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ABSTRAKT
Abstrakt Cesky

Diplomova prace se zabyva problematikou rafkii zavodnich kol, které jsou z vétsi
¢asti vyrabény ze slitin hliniku, nahradit kompozitem, navrhnout materidlové slozeni
a konstrukei rafku s odzkousenim riznych tloustek stén profilu rafku a testovani me-
chanickych vlastnosti. Pfinosem k lepSimu navrhu pouzitého materidlu a vhodné
konstrukce, je reSerSe na stav techniky z oblasti primyslovych prav, ale i bibliome-

tricka reSerSe v tisku a na internetovych strankach.

Kli¢ova slova: karbon, rafek, zavodni, kola, cnt, kompozit, prepreg,

ABSTRACT
Abstrakt ve svétovém jazyce

This thesis deals with the racing wheel rims, which are mostly made of aluminum,
replace the composite, suggest a material composition and structure of the rim with
the testing of the different wall thickness profile of the rim and testing of mechanical
properties. The benefit for the better draft material used and suitable design is a prior
art search in the field of industrial property rights, as well as bibliometric research in

the press and on the website.

Keywords: carbon, rim, racing, bicycles, cnt, composit, prepreg,



Rad bych podékoval vedouci této diplomové prace, pani doc. Ing. Soné Rusnakove,
Ph.D. za ochotu, vstticnost, odborné rady a Cas, ktery mi vénovala pfi jejim vypraco-
vani. Dale bych chtél pod¢€kovat panu Ing. Ladislavu Fojtlovi za pomoc pfi vyrobé
vzork®l. V neposledni fadé chci podékovat panu Ing. Milanu Zaludkovi, Ph.D. za
pomoc pii testovani vzorki, cenné informace a zkuSenosti. Mj posledni dik patii mé

roding, kterd mé podporovala po celou dobu mého studia.

Prohlasuji, ze odevzdand verze diplomové prace a verze elektronickd nahrand do

IS/STAG jsou totozné



L 00 ) ) PR 12
| TEORETICKA CAST .....ccooivieeeieeeveeee et 13
1 KOMPOZITNI MATERIALY ......co.covviiivninrsissesiesesiesesissessessess s sensensensnenes 14
11 OBECNE CHARAKTERISTIKY ...vvieeiiutieeeeiiteeeesitnesesasssnsessssssnsessasssesssssssssssssnssnseesans 14
12 N 1 17N 10 PSR 15

1.2.1  Piednosti vysokopevnostnich kompozitii v porovnani
S KOVOVYMI MALETIALY ..ot 17
1.3 UHLIKOVA VLAKNA ....utiiiiiiiiieeeciiiee e e ettt e e e et e e e s etteeesaesteeeessnsteeesasteeeessnbeeeasanns 18
14  VYROBA KARBONOVYCH KOMPOZITU ....uueiiiiiiiieeeeiiiieeeeeiitteeeeseseeeeessreeeesssneeeesans 18
15 VYHODY KOMPOZITNICH PROFILU......uviiiiiitieeeeeiireeeeiiireeeseisreeeesssseeeessnsseeeessnnens 20
1.6 UPLATNENI KOMPOZITNICH PROFILU......0eeeiiiiiiieeeiiiieeeeeiireeessssseeeesaisreeeesssneeessns 20
1.7 ROZDELENI KOMPOZITNICH MATERIALU ....cccivviieeiiiiieeeeciireeeeesireeeeseireeeesenraeeeeenns 21
1.7.1  VIAKNOVE KOMPOZILY ...cvvvieiiieiiiieiiiesie et 21
1.7.2  Technické vlastnosti Materialll...........ccecvuvrreiiieiiiiiiiiiiiiee e 22
1.8 BEZPECNOST A OCHRANA ZDRAVI PRI PRACI S KOMPOZITY ....vvveeeviiiieeeeiiveeeeeinnnns 22
2 PREPREG ... .ottt ate e e ate e s b e e e ente e s eaaeeenaee s 23
2.1 DRUHY VAZEB VYZTUZNYCH TKANIN L..eiiiiiiiieeeiiiie e e siiee e e s eteee e s ssinneeessnveeeeesnnns 26
2.2 VYZTUZE A MATERIALY ...ovviiiiiiiiiee e ciiiee et e e e s et e e et a e e s st e e e s anrne e e e nnnnes 26
2.2.1  SKIENENA VIAKNA .....vvvviiiiiiiiiiiciieiee e 26
2.2.2  UhHKOVA VIAKNA .....oooiviiiiiii ittt enee s 27
2.2.3  Aramidova VIAKNG .....ceeiiiiiiiiiiiiic e 28
2.2.4  PHrodni VIAKNA .....ccvveiiiii ittt 29
2.25  ROVINGOVA VIAKNA......coiiiiiiiiie s 29
2.3 TIANINA L.t e e e e e e e e e e e e e bt e e e e e abeeeeesaasaeeeesssaeeeessseaaeessnneeeas 30
2.3.1  SKeINA tKAnINa ......covvviiiiiiiiiiiiiiiiei et e e e s e e 30
2.3.2  ROVINZOVA tKANING ....ooviiiiiiiiie et 30
2.3.3  UhIKOVA tKANINA ..uvvviiiiiici et e e e e e aes 31
2.3.4  Hybridni tKanINa..........cceeieieiiriieiiie et 31
2.3.5 Aramidova tKANINa ......c.ceciiiiiiiiiiiiie e 32
S (0] < (0 Y/ OSSR 33
2.4.1 EMUIZNi TONOZ ..ot e 33
P o v 1 {0 ) 7 T () 110 v/ 33

3 VYROBA POHLEDOVYCH DiLU Z POLYMERU

VYZTUZENYCH UHLIKOVYMI VLAKNY ....ccoooiiiiiiiiiiiec e 35
3.1 VYROBA POHLEDOVYCH DILU MA TATO SPECIFIKA: ......uvveeeeiuiieeeeiitreeeeesnrneeeeennnes 35
3.2 TECHNOLOGIE VYROBY ..uvviiiiitiiieeeitieeeesiteeeesaisseeeessnssesessassessssssssssessssssseessnsssnens 36
3.2.1  Technologie RTM nebo VARTM ......ccooiiiiiiiie e 36
3.2.2  Technologie liSOVANT Z PrePregU .......coueeiieeiiieiiieiieesiee e siee e ee e seee e 36
3.3 AUTOKLAVOVA TECHNOLOGIE ..u1vveiiieeiiiiiiiireeeeee e e e sestitrreeeseeessssassreseessesssssnnsssnens 38
3.3.1  Vyroba autoklavovou technolo@il ........c.ccevviiiiiiiiiiieiiec e 38
0 20 o] 1 T U OUPRTRSPUPRP 38
R TR N o (=7 o] =70 YU RPRRTR 39

3.3.4  Skladani prepregu do fOrmy........cccooiiiiiiiiiiieiic 40



3.3.5  Vytvrzeni v autOKIAVU .....oocviiiiiieiiii e 41
3.3.6  DOKONCENT QIIU ceeeeien oottt e e e e e e e e e e e e e 41
4 RAFKY ZAVODNICH KOL ......ccoovoiiiieeeeeeeeeeeeee et seseeee s ese s s s 43
4.1 VLASTNOSTI STAVAJICICH RAFKU ZAVODNICH KOL ZE SLITIN HLINIKU..........0ov... 43
4.1.1  POVIChOVA UIPTAVA....uiiiiiiiiiiiiicitiesie ettt 43
4.1.2  Technologie zvySujici uzitné vlastnosti rafkll.........ccccooeviiiiiiiinniiieiiienne, 43
4.1.3  ZvIAStni v1astnOStl TATKT ...oeveeeeeee oot e e e e e e e 43
4.1.4  Bezpecnostni SyStem rafKil........cccoovviiiiiiiiiiiiiiiiie e 43
4.2 KONSTRUKCNI RESENI SPOLECNOSTI REMERX S.R.O. .vvvvvvvvvvivrvrirerirersseresnsenesesennns 43
4.3 NAVRH EKVIVALENTNIHO MATERIALU RAFKU ZAVODNICH KOL ....vvvvvvvvvevevevennnnns 45
5  RESERSE NA KARBONOVE RAFKY ZAVODNICH KOL.........c.ccocvvvunnnnn... 46
5.1 VYBER Z RESERSE TECHNICKYCH RESENI NA STAV TECHNIKY ...ouvvvvvvvererererennnennns 46
5.1.1  Zpisob vyroby rafku kola bicyklu, zatizeni pro provadéni tohoto
zpisobu a rafek kola bicyklu ziskany podle tohoto zptsobu....................... 46
5.1.2 Ventilaéni rafek zavodniho a horského Kola.........oeevvvviiiiiiiiiieiiiinieeeeeeeenns 47
5.1.3  Rafek jizdniho Kola .......cccoovviiiiiiiiic 48
5.1.4  Spojovaci struktura rafku ..........ccooiiiiiiiiii 49
5.15  Rafek jizdniho kola o tvaru prifezu pismena ,,V«“........c.ccoiviiiiiiicnnnnenn 50
5.1.6  Rafek z uhlikovych vlaken s vylepSenou strukturou...........cccocoeeriiiiiennnnne 50
5.1.7  Konstrukce rafku kola ze zapletenych uhlikovych vldken a
ZPUSOD JEhO VYTODY ..o 51
5.1.8 Metoda pro montéaz plastového kola, zejména s vyztuzi z
uhlikovych vlaken s modularnim designem zamku ratku se
segmenty drzené okrajem vn&jStho Kola ..........ccceviiiiiiiiiiiiniiiieieee 52
5.1.9 Kola pro jizdni kola a zZplisob VYTODY .......cccviiieiiiiiieiic e 52
5.1.10 Kompositni rafky s otvory pro draty........cccccererriienieeiieeneesie e 53
5.1.11 Rafek nebo ¢asti rafku vyroben z kompozitniho materialu ............c..c.c....... 54
5.2 VYBER Z RESERSE PRUMYSLOVYCH VZORU NA STAV TECHNIKY ...vvvvvvvvvrenenennnennns 56
5.2.1  Pramyslovy vzor Spolecenstvi €. 000031992-0001..........cccccoovviiiiiiiiinn, 56
5.2.2 Primyslovy vzor CSSR €. 15809.....c.cooiiiiiiiieiii e 56
5.3 VYBER Z RESERSE V INTERNETOVYCH STRANKACH .....cuvvvvveveriririiirererererenennnnnenen 57
5.3.1  Karbonovy rafek od firmy Enve .........cccooiviiiiiiiiiiii 57
5.3.2  Karbonovy rafek od firmy Rolf Prima...........ccccoviiiiiiiiiiice 59
5.3.3  Karbonovy rafek od firmy Mad Fiber...........c.cccooiviiiiiniiiie 60
5.34  Karbonovy rafek od firmy DT SWISS ... 61
5.3.5  Karbonovy rafek od firmy Mavic ........cccoovviiiiiiiiiiiiice 61
5.3.6  Zapletena kola Mavic COSMIC CARBONE 40 2014 WTS +
GAIUSKA = PAT ... e 63
5.3.7 SAW 38 Velmi lehky dynamicky set karbonovych kol
predurcen k USpEchlim..........cccoiviiiiiiiiiiii 65
54 ZAVER K VYSTUPUM Z RESERSI ..iiiiiiiiiiiieieeeeeeeeeee e 66
6 MECHANICKE VLASTNOSTI KOMPOZITNICH MATERIALU ................. 68
6.1 KRATKODOBE ZKOUSKY MECHANICKYCH VLASTNOSTI KOMPOZITU ......vvvvvvvennnnns 68
6.1.1  Tahoveé ZKOUSKY ...ccviiiiiiiiiic e 68
6.1.2 LY 161 ST 69
6.1.3  Ohyboveé ZKOUSKY ......coiiiiiiiiiiici 71
0.1.4  RAZOVA NOUZEVIALOST . .ueeeieeeeeeeeee e ettt ee e e e e eeeeeeee et aaaseseeeeeennnaasseeeeeeeenns 71



6.1.5  IMPACELESE - PITIAZ...c..vviiiiiiiiiiiie et 72

6.2 UNAVOVE ZKOUSKY ..eeeeeeereseeeeeeeeeesseeeeeetesesseseessseseseessesesensteesssssnesessssesennenens 73

I PRAKTICKA CAST ..ottt asea st 74
7 STANOVENI CILU DIPLOMOVE PRACE .........cc.cooovvevimviririniesrssesenennnes 75
8  PROFIL KARBONOVEHO RAFKU .........ccccocvvoivmrneiieriirsssessssssessessessessensnes 76
9  NAVRH MATERIALOVEHO SLOZENI........c..ccccoovviiiriiieieieeeeeeeeeenen s 78
10  NAVRH PROTOTYPOVE FORMY .....cocoooiiiiiieiieiieiiriieeresessssss s, 81
10.1 ODZKOUSENI PROTOTYPOVE FORMY ......uvviieiiiieeeeiiiunreessineseesnsneeesassnneesssnssnseesans 82
10.2 NAVRH TVARU A MATERIALU RUKAVU ....coiiiiiiiieiiiiiie e siieee e ssnnee e eiinee e saneee e 91
10.3 MIKROSKOPICKA DIAGNOSTIKA KONKURECNICH RAFKU.....ccciiiuvieeeiiirireesiinnneennns 92
10.4 TESTOVANI PROFILU RAFKU NA VYTRZENI SPICE.......cccciiiiiirieiiiieeeesiiieeeesinieeeenns 93

11 NAVRH VYROBNI FORMY ........ccccociiiiiiiisrisiisioniosiisiesississessessessssssensensensnanns 95
11,1 VYTAPENI LISOVACI FORMY ....oiiiiiiiiiieiiiiiie e siiiee e ettt e e sttee e s nitae e e e snnae e e s snnaneeens 97
11.2 NAVRH TECHNOLOGICKEHO POSTUPU VYROBY ....ccccvviiieiiiiieeesiiieeeessninneeessnnneas 101
11.3 PENETRACNI A SEPARACNI PROSTREDKY ..veeeiiuvireeiiiiireeiiirreeesssrneeessssnneessnsnnneas 101
11.3.1 Loctite Frekote B-15 Penetracni nater - plnic.........cooevvrvreinieneneinnennens 101
11.3.2 Loctite Frekote 700-NC SeParator..........cccceverererereseeieeienie e 102
11.3.3 Loctite Frekote 770-NC SeParator ........cccoeererererenesieerenrienieseesiesiesiesnenns 102

11.4  POSTUPU UPRAVY POVRCHU RAFKU .....ccvviieiiiiiieeeeiitiieeesiieeeesssnseeeesssseeeessnnnnnens 102

12 MECHANICKE ZKOUSKY VZORKU ........cccccoovviieiiiiirseeseseseessenenissenes 107
12.1 PRIPRAVA ZKUSEBNICH TELES.....ccitttteiiiirieeeiitteeeessitneeeessneeeesssssneeessssneessssnnnens 108
12.2  ZKOUSKA TAHEM ..ooiiiiiiiiiie ettt e e et e e e e ettte e e e st e e e e st e e e s saaaeeaesntae e e s snbseeeesnnnaneeas 108
12.3  ZKOUSKA OHYBEM.......utiiiiiiiiieeesitieeessitteeeessisteeaesssttaeeesssssaessanssaeeesssseseesansnneens 109
12.4  VYHODNOCENI OHYBOVYCH ZKOUSEK ....cceiiiiuviieeiiitiieeesiineeeessssneeessnssneeessnnneens 110
12.4.1 Vyhodnoceni vysledKil testll .........coovviiiiiiiiiiiiiii e 113

125 RAZOVA OHYBOVA ZKOUSKA VRUBOVE HOUZEVNATOST ..ccccviuvireeeiiiieee e 118
12.6 PRIPRAVA ZKUSEBNICH VZORKU .....cceeiiitiieieiiitiieeeeiteieeeseteeeeesesreeeessssneeesesneeens 121
12.7 TLAKOVA OHYBOVA ZKOUSKAL.......ttiieiiitieeeeeiieeeeeeitteeeeseteeeessinbaeeessbaeeeessnaeeens 122
12.7.1 Vyhodnoceni tlakovych ZKouSek ...........cccoovviiiiiiiiiiniiieee 128
12.7.2  VYsledKy testl.....cciiiiiiiiiiiiiiic i 128

12.8 PRIPRAVA VZORKU PRO IMPACT TEST ..utiiieiiiiiiie e ciiie e e settee e et s et e e 131
12.8.1 Vyhodonoceni Impact teStU.........ceoviiiiiiiiiiiiiiici e 132
12.8.2 Vyhodnoceni Vysledkl teStl ......eeiueriiieriiiiiieiie e 134

13 EKONOMICKE ZHODNOCENIT ........cccooooviiiiiiieceseeeeeeeeeeee e 141
13,1  DURALOVY RAFEK ...ciiitvieieiiitrieeeiiteeeesiisresesaisteessssisssesesassesssssssssessssssssessasssseens 141
13.2  KARBONOVY RAFEK .....uviiiiiiitiieeeiiiieeeeiititeeeseisteeeessbaeesesassseeesssssasesssssnesssanssenens 142

Y 27N ) 2 SO 143
SEZNAM POUZITE LITERATURY ......oooiitiiieeeeeeeees et 145
SEZNAM POUZITYCH SYMBOLU A ZKRATEK ....c.ooovoveoeeeeeeeeeeeeeeeeeeereeeens 150
SEZNAM OBRAZKU ........ooooieieeeeeeeoeeeeeeeeeeeeee e 152
SEZNAM GRAFU ..ottt 156

SEZNAM TABULEK ... 157



SEZNAM PRILOH



UTB ve Zliné, Fakulta technologicka 12

(%))

Kompozity jsou v dnesni dob¢é témét ve vSech vyrobceich, které nas obklopuji. Uhlikové
kompozity jsou rozsifené predevsim v automobilovém a leteckém primyslu, ale nalezneme
je 1 u sportovniho nacini a potieb, jako jsou napf. tenisové rakety, ramy a rafky zavodnich
a horskych kol. Uhlikové kompozity se vyuzivaji pro svou lehkost a pevnost, kterou lze
Vzhledem k finanéni naro¢nosti na pofizeni uhlikového kompozitu, pievladaji stale u draz-
Sich vyrobkli nebo u vyrobkll u nichz jsou tyto vlastnosti na prvnim mist¢ a to napf.
V bezpecnosti pii piepravé osob v letectvi az po zavodni formule, které obsahuji az 80%

své konstrukce.

Tato diplomova prace se zabyva kompozitnimi materidly a jejich uplatnénim pro rafky
zévodnich kol, erpa z rederie na stav techniky v databazich Utadu priimyslového vlastnic-
tvi Ceské republiky, Evropského patentového ufadu, Utadu pro harmonizaci ve vnitinim
trhu a Patentového a zndmkového ufadu Spojenych statth americkych a literarni reserSe ve

volng piistupnych databazich, v internetovych vyhledavacich a tisku.
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l. TEORETICKA CAST
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1 KOMPOZITNI MATERIALY

1.1 Obecné charakteristiky

Kompozitni
materialy
1
I 1
1

1
I 1 I
. . . Izometrické Anizometrické
Jednovrstvé Vicevrstvé Yoo e .
Castice Castice
I 1

1
Kontinudlni Diskontinualni . - Nahodna
s . Lamindaty Sendvice
ELGES ELGES orientace
1D Nahodna . Preferovana
ol i . = POlymerni pény :
jednosmeérna orientace orientace
2D tkaniny Preferovana o
. . e Vostiny
rohoze orientace
3D-5D
pleteniny tka- b Drevo
niny

Obr. 1 Schématické rozdéleni kompozitnich materiald [1]

Pevnost a tuhost kompozitniho materialu zavisi v rozhodujici mife na pevnosti a tu-
hosti vlaken. Vldkna a jejich orientace vyraznym zpusobem ovliviiuyji také dal$i mechanic-
ké vlastnosti kompozitu. V disledku velmi odliSnych mechanickych vlastnosti vldkna a
matrice vznikaji ve struktufe kompozitu mistni sloZité stavy napjatosti. Jejich analyzou se
zabyva mikromechanika. Vyzkum v této oblasti se zabyva zejména otdzkami vazby mezi
vlaknem a matrici a chovanim nejjednodussiho uspotfadani vlaken, tj. jednosmérné vyztu-
zeného zakladniho prvku pfi definovaném naméhani. Zajimavéjsi jsou souhrnné vlastnosti
takového zakladniho prvku, ktery je tak posuzovan jako model pro analyzu chovani jednot-
livé jednosmérné vyztuzené vrstvy. Pii vypocétu konstrukénich prvkl se nehomogenity
mezi jednotlivymi slozkami — vlakny a matrici — neposuzuji oddéleng, ale pracuje se s urci-
tymi reprezentativnimi vlastnostmi, charakteristickymi pro vrstvu jako celek. Jednotliva

vrstva slouzi jako zdkladni prvek lamindtu a tim také jako nejmensi vypocetni jednotka pii

vypoctu konstrukénich prvka. [1]
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Kompozitni materidly nejsou v pravém slova smyslu hotovym materidlem, ale surovinou,
tzv. stavebnim prvkem, skladajicim se z ur¢it¢ho mnozstvi vyztuzujicich vlaken, oriento-
vanych pfednostni v ur¢itych smérech a matrice neboli pojiva. Kompozit ve tvaru plosného
vyrobku z jednotlivych rozliSitelnych vrstev, ktery vznikd spojenim vldken a pryskytice
nezéavisle na formé konstrukéniho prvku nebo stavu vyroby nazyvame laminat —
Z latinského vyrazu lamina = vrstva. Laminaty mohou byt nevytvrzené a vytvrzené. Dale
mohou byt laminaty jednosmérné, které obsahuji vyztuzujici vlakna orientovana pouze
V jednom sméru nebo vice vrstvé, coz je kompozitni vrstva skladajici se z rozdilnych nebo

rizné orientovanych vrstev. [1]

e Matrice neboli pojivo je material pro ukladani vyztuzujicich vlaken, nejéastéji plast
napf. termoset, termoplast, ale také kov napf. hlinik vyztuzeny borovymi vlakny,
popt. uhlik nebo keramika. Ukolem matrice je zaru¢eni geometrického tvaru, zave-
deni, pfenos sil a ochrana vlaken. [1]

e Pojivo se nanasi na rohoz, aby ji zpevnilo a udrzelo vlakna v soudrzném stavu. [1]

e Rohoz je plosna vyztuz skladajici se z nekone¢nych nebo sekanych, nahodile orien-

tovanych, pramenci vlaken spojenych pojivem. [1]

1.2 Laminaty

Laminaty se skladaji z vrstevnaté uloZzenych plochych vrstev vyztuze a pojiva, které
vzajemné spojuje. Tyto spojovaci mezivrstvy jsou posuzovany jako nekonecné tenké a
odolné proti smyku, tj. schopné ptenést zcela deformace jednotlivych vrstev na vrstvu sou-
sedni. Tim je pfi naméhani v roviné laminatu zarucena stejna deformace vSech vrstev. La-
minat se tak chova jako vrstva ur¢itého kompozitu. Pfi navrhu sloZeni laminatu by méla

byt respektovana urcita pravidla:

e Strukturu navrhnout jako symetrickou vzhledem ke stfedni roviné stény, aby pii
provoznim namahani nedochézelo vlivem rtiznych deformacnich vlastnosti jednot-
livych vrstev a zbytkovych napéti vzniklych v pribéhu technologického procesu
k prostorovym deformacim a ke zborceni tvaru vyrobku,

e Jednotlivé vrstvy ze stejnych nebo podobnych materiald ulozit tak, aby mély stej-
nou tlouStku a byly ulozeny soumérné k rovin¢€ symetrie;

e Zajistit polozeni stejného poctu vrstev s kladnym a zapornym tthlem ulozenti;
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e Vzhledem k mozné tvorbé trhlin se vyvarovat kumulace vrstev se stejnou orientaci,
zejména vrstev ulozenych pod stejnym thlem (90°, 45° apod.);

e Zabranit rozlaminovani volnych hran, otvorii po vrtani a mistniho zesileni postup-
nym vrstvenim lamindtu nebo poloZzenim prvni a posledni vrstvy jako ptidavné jis-
tici vrstvy pod dopliujicim thlem, napft. & 45°;

e Standardizovat slozeni vrstev a tim zjednodusit mozné opravy;

e Ukladat minimaln¢ 10% vrstev v kazdém ze Ctyt hlavnich sméra (0°, 45°, -45°,

90°) tak, aby bylo minimalizovano zatizeni matrice. [1]

Jednosmérné vyztuzené kompozity mohou byt zatéZovany riiznym zptisobem. Podle
toho, zda zatizeni plisobi ve sméru ulozeni vlaken, kolmo na né anebo v jiném libovolném
sméru, dochazi k rozdilnému uplatnéni vyztuze. Pouze v 50% moZnych smérii zatiZeni je
matrice (plast) ptidavkem vysoce pevnych, jednosmérné ulozenych vlaken skute¢n¢ vyztu-
zena. V dalsich 50% piipadi dochédzi dokonce ke snizeni pevnosti. Je-li stejné mnozstvi
vlaken ulozeno rovnomérné ve vSech smérech tak, Ze vlastnosti hotového laminatu jsou ve
vSech smérech stejné, dochazi vzdy ke znaénému vyztuzeni. Stejného u¢inku vSak muze
byt dosazeno pouzitim jedné ¢tvrtiny vlaken, kterd jsou vSak ulozena ve sméru namahani.

V tom spociva hlavni vyhoda cileného usporadani vlaken. Je proto nutné ulozit do lamina-

tu dostate¢né mnozstvi vrstev vlaken v téch smérech, kde pisobi nejvétsi zatizeni. [1]

U konstrukénich dilti vyrobenych z nepravidelné orientovanych vladken (laminaty z ro-
hozi) je mozno ménit mechanické vlastnosti pouze zménou obsahu vldken v jednotlivych
vrstvach. Pii1 projektovani jsou takto vyrabéné dily posuzovany jako by byly zhotoveny
z kvazi (témef) homogenné izotropniho materialu. Naproti tomu u vysoce namahanych
konstrukénich prvki je nutno pifihlédnout k typu pouZité matrice a vldken, jejich obsahu a
orientaci, stejné jako k potadi uloZzenych vrstev. Takto Ize vyhodné projektovat tenkosten-
né konstrukce pfi jejich dvouosém namahani (tzv. membranovy stav napjatosti), u kterych
vzdy ¢ast v roving kvazi chaoticky ulozenych vladken lezi rovnob&zné se smérem namahéni

v tahu. [1]

Mechanické vlastnosti jednotlivych vrstev se mohou vyrazné lisit, zejména v zavislosti
na druhu, orientaci, obsahu a tloustce vlaken vyztuze. Protoze slozeni a poradi jednotli-
vych vrstev je libovolné volitelné, je mozno v projekéni fazi piedem zvolit vhodné slozeni
a tim 1 vlastnosti laminatu. Vyhodou tohoto postupu je, Ze se vlastnosti takového laminatu

mohou relativné dobte zkouset. [1]
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Konstrukéni dily z vysokopevnostnich kompoziti jsou za béznych podminek pro vétsi-
nu aplikaci ptfiméfené spolehlivé. Teoreticky stanovené hodnoty mechanickych vlastnosti
materidlu vyrobku by mély byt ovéfeny experimentalnimi zkouskami, pfip. by mélo byt

prezkouseno, zda jsou hodnoty materialovych charakteristik vyrobku odpovidajici. [1]

Ovéteni materidlovych charakteristik musi byt provedeno na dostate¢né velkém poctu
vzorkl, umoznujicim nalezité statické vyhodnoceni vysledk, zejména s ohledem na ko-
lisani hodnot vlastnosti. ZkousSky musi odpovidat skute¢cnému namahani v konstrukénim
prvku, coz neni mozné splnit, nebot’ zkousky jsou provadény pfi jednoosém namahani, ale

Vv realném prostiedi byva konstrukéni prvek namahan viceose. [1]

Pti dimenzovani a navrhovani konstrukénich prvka se klade velky diraz na bezpecnost,
ta se pohybuje v rozmezi 95 az 90 % spolehlivosti pti dynamickém namahani, aby nedoslo

V mistech s vyssi koncentraci namahani a napéti k poSkozeni a navazné k lomu.

Velky vyznam ma pii vyrobé konstrukéniho prvku také kvalita vazby mezi vlakny a
matrici, Stavaji se tak vhodné pro aplikace, které vydrzi narazy, jedna se napft. o nepristiel-
né vesty z aramidovych vlaken. Jinak vSak vyztuZené plasty nedosahuji houzevnatosti ko-

va. [1]

1.2.1 Piednosti vysokopevnostnich kompoziti v porovnani s kovovymi materialy

e Vysoka pevnost a tuhost pti soucasné nizké mérné hmotnosti

e Velmi dobré odolnost proti korozi

e Lepsi dynamické vlastnosti

e Dobré tlumici vlastnosti

e Vysoka tvarova stalost

e Moznost vyrabét slozité dily jednorazoveé nebo je skladat z celkov€ mensiho poctu

dilti (integralni stavba). [1]

Divody pro pouziti vysokopevnostnich kompozitii v kosmonautice jsou ptredevsim eko-
nomické. Vzhledem k nakladiim na energii se predpoklada dosazeni uspor v tomto oboru
az 25 000 € (Euro) na 1 kg usetfené hmotnosti. V leteckém pramyslu jsou tyto Gspory az

1 000 € (Euro) na kg a v pramyslu dopravnich vozidel 0 az 3 € (Euro) na kg. [1]
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1.3 Uhlikova vlakna

Uhlikova vlékna jsou technicka vlakna s extrémné vysokou pevnosti a tuhosti, ale s nizkou
taznosti. Vychozi organické suroviny ve vlaknitém tvaru jsou nejprve karbonizovany. Pfi-
tom se odStépi téméf vSechny prvky az na uhlik. Se stoupajici teplotou, a tim se zvySujici
grafitizaci, zlepSuji se mechanické vlastnosti. Pfi teploté nad 1800°C je tvorba grafitové
struktury ukoncena, i kdyz vzdalenost vrstev ve vlaknech zlistava vzdy vétsi nez u vrstev

Vv Cistém grafitu. Vychozi surovinou pro vyrobu uhlikovych vldken jsou materialy:

e C(eluloza, kdy vyrobend vldkna maji méné dokonalou strukturu, pouzivaji se pre-
vazné jako izola¢ni material pro vysoké teploty

e Polyakrylonitril, ktery se pouziva od roku 1980 stéle ¢astéji, vlakna z néj vyrobena
jsou povazovana za standardni vlakna

e Smola z niz se nakladnym zpusobem pfipravuji vlakna, jejichZz kone¢na cena je
vzhledem k nizké cené vychozi suroviny ptizniva. Tato vlakna maji velmi vysokou
hodnotu modulu tuhosti E a velice dobré tepelné a elektrické vlastnosti, pricemz
pevnost v tlaku je ve srovnani se standardnimi vlakny podstatné nizsi, protoze vaz-
by mezi jednotlivymi grafitovymi rovinami jsou fid$i. Na trhu maji pouze maly po-
dil. Vétsina vldken s vysokym modulem pruznosti a vysokou pevnosti se pouziva

pro specialni tcely. [1]

1.4 Vyroba karbonovych kompoziti

Triaxialni naplet proptjcuje konecnému vyrobku nepiekonatelnou pevnost a tuhost i vyso-
ky stupent odolnosti vic¢i zlomu ¢i jinému poSkozeni. Kompaktni nepierusena struktura
»ponozka®, tvofena ze vzajemné propletenych uhlikovych vlédken s definovanou tuhosti a
vysokou odolnosti je zdrukou homogenity materiadlu. VeSkera vlakna jsou pletena na tvar
odpovidajici vyslednému vyrobku viz Obr. 1. Dochazi tak k optimalnimu rozlozeni jednot-

livych vlaken s moznosti fizeni jejich hustoty a sméru. [2]
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Obr. 2 Vyroba triaxialniho napletu [2]

Vyrobek je obvykle tvofen vice vrstvami, které jsou postupné prosycovany smesi epoxido-
vé pryskyfice a tvrdidla. Timto postupem lze dosdhnout optimalniho mnoZstvi pryskyfice
ve vysledném kompozitu. Povrchové vlastnosti, pfedev§im tvrdost vysledného produktu
konalém prosyceni jsou vyrobky vytvrzovany ve specialni vytvrzovaci komofe za teploty

vyssi nez 160° C. Podle [2]

Ve srovnani s kompozitnimi vyrobky, které jsou vyrabény z prepregu (polotovar — tkané
uhlikové vlakno v polo rozpracovaném stavu ve smési epoxidové pryskyfice a tvrdidla,
které je po natvarovani vysledné vytvrzeno), jsou nase vyrobky v mnoha ohledech kvalita-

tivné nadfazené. Podle [2]

Pomérné slozitd triaxialni technologie byva u riznych vyrobcli nahrazovana technologii
strojnitho omotavani, které poskytuje vizualn¢ témér srovnatelné produkty. Nesrovnatelna
je vSak vyssi odolnost pletenych kompozit proti narazu (az 10 x vyssi) a zejména jejich
strukturalni celistvost je zachovana i po dalsim technologickém zpracovani (napf. vrtani
otvoril), kde podil pferuSenych vlaken je u strojniho omotavani az 40x vétsi nez u techno-
logie pleteni. Naplétani na pruzna jadra a nésledné dotvarovani vyrobkii v negativnich
formach nam umoziuje vyrobu i tvarove slozitych prvkl pti zachovani vSech technologic-
kych ptednosti pletené struktury. Podle [2]

Neustaly vyvoj a vylepSovani technologickych postupti a vyrobkt se stava zakladem vSeho

vvvvvv



UTB ve Zliné, Fakulta technologicka

20

1.5

1.6

Vyhody kompozitnich profila
rozméerova piesnost
vysoka pevnost v tahu
vysoka rdzova houzevnatost
vynikajici elektroizolacni vlastnosti
nizka teplotni vodivost
odolnost vii¢i chemikéliim
mala teplotni roztaznost
nizka hustota
dlouhd Zivotnost

nizké naroky na tdrzbu [3]

Uplatnéni kompozitnich profili
konstrukéni prvky velmi lehkych staveb
konstrukéni prvky v leteckém primyslu
okenni ramy
kanaly a drzéky pro vedeni elektroinstalace
konstrukéni prvky do agresivniho prostfedi véetné chemickych provozi
nosi¢ zavazadel a kryt klimatizace v autobusech
kryty (Casti karoserie) u tramvaji nebo vlakt
konstrukéni prvky protipovodiovych zabran
spojovaci profily pti vyrobé skiinnovych nastaveb na nakladni automobily

konstrukéni prvky v silnoproudé elektrotechnice (nosné tyce izolatorti vysokého

napéti, nosné prvky trolejového vedeni, distanéni profily v transforméatorech)
bezpecénostni pomtcky v elektrotechnice (zkratovaci tyce, Zebtiky)

sportovni potieby (hokejové hole, Sipy do luki, stanové vyztuze) [3]
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1.7 Rozdéleni kompozitnich materiala

Vétsina kompoziti je vyrabéna za ucelem zlepSeni mechanickych vlastnosti, jako je pev-
nost, taznost, tuhost ¢i odolnost proti vysokym teplotam. Vlastnosti kompozitu jsou zavislé
na povaze vyztuze, povaze matrice, ale hlavné na geometrii vyztuzeni. Zékladni rozdéleni
je tedy na vldknové kompozity a Casticové (partikuldrni) kompozity. Podle velikosti piic-
ného rozméru vyztuze jsou rozdéleny na mikrokompozity, makrokompozity a nanokompo-

zity. [4]

1.7.1 Vliaknové kompozity

Vlédknové kompozitni materialy se cilené vyuzivaji jiz fadu let. Piikladem jednoduchych
umélych kompozith mohou byt diive vyrabéné cihly vyztuzené celulozovymi vldkny ¢i

dnes zelezobeton. Hlavnim tahounem vyvoje kompozitl vSak byla vojenska technika.

