooim

2027

Narasca delez ogljikovih vlaken
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LASTNOSTI VLAKEN IN SMOL

100 (188 2000

Qe 00080
- Specifiéni E-modul (N/tex)

Specificna trdnost in E-modul vlaken mocno presega jeklo
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LASTNOSTI VLAKEN IN SMOL

Specific Flexural Modulus

Specific Flexural Strength
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Kompoziti v specificni trdnost

druge materiale

presegajo
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KOMPOZITI - VLAKNA, SMOLE

Specificna trdnost

150 ~unidirekcionalen AFRP. o
unldlrek0|onalen CFRP HT/IM

MPa/gxcm™
unidirekdionalen CFRP-HM
100 |GFRP/ —
75 |
50|
251 azi-;izotropiéen o
kovine | | |
0 ! { i i ;
0 5,000 10,000 15,000  MPa/gxcm™ 25,000

Specificen Youngov modul

Specificne lastnosti kompozitov nad kovinami
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KOMPOZITI — Primerjava z lesom
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Specificna natezna trdnost (10° m?/s?)

# kovine mz vlakni ojaceni materiali Ales  etermoplasti

laminat z
aramidnimi viakni

visok.otrden

s SStek?om ogljikovim
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z E-steklom
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Specificen natezni E-modul (10° m?/s?)

Specificne lastnosti kompozitov in lesa




LASTNOSTI VLAKEN IN SMOL

Omaks V SMETi

; Gostota p E vzdolzno | E precno | € yas | Tmaks | vzdolZno| o pre¢no
=estavna kgldm®" | VaKen GPa | GPa | . | °Cc | 10°% | 10°°C
S-steklena vliakna 2.48 4800 85 85 9.0 | 650
E-steklena vlakna 2.54 3450 13 13 4.8 | 550 5 D
Ofilevaviakng | 4o 5400 300 15 | 1.8|500| -1 10
visoke togosti
ol 1.8 4090 241 20 |1.65] 500
visoke trdnosti
Aramid (Kevlar 49) 1.44 3170 138 5.4 2.3 | 160 -4 52
Aramid (Kevlar 29) 1.44 3780 97 3.9 | 160
Poliesterska smola 112 80 3.5 3
Vinilesterska smola 1,07 90 4 B
Epoksi smola 1sd 65 4.6 6

Nekatere lastnosti sestavin kompozitnih materialov




LASTNOSTI VLAKEN

Steklena viakna

Znacilnosti

E R/S M C
Natezna trdnost (GPa) 3.9 | 4.7 3.7 3.1
Youngov modul (GPa) 73 88 125 71
Raztezek do pretrga (%) ~45 | 5.0 | ~5.5 3.5
Spec. moc (GPa x cm‘*/g) 1.38 | 1.8 2.8 1.3
Spec. Youngov modul (GPa x cm’/g) 288 | 34 50.3 29
Premer vlaken (um) 313 | 10 10 -
Gostota (g/cm ) 2.95 | 2.49 - 2.45
Koef. topl. raztezanja (10° /K) 96 4 - {2

Lastnosti steklenih vlaken

22



GPa

Natezna trdnost

LASTNOSTI VLAKEN

2 4 6 8 10 pm 12
Premer viaken

Vpliv premera steklenih vlaken na trdnost
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LASTNOSTI VLAKEN

elektro- x’.ﬁ?f\ﬁ;"*?:" Moty /

predenje el sty el steklo
stekleni
elementarni
filamenti

umerjanje

preja

konec navoja

Proces predenja steklenih vlaken

24



LASTNOSTI VLAKEN

Lastnost|  St. filamentov/
roving (K) Natezna Modul Raztezek
(1K = 1000 Premer Gostota trdnost elasti¢nosti | pri pretrgu
Tip vlakna filamentov) (um) (glcm3) (MPa) (GPa) (%)
1-24
(majhno/srednje 7 1.75-1.78 | 3,500-5,00 221245 1.5-2.0
Visokotrdno predivo)
viakno _48-600 7 176-18 |3500-4,000| 225-240 15-16
(tezko predivo)
Vmesno modulno 6-24 5 18 |4800-6,370| 276-300 | 1.8-2.2
viakno (IM)
Visoko modulno v
viakno (HM)
Visoko modulno/ )
visokotrdno 1-24 1.8-1.93 |2,740-5,490| 300-680 0.7-1.9

viakno (UM)

