5 {] e3eQ\' " 6T8= METHOD FOR | NJECTI NG RESIN I N A MOULD CONTAI NI NG A Fl BROUS
- PREFORM Technical field The present invention concerns a nethod for

injecting resin into a nould containing mmwmmm form so as to produce
an itemin conposite material using the mmmmmr nmoul di ng techni que,
usually 5 called "RTM techni que". The techni qug,of the invention is
particularly adapted to the nmanufacture of |large-size itens in conposite
material. The invention nay be used in all industrial 10 sectors using
itens in conposite material_ forned of |ong fibres enbedded in _a resin
matrix. Anong SUEREYRFQRSINVEETINGREBININ G MAVED GONTEININGAnpy pe
cited in particular. 15 Prior artp/MreAfsaE@eskM N particular in docunent
FR-A-2 761 001, it has al ready beem considered to nanuf ac‘“m“@m%mﬁmml ze
he
RoHmbe

itens in conposite material using the RTMtechni que. For , t
usual solution 20 conii sﬁsiofapgsagb Eg in one sane seal ed tan - r of
reservoirs (called " th sufficient resin to nmanuracture the
i tem under consideratthRs. plres&io©r anvand is9l etyndsras examehk@od fréhe

maxi mum vol une of resin contained in a pot_is approximtely 10 kil ograns,
25 the manuf aBUBFEIBE aWePE®m &8&Pai Ai NHOBPBr oRPRERENYNB0 #i tFERBYGRSresin

requires plagl | eas i resin e N 9019 @GP
2 In an instnggf?@h %S’ctﬁs;segt ﬁée}toti)ingedeagr?zr{l}béeng J|{1{.|n %C(?)r%én%%fé %ﬁgiegfai 1 001,
heat i ng nmeanssingh tlse elrectin ctressftancesuliing| aeethniiouiehe ssahEdyt ank,

at the bottom ﬂﬁ.et he_tank and around each of the pots, so 5 as to |iquefy

the resi P i n“fi¢SPot &1 EEFREYS"s noul d i njection. Wen this known
installation is placegdhint@Rehahiu@noff ad eSiveMARAl NedphReibg1RPIS 1S
injected into the nould under the effect of the pressure 10 prevailing in
the seal ed t adRPtROr etpr etheel panyifgasreenptt edabgeastikownttensor ihy
wei ghi ng rrearé%masssci%iea%\%g_evgitall the different pots, which indicate the
filling statds 5P5aaCh "o StRé pots, are transmitted to a central unit. In
response to these siQguaEs,idventidr aaylSeomzaad uni alqonihghstibel
successi ve openi ng of el ectroval ves associated with each of the pots of
resin antP whSERTREE uSBARPy EiBRd INCoRSERAEAERY MR oht ERE™SA e@Eh of
the pots is S§h eﬁm knt.q, t he .qduc desit ed
item 20 Thei:églgfaﬁ%tg%%n eséc(?f&]%%d J'|(hn gocﬂgr%%ﬁ tlé%t%\rl '76%“%’%% hggb%l/ari ous
di sadvant agesecthese nehal purancdrild t sndsaeatospadiest seatorsvelay Theref ore
in order to manufacture it.e of very large size, a high nunber of pots
have to be 2515 dd PRISHE seal ed tank. This leads to the use of a
heavy, cunbersone installation whose size relates to the dinensions of the
itemit is wished to produce. Another disadvantage of the installation
descri bed i n docunent PEROK- 261 001 concerns the risk 30 of exothermal
reaction subsequent tg@ Mgs a0 pLe;EEILY QN AARLD FReadh!ferent
pots placed in the

761 001, it has already been considered to manufacture

large-size items in composite material using the RTM
technique. For this purpose, the usual solution
20 consists of placing in one same sealed tank a number of
reservoirs (called “pots”) filled with sufficient resin
to manufacture the item under consideration. Therefore,
and solely as an example, if the maximum wvolume of
resin contained in a pot is approximately 10 kilogramg,
25 the manufacture of an item containing approximately 60
litres of resin requires placing at least six pots of

resin in the sealed tank.
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'SP 19019 GP 3 sealed tank. The possibility of this type of reaction is
hardly acceptable in an industrial installation. Al so, docunent FR-A-2 750
071 proposes an installation using the RTMtechnique in which the resin 5
contained in a pot is transferred to a pack by neans of a piston placed
above the resin actuated by conpressed air. In this docunent, the technique
used to bring the resin to the liquid state is not specified. Docunent
US-A-5 545 029 teaches the m xing of 10 two |iquid conponents contained in
separate reservoirs before injecting theminto a nould. Finally, docunent
US-A-5 187 001 describes2Bn i iahicddh $BFRpAsuutifg osfal 42558084 ens