Vlaknové kompozity lze t¥idit na jednovrstvé a vicevrstvé. Utvary vyztuze tvoii vlakna.
Kompozity se podle vlakna déli na dlouhovlaknové (vlakna - vyztuzena dlouhymi neboli
spojitymi vldkny) a kratkovldknové kompozity (vyztuzené diskontinudlnimi vlékny).
Vlastnosti jsou dany orientaci vlaken a smérem vyztuZeni. Orientace kratkych vladken nelze
tak snadno fidit. VE&tsinou je orientace nahodna, popiipadé lze zafidit orientaci vlaken ori-

entovanou. Délka kratkych vlaken a orientace urcuji vlastnosti téchto materialt. [4]

V kompozitech vyztuZenych spojitymi vlakny maji vlakna funkci hlavni nosné slozky a
zatizeni pusobi pfimo na né. Zpusob poruseni je dano vlastnostmi vlaken. Kompozit je
vyrabén vkladanim vldken a néaslednym prosycenim pryskyfice, kterd udrzuje vldkna v
dané poloze. Formy, které piedimpregnuji vlakna, se nazyvaji prepregy. Kompozit, kde
jsou vlakna vkladand rovnobéZzné v jednom sméru, je ozna¢ovan jako jednosmérny. Tyto
kompozity maji vysokou pevnost ve sméru vlaken, avSak podstatné mensi ve sméru kol-
mém na vlakna. Prepegy se proto vkladaji ve dvou nebo tfech kolmych smérech. Pevnost
je poté ve vSech smérech stejna. PoCet sméri neni veelku omezen. V1dkna jsou navijena ve
formé rovingu, kdy vyztuz je nekonecné dlouhé vlakno odvijené ze Spulky, nebo jsou

spradana do pletenin, rohozi, tkanin a podobné. [4]

Vyznacnymi rysy orientace vlaken miize byt takzvana specificka pevnost, kdy predpokla-
dame zatiZzeni pouze v jednom sméru, a proto je vyztuz pouze jednosmérnd. Cilem je velmi
mald hmotnost kompozitniho dilu s vysokou pevnosti v pozadovaném sméru. Rizena ani-

zotropie znamena védomé ovlivnéni navrhu a vyroby kompozitu. Pfikladem muze byt pro
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pfedstavu pruzné ohybani lukl a lyzi, kde je smér vedeni vlaken umysiné kolmy k zatézo-

vani. [4]

1.7.2 Technické vlastnosti materiali

Technické vlastnosti materialti jsou obsazeny v tabulce (Tab. 1).

Tab. 1 Technické vlastnosti materialt [3]

Sklolaminat

Uhlikovy
laminat

Ocel

Hlinik

PVC

Drevo

Hustota
(kg/m®)

2100

1650

7900

2700

1380

520

Pevnost v
ohybu
(MPa)

1000 - 1400

1400 - 2500

400 - 1200

180

44

150

Ohybovy
modul
(GPa)

45 - 56

120 - 300

196

70

2,4

10

Pevnost v
tahu
(MPa)

1000 - 1400

1400

400 - 1200

180

70

100

Modul
pruznosti
v tahu
(GPa)

45

140

196

70

2,4

Tepelna
vodivost
(W/m.K)

1,4

47

209

0,24

0,47

Teplotni
roztaznost
(1/K)

10°

-0,2.10°®

10°

2.3.10°

3,7.10°

0,2.10°

Tepelna
kapacita
(J/kg.K)

1880

950

461

921

1100

1700

1.8 Bezpecnost a ochrana zdravi pri praci s kompozity

Pti vyrobé kompozitl a také pii jejich opracovani je nutné dbat na to, abychom se vyhnuli
pfimému styku s chemicky reaktivnimi slozkami, rozpoustédly, parami a jemnym pra-
chem. Pfi nevhodném zachazeni s reaktivnimi pryskyficemi, reakénimi €¢inidly a rozpusté-
dly mize dojit k podrazdéni kiize a sliznice, v extrémnich ptipadech i1 poSkozeni zdravi a
otravam. Ochrana pracovniktll a zivotniho prostiedi pfed plisobenim nebezpecnych latek je

dana zakony platnymi v Ceské republice &. 350/2011 Sb. [1]
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2 PREPREG

Prepreg je vrstvena tkanina, ktera je pfedimpregnovana pryskyfici, jenz ma vyrobcem dané
mechanické a vytvrzovaci parametry, mohou se lisit z hlediska orientace vlaken vyztuZze na
jednosmérné a vicesmérné, coz nasledné ovliviiuje schopnost pfeneseni napéti v téchto
smérech. Velka vyhoda pouziti prepregu je ve velkém podilu vldknové vyztuze, ronomérna
distribuce pryskyfice a minimalizace dutin. Nevyhodou se stavaji potizovaci naklady pre-
pregu a nutnost skladovani v mrazicich boxech pfi teploté -20 °C. Vzhledem k potizovaci
ceng, je prepreg vlozen mezi dvé folie, napt. z polyetylenu a/nebo silikonového papiru, a
balen do role s nastfihovym planem, z diivodu snizeni mnozstvi odpadu. [5]

navin navin

polyetylenova folie L
pelyetylenova folie

1az 50 az

© 1500 mm

osnova

silikenovy papir silikonowvy papir
nebo
polyetylenova folie

Obr. 3 Jednosmérné a dvousmérné orientovany prepreg [5]

Pro vyrobu dilti lisovanim nebo v autoklavu se nejCastéji pouziva predimpregnovana vy-
ztuz, tzv. prepreg = preimpregnated fibers. Pouziti prepregli ma tu vyhodu, ze je odd€len
sloZity proces prosycovani vyztuze pojivem od dalSiho zpracovani. Tento postup, ktery ma
velky vliv na kvalitu a vlastnosti budouciho vyrobku, se provadi za kontrolovanych a re-
produkovatelnych podminek na specidlnim zatizeni. Pfi vyrob¢ jednosmérné vyztuzeného
prepregu viz. Obr. 2, se odvijeji pramence vlaken ze stojanu s civkami a vedou se rovno-
bézné vyrovnany v roving pies stavitelny hieben. Takto pfipraveny pas vlaken se uklada na
papirovy nosi¢ opatieny silikonovou vrstvou, na ktery byla pfedem nanesena vrstva prys-
kytice. Pés je veden na vytapeny valec kalandru, kdy pod tlakem dochazi k prosyceni vy-
ztuze pojivem. Pas prepregu, prosyceny pryskyfici a oboustranné chranény nosnym papi-
rovym pasem, prochdzi chladici zénou, kde se zastavi vytvrzovaci reakce, déale pies ofeza-
vaci zafizeni na navijeci zafizeni. Prepregy vyrobené na takovém zafizeni maji vSechna
vladkna ulozena rovnobézné, nazyvaji se jednosmérné prepregy. Kromé nich se vyrabi cela

fada dalSich typt z tkanin a rohoZi. Prepregy s reaktivnim termosetickym pojivem se musi
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az do doby dalsiho zpracovani skladovat za chladu pfi asi -20°C, piesto jsou vsak sklado-
vatelné nejvyse 6 mésicli, v zavislosti na reaktivité¢ pouzitého pojiva. Pfiblizn¢ 6 hodin
ptfed vlastnim zpracovanim se prepreg rozmrazi, pokud mozno bez pfistupu vzduchu, aby
nedoslo ke srazeni vzdusné vlhkosti na povrchu prepregu a piipravi se z né¢ho podle stiiho-
vého a pokladaciho planu potiebné ptitezy pro laminaci. Prepregy s termosetickou matrici
maji za normalni teploty lehce lepivy povrch, coz lze jesté zlepsit slabym zahfatim, maxi-
maln¢ na 50°C, ptifezy se pak mohou ukladat i v nevyhodnych polohach, napi. prace nad
hlavou. Fixace polohy piifezl se provadi slabym pfitlacenim ru¢nim valeckem nebo teflo-
novou stérkou. Na povrch vyrobku se pfilozi pruzna a separaéni folie a vyrobek se vytvrdi
bud’ v autoklavu nebo metodou lisovani ve vakuu. Podobné¢ lze prepreg zpracovat i meto-
dou klasického lisovani ve vyhfivané form¢. Sériova vyroba konstrukénich prvkd, jako
napt. v leteckém primyslu, je ¢astecné automatizovana, kdy je prepregovy pas ukladan

pomoci Cislicové Fizenych zafizeni, takze vyroba je ekonomicka a reprodukovatelna. [6]

Ofez okraji

Hiaban

Mosry papirovy pas 8 nanosem pojfiva

Obr. 4 Vyroba jednosmérné orientovaného prepregu [5]
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Obr. 5 Technologie jednokrokové vyroby prepreg materiald [5]
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Obr. 6 Technologie dvoukrokové vyroby prepreg materialt [5]

Obr. 7 Skelny, aramidovy, uhlikovy a hybridni prepreg [7]
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2.1 Druhy vazeb vyztuznych tkanin

a) Platnova vazba — jednoducha zakladni vazba, jednoduché zpracovani tkaniny
vzhledem k dobré rozmérové stalosti a malému otiepu pii fezani

b) Keprova vazba — vyssi pevnost a tuhost laminatu zpisobena mensim zvInénim vla-
ken. Tkaniny jsou ohebng&jsi, a jsou proto vhodnéjsi pro tvarované prvky nez tkani-
ny s platnovou vazbou

C) Atlasova (saténova) vazba — ma mensi vychyleni vlaken nez keprova vazba, velmi
dobrou fasitelnost a z toho vyplyvajici vhodnost pro prostorové slozité prvky. Atla-

sové tkaniny umoznuji dosazeni velmi hladkého povrchu. [6]
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Obr. 8 Druhy vazeb vyztuznych tkanin [5]

2.2 VyztuZe a materialy

Vyztuze maji smysl zejména z diivodu pienosu tahového napéti a také z velké casti urCuje
mechanické vlastnosti polotovaru a to celkovou pevnost a houZevnatost. Pouzité vyztuze
také CasteCné charakterizuji vyslednou tepelnou a elektrickou vodivost. Na vyslednych
vlastnostech produktu ma velky podil i zpisob uspofadani jednotlivych vlaken v matrici,
napft. tkaniny, pasky a rovingové svazky a zvoleny material, napf. skelnd, karbonova, ara-

midova popf. i polyethylenova vlakna. [4]

2.2.1 Sklenéna vlakna

Textilni sklenénd vlakna je spolecny nazev pro tenka vldkna (¢3,5 az 24um) s pravidelnym
kruhovym priifezem, taZzena z roztavené skloviny a pouzivana pro textilni Gcely. Sklenéna

vlakna z bezalkalické skloviny jsou vynikajicim elektrickym izolantem s vysokou prostup-
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nosti pro zareni, proto se oznacuji jako E-vlakna a jejich sklovina jako E-sklovina obsadila
90% trhu. Sklenénd vlékna jsou na zaklad¢é své amorfni struktury izotropni, na rozdil od

uhlikovych a aramidovych vlaken. [1]

Textilni vyrobky ze skla se pouzivaji pfedev§im na izolace a zpevnéni jinych matriala.
Sklo se vyznacuje pomérné vysokou pevnosti, odolnosti proti abrazi a nizkym modulem
pruznosti. Vyhodou je odolnost proti ohni a chemikaliim. Nezadouci pro vlakna je vlhkost,
které snizuje pevnost. Podle obsahu jednotlivych sloZek a chemickych prvki jsou vyrabéna

rizna skelna vlakna, ktera se odliSuji svymi vlastnostmi. [4]

Obr. 9 Skelna vlakna [8]

2.2.2 Uhlikova vlakna

Uhlikova vldkna jsou technické vldkna s extrémné vysokou pevnosti a tuhosti, ale s nizkou
taznosti. Vychozi organické suroviny ve vlaknitém tvaru jsou nejprve karbonizovany. Pfi-
tom se odstépi témet vSechny prvky az na uhlik. Se stoupajici teplotou, a tim se zvysujici
grafinizaci, zlepSuji se mechanické vlastnosti. Pfi teploté nad 1800°C je tvorba grafitové
struktury ukoncena, vzdalenost vrstev ve vladknech je vyS$si nez v Cistém grafitu. Vychozi
surovinou pro vyrobu uhlikovych vladken jsou celuldza, polyakronitril a smola. Uhlikova
vldkna maji proti syntetickym vlakniim progresivni deformacni chovéni, se zvySujicim se
zatizenim stoupd hodota modulu pruznosti az do teploty 500°C. Hustota uhlikovych vldken
jep=16az2,0 [g.cm™], disponuji mimofadné vysokou korozni odolnosti, neodolévaji
pouze siln¢€ oxidacnimu prostiedi, sndseji se s t€lesnymi tkanéni, je znich mozno vyrabét
implantaty. Uhlikova vlakna jsou za normalnich podminek velmi kiehka a pii zpracovani
se snadno lamou, proto se pii zpracovani povrchové upravuji apretaci smési na bazi epoxi-
dové pryskyfice, kterd slouzi jako ochrana pfi zpracovani a soucasné jako prosttedek pro

zlepSeni vazby mezi vlaknem a matrici, pii del$im skladovani dochazi k vytvrzeni apretac-
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ni povrchové vrstvy a vlakna ztraceji ohebnost. Dynamické vlastnosti laminatu s uhliko-

vymi vlakny jsou lepsi nez u vSech ostatnich materiali. [1]

Obr. 10 Rez uhlikovym vlaknem [8]

2.2.3 Aramidova vlakna

Aramidové vladkno mé mnoho vynikajicich vlastnosti. Je to nejlehéi vyztuzujici vlakno,
hustota p = 1,45 [g.cm'g], je hydrofilni, absorbuje vlhkost az 7%, ktera ovliviluje pevnost
spoje mezi vladknem a matrici, proto musi byt pfed pouzitim vysuSena (20 minut pfi
120°C). Ve form¢ kompozitu odolavaji teplotim do 300°C, neroztavi se a tak se z nich

vyrabéji protipozatni ochranné obleky. [1]

Nejvétsi prednosti polymernich vldken je nizka hustota a vysokd pomérna pevnost v tahu.
Jako jedny z mala vladken nejsou kiehké. Nejznaméjsi produkty polymernich vldken jsou z
aromatickych polyamida (aramidy, APA) od firmy Du Pont, ktery vyrabi produkty Kevlar
a Nomex. Produkty z Kevlaru, jichz je mnoho druhd, jsou vyrabény diky svym vlastnostem
pfedevSim pro armadni, letecky a lodni primysl, a pro mnoho jinych oblasti, kde je vyza-
dovana vysoka pevnost. Material Nomex je vyuzivan pfedev§im pro vyrobu vostin, nehoft-
lavych odévi a rukavic kvili odolnosti proti vysokym teplotam, hoflavosti a chemikaliim.
ProtoZze jsou jednotliva vlakna velmi mald, jsou sptfaddna do svazki, se kterymi se pozdéji

pracuje jako s vyztuzi. Vlakna mohou byt zpracovana nékolika zptsoby. [4]
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Obr. 11 Aramidové vlakna [8]

2.2.4 Prirodni vlakna

Pro vyztuzovani plastl se pouzivaji z ptirodnich vlaken jen rostlinnd, kterd maji celulozu,
jsou to len, konopi, sisal, juta, ramie a bavlna. Jejich vyhodou je odolnost proti starnuti a
¢ichova nezavadnost pfi ménicich se klimatickych podminkach. Pozoruhodné jsou i pev-
nosti v tahu. Vzhledem k nizké mérné hmotnosti jsou zajimava pro lehké konstrukce. Vy-
hodami jsou nizka hustota, mala abrazivita pii mechanickém opracovani a vyhodna li-
kvidace spalovanim. Nevyhodna je citlivost na plisobeni vlhkosti, omezend volba matrice,
odolnost jen do 200°C, nakladna piedbézna uprava pro zlepSeni vazby s matrici, omezena

délka vlaken a moznost zmén vyvolanych biologickym napadenim. [1]

Tab. 2 Porovnani mechanickych vlastnosti vlaken [1]

Vlastnosti / Vldkno | Sklo | Konopi Len Juta Sisal
Modul pruznostiE | o0 | 70000 | 30000 | 55000 | 20000
[N.mm™]
Mez pevnosti
v tahu [N.mm?] 3500 600 750 550 600
Taznost [%] 4 1,6 2 2 2
Hustota [g.cm™] 2,54 1,45 1,48 1,4 1,5

2.2.5 Rovingova vlakna

Vyrabi se jako pfimy, skany v druzeni nebo smyckovany naptiklad technologii tazenim
resp. pultruzi, ktery dodava profilim pii¢nou pevnost a odolnost proti abrazi. Obvykle se

jedna o nekonecné vlakno dodavané na civkach s vnitinim nebo vnéj$im odtahem. [4]
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Tab. 3 Ceny vlaken podle surovin a typt [1]

Material vlakna Cena K¢ / kg
Sklo 60 az 90
Aramid 600 az 900
Uhlik standardni typ 600 az 2400
Uhlik vysokomodulovy typ 3000 az 15000
Uhlik specidlni typ 3000 az 30000
Bor 10500

2.3 Tkanina

Jedna se o tkanou vyztuz z rovingti jako bézna textilie. Pramencové tkaniny se poté tkaji s
vazbovou, keprovou nebo atlasovou v riznych gramazich. Cisla textilii oznacuji jemnost

vlakna. [7]

2.3.1 Skelna tkanina

Sklotkaniny se vyrabéji ze sklenénych vlaken typu E, které jsou vyuZivany k vyrobé& vy-
ztuzi do kompozitd. V soucasné dobé dodavame 2 typy vazeb - platno a kepr. Sklotkaniny
jsou vyrabény v riznych gramazich od 80 g/m2 do 390 g/m2, ve standardni Sitce 100 - 160
cm. Jsou kompatibilni s polyesterovymi a epoxidovymi pryskyticemi. [7]

Obr. 12 Skelna tkanina [7]

2.3.2 Rovingova tkanina

Rovingové tkaniny jsou vyrabény z ptimého rovingu v riznych gramazich od 240g/m2 do
1000 g/m2, ve standardni Sifce 100 - 125 cm. Rovingové tkaniny jsou vyuzivany jako vy-

ztuze do kompozitl a jsou kompatibilni s polyesterovymi a epoxidovymi pryskyficemi. [7]
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Obr. 13 Rovingova tkanina [7]

2.3.3 Uhlikova tkanina

Uhlikové tkaniny jsou vyrabény z uhlikového vlakna, které se vyznacuje vysokou pevnos-
ti, tuhosti a nizkou hmotnosti. Jsou vyuzivany pro letecké aplikace, tunning a automobilo-
vy primysl. Uhlikové tkaniny jsou vyrdbény v gramazi od 90 g/m2 do 800 g/m2. Kompa-
tibilni s polyesterovymi, epoxidovymi pryskyficemi a vinylesterovymi pryskyticemi. [7]

Obr. 14 Uhlikova tkanina [7]

2.3.4 Hybridni tkanina

Hybridni tkaniny se vyrabéji kombinaci uhlikového a aramidového vldkna, které se vyzna-
cuji vynikajicimi mechanickymi vlastnostmi. Jsou chemicky odolné vii¢i chemikaliim a
jinym agresivnim latkdm, maji vyborné izola¢ni vlastnosti, vysokou tepelnou odolnost,

vysokou pevnost a pruznost, maji velmi dobry elektricky odpor a jsou nehotlavé. Hybridni
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tkaniny jsou vyrabény v gramazi od 155 g/m2 do 250 g/m2. Kompatibilni s polyesterovy-

mi, epoxidovymi a vinylesterovymi pryskyticemi. [7]

Obr. 15 Hybridni tkanina [7]

2.3.5 Aramidova tkanina

Aramidové tkaniny se vyznacuji vysokou pevnosti a houzevnatosti. PouZzivaji se na vyrobu
ohnivzdorného obleceni, nepristielnych vest a panell, ochrannych pomiicek pro hasice,
posileni pryzovych vyrobkil (pneumatiky, lana, kabely a plachtoviny), pro vyrobu lodi,
dopravnich prostiedki, letadel, tunningu a aplikaci. Aramidové tkaniny jsou vyrabény Vv

gramazi od 60 g/m2 do 1350 g/m2. [7]

Obr. 16 Aramidova tkanina [7]
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2.4 Rohoz

Vznikaji ukladanim nepravidelné¢ orientovanych vldken sekanych pramenct a dlouhych

vlaken. Jsou prosycovany praskovym pojivem nebo emulzi a spojovany do ploché konti-

vvvvvv

2.4.1 Emulzni rohoz

Rohoze ze sekanych skelnych vldken (CSM = chopped strands mats) jsou vyrabény z neo-
rientovanych skelnych pramenct vyrobenych ze skla typu E, spojenych emulznim pojivem
nebo praskovym pojivem. Pouzivaji se k vyrobé¢ sklolaminatovych dili uréenych pro pru-

myslové pouziti, napt. kolejova vozidla. [7]

Obr. 17 Emulzni rohoz [7]

2.4.2 Praskova rohoz

RohozZe ze sekanych skelnych vlaken (CSM = chopped strands mats) jsou vyrabény z neo-
rientovanych skelnych pramenct vyrobenych ze skla typu E, spojenych emulznim pojivem
nebo praSkovym pojivem. PouZzivaji se k vyrob¢ sklolaminatovych dilt urcenych pro pri-

myslové pouziti, napt. kolejova vozidla. [7]
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Obr. 18 Praskova rohoz [7]
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3 VYROBA POHLEDOVYCH DILU Z POLYMERU
VYZTUZENYCH UHLIKOVYMI VLAKNY

S postupnym pronikdnim polymernich kompozitii na bazi kontinudlnich uhlikovych vlaken
do vseobecného strojirenstvi vznikla poptavka po hi-tech pohledovych dilech, u kterych
prodava predevsim vzhled. Takovéto luxusni dily se pouzivaji naptiklad u ptiplatkovych
doplikti automobild i motocykll, zakazkového designového nabytku nebo u sportovniho

nacini, jako jsou golfové hole.

U téchto dilt se prodavaji dokonalé pohledové vlastnosti, jako je soumérnéd a pfima orien-
tace uhlikovych svazkli vldken v tkanin€, prihlednost matrice, lesk povrchu nebo Cisté fezy
pii obrabéni. Neptijatelné jsou i drobné vady, které jsou viditelné az pii pohledu proti svét-
lu, jako je ptebytek matrice v radiusech, mikropdrozita mezi vlakny, nepfesné napojené

fezy vlaken ¢i vzajemna posunuti vlaken. [9]

3.1 Vyroba pohledovych dili ma tato specifika:

a) nejlepsich vysledki je dosahovano autoklavovou technologii, ktera vyZzaduje vyso-
ké investice do zafizeni a je provozné nakladna;

b) velké naroky jsou kladeny na finalni lesténi forem, a proto jsou pouzivany nakladné
kovové formy;

¢) vzhledem k distribuci matrice a soumérnosti kladeni vlaken jsou pouzity drahé
ptedpfipravené polotovary - prepregy;

d) imala odchylka pfi ruéni skladbé dilu zptsobi neshodny vyrobek, a proto dily skla-
daji speciadlné¢ Skoleni operatofi a je Casto aplikovana piima kontrola procesu;

e) vytvrzovaci cykly za zvySené teploty a tlaku maji prodlevy k prohtati ptipravku a
idedlnimu teceni matrice dilu, timto se vytvrzovaci cyklus prodluZuje a prodrazuje;

f) uhlikova vlakna jsou velmi abrazivni a obrabéni vytvrzenych dilii neni mozné béz-
nymi nastroji, je zapottebi pouziti specidlnich obrabé&cich stroji;

g) pro dokonaly lesk dilu je nutné aplikovat velmi jemné brouseni, po kterém nasledu-
je lakovani pohledovych ploch prizracnym lakem;

h) nedokonalosti produktl se velmi ¢asto nedaji opravit a vznika tak zmetek s velkymi
vlozenymi naklady; [9]

i) vyrobek musi spliiovat veskeré pozadavky na né&j kladené po celou dobu jeho pro-

jektované zivotnosti, aby nedoslo k meznimu stavu. [10]
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3.2 Technologie vyroby

Ze soucasnych postupll vyroby lze pouzit k vyrobé pohledovych kompozitnich dili nej-

vyssi kvality nasledujici technologie.

3.2.1 Technologie RTM nebo VARTM

Pti technologii RTM (Resin Transfer Moulding) se klade suché vyztuz do formy, ktera je
zaformovana (bud’ pevnou formou nebo pruznou plachetkou) a nésledné prosycena matrici
v tekutém stavu. Tato technologie ma maly pomér pori ve vytvrzeném kompozitu, ale
skladani suché vyztuze zpiisobuje posunuti vldken ze symetrickych pozic. Pouzitelnost
obou technologii se omezuje na vhodné zaktivené dily bez ostrych tvarovych piechodu.
Technologie VARTM (Vacuum Assisted Resin Transfer Moulding) je vSak pouZitelna 1

pro zna¢né rozmérné dily. [9]

d

Obr. 19 Schéma autoklavu [9]

3.2.2 Technologie lisovani z prepregu

Vyroba probiha skladanim prepregu, coz je piedptipraveny polotovar slozeny z vldken a
matrice v gelovitém stavu B. Matrice je mirné lepiva, a tak ulpi v definované pozici na
formé. Vyskladany dil je slisovan v dvoustranné form¢ s vlastnim vyhiivanim. Cena forem

je velmi vysoka, proto je vyZzadovana vysoka sériovost produkce. V oboustranné uzaviené
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form¢ ale nastavaji problémy s odvodem interlaminarné¢ zachycené¢ho vzduchu, coz byva

pticinou porozity vyrobki a vysoké zmetkovitosti. [9]

Obr. 20 Forma piipravena ke skladbé [9]

Obr. 21 Detail formy ptipravené ke skladbé [9]
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3.3 Autoklavova technologie

Vyroba dilu se provede skladanim prepregu do jednostrannych skotepinovych forem, po
skonceni skladby je forma zabalena do pruzné plachetky a pfipojena na vakuum. Vyskla-
dana forma je zavezena do vyhtivané tlakové nadoby - autoklavu. V autokldvu jsou fizeny
vytvrzovaci parametry presné podle programu. Cena vytvrzovacich forem roste s mirou
kiivosti dilu, ale je podstatné¢ niz§i nez v piipad¢ lisovani. Aplikaci vakua a pietlaku
v autoklavu je dosahovéana bezkonkuren¢né nizka mira porozity. Vysoka investice do auto-
klavu je kompenzovana stabilné¢ kvalitnimi dily. Neni proto piekvapujici skutecnost, ze
autokldvovou technologii disponuji spolecnosti dodavajici komponenty pro letecky prumy-

sl. [9]

Obr. 22 Prepreg v rolich [9]

3.3.1 Vyroba autoklavovou technologii

V navaznosti na definované vyrobni problémy bude detailnéji prezentovana vyroba dvou
automobilovych dopliikt autoklavovou technologii, a to prototypt piistrojové desky a zad-

niho spoileru.

3.3.2 Forma

Forma pouzita pro prototypy byla spole¢na pro oba dily, pro snadnou obrobitelnost byl
zvolen za zékladni material formy hlinik. Nevyhodou hlinikové formy je mald odolnost
vuci poSkradbani povrchu, coZ nastava predevSim pii vyjimani dilu z formy po vytvrzeni.

Pro sériovou vyrobu je nutné opatfit formu vhodnou povrchovou tupravou.

Pted prvnim pouzitim formy se doporucuje aplikovat plni¢ pora. Forma musi byt spravné

naseparovana a separator vylestén, jinak hrozi poskozeni formy a zniceni dilu v disledku
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vzajemného slepeni. Pouzivaji se separacni vosky nebo semipermanentni natéry na bazi
rozpoustédel. Volba separatoru je zavisla na volbé matrice produktu, teploté vytvrzovani a

drsnosti povrchu formy. [9]

Obr. 23 Prepreg v rolich a fezaci plotr Zund [9]

3.3.3 Prepregy

Vrstvy pro skladbu dilu se fezou z prepregu na CNC plotrech. Epoxidova matrice obsazena
V prepregu ma omezenou zivotnost, a proto se prepregy skladuji za teplot pod bodem mra-
zu, obvykle pti -18 °C. Pied pouzitim se prepregy temperuji jeden den v uzavieném obalu
na pokojovou teplotu a nasledné se feZou konkrétni dily na vakuovém stole CNC fezaciho
plotru. Nasttihy prepregu pro pohledové dily musi byt opatfeny folii z obou stran, protoze
mirné lepivy prepreg nalepuje necistoty, které nesmi byt zalisovany do produkti. Program
CNC fezaciho plotru zarucuje dodrZeni pfedepsané orientace vlaken tkaniny v produktu.

[9]
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Obr. 24 Schéma skladani prepregu do formy [9]
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3.3.4 Skladani prepregu do formy

Skladani vrstev do formy je nutno provadét v mistnosti s kontrolovanym prostfedim.
V Cisté mistnosti jsou udrzovany konstantni hodnoty relativni vlhkosti, teploty a maximal-

niho obsahu prachovych castic.

Skladba prvni vrstvy je nejkritictéjsi, a to z divodu pozadavku absence fezani vrstvy a
symetrie vlaken. Pokud prvni vrstva prochazi vcelku ptes dva radiusy, musi byt hned na
prvni pokus bezchybné polozena. Pokud vSak nastane situace, ze jeden z radiusii neni
vhodné pokryt, nelze tkaninu pfitlacit a ta se pod tlakem se vytahne z protéjsiho radiu-

su. Nevhodn¢ pokladana vrstva je tlakem nevratné deformovana a déle nepouzitelna.

Do prostoru nedostateéné vyplnéného radiusu se pii vytvrzeni bud’ nahromadi matrice,
nebo v prostoru vznikne pér. Obé varianty znamenaji zmetek. Prakticky se poloZeni prova-
di pomalym postupnym poklddanim vrstvy od jedné strany formy s dotlacovanim piecho-
du. Pokud dily maji mnoho pfechodti nebo kiivost ve vice rovinach, nastavaji piipady, kdy
2D vrstvu prepregu nelze polozit veelku. Nezbytné fezy jsou piesné definovany a spoje
jsou provadény na tupo, kazdy snopec vldken v fezu se piesné napoji. Pokud se spoje pro-

vedou peclivé, nemusi fezy vizualné vadit.

Nasledné se vrstvi dalsi vrstvy, které museji byt dotlacovany stejnym postupem, ale je
mozné je fezat Castéji a napojuji se jednoduse s piesahem. Podle funkce vyrobku mohou
byt v dalSich vrstvach pouzity odlisné druhy vlaken, ale se stejnym typem matrice. Pohled

na piechod snopct vlaken v ostrém radiusu, v mistech vytezu jasné viditelné fezy. [9]

Vyrez pro klimatizacl
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Obr. 25 Pohled na pfechod snopcti vlaken v ostrém radiusu [9]
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3.3.5 Vytvrzeni v autoklavu

Proces pokracuje piipravou dilu k vytvrzeni. Pokud je planovéano lepeni dili do vyssich
sestav, pouzije se jako prvni technologicka vrstva odtrhova tkanina. Poté se poklada neper-
forovand nebo perforovana separacni folie, nasleduje rozvadéci tkanina vakua, rozvod va-
kua, plachetka a zatésnéni. Pokud by jakakoli technologicka vrstva pnula v radiusu, zptso-
bilo by to nedotlaceni laminatu. Volbou druhu odtrhové tkaniny a separacni folie se velmi
ucinné ovliviiuje mnozstvi matrice a vyskyt porozity. Sestava je pfipojena na vyvévu a po
odsati vzduchu se vrstvy stlaci. Probiha kontrola sestavy pro vytvrzeni a méfeni uniku va-

kua.