Trdnost karbonskih vlaken do 6370 N/mm?
Zelo trdna jekla do 1600 N/mm?
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LASTNOSTI VLAKEN

Lastnost Natezna Modul Raztezek
Premer | Gostota - i
3, | trdnost | elasti¢nosti | do pretrga

Tip viakna | M) [(9/em) | Sapay | (GPa) (%)
Standardno 12 1,44 2,8-3,6 65-83 3,4-4
Visoko 12 1,44— | 3,1-36 121-124 2,029
modulno 1,47
UHMPE 13-25 0,97 2,7-3 87-170 2,7-3,5
PBO (preja) - 1,96 5,8 180 3,5
PBO - 1,94 5,8 280 2,9

(visokomodulno

*poly(p-phenylene-2,6-benzobisoxazole)

Natezna trdnost polimernih vlaken do 5800 N/mm?

26



LASTNOSTI VLAKEN

1. korak 2. korak
raztezanje oksidacija karbonizacija
T=200-220°C T =220-300°C T =1,300°C

t = 10-30 min t = 30-100 min t = 10-60 min

Ao

— Y
vrv katalizator ~ zrak odpadni plin inertni plin hlapni pomoZni
N, produkti
. HT, HS, IM «— @
3. korak '
- S rafitizacija o,
navoj povrsinska obdelava g I HMS
q T =2,000-3,000 °C
l t = 5-30 min
W -
zakljucek  predobdelava hlapni stranski inertni plin
produkti (argon)

Proizvodnja karbonskih vlaken na osnovi PAN
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LASTNOSTI VLAKEN

Staticna trgjnost

(o77)
400,
Dinamiéna trdnost 0, Natezni modul
(Gpw/Y) AN ' (E7y)
% Strizni
Udarna zilavost - modul
(A) (G7y)
ElastiCna
energijska
absorpcija
2
(" 'Zmp) | « Al-Zlitina
Upogibna stabilnost BCRREN

(VEry)

Primerjava specificnih lastnosti aluminija in CRP
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LASTNOSTI VLAKEN IN POLNIL

Natezna trdnost

Tlaéna trdnost

E-modul

Udarna Zilavost

Znizanje termi¢nega raztezka
Znizanje skréka

Boljsa toplotna prevodnost
Boljsa oblikovha obstojnost
Elektricna prevodnost
Elektricna upornost
Toplotna obstojnost
Kemijska obstojnost
Manjsa obraba

Hitrost ekstrudiranja
Abrazija strojev

Pocenitev
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vlaknata polnila in ojacala lamelni delci kroglasti delci

++ mocan ucinek, + srednji u€inek, © brez uéinka, - negativni uc¢inek
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LASTNOSTI VLAKEN

Viakna Natezna E-modul Mejni Gostota Cena

trdnost GPa raztezek (kg/m°) (Euro/kg)
(MPa) (%)

Steklena  2500-3500 70-73 3 2560 1,5-2,5
Karbonska 2500-6000 220-700 0,5-2,0 1750-1900 30-50
Aramidna 3500-4000 85-135 =0 1440 20 -35
Lanena 500 - 900 50-70 " 1,3-8,3 1400-1500 = 0,5-1
Sisalova 80 - 840 9-22 3-14 1450 0.5
Jutina 200 - 450 20-55 2-3 1400 0,5
Konoplina 310-750 30-60 2-4 1480 0,5- 1
Bombazna 300 - 600 6-10 6-8 1500 0,1-0,5
2latanina 530 - 750 7-20 1-4 1400 0,5

Mehanske lastnosti in sintetic¢nih in naravnih vliaken
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LASTNOSTI VLAKEN IN SMOL

Polimerno satje za lahke in trdne sendvice
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LASTNOSTI VLAKEN IN SMOL

1A. Tensile and flexural strength 1B. Tensile and flexural modulus 1C. Unnotched Izod impact strength
20F 50F T+
Flevoural
———
b | Flesural- 181 6
16}
416} S
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o 3 :
1T 3 1 \ A ] L 1 L 1 1 E 1 X 1. 1 1
5 2 3B 5 55 | B % B & % R SR T
Styrene monome % ol polyol Styrene rmonormer, % of palyol Styrene monomed %o of polyal

Odvisnost trdnosti, E-modula in zilavosti
od deleza stirena v smoli



Kompleksnost izdelkov

LASTNOSTI TERMOPLASTICNIH KOMPOZITOV

Brizganje termoplastov s kratkimi viakni

Vtiskovanje (dolga vlakna)

Plastificirno stiskanje

Kombinirani direktni postopki
(LFT-D)

Termoformiranje

Navijanje
RRIM 1y jan)

Pultruzija Polaganje trakov

Specificna togost

Proizvodnja termo- in duroplasticnih kompozitov
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LASTNOSTI TERMOPLASTICNIH KOMPOZITOV

Steklena tkanina

Termoplasticni sendvic polizdelki
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LASTNOSTI TERMOPLASTICNIH KOMPOZITOV

nelegirano jeklo
AlICuMg

Les

POM

PA 66
PA 612 s 30% kratkih vl.

