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The present paper discusses a LF-Technology Letoxitoil used for manufacturing of 3D aircraft propeller nose cone
part and leading edge nose rib. LF-Technology wastroduced by 5M Ltd. from Czech Republic. LF-Technobgy is
modified RFI technology Resin Film Infusion . Thesimple and fast process is based on vacuum and/oregs-assisted
resin film impregnation of a dry reinforcement and mre material in the mould, with high-temperature cuing
autoclave isn t necessary . The process allows giag required type and number of layers to differem locations, and
to achieve the exact resin content required as a fation of the number of resin layers used. Only ong/pe of resin

film is necessary, and this can be combined with mlost any type of reinforcement. The influences of aumber of
processing parameters on the quality of cured partare discussed along with previous flat sample tasg results. LF
Technology gives freedom to designers, helps pusbwin prices of composite products and increases prepies and
reliability, which is supported by favourable respamses from customers and quick and relatively easyedelopment of
new products. All these advantages promise very gdduture for LF Technology.

Tento lanek pojednava o LF Technologii Letoxit Foi aplikovanou na v robu kryci asti propeleru ku el a nadb hov
ebro. LF-Technologie byla vyvinuta firmou 5M s.r.o. eska Republika. LF-Technologie je modifikovana RFI
technologie Resin Film Infusion . Jednoduch a rycH proces je zalo en na aplikaci vakua voliteln i vn jiho tlaku
na kladenou suchou v ztu kombinovanou s epoxidovowprysky ici ve form folie pou itelnost technologie i pro
sendvi e . Takto uspo adan syst m je pot vytvrzen zvolen m teplotnim cyklem bez nutnosti pou it autdklav. Proces
umo uje zvolit po adovan typ a po et vrstev a dosah nout tak p esn ho mno stvi prysky ice " iti materi alu na
miru“ . Je mo no pou it pouze jeden typ prysky ice, kter se da kombinovatstm kadmtypemvztui .Vlivy
procesnich parametr na kvalitu vytvrzen ch kompozit jsou zde diskutovany spolu s p ede | mi v sledky testovani
rovinn ch jednosm rn ch vzork . LF Technologie dava svobodu design r m, sni uje v robni naklady a zvy u je
vlastnosti a spolehlivost takto vyroben ch kompozit, co je ostatn podlo eno ohlasy zakaznik a diky rychl mu
arelativn jednoduch mu zp sobu jak vyrobit nov pr odukty. V echny tyto v hody slibuji dobrou budoucnost pro LF
technologii.

Keywords LF-Technology, mechanical testing, RFI tehnology.

Introduction
In usion manu acturing techni2ues are gaining aurity in aeros a& Oven or autoclave used to apply
. . . . N . . Sealant Tape heat to melt and cure the film
ce a lications. It is aout /1 years rom irst itroduction o solid
e 0%y resin ilm and its technology named resim ih usion I".
ech roducer and rovider OM td. makes high&2u#y s ecial&
ly modiied e 0%y resin ilms and o ers o#n modaition 0 |
technology called echnology, named a ter e 0%esin marking
eto%it oil. his technology #as descri ed in deth on revious
ein orced Plastics International on erence /110ral KV /115

< ToVacuum

Pump

e Vacuum Bag

Dry Reinforcement
Stack

meeting. ur target #as the veriication o  tecmology otentials Mould Tool

on the most com le% sha e. Pre-Catalysed Resin in Sheet Form
A spinner nose dome made by LF technology Fig. 1 — Scheme of RFI (LF) Technology
OM td., a ech comany active in the ield o com osites and Fig. 2 — LF technology facility (below)

sand#ich materials, introduced /114 the echnolgy eto%it
oil" or dry com osite manu acturing. he one&shabcess is ased
on a vacuum and:or ress&assisted resin ilm imatign o a dry
rein orcement and core material in the mould, #iigh&tem erature [
curing. echnology is ased on laying dry rein acement and core
material to the mould #ith layers o oil olymer aterial, kno#n
under commercial name eto%it oil. hole com ositin is vacuum
agged and cured at elevated tem erature. he scharan e seen in
the ig. +.

he most common curing method heat" is used. tensolidated
laminate is laced in oven and the heat rovides rgyethich drives
the cross&linking o the matri% to com letion.

he Institute o Aeros ace Ingineering o#ns acilig or com osi&
tes roduction y &echnology is sho#n on ig. /. It consists o
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a vacuum ressure source?7 e ector vacuum um andngeiligent
rogramma le hot air dryer.