Ptipravena sestava se zaveze do autoklavu, kde se pfipoji fidici termoclanky. Autoklav se
uzavie a za¢ina pocitatem fizené vytvrzovani dle programu. Doporuc¢ené hodnoty veli¢in
programu poskytuje vyrobce prepregii. Komponenty z naSeho piikladu jsou vytvrzovany
pfti teploté 125 °C po dobu dvou hodin pii ptetlaku 0,6 MPa a podtlaku 0,08 MPa. Zataze-
nim ¢asovych prodlev pii ohfevu je mozné prodlouzit fazi teceni matrice a tim spésné

ovlivnit porozitu dilu.

Po ukonceni programu vytvrzovani se forma vyveze z Autoklavu a odstrani se vSechny
pomocné materidly. Dily se odloupnou od formy pomoci stlaéeného vzduchu nebo pomoci
pruznych plastovych planzet. V piipad¢ poSkrabani funkénich ploch pfipravku je nutné
prelestit a pfeseparovat povrch formy. Z forem je nutné odstranit zbytky vytvrzené matrice

po obvodé dilt. Tyto plochy nejsou funkéni a 1ze je odstranit béZznymi Setrnymi prostredky.

Obr. 26 Pohled na vytvrzené dily [9]

3.3.6 Dokoncéeni dilu

Po mezioperacni kontrole se dily obrabé€ji nastroji a stroji uzptisobenymi k obrabéni vysoce

abrazivnich vlaken uhliku. Stroje museji mit ochranu proti vnikani a vydirani pohyblivych
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Casti prachem z obrabéni. Nastroje maji mnohabfitou konstrukci a v principu nafezou
kompozit na jemny, zdravi Skodlivy prach, ktery je nutné uc¢inné odsavat. Pfi vrtani otvort
se pouziva vysokych ota¢ek a malych pfisuvli. Divodem je riziko delaminace posledni
vrstvy zpusobené lokalni odlupovou silou na Spicce nastroje. Hojné se pouzivaji relativné
drahé néstroje s diamantovym povlakem. Pérozita na hranéach, por o priméru vétsim nez 2

mm je neopravitelny. [9]

Obr. 27 Pérozita na hranach [9]

Posledni operaci je findlni doladéni vizuélnich vlastnosti dilu. Z plochy je velmi jemnym
zrnem pod vodou vybrousen separator formy. Pokud to lze, jsou v této fazi opraveny vady

povrchu a dil je ptelakovan bezbarvym lakem. Zékladni typy vad jsou patrny z obrazki.

Pohledové karbonové dily lze charakterizovat jako produkty s vysokou pfidanou hodnotou,
u kterych se zvySuje objem produkce i v dobé hospodaiské krize. Pocatecni investice do
technologie a zafizeni se mohou rychle vracet, pokud je zmetkovitost vyroby
Vv kalkulovanych limitech. Pfi nab&hu vyroby je dosahovano podilu nekvalitnich dili v
desitkach procent a na uspéSném zvladnuti vyroby musi spolupracovat cely tym. Klicovou
ulohu v ném vsak hraji zruénost operatora skladby a spravné nastavené technologické pa-

rametry. [9]

Obr. 28 Popotazeny vzor tkaniny [9]
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4 RAFKY ZAVODNICH KOL

U rafkt zavodnich kol je dulezité, aby byla pevna, pruznd a lehka. V minulosti se rafky
zavodnich kol vyrabély z ocelovych plechd, ktera asem nahradily slitiny hliniku. V Ceské
republice vyrabi rafky zavodnich kol spole¢nost Remerx s.r.o0. na jejichz webovych stran-

kach informuje o stavajici nabidce téchto rafku.
4.1 Vlastnosti stavajicich rafka zavodnich kol ze slitin hliniku

4.1.1 Povrchova dprava

e Zakladni vzhled rafku z hlinikové slitiny

e Stiibrny elox — atraktivni a leskly vzhled s vyhodou vyssi stélosti a odolnosti po-
vrchu rafku vlivem eloxovani

e Cerny elox — velmi atraktivni ¢erny vzhled

e Bila barva — hit poslednich let

4.1.2 Technologie zvySujici uZitné vlastnosti rafki
e Soustruzené brzdné plochy vynikaji vyssi u¢innosti V-brzd
e Jednonytem zvySena pevnost a odolnost otvoru pro Spice a niple
e Dvojnytem zvySend pevnost ratku v okoli Spice

4.1.3 Zvlastni vlastnosti rafka

e Dvojité fixovany spoj s vysokou pevnosti a odolnosti proti prasknuti
e Otvory pro Spice jsou vrtany pod dvéma thly pro stabilngjsi vyplet
e Rafek urcen pro diskové brzdy

4.1.4 Bezpecnostni systém rafki

e Zesileni zakladu haku plasté proti odlomeni brzdné plochy [6]

4.2 Konstruk¢ni FeSeni spoleCnosti Remerx s.r.o.

Spole¢nost Remerx s.r.o. nabizi na svych webovych strankach ratky pro tyto druhy jizdich

kol: cestovni a méstska, silni¢ni, galuskové, elektrokola

Rozdil jednotlivych rafkt je predevsim v konstrukci, jeZ je navrzena s ohledem na jejich

uziti a poZzadované vlastnosti uzivateldl.
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Obr. 30 Konstrukce rafki pro silni¢ni kola [6]

-
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Obr. 31 Konstrukce rafka pro galuskové kola [6]

Obr. 32 Konstrukce rafki pro elektrokola [6]
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Obr. 33 Konstrukce jednosténnych rafkt [6]



UTB ve Zliné, Fakulta technologicka 45

4.3 Navrh ekvivalentniho materialu rafka zavodnich kol

Jak jiz bylo fec¢eno, na rafky zavodnich kol jsou kladeny velké pozadavky piedevSim na
nizkou hmotnost, pevnost a pruznost, ale také na vysokou odolnost proti opotiebeni a pro-

razeni, coz mize mit dopad i na rdm samotného zavodniho kola.

Ramy zavodnich kol se v minulosti vyrabély ze dieva a oceli, nyni se bézn¢ vyrabéji ze
slitin hliniku, v poslednich letech jsou stale Castéji k vidéni rafky a ramy z kompoziti,
popf. asti rama, které jsou velmi namahény.

Rafky zévodnich kol se nyni vyrabéji ze slitin hliniku a z uhlikovych kompozitt. Nektefi
vyrobci se vraci k duralovym rafkiim, vzhledem k pozadavkiim na bezpecnost a ochranu
zdravi pii préaci, tak i nakladéni s materidlem a jeho uskladnénim.

K vidéni jsou rafky trojiho typu:

e Ze slitin hliniku s ¢ernym eloxem a natérem imitujicim uhlikovy kompozit
e Ze slitin hliniku potazeny uhlikovym kompozitem

e Zuhlikového kompozitu
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5 RESERSE NA KARBONOVE RAFKY ZAVODNICH KOL

Patentovou resersi na stav techniky jsem provedl v databazi Esp@cenet, ktera obsahuje
pies 80 milionii zdznamu z celého svéta. Ve vSech reSerSich jsem se zaméfil nejprve na
klicova slova v nazvu a nasledné v nazvu a abstraktu: ,,rim and racing and bicycles*, ,,rim
and cnt**, ,,carbon and rim*, , carbon and disk and composite and wheel . Dale jsem
provedl resersi z vystupii reSerSe dle klicovych slov, dle jména piivodce technického fese-

ni: ,,Jibing Tu*, ,,Fioravanti Moreno*, ,,Testa Sandro®.

Technicka feSeni se tykaji jednak stranky konstrukce rafku, v€etn€ uchyceni Spici, ale také

materialu rafki a zptisobu jejich vyroby.

V databazi Utadu primyslového vlastnictvi Ceské republiky jsem vyhledaval dle klico-
vych slov: ,.rdfek”, , disk*, , obruc‘- Dale jsem provedl reSersi z vystupii reserSe dle kli-

¢ovych slov, dle jména ptivodce technického teseni: ,, Klabal “.

V databézi Patentového a zndmkového tradu Spojenych statii americkych jsem vyhledéaval
dle klicovych slov: ,,carbon and disk and composite and wheel”, , carbon and rim and
composite and wheel“, ,,carbon and disk and composite and wheel and bike* a dale dle

majitele nalezenych technickych feseni: ,, edge and composites .
5.1 Vybér z reserse technickych FeSeni na stav techniky

5.1.1 Zpiisob vyroby rafku kola bicyklu, zaFizeni pro provadéni tohoto zpisobu a

rafek kola bicyklu ziskany podle tohoto zptisobu

Pti zptisobu vyroby rafku kola bicyklu se nejprve vytvofi vnitini stény (3), vnéjsi stény (2)
dvou bocnich stén (4, 5) a kiidel (6) pomoci vrstev (12, 12a, A, B) plastu vyztuZzenych
vlakny. Rafek se zhotovuje jako celistvy dil s pouZitim plastu vyztuZeného konstrukénimi
vlakny majici dvé obvodova ktidla (6) pro ukotvovéani pneumatiky, ktera jsou vyvedena
radialné vnéjSim smérem od dvou stran vnéjsi obvodové stény (2) rafku. Na vrstvy (12,
12a, A, B) je umistén nafukovaci vak (13), pies ktery byl ulozen urcity pocet vrstev (12a),
na které se ulozi nejmén¢ jedno jadro (14), ptes které jsou pielozeny dalsi vrstvy (12b) a
forma (8, 9) uzaviena. Déle je vak (13) nafouknut a zvySena teplota formy (8, 9). Po vy-

jmuti z formy (8, 9) a odstranéni jadra (14) se ziska jednolity dil. [11]
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Obr. 34 Vykresy ratku z pfihlasky vynalezu ¢. 2002-513 [11]

5.1.2 Ventilaéni rafek zavodniho a horského kola

Ventila¢ni rafek, zejména pro zavodni a horska kola, tvofeny profilovanym prvkem, ktery
je zakiiveny do prstencového tvaru a tvoii otevieny distalni prstencovou komoru (2), pro
montaz pneumatik a alespon jeden proximalni prstencovy prostor (3) pro stanoveni mnoz-
stvi vystupkl (9) pro koaxialni pfipojeni k naboji (10) pomoci paprsku (11), okraj je ovliv-
nén otvory (12), které umoznuji cirkulaci vzduchu uvniti proximalniho prstencového pro-

storu (3) , tak, aby se usnadnilo odstranéni tepla konvekci z rafku.
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Obr. 35 Vykresy rafku z pfihlasky vynalezu ¢. W02004091937 [12]

5.1.3 Rafek jizdniho kola

Uzitny vzor se tyka soucasti jizdniho kola, a to zejména rafku kola s nizkou hmotnosti.
Rafek kola obsahuje instalacni Cast ve tvaru prstence pneumatiky, instala¢ni ¢ast ve tvaru
prstence pneumatiky tvoii tvar U tak, Ze oba konce dvou symetrickych ¢asti vysky stény
jsou pevné spojeny ze spodni ¢asti Sitky pneumatiky a okrajové ¢asti, resp. instalace Casti
ve tvaru prstence paprsku je pevné spojen s montazni ¢asti ve tvaru prstence pneumatiky.

Hmotnost rafku se snizi a vykonnost se zvysi, rafek lze aplikovat na zavodni i civilni kola.
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Obr. 36 Vykresy k ptihlasce uzitného vzoru ¢. CN201300664 [13]

5.1.4 Spojovaci struktura rafku

Uzitny vzor popisuje spojovaci strukturu, kterd zahrnuje rafek a spojovaci dil. Spojovaci
dil odpovida tvaru tlozného drazky, s mnozstvim drédzek uspotddany na okraji spojovaci
¢asti axialné a trvale, spojovaci dil je vlozen do obou drdzek pro vkladéni na obou koncich
hrany, spojované konce se zahtivaji pii nastavené teploté, a je vytvaren tlak na pfipojované
konce tak, aby spojované konce byly pevné mezi sebou navzajem spojeny. Stavebni dily

jsou jednoduché a pohodlné pro montaz, a cela konstrukce je prakticka.
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Obr. 37 Vykresy k uzitnému vzoru ¢. CN202911455 [14]
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5.1.5 Raifek jizdniho kola o tvaru priifezu pismena ,,V*

Uzitny vzor se tyka piisluSenstvi jizdnich kol, a to zejména rafku jizdniho kola, obsahujici
instalacni ¢ast pneumatiky a kruhovou instalacni ¢ast. Pneumatika mtze byt instalovan na
stran¢ pneumatiky, kdy je pevné spojena dvéma symetrickymi ¢astmi. UZitny vzor ma vy-

hodu vyssi odolnosti proti prifezu a niz§i hmotnost.

Obr. 38 Vykresy uzitného vzoru ¢. CN201366904 [15]

5.1.6 Rafek z uhlikovych vliken s vylepSenou strukturou

Téleso rafku (1) s vyhodou z uhlikovych vlaken se zlepSenou strukturou a mnozstvim hli-
nikovych krytt (2). Té€lo rafku (1) je opatieno polo uzavienou pneumatikou u pozi¢niho
otvoru (10) a uzaviené komory (11), které jsou uspotadany nahote a dole. Stény pneumati-
Ky u pozi¢niho otvoru (10), a v uzaviené komote (11) jsou vytvofeny z vrstvy vlaknitého
uhliku jako celku. Sténa télesa (100), na spodni ¢asti pneumatiky polohy pozi¢ni otvoru
(10), a na zdi t€la (110), na spodni ¢asti uzaviené komory (11) jsou opatieny vnitinimi
polohovacimi otvory (101) a vné&jsimi polohovacimi otvory (111), pies otvory (22) prota-
zeny paprsky z matice a pocet hlinikovych krytt (2), odpovida poctu polohovacich otvoru.
Hlinikové kryty (2), se upinaji na vnitini polohy otvori (101) a vné&jsi polohovacich otvort
(111), a lepi se do okraje télesa (1). Vénec se zminéné struktury ma vyhodu vysoké pev-
nosti, rychla montazni rychlosti, zkraceni vyrobniho ¢asu, vysokou ucinnost, usporu mate-

ridlu a nizké naklady.
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Obr. 39 Vykresy piihlasky vynalezu ¢. WO2011140826 [16]

5.1.7 Konstrukce rafku kola ze zapletenych uhlikovych vlaken a zptsob jeho vyroby

Konstrukce rafku kola ze zapletenych uhlikovych vlaken a zpisob jeho vyroby, ktery ob-
sahuje tkaninu z uhlikovych vldken, vyznacujici se tim, ze obéma konci kazdé z uhliko-

vych vldken svazku tvoii ve tvaru trubice, nebo pas ve tvaru dlouhého htidele z uhlikovych

vlaken, které se namaceji do pryskyfice a tvaruje se ve tvarovaci formé piredem stanovené

jako tvar potebného rafku, po vytvrzeni uhlikovych vladken v tvarovaci formé se vytvofi na

kole okraj. Rafek je pohledové pékny a pevny. Tepelné disperzni vénce jsou lepsi.
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Obr. 40 Vykresy k ptihlasce vynalezu ¢. CN101269611 [17]
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5.1.8 Metoda pro montaz plastového kola, zejména s vyztuzi z uhlikovych vliken s

modularnim designem zamku rafku se segmenty drZené okrajem vnéjsiho kola

Zpusob sestavovani plastového kola, zejména z uhlikovych vlaken, vyztuz ma modularni
konstrukci s oddélenymi segmenty (11) s blokovanim zastr¢ky a zasuvky konci (12, 13) a
zuzujicim se prufezu. Blokovaci konce jsou opatieny lepidlem a segmenty jsou smontova-
ny a slisovany na montazni piipravek. Kolo je dale spojeno do jednoho kusu vné&jsim raf-

kem (15), bud’ z lehké slitiny nebo uhlikovych vlaken.

Obr. 41 Vykresy patentu & DE202005006589 [18]

5.1.9 Kola pro jizdni kola a zptsob vyroby

Kola pro jizdni kola a zptisob vyroby téchto kol vynikajici svou lehkosti, s vysokou pev-
nosti majici dobré aerodynamické vlastnosti, uvedeny v tomto vynalezu. Aerodynamiku
kola je stejné dobra nebo i lepsi nez u diskovych kol stejné velikosti a hmotnosti, zatimco s
dostate¢nou bocni, radidlni a torzni tuhosti. K dispozici je také podle vynalezu zptisob vy-
roby, pfi¢emz je podstatnou vyhodou nizka hmotnost a vysoka pevnost kompozitniho kola.
V jednom provedeni tohoto vynalezu se sklada z kompozitni konstrukce s vysokou pevnos-
ti vlakna, jako jsou aromatické polyamidy nebo uhlikova vldkna. V jiném provedeni je

kompozitni struktura dutd pro sniZzeni hmotnosti kola. [19]
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Obr. 42 Vykresy patentu ¢. US5246275 [19]

5.1.10 Kompositni rafky s otvory pro draty

Provedeni tohoto vynalezu zahrnuje kompozitni rafek, pouZivany u paprskovych kol, jako
jsou u jizdniho kola. Jedna se 0 vylisované otvory pro draty spolu se zptisobem vyroby
kompozitniho rafku. Vyhodou vynalezu je vyrazné snizeni namahani loziska a zatiZeni
kola. Podle dosavadniho stavu techniky, maji rafky s vyvrtanymi otvory pro draty v ném

jiz po celou dobu vyroby rafku neboli obruce. [20]
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Obr. 43 Vykresy prihlasky vynalezu US201305136 [20]

5.1.11 Rafek nebo ¢asti rafku vyroben z kompozitniho materialu

Rafek ma element (21), tj. tazeny element, se nachazi v podobé pevného bodu otaceni ko-
lem osy otaceni. Element je vytvoien z jednoho kusu kompozitniho materialu, napf. tkani-
ny, a sklada se z konct (7, 8), odlisnych od sebe navzajem. Element piedstavuje pevny bod
rotace thlové oblouku vétsi nez 350 stupni mezi konci. Kompozitni material elementu
obsahuje vlozené vlakna napf. uhlikové vlakna, které tvoii 50 procent hmotnosti rafku, a s
termosetovou matrici. Jedna se také 0 zpusob vyroby rafku kola. Tato metoda neumoznuje
vyrobu rafku, ktery ma velmi dobrou tuhost / v poméru ke hmotnosti, a to zejména proto,

ze vlakna pouzitd musi byt velmi kratkd, a Ze pomér mnozstvi vldken k mnozstvi termo-
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plastické matrice je pfili§ slabé, aby mohli uzivat plnych vyhod poskytovanych vlaken.
[21]

Obr. 44 Vykresy piihlasky vynalezu EP 2407319 Al [21]



UTB ve Zliné, Fakulta technologicka 56

5.2 Vybér z reSerse prumyslovych vzori na stav techniky

Pro doplnéni stavu techniky jsem provedl i reersi v databazich primyslovych vzort Utadu
pramyslového vlastnictvi Ceské republiky, Ufadu pro harmonizaci ve vnitinim trhu OHIM

a databazi Patentového a zndmkového uradu Spojenych stati americkych.

5.2.1 Primyslovy vzor Spolecenstvi ¢. 000031992-0001

Obr. 45 Pramyslovy vzor Spolecenstvi ¢. 000031992-0001 [22]

5.2.2 Pramyslovy vzor CSSR &. 15809

Obr. 46 Primyslovy vzor CSSR &. 15809 [23]
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5.3 Vybér z reSerse v internetovych strankach
5.3.1 Karbonovy rafek od firmy Enve

Enve Composites je vyrobcem exkluzivnich cyklistickych karbonovych komponentt, kro-
mé rafka pro galusky totiz noveé nabizi také karbonové rafky pro horska kola, s certifikaci
UST (Universal Standard for Tubeless), a umoziuji tedy pouziti bezduSovych plastt se
vSemi jejich vyhodami. Firma svou aktualni novinkou reaguje na poptavku trhu po bezdu-
»procvaknutim®. Proto se nova generace karbonovych plastovych ratkli Enve miize po-

chlubit napisem ,,Tubeless compatible*. Podle [24]

Obr. 47 Karbonové rafky spolecnosti ENVE [24]

Zakladatel progresivni firmy Enve Composites, méa se zpracovanim karbonu jiz vic nez
tficetileté zkuSenosti. Jason Schiers, povazuje vyrobu karbonovych bezduSovych rafkl za
velky technologicky uspéch. ,,Je to fyzické ztélesneni naseho cile prizpusobit karbonovy

kompozit pozadavkim terénni cyklistiky a zavodeni, . [24]

Nové karbonové rafky pro doznaly zmén nejen ve smyslu bezdusové kompatibility. Vyvo-
jat1 Enve Composites totiz zapracovali 1 na struktufe rafkd a znovu se jim povedlo navysit
tuhost a pevnost pfi zachovani stejné hmotnosti. Tohoto vysledku firma Enve Composites
doséhla i diky spolupraci s tymem Santa Cruz Syndicate a jeho zdvodniky Stevem Peatem

a Gregem Minaarem. ,, Sjezdové discipliny kladou extrémni naroky na materidl, coz je pro
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nas moznosti ukdazat, v cem se nase produkty lisi od ostatnich, ** tekl Jason Schiers. Navic

firma ziskala zpétnou vazbu kde a jak je mozné jiz tak $pickové vyrobky vylepsit. [24]

Od lonského roku ma totiz Enve Composites k dispozici nové testovaci zazemi. ,, Zainves-
tovali jsme do nové laboratore, diky niz ted mame kvalitni zpétnou vazbu a pristup
K podrobnym vysledkim. Jejich vyhodnocenim a opétovnou aplikaci do vyrobkii pak mai-
Zeme spolecné se subjektivnimi pocity jezdcii i objektivné vyhodnotit zmény, které jsme
udelali, “ vysvétlil inzenyr ENVE Composites Kevin Nelson. Jen diky tomu bylo mozné
vyrobit nové bezdusové rafky pro XC tuzsi a odolné&jsi i s pouzitim UST bezdusové tech-
nologie. I nezavislé testy koneckonct potvrdily, Ze se jednd o v soucasnosti nejtuzsi rafky
na trhu. Enve Composites se odlisuje od konkurence technologii zpracovanim karbonové-
ho kompozitu a strukturalni Girovni jejich vyrobku, naptiklad jako jediny vyrobce na svété

vyuziva patentované technologie modelovani dér pro niple. [24]

Zda se ale, ze se firma zbytku vyrobcl vzdali o dal$i milovy krok. Kromé investic do
vlastniho vyvojového vybaveni totiz Enve Composites nové spolupracuje se Simonem
Smartem, odbornikem na aerodynamiku, ktery ma zkusSenosti tieba i z formule 1 a stal za
vznikem casovkarskych specidlii Scott Plasma 3 nebo Giant Trinnity. Cena karbonovych
rafkt pro MTB galusky ve verzi 26" ¢ini 18.500,- K¢ za kus, bezduSova UST verze o pri-
méru 26" 1 29" ¢ini 19.900,- K¢&. [24]

Obr. 48 Celni pohled na karbonovy rafek spole¢nosti ENVE [24]
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5.3.2 Karbonovy rafek od firmy Rolf Prima

Americka firma Rolf PRIMA vyrabi velmi pevna a odolna zapletena kola jiz od devadesa-
tych let minulého stoleti, jednalo se o velice pevna a v podstaté nezniCitelna kola, ktera
uspeésné a bez potieby opakovaného centrovani vydrzela pomérné drsné zachazeni a pro-
voz na Ceskych jarnich silnicich. Zakladatelem americké firmy a znacky Rolf byl v roce
1980 Rolf Dietrich. Od roku 1996 do roku 2001 byla tato kola zndma pfedevsim ve spojeni
se znackou TREK, ktera témito koly osazovala n¢které své modelové fady. V Roce 2001
tato uspésna spoluprace konc¢i a Rolf Dietrich se pod novou znackou Rolf PRIMA vraci
zpét k ,,zdkladim* — vyvojové a konstruk¢ni praci v mensim kolektivu stejné naladénych a
nadSenych lidi — cyklistt, triatlonist. Rolf Dietrich je také autorem né¢kolika patenti, které
jsou pii vyrob¢ a konstrukci kol Rolf PRIMA vyuZzivany. Karbonova a hlinikova zapletena
kola Rolf PRIMA se vyrabi ,,ru¢né€* v malé tovarn€ v americkém Eugene ve staté Ore-
gon. Jedna se tedy skute¢né o vyrobek MADE IN USA a nikoli pouze o asijskou licen¢ni
velkovyrobu. Tuto skutecnost si Cerstvy nabyvatel novych kol Rolf PRIMA mozna plné
uvédomi az v okamziku, kdy ve stoupani nebude muset oproti zvyklostem povolovat zadni
brzdu! Spoleénym poznivacim znakem kol Rolf PRIMA je PAROVY VYPLET. Toto
patentované feSeni umoznuje pouziti mensiho poctu dratd pti zachovani maximalni tvrdosti
kol — tedy jednak snizeni jejich hmotnosti, ale hlavné vyrazné zmenseni aerodynamického
odporu! Dalsi ,,zvlaStnosti, alesponl v ¢eskych podminkach, je to, ze Rolf PRIMA ma mo-
dely zapletenych kol na silnici, drahu, cyklokros, ptipadné i pro v soucasnosti stale popu-

larn&jsi Single Speed, nenabizi v§ak kola pro MTB. [25]

Obr. 49 Karbonovy rafek spole¢nosti Rolf Prima [25]


http://www.rolfprima.cz/
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5.3.3 Karbonovy rafek od firmy Mad Fiber

Zapletend kola jsou prvnim produktem znacky Mad Fiber a vazi v setu pouhych 1085 gra-
md, v cen¢ 51980,- K¢&. Spole¢nost Mad Fiber sidli v Seattlu a spolupracuje s Kansaskou

univerzitou.

£

Obr. 50 Zapletena kola firmy Mad Fiber [26]

Zapletena kola se lisi ve dvou hlavnich vécech, jednat je rafek vyroben ze tii kust, coz
usetii pryskyfici a snizuje hmotnost a zvysuje tuhost. Druhym zakladnim prvkem je zcela
netradi¢ni pfipojeni ,,drati* vypletu na naboj a rafek. Galuskova kola maji rafky vysoké 60
mm v piipadé predniho a 66 mm v pifipadé zadniho kola. Pfedni kolo je vypleteno 12 pa-
prsky, zadni kolo 18 paprsky. Excelentni vysledky méla kola pfi testovani ve vétrném tu-
nelu, a dobfe si vedou i pii bocnim vétru. Vyplety spolehaji na titanové naboje s chrommo-

lybdenovou osou. [26]

Obr. 51 Karbonova kola firmy Mad Fiber [26]


http://bikestream.cz/wp-content/uploads/2010/05/madfiber2.jpg
http://bikestream.cz/wp-content/uploads/2010/05/madfiber1.jpg
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5.3.4 Karbonovy rafek od firmy DT SWISS

Obr. 53 Karbonovy rafek kola firmy DT SWISS [27]

5.3.5 Karbonovy rifek od firmy Mavic

Po ttiletém vyvoji a testovani pfinasi Mavic na trh prvni carbonova spolehliva a bezpecna
plastova kola COSMIC CARBONE C40 WTS. Diky patentované technologii ,, TgMAX*
se podafilo Mavicu vyvinout kombinaci pryskyfic,které spolehlivé odolavajii tlaku a vyso-

kym teplotam pti brzdéni. Cena CC40 ¢ini 44 950,- K¢ a vyrébi se i pro galuzky.

Po vice nez tfech letech vyvoje zapletenych kol Cosmic Carbone 40 C WTS ( dale CC40)

nabizi Mavic vynikajici brzdny vykon, spolehlivost a dynamickou manipulaci. Mavic po


http://www.kastar.cz/soubory/201-cc403pdf.pdf
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letech vyvoje s potéSenim oznamuje uvedeni plastovych zapletenych kol CC40C na
trh. Zcela novy model je prvnim spolehlivym a bezpeénym modelem carbonovych plas-
tovych kol na trhu. CC40C jsou vyrobena zplusobem pro Mavic typickym. Vychazi z
exkluzivnich materialti, stavebnich metod a funk¢nich konstrukénich prvki. Pii vyvoji se
inzenyii zaméfili na vlastnosti jako je nizka vaha, aerodynamika 40mm vysokého rafku,
tuhost vypletu a kvalita ndb. Koneénym vysledkem jsou bezpecnd karbonova plastova
kola, ktera spolehlivé brzdi za sucha i mokra a maji perfektni ovladatelnost. Vytvofit vSak

bezpecny plastovy carbonovy rafek to znamena vyiesit mnoho mechanickych vlastnosti.

Zatim to zadny vyrobce zapletenych kol nedokazal. Testem proSlo mnoho kol a rafka a
vysledkem byly rafky bud’, tézké, prili§ kiehké, prilis drahé, nebo nebyly schopny absor-
bovat vysokou teplotu ptfi brzdéni spojenou s tlakem brzdovych gumicek. Pfi testovani
bylo zjisténo, ze prave vysoka teplota pii brzdéni je nejcastéjSich negativnim faktorem a
muze dochazet k destrukei rafku. Mavic tedy piistoupil ke kombinaci osvédce-nych mate-
rialti s karbonem, které sdm exclusivné vyvinul. Jejich kombinaci se zrodil specidlni rafek
pro kola CC 40C. Mavic vyvinul pryskyfici, ktera snasi nejvyssi moznou toleranci extrém-
niho tepla a tlaku. Mavic to vyfesil kombinaci dvou typu pryskyfic (kazda s vlastni tep-
lotou skelného piechodu [Tg]) Tato technologie se nazyva "TgMAX." Tato specialni po-
vrchova Uprava karbonu na brzdné ploSe vyrazné zlepSuje brzdny u¢inek na mokré i suché

vozovce. Mavic si TgMAX patentoval. [28]

Vnitini konstrukce rafku pro umisténi plastt a specialni kaliSky pro uchyceni nipli paprs-
ki, jsou vyrobené z extrémné lehkého hliniku. To nabizi nésledujici vyhody: posileni
strukturalni odolnosti rafku vuci tlaku vzduchu v pneumatikach a tlaku brzdy spojené se
zvysenou teplotou pfi tfeni brzdovych gumicek. Dale radialni zpevnéni a zvySeni odolnosti
proti narazu. Zde se Mavic vyhnul zbyte¢nému nutnému zesileni karbonové stény brzd-
nych ploch. Diky pfesnému vnitinimu Alu profilu rafku je garantovand absolutni pfesnost
rozméru pro montaz plastd. Bezpecné a piesné je i uchyceni paprski v integrovanych hli-
nikovych kaliscich uvniti karbonového profilu rafku . Zde Mavic vyuziva svého jiz osvéd-
¢ené¢ho patentu ,,FORE®. Paprsky jsou uchycené pouze ve spodni ¢asti ratku. Rafek je tak
extrémné pevny, protoze jeho kompaktni profil neni oslabeny otvory pro umisténi paprski.
Neni tedy potieba ani paska do rafku, ¢imz se Setfi. ZatiZzeni rafku tahem paprskl je pak
rovnomeérné, vyplet je stabilni a velmi dobte pienasi kroutici moment. Niple paprska jsou
samosvorné a nepovoluji se, nebot’ jsou uchycené na spodni strané rafku a daji se tak jed-

noduse servisovat. Vyvinuta technologie karbonové brzdné plochy: sténa raftku je zde o



UTB ve Zliné, Fakulta technologicka 63

polovinu tenc¢i, nez u soucasné nabizenych karbonovych rafkli na trhu. Procesy a prace
vyvojového tymu trvala vice nez tfi roky. Behem vyvoje byla snaha o zachovani jizdnich
vlastnosti, které jsou béznym standardem u zapletenych kol na trhu, zejména na nizkou
vahu rafku a nizkou setrvacnost v porovnani s konkurenci. Dale volba materialu paprsk,
zpusob vyplétani a konstrukce néboje, jsou optimalizovany pro tuhost, funkcnost, Zivotnost
a profesionalni zatizeni. Celkova hmotnost kol je tedy srovnatelna s podobnymi koly, ale
kvalita jizdy je vice dynamickd. To je docilené diky konstrukci celého systému. Hlavni
pozornost byla vénovana brzdnému vykonu. S rozsahlymi testy v laboratofi a v terénu,
byly vyvinuty metody a materidly, které zvysily brzdny vykon a snizili brzdnou dréhu za
vlhka az o 50% ve srovnani s vétSinou konkurentti. Posledni faze testovani v aerodynamic-
kém tunelu v Zenevé ukazala, Ze ovalny, 40mm vysoky profil rafku pfinasi jak stabilitu pii

bo¢nim vétru, tak i nizky ¢elni odpor. [28]

Obr. 54 Karbonovy rafek od firmy Mavic [28]

5.3.6 Zapletena kola Mavic COSMIC CARBONE 40 2014 WTS + galuska - par

CC40 byla testovana a vyvijena s prednimi profi tymy. Po tfech letech testovani jak v plas-
tové, tak galuskové verzi nabizi Mavic bezkonkuren¢ni vyrobek ve své tridé. Vyuziti

CC40 zacina v Casovkach, triatlonu , silni¢nich etapach, vrchatskych casovkach, extrém-
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nich dlouhych sjezdech, cyklokrosu a kon¢i nejtvrdsimi terény jako jsou jarni klasiky vcet-
né¢ velkych dlazebnich kostek na Paris-Roubaix. Ano ctete dobfe. Dalsi vyjimecnosti na
svétovém trhu je jejich plastova verze. Jednd se skute€né o jediné 100% bezpecné
"CELOKARBONOVE" plastové rafky na trhu. Z riiznych Gasopist a internetu jisté vite o
negativnich zkuSenostech rtiznych vyrobct "celokarbonovych" plastovych rafka, které
neunesly velké tepelné a mechanické namahani pti dlouhych sjezdech. Do karbonového
profilu rafku je vsazeny tenky hlinikovy profil. Na ném je nanesena celokarbonova brzdna
plocha . Ta je vyrobena specialni technologii ,,TgMAX*. Tim je zaji$téna spolehliva brzd-

na ucinnost a odolnost vysokym teplotam pii dlouhych sjezdech. [29]
Technické vlastnosti:

e 40 mm vysoky ovalny profil carbonového rafku, tvarovany podle vysledkll v aero-
dynamickém tunelu, nabizi optimalni aerodynamickou G¢innost a soucasné stabilitu
pfi pisobeni bo¢niho vétru.

e T¢lo naboje je karbonové s aerodynamickymi hlinikovymi pfirubami a pramyslo-
vymi QRM + (sefiditelnymi) lozisky.

e Ploché & profilované paprsky z nerezové oceli. Vyplet ma vpredu 16 radidlné za-
pletenych paprskt a vzadu 20. U kazety jsou zapletené radialné a na nezabérové
stran¢ jsou 1x kiizené. Vyplet je tak velice pevny a dobfe pienaSi vynaloZenou
energii.

e soucasti baleni jsou specialni brzdové $paliky (Campa nebo Shimano). Na karbo-
novou brzdnou plochu se musi pouzivat vyhradné specialni brzdové gumicky (Zluté
barvy). Zadné jiné brzdové gumicky, které uvadi néktefi vyrobcei jako specialni na
karbon, se nesmi pouzivat. Mavic je nabizi v provedeni pro Shimano i Campa brz-
dy. [28]

e vaha: par 14359 bez galusek, 1895 s galuskami, vyrobce uvadi 5% toleranci, vaha

zapletenych kol je bez rychloupinact

Vahovy limit zapleteného kola je 100kg jezdce. Orientacni cena: 52623 K¢ s DPH
(43490.1 K¢ bez DPH) [29]
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5.3.7 SAW 38 Velmi lehky dynamicky set karbonovych kol pfeduréen k uspéchiim

Optimalni vyska profilu galuskového rafku tvofi set velmi nizké hmotnosti a tuhosti. Dy-
namicky set diky své nizké obvodové hmotnosti kola vyrazné usnadnuje akceleraci. Pro
tyto kola je dualezita kombinace redukovanych ocelovych paprskli a ndboje pro pfimé usa-
zeni Spic. Systém vypletu je feSen tak, aby optimalizoval vlastnosti karbonovych kol a da-
val kolim vyjime¢nou lehkost z jizdy. Pro karbonové rafky je nutné pouzit specialni brzd-
né Spaliky, které na kola dodavame. Karbonovy rafek vysoky 38 mm v sobé spojuje nizkou
hmotnost a vynikajici aerodynamické vlastnosti. Jedno baleni obsahuje 1 par zapletenych
kol (pfedni + zadni) + rychloupindky AL a prodejni cena na e-shopu spole¢nosti Remerx
¢ini 14.790,- korun ¢eskych. Pficemz cena paru rychloupinakt ¢ini pfiblizné dvé st¢ korun

¢eskych. [30]

Obr. 55 Bo¢ni pohledy na zapletené kolo s karbonovym rafkem SAW 38 [30]
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Obr. 56 Detail bo¢niho pohledu na zapletené kolo s karbonovym ratkem SAW 38 [30]

5.4 Zavér k vystupiim z reSersi

Z vystupil z reSersi na stav techniky je patrné, Ze se problematikou karbonovych rafkt za-
vodnich kol zabyva cely svét. Nejvice se vyskytuji zastupci z Asie a Ameriky, pficemz
nelze opomenout i tuzemské vyrobce, resp. spoleénost Remerx, nebot” spole¢nost TUFO si
karbonové rafky nechava vyrabét v Asii, ale pozvolna se i zde pfipravuje mozny vyrobce
karbonovych rafkd, zejména pro galusky (specialni pneumatiky pro zavodni kola, jejichz

konstrukce tvofi uzavieny tubularni toroid), které tato spolecnost vyrabi.