PP s 30% dolgih vl.

PP s 40% mate

PA6 50% UD
CF/PEEK 0/90 laminat

CF/PEEK UD

0 10 20 30 40 50 60 70 GPa/(kg-m™>) 100
Modul elasti¢nosti / specificha teza

Razmerje med modulom elasticnosti in specificno tezo za
razlicne konstrukcijske materiale
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100
90
80
70
60
50
40
30
20

Relativna dinami¢na obremenljivost

BT

10

LASTNOSTI TERMOPLASTICNIH KOMPOZITOV

100

GMT GMT LFT LFT Brizganje
(tehnologija (papirma - preSanje - brizganje PP
z mato) tehnologija) s kratkimi

viakni
Termoplasticni kompoziti - primerjava
relativne dinamic¢ne obremenljivosti

36



LASTNOSTI TERMOPLASTICNIH KOMPOZITOV

Lastnosti PPO | PC | PBT | POM | PA UP- UP- UP-
navijanje | pultruzija | ro¢no
Vsebnost st. viaken | 30 30 30 30 30 75 75 40
Natezna trdnost 17,000 | 18,000 | 17,000 | 18,000 | 26,000 | 80,000 | 100,000 | 22,000
E-modul 12 15 14 12 13 65 65 17
Udarna Zilav. FP| 19 | 37 1,8 14 | 20 60 60 14

Primerjava kompaundov in poliestrskih kompozitov
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CENE PO POSTOPKIH

RTM Roéno SMC
Povrsina Zelo dobra Zadovoljiva Odliéna
Trdnost Odli¢na Dobra Zadovoljiva
Enosmerno ojacenje Da Da Ne
|zdelki/uro 1,3-2,0 0,2 4-6
Cena kalupa v $ 100 000 20 000 500 000+
Tip kalupa Elektroform. Poliester Jeklo
Cena orodja na izdelek $5 $10 $5

Primerjava med ro¢nim armiranjem, RTM in SMC postopkom
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NABRIZGAVANJE

AN

N

Proizvodnja preform iz
nasekanih vlaken po postopku
nabrizgavanja vlaken
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NAVIJANJE, PULTRUZIJA

B —
e el et e S ——

L ——

e
%

r‘\ N e

S TN £

Novost navijalnega postopka so velika vretena
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NAVIJANJE, PULTRUZIJA

Moderni CNC navijalni stroji za vetrnice
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NAVIJANJE, PULTRUZIJA

mata
greta Soba

vleéne gosenice

Pultruzijski profili iz rovinga in mate
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RTM

RTM: Sistem z izdelavo predform uporablja avtomatski nacin
dovajanja vlaken skozi Sobo na doloceno pozicijo v doloceni
debelini
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RTM

i v j Injektor

SOjac“:enje

Dolivno

Qnesto

RTM postopek
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RTM

Kalup z VE gelcoatom in epoksidom,
RTM z robotom
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RTM

Napihovanije
Vlaganje preforme T —

Pihanje (BBM postopek)
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AVTOKLAV

, Lo€ilni film
/
/
/ y Vpojni sloj

Perforiran loc¢ilni film ali

/ /
// odcepljiva koprena
Samolepilni
- AR—— trak

Vakumska folija

Dihajo¢i sloj

Vakuumska cev

/

o, e, v v v v e e e v e~ e~ o v e o v o e, v .

Vakuumski ventil

Zaporni trak

:
s
3 )
)
[//////I//I/////;//////////I////l////l/////////(//f///o'.‘//////l////////l
Tesnilo X
Kalup \
%

N
\ Omejitev na robu

.Logilni film ali koprena ali
zracno prepustna povrsina kalupa

Shema kalupov za VI ali avtoklav postopek
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Izdelki - gradbenistvo










Elektro izdelki
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Komunalna oprema
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