using the RTM,teghni e dnst aldiatioen CORBLLIRY [#RaAS TESERVOLLS
containing resins o Ifferent types, which are uséd In turn dependl ng upon
the itemto ékteobnufareeietiandken agwe treldagegd f inntbee seededvdiank,0 amnot her

the circuit of t i i ous| d_is_drained. .20 Description of
he i nventi ohPhBSEERIGRE e I T | BROTRC aoRERGS. 10 ¥ et | K0 resi n

into a | aygeasi 26 MRYLdrgoRhai HeBEnd ikl BheUPIHLMQY Pndsidd 86 hegtial | ation
whose size and 25 weight are unrelated to the size of the itemto be
produced andiBiecksefParable with those of an installation able to produce

smal | -size itenms. In ﬁ%? rd@@g wﬁﬂ£hﬂf“ﬁ%ﬁ¥%ﬁ#i€?bnth%% Eéﬁgééd!sigbtained

by neans of a nethod rrinjécting resin 0 a nou arning a
fibrous prefoperathenactiel zedim ddredained r £85i Bhies potjseciedinféotédie SP
19019 G 4. nould alternately froma first reservoir and froma second
reservoir, whPER aFBeenPPred i HPAeHn, tHife SHESCY eRf voihe bePFESFRFRed Wit h

resin whid e pbpbegiindgr 63 tHd aedheq segard Meser Widc A wonyessely, for
the 5 continuous injeCtion into the nmould of a quantity of resinh greater
than the accewifbeddbyi ze Tloovmeeitenfosaby Medighinasaremis asgostzoad

FESETVOIT-  with the different pots, which indicate the filling

status of each of the pots, are transmitted to a
central unit. In response to these signals, the central

15 command wunit controls the successive opening of
electrovalves associated with each of the pots of resin
and which are usually closed. Consequently, the content
of each of the pots 1is successively emptied into the
mould to produce the desired item.

20 The installation described in document FR-A-2
761 001 has various disadvantages. These mainly concern
its use at industrial level.

Therefore 1in order to manufacture items of
very large size, a high number of pots have to be

25 placed in one same sealed tank. This leads to the use
of a heavy, cumbersome installation whose size relates
to the dimensions of the item it is wished to produce.

Another disadvantage of the installation
described in document FR-A-2 761 001 concerns the risk

30 of exothermal reaction subsequent to mass heating of

the resin contained in the different pots placed in the
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Wth this nethod, using only two reservoirs of standard size (each

contai ning approximately 10 10 kil ograns of resin for exanple), it is
possi ble to produce itenms whose size is practically only linmted by resin
viscosity changes. One same installatiorg, of relatively small size, can
therefore be used to produce different itens which may very | arge-size. 15
In one preferred enbodi nent of the invention the resin is injected
alternately fromthe first reservoir and the second reservoir by heating
the free surfacEFgf the resin contained in said reservoirs, to cause |ocal

mel ting of s8fAlfEsitdankandt®s BAfSiRE126YI &fal t51fefi®E si RERehaPls t he

moul d. By |1 gLt h8gaigshRoBpRLbIG if bhS ihEerRhadasdanakigach of the
reservoirs, It is possible"to elimnate any risk of exothernal reaction.
This largely facilitadksot hedbodwenti aFRuse2of 750e OWst apraposas 2&nin the
preferred enbodi t_.of the.inventi the .free surface, of the resin in
bach of the FRPPLAAKISBCHRA el AT, §CHEES 1y obe BRS arRRbPi ng
tray restg ngcondaingdavint ¥ @otsaidd drffsfaidal o | {dd¢s B@ASReahdeotocal ly
melted resin in each 30 of the first and second reservoirs is

advant ageousPy PSPtegoPd aged &o@vepEheusendna asiimatathtby scompegeaedwi t h
the heating ttay. Breferab re.inj { e.resinli . I he ul d,
the circui tsgéghnelgt ﬁ.’r]{%$héeé{?lf‘&r?%§€’r egégvgl%:hggg%g sues%o%ng:ér g%lglr{l/%i F o the
moul d are dr aeseéd. tdhehrellhouidfl sthee Meemioitorpex iffdled.cul arly adapted for
use with degassed resin. However, as a variant, the resin can be degassed
between the first and®SEEBRACr ISPV radaneRdoterehrsultde SrindesEription
of the diaw BgS A iRRRIEIESEH&DRC: "BBL Qi nble 10RtAgd 0l d NeeLOYGRELEN TS
descri bed bel ow as a non-restrictive 15 exanple wth reference to the
appended dr akefigze injekitdhat tbesi ngite fa qonddschematical |y shows an