Bohuzel i v tomto primyslovém odvétvi se stava, ze ne vzdy je rafek vyrabén piimo spo-
leGnosti, ktera jej prodava, ale jedna se o sériovou vyrobu napt. v Cing, kdy si firmy objed-
naji dany pocet rafku s jejich ochrannou znamkou a tytéz ratky se pak na trhu vyskytuji
pod riznymi obchodnimi znac¢kami, coZ pak vede k soudnim sportim.

Se vstupem karbonovych ratkii na trh se museli pfizpasobit 1 sluzby ,,cyklo servisa®, které
nyni nabizi i opravy karbonovych rafki, av§ak o kvalité takovychto oprav 1ze polemizovat.
Trendem je stale nové a nové zlepSovani a snizovani hmotnosti rafkl, nebot’ pii jizde€ je
znat kazdy gram navic, coz motivuje vyrobce k eliminaci kol se $picemi a nahrazuji je lou-

kotémi nebo disky, popf. u kol se Spicemi se snazi najit usporaddani blizké loukotovym
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kolim. Vyhodou proti $picim je i vys$si odolnost v tahu, takze nehrozi ptetrzeni Spice a
mozné posSkozeni rafku potazmo kola.

Prakticka ¢ast obsahuje navrh materialového sloZeni rafku s navrhem prototypové formy

pro vyrobu segmentu rafku, mechanické zkousky materialu a zkusebnich vzork.
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6 MECHANICKE VLASTNOSTI KOMPOZITNICH MATERIALU

6.1 Kratkodobé zkousky mechanickych vlastnosti kompoziti

Nejcastéji se u materiald uréuji mechanické vlastnosti. Podstatou mechanickych zkousek je
zjistovani, jak ptisobi mechanicka sila na zkoumany material. Podle typu piisobeni sily se

zkousky déli na: v tahu, v ohybu, v tlaku a v krutu.

Z hlediska doby a zpisobu pusobeni sily se mechanické zkousky déli na kratkodobé a

dlouhodobé a na jednorazové a cyklické. [8]

6.1.1 Tahové zkousky

Princip tahové zkousky je velmi jednoduchy, na zkuSebni téleso se pusobi silou v tahu az
do jeho roztrhnuti, pfitom se snima sila a deformace (prodlouzeni) v riznych stadiich
zkousky. Zakladni parametry, které se pii zkousce tahem stanovuji jsou pevnost, prodlou-
zeni pii pretrhnuti a moduly. Pti tahové zkousSce je zkuSebni téleso upnuto do Celisti trhaci-
ho stroje, postupné se konstantni rychlosti natahuje, pficemz s rostouci deformaci roste i
sila, ktera je potfebna na udrzeni konstantni rychlosti posunu celisti. S nardstem sily roste

ve vzorku 1 napéti (sila vztazena na jednotku prifezu vzorku) podle rovnice:

o=— @

Ap

Zavislost napéti s velikosti deformace se nazyva tahova kiivka a jeji tvar zavisi na typu
naméhaného (zkouseného) materidlu. Pii sestrojovani tahovych kiivek a vypoctu napéti v
okamziku diskrétni deformace nastava problém, protoze vlivem deformacénich zmén do-
chazi ke zméné prifezu zkusSebniho télesa. Pfi urcitém zjednoduSeni je moZzno znézornit
zmény v geometrii vzorku podle Obr. 42 (I je pivodni délka zkusebniho télesa, by je pa-
vodni §itka zkuSebniho télesa, hy je plivodni hloubka zkuSebniho télesa, 1, b, h, jsou tyto

veli¢iny po deformaci). [8]
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Obr. 57 Zména geometrie vzorku pii tahové zkousce [8]

6.1.2 Pevnost

Mez pevnosti v tahu predstavuje zékladni hodnotu pevnosti homogennich a izotropnich
material, u vlakny vyztuzenych material je situace slozit&jsi. Pevnost vlaknovych kompozi-
th zavisi zna¢nou mérou na typu namahani a na jeho sméru. Pevnosti v tahu a tlaku jsou
zavislé na podilu vldken. Na rozdil od nevyztuzenych plastl je pevnost v tahu vldknitych
material obvykle vy$si neZz pevnost v tlaku, viz Obr. 59, kde jsou vyneseny hodnoty pev-
nosti v tahu, tlaku a smyku pro jednosmérnou vyztuz skelnymi vlakny. Pokles pevnosti v
tlaku vii¢i pevnosti v tahu, je zplisoben vybocenim tlacenych vldken v pruzném prostredi
relativné poddajné matrice. Srovnani pevnosti v tahu a tlaku jednosmérné vyztuZenych
kompozitnich struktur ve sméru pficném k orientaci vldken je zndzornéno na Obr. 60. Pev-
nosti v tahu a tlaku uhlikovych kompozitti jsou praktcky shodné. Naproti tomu znacny roz-
dil téchto hodnot vykazuji aramidové kompozity. Hodnoty tahovych a tlakovych pti¢nych
pevnosti a pevnosti ve smyku jsou uvedeny na Obr. 61. Jak patron, 10hodnoty tahové piic-

né pevnosti leZi pod tahovou pevnosti nevyztuzené matrice. [10]
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Obr. 58 Hodnoty pevnosti v tahu, tlaku a smyku pro
jednosmérnou vyztuz skelnymi vlakny [10]
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Obr. 59 Srovnani pevnosti v tahu a tlaku jednosmérné vyztuzenych

kompozitnich struktur ve sméru pfi¢ném k orientaci vlaken [10]
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Obr. 60 Hodnoty tahovych a tlakovych pfi¢nych pevnosti
a pevnosti ve smyku [10]

6.1.3 Ohybové zkousky

Méteni modulu a pevnosti v ohybu pro tuhé plasty je skoro tak bézné jako tahové zkousky.
Pti ohybové zkousce je ve zkuSebnim télese napéti rozloZzeno kontinualng, pti¢emz na ven-
kovnim ohybu je maximalni hodnota napéti v tahu, které postupné v priifezu vzorku klesa,
pfechézi pfes neutralni osu, za kterou postupné narlsta napéti v tlaku, které dosahuje ma-

xima na povrchu vnitini strany ohybu zkusebniho télesa.

Pti ohybovych testech mulze byt téleso upevnéné jako jednoducha konzola (a), ptipadné

jako trojbodové (b) anebo ¢tyibodové (c¢) usporadani viz Obr. 62.

b) c)
Obr. 61 Zakladni moznosti experimentalniho uspotadani pii zkousce ohybem [8]

6.1.4 Razova houZevnatost

Casto zkouSenou vlastnosti materialii je odolnost proti narazu, tzv. rdzova houzevnatost.

Pii malych rychlostech je polymerni material schopny pomérné velké deformace, coz
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umoznuje pohltit zna¢nou ¢ast mechanické energie. Pii zvySovani rychlosti ptisobici sily se
dodand energie nestaci v télese disipovat a téleso se jevi jako kiehké. Stanoveni razové
houzevnatosti Charpyho metodou, za pomoci padajiciho kyvadlového kladiva na vzorek

upnuty ve zkuSebnim zafizeni viz Obr. 58 (h; je vychozi a h; je kone¢na poloha kladiva).

Zkouska se pouziva zejména u oceli. Vzhledem k jejich vétSinou velké houzevnatosti by se
v nékterych ptipadech zkusebni ty¢ nepterazila, ale pouze plasticky deformovala. Proto se
tyCe opatiuji vrubem (U — vrub, V - vrub), v jehoz kofenu dochazi pii uderu kladiva ke
koncentraci napéti a vznika oblast slozité napjatosti, coz usnadni nukleaci trhliny a vytvofi
predpoklady pro kiehké poruseni.

fvwr

poloze kladiva se umisti ve stojanu kyvadlového kladiva zkusebni ty¢ ze zkousené¢ho mate-
ridlu. Po uvolnéni z pocatecni polohy se kladivo pohybuje po kruhové draze, narazi na
zkuSebni ty¢, pterazi ji a vykyvne do konecné polohy. Tato poloha je nizsi nez poloha po-

¢atecni, protoze na prerazeni zkusSebni tyCe se spotiebovala urcita prace.

Obr. 62 Schéma uspotadani pti razové zkousce houzevnatosti

Charpyho metodou [8]
6.1.5 Impact test - priraz

Norma uvadi zkuSebni metodu pro stanoveni razovych vlastnosti plasta prarazem desky
CSN EN ISO 6603-1 se pouziva v ptipadech, kdy k popisu razového chovani postauje

jedina prahova hodnota razové energie pottebné k poruseni télesa. Tato ¢ast ISO 6603
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se pouziva v ptipadech, kdy je pozadovan cely pribéh procesu razu, vyjadieny pomoci
kiivky sila-prahyb nebo sila-cas. Pti zkousce je zkusebni téleso podrobeno narazu tlouku,
ktery dopada nominalné konstantni rychlosti kolmo na povrch télesa. Je pfedepsano maza-
ni narazové plochy tlouku pro snizeni tfeni mezi tloukem a télesem. Upnuti zkuSebniho

télesa je volitelné. Tlouk je opatfen snimacem sily, vysledna kiivka se zaznamenava elek-

tronicky. [31]

i

1
i
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Obr. 63 Schéma normalizovaného padostroje [32]

6.2 Unavové zkousky
Pfi tnavovych zkouSkach materidlii se jedna o cyklické dynamické namahani zkusebniho
télesa za podminek, které vedou k destrukci vzorku. Zptsoby deformace jsou: tah, tlak,

ohyb, tah — tlak, smyk.
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II. PRAKTICKA CAST
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7 STANOVENI CiLU DIPLOMOVE PRACE

Cilem diplomové prace je:

a)

b)

d)

f)
9)

vybér vhodnych materialti pro vyrobu uhlikovych galuskovych rafka (predimpreg-
novan¢ materialy s uhlikovou vyztuzi, epoxidovou matrici a s riznym vzajemnym
usporddanim) a materidlu rozfukovaci folie.

provedeni laboratornich testt vybranych materiald,

navrhy konstrukce prototypové formy (navrh prototypové formy s otvorem pro pti-
stup vzduchu)

vyroba prototypu segmentu rafku v prototypové formeé

navrhy zpracovatelskych podminek (teplota, lisovaci a rozfukovaci tlak),

selekce vhodného separacniho ¢inidla

technickd, materialova a technologicka doporuceni (zejména s ohledem na dosazeni
pohledovych dild, s odstranénim piebytku matrice v radiusech, mikroporozita mezi

vlakny, nepiesné napojené fezy vlaken ¢i vzajemna posunuti vldken.

V prvni ¢asti bude proveden navrh materialu a tvaru prifezu ratku s navrhem a vyrobou

prototypové formy, vyroby vzorkd, které budou nasledné otestovany tahem, ohybem, ra-

zem, tlakem a prurazem.

V zavére¢né Casti budou protvedeny laboratorni testy a vyhodnoceny vysledky u vzorkt

Z prototypové formy a porovnany s testovanymi vzorky z jiz vyrabénych rafkt bézné do-

stupnych v Ceské republice.
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8 PROFIL KARBONOVEHO RAFKU

= VRSTVENA <ARBONOVA THANINA
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Obr. 64 Navrh profilu pro karbonovy rafek od spole¢nosti Remerx [33]



UTB ve Zliné, Fakulta technologicka

77

'Iﬂ‘!

1.2

[Pedor: T3 [
|P.:M¢h Uprva
FOLTA ]
=1=1 RX 1088 prDﬁI KAREON
47112012 ol e
Ly

E—:_ll';l';" i:*li!m-

Obr. 65 Vyrobni vykres profilu rafku od spole¢nosti Remerx [33]
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9 NAVRH MATERIALOVEHO SLOZENI

Karbonovy rafek bude materidlové tvotfen vrstvami karbonové pfedimpregnované tkaniny
(prepregu). Pro prvni navrh byl vytipovan HexPly®M49 od firmy Hexcel (vice informaci
na http://www.hexcel.com/resources/datasheets). Tento prepreg je impregnovany epoxido-
vou pryskyfici vytvrditelnou jiz pii 120°C. Na zéklad¢ tloustky stény byly navrzeny pocty
potiebnych vrstev prepregu (tloustka jedné vrstvy cca 0,234 mm).

Tab. 4 Tloustka stény rafku / pocet vrstev prepregu

Tloust’ka stény rafku Pocet vrstev prepregu
0,5 mm 2 (3)
0,8 mm 3(4)
1,2 mm 5 (6)
4,0 mm 17 (18)

U dna profilu, ktery slouzi k prosroubovani stahovacich Sroubti $pic, kde tloustka stény
dosahuje 4 mm, bude vhodné pouzit jiného feSeni nez vyse uvedeného tkaninového pre-
pregu, nebot’ by tato varianta byla neekonomicka. Resenim by mohlo byt pouziti jedno-

smérného karbonového prepregu.

Modul pruznosti pro HexPly
M49

58000 - 56840
56000 -
— 54000 -
g
S 52000 -
“ 50000 -
48000 -
46000 -

55730

T1.0,8 mm T.1,2 mm

Tloustka stény

Graf 1 Modul pruznosti pro HexPly M49
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Mez pevnosti pro HexPly M49
1100 -
1028,8
1012,5
1000 -
e
2
* 900 -
800 -
T.0,8 mm T.1,2 mm
Tloustka stény

Graf 2 Mez pevnosti pro HexPly M49

Obr. 66 Mikroskopické pohledy do struktury uhlikového kompozitu
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Obr. 67 Pohled na tloustky jednotlivych ¢asti rafku

od spole¢nosti Remerx [33]

Pro pfibliZzeni chovani karbonového rafku bylo provedeno mechanické testovani vzorki
karbonového prepregu. Konkrétng byl proveden tii bodovy ohyb dle normy CSN EN ISO
14125. Testovani probéhlo na stroji ZWICK 1456 dostupném v laboratotich UVI a to za
pokojové teploty 22°C. Prob¢ehlo také testovani materialové skladby pro tloustku 0,8 mm a
1,2 mm. Jednotlivé vysledky zobrazuji Graf 1 a Graf 2.
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10 NAVRH PROTOTYPOVE FORMY

Na zéklad¢ prifezu ratku dodaného firmou Remerx byla navrhnuta prototypova forma.
Tato forma obsahuje tvarovou dutinu kopirujici dany prufez rafku, ktery vSak neni zakii-
veny a vyrobkem je tudiz profilovana trubka. Forma se sklada z horniho dilu, dolniho dilu
a dale tvarové kostky, tvotici ¢ast profilu, na kterou u plnohodnotného ratku doseda galus-
kova pneumatika. Modely (3D) jednotlivych casti formy jsou vyobrazeny v nésledujicich

obrazcich.

Obr. 68 Dolni dil prototypové formy

Obr. 69 Horni dil prototypové formy
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Obr. 70 Tvarova kostka

Na zékladé téchto 3D modela byly vytvoieny CAM programy pro obrabéni na CNC frézce
dostupné na pracovisti Ustavu vyrobniho inzenyrstvi. Forma byla vyrobena z hlinikovych
polotovart. Déle je taktéz zvazovano vyrobit nejméné jednu polovinu formy z nastrojové
oceli (napf. tfidy 19) nebo z oceli 12050, popt. 14220 a to z divodu vysokych nakladi na

pofizeni materialu a nasledného opracovani.

Ukolem této prototypové formy je umoznit otestovani separa¢nich prostiedkt pro snadné
vyjimani kompozitniho rafku z formy. Dale tato forma poslouzi k ovéfeni chovani rozfu-
kovaci folie/membrany, které slouzi k pfitlateni materialti uvnitt formy vnitfnim pretlakem
ke sténam tvarové dutiny. Jednotlivé desky (horni 1 spodni) jsou vyrobeny dostatecné ten-
ké, pro zajisténi dobrého piestupu tepla od vyhtivanych desek lisu, ve kterém bude prove-

dena prototypova vyroba.

10.1 Odzkouseni prototypové formy

ZkuSebni, resp. prototypova forma byla vyrobena z hlinikové slitiny, ktera byla natfena
separatem a do ni byl vlozen prepreg a médénou ty¢inkou vtlacen do zéhybl dolni ¢asti
formy, na n¢j byla vloZena duSe a pfes ni polozena zbyld ¢ast prepregu a uzatena horni
¢asti formy. Oba konce duse byly uzavieny svorkami a natlakovana stlaCcenym vzduchem
tak, aby duse vyplnila dutinu formy a udrzela prepreg na svém misté. V nasledujicim kroku
byla forma vloZena do ptedehiatého lisu o teploté 140°C a ponechéna zde 10 minut pro

vytvrzeni prepregu.



UTB ve Zliné, Fakulta technologicka

83

Obr. 73 Prepreg pied pouzitim
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Obr. 74 Piekryti vrstev prepregl
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Obr. 75 Vlozeni prepregu do formy




UTB ve Zliné, Fakulta technologicka 85

Obr. 76 Ulozeni duse na prepreg

Obr. 77 Spodni ¢ast formy s prepregem s dusi a svorkou pted pouzitim



UTB ve Zliné, Fakulta technologicka 86

Obr. 78 Uzaviena forma pted vlozenim do vyhiatého lisu

Obr. 79 Forma vloZena v lisu
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Obr. 81 Otevirani formy
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Obr. 83 Vyjimani tvarové kostky ze spodniho dilu formy
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Obr. 84 Vyjimani vytvrzeného prepregu s dusi ze spodni ¢asti formy

Obr. 85 Vytvrzeny profil po vyjmuti z formy
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Obr. 87 Celni pohled na vytvrzeny profil po vyjmuti z formy
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10.2 Navrh tvaru a materialu rukavu

Pro zajisténi odpovidajici tloustky stény je tieba vyvinout dostatecny pftitlak uvniti rafku.
Na zaklad¢ tohoto pozadavku byly jako vhodné folie vybrany produkty na strankach firmy
AIRTECH. Pti navrhu bylo nutné zajistit, aby dana folie méla co nejmensi tloustku, z da-
vodu jejiho ponechani uvnitt rafku, ale také, aby byla teplotné odolna, konkrétné v rozmezi

od 140 do 170°C. Dle téchto pozadavki byly vybrany typy uvedené v tabulce (Tab. 5).

Tab. 5 Vybrané typy rozfukovacich folii [34]

. Materialovy | Max. pracovni | ProdlouZeni pri
Nazev : N Barva
popis teplota pretrZeni
Stretchlon® 800 Nylon 204°C 450% Oranzova
Stretchlon® 850 Nylon 204°C 450% Oranzova
Ipplon® KM 1300 Nylon 212°C 425% Ruzova
Ipplon® DP1000 Nylon 212°C 450% Lososova
Ipplon® DPT1000 Nylon 246°C 375% Oranzova
Ipplon® WN1500 Nylon 246°C 375% Modra
Wrightlon® 5400 Nylon 177°C 375% Cira
Wrightlon® 600V - 190°C 400% Fialova
Wrightlon® 6400 Nylon 204°C 375% Zluta
Wrightlon® 7400 Nylon 204°C 400% Zelena
Wrightlon® 7400 Nylon 232°C 350% Modra
Dahlar® Release Bag Poly_olefin, 141°C 400% Zelena
125 multi-layer
Dahlar® Release Bag | Nylon, !30- 155°C 475% Cervend
375 lyolefin
Dahlar® 56%6356 Bag | b\p. Nylon 190°C 425% Cird
Econolom Nylon 149°C 375% Cira

Tvar samotného rukavce je dan vnitinim obvodem fezu rafku. Idealni je zvolit folii kruho-
vého priifezu ¢i trojuhelnikového prifezu. Vnitini obvod dodaného fezu rafku je roven 92
mm. Diky prodlouzeni rozfukovaci folie pii zatéZovani, je mozné zvolit obvod folie o jis-
tou hodnotu nizsi (cca o 10%). Navrzené rozméry rozfukovacich folii jsou uvedeny

Vv nasledujicim schématu viz Obr. 86.
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Obr. 88 Navrzené tvary rozfukovacich rukavca

Rozfukovaci rukavec se pii vyrobé polotovaru karbonového rafku protahne nejdiive jed-
nou polovinou a poté nasledné druhou, zvlast’ formovanou. Po protazeni se na konec umisti

rozfukovaci ventilek s koncovkou na pfipojeni ptivodu vzduchu.

10.3 Mikroskopicka diagnostika konkureénich rafku

Firma Remerx dodala vzorky karbonovych rafki od americkych, respektive asijskych vy-
robctll za ucelem provést diagnostiku kvality rafki. Z dodanych rafki byly vytezany vzor-
ky, na kterych byla nasledné pozorovéana kvalita vnitini struktury. Snimky (Obr. 83) ziska-

né z mikroskopu jsou fazeny v nasledujicich obréazcich.

Obr. 89 Mikroskopické snimky vnitini struktury konkurenénich karbonovych ratki

Ze ziskanych snimki je patrné, Ze konkurenéni vyrobky obsahuji velké mnozstvi pord,
otvori a mikrotrhlinek. VSechny tyto proménné mohou zna¢né ovliviiovat zivotnost vy-

sledného produktu, v naSem ptipad¢ uhlikového ratku.
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10.4 Testovani profilu rafku na vytrZeni Spice

Vyrobeny profil byl testovan na trhacim stroji, protoZe bylo potfeba zjistit, zda dojde
Kk vytrzeni $pice z rafku ¢i nikoliv. Vysledkem testu bylo, Ze rafek vydrzel, ale ptetrhla se
Spice a to pfi zatizeni 3700 N, pevnost hibetu tohoto profilu rafku je nad 3700 N. Vyrobe-
ny profil s rozdilnou silou stén: leva strana 0,7 mm, prava strana 1,4 mm a hrbet 3,7 mm.

Testovany vzorek ma na povrchu pory, které se vyplni plnivem.

Obr. 90 Testovani profilu se $pici v trhacim stroji

Obr. 91 Detail uchyceni testovaného profilu se Spici v trhacim stroji
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Obr. 93 Graficky pribéh testu pfti pietrZzeni Spice
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11 NAVRH VYROBNIi FORMY

Ve spolupraci s konstruktérem firmy Remerx vznikaly postupné navrhy vyrobni formy. Na
zéklad¢ tvaru a velikosti rafku byly postupné tvofeny konstrukéni navrhy formy. Ve vsech
se forma skladala ze dvou zédkladnich dilu, horniho a dolniho deskového dilu. Vedeni obou
dild proti sob& zajist'uji tii vodici Gepy, z diivodu spravného slozeni formy. Ukolem t&chto
¢epu je taktéz zamezit pfi zalisovani a rozfukovani pohybu formy v osach x a y. Vnitini
stranu galuskového rafku (misto, na kterém lezi galuskova pneumatika) je na vyrobku vy-
tvafeno pomoci tvarovych segmentii. V prubéhu feSeni diplomové prace vznikala celd fada
konstruk¢nich feSeni téchto dilct, které vice ¢i méné ménily celkové navrhy formy. Jedno
Z feSeni je uvedeno v nasledujici sérii obrazkli. Zobrazené tvarové segmenty jsou navrzeny
jako frézované do pozadovaného zakiiveni a tvaru. Toto konstrukéni feSeni pocita
s vyjmutim danych segmentl véetné vylisovaného uhlikového rafku. Po zvoleni vhodného
separa¢niho Cinidla je pak mozné segmenty odstranit. Po oCi$téni a naneseni separatoru
jsou segmenty opé€t vloZeny na své misto do formy. Jednim ze segmenti je taktéz feSen
ptivod vzduchu do rozfukovaciho rukdvu vedeného uvnitt materidlové skladby. Celkové

navrh pocita s péti tvarovymi segmenty.

Dolni ¢ast formy Karbonovy rafek

Vodici cep

\ Izola¢ni desky

Tvarove segmenty|
Vstup vzduchu

Obr. 94 Celkovy pohled na dolni polovinu navrhu formy
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Horni ¢ast formy

Izolacni desky

Vstup vzduchu

Obr. 95 Celkovy pohled na horni polovinu navrhu formy

Horni 1 dolni ¢ast formy je uvazovéana jako obrabéna (pomoci operaci soustruzeni, vrtani,
brouseni a frézovani), pfipadné upravend pomoci elektroerozivniho obrabéni. Vychozim
polotovarem pro ob¢ ¢asti je blok materidlu o rozmérech 730x730x30 mm. Materialové se

jako nejvhodnéjsi jevi konstrukéni hlinik pro malosériovou vyrobu, 1épe vSak nastrojova

ocel tfidy 19.

Obr. 96 Pohled na tvarovy segment formujici tvar pod galuskovou pneumatikou
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Obr. 97 Tvarovy segment

Obr. 98 Vodici ¢ep

11.1 Vytapéni lisovaci formy

Vyrobni formu je tieba vyhtat na teplotu potfebnou k vytvrzeni pryskyfice uvnitt prepregu.
U testovanych prepregu byla tato teplota v rozmezi 120 — 140°C. Dle uvaZovanych materi-
alt formy (hlinik, ocel) bylo navrZeno vytapéni ve formé topnych téles, které¢ budou uloze-
ny ve vyfrézovanych drazkach.

Vytapéni konstrukéniho navrhu formy je uvazovano ptsobenim elektrického tepla, kon-
krétné pomoci odporovych drati. Navrh vytapéni se fidi pouzitim nasledujicich vypocto-
vych vztahi:

e Mnozstvi tepla potiebné k ohfevu formy — Q [J]
sz'cp'(Tz_T1) 2

kde m [kg] je hmotnost ohfivaného télesa, cp [J/(kg°C) je mérna tepelna kapacita materia-

14, T1[°C] je pocatecni teplota materidlu a T2 [°C] je pozadovana teplota materidlu.

e Topny vykon téles(a) — P [W]
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== 0

- ti'n

kde t [s] je doba ohfevu desek, i [-] je pocet topnych téles a 1 [-] je ucinnost ohfevu.

_ 3 4-'p'P2
d - 1’7T2'U2'CZ (4)

kde p [Q.mm%m] je m&my odpor topného dratu, P [W] je topny vykon t&les, U [V] je na-

e Primér dratu —d [mm]

péti a ¢, [W/cm?] je mémé povrchové zatizeni dratu.

e Délka dratu v trubkovém profilu — | [mm]

l=— 5)

md-cy

kde P [W] je topny vykon téles, d [mm] je primér topného dratu, c, [chmz] je mérné

povrchové zatizeni dratu a i [-] je pocet topnych téles

Na zaklad¢ vySe uvedenych vztaht byl proveden vypocet potiebného priméru a délky od-
porového dratu pro prvni ohfev na pracovni teplotu hlinikové, respektive ocelové formy.
Dle 3D modeli byly ze softwaru odecteny hodnoty hmotnosti. Hlinikova forma danych
rozmértu méla vahu 37 kg, forma z nastrojové oceli pak 106 kg. Vychozi teplota ohieva je
20°C, formu je tfeba vytemperovat na 140°C. Mé&rmné teplo (cp) pro hlinik je 896 J/kg.°C a
469 J/kg.°C pro nastrojovou ocel. Charakteristiky odporovych dratt se 1isi dle jejich kvali-
ty, pro vypocet byly zvoleny nasledujici hodnoty. Mérny odpor materidlu dratu (p) byl
zvolen 1,2 Q. mm?m, jeho m&rné povrchové zatizeni pak 1,3 W/ecm?. Cas prvniho ohievu
byl zvolen 1,5 hodiny, pfi uc¢innosti 70% za pouziti dvou odporovych drati (jeden trubko-
vy profil v kazdé poloviné formy). Napéti na vstupu bylo uvazovano 230V. Vysledky jed-

notlivych vySe uvedenych vztaht jsou uvedeny v nasledujici tabulce (Tab. 5).

Tab. 6 Vysledky parametri odporového dratu pro vytapéni

Material formy
Hlinik Nastrojova ocel
Potiebné mnozstvi tepla 3978240 5965680 J
Topny vykon 1 télesa 526 W 789 W
Minimalni primér dratu 0,58 mm 0,76 mm
Zvoleny pramér dratu 1 mm 1 mm
Potiebna délka dratu 25,8 m 38,9 m
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Hodnoty délek drati jsou pomérné vysoké, avSak zménou praméru dratu dochazi k ze
znaénému snizeni tohoto parametru. Déle je nutné uvazovat, ze odporovy drat je v topném
télese (trubici) namotan ve spirdle. Po prvnim vyrobnim cyklu uz bude potfeba mnohem

mensi ¢as na opétovny ohiev formy.

V nasledujici obrazcich jsou zobrazeny navrzené tvary topnych téles (Obr. 18-20). Prvni
navrzena varianta vytapéni uvazuje jeden trubkovy profil o vnéj$im priméru 8 mm o pfi-
blizné délce 2,8 m. Druhd varianta vyuziva opét jednoho trubkového profilu o shodném
pruméru, uloZzen¢ho v ,,zig-zag® stylu. Délka trubkového profilu v této varianté je 2,3 m.
Posledni navrzena varianta vyuziva dvou trubkovych profilti o priméru 8 mm, kdy celkova
délka obou profilt je 2,85 m. Do navrzen¢ho trubkové profilu bude vlozeno potiebné

mnozstvi odporového dratu.

L= 2798mm & 28 m; d = 8mm

Obr. 99 Varianta vytapéni ¢.1
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L = 9290mm = 23 m: d = 8mm

Obr. 100 Varianta vytapéni ¢.2

L = 285 mm ~ 2,85 m, d = 8mm

Obr. 101 Varianta vytapéni ¢.3
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11.2 Navrh technologického postupu vyroby

Na zakladé literarni reSerse a vyroby na prototypové formé byl navrzen nasledujici techno-

logicky postup vyroby:

Naneseni separacniho ptipravku na v§echny casti formy

Vyhrati lisovaci formy na zpracovatelskou teplotu prepreg materialt
Ptilozeni tvarovych segmenti k polotovaru uhlikového rafku
Vlozeni polotovaru uhlikového rafku do formy

Uzavteni formy, lisovani po dobu potfebnou k vytvrzeni pryskytice
Otevieni formy, vyjmuti karbonového rafku

Odstranéni tvarovych segmentt

© N o gk~ w0 NP

Ptiprava formy na novy cyklus

Uvedeny technologicky postup lze libovolné modifikovat na zaklad¢ tpravy formy, napii-
klad budou-li tvarové segmenty pohyblivé uloZeny jako soucast formy, neni mozné jejich
ptilozeni k polotovaru uhlikového rafku a jejich odstranéni je feSeno pomoci odformovaci-

ho mechanismu.