Used Materials
a" oramould rocessing
& '&glass & t#ill #eave, +51 d:a/81 g:m
& ! 0%y gelcoat P or moulds : >:
& elcoat hardener V! '/5+
& ! 0%y resin Martens&PIlus&!P : >:

or the s inner cone

& '&glass & t#ill #eave, +51 d:a /81 g:m

& ! 0%y resin ilm" O1/

& asic #a% release agent

& PVA mould release agent

& ! 0%y gelcoat clear $V stale ovalis +11 A

& ardener ovalis +11 or gelcoat ovalis +11A

At irst 'D AIA VO model #as created and coated #ith t#ill te%&
ture. Inter erences a eared and this #as very hel in lay&u
design see ig. ™. e had cut our uni orm layersto ully cover all
inner mould area. At irst time only three arts #éea lied #ith no
success ecause 0 resin layer #as re&melted ait sur ace ar&
tial loss o t#ill style a ility".

Fig. 3 — Twill fabric interferences on cone model (si
spinner cone on ultra-light aircraft

de view) and

Processing parameters
Im ortant actors during rocessing are3 high vacuuessure level,

resh resin ilm and su icient a lication o moul release agent rig 7 _ Spinner cone

+/1= resistant".

or the sinner curing cycle #ith slo# heat u rateand d#ell has
een used. his curing cycle is sho#n on ig. 5 siged as J. he
curing tem erature +/1*= - #as a lied #ith 51 minues o curing
time altogether #ith vacuum ressure a out 81*kPa-.

Fig. 4 — Typical RFI sample lay-out

Lay-up Infusion flux

ere, ly& y& ly lay&u #as chosen, see ig. 4. Insion [u% scheme \

is sho#n on the icture elo#. ere, resin must tneel at most a e#
millimeters to ully #et out the rein orcement.
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Curing cycle
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Fig. 6 — Selected curing cycle

Mould construction
It #as necessary to make a high tem erature resistare iece
mould. he emale art #as made rom !&glass t#ila ric and Mar&
tens e 0%y resin system.

or a mould making a male art #as used see ig. 9he mould
sur ace #as cleaned and ater ru ed #ith PVA mouldlease agent.
hen e 0%y gelcoat P ig. 8" or moulds #as a lid and layers o
1& glass rein orcement #ere stacked on mould s aicstly light
#eight aric and then ' layers o the heavier ongee igs. 6 and +1".
he t#ill aric #as trimmed angle&#ise 40= or der handling.

hole com osition #as then #et&out y high er ormance
MA I P $ !P e 0%y resin system see ig. ++"an d cured, see
ig. +/.

Fig. 8 — Epoxy gelcoat P
application

master model
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Fig. 9 — The first low weight  Fig. 10 —The second heavy weight
fabric layer fabric layer

Pt

Fig. 11 — Stacked & wet-out reinforcement Fig. 12 — The mould curing
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olvent& and iller& ree '‘&com onent e 0%y lamingtresin othigh-
temperature components approx. 230 C #ith high static and
dynamic strength.

Mixing ratio

langes round its edges so that it can e glueth® #ing skin and
s ar #es.

he technology has already een success ully a digo a com o0&
site s inner nose cone com onent.

A #ooden model or a male mould has een chosen. feRVA

100 100 1.5arts y #eight o resin to hardener to accelerator mould release agent #as a lied on release ta eg.i+5".

Processing time 12 hours at 25 C or 2 hours at 5C.
Curing until demoulding 24 hours at 80 C.

Annealing 24 hours at 100 C 10-15 hours at 230 C
Demouldingis ossile at the earliest a ter a ro%jive hours of
annealing at 80 C.

Spinner cone processing

he side and the to vie# on the mould #ith dis lay& dry rein orce&
ment and resin ilm layers can e seen on ig. He ollo#ing igu&
res +4 and +0" resent a lication o vacuum ager the mould and
inal stage o s inner cone *'-.

e ore rein orcement and resin ilm are laid intbeé mould is good
to a ly slim gelcoat layer to get smooth inholeee sur ace. In this
case is really necessary to choose suita le gelsgstem matching
the e 0%y resin ilm system.