installation using theg.nmethod aof injecti f_t i ntion. 20 Detailed
description of a prefg%?aégghb§&9%ﬁﬁﬁ%ﬁﬁgaé}?nggﬁtﬁﬁﬁI#Fﬁ?ﬁ? ThofB
figure, whicinksal0tthion t8dt verbaweay smdliefeizedieshadiugitigi she

schenaticallﬁishomn of an installation using the resin injection nethod of
25 the invenfif¥n. t&ctRdIiegur e, Thohe it 1% R conpPTRESS@S nDUFHO10, in

several partsecdel gl ng, a4 Lavidy J2sPhst BE IS r%rg:e’tt?éég)é,e %ﬁ%@ha“d
shape are the sane as those of the 1temio be produced. ore closing
moul d 30 10, axefi lwseds pmef arunnld depepidiosyl ivpawavitlye 12item to be
manufactured. When switching from one reservoir to
another the circuit of the reservoir previously used is
drained.
20

Description of the invention

The subject of the invention is a method for

injecting resin into a large-size mould containing a

fibrous preform, using an installation whose size and

25 welght are unrelated to the size of the item to be

produced and are comparable with those of an
installation able to produce small-size items.

In accordance with the invention, this result

is obtained by means of a method for injecting resin

30 into a mould containing a fibrous preform,

characterized in that the resin is injected into the
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SP 19019 GP 6 The installation also conprises a first reservoir 16a and a
second reservoir 16b each able to contain a determ ned quantity of a resin
chosen in relation to the characteristics of the itemto be 5 manufactured.
The capacity of each of reservoirs 16a And 16b is generally the sane. This
capacity may for exanple be approximately 10 kil ograns. However, this val ue
is given for guidance purposes only and in no way restricts the scope of
the invention. 10 The reservoirs may in particular be commercially
avai l abl e resin_pots having a capacity of 10 kil ograns. \Wen the first
reservoir isMewpty 2itfFrritelat of TOBN 3 e fREEE | FEBGTROIEI 120%ksEFOBI 12 Each

of reservoirged a?@sé?@o?%,omﬂldﬂ d éﬁbEP@HSQntQﬁkﬁgh%ﬂéﬂ¥f}§€

contains has a substantially horizontal free surface. room t enperature
the resin i sresepusie beisgl fdlded: @ith hestiinngihtiray iI8eect8ing estsinunder
gravity on the free surface of the resin contained in tfe first

reservoir 16a3Md 5BSonireRr vBFFeTRR T esPtt i SRFVETRBI% priedy sdiff the

hori zonta seshtPAuBhseash Lftigat iRfot s dS@1andrldh Lhasubstands ally
identical to that of reservoirs 16a and 16b so that the reservoirs are
cl osed at thtesop Byephert thps, thet aceewellateds sdae ot dofws@idls in

t he reservoiE§rg§ §QQ?¥OSE tggdqggggk égggﬁgg§gg.they contain is reduced.

The heating neans confarned rn trays may be of any type while
remai ni ng wi thin the wteopethist hethodenuisdhg Bady raw |iregartoctd asf be

el ectric 30 resistances (not shown). Wien placed in operation, these
heating meanStaREasf| e $17%rel t QAR r e SPREEPTINGI0 @PPTOXEMBely 20l05

10 kilograms of resin for example), it 1is possible to
produce items whose size is practically only limited by
resin viscosity changes. One same installation, of
relatively small size, can therefore be used to produce
different items which may very large-size.

15 In one preferred embodiment of the invention
the vresin 1s 1injected alternately from the first
reservoir and the second reservoir by heating the free
surface of the resin contained in said reservoirs, to
cause local melting of said resin, and by pumping

20 locally melted resin towards the mould. By limiting
resin heating to its free surface, inside each of the
reservoirs, 1t is possible to eliminate any risk of
exothermal reaction. This largely facilitates the
industrial use of the installation.

25 In the preferred embodiment of the invention,
the free surface of the resin in each of the first and
second reservoirs is heated by means of a heating tray
resting under gravity on said free surface.