Pfi lisovani pohledovych dilct, jako v naSem piipadé, se v praimyslu pouzivaji taktéz plni-
¢e poru. Tento ptipravek je k dostani na ptiklad od firmy Henkel => plni¢ B-15, ktery se
dvakrat nanese na formu a necha se 24 hodin vytvrdit. Potom se opé&t pfimo na formu na-
nese separator Frekote 700 anebo Frekote770 od stejného vyrobce. Separdtoru je tieba
nanést celkové 4 vrstvy. Dals$i moznosti je pouzit systém od konkuren¢niho vyrobce, kon-
krétné FLEX-Z a SEALER GP od firmy ZYVAX. Materidlové listy jsou uvedeny

Vv piilohéach.
11.3 Penetracni a separaéni prostiedky

11.3.1 Loctite Frekote B-15 Penetra¢ni natér - plnic¢

Loctite® Frekote® B-15 je prostfedek na zaplnéni port formy, ktery uté€sni porézni mista a
zaplni mélké povrchové poskrabani. Pouziva se ve spojeni s dal§imi produkty Loctite®
Frekote® a slouzi jako vynikajici podklad, ktery zlepSuje vlastnosti pouzitych separatora.
Nanasi se tenka stejnoméerna vrstva na Cisty povrch formy nastfikem, Stétcem, naméacenim
nebo roztiranim mékkym bavinénym hadiikem nezanechavajicim chloupky. NanaSeji se

minimalné 2 vrstvy a kazda vrstva se nechd 30 minut zaschnout pfed nanesenim dalsi. Ko-
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neéné tvrdnuti trva nejméné 24 hod. pii pokojové teploté. Cira tekutina, aplikuje se pfi

teploté 15 az 60 °C. [35]

11.3.2 Loctite Frekote 700-NC Separator

Loctite® Frekote® 700-NC je univerzalni separa¢ni prostiedek s vysokym skluzem vhod-
ny pro piipady, kde jsou problémy s geometrii formy. Rychle tvrdne za pokojové teploty a
vytvari leskly povrch na vyliscich. Nanasi se na Cisty povrch formy néstfikem, Stétcem
nebo potfenim cistym bavinénym hadiikem nezanechdvajicim vlakna. NanaSeji se az 4
vrstvy, jednotlivé vrstvy se nechévaji 5-10 min. zasychat. Podle potieby se provede retuse.
Cira tekutina, aplikuje se pii teploté 15 az 135 °C. Koneéna doba vytvrzeni pii 100 ° C je
5 minut. Tepelna stabilita separatoru az do 400 ° C. [35]

11.3.3 Loctite Frekote 770-NC Separator

Loctite® Frekote® 770-NC je univerzalni separacni prostiedek s vysokym skluzem
vhodny pro ptipady, kde jsou problémy s geometrii formy. Rychle tvrdne za pokojové tep-
loty a vytvari leskly povrch na vyliscich. Nanasi se na Cisty povrch formy na-
stitikem, ,Stétcem nebo potfenim Cistym bavinénym hadiikem nezanechavajicim vldkna.
Nanaseji se aQ 4 vrstvy, jednotlivé vrstvy se nechavaji 5-10 min. zasychat. Podle potieby

se provede retuse. [35]

11.4 Postupu upravy povrchu rafki

Po vyjmuti z lisovaci formy muZe karbonovy rafek obsahovat mistni pfetoky epoxidové
pryskyfice v dasledku jejiho toku vlivem pusobeni tlaki ve formé. Tyto pfetoky je nutné
ruén€, pomoci brousiciho papiru jemné zrnitosti obrousit. Po navrtani potiebnych otvorii
pro Spice je tieba piebrousit cely povrch ratkli pod vodou pomoci brousiciho papiru jemné
zrnitosti. Vysledny vzhled povrchu po lisovani mtize obsahovat nedokonalosti ve formé
bublinek ¢i mist bez pryskyfice. Tyto mista je tieba oSetfit pomoci specialnich tmela. Poté
je tteba mista opétovné piebrousit a cely povrch zkontrolovat. Po kompletnim oSetfeni
muze nasledovat naneseni znaceni, obtiskil ¢i nalepek. Po tomto kroku je potfeba vSechny
upravy zafixovat. Zafixovani se provadi nanesenim lesklého laku. Je nutné vSak zamezit

zalakovani brzdnych ploch na rafku, nebot’ by byla zna¢né snizena ucinnost brzdéni.

Jednim z moznych FeSeni je pouziti kompletniho systému od firmy Basler Lacke, ktery ma

tuzemského zéastupce ve firmé Bokatech. Spole¢nost Basler Lacke se specializuje na vyro-
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bu vysoce kvalitnich dvoukomponentnich natérti, které jsou aplikovany na kompozitni
materialy. Po aplikaci lakovaciho systému od této firmy je povrch kompozitu chemicky

odolny, odolny proti UV zafeni a mechanickému poskozeni.
Aplikace laki: uhlikové dily pro automobily a tunning, sportovni kola, tenisové rakety,
ptilby, vyrobky pro jachting a ortopedické protézy.
Natcérovy systém:
e PIlnic¢
e Podkladovy natér

e Aplikace barevného designu nebo specialnich efektl

e Ochranné natéry jako je lesk nebo mat

Veskeré dodavané produkty od firmy Basler Lacke jsou uvedeny v nasledujicich tabul-
kach.
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Tab. 7 Produkty pro upravu povrchu od firmy Basler Lacke [36]
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Tab. 8 Produkty pro upravu povrchu od firmy Basler Lacke [36]
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Tab. 9 Produkty pro upravu povrchu od firmy Basler Lacke [36]
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12 MECHANICKE ZKOUSKY VZORKU

Byly provadény na zatizeni vyrobeném spolec¢nosti Zwick Roell 1456, jedna se o univer-
zalni testovaci stroj urCeny pro statické a dynamické (nizkocyklové) zkousky: tah, tlak,
ohyb, smyk, creep. Stroj je urcen k testovani polymera (plasty, pryze) a kompozitnich ma-

teriali na polymerni bazi. Teplotni rozsah zkousek: — 70°C az + 290°C.

Snimace sily: 25 kN, 2.5 kN

Obr. 102 Univerzalni testovaci stroj Zwick Roell 1456 [37]
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12.1 Priprava zkuSebnich téles

Pro zkousSku na trhacim stroji byly vylisovany tfi krat 3 vzorky desek o dvou, ¢tyiech a péti
vrstvach prepregu o rozméru 160 x 170 mm. Tyto desky byly nasledné orysovany na roz-
mér 20 x 150 mm tak, aby z kazdého vzorku desky bylo alespon 6 zkuSebnich vzorkd,

resp. 18 kusi od kazdého druhu.

Obr. 103 Vylisovana deska s orysovanymi rozméry pro fezani paskt 20 x 150 mm

12.2 Zkouska tahem

Pfi zkousce tahem je zkuSebni téleso zatéZzovano statickym jednoosym tahem a obvykle
kon¢i destrukei zkuSebniho télesa, které je ve zkuSebnim stroji zatézovano pomalu rostouci
silou az do ptetrzeni. ZkuSebnimi télesy v tomto ptipad¢ byly natezané pasky o riznych
tloustkach a to: 0,5; 0,95 a 1,13 mm. Zkouska a rozmér vzorktl je v souladu s normou CSN

EN ISO 275.

Vzhledem Kk tomu, Ze tuto zkousku nebylo mozné provézt z divodu ,,vytahovani* pasku

z Celisti, bylo piistoupeno ke zkousce ohybem.
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12.3 Zkouska ohybem

Pti zkouSce ohybem je zkuSebni téleso uloZena na podpérach a uprostied zkusebniho télesa
pusobi zatézujici sila. Napéti prifezu je rozdéleno nerovnomérné, tj. od nulové hodnoty
V neutralni ose roste do maxima v povrchovych vlaknech. Pfi postupné rostoucim zatizeni
odmétujeme prithyb zkuSebniho télesa y az do okamziku, kdy se zkuSebni téleso pielomi
nebo se trvale prohne. Zjistuje se pevnost v ohybu Ry a prihyb zkusebniho télesa y az do

okamziku, kdy se zkuSebni téleso pfelomi nebo trvale prohne

MO max MO max
0, = Mopex = Momex  [\ipy] (6)
2
W, — modul prutezu v ohybu pro obdelikovy prifez W, = % [N.mm?3] @)
, F.Lp
M, — ohybovy moment Mg ymqx = —= [N. mm] (8)

Obr. 104 ZkuSebni pasek mezi trnem a podpérami
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Pribéh zatézovani zkusebnich paski o tloustkach 0,5 mm (2 vrstvy); 0,95 mm (4 vrstvy) a
1,13 mm (5 vrstev prepregl); viz. grafy ¢€.1, 2 a 3, pro kazdy typ materidlu bylo provedeno

10 méfeni.

Obr. 105 Detail zkusebniho pasku mezi trnem a podpérami

12.4 Vyhodnoceni ohybovych zkousek

e Aritmeticky primér X - hodnota popisujici soubor mnoha hodnot. Je to soucet

vSech hodnot vydéleny jejich poctem.

e Median M - polovina hodnot vybérového (zakladniho) souboru leti pod resp. nad
medidnem. Soubor je vSak nutno uspotadat vzestupné (sestupné). V souborech o
sudém poctu ¢lentll je za median povazovéana hodnota v piili intervalu mezi dvéma

prostfednimi hodnotami.

e Smeérodatnd odchylka s - primérnd hodnota, o kterou se primérné 1isi namétrené

hodnoty od aritmetického praméru.

e Variacni rozpé€ti R - rozdil mezi minimalni a maximalni hodnotou vybérového (za-

kladniho) souboru.

e  Minimum Xmi, - minimalni hodnota z namétenych dat.
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e  Maximum Xmax - maximalni hodnota z namétenych dat

e Chyba méfeni S — podil aritmetického priméru odmocninou poctu méteni

Tab. 10 Naméfené hodnoty pro 2 vrstevy prepregi o tloustce 0,5 mm

T‘l,(z):)l:lt;l;a E Omax €F max og €p W0 ,.x
[mm] [MPa] [MPa] [%)] [MPa] [%] [N. mm]
36400 753 2,5 366 2,8 293,72

35900 707 2,4 310,02 2,6 268,93

33700 671 2,6 316,11 2,7 297,89

35300 754 3 445,79 3,1 409,42

0,5 36700 763 2,9 419,27 3 402,23
32500 641 2,5 310,63 2,7 262,94

32100 654 2,9 364,12 3 348,33

36100 657 2,2 260,36 2,3 249,65

36400 637 1,9 223,79 2,1 197,64

34800 690 2,6 327,95 2,7 308,02

Tab. 11 Naméiené hodnoty pro 4 vrstevy prepregu o tloust’ce 0,95 mm

mowthka g | o | emn | o | | Wous

[mm] [MPa] [MPa] [%] [MPa] [%] [N.mm]
42700 939 2,3 620,4 2,3 615,6

44000 977 2,3 659,48 2,3 646,75

41800 854 2,1 591,88 2,3 510,35

20800 795 2,5 552,97 2,6 521,15

39200 902 2,3 552,34 2,3 548,15

0% 43600 976 2.4 710,52 24 703,85
39400 905 2,3 593,41 2,3 582,74

43300 872 2,3 674,32 2,7 591,77

38700 868 2,5 660 2,6 640,85

46100 1010 2,2 663,04 2,3 651,37
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Tab. 12 Naméiené hodnoty pro 5 vrstev prepregt o tloust’ce 1,13 mm

Tloustka
vzorku E Omax €F max OB € Wo—max
[mm)] [MPa] [MPa] [%] [MPa] [%] [N.mm]
49000 1080 2,3 830,22 2,3 827,7
54700 1140 2 710,57 2 696,87
53000 1090 2 777,84 2,1 689,61
42700 863 2,3 755,03 2,5 665
113 45600 900 2,2 860 2,8 631,2
44800 1050 2,3 881,78 2,7 805,55
40600 878 24 728,64 2,8 660,34
44400 985 2,4 812,21 2,6 772,16
42800 1040 2,3 834,02 2,6 799,48
43900 902 2,5 873,75 3,1 758,71
Tab. 13 Vyhodnoceni hodnot pro vzorky tloustky 0,5 mm
Tloustka
0, 5 mm E Omax €F max O €p Wcmax
n=10 [MPa] [MPa] [%] [MPa] [%] [N.mm]
X 35000 693 2,6 334,4 2,7 303,88
M 35600 680,5 2,55 322,03 2,7 295,805
s 1680 48,9 0,3 67,28 0,3 66,72
R 4600 126 1,1 222 0,9 211,78
Xmin 32100 637 1,9 223,79 2,1 197,64
Xmax 36700 763 3 445,79 3 409,42
S 531,263 15,4635 0,09487 21,2758 0,09487 21,0987
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Tab. 14 Vyhodnoceni hodnot pro vzorky tloustky 0,95 mm
Tloustka
0,9 5 mm E Omax €F max O €p Wo'max
n=10 [MPa] [MPa] [%] [MPa] [%] [N.mm]
X 40900 910 2,3 627,84 2,4 601,26
M 42250 903,5 2,3 639,94 2,3 603,685
s 4570 66,4 0,1 53,86 0,2 62,2
R 16300 215 0,4 158,18 0,4 193,5
Xomin 29800 795 2,1 552,34 2,3 510,35
Xmax 46100 1010 2,5 710,52 2,7 703,85
S 1445,16 20,9975 0,03162 17,032 0,06325 19,6694
Tab. 15 Vyhodnoceni hodnot pro vzorky tloustky 1,13 mm
Tloustka
1.13 mm E O max €F max Op €p Womax
n=10 [MPa] [MPa] [%] [MPa] [%] [N. mm]
X 46100 992 2,3 806,4 2,5 730,66
M 44600 1012,5 2,3 821,215 2,6 727,79
S 4620 99,9 0,2 60,68 0,3 70,12
R 14100 277 0,4 171,21 0,8 174,35
Xmin 40600 863 2 710,57 2 631,2
Xmax 54700 1140 2,4 881,78 2,8 805,55
S 1460,97 31,5912 0,06325 19,1887 0,09487 22,1739

12.4.1 Vyhodnoceni vysledku testii

V programu TextXpert I byly ziskany grafy zavislosti napéti o [MPa] na pomérné defor-
maci € [%]. Dale program vyhodnotil primérnou hodnotu x a smérodatnou odchylku s.

Meéfteni probéhlo za pokojové teploty 22 °C.
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Graf. 5 Prab¢h zatézovani do prelomeni 5-vrstvého pasku

Modul pruznosti E se se zvysujici tlouStkou pasku zvySuje, stejné tak i napéti 6. AvSak u

vzorkd tloustky 0,5 mm je patrna odolnost proti pielomeni prohnutim, kterd se snizuje

s rostouci tloustkou vzorki. Pii konstrukci rafku, resp. pomér stran profilu rafku, musi

zohlednit ,,chovani* rafku pfi zatizeni v provozu.
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mm mm mm

Graf. 6 Vyhodnoceni modulu pruznosti s pfirtstky
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Graf. 8 Pomeérné prodlouzeni € xS prirtstky
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Graf. 11 Vyhodnoceni pomérného prodlouzeni €g S ptirastky

12.5 Razova ohybova zkouska vrubové houzevnatosti

Razova ohybova zkouska vrubové houzevnatosti byla provedena na zkusebnim stroji spo-
le¢nosti CEAST Resil Impactor Junior spoc¢iva v prerazeni zkusebniho vzorku jednim ra-
zem kyvadlového kladiva a v uréeni narazové prace, ktera se pfitom spotfebovala. Energie

kladiva 7.5 J— 3.7 m/s.

Obr. 106 CEAST Resil Impactor Junior [37]
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Obr. 107 CEAST Resil Impactor Junior béhem razové zkousky

Obr. 108 CEAST Resil Impactor Junior priubéh razové zkousky
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e

Obr. 109 Zkusebni vzorek 15 x 50 x 0,5 mm pro razovou zkousku
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Graf. 12 Prabéh razové zkousky pasku o sile 0,5 mm
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Graf. 13 Pribéh razové zkousky pasku o sile 0,95 mm
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Time [ms]
Graf. 14 Pribéh razové zkousky pasku o sile 1,13 mm

12.6 Priprava zkuSebnich vzorki

Zkusebni vzorky byly pipraveny z rafkii b&Zn& dodavanych do Ceské republiky.

Obr. 110 Karbonovy rafek Remerx Saw 38, asijské vyroby k otestovani vzorek ¢. 1

Obr. 111 Karbonovy rafek asijské vyroby k otestovani vzorek ¢. 2
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Obr. 113 Karbonovy rafek americké vyroby vzorek ¢. 4

12.7 Tlakova ohybova zkouska

Tlakova zkouSka byla provadéna na univerzalni testovaci stroj Zwick Roell 1456,
testovany byly rafky z prototypové formy a pouzité rafky, které byly vyrobeny

ve Spojenych statech americkych a Asii, pro spole¢nosti American classic a Remerx a dal-

81, které se prodavaji v Ceské republice.

Obr. 114 Ptiprava prototypu k roziezani pro tlakovou zkousku
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Obr. 115 Zkusebni vzorky pro tlakovou zkousku z prototypu

Obr. 118 Zkusebni vzorky pro tlakovou zkousku z pouzitych rafki ¢.3
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Obr. 119 Zkusebni vzorky pro tlakovou zkousku z pouzitych rafka ¢.4

Obr. 120 Celni pohled na pouzité ratky ¢. 1,2, 3a 4
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Obr. 121 Horni pohled na pouzité rafky ¢. 1, 2,3 a 4
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Obr. 122 Zkusebni prototypovy vzorek pied tlakovou zkouskou
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Obr. 123 Zkusebni prototypovy vzorek pti tlakové zkousce

Obr. 124 Detail zkusebniho prototypového vzorku pii tlakové zkousce
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Obr. 125 Prub¢h zatézovani prototypového vzorku pii tlakové zkousce
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12.7.1 Vyhodnoceni tlakovych zkousek

Prototyp rafku odpovida hodnotam jiz pouzivanych rafki.

Tab. 16 Vyhodnoceni medianu hodnot pro prototyp a vzorky ¢. 1,2, 3,a 4

Cislo vzorku E Fnax W0 nax
jednotka [GPa] [N] [N.mm]
prototyp 2,47 200,5 495,715

&1 14,2 316 405,02
&2 21,9 494 149,25
&3 1,02 401 670,5
& 4 21,7 355 242,95

12.7.2 VysledKky testi

V programu TextXpert II byly ziskany grafy zavislosti napéti ¢ [MPa] na pomérné defor-

maci € [%]. Dale program vyhodnotil primérnou hodnotu X a smérodatnou odchylku s.

Meé-tfeni probéhlo za pokojové teploty 22 °C.

Zaté&Zujici sila [M]

Graf. 15 Pribéh zatézovani prototypu do prasknuti

Deformace [mm]
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Graf. 16 Pribéh zatézovani do prasknuti zkusebniho vzorku ¢. 1

[N] eps piinza1ez

Deformace [mm]

Graf. 17 Pribéh zatézovani do prasknuti zkuSebniho vzorku ¢. 2
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Graf. 18 Priibéh zatézovani do prasknuti zkuSebniho vzorku €. 3
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Graf. 19 Pribéh zatézovani do prasknuti zkuSebniho vzorku ¢. 4
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12.8 Priprava vzorki pro Impact test

Obr. 127 Zkus$ebni vzorky €. 3 a 5 pro Impact test

Obr. 128 Zkusebni vzorky ¢. 4 a 6 pro Impact test

Obr. 129 Zkusebni vzorky ¢. 7 a 8 pro Impact test

Obr. 130 Zkusebni vzorky z prototypu pro Impact test
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12.8.1 Vyhodonoceni Impact testu

Impact testy byly provadény na padostroji vyrobeném spolecnosti Zwick Roell HIT 230 F.

Obr. 131 Padostroj spole¢nosti Zwick Roell HIT 230 F [31]
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Obr. 132 Zkusebni vzorky ¢. 1 az 8 po Impact testu

Tab. 17 Rozdé&leni vzorku €. 1, 2, 3, a 4 pii Impact testu

Zkusebni vzorek Cislo vzorku z Impact testu
¢.1 3a5
¢ 2 7a8
¢.3 426
¢.4 la2
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Obr. 133 Zkusebni série prototypu po Impact testu

12.8.2 Vyhodnoceni vysledki testt

V programu TextXpert II byly ziskany grafy zavislosti napéti ¢ [MPa] na pomérné defor-
maci € [%]. Dale program vyhodnotil primérnou hodnotu x a smérodatnou odchylku s.

Meéfteni probéhlo za pokojové teploty 22 °C. Vyska padu 440 [mm)].
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Tab. 18 Vyhodnoceni hodnot pro vzorky €. 1

a

o

L
s | 8| 5| ¢ T 5| 2 9
S Q £ | © x £ | e | G g
>| & <= |8 £ & S| a9 s | 2| 2| 8| =
E | 2| 8|3 = o | = | 8 o
28|25 > 2| % 2
02| 3| E g
N [ -

o

[J]

[t
n=2 | m/s | kg J N mm J m/s | m/s % | mm N J J
{xo}l 2,94 | 23,2 100 | 1331 (9,24 6,69 | 2,93 | 2,84 |3,28 10,8 | 666 | 8,32 | 10,7
3 0 0 0 84,2 | 3,08 | 2,83 0 0,03 | 1,3 | 4,8 | 42,1 | 4,62 | 2,56
{ny} 0 0 0 6,33 (33,3 |423|0,15| 1,19 |1 39,5(44,9 | 6,33 | 55,6 | 23,9

Tab. 19 Vyhodnoceni hodnot pro zkusebni vzorky ¢. 2

@

o
~ < -
Q :>" 8 :EJD 'E
s /3|5 |¢ Tl x| S g
] ] x (7 c
S| | E|g| 8 g|E|8 |5 |E|a|e| g
|2 ¢ 3| ¢« S| = | 8 9
R R - 507 % =
S = [} £ o
N o | Y | =

]

[J]

-
n=2 | m/s | kg J N mm J m/s | m/s | % | mm N J J
{xo}l 2,94 | 23,2 (100 | 1648 | 8,08 | 7,94 | 2,94 | 2,77 | 5,77 | 10,8 | 824 | 11,2 | 15,6
3 0 0 0 133 | 1,44 | 2,96 0 0,09 | 3,02 | 2,61 | 66,7 | 4,77 | 6,71
{ny} 0 0 0 81 (179|373 (0,06 |3,14 | 52,3 |24,2| 8,1 | 42,5 | 42,9
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Tab. 20 Vyhodnoceni hodnot pro zkusebni vzorky ¢. 3

a

o

L
s 3| 5|8 Tz |2 ]
S 2 £ | © x € B | £ S S
> © < P £ VE) = o0 w Z 2 L‘E' ug.f =
| 8| e || < o | 2| 3 °
2| 2|85 > 7| % =
12| 3| E g
N [ -

o

[J]

[t
n=2 | m/s | kg J N mm J m/s | m/s | % | mm N J J
{x°}' 2,94 [ 23,2 | 100 | 1416 | 11 | 9,18 | 2,93 | 2,82 | 3,94 | 12,2 | 708 | 10,6 | 12,6
3 0 0 0 83,6 | 449 | 3,11 | 0,01 | 0,05 (1,39 |5,29 | 41,8 | 3,99 | 2,05
{ny} 0 0 0 5,91 41 339 | 0,24 1,68 |35,2|43,4(5,91|37,7|16,4

Tab. 21 Vyhodnoceni hodnot pro zkusebni vzorky ¢. 4

7]

o
< S -
Qo % 8 :TJD 'E
< © £ @ -~ ] ey
[7] - = -
o § g S x uso 2 S b
S| s | |g| E|E|E | & s | 2| 2| 2|8
~E \2 ~¢>u -g = (%] ; o é 8 o
2l g 8|5 17 0% =
2| 5| 8| E a
N o -

<]

(V]

[t
n=2 | m/s | kg J N mm J m/s | m/s % mm N J J
{xo}l 2,94 | 23,2 (100 | 1649 (4,25 | 3,46 (2,93 | 2,83 | 3,33 (7,06 | 825 | 7,07 | 11
3 0 0 0 83 1,3 | 1,55 /0,01 | 0,01 | 0,77 | 1,02 | 41,5 | 1,63 | 1,65
{ny} 0 0 0 503 1305 | 44,7 10,38 0,42 | 23,1 | 14,4 | 5,03 23 15
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Tab. 22 Vyhodnoceni hodnot pro prototyp

]
o
S| - | o
r § .ED .E
C = Q —~~— — 2 '-G
g § g S x hSD b= S £
° o £ ' @ £ € K3 W > o o e | 8
L~ ‘E N x E (7, ; o = [ w
2 c S 3 w L) = 0 2
"l 2 s > 7] 3 3
= 9 £ a
o | @ | =
<]
()
[t
n= m/s | kg J N mm J m/s | m/s | % mm N J J
{xo}l 2,94 | 23,2 | 100 | 1881 | 6,07 | 7,07 | 2,92 | 2,75 | 5,56 | 8,42 | 941 | 11,6 | 16,7
S 0 0 0 457 | 2,28 | 4,44 | 0,01 | 0,18 | 5,73 | 5,38 | 228 | 11,4 | 13,4
{ny} 0 0 0 243 (3751629044 | 6,48 | 103 | 63,8 | 24,3 (98,5 | 80,4
Tab. 23 Vyhodnoceni hodnot pro v§echny testované vzorky
_ i =
k= =y = Q
— s £ £ & E -Eé a o o S
@ o =
X E Iy ; 2 é 3 w w ©
S| 2| % =
a
Vzorek N mm J m/s | m/s | % mm N J J
¢.1 1330,99 | 9,24 | 6,69 | 2,93 | 2,84 (3,28 | 10,81 | 665,5 | 8,32 | 10,71
c.2 1647,67 | 8,08 | 7,94 | 2,94 | 2,77 | 5,77 | 10,77 | 823,84 | 11,24 | 15,63
¢.3 1415,98 | 10,95 | 9,18 | 2,93 | 2,82 | 3,94 | 12,2 | 707,99 | 10,57 | 12,55
c.4 1649,39 | 4,25 | 3,46 | 2,93 |2,83 (3,33 | 7,06 | 824,7 | 7,07 | 11,03
Prototyp 1881,25 | 6,07 | 7,07 | 2,92 | 2,75 (5,56 | 8,42 | 940,62 | 11,55 | 16,66
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Graf. 20 Pribéh Impact testu u zkuSebni série vzorku ¢. 1
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Graf. 21 Prabéh Impact testu u zkusebni série vzorku €. 2
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Filtrovana sila [N]

Standardmi draha [mm]

Graf. 24 Prabéh Impact testu u série prototypu

U zkusebnich vzorkl €. 1, 2, 3 a 4 obsahovala serie dva kusy, u prototypové serie Ctyfi
kusy. Vysledné hodnoty se u jednotlivych vzorki v sérii vyznamné lisi, coz bylo zpisobe-
no tim, Ze jednotlivé vzorky nebyly stejného rozméru a tlouStka stén rafkd nebyla u jednot-

livych sérii zcela shodna.
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13 EKONOMICKE ZHODNOCENI

Jak jiz bylo zminéno diive, jsou rafky z uhlikovych vladken cenové nakladné oproti stavaji-

cim duralovym a ocelovym rafkim.

13.1 Duralovy rafek

Duralové rafky lze zakoupit v cen€ zacinajici od desitek az po tisice korun ¢eskych.

Rafek Remerx Well 559x19, 32 dér, ;| Rafek Remerx Better 559x19, 36 Rafek Remerx Tubular 559x23, 24
bily dér, terny dér, Cerny

245 KC 262 KC 692 KC
A = viztnd PHE a DPH - viztns PHE a DPH j e vietnd PHE 2 DPH
ﬁ{?\ 2 - 4 dny M 2 - 4 dny \s{ 2 - 4 dny
- =

Rifzk Remer: Wall 55%:19, 32 dir, bily. Rifzk Remer: Better 55319, 35 dir, Serny... Rifzk Remerc Tubulsr 55923, 24 dér, Sarny.
Soustrufené brzdné plochy, jednonyt, bity Pro diskowvé brzdy, jednonyt....

Rafek Remerx Alcyon 622x%14, 20 Rafek Remerx Tubular 559x23, 28 : Rafek Remerx Tubular 559x23, 28

dér, cerny dér, bily dér, cerny
502 K& 388 KC 665 KC
[ % wigtn& PHE = DPH S wiztng PHE 2 DPH wiztng PHE = DPH
O 4 .
\ S 1| 2-adny ok 2 - 4dny \EJ/ 2-4adny
e b s
pfidat do koSku B pfidat do koSku B piidat do koSku B

Rafek Remerx Aloyon 82514, 20 dar, Rafek Remerc Tubular 555x23, 28 dér, pro Rafek Remen: Tubular 55523, 28 dér, pro
soustruzens brzdne plochy, jednonyt, Serny... diskowvou brzdu, jednonyt, biky... diskovou brzdu, jednonyt, Eerny...

Rafek Remerx Alcyon 622x14, 24 Rafek Remerx Rapid 622x15, 24 Rafek Remerx Sunbow 622x13, 32
dér, terny dér, terny dér, Cerny

461 KC 396 KC 466 KC
& S viztnd PHE = DPH m, viztnd PHE = DPH wiztnd PHE = DPH
v.t v [ 2-4dny tj 2 - 4 dny ( ) 2 - 4 dny
-

Rifzk Remerx Aloyon 622:14, 24 dir, Rifzk Remerx Rapid 622x15, 24 dér, soustrufens | Rifek Remerc Sunbow 62213, 32 dér,
soustrufene bradné plochy, jednonyt, Cerny... brzdné plochy, Cerny... Soustruzene brzdné plechy, jednonyt, Cerny

Rafek Remerx Eagle 559x16, 32 Rafek Remerx Taurus 622x14, 32 Rafek Remerx Natural 203x21, 16
dér, erny dér, stiibrny dér

494 KC 296 K& 57 KE

viztnd PHE = DPH viztnd PHE = DPH e viztnd PHE = DPH
H. 2 - 4dny @ 2 - 4dny S 2 - 4dny

Rafek Remerx Eagle 55518 RMX 7217, 32 d&r, Rafek Remerx Taurus £22:14, 32 d&r, Jednosténny rafek Remen: Matural 20321, 16
Soustruzzens brzdné plochy, dvou nyt, Serny Soustrufens brzdné plochy, stibrny elox... dér, vyrabEny z materidlu s wylepSenymi
elo.. charzkteristikami....

Obr. 134 Ptehled cen duralovych rafki [38]
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13.2 Karbonovy rafek

Karbonové ratky Ize zakoupit od Etyt do tficeti tisic korun Ceskych.

piedni EASTON EA70XC EASTON EAT70 predni Easton EA70 X FRNT EASTON Zapletena kola
od 4 000 K¢ (3 e-shopy) od 4 000 K& (1 e-shop) BLKC9x100 Vista SL Road
Aok ok gk gt YIVIYIYITY 4 300 K& (Veloservis Pesek a 5990 K& (Mojekolo.cz)
— > e = syn) A gk gk gk
(] Uloit k [ Ulozit k
= OZi € srovnani 2 OZ € srovnani {?{}i}ﬁﬁ

[} Ulozit ke srovnani
[} Ulozit ke srovnani

— g
EASTON EA70 SL Front EASTON Zapletena kola zadni EASTON EA70XC piedni EASTON EA70XCT
700C AM 14 AERO Road od 6 371 K& (2 e-shopy) od 6 490 K¢ (2 e-shopy)
6 000 K& (Progress Cycle) 6 290 K& (Mojekolo.cz) Agkak gk ghs WYY
W W [[] Uloiit ke srovnani [7] Ulozit ke srovnani
[T} UloZit ke srovnani [C] Ulozit ke srovnani

Obr. 135 Piehled cen karbonovych rafkt [39]
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ZAVER
Teoreticka ¢ast je vénovana kompozitnim materialiim, jejich rozdé€leni, vyuziti a nasledné
recyklaci, zejména z uhlikovych vlaken, tj. karbonovym kompozitim, ale také skelnym,

rovingovym, hybridnim a aramidovym vlakntim, tkanindm a prepregtim.

Jsou zde popsany stavajici rafky zavodnich kol, které v Ceské republice vyrabi spole¢nost
Remerx s.r.o. a jin7ch vyrobct ze slitin hliniku, jejich vlastnosti, konstrukéni feSeni

s navrhem ekvivalentniho materialu pro jejich vyrobu.

Obsahuje také vysledky z provedenych reSersi v databazich duSevniho vlastnictvi Evrop-
ského patentového ufadu, Utadu primyslového vlastnictvi Ceské republiky a Utadu pro
harmonizaci ve vnitinim trhu. Relevantni vysledky byly vyuzity pfi navrhu tvaru profilu
ratku, prototypové formy a postupu pro vyrobu segmentu rafku, reserSe je v piiloze této

diplomové¢ prace.

Soucasti je také referSe v internetovych strankach, kterd mi pomohla pfti provadéni reserse

chranénych technickych a designovych feseni.
V praktické ¢asti byl podle stavu techniky, uréeného z resersi, navrzen tvar profilu rafku.

Prototypova forma segmentu rafku byla vyrobena ze slitin hliniku, pfi¢emZ material formy

pro zhotoveni celého rafku navrhuji nastrojovou ocel tfidy 19.

Pro vyrobu segmentu rafku byl jako material doporucen a uzit prepreg, jednak z divodu
ptiznivého kopirovani stén formy, pii pouziti rozfukovaci folie, ale také pro zjednoduSeni

vyroby a zkraceni pracovnich a strojnich casi.