Leading edge nose rib
It #as necessary to make a structural artto rdbe ossiilities o
technology. or this ur ose a nose ri section has een chosen.
he ri has een ormed in our arts rom car on aric y vacu&
um resin in usion technology using solid sheet regin. his ri has

or the irst attem ts #ere !&glass t#ill aric /11 g:m and e 0%y
resin O1/' /11 g:m ' used. !&glass cloth #as chosen on ur ose,
to o serve saturation e ect.

inal art #as com letely saturated ut on the u & sur ace as e&
rity a eared due to the e%cess o the resin.

n the inal caron ire ri resin rich areas they#ere ground o
and #hole u er sur ace #ith clear gelcoat layer fiaeen covered.
he resin e%cess rich areas a eared mainly th&here additional
layers o tear&o aric, erorated oil and leder #ere laced. Itis
ossi le to cut and lace these layers on lat araand on #hole mode
ut tear&o aric.

In this attem t a /80 g:m !&glass aric has een used. o#ever,
locally unsaturated areas a eared. It #as due lte shorter curing
cycle #here resin during lo# did not have enoughe to im regna&
te all ires in com osition. or the ne%t ste mad@d curing cycle
has een a lied.

inal car on model ig. +6" #as cured ig. +8" urder the longer
cure cycle #ith ram /= :min." and t#enty minuteg#ell.

LF Technology applications

he technology #as success ullya liedonV$ + 11 A
sand#ich aggage hold #all7 M +1+ 1% edition air laneinterior
arts door anel, sring racket, right and le t € reshment ca inet
etc."7 engine hood o ultra light airlane 91+ P enair", aron
knee orthotics | or oration", icycle rame ar ts etc. *4-

Conclusions Summary
he main ield o | technology is in aeros ace tehnology #here
this method can ull do#n cost o inished com osit

he technology has sho#n really e ective #ay hé to rocess
high er ormance com osites. ecause o the shae dulty and
veriication o technology the s inner cone #ashosen. Just or
re erence only, re aration o the mould takes h&B201< less time,
so it is ' times aster #ith  echnology than #it h the hand lay&u .
In contrast to the classic hand lay&u techni2uee H#e o tained
lighter art #ith less resin content and smoother ace.
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| #e have erectly re ared mould sur ace #e caa ly gelcoat
as a irst sur acing layer or directly a ly resiiim layers. ere is one
ro lem, #ithout a gelcoat, inholes on the suracean a ear. or
the erect saturation o #hole com osition an esgial role lays
a heat&u rate ram", d#ell in the cure cycle ardoaresins resh&
ness. e ore use, e 0%y resin ilm coil hasto e tbsted at /0= or
0 or 5 hrs. +/ hrs. is etter" to remove residdalmidity. he resin
single layers can e re&melted y heat gun ortesthandling.

$se o technology is 2uick and #ith its hel #e can (tailor)
inal art, nevertheless it is necessary to e &n erienced and skilled
#orker to e ale to manu acture more com licatecha e arts.

onsidering this, or every ne# iece it is necessa irstly to try
out error& ree manu acturing rocess and in ut guyent im rove&
ments.

0 make a ri model or re2uent use it is avouralto select
a di erent mould material e.g., metal or modellimgrd material
enhae 2 M 0100 heat resistant u to +41= " or ika lock!.

It #asn\t ossile to make a emale mould tool ro#ooden male
one, so that\s #hy these results are not descri etehn detail ut
ro a ly the same im er ections, like #ith male mold tool, #ould e
e% ected.

Introduction

he ducted an o#er unit demonstrator ig. +" israengine test
stand or correct unction veriication o the ned#er unit #ith the
ducted an o#ered y a iston engine develo ed arltra light#eight
air lanes. he o#er unit design and installationeRuired the relati&
vely long transmission shat driven y the su erék iston engine
Hamaha H +. he engine #as chosen or its avouale o#er&
#eight ratio. he #eight is a limiting actor in thisultra light#eight
aircra t category, there ore all the aircra t sture is designed or the
minimal #eight. he o#er unit structure is an unusl concet, the
engine #as not initially designed or em loying &ir lanes and all
o#er unit arts must e o timi ed to decrease #eigt. here ore, it
iS necessary to test the o#er unit in o erationdam tain the data nee&
ded or the otimiation o all the system y measgng ste y ste
and inally rove its correct unction.
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