In this case, the locally melted resin in each

30 of the first and second reservoirs 1is advantageously
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30 superficially only in the imrediate vicinity of its free surf ace . As
W ll be better understood bel ow, this arrangenent makes it possible for the
resin contained in either of reservoirs 16a, 16b to be punped gradually,
while elimnating any risk of exothermals reacti on caused by nmass fusion of
the resin. Each of heating trays 18a and 18b carries a punp respectively
denot ed 20a and 20b. Mdtors 22a and 22b of punps 20a and 20b are al so shown
in the single figure . Each of punps 20a and 20b is arranged so that it can
punp out the nelted resin in contact with {he | ower surface of
correspondlnﬁuﬂgﬁg NG 1fSay2 1847P 18 thﬂdthnBﬁ%rﬁ} Waté e ageakisg24a,

24b passing ggggggh thls tray and leading to its |lower surface. A delivery
openi ng of each” of punps 20a and 20b is connected to a correspondi ng pipe
26a, 26b. At their oplﬁmfelealeh}d, e dogf @xfe piipejﬁdﬁangandth%briesi@onmet;bed to a
conmon pi pe Eg mhos RYsi t e, end.is itsel conng ted . to nmould 10.

assenbly mad m&u %ev%%c‘éhﬁs Eﬁﬁnﬁﬁalf}?p %&ri%brﬁﬁarﬁglf:orrm a

resin suppl YaﬁdrﬁébbnﬂorﬁﬁélrdolQ tal teenabely bremddaisfed.eservoir 16a and
from second reservoir_16b. Close to their point of connection to comon

pi pe 28, each of pipeEheedaiPRepicorpei serrent i edsi opastéerlavarve 30a,
30b. Wen th I i t at i the two el ectroval ves 30a
and 30b are %géﬁaF? kgl[roseg aﬁﬁgode%ﬁggg %egﬁgtallatlon is in operation,
the two el ectroval veSHa@avaﬂd 38b ame rRevdanti,nuldlaneatssin opean SBel19019
G 8 Innedlatelé g i%rean1fron1|8¢ect|on el ectroval ves 30a and 30h, a
drain pi pe 395892858% RYtHESH t KhE dr HFFF ePBCk rBEPRE FESTIAL NS &Rdnt
connecteggontﬁgcmogjdplpes 26a and 26b. Drain electroval ves 34a 5 and 34b
are normally closed. The resin supply circuit for nmould 10 conprises a
certain nunber of heated zones which maintain the resin injected into the

nmoul d at an approprlaé gLature.ta a%lgﬂgc nglete filling of 10 the
nmoul d and conpl ete |nﬁfegﬁggreﬁ—e?—%+%+eus—ﬁ%e§eFﬁfgg— Therefore, as an
exanpl e, pipes 26a and efeymed sembedifdntones 36@, RbtRAbdAt ke r tperti ons
| ocat ed between punps 20a and 20b _and draln pi pes 32a, 32b. That part of

pi pes 26a anénZGBtéSHneéFedqg?ﬁ?%h?@%3 bely ntagyr @ | NACBH EEEEFEERES 30a,
30b, 34y S %cegde a.he Fial not: her

heat ed zone 4§éR§1§I s‘gi%}?osgl oﬂn&pl Sg g%ﬁgTo etlf%rd céi%rdoxhg[%e if

condi tions uwhecmManeresumghe|r¢égued||nmhémmtrmnﬂﬂy a gkersai naaunber
of 20 sensors are Rlaced in the |nb§ct|on circuit. ,As an exanple tgg singl e
figure shows ‘PRFBEIAFESDUr #5dBfsoF2epamephogndoBi 1BIFEELPPel $Epo&tEi oned
at the outl etinQbnpymps 20a and 20b and at the inlet of mould 10, and three
tenperature sensors Ta, Tb and Ti are positioned 25 in the vicinity of
pressure sensors Pa, Pb and Pi. Pressure and tenperature sensors (not
shown) ajg al so provi 8ed.piehelalioy gl 10Ul 10 nllfe L peh ablablIReRlsO
conprises a pressurel one .
i njection. Piofeté2 ann&emusnnnuld 10 to a vacuun1punp SP 19019 GP

30

In the single figure, which is not limitative
however, a preferred embodiment is schematically shown
of an installation using the resin injection method of

25 the invention.

In the figure, the installation comprises a
mould 10, in several parts, delimiting a cavity 12 on
the inner side, whose size and shape are the same as
those of the item to be produced. Before closing mould

30 10, a fibrous preform 14 is placed in cavity 12.