Jednotlivé ¢asti ratku maji rozdilnou tloustku, z divodu rizného namahani rafku béhem
provozu. Déle byly vyrobeny vzorky materialu pro testovani o sile 0,5 mm, 0,95 mm a
1,13 mm. Nasledné otestovany na tah, ohyb, raz a priraz. V prototypové form¢ byly vyro-
beny segmenty rafku, na vtlaceni prepregu do formy byla pouzita duSe na misto rozfuko-
vaci folie, vzhledem k tomu, Ze duSe neméla potiebny tvar, m¢l segment rafku snahu ne-
vyplnit obvodovou ¢ast formy, ale vnitini ¢ast resp. dutinu. Z tohoto divodu je navrzen

rozfukovaci rukévec ve tvaru trojuhelniku, ktery dalekolépe bude kopirovat tvar formy.
Vylisované prototypové segmenty rafku byly otestovany na vytrzeni Spice. Prototypovy
rafek odolal vytrzeni Spice, pficemz doslo k pietrzeni Spice. Déle byl prototypovy rafek

testovan na zatizeni tlakem.
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Prototypovy rafek byl testovan tlakovou zkouskou, pro porovnani vysledkid byly testovany
1 stavajici rafky vyrobcii ze Spojenych statii americkych a Asie, které¢ se bézn¢ prodavaji
v Ceské republice. Vzhledem K riiznym konstrukcim a vyrobnim vadam, coZ se projevilo
predevsim v tloustce stén profilu rafkd a poctu vrstev prepregu, nelze tedy s jistou urcit
nejlepsi typ ze zkouSenych rafki, coz je patrné z naméfenych hodnot, které se zna¢né lisi.
Svou roli zde hraje i kvalita zalisovani, pocet dutin a pielisi a nedokonalost zpracovani

rafkd samotnych.

Prakticka ¢ast dale obsahuje navrh formy pro vyrobu ratku s vyhfivanim pomoci odporo-
vého dratu s n€kolika moznostmi jeho vedeni z vnéjsi strany formy. Pro finalni vrstvu raf-
ku je doporucen produkt spolecnosti Basler Lacke, kterd se specializuje na vyrobu vysoce
kvalitnich dvoukomponentnich natéri, které jsou aplikovany na kompozitni materidly. Po
aplikaci lakovaciho systému od této firmy je povrch kompozitu chemicky odolny, odolny

proti UV zafeni a mechanickému poskozeni.

V porovnani vlastnosti prototypového rafku se stavajicimi rafky, prototypovy rafek obstal.
Pribéeh zatizeni se sice lisi, ale to je zpusobeno tim, ze stavajici rafky i1 prototyp maji nedo-

konalosti, ve smyslu nestejnomérné vrstvy v celém priifezu stény.

Vyhodou konstrukce resp. profilu prototypového rafku je predevsim rizna tloustka stén
profilu rafku, coz umozni odleh¢eni rafku o 20 az 30% z celkové hmotnosti, hmotnost
ptedniho zapleteného kola by tak mohla byt 500 gramt a hmonost zadniho zapleteného
kola 800 gramti, celkem tedy 1300 gramu. Napf. zapletena kola Shimano SH-WHR 501 —
30 mm ma par hmotnost 2001 g, WTB Speed TCS ALL Mountain 622 ma par hmotnost
2237 g.

Diuiraz byl kladen pfedev§im na mechanické vlastnosti, resp. odolnost proti prorazeni nebo
poskozeni rafku, ale také na jeho hmotnost, nyni lze fici, Ze konstrukce a materialové slo-
zeni rafku byli navrzeny vhodné, coz plyne z vyslednych hodnot ze vSech zkuSebnich tes-
ti. Dalsi sniZovani hmotnosti 1ze u ndbojil napt. plastovymi loZisky, popt. odlehéenim kon-

strukce naboje.
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SEZNAM POUZITYCH SYMBOLU A ZKRATEK
CNT  Carbon nanotube

MTB  Mountain bike

UST  Universal Standard for Tubeless
PMC  Plastic Matrix Composite

APA  Aromatické polyamidy

Pl Polyimid

PET  Polyetylentereftalat

BOZP Bezpec¢nost a ochrana zdravi pii praci
CSM  Chopped strands mats

TGS  Tubular Gluing Systém

n Pocet méteni

W Razova energie [J]

€ Pomérna deformace [%]
c Napéti [MPa]

p Hustota [g-cm™]

E Modul pruznosti [MPa]

Frax Sila maximalni [N]
Gmo Mez pevnosti v ohybu [MPa]

Mez pevnosti v tahu [MPa]

Gmt

8p Mez pevnosti

e Aritmeticky pramér
M Median

S Smérodatna odchylka

R Variaéni rozpéti
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Xmin Minimum
Xmax Maximum
S Chyba méfeni

) Variaéni koeficient

. IR 1 e
eF. .  Pomémé prodlouZeni pii maximalnim napéti [%]

B Pomérné prodlouzeni pfi pretrzeni [%0]
Q Mnozstvi tepla potiebné k ohfevu formy [J]
m Hmotnost ohfivaného télesa

Co Mérna tepelna kapacita [J/(kg-°C)]

T, Pocatecni teplota materialu [°C]

T, Pozadovana teplota materidlu [°C]

p Topny vykon téles [W]

t Doba ohievu desek [s]

i Pocet topnych téles

. Ucinnost ohievu

d Primér dratu [mm)]

U Napéti [V]

, Mérné povrchové zatizeni dratu [W/cm?]
0 Mérny odpor topného dratu [Q.mm?/m]

| Délka dratu v trubkovém profilu [mm]
W, Modul pritfezu v ohybu pro obdelikovy priifez [N. mm3]
b Sitka vzorku [mm]

h Vyska vzorku [mm)]

Mo Ohybovy moment [N. mm)]
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PRILOHA P I: PATENTOVA RESERSE NA STAV TECHNIKY UZITI CARBONU
U RAFKU ZAVODNICH KOL V DATABAZI ESP@CENET EVROPSKEHO
PATENTOVEHO URADU

3 results found in the Worldwide database for:

rim and racing and bicycles in the title

Bibliographic data: W02004091937 (A1) — 2004-10-28

SELF-VENTILATING WHEEL RIM, PARTICULARLY FOR RACING AND
MOUNTAIN BICYCLES

Inventor(s): FIORAVANTI MORENO [IT] +

Applicant(s): VUELTA INTERNAT S P A [IT]; FIORAVANTI MORENO [IT] +

A self-ventilating wheel rim, particularly for racing and mountain bicycles, constituted by
a profiled element, which is curved into an annular shape and forms an open distal annular
compartment (2) for fitting a tire and at least one proximal annular compartment (3) for
fixing a plurality of nipples (9) for coaxial connection to a hub (10) by means of spokes
(11); the rim is affected by openings (12) that allow the circulation of air inside the proxi-
mal annular compartment (3), so as to facilitate the removal of heat, by convection, from

the wheel rim.




17 results found in the Worldwide database for:
rim and racing and bicycles in the title or abstract

Bibliographic data: CN201300664 (Y) — 2009-09-02

Bicycle rim

Inventor(s): JIBING TU [CN] +

Applicant(s): KUNSHAN HENRY METAL TECHNOLOGY [CN] +

The utility model relates to a bicycle part, in particular to a bicycle rim with light weight.
The bicycle rim comprises an installation part of a ring-shaped tire; the installation part of
the ring-shaped tire forms a U shape that the two ends of two symmetrical wall height parts
are fixedly connected with the bottom width part of the tire and a limes margin part re-
spectively; the installation part of a ring-shaped spoke is fixedly connected with the insta-
Ilation part of the ring-shaped tire; the installation part of a ring-shaped spoke forms a ring
shape which is composed of a U-shaped outer side wall part and the bottom width part of
the tire, and a U-shaped bottom part of the outer side wall part is provided with a spoke
installation part; holes are arranged on the installation part of the tire in a distributing way.
By applying the bicycle rim, raw material is effectively saved, rim weight is reduced and
the rim performance is improved. The bicycle rim is widely applied to racing bicycles and

civilian bicycles.
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Bibliographic data: US2006103231 (A1) — 2006-05-18
Bicycle wheel

Inventor(s): FIORAVANTIL MORENO [IT] +

A bicycle wheel, in particular for racing and mountain bicycles, is provided which compri-
ses a hub and a rim connected with by means of a plurality of radial elements. The radial
ele-ments are grouped in a first distribution, in which said elements are arranged on one
side of the wheel, and a second distribution, in which said elements are arranged on the
other side of the wheel, said first and second distribution connecting said rim to respective
ends of said hub. The radial elements of said first distribution are connected to said rim in
respective fixing seats which are disposed alternate, along said rim, to the fixing seats of

the radial elements of said second distribution.

Fig.2

Drawing pages of US2006103231 Al
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Bibliographic data: W002053395 (A1) — 2002-07-11
BICYCLE WHEEL PARTICULARLY FOR RACING AND/OR MOUNTAIN
BICYCLES

Inventor(s): FIORAVANTI MORENO [IT] +

Applicant(s): L F INTERNAT VUELTA ITALY S R [IT]; FIORAVANTI MORENO
[IT] +

A bicycle wheel (1), particularly for racing and/or mountain bicycles, comprising a rim (2)
which is coaxially connected to a hub (8) by means of a plurality of spokes (19) that con-
verge on a pair of flanges (9, 10) that are coaxial to the hub, the flanges comprising
coupling lugs (11) distributed on the peripheral region of the flanges and provided with
tangential coupling holes (13, 14) that engage, the spokes (19) having an end (20) that en-
gages the holes (13, 14) and an opposite end (25) that is connected to nipples (7) for
coupling to the rim (2).
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Bibliographic data: IT1267756 (B1) — 1997-02-07
Procedure for making spoked wheels for wheelchairs for the handicapped and racing

bicycles, and wheels obtained using this procedure

Inventor(s): TESTA SANDRO [IT] +

Applicant(s): TESTA SANDRO [IT] +

The invention relates to a procedure for making spoked wheels for wheelchairs for the
handicapped and racing bicycles, in which the spokes 2, prepared with the appropriate ad-
hesive, are inserted into their seats and then extracted from their seats until their end 3 cen-
tres itself and comes into contact with the internal profile of the rim with channel 1, it
being possible to make the construction parts associated with the hub, spokes and their
means of connection with the rim in the various forms, all falling within the framework
with the patent (fig. 1).

Bibliographic data: WO8700802 (A1) — 1987-02-12
FABRIC COVER FOR SPOKED WHEELS

Inventor(s): ATWOOD PAUL A [US] +

Applicant(s): ATWOOD PAUL A +

A light weight, porous wheel cover (10, 28) for reducing the aerodynamic drag and redu-
cing the "sail" effect of side winds on covered spoked wheels (2). The cover comprises a
protruded graphite/fiber ring (12, 30) sized to fit snugly within the rim (4) of the wheel (2).
A porous fabric cover facing (14, 40) spans the ring (12, 30) except for a central axle ope-
ning (22). In a first embodiment, the facing (14) is stretched and adhesively attached to a
U-shaped ring (12) and the ring is removably attached by split pins (24) to the spokes (6).
In a preferred second embodiment, the ring (30) has a peripheral bead (38) and the facing
(40) is retained on the bead (38) by a flexible retainer strip (42) having a concave channel
(44) fitting over the bead, the covers (28, 28a) being retained on the wheel by intercon-
nection of the rings (30, 30a) of opposed covers by connecting members (48) having enlar-
ged ends (50, 52) frictionally retained within inwardly facing concave channels in the
rings. The respective rings, flexible strips (42, 42a) and connectors (48) all have a like
cross-section throughout, so as to be readily formable as by protrusion. The covers are of
use on spoked wheels in general and are especially advantageous for use on racing

bicycles, sulkies, racing wheelchairs and the like.
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Bibliographic data: IT1139946 (B) — 1986-09-24
Racing bicycle etc. tyre

Inventor(s): CARRERA CESARE [IT]; FORMENTI GIUSEPPE [IT] +

Applicant(s): PNEUMATICI CLEMENT SPA [IT] +

The carcass of a bicycle tubular tyre is produced by joining together the longitudinal edges
of a rubberised fabric using an overlapping or fabric covered butt joint to form a toroidal
tube. The carcass contains an inflatable, inner, airtight tube of butyl rubber or latex. The
carcass joint is on the outer periphery of the toroid and is covered with the tread of the tyre
which generally extends over a 90 deg.arc. On the inner circumference, a rubberised fabric
tape is applied. This extends over at least a 60 deg. arc. The tape has projections which
engage holes in the wheel rim and continuous edge profiles. The tubular tyre produced is
designed basically for racing bicycles which employ flangless wheel rims but the process
can be modified to produce tyres suitable for mounting on conventional rims. The tyre is
easier and cheaper to produce and is designed to hold the rim of the wheel more securely
without resorting to fixing putties. It is strong, puncture resistant, and gives good all round
performance.
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1 result found in the Worldwide database for:
rim and cnt* in the title

Patentova reSerse dle puvodce

JIBING TU as the inventor
Bibliographic data: CN202911455 (U) — 2013-05-01

Rim connecting structure

Inventor(s): TU JIBING +

Applicant(s): KUNSHAN HENRY METAL TECHNOLOGY CO LTD +

The utility model mainly provides a rim connecting structure which comprises a rim and a
joining piece. The rim is a frame-shaped rod body, a connecting end is respectively arran-
ged at two ends of the rim, and an embedding groove is respectively arranged at the con-
necting ends. The joining piece corresponds to the shape of the embedding groove, a plura-
lity of grooves are arranged on the periphery of the joining piece axially and continuously,
the joining piece is inserted in both the embedding grooves at two ends of the rim, the con-
necting ends at two ends of the rim are heated at preset temperature, and pressure is exer-
ted on the connecting ends so as to enable the connecting ends to be connected and fixed
with each other. By means of the construction members and the plurality of grooves on the
periphery of the joining piece, contact area between inner walls of the embedding grooves
can be reduced, and a purpose of fast assembling is achieved. By means of a heating and



pressurizing connecting method between the two connecting ends, indentation or burrs are
prevented from being generated at connecting positions effectively. The construction
members are simple and convenient to assemble, and the whole structure can be conve-

nient and practical.
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Drawing pages of CN202911455 U
Bibliographic data: CN202826957 (U) — 2013-03-27

Bicycle wheel rim structure combined by aluminum material and composite material

Inventor(s): TU JIBING +

Applicant(s): KUNSHAN HENRY METAL TECHNOLOGY CO LTD +

The utility model mainly provides a bicycle wheel rim structure combined by aluminum
material and composite material. The bicycle wheel rim structure combined by the alumi-
num material and the composite material comprises a first frame which is made of alumi-
num material, at least one linking element and a second frame. Two ends of the first frame
are respectively an assembly connection ends. Each of two side frames which correspond
to each other is respectively arranged on the two sides of the first frame. A connection
frame part is arranged between two inner sides of the two side frames. An assembly con-
nection space is arranged between the connection frame part and the two side frames. An
upper bridge plate and a lower bridge plate are arranged on each of the two sides of the
connection frame part. Each of the upper bridge plates and each of the lower bridge plates
are both connected with each of the two side frames, so that an assembly connection space

is respectively formed. A groove is arranged on each of the lower bridge plates. At least



one linking element is arranged inside each of the assembly connection spaces of the two
assembly connection ends in an inserted mode. The second frame made of composite mate-
rial is formed on the inner side of the first frame. By means of the construction member,
the two ends of the first frame are mutually connected through the linking elements, so that
the wheel rim structure combined by aluminum material and composite material is formed.
The functions of convenience and solid connection are achieved. Moreover, weight is light

and structural strength is improved.

Bibliographic data: CN202806183 (U) — 2013-03-20

Composite structure of hub and spoke assemblies

Inventor(s): TUJIBING +
Applicant(s): KUNSHAN HENRY METAL TECHNOLOGY CO LTD +
The utility model mainly provides a composite structure of a hub and spoke assemblies.

The composite structure comprises the hub and a plurality of spoke assemblies; the hub is



provided with a wheel frame and a plurality of positioning bosses, the wheel frame is pro-
vided with an opening facing the outer edge of the wheel frame, the positioning bosses are
annularly arranged at the inner edge of the wheel frame, and space is formed inside each
positioning boss and is provided with a laterally through opening side; and one end of each
spoke assembly is positioned in the space of the corresponding positioning boss from the
opening side of the space, the other end of each spoke assembly is connected with a hub
seat, each spoke assembly comprises a clamping part and a positioning sat which penetrate
through each other and are accommodated in the space of the corresponding positioning
boss, each clamping part is connected with one end of a spoke, and each positioning seat is
penetratingly inserted in the corresponding clamping part, so that each clamping part and
the corresponding spoke are stably positioned in the space of the corresponding positioning
boss without being separated from the space of the positioning boss. Accordingly, the spo-
ke assemblies are embedded at the inner edge of the wheel frame and are fixedly embed-
ded with the hub, and effects of quick assembly and simplicity and convenience in main-
tenance are achieved. Besides, the positioning bosses arranged annularly at intervals can
realize a lightening effect, and the manufacturing cost and the maintenance cost can be

reduced.

Drawing pages of CN202806183 U
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Bibliographic data: CN202294054 (U) — 2012-07-04

Connecting structure of carbon fiber wheel rings

Inventor(s): JIBING TU; GUANGHAO BAI +

Applicant(s): KUNSHAN HENRY METAL TECHNOLOGY CO LTD +

The utility model mainly provides a connecting structure of a carbon fiber wheel ring. The
connecting structure includes the carbon fiber wheel ring, a tire, a reinforcing member and
a connecting piece set, wherein the carbon fiber wheel ring is provided with a bridge plate
and two side frames; the two side frames are oppositely provided with a hook part; a groo-
ve is formed between the bridge plate and each of the two side frames; two sides of the tire
are provided with a tire bead part for being connected with the hook part; the reinforcing
member is in the shape of a sheet body; the connecting piece set is provided with first and
second connecting pieces which can be mutually connected and can be assembled and di-
sassembled; the first connecting piece is arranged on the wall of each side frame; and the
second connecting piece is arranged at one side of the reinforcing member. By means of
the above members, the first and second connecting pieces are mutually connected, so that
the reinforcing member can be fixed between the carbon fiber wheel ring and the tire bead
part. The connecting structure of the carbon fiber wheel ring is simple and fast to assemble
and disassemble, and is capable of effectively saving the working time, reducing the cost

and achieving the effects of convenience, practicality and cost efficiency.



Bibliographic data: CN202046152 (U) — 2011-11-23

Carbon fiber rim structure

Inventor(s): JIBING TU; JINGSHAN WANG +

Applicant(s): KUNSHAN HENRY METAL TECHNOLOGY CO LTD; JINGSHAN
WANG +

The utility model mainly provides a carbon fiber rim structure, which comprises a rim bo-
dy and a reinforcing element, wherein the rim body is integrally formed by carbon fiber
materials, the cross section of the rim body is in a frame shape, the rim body is formed by
connecting at least one bridge plate and two parallel side walls, an independent inner cavi-
ty and an independent outer cavity are separated at two end areas of the bridge plate, the
inner cavity is in a sealed shape, the outer cavity is in an opening shape, in addition, two
hook parts are formed at the inner sides of the two side walls, the shape of the reinforcing

element is matched with the shape of the outer cavity, the reinforcing element is arranged



at the inner wall of the outer cavity and is provided with an inner frame and two side fra-
mes, a plurality of hollow parts are arranged between the inner frame and the two side fra-
mes, and in addition, a rib part is formed in each hollow part. Through the components, the
rib parts are formed in the hollow parts, the effects of heat radiation and stable support are
provided, in addition, the integral structure forming is easy and fast, and convenience and
practicability can be reached.

Drawing pages of CN202046152 U
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Bibliographic data: CN201761292 (U) — 2011-03-16

Bicycle wheel rim

Applicant(s): KUNSHAN HENRY METAL TECHNOLOGY CO LTD +

The utility model relates to a bicycle part, specially a bicycle wheel rim, which comprises a
tire mounting part on which the tire is mounted, wherein, the tire mounting part is compo-
sed of two symmetrical wall high parts and a tire bottom wide part which are fixedly con-

nected, ditch side parts are fixedly connected with two ends of the tire mounting part; a



spoke mounting part fixedly connected with the tire mounting part, wherein, the spoke
mounting part forms an ring shape by connecting external wall parts at two sides of the
spoke mounting part respectively with the tire bottom wide part and the spoke mounting
part; a crossbeam connected with the tire bottom wide part and the spoke mounting part,
wherein, the crossbeam forms a reverse V shape by connecting one tire bottom wide part
and two spoke mounting parts. The utility model has advantages of light weight of wheel

rim sections, high strength and collision resistance.
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Drawing pages of CN201761292 U

Bibliographic data: CN101905627 (A) — 2010-12-08

Bicycle rim

Inventor(s): JIBING TU +

Applicant(s): KUNSHAN HENRY METAL TECHNOLOGY CO LTD +

The invention relates to a bicycle part, in particular to a bicycle rim. The bicycle rim
comprises a tyre mounting part and a spoke mounting part, wherein a tyre can be arranged
on the tyre mounting part; the tyre mounting part is formed by fixedly connecting two
symmetrical wall height parts and a tyre bottom wide part, and the two ends of the tyre
mounting part are fixedly connected with groove edge parts; the spoke mounting part is
fixedly connected with the tyre mounting part, and the outside wall parts on two sides are
connected with the tyre bottom wide part and the spoke mounting part respectively to form

a ring; the tyre bottom wide part and the spoke mounting part are connected by a cross



beam; and the cross beam is connected with one branch of the tyre bottom wide part and
two branches of the spoke mounting part to form a 'herringbone' shape.; The bicycle rim

has the advantages of light tyre section weight, high strength and impact resistance.
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Dra#ing pages of CN10190562? A

Bibliographic data: CN201693982 (U) — 2011-01-05

Arc-milling rim using tubeless tyre

Inventor(s): JIBING TU +

Applicant(s): KUNSHAN HENRY METAL TECHNOLOGY CO LTD +

The utility model relates to a rim, in particular to an aluminium alloy rim using a tubeless
tyre for a bicycle and a motorcycle. An arc-milling rim using the tubeless tyre comprises a
tyre lip surface and a steel wire surface, wherein a plurality of lug bosses are formed on the
surface on the steel wire surface, which is toward one side of spokes, and spoke holes are
arranged in the lug bosses. The arc-milling rim using the tubeless tyre is characterized in
that every two adjacent lug bosses are connected by a rib, each rib and each lug boss are
integrated, and space between every two lug bosses is equal. At least one spoke hole is
arranged on each lug boss. The arc-milling rim using the tubeless tyre can improve the

performance of the rim on the basis of lightening the weight of the rim.



Drawing pages of CN201693982 U

Bibliographic data: CN201366904 (Y) — 2009-12-23

Bicycle wheel rim with V-shaped cross section

Inventor(s): JIBING TU [CN] +

Applicant(s): KUNSHAN HENRY METAL TECHNOLOGY [CN] +

The utility model relates to a bicycle accessory, in particular to a bicycle wheel rim
comprising a tire installation part and an annular spoke installation part. A tire can be insta-
lled on the tire installation part; the tire installation part is fixedly connected with two
symmetric wall height parts and two symmetric tire bottom width parts to be in a U shape;
two ends of the U-shaped tire installation part are fixedly connected with groove margin
parts; the annular spoke installation part is fixedly connected with the tire installation part;
the annular spoke installation part is respectively connected with the tire bottom width
parts through outer side walls at two sides to be in an annular shape; with regard to the V-
shaped cross section of the bicycle wheel rim, the thickness of the wall of the bicycle whe-
el rim can be ignored relative to the length of the wall height parts and the length of the
outer side walls, both the wall height parts and the outer side walls can be considered as
line segments; and the wall height parts and the outer side walls are in the same line and
share the same endpoint. The utility model has the advantages of higher collision resistan-

ce, higher cross section and lighter weight.
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Bibliographic data: CN101554827 (A) — 2009-10-14
Bicycle rim with V-shaped section

Inventor(s): JIBING TU [CN] +

Applicant(s): KUNSHAN HENRY METAL TECHNOLOGY [CN] +

The invention relates to a bicycle fitting, in particular to a bicycle rim. The rim comprises a
wheel mounting part on which a wheel is mounted, wherein, the wheel mounting part is a
U shape formed byfixedly connecting a wall upper part and a wheel bottom wide part
which are symmetrical, and two ends of the U-shaped wheel mounting part are fixedly
connected with a trench edge part; an annular wheel spoke mounting part which is fixedly
connected with the wheel mounting part, wherein, the annular wheel spoke mounting part
consists of two outer lateral wall parts which are respectively connectedwith the wheel
bottom wide part and the wheel spoke mounting part to form an annular shape, in the V-

shaped section of the bicycle, wall thickness of the rim can be ignored relative to length of



thewall upper part and length of the outer lateral wall part, for the section of the rim, the
wall upper part and the outer lateral wall part can be regarded as line segments; and the
wall upper part andthe outer lateral wall part are arranged on the same straight line and

have a common end point. The rim has the advantages of high collision resistance, high

section and lighter weight.
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Drawing pages of CN101554827 A

Bibliographic data: CN201070963 (Y) — 2008-06-11
Rim of bicycle and electric vehicle increasing brake security

Inventor(s): JIBING TU [CN] +

Applicant(s): KUNSHAN GIANT LIGHT METAL TECH [CN] +

The utility model provides a wheel rim for increasing the brake safety of a bicycle or a
motorbicycle, wherein a protective film is covered on the wheel rim, brake strips free of
protective film are arranged at two sides of the wheel rim, and a plurality of raised brake

stoppers are arranged on the brake strips. The wheel rim has several color and performan-



ces in the same ring, the hardness of each part can be set and machined according to the
requirements for wheel rims in different kinds of vehicles, so that the safety of rim brake is

greatly increased.

Bibliographic data: CN101066657 (A) — 2007-11-07
Wheel rim for bicycle and electric bicycle with raised braking safety and its treating

process

Inventor(s): TUJIBING [CN] +

Applicant(s): KUNSHAN GIANT LIGHT ALLOY SCI [CN] +

The present invention discloses one kind of wheel rim for bicycle and electric bicycle with
raised braking safety and its treating process. The wheel rim has part covered with pro-
tecting film and parts with braking salient points and no protecting film serving as the bra-
king zones. The technological process of producing the wheel rim includes the following
steps: the first surface treatment, eliminating coating from the braking zones, and roughe-
ning the braking zones. The wheel rim has several parts with different colors and perfor-

mances and possesses raised braking safety.

20 results found in the Worldwide database for:
FIORAVANTI MORENO as the inventor

Bibliographic data: WO2009015597 (A1) — 2009-02-05
MOTOR BICYCLE RIM AND METHOD OF MAKING THE SAME

Inventor(s): FIORAVANTI MORENO [IT]; THO KEE PING [CN] +

Applicant(s): KUNSHAN VUELTA WHEEL CO LTD [CN]; FIORAVANTI MORENO
[IT]; THO KEE PING [CN] +

A motor bicycle rim (2) comprises a basic rim structure (4) out of aluminum alloy which
basic rim structure is covered at least in part by a glass fiber and/or carbon fiber reinforced
resin layer(6) adapted to the use of an adhesive material designed to bond the reinforced
prepreg material to the basic rim structure of aluminum alloy. A method of producing the
motor bicycle rim comprises fixing glass fiber and/or carbon fiber reinforcement material
to the basic rim structure out of aluminum alloy, providing a prepreg resin to the basic rim
structure having glass fiber and/or carbon fiber reinforcement material fixed thereto; and

curing the prepreg resin together with the glass fiber and/or carbon fiber reinforcement and



using an adhesive material designed to bond the reinforced prepreg material to the basic
rim structure of aluminum alloy. Another method of producing a motor bicycle rim
comprises fixing glass fiber and/or carbon fiber reinforced prepreg material to the basic
rim structure out of aluminum alloy; and curing the prepreg resin together with the glass

fiber and/or carbon fiber reinforced prepreg material.
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Drawing pages of W02009015597 Al

Bibliographic data: WO2008113487 (A1) — 2008-09-25
CARBON FIBER SPOKE FOR A BICYCLE WHEEL AND METHOD OF
MANUFACTURING THE SAME

Inventor(s): LIN JOHN; FIORAVANTI MORENO [IT] +

Applicant(s): MEKKEM IND INC; FORTUNA ENTPR SRL [IT]; LIN JOHN;
FIORAVANTI MORENO [IT] +

A carbon fiber spoke for a bicycle wheel, comprises first and second metal end parts for
attaching the spoke to a hub and a rim, respectively, of the bicycle wheel, and carbon fibers
passing between the metal end part; each of the first and second metal end parts compri-
sing an anchoring means for anchoring the carbon fibers to the metal end parts; the fibers
being mutually molded together and to the metal end parts by means of a prepreg resin
forming a shaft of the spoke between the two metal end parts. A method of manufacturing
a carbon fiber spoke for a bicycle wheel comprises fixing the position of first and second
metal end parts each having an anchoring means for carbon fibers to be anchored to the



metal end parts.wrapping the carbon fibers in at least one bundle about the anchoring me-
ans of the metal end parts, providing a prepreg resin, and curing the carbon fibers and the

prepreg resin.
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Bibliographic data: EP2033809 (A1) — 2009-03-11

Motorcycle wheel rim and method of making the same

Inventor(s): FIORAVANTI MORENO [IT] +

Applicant(s): KUNSHAN VUELTA WHEEL CO LTD [CN] +

A motorcycle wheel rim comprises a profiled element which forms a circular rim (2), is
symmetrical with respect to a centerline (C) plane of the wheel, has an outer profile wall
(4) ending in two rim flanges (6,8) and comprises, inside of the rim flanges a pair of seats
(10,12) for beads of a tire to be mounted on the rim (2), wherein at least two hollow annu-
lar chambers (14,16) are provided next to and below the seats and are connected to each

other by an annular connecting wall (18) which forms an annular hollow central chamber



(20) with the outer profile wall (4).; The seats (10,12) are supported, at their outer ends, by
the outer profile wall (4) and, at their inner ends, by a supporting wall (22,24) extending
from the respective inner end of the associated seat (10,11) to the outer profile wall (4) of
the rim (2) in an oblique direction such that the junction of the supporting wall (22,24)
with the outer profile wall (4) is closer to the centerline (C) of the rim than the junction of
the supporting wall with the seat wall. The basic rim structure is covered at least in part by

a glass fiber or carbon fiber reinforced resin layer (120).

..................

Drawing pages of EP2033809 Al

Bibliographic data: ES2370871, EP2020306 (Al) (T3) — 2011-12-23

Motor bicycle rim and method of making the same

Inventor(s): FIORAVANTI MORENO; THO KEE PING +

Applicant(s): KUNSHAN HENRY METAL TECHNOLOGY CO LTD [CN] +

A motor bicycle rim (2) comprises a basic rim structure (4) out of aluminum alloy which
basic rim structure is covered at least in part by a glass fiber or carbon fiber reinforced re-
sin layer (6) adapted to the use of an adhesive material designed to bond the reinforced
prepreg material (6) to the basic rim structure (4) of aluminum alloy. A method of produ-
cing the motor bicycle rim (2) comprises fixing glass fiber or carbon fiber reinforcement
material (6) to the basic rim structure (4) out of aluminum alloy, providing a prepreg resin
to the basic rim structure (4) having glass fiber or carbon fiber reinforcement material (6)

fixed thereto; and curing the prepreg resin together with the glass fiber or carbon fiber rein-



forcement (6) and using an adhesive material designed to bond the reinforced prepreg ma-
terial to the basic rim structure (4) of aluminum alloy. Another method of producing a mo-
tor bicycle rim (2) of claim 1, comprises fixing glass fiber or carbon fiber reinforced pre-
preg material (6) to the basic rim structure (4) out of aluminum alloy; and curing the pre-

preg resin together with the glass fiber or carbon fiber reinforced prepreg material.
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Drawing pages of ES2370871 T3
TESTA SANDRO as the inventor

Bibliographic data: FR2619749 (A1) — 1989-03-03

Tubular structure and method of manufacturing this structure

Inventor(s): TESTA SANDRO +

Applicant(s): CAMPAGNOLO SPA [IT] +

Abstract of FR2619749 (Al)

The invention relates to tubular structures. This structure comprises two tubes 2, 3 which
are fixed, one inside the other, and are shaped so as to define between them a plurality of
longitudinal channels 5. At least some of these channels 5 are filled with fibres pre-
impregnated with resin. In the preferred embodiment, the outer tube 2 possesses a smooth
wall and the inner tube has a plurality of longitudinal depressions 4 which define the chan-

nels 5. Main application: tubular structures which have to be both lightweight and strong.



Drawing pages of FR2619749 Al
Patentova reserse dle klicovych slov

Approximately 67 results found in the Worldwide database for:

carbon and rim* in the title

Bibliographic data: TWM452907 (U) — 2013-05-11

Carbon fiber wheel rim and bicycle having the same

Inventor(s): CHUANG PHILIP [TW] +
Applicant(s): AWISE FIBER TECHNOLOGY CO LTD [TW] +
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Bibliographic data: TWM452072 (U) — 2013-05-01

Wheel rim structure combining aluminum and carbon fiber material

Inventor(s):  TU JI-BING [MY]; BAl GUANG-HAO [TW] +
Applicant(s): KUNSHAN HENRY METAL TECHNOLOGY CO LTD [CN] +
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Dra.winq pages of TWM452072 U
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Bibliographic data: TW201311478 (A) — 2013-03-16
Composite material rim using single longitudinal-weaved carbon fiber and manu-

facturing method thereof

Inventor(s): MA SHUI-YUAN [TW] +
Applicant(s): MA SHUI-YUAN [TW] +
This invention relates to a composite material rim using single longitudinal-weaved carbon
fiber and its manufacturing method, especially for a composite material rim having
lightweight and high strength. The composite material rim is formed by winding a plurality

of sheet-shaped carbon fiber cloth and a plurality of strip-shaped carbon fiber cloth layer



by layer, wherein the carbon fiber cloth is selected from single longitudinal-weaved carbon
fiber cloth, and the sheet-shaped carbon fiber cloth and the adjacent strip-shaped carbon
fiber cloth are arranged in different included angles. Accordingly, the composite material
rim of this invention, obtained by impregnating with resin and heating and pressuring, ta-
kes advantage of multiple-layer and multi-angle design. Not only the composite material
rim can have continuity, integration and lightweight, but also the materials and working
hours can be saved significantly and the strength of the composite material rim can be
enhanced.
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Bibliographic data: CN202557204 (U) — 2012-11-28

Adjustable carbon fiber rim combination structure

Inventor(s): GUORONG LONG; XIAOBING YANG; ZHIYONG BIAN; CHUNQING
WANG +

Applicant(s): TAISHAN SPORTS INDUSTRY GROUP; SHANDONG MOUNT TAI
RUIBAO COMPOSITE MATERIAL CO LTD +

The utility model belongs to the field of wheel accessories, in particular discloses an ad-
justable carbon fiber rim combination structure. The adjustable carbon fiber rim combina-
tion structure comprises a wheel frame, spokes and a wheel hub, and is characterized in
that the wheel and the spokes are made from carbon fiber composites, two ends of the spo-
kes are respectively connected with two sides of the wheel frame and the wheel hubs, and
the spokes are symmetrically arranged on two sides of the wheel hub in pairs and evenly
distributed on the wheel frame. The adjustable carbon fiber rim combination structure is
simple in structure, convenient to use, and applicable to composite wheels with inner tubes
or without inner tubes, and can realize roundness change of the wheel frame by simple
adjustment, thus ensuring the roundness of the whole wheel, and improving the quality

reliability of the carbon fiber composite wheels.

Drawing pages of CN202557204 U



Bibliographic data: CN102582353 (A) — 2012-07-18

Adjustable carbon fiber wheel rim combined structure

Inventor(s): GUORONG LONG; XIAOBING YANG; ZHIYONG BIAN; CHUNQING
WANG +

Applicant(s): TAISHAN SPORTS INDUSTRY GROUP; SHANDONG TAISHAN
RUIBAO COMPOSITE MATERIALS CO LTD +

The invention belongs to the field of vehicle wheel accessories and particularly discloses
an adjustable carbon fiber wheel rim combined structure which comprises a wheel frame,
spokes and a hub. The adjustable carbon fiber wheel rim combined structure is characteri-
zed in that the wheel frame and the spokes are both made of a carbon fiber composite ma-
terial, the two ends of the spokes are respectively connected with the two sides of the whe-
el frame and the hub, and the spokes are arranged symmetrically on two sides of the hub
and distributed on the wheel frame evenly. The adjustable carbon fiber wheel rim com-
bined structure is simple in structure, is convenient to use and is applicable to composite
material vehicle wheels with or without an inner tube. By the adjustable carbon fiber wheel
rim combined structure, the circular degree of the wheel frame can be changed through
simple adjustment so that circular degree of a whole vehicle wheel can be ensured and the
quality reliability of the carbon fiber composite material vehicle wheel can be improved.

Drawing pages of CN102582353 A



Bibliographic data: CN202163236 (U) — 2012-03-14

Gluing type wheel rim made of full-carbon fiber composite material wholly

Inventor(s): DAOWU XIONG; QINGHAI SHANG +

Applicant(s): GUANGZHOU DNK CARBON FIBER TECHNOLOGY CO LTD +

The utility model discloses a gluing type wheel rim made of a full-carbon fiber composite
material wholly, which comprises a ring part, spokes and a hub. The hub is positioned in
the center of the ring part; the spokes are connected between the hub and the ring part; the
hub mainly consists of a shell and a transmission mechanism arranged in the shell; the
shell of the hub, the ring part and the spokes are all made of the carbon fiber composite
material; mounting holes for mounting the spokes are respectively arranged at the inner
circle of the ring part and the outer circle of the hub; and the two ends of each of the spo-
kes are respectively inserted into corresponding mounting holes in the ring part and in the
hub and are glued and fixed. The ring part, the spokes and the shell of the hub of the rim
are all made of the carbon fiber composite material so that the rim is light, and the strength
of the rim is high; a small amount of spokes are adopted in the rim so that the running wind
resistance is little; therefore, the running resistance is greatly reduced, and the running spe-
ed is increased; moreover, the rim made of the carbon fiber composite material has

attractive appearance and is deeply loved by consumers.
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Bibliographic data: CN102320217 (A) — 2012-01-18
Gluing type integral full-carbon fiber composite material wheel rim and manufactu-

ring method thereof

Inventor(s): DAOWU XIONG; QINGHAI SHANG +

Applicant(s): GUANGZHOU DNK CARBON FIBER TECHNOLOGY CO LTD +

The invention discloses a gluing type integral full-carbon fiber composite material wheel
rim. The gluing type integral full-carbon fiber composite material wheel rim comprises a
rim part, spokes and a hub, wherein the hub is arranged at the center of the rim part, the
spokes are connected between the hub and the rim part, the hub mainly comprises a shell
and a transmission mechanism arranged in the shell, the shell of the hub, the rim part and
the spokes are all made from a carbon fiber composite material, installation holes for insta-
Iling the spokes are respectively arranged on the inner circle of the rim part and the outer
circle of the hub, and two ends of each spoke are respectively inserted in the corresponding
installation holes on the rim part and the hub and fixed in a gluing manner; and the inven-
tion further discloses a manufacturing method of the wheel rim. In the invention, as the rim
part, the spokes and the shell of the hub are all made from the carbon fiber composite ma-
terial, the rim has light weight and high strength, is small in wind resistance during driving,
can be used for greatly lowering the driving resistance and improving the driving speed by
adopting fewer spokes; and the wheel rim made from the carbon fiber composite material

has attractive appearance, thus being well popular with broad consumers.
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Bibliographic data: WO2011140826 (A1) —2011-11-17
CARBON FIBER RIM WITH AN IMPROVED STRUCTURE

Inventor(s): WANG JINGSHAN [CN] +

Applicant(s): XIAMEN HONGJI WEIYE IND CO LTD [CN]; WANG JINGSHAN [CN]
A carbon fiber rim with an improved structure comprises a rim body (1) and a plurality of
aluminum covers (2). The rim body (1) is provided with a semi-closed tyre-position trench
hole (10) and a closed chamber (11) which are arrayed up and down. The wall bodies of
the tyre-position trench hole (10) and the closed chamber (11) are formed by a carbon fib-
rous layer as a whole. The wall body (100) at the bottom part of the tyre-position trench
hole (10) and the wall body (110) at the bottom part of the closed chamber (11) are provi-
ded with a plurality of equal-divided and corresponding inner positioning holes (101) and
outer positioning holes (111); through holes (22) for receiving spoke nuts are provided in
the aluminum covers (2), and the number of the aluminum covers (2) matches the number
of the positioning holes. The aluminum covers (2) are clamped in the inner positioning
holes (101) and the outer positioning holes (111), and are adhesively bonded with the rim
body (1). The rim with said structure has the advantages of even stress, high strength, fast

assembly speed, shortened production time, high efficiency, material saving, low cost etc.
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Bibliographic data: US2012242138 (A1) — 2012-09-27

Carbon Bodied Bicycle Rim with Reinforcement Layer

Inventor(s): TSAI WEN-FENG [TW] +
According to the present invention, a bicycle rim comprises a rim body and a reinforce-
ment layer. Each of the rim body and the reinforcement layer is constructed of carbon fib-

er, and the reinforcement layer is integrally formed on the rim body.
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Bibliographic data: WO2011116630 (A1) — 2011-09-29
IMPROVED BICYCLE CARBON FIBER RIM STRUCTURE AND
MANUFACTURE METHOD THEREOF

Inventor(s):  WANG JINGSHAN [CN]; ZHUO JIANYI [CN] +

Applicant(s): XIAMEN HONGJI WEIYE IND CO LTD [CN]; WANG JINGSHAN
[CN]; ZHUO JIANYI [CN] +

An improved bicycle carbon fiber rim (1) structure comprises an independent inner cavity
(11) and an independent outer cavity (12). The two cavities are formed by carbon fiber
layers in an integrated manner. A metal shell strengthening piece (2) matching with the
shape of the outer cavity (12) is arranged in the inner wall of said outer cavity (12). A ma-
nufacture method of said rim (1) structure comprises the follow steps: making an alumi-
num core shaft, making an outer cavity (12) blank, making an inner cavity (11) blank, ma-
king a rim (1) blank, pressing, heating, cooling and solidifying said rim (1) blank, and for-
ming a gap (122) on said outer cavity (12). The structure can improve the braking stability
of the bicycle, and prevent the rim (1) from being damaged and cracked, thus prolong the

service life of the rim (1).
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Bibliographic data: CN201941514 (U) — 2011-08-24

Assembly-convenient carbon fiber bicycle rim component

Inventor(s): JINGSHAN WANG +

Applicant(s): JINGSHAN WANG +

The utility model provides an assembly-convenient carbon fiber bicycle rim component
which comprises a carbon fiber rim main body, connecting pieces and a plurality of spokes
and hubs, wherein a plurality of equidistant aluminum pieces are buried at the bottom part
of a chamber of the carbon fiber rim main body and are provided with inner threaded ho-
les; angles of the inner threaded holes are adapted to the assembling angles of the spokes;
the number of the aluminum pieces is matched with that of the spokes; one ends of the
spokes are fixed on the aluminum pieces of the carbon fiber rim main body in a locked
manner by the connecting pieces, and the other ends are fixed on the hubs; and a wall body
of the bottom part of the chamber of the carbon fiber rim main body is also provided with
passing-through holes where the spokes passing through. As the plurality of aluminum
pieces are buried at the bottom part of the chamber of the carbon fiber rim main body, and
the steel spokes are fixed on the aluminum pieces in a locked manner by the connecting
pieces, passing-through holes are not needed to be machined on the wall body of the bot-
tom part of slotted holes of a tire, and therefore, the completeness of the wall body is kept;
machining processes are reduced; labor and materials are saved; the tensile strength of the
rim main body is enhanced; and the service life of the rim main body is prolonged; more-
over, as lead wires do not need to pass through nuts of the spokes, the assembling effi-

ciency of the spokes is improved, the production time is reduced, and the product strength

IS improved.
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Bibliographic data: CN102555144 (A) — 2012-07-11

Manufacturing process of carbon fiber rim of motorcycle

Inventor(s): SHAODAN FAN +

Applicant(s): BORUISI TECHNOLOGY DALIAN CO LTD +

The invention relates to the field of carbon fibers, in particular to a carbon fiber and a ma-
nufacturing method thereof. The technical scheme disclosed by the invention can be divi-
ded into following two steps of: (1) preparing a reinforcing material into a mould in a sha-
pe of a rim of a motorcycle; covering carbon fiber cloth on the mould in different directi-
ons and different layer numbers, wherein the mould covered by the carbon fiber cloth is a
pre-molded piece; and (2) putting the pre-molded piece into a closed mould and injecting
resin into the mould to be cured and molded under vacuum and pressure conditions, where-
in the pressure is atmospheric pressure from 1.5 to 2.0. The carbon fiber and the manu-
facturing method thereof, provided by the invention, have the characteristics that: (1) the
process is simple and a middle link of pre-immersing materials is avoided; (2) rubber is
injected at low pressure and the cost of additional equipment is saved; (3) the operation is
carried out in the closed mould and a work environment is clean; (4) the automation and
the computer control can be easily realized; and (5) the quality of the surface of a manu-

factured piece is good.

Bibliographic data: EP2322357 (A1) — 2011-05-18

Carbon fibre reinforced plastic bicycle rim with ceramic brake portion

Inventor(s): TSAI CARLOS [TW] +

Applicant(s): BRAINCO COMPOSITES INC [CN] +

According to the present invention, a carbon bodied bicycle rim with ceramic brake portion
(1) comprises a carbon bodied bicycle rim (10) and a protective film (A) thermal sprayed
on the carbon bodied bicycle rim (10). The carbon bodied bicycle rim (10) includes two
brake portion (11) respectively formed on two sides thereof. Each brake portion (11) has
an outer surface (111). The protective film (A) is thermal sprayed on the outer surface
(111) of the brake portion (11), by which the brake portion (11) has a characteristic of
wear-resisting and thermal dissipation. The protective film (A) includes an aluminum layer
(20) thermal sprayed on the brake portion (11) and a ceramic layer (30) thermal sprayed on

the aluminum layer (20).
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Bibliographic data: US2012056468 (A1) — 2012-03-08
Carbon Bodied Bicycle Rim with Ceramic Brake Portion

Inventor(s): TSAI CARLOS [TW] +

According to the present invention, a carbon bodied bicycle rim with ceramic brake portion
comprises a carbon bodied bicycle rim and a protective film thermal sprayed on the carbon
bodied bicycle. The carbon bodied bicycle rim includes two brake portion respectively
formed on two sides thereof. Each brake portion has an outer surface. The protective film
is thermal sprayed on the outer surface of the brake portion, by which the brake portion has
a characteristic of wear-resisting and thermal dissipation. The protective film includes an
aluminum layer thermal sprayed on the brake portion and a ceramic layer thermal sprayed

on the aluminum layer.
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Bibliographic data: TW201144100 (A) —2011-12-16

Carbon fiber wheel rim and manufacturing method thereof

Inventor(s): TAN WEI-KUN [CN] +

Applicant(s): TAN WEI-KUN [CN] +

The present invention relates to a carbon fiber wheel rim and a manufacturing method the-
reof. The wheel rim comprises an outer rim and a support board laterally arranged in an
interior of the outer rim. The carbon fiber wheel rim manufacturing method comprises:
integrally forming the outer rim; cleaning off carbon fibers inside the outer rim; and for-
ming the support board inside the outer rim. The carbon fiber wheel rim and the manu-
facturing method thereof according to the present invention adopts a sectionized forming
process, which first carries out one-step forming of the outer rim and then forming of the
support board so that improved continuity of the outer wall material of the rim can be rea-
lized to thereby improve the overall strength of the rim. Further, after the formation of the



outer rim, excessive carbon fibers inside the outer rim are allowed to be completely re-
moved so as to further reduce the weight of product.
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Bibliographic data: CN101850694 (A) — 2010-10-06

Carbon fiber rim and manufacturing method thereof

Inventor(s): WEIKUN TAN +

Applicant(s): XDS CARBON TECH SHENZHEN CO LTD +

The invention relates to a carbon fiber rim and a forming method thereof. The rim compri-
ses an outer ring and a supporting plate which is transversely positioned inside the outer
ring. The forming method of the carbon fiber rim comprises the following steps: integrally
forming the outer ring; clearing carbon fiber in the outer ring; and forming the supporting
plate on the outer ring. In the carbon fiber rim and the forming method thereof of the in-
vention, a segmented forming method is used for forming the outer ring once firstly and

then forming the supporting plate of the rim to enable the material of the outer wall of the



rim to have good continuity, thereby further improving the integral strength of the rim; and
moreover, after the outer ring is formed, redundant carbon fiber in the outer ring can be

thoroughly cleared, thereby further lightening the weight of a finished product.
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Bibliographic data: CN201735852 (U) — 2011-02-09

Edge cutting machine for wheel rims of carbon fiber bicycle

Inventor(s): JINGSHAN WANG +

Applicant(s): JINGSHAN WANG +

The utility model provides an edge cutting machine for wheel rims of a carbon fiber
bicycle, which comprises a spindle head, a workbench and a fixture fixing and driving the
wheel rims of the carbon fiber bicycle to rotate, wherein the spindle head and the fixture
are both arranged on the workbench, and the fixture is driven to rotate by the output shaft
of a motor. By the adoption of the structure, the wheel rims of the carbon fiber bicycle can
be limited to move in the axial direction by a pressure plate and a rotary supporting plate
which are matched, and can be limited in the radial direction by a locating slot and a loca-
ting block of the rotary supporting plate which are matched, so that the positions of the
wheel rims are defined in processing, zero deflection of products in processing is ensured,
the processing size of products is ensured, and the rejection ratio of products is reduced;
and the fixture for positioning the wheel rims is driven by the output shaft of the motor to
rotate, and when a T-shaped special cutter is driven by the spindle head of a milling ma-



chine to cut tire grooves of the wheel rims, the edge cutting machine adopts automatically
mechanical processing, so that the labor intensity is reduced, and the processing speed is

accelerated.
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Bibliographic data: CN201646243 (U) — 2010-11-24

Improved bicycle carbon fiber rim structure

Inventor(s): JIANYI ZHUO; JINGSHAN WANG +

Applicant(s): JINGSHAN WANG +

The utility model provides an improved bicycle carbon fiber rim structure. An inner cavity
and an outer cavity which are independent with each other are integrally formed by carbon
fiber layers. The inner cavity is a closed cavity in which one end of a spoke is fixedly
arranged, and the outer cavity is open and is internally provided with a tire tube. Two side
walls which are arranged at the upper part of the rim and form the outer cavity are mutua-
Ily parallel, and the inner wall of the outer cavity is provided with a shell reinforcer mat-
ched with the shape of the outer cavity. In the utility model, since the inner wall of the ou-
ter cavity of the carbon fiber rim is provided with the metal shell reinforcer matched with
the shape of the outer cavity, and the metal shell reinforcer enhances the rigidity of the
outer cavity, when a brake sheet clamps the two side walls of the rim, the two side walls
can not deform due to the clamping force, the friction can not be weakened, and the bra-
king reliability of a bicycle is improved. The metal shell reinforcer enhances the strength
of the outer cavity, the two side walls of the rim are clamped by the brake sheet and can

not easily generate crack damage, thereby the service life of the rim is prolonged. In ad-



dition, the metal reinforcer is a shell matched with the inner chamber of the outer cavity,
thereby having the function of installing the tire tube.
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Bibliographic data: TWM371079 (U) — 2009-12-21

Forming mold tool for carbon fiber wheel rim

Inventor(s): CHEN SHU-YI[TW] +
Applicant(s): MEGA COMPOSITE TECHNOLOGY CO LTD [TW] +
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Bibliographic data: KR20110018705 (A) — 2011-02-24
PRODUCING METHOD FOR BIKE'S CARBON RIM

Inventor(s): KIM HONG JIN [KR]; CHOI HUNG GIL [KR]; CHOI OK JOON [KR];
JOO SANG KWON [KR]

Applicant(s): SPIJA CO LTD [KR] +

PURPOSE: A method for producing a carbon rim of a bike is provided to ensure stable
mounting of spoke connectors and tires on the carbon rim by attaching alloy inserts on the
inner and outer perimeters of the rim. CONSTITUTION: A method for producing a carbon
rim of a bike is as follows. A combined element is prepared by attaching first and second
inserts(31,32) to the inner and outer perimeters of an air tube. The exterior of the combined
element is wrapped with polymer composite(C). The combined element is put in an inner
mold. The inner mold is put in an outer mold. A rim(R) is molded with heating and pres-
sing, and then separated. High pressure air is injected to the inner side of the rim in order to

remove the residual materials.
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Bibliographic data: CN201353885 (Y) — 2009-12-02

Carbon fiber wheel rim forming mold

Inventor(s): SHUYI CHEN [CN] +

Applicant(s): MEGA COMPOSITE TECHNOLOGY CO L [CN] +

The utility model relates to a carbon fiber wheel rim forming mold, which consists of an
upper mold, a lower mold and middle molds. The upper mold and the lower mold are pro-
vided with annular mold cavities capable of jointing to from an outer surface of a carbon
fiber wheel rim, the upper mold and the lower mold are further provided with holding ca-
vities capable of jointing, the middle molds which are in circumference arrangement are
located in the holding cavities, each middle mold is formed by overlapping an upper plate,
a middle plate and a lower plate, the upper plate, the middle plate and the lower plate are
provided with molded cores extending into the mold cavities, and a tire groove and a hook
of the carbon fiber wheel rim can be formed by the molded cores. The carbon fiber wheel
rim forming mold can complete demolding of the upper plate and the lower plate by dra-
wing out the middle plate by moving the upper mold. The molded cores can be made of
metal or other hard materials, thereby greatly increasing sizes of the tire groove and the
hook of the wheel rim and the accuracy of superficiality. The carbon fiber wheel rim for-
ming mold is more suitable for economic principles, effectively improves accuracy of pro-

cessing, and maintains high quality and the like.
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Bibliographic data: CN201385547 (Y) — 2010-01-20
Carbon fiber rim of vehicle

Inventor(s): SHUYI CHEN +

Applicant(s): ZHAOSHENG CARBON FIBER SCIENCE AND TECHNOLOGY CO
LTD +

The utility model relates to a carbon fiber rim of a vehicle. The small round frame and the
large round frame of the rim are integrally formed by carbon fiber. The small round frame
and the large round frame are concentric. Two symmetric arc-shaped side frames are con-
nected on the two sides of the small round frame and the large round frame. A tire groove
for installing a vehicle tire is arranged on the external surface of the large round frame. The
internal surface and the external surface of the small round frame are symmetrically arc-
shaped. A thickest place is formed at the central part. The thickness of the place is no less



than the total thickness of the two side frames. The internal surface and the external surface
are connected with the side frames in a way that the thickness is gradually reduced so as to
ensure that the small round frame can stably bear the driving force for a long term. The
utility model has the advantages that the inconvenience of repetitively arranging the tra-
ditional outer rim and the inner rim is eliminated, the manufacturing steps are effectively
reduced, the weight of the finished product is reduced, the weight of the rim is light and the
firmness is high.
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Bibliographic data: CN201362134 (Y) — 2009-12-16

Carbon fiber rim of vehicles

Inventor(s): SHUYI CHEN [CN] +
Applicant(s): MEGA COMPOSITE TECHNOLOGY CO L [CN] +



The utility model relates to a carbon fiber rim of vehicles, which is characterized in that
small circular frame and a large circular frame which are concentric are integrally formed
by carbon fibers, two sides of the small circular frame and two sides of the large circular
frame are connected with symmetrical arc-shaped edge frames, a tire groove with an
outward opening is arranged on the outer surface of the large circular frame, opposite fas-
tening blocks are arranged in the opening of the tire groove, the tire groove and the faste-
ning blocks are used for assembling a tire of a vehicle, the inner surface and the outer sur-
face of the small circular frame are symmetrically arc-shaped, the thickness of the central
portion of the small circular frame is largest and is not less than a total thickness of two
edge frames, and the inner and outer surfaces with thickness gradually reduced are connec-
ted with the edge frames, thereby enabling the small circular frame to be capable of stably
bearing driving acting force for a long time, further removing inconvenience of repeatedly
arrangement of traditional inner and outer rims, effectively reducing manufacturing steps,

reducing weights of finished products, and having effects of light weight and firmness.
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Bibliographic data: CN101797803 (A) — 2010-08-11

Production method of carbon fiber bicycle rim with tire tube

Inventor(s): JINGSHAN WANG; JIANYI ZHUO +

Applicant(s): JINGSHAN WANG +

The invention discloses a production method of a carbon fiber bicycle rim with a tire tube,
which comprises the manufacturing of a cavity mold core, the manufacturing of a tire tube
mold core, the assembly of semi-finished products, the forming of products, the takeout of
the cavity mold core and the takeout of the tire tube mold core. The tire tube mold core
made of plastic materials is light in weight, makes the production operation of workers
convenient, and shortens the wrapping time of a carbon fiber layer, so that the production
efficiency is improved; a layer of isolating film is arranged between the tire tube mold core
and the carbon fiber layer and the isolating film contains silicone oil, so that the carbon
fiber layer is not adhered to the tire tube mold core and is separated from the tire tube mold
core easily, the tire tube mold core can be taken out of a formed rim tire tube cavity easily,
the production efficiency of workers is improved further, and the labor strength and re-
jection ratio are reduced; because an integral made-up article is light in weight, when
wrapped by the workers, the carbon fiber layer is more uniform and smooth; and due to the
adoption of the manufactured tire tube mold core, the carbon fiber layer is high temperatu-
re resistant and high pressure resistant and has no deformation during in solidification for-
ming time, and products formed by the carbon fiber layer can be easily controlled in size,

have no deformation and reduce the strength.
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Bibliographic data: TWM357379 (U) — 2009-05-21
Wheel rim made solely of carbon fiber

Inventor(s): LI SHI-PENG [TW] +
Applicant(s): CARBOTEC IND CO LTD [TW] +
Abstract not available for TWM357379 (U)
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Bibliographic data: US2009250995 (A1) — 2009-10-08
Composite Carbon Fiber Wheel Rim and Method of Making Thereof

Inventor(s): TSAI CARLOS [TW] +

A composite carbon fiber wheel rim of a tubular type comprises a friction-resisting rim
body having an inner and outer circumferential periphery, and an inner rim body being
disposed along the inner circumferential periphery of the friction-resisting rim body. A



method for making such a wheel rim comprises forming a friction-resisting rim body,

mounting inner rim body to the friction-resisting rim body, and making the friction-

resisting rim body and the inner rim bodies as an integral piece. A composite carbon fiber

wheel rim of a clincher type further comprises an outer rim disposed along the outer cir-

cumferential periphery. Accordingly, the outer rim is mounted to the friction-resisting rim

body while mounting the inner rim.
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Bibliographic data: CN101270408 (A) — 2008-09-24
Thermal treatment method for high-carbon steel train wheel circular rim surface and

heat treatment apparatus

Inventor(s): GANG CHEN [CN]; SHIFU WANG [CN]; BO JIANG [CN]; XIANG LI
[CN]; BIN ZHONG [CN]; DELI CHENG [CN]; ZHIXIANG GONG [CN]; HAI ZHAO
[CN] +

Applicant(s): MAANSHAN IRON & STEEL CO LTD [CN] +

The invention discloses a heat treatment method of a wheel rim surface of the train wheel
with high carbon steel. The method is carried out as follows: during the cooling process,
the wheel tread of train wheel is firstly cooled by spraying water with small flow in short

time, then large flow in long time. The invention also discloses a heat treatment device of



using the method. An water feed tubular tube comprises a water feed tubular tube with
large flow and a water feed tubular tube with small flow, the water feed tubular tube with
large flow is communicated with a plurality of nozzles with large flow, and the water feed
tubular tube with small flow is communicated with a plurality of nozzles with small flow.
Adopting the technical proposal can improve the contacting fatigue resistance of train
wheel, reduces the tread spalling of train wheel; obtains the appropriate geometric mat-
ching relation between wheels and rails as soon as possible, increases the contact area,
decreases the contact stress level; promotes the wear resistance of the internal part of wheel
rim, thereby promoting the service life of wheel; can not increase the operation difficulty
of the heat treatment and cooling technology of wheels.

............
-

Drawing pages of CN101270408 A

Bibliographic data: CN101372156 (A) — 2009-02-25

Molding technique of bicycle carbon fibre rim

Inventor(s): SHILU LIN [CN] +

Applicant(s): XIAMEN GUANGQUN COMPOSITES [CN] +

The invention relates to a shaping technique of a carbon fiber rim of a bicycle; a brittle
high temperature-resistant material is mainly adopted as an outer core for shaping the car-
bon fiber rim of the bicycle; during a hot hardening shaping process, the outer core can not
be deformed caused by being heated; after shaping, the outer core can be broken and shi-
vers can be conveniently taken out from the rim. As the brittle high temperature-resistant
material is adopted as the material of the outer core, the shivers can be conveniently taken

out from the rim only by breaking the outer core when the core is led to be separated from



the shaped rim, without damaging the rim but greatly reducing the rate of wasted products;
besides, the operation is easier to be carried out; as the brittle high temperature-resistant
material is adopted as the material of the outer core, compared with an iron inner core, the
weight thereof is greatly reduced, thus being convenient for a worker to carry out the ope-
ration of coating a piece of carbon fiber cloth and leading the piece of carbon fiber cloth to
be more flatly coated so as to ensure the intensity of the rim.
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Drawing pages of CN101372156 A

Bibliographic data: DE102007033788 (A1) — 2009-01-15
Pretreatment plant for special- or burnished tire rims, includes high pressure carbon

dioxide jet cleaning equipment, with guidance provided by camera and robot

Inventor(s): WURSTER GERD [DE] +

Applicant(s): WURSTER GERD [DE] +

Carbon dioxide jet-blasting equipment (50) used to clean the workpieces (44), precedes the
e.9.10 other pretreatment stations of the plant. It (50) is fed with dry ice. The high pressure
jet-blasting unit operates at 20-60 bar or more. The jet-blasting unit is supplied with liquid
jetting medium, to which a cleaning agent is added. Automatic handling equipment, e.g. a
robot (46), guides the jetting device relative to the workpiece. A sensor, e.g. a camera (48),
controls the robot automatically. An independent claim IS INCLUDED FOR the corre-
sponding method.
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Bibliographic data: CN201026777 (Y) — 2008-02-27

Carbon fiber bicycle rim with improved structure

Inventor(s): JINGHUI WANG [CN] +

Applicant(s): JINGHUI WANG [CN] +

The utility model discloses a carbon fiber bicycle rim with an improved structure. The rim
is connected into a ring typed hollow tube by an upper wall, a lower wall, a left side wall
and a right side wall, the space between the upper wall and the lower wall is provided with
a plurality of step holes allowing the both ends of the spokes to be inserted into and loc-
kably fixed, the number and positions of the holes is matched with the spokes; the outer
walls of the holes are cylinder without mutual connection, the hole wall and the hollow
tube wall is an integral forming. The utility model has the advantages and efficacy of
increasing the strength of the bicycle rims, prolonging the service life, reducing the mate-
rial cost, lightening the weight of the rims, reducing the procedures and time required by

the manufacture process, etc.

Bibliographic data: CN101269611 (A) — 2008-09-24
Bicycle rim structure manufactured with carbon fiber knit material and method the-
reof

Inventor(s): ZHANGXUN QIU [CN]; MINGDE LIN [CN] +
Applicant(s): ZHANGXUN QIU [CN] +
A bike rim structure made of carbon-fiber weave material and the manufacture method

thereof, which comprises: (a) forming the carbon-fiber weave material by weaving a plura-



lity of carbon-fiber bundles, wherein, two ends of each carbon-fiber bundle form the tube-
shaped or strip-shaped end of the long shaft of the carbon-fiber weave material; (b) soaking
the carbon-fiber weave material into the resin to make the resin attach thereon; (c) placing
at least one layer of carbon-fiber weave material with resin in a forming mould pre-set as
the shape of the needed rim; (d) hardening the carbon-fiber weave material in the forming
mould by hot-press molding process so as to form the bike rim. According to the invention,
after the carbon-fiber weave material with multi-directional transfiguration performance is
soaked into the resin, the weave material is orderly arranged in the forming mould with the
needed shape and then the weave material can easily achieve the molding process in the
forming mould by the hot-press molding method; and thus, the procedure of the producing
method is reduced and the good-quality rim formed by the integral forming process can be
produced fast; and the rumples can be prevented from generating on the produced rim so
that the appearance is beautiful; and the strength and heat dispersion of the rim are impro-

ved.
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Bibliographic data: TW200838729 (A) — 2008-10-01

Bicycle rim structure made of carbon fiber braided material and method thereof

Inventor(s): QIU CHANG-XUAN [TW]; LIN MING-DE [TW] +
Applicant(s): QIU CHANG-XUAN [TW]; LIN MING-DE [TW] +

A bicycle rim structure made of carbon fiber braided material and a method thereof are
disclosed. The method comprises: (a) producing the carbon fiber braided material by
braiding a plurality of carbon fiber bundles, wherein the two ends of the carbon fiber bund-
les are formed into the end part of the long axis of the tubular or strip-shaped carbon fiber
braided material; (b) soaking the carbon fiber braided material in resin making the carbon
fiber braided material soaked with resin; (c) placing at least one layer of the resin-soaked
carbon fiber braided material into a forming mold with a predetermined shape of the

required rim; and (d) hot press forming to cure and form the carbon fiber braided material



in the forming mold into the bicycle rim.; Accordingly, simplifying manufacturing proces-
ses, reducing the production cost and defective rate, and producing an integrally formed
bicycle rim of high quality can be achieved.

200838729 | 200838729 200838729
T

200838729 200838729

Bibliographic data: KR20080017881 (A) — 2008-02-27
METHOD FOR MANUFACTURING OF CARBON RIM AND DIE THEREFOR

Inventor(s): CHOI HUNG GIL [KR]; MOON HYOUNG SIK [KR]; CHO JEONG
BONG [KR]; YOO CHIL SUNG [KR]; CHOI OK JOON [KR]; LEE WI RO [KR] +
Applicant(s): YOO CHIL SUNG [KR]; CHOI OK JOON [KR]; CHO JEONG BONG
[KR]; CHOI HUNG GIL [KR]; MOON HYOUNG SIK [KR]; LEE WI RO [KR] +

A method for manufacturing a carbon rim and a molding device for the same are provided
to improve durability and strength by forming the shape of a body of a rim through atta-
ching a carbon sheet along the moving trace of a lapping jig. A method for manufacturing
a carbon rim comprises a first step(S110) of lapping the shape of a body of a rim by atta-
ching a carbon sheet on the surface of an air tube; a second step(S120) of lapping the shape



of a clincher of the rim by attaching the carbon sheet on the outer periphery of upper and
lower molds of an inner mold; a third step(S130) of setting the air tube where the shape of
the body of the rim is lapped in the upper and lower molds where the shape of the clincher
is lapped; a fourth step(S140) of completing the inner mold by combining a middle mold
from the side of the upper and lower molds; a fifth step(S150) of baking the carbon rim
inside the inner mold by heating the inner mold from the fourth step with an outer mold
mounted on a press; a sixth step(S160) of cooling the inner mold from the fifth step from
the outer mold; and a seventh step(S170) of drawing out a finished product by separating

the inner mold cooled from the sixth step.

Bibliographic data: DE202005006589 (U1) — 2005-09-22

Method for assembling plastic bicycle wheel especially with carbon fibre reinforce-
ment has a modular design with interlocking rim segments held by an outer wheel
rim

Applicant(s): LI MU RONG [TW] +

A method for assembling a plastic bicycle wheel, especially with carbon fibre reinforcing,
has a modular design with separate rim segments (11) with interlocking plug and socket
ends (12, 13) and with a tapering cross section. The interlocking ends are coated with ad-
hesive and the segments are assembled and pressed together on an assembly jig. The wheel
is further held together by a one piece outer wheel rim (15) of either light alloy or carbon

fibre reinforced plastic.

_Drawing pages of DE202005006589 Ul
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Bibliographic data: CN2763099 (Y) — 2006-03-08

Bicycle wheel rim made of carbon fibre

Inventor(s): XIE JUNMAO [CN] +

Applicant(s): YINGWEI ENGINEERING CO LTD [CN] +

The utility model relates to a bicycle wheel rim made of carbon fibers, particularly a
bicycle wheel rim made of the carbon fibers. The utility model uses a supporting wall
which is arranged in the wheel rim to reinforce a wheel rim structure. The utility model
comprises a wheel rim made of the carbon fibers. The wheel rim is in a ring-shaped hollow
structure which is formed by that an upper wall, a lower wall, a left wall and a right wall
are connected in a ring mode. The hollow position of the wheel rim is provided with the
supporting wall which is connected with the inner wall of the wheel ring in order to rein-
force the wheel rim structure. The inner wall of the wheel rim is provided with supporting
wall to enhance the strength of the wheel rim to be suitable for impact force when the whe-
el rim is vibrated and impacted to protect the self structure of the wheel rim made of the

carbon fibers.



Bibliographic data: TWM268199 (U) — 2005-06-21

Improved bicycle wheel rim structure made by carbon fiber

Inventor(s): SHIE JIUN-MAU [TW] +
Applicant(s): YING WEI ENGINEERING CO LTD [TW] +

M268199 C M268199 . M26819%

Drawing pages of TWM268199 U
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Bibliographic data: US5975645 (A) — 1999-11-02

Carbon bodied bicycle rim

Inventor(s): SARGENT LEIGH R [US] +
Applicant(s): COMPOSITECH INC [US] +
A bicycle wheel has good impact properties and increased durability. In one embodiment
the rim comprises a two piece rim having a carbon fiber based body portion having bul-
bous sidewalls for capable of flexing in response to radially directed forces, and a tire en-
gaging, hoop-like rim made from aluminum. The rim includes a pair of parallel braking

surfaces. In the preferred embodiment, the convex curved sides of the wheel, in transverse



cross section are wider than the braking surfaces and intersect the braking surfaces at an
angle of less than about 175 DEG.



PRILOHA PII

Description

HexPly® M49 is a 120°C curing toughened epoxy matrix with good impact resistance suitable for use in
performance cars. The matrix is highly tolerant to a wide variety of production techniques and equipment
making it easy to process. Hexply® M49 is especially suitable for cosmetic applications (eg car interiors)

Benefits and Features

High Toughened epoxy

Goed impact resistance

Self adhesive on Horeycomb

Good stability under LV

Autoclave or vacuum bag processing

Lorg shelf life and out life at room temperature

Excelent tack and drap

Resin Matrix Properties

Calour Transparent
Density (9/cm3) 1,18
Curing Enthalpy (J/g) 290
Gel time at 120°C (min) 12- 14
Minimum Viscosity (poise) 50

Tg after 120°C 60 min cure dry (*C) 115

Tg wet (°C) ao

Viscosity profile (heat up rate 2°C/min)

10000

1000

100

Viscosity (Poise)

50 60 7O 80 8O 100 110 120 130 140 150
Temperature (°C)

HEXC '..



Prepreg Types

Fibra Dasignation 200P 24572 285P aror2 37085 BOOT2
3K high 3K high G high 12K high G high 12K high
Type strength strength strength strength strength strength
carbon carbon carbon carbon carbon carbon
Style Plain weave Tl 22 Plain weave Twill 22 Satin weave 5 H Twill 22
Weight (g/m?) 200 245 285 370 370 600
Nominel cure ply 0.234 0.287 0.333 0.433 0433 0.860
thickness (mm)
M43 resin content
by weight (%) 42 42 42 42 42 39
Cured Prepreg Mechanical Properties (cured at 120°C in autoclave)
Properties Test Method 200P 245T2 285P aroT2 aross B00T2
0° tensile prEM25E1
Strength (Mpa) Q00 Qa0 240 1040 955 870
Maodulus (Gpa) 64 B9 B4 B5 65
0° compression prEN 2850 B
Strength (Mpa) 725 650 650 550 510
07 Flexural prEN 2562
Strength (Mpa) 850 Q00 880 280 a00
Modulus (Gpa) 52 55 53 50 55
0% Interlaminar Shear prENZ2563
Strength (Mpa) 63 59 &0 59 63

Results for cured prepregs at 55%fibre volume content.




Prepreg Curing Conditions

For cosmetic parts it is recommended to use autoclave process rather than vacuurn only.
A typical autoclave cure cycle for a thin part is:

(1) Apply the full vacuurn (0.9 bar)
(2) Apply 7 bar gauge autoclave pressure

(31 Reduce vacuurn to a safety value of 0.2 bar when the autoclave pressure reaches approxdmately 1 bar gauge
{4} Heat up at 1-3 “C/minute to 120°C

(5 Hold at 120°C for 60 minutes

(B) Cool at 2-5%¢c/min

(71 Vent autoclave pressure when the component reaches 60°Cor below.

— T perature

- = = - \acuum

—_— = = Pressure

Temperature (*C)
2
o &
Pressure(bar)

40

20 / J’

0 80 120
Tirme {min)

Heat-up rates are dependent on component thickress, eg, slow heat-up rates should be used for thicker componearnts and large
tools. Accurate temperature measurements of the compeonent should be made during the cure cycles by using thermocouples. For
a horeycomb sandwich parel, a cure pressure of 1 = 3 bars should be used, dependert on horeycomb density.

Alternative cure cycle can be used:

Cure temperature (°C) Time (min)
140 30
120 60
100 120
90 360
85 720

Ferformance testing should be done for alternative cure cycle (to 60min at 120°C autoclave) in arder to ensure suitability for the
particular application. Cycles bower than 120°C cure will be suitable depending on the application, especially level of Tg needed.

A recommended vacuum cycle for a thin part is:

(1) Apply the full vacuurn (0.9 bar)

[2) Heat up at 1-2 “C/minute to 120°C
(3 Hold at 120°C for 60 minutes

[y Cool at 2-5%¢/min




Prepreg Storage Life

B Out Lifer 30 days at BT (23°C/73°F)

| | Shelf Life: 12 months at -18°C (0°F) (from date of manufacture)

Definitions:

Shelf Life: The maximum storage life for HexPly® Prepreg, when stored continuously, in a closed
moisture proof bag, at -18°C [0°F). To accurately establish the exact expiry date, consult
the box label

Ot Life: The maximum accumulated time allowed at room temperature between removal from the

freerer and cure.

Storage Conditions

HexPly® M48 prepregs should be stored as received in a cool dry place or in a refigerator. After removal from
refrigerator storage, prepreg should be allowed to reach room temperature before opening the polythene
bag, thus preventing condensation. (A full reel in its packaging can take up to 48 hours).

Precautions for Use

The usual precautions when handling uncured synthetic resins and fine fibrous materials should be observed,
and a Safety Data Sheet is available for this product. The use of dean disposable inert gloves provides
protection for the operator and avoids contamination of material and components.120°C curing epoxy matrix

Important

All information i believed 1o be accurate but is given without acceptance of liability, Users should make their own
assessment of the suitability of any product for the purposss required, All sales are made subject to our standard terms of
sale which include limitations on liability and other important terms.,

=Copyright Hexcel Corporation
Publication FTMA75c Nov 2008)

For More Information
Hexeel is a leading worldwide supplier of composite materials 1o aerogpace and other demarding industries, Our
comprehengive product range includes:

W Carbon Fibre W Structural Film Adhesives
| AT Materdals W Honeycomb Sandedch Parels
W Horeyocomb Corps W Engireersd Core

W Carbon, glass, aramid and hybrid prepregs B Reinforcement Fabrics

W HexTOOL® composite tooling material
For US quotes, orders and product information call toll-free 1-800-688-7734
For other worldwide sales office telephone numbers and a full address list please go to:
hitp /v hexcel.com/contact/salesoffices
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SYSTEWVIES

CERTIFICATE OF CONFORMANCE

Customer

BOKATECH 5.r.0.

Customer order

1320000011

Date

08/03/2013

Product Carbon Fabric TC203T EMT 125 PLUS 42% Epoxy Prepreg
Fibre Carbon 3K
Fabric TCW03T
Production batch 203T130800509001 Date 02/04/2013
PROPERTIES UNIT SPECIFICATION RESULT
Warp E/cm 2003 50
Threads (UNIEN 1049-7)
Wefi Elcm 5003 50
Fabric width @x1EX 1773) cm 100+1 100.3
Fabric thickness (UN EN 150 5084) pm 150 £ 15% 270
Weave (UNI 5090 - Twill 22 Twill 2/2
Total weight prepreg (UNIEN 12127) g-’m2 345 = 4% 355
Resin content (Epoxy) R by “'Ei:lE:]lTjﬂ'.'l drv 43,6
Volatile content L] <1 0,98

Notes

Certified that the whole er the supplies derailed heveon have been inspected, rested and unless otherwize stated conform in all
respect with the requirements of the comract or order

PRO-SYSTEMS SPA

QUALITY LA4B.

(Fy €Sl

CERT

O

150 801

PRO-5YSTEMS pu
LRI COMMIRCLAL | AssisaiTRAT Wi Ao Coani, 53,65 - 22076 Morzzan [Co) » m 439 0031 574 BE7 va - pa £39 0311 574 295
SEDE LEGAIE v M, & - 200 Ad Maanc s CF F P, T OIRIT 1095 - CAP SO0, & 450000,00 T VERSATD - B b, 54 189559 - FECT, MXI0EIT
E-radiL F?‘Q'iﬁfﬂiﬂl‘_ll‘ﬂ'%}'?\cmﬁ iF = W HIE MI‘_II‘C'&}'F\CNE it

Daie
02042013
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PRILOHA PIV

@REKOTE

Technical Data Sheet

B-15™

February 2011

PRODUCT DESCRIPTION
B-15™ provides the following product characteristics:

Technology Mold Sealer

Appearance Clear, coloress™®

Chemical Type Solvent Based Polymer

Odar Solvent

Cure Foom temperature cure

Cured Thermal Stability [=400 °C

Application Mold Sealer

Application Temperature |20 to 60 °C

Specific Benefit « Mo contaminating transfer

« High themal stability
« Seals mold porosity, scratches

or imperfections

B-15™ is formulated specifically as a sealer for composite and
metal melds with micro porosity problems, small surface
scratches or imperfectionz. Used in conjunction with other
Frekote® productz, B-15™ provides an excellent base coat
enhancing the release advantages offered.

TYPICAL PROPERTIES OF UNCURED MATERIAL
Specific Gravity @ 25 °C 0.745t0 0.775~=

Flash Point - See MSDS

Relzase Agent Transfer EqLus

GENERAL INFORMATION

This product is not recommended for use in pure oxygen
andior oxygen rich systems and should not be selected as
a sealant for chlorine or other strong oxidizing materials

For safe handling information on this product, consult the
Material Safety Data Sheet (MSDS).

Mold Preparation
Cleaning:

Meld surfaces must be thoroughly cleansd and dried. All traces
of prior release must be removed. This may be accomplished
by using Frekote® PMC or other suitable cleaner. Frekote™
S15WB™ or light abrasives can be used for heavy build-up.

Directions for use:

1. B-15™ can be applied to mold surfaces by spraying,
brushing, dipping or wiping with a clean, lint free, cotton
wiping cloth. When spraying, ensure a dry air source is
used or use an airless spray system making sure the
nozzles is 20 to 25 cm from the mold surface.

2. Brushing and dipping are effective methods of application,
but care should be taken to avoid excessive pooling and
to ensure that the part is well drained. Wiping on is the
best method of application.

3. Only a thin wet film iz required. It is suggested that small
areas be coated, working progressively from one mold to
the other.

4. Apply a minimum of twoe coatz, allowing 30 minutes
between coats.

5. The final coat will cure within 24 hours at 23°C or the cure
process can be shortened by baking the mold for 60
minutes at 95°C after ensuring that the meold is dry and all
sovents have flashed off.

6. The mold is now ready to be coated with Frekote mold
release products. Please refer to individual product data
sheets for the proper application of the release agent.

Mold Touch up

Touch up coats with a sealer should only e applied to areas
where the mold was repaired. On repaired areas apply the
same number of sealer and release agent coats like for the
base coating onto new or refurbished molds.

Loctite Material Specification-=

LMS dated December 13, 2002. Test reports for each batch
are available for the indicated properties. LMS test reports
include selected QC test parameters considered appropriate to
specifications for customer use. Additionally, comprehensive
controls are in place to assure product quality and
consistency. Special customer specification requirements may
be coordinated through Henkel Quality.

Storage

The product iz classified as flammable and must be stored in
an appropriate  manner in  compliance with relevant
regulations. Do not store near oxidizing agents or combustible
materials. Store product in the unopened container in a dry
location. Storage information may also be indicated on the
product container labelling.

Optimal Storage: 8 *C to 21 "C. Storage below 8 °C or
greater than 28 *C can adversely affect product properties.
Material removed from containers may be contaminated during
use. Do not return product to the onginal container. Henkel
cannot assume responsibility for product which has been
contaminated or stored under conditions other than those
previously indicated. If additional information is required,
pleaze contact your local Technical Service Center or
Customer Service Representive.




PRILOHA PV

@REKOTE

Technical Data Sheet

700-NC™

October 2009

PRODUCT DESCRIPTION
TO0-MC™ provides the following product characteristics:

Technology Mold Release
Appearance Clear, coloress™™
Chermical Type Solvent Baged Polymer
Cdor Solvent
Cure Room temperature cure
Cured Tharmal Stability |=400 °C
Application Release Coatings
Application Temperature|13 to 135 °C
Specific Benefit # Mo chlorinated solvents
» High gloss finish
= High slip
e [MNo contaminating transfer
e Mo mold build-up

TOOD-MC™ offers excellent release properties for the most
demanding applications and is a great all-purpose releass
agent. TOD-WNC™ releases epoxies, polyester resins,
thermoplastics, rubber compounds and most other molded
polymers.

TYPICAL PROPERTIES OF UNCURED MATERIAL
Specific Gravity @ 235 °C 0.755 to 0.764"=

Flash Point - See MSDS

GENERAL INFORMATION

This product is not recommended for use in pure oxygen
andfor oxygen rich systems and should not be selected as
a sealant for chlorine or other strong oxidizing materials

For safe handling information on this product, consult the
Material Safety Data Sheet (MSDS).

Mold Preparation

Cleaning:

Mold surfaces must be thoroughly cleaned and dried. All traces
of prior release must be removed. This may be accomplished
by using Frekote®™ PMC or other suitable cleansr. Frekots®
15WE™ or light abrasives can be used for heavy build-up.

Sealing New/Repaired Molds:

Cecasionally, green or freshly repaired molds are rushed into
service prior to complete cure causing an increased amount of
free styrene on the mold surface. Fresh or “production line”
repairs, new fiberglass and epoxy molds should be cured per
manufacturer's instructions, usually a minimum of 2 -3 weeks
at 22°C before starting full-scale production. Fully cured
previously unused molds should be sealed before use. This
can b= accomplished by applying one to two coats of an
appropriate Frekate® mold sealer, following the dirsctions for
use instructions. Allow full cure of the approprate Frekote®
mold sealer before you apply the first coat of TOO-NC™ as
outlined in the directions of use.

Directions for use:

1. 700-NC™ can be applied to mold surfaces at room
temperature up to 135°C by spraying, brushing or wiping
with a clean lint-free, cloth. When spraying ensure a dry
air source is used or use an airless spray system. Always
use in a well ventilated area.

2. Wipe or spray on a smooth, thin, continuous, wet
film. Avoid wiping or spraying over the same area that
was just coated until the solvent has evaporated. If
spraying, hold nozzle 20 to 30cm from mold surface. It is
suggested that small areas he coated, working
progressively from one side of the mold to the other.

3. Initially, apply 2 to 3 base coats allowing S to 10 minutes

between coats for solvent evaporation .

Allow the final coat to cure for 13 to 20 minutes at 22°C.

Maximum releases will be cbiained as the mold surface

becomes conditioned to TOO-MC™. Performance can

be enhanced by re-coating once, after the first few initial
pulls.

B. When any release difficulty is experienced, the area in
guestion can be "ouched-up™ by re-coating the entire
mold surface or just those areas where release difficulty is
oCouming.

7. NOTE: 7OO-NC™ is moisture sensifive, keep container
tightly closed when not in use. The product should always
be used in a well ventilated area.

5. Precaution: Users of closed mold systems{rotomolding)
must be certain that solvent evaporation is complete and
that all solvent vapors have been ventilated from the meld
cavity prior to closing the mold. An oil-free compressed air
source can e used to assist in evaporation of solvents
and ventilation of the mold cavity.

o b

Mold Touch up

Touch up coats should enly be applied to areas whers poor
release is noticed and should be applied using the same
method as base coats. This will reduce the possibility of
release agent or polymer build-up. The frequency of touch ups
will depend on the polymer type, mold configuration, and
abrasion parameters.

Loctite Material Specification'™

LMS dated May 10, 2006. Test reports for each batch are
available for the indicated properties. LMS test reports include
selected QC test parameters considered approprate to
specifications for customer use. Additionally, comprehensive
controls are in place to assure product quality and
consistency. Special customer specification requirements may
be coordinated through Henkel Quality.
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Storage

The product is classified as flammable and must be stored in
an appropriate  manner in  compliance with relevant
regulations. Do not store near oxidizing agents or combustible
materials. Store product in the unopensd container in a dry
location. Storage information may also be indicated on the
product container labelling.

Optimal Storage: 8 °C to 21 *C. Storage below & °"C or
greater than 28 °C can adversely affect product properties.
Material removed from containers may be contaminated during
use. Do not retumn product to the original container. Henkel
cannot assume responsibility for product which has been
contaminated or stored under conditions other than those
previously indicated. If additional information is regquired,
please contact your local Technical Service Center or
Customer Service Representive.

Conversions
{("Cx1B)+32="°F
EVimm x 25.4 = \imil
mm f 25.4 = inches
um { 25.4 = mil
Mx0225=1b

Mimm x 5.71 = Ibin
Mimm?® x 145 = psi
MPa x 145 = psi
M-mox 8851 = lb-in
M-m = 0.738 = bt
MN-mm x 0.142 = oz-in
mFa-s =cP

MNote

The data contained herein are fumished for information only
and are believed to be reliable. We cannot assume
responsibility for the results obtained by others over whose
methods we have no contrel. It is the users responsibility to
determine suitability for the users purpose of any production
methods mentioned herein and to adopt such precautions as
may be advisable for the protection of property and of persons
against any hazards that may be involved in the handling and
use thersof. In light of the foregeing, Henkel Corporation
specifically disclaims all warranties expressed or implied,
including warranties of merchantability or fitness for a
particular purpose, arising from sale or use of Henkel
Corporation's products. Henkel Corporation specifically
disclaims any liability for consequential or incidental
damages of any kind, including lost profits. The discussicn
hersin of various processes or compositions is not to be
interpreted as representation that they are free from
domination of patents owned by others or as a license under
any Henkel Corporation patents that may cowver such
processes or compositions. We recommend that each
prospective user test his proposed application befors repetitive
use, using this data as a guide. This product may be covered
by one or more United States or foreign patents or patent
applications.

Trademark usage

Except as otherwise noted, all trademarks in this document
are trademarks of Henkel Corporation in the U5, and
elsewhera. ® denotes a trademark registered in the U.S.
Patent and Trademark Office.

Reference 0.0

Americas Europe
+860.571.5100 +45.59.320800.1500

Asia
+86.21.2801.8863

For the most direct access to local sales and technical support visit www.henkel.com/findustrial
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PRODUCT DESCRIPTION
TT0-MC™ provides the following product characteristics:

Technology Mold Release
Appearance Clear, coloress™®
Chemical Type Solvent Based Polymer
Odaor Solvent

Cure Room temperature cure

Cured Themal Stability |=400 °C

Application Release Coalings
Application Temperature |15 to 60 °C
Specific Benefit » HNo contaminating transfer
» High gloss finish
» High slip
+ Mo meld build-up
« Lowodor
TTO-MC™ offers  excellent release for warous molding

applications. 770-NC™ can be used for the release of epoxies,
polyester resing, vinyl ester resing, thermoplastics, adhesives,
and rotationally molded plastics. This product is particulary well
suited for tougher to release processes such as filament
winding and non gel coated polyester and fiberglass molding.

TYPICAL PROPERTIES OF UNCURED MATERIAL
Specific Gravity @ 25 °C 0.715 to 0725w

Flash Point - See MSDS

GENERAL INFORMATION

This product is not recommended for use in pure oxygen
and/or oxygen rich systems and should not be selected as
a sealant for chlorine or other strong oxidizing materials

For safe handling information on this product, consult the
Material Safety Data Sheet (MSDS).

Mold Preparation

Cleaning:

Meld surfaces must be thoroughly cleaned and dried. All traces
of prior release must be removed. Thiz may be accomplished
by using Frekote® PMC or other suitable cleaner. Frekote™
915WEB™ or light abragives can be used for heavy build-up.

Sealing New/Repaired Molds:

Occasionally, green or freshly repaired molds are rushed into
service prior to complete cure causing an increased amount of
free styrens on the mold surface. Fresh or "production line”
repairs, new fiberglass and epoxy molds should be cured per
manufacturer's ingtructions, usually a minimum of 2 -3 weeks
at 22°C before starting full-scale production. Fully cured
previously unused molds should be sealed before use. This
can be accomplished by applying one to two coats ofan
appropriate Frekote® mald sealer, following the directions for
use instructions. Allow full cure of the appropriate Frekote™
mold zealer before you apply the first coat of 770-NC™ as
outlined in the directions of use.

Directions for use:

1. 770-MNC™ c¢an be applied to mold surfaces at room
temperature up to 80°C by spraying, brushing or wiping
with a clean lint-free, cloth. When spraying ensure a dry
air source is used or use an airless spray system. Always
use in a well ventilated area.

2. Wipe or spray con a smooth, thin, continuous, wet
film. Avoid wiping or spraying over the same area that
was just coated until the solvent has evaporated. If
spraying, hold nozzle 20 to 30cm from mold surface. It is
suggested that small arsas be coated, working
progressively from cne side of the mold to the other.

3. Initially, apply 2 to 3 base coats allowing 5 to 10 minutes

between coats for solvent evaporation .

Allow the final coat to cure for 5 to 10 minutes at 22°C.

Maximum releases will be obtained as the mold surface

becomes conditioned to 77O0-NC™. Performance can

be enhanced by re-coating once, after the first few initial
pulls.

6. When any release difficulty iz experienced, the area in
guestion can be "touched-up™ by re-coating the entire
mold surface or just those arsas where release difficulty is
oCCurming.

7. NDTE: T70-MNC™ is moisture sensitive, keep container
tightly closed when not in use. The product should always
be used in a well ventilated area.

&. Precaution: Users of closed mold systems{rotomolding)
must be cernain that solvent evaporation is complete and
that all solvent vapors have keen ventilated from the moeld
cavity prior to closing the mold. An oil-free compressed air
source can ke used to assist in evaporation of solvents
and ventilation of the mold cavity.

Mold Touch up

Touch up coats should only be applied to areas where poor
release iz noticed and should be applied using the same
method as base coats. This will reduce the possibility of
release agent or polymer build-up. The frequency of touch ups
will depend on the polymer type, mold configuration, and
abrasicn parameters.

o=

Loctite Material Specification'™®

LM3 dated May 29, 2007. Test reports for each batch are
available for the indicated properties. LMS test reports include
selected QC test parameters considered appropriate fto
specifications for customer use. Additicnally, comprehensive
controls are in place to assure product quality and
congistency. Special customer specification requirements may
be coordinated through Henkel Quality.




TDS 770-NC™, QOctober 200

Storage

The product iz classified as flammable and must be stored in
an appropriate  manner in  compliance with relevant
regulations. Do not store near oxidizing agents or combustible
materialz. Store product in the uncpensd container in a dry
location. Storage information may also be indicated on the
product container labelling.

Optimal Storage: 8 °C to 21 *C. Storage below 8§ °C or
greater than 28 *C can adversely affect product properties.
Material removed from containers may be contaminated during
use. Do not retum product to the orginal container. Henkel
cannct assume responsgibility for product which has been
contaminated or stored under conditions other than those
previouszly indicated. If additional information is required,
please contact your local Technical Service Center or
Customer Service Representive.

Conversions
("Cx18)+32="F
EWimm x 25.4 = Vimil
mm  25.4 = inches
um {254 = mil
Mx0225=1b

Mimm x 5.71 = Ifin
Mimm?® x 145 = psi
MPa x 145 = pai

M-m x &.851 = lb-in
M-m x 0.738 = [b-ft
M-mm x 0.142 = oz-in
mPa-s=cP

Note

The data contained herein are fumished for information only
and are believed o be reliable. We cannot assume
responsibility for the results obtained by others over whose
methods we have no contrel. It is the user's responsibility to
determine suitability for the user's purpose of any production
methods mentioned herein and to adopt such precautions as
may be advisable for the protection of property and of persons
against any hazards that may be involved in the handling and
use thereof In light of the foregoing. Henkel Corporation
specifically disclaims all warranties expressed or implied,
including warranties of merchantability or fitness for a
particular purpose, ariging from sale or use of Henkel
Corporation’s products. Henkel Corporation specifically
dizclaims any liability for consequential or incidental
damages of any kind, including lost profits. The discussion
hersin of wvarious processes or compositions iz not to be
interpreted as  representation that they are free from
domination of patents owned by others or as a license under
any Henkel Corporation patents that may cover such
processes or compositions. We recommend that esach
prospective user test his proposed application before repetitive
use, using this data as a guide. This product may be covered
by one or more United States or foreign patents or patent
applications.

Trademark usage

Except as ctherwise noted, all trademarks in this document
are trademarks of Henkel Corporation in the U.S. and
elsewhere. ® denotes a trademark registered in the U.S5.
Patent and Trademark Office.

Reference 0.0

Americas Europe
+560.571.5100 +49.89.320500.15800

Asia
+86.21.2891.886:

For the most direct access to local sales and technical support visit www.henkel.com/industrial
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FLEX-Z

DESCRIPTION

FLEX-Z iz an industry breakthrough - a variable release system that gives total control to the melder. An array of six resin polymers with a
common platfiorm, FLEX-Z provides flexibility in mold release levels that is an absolute requirement. Formulated to control physical and
chemical factors in polyester-molding environments, FLEX-Z reduces prep time, eliminates sag and delivers predictable release across the
performance spectrum from minimum to maximum slip. For the 100% SOLVENT-FREE meld release system best suited to your needs, see
our website: www Fyvax com.

FLEX-7 BENEFITS

* Mo Odor - Mo CFCs, ODCs or HAPs * Thermal stability (480 *C / 900 *F) * Excellent tape adhesion
* Fast, easy and versatile application * Adjustable slipcoat for pre-release control * Prevents styrene build up
USES

FLEX-Z 1.0 MINIMUM SLIP Inhibits pre-release and promotes tape adhesion

FLEX-Z 2.0 LOW f MEDIUM SLIP Ideal for the cccasional pre-release problem

FLEX-Z 3.0 MEDIUM SLIP Standard choice for large hulls and flat areas

FLEX-Z 4.0 MEDIUM f HIGH SLIP If you don't know where to start, start here

FLEX-Z 5.0 HIGH SLIP Excellent choice for emall parts and high wear areas

FLEX-Z 6.0 EXTRA SLIP Usze on difficult-te-release male molds or as a flange release

HOW TO USE

Before applying FLEX-Z:
+ Remave all previous waxes or oils using a ZYVAX mold and part cleaner.
+ Apply SEALER GP if required, allowing 15 minutes between each coat and 30 minutes after the last coat. (Mew molds and freshly repaired
molds typically require sealing with SEALER GP)
1. If wiping: Apply FLEX-Z to a small area of the mold section using a 100% cotton cloth wipe or paper towel.
or Wipe on a light coat and DO NOT WIPE OFF.
1. If spraying: Using an HVLP type sprayer, FLEX-Z should go on as a dry spray with no wet areas left behind the spray.
Keeping the spray head 6-12 inches (if possible) from the surface, carefully and thoroughly spray the entire mold surface.
If an area is over saturated, simply wipe the wet area with a clean, dry cloth to ensure even coverage.
2. Carefully and thoroughly coat the entire mold surface.
3. Allow 15 minutes to cure before applying the next coat.
4_ Apply three additional coats of FLEX-Z in the same way, and wait for a minimum 15 minutes before using the mold.
For touch ups, apply a single coat of FLEX-Z, wait 15 minutes, and continue processing.
TIPS: If more or less slip is needed, simply move up or down the FLEX-Z slipcoat scale. Two coats should be applied when doing so.
Individual sections of a mold can be treated with different slipcoats to achieve optimum results.

SAFETY DATA
Matenal safety data sheets for all ZYVAX products are available at www.zyvax. com and should be consulted prior to use of product.

STORAGE & SHELF LIFE

Store product between 5 °C and 30 *C {41 °F and 86 “F). Shelf life is 18 months from the date of manufacture, in the original unopened
container. NOTE: Product is moisture-sensitive. Container must be kept tightly closed when nat In use.

USE LIFE

Use life of product is 60 days from opening of container. Product must be kept in the onginal container and the lid replaced immediately after
dispensing. After opening, product should continue to be stored properly. WARNING: Never puncture any ZYVAX product confainer.

LIMITETIONS OF LIABILITY
To the best of our knoaledge, the technical data contained herein ars e and accurate atthe date of lssuance, and are subject to change withow! prior notice. User must contact ZYVAX
o wertly cOMectness bafore Gpeciying of ordenng. Mo Quaranies of accuracy IS given of Implied. We guarantas our pOOUCSS 10 confomm to ZYWAX quallty contral. We assume no
rasponsitdity for coverage, perfarmance, of Injunies rasulting from Bs use. Liaoliity, f any, Is Imitad to replacement of products. MO OTHER WARRANTY OR GUARANTEE OF ANY
KIND IS MADE BY ZYVAX, EXPRESSED OR IMPLIED, STATUTORY, BY CPERATION OF LAW OR OTHERWISE, INCLUDING FITNESS FOR A PARTICULAR PURPOSE.

FLEX-Z ENGLISH REVISION 2
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SEALER GP

SEALER GP is a high modulus, clear, flexible film with superior substrate adhesion that forms a protective shield on the mold
surface. As a conditiocner, SEALER GP is designed to treat both the chemical and physical bonding sites found on every “raw”
mold surface. In addition, SEALER GP provides the hase needed to extend the life of the release coating and will allow
optimal performance from the release coating. For the 100% SOLVENT-FREE mold release system best suited to your needs,
see our website: www.Zyvax.com.

SEALER GP BENEFITS

* Retains mold detail and finish * Thermal Stability - 480 “C (200 °F)
* Restores vacuum integrity * (Can be used with all release agents
USES

SEALER GP overcomes micro-porosity in mold surfaces, eliminates the break-in time for new molds, restores a uniform
surface when used over a mold repair or patch, protects the surface of the mold from styrene emission and oxidation,
therefore, extending the useful life of the mold.

HOW TO USE
Before applying SEALER GP:
v All previous surface treatments, residues, waxes or oils should be removed using a ZYVAX mold and part cleaner.
1. Apply SEALER GP to a small area of the mold 1-2 ft (0.2 m2] using a paper towel or clean, lint-free cloth.
2. While still wet, wipe dry using a separate clean paper towel or lint free cloth.

Make sure entire mold surface is coated in this manner, slightly over-lapping the last coated area if you are applying in
sections. Be certain that all contours are adequately coated.

3. Allow a minimum of 15 minutes cure time before application of next coat.

4. Apply a second coat of SEALER GP in the same way, and wait for a minimum of 15 minutes before applying the next coat.
4 coats are recommended for most substrates. Additional coats can be used for porous or repaired molds.
After the final coat of SEALER GP, wait at least 30 minutes before applying release agent.

SAFETY DATA
Safety data sheets for all ZYVAX products are available at www.zyvax.com and should be consulted prior to use of product.

STORAGE & SHELF LIFE

Store product between 5 °C and 30 °C {41 °F and 86 °F). Shelf life is 18 months from the date of manufacture, in the original
unopenad container. NOTE: Product is moisture-sensitive. Container must be kept tightly closed when not in use.

USE LIFE
Use life of product is 60 days from opening of container. Product must be kept in the original container and the lid replaced

immediately after dispensing. After opening, product should confinue fo he stored properly. WARNING: Never puncture any
ZYVAX product container.

To the best of our knowiedge, the technical data contained hereln are frue and accurate at the date of Issuance, and are subject to change without prior notice. User must contact ZYVAX
1o werlty comeciness before specifying or orderng. Mo guaraniee of accuracy |s given or implied. We guarantee ow products o conform to ZYWAX quallty control.  We assume no
responsibility for coverage, performance, of injurnes resulting from R6 use. Liablity, f any, |& Imited to replacement of producis. NO OTHER WARRANTY OR GUARANTEE OF ANY
KIND IS MADE BY ZYVAX, EXPRESSED OR IMPLIED, STATUTORY, BY OPERATION OF LAW OR OTHERWISE, INCLUDING FITNESS FOR A PARTICULAR PURPOSE.

SEALER GP ENGLISH REVISION 8