SP 19019 GP



9 44. 1t is connected to nould 10 opposite pipe 28 and i ncorporates an

- electrovalve 46. Finally, the resin injection installation shown in the
single figure conprises a central conmand 5 unit 48. This unit 48 pilots
the active parts of the installation, sgch as punps 20a, 20b, vacuum punp
44, el ectroval ves 30a, 30b, 34a, 34b and 46, and heating neans integrated
intrays 18a and 18b and in zones 36a, 36b, 38 and 40 in accordance with a
preset programme 10 and in relation to the signals delivered by pressure
sensors Pa, Pb and Pi_and tenperature sensors Ta, Tb and Ti. The, central
conmand unit 48 gener@Fy é&%ﬁ RPconPlfer SR RIS abl f Hflomat ed

unit. In parpbgul-gbitt 16N Sai ReRShON e RSN 18L0LRE Ja-”bn{@w
according to a cycle described below Prior to injection properly so
cal l ed, resecontasnlica, dedterawinngsl agednitd tyosefi an, reisinedchobshnt hin sane

resin appropriate.for producing.the desired item e precise t.he resin
pl aced in thgeiagéP9oi€% 207 s %ﬁﬁ%ﬁ?@*%%ﬁﬁ%S i Pgbﬁn.lﬁano%¥ o or
nore degassi ngndedteasedr e THacCedphithe dfj eathOroEi kediekvohan 1eservoirs

16a, 16b filled with resin are_i.n position, heating trays 18a, 18b carrying
punps 20a, 2B8Bdarlédp| deedeHFERe Y rigke sGRMEce BF1 e hearasihyi magackons of

t he reservoi h t atten,. sa Le, 10
cont ai ni ng f%gﬁﬁgégpﬁé o%ﬁ%f%&?ém%ggggdignd“%@%ﬁ%%@%d H%w%hg§VnF§%i€on
circuit and vatuamipi pavéd fAlr duisissiceggurgdcass exdlwend0im Bdbyaydda, 34b

and 46 are all closed. 30 The heatingﬁneans integrated in trays 18a and 18b
and with heafFR§T26h8st86a5C8BF, 38 LARd 1RYEREEPhen SP 19019 GP 10

actuated,o in particulgrly teesQealdivgel tydpe regin adja0ent 4,0 thee heating
trays in each of reservoirs 16a, 16b. Wen the desired tenperature Is

reached, thecsmmezichaldjeanadiladilciesinupstanhantiag loy qEpEsita6acfind 26b

are purged. r t.his r POS el egt royal ves .34a .and 34b_are oqpened_ and
punps 20a anEBZd%ﬁaor%xpap %‘ce@hleﬁ g%leera o E’ e i dont & ﬁ'&?%lyn tﬁl@e

circuits andopetweer taaysebplacellk apdat Halfir eessufiidee of the 10 resin is
t herefore evacuated and replaced by resin. At the sane tinme vacuum punp 44
is actuated and el ectE®GRI 9é FEsEVidifed ¢ 3Rt 4pPalfacned iHsi B noul d

10 and 151 decphalo Patde ObnbNeddlnPCld 0BfiLLEL! nlacal edygdoutst L eam f rom
el ectroval ves 30a and 30b. 15 Vacuumcircuit 42 1s maintained in this state
until the enbdoofizontedt iforee Whenfalrai nAhgrobmt hempesiatung edie onegincuits
is conpleted, drain electrovalv%§s%%%é 34b are closed and injection of the

resin into tR8 mBuPdSt&nBe§ert

A heating tray 18a,18b rests under gravity on

the free surface of the resin contained in the first

20 reservoir 1l6a and second reservoir 16b respectively.
More precisely, the horizontal section of each of
heating trays 18a and 18b is substantially identical to
that of reservoirs 16a and 16b so that the reservoirs
are closed at the top by the trays, but these trays can

25 move downwards in the reservoirgs as and when the
quantity of resin they contain is reduced.

The heating means contained in trays 18a and
18b may be of any type while remaining within the scope
of the invention. They may in particular be electric

30 resistances (not shown). When placed in operation,

these heating means are able to melt the resin

SP 19019 GP



20 Injection begins fromone of the reservoirs such as the first reservoir
- 16a in the single figure. It is triggered by opening correspondi ng
injection electro-valve 30a. As and when the nelted resin on the free
surface of reservoir 16a is injected intto the 25 noul d, under the conbi ned
action of punp 20a and vacuum punp 44, tray 18a noves downwards in
reservoir 16a under gravity and under the effect of forces. The under
surface of the heating tray therefore remains in contact with the free
surface of the resin which 30 therefore nelts_gradually over a thjckness
enabl i ng itsSPR&PEHGLAM Y h ALY | R oFPExotMeSFEALS eddGiBEEYSPofooi®sS P 11
The vol une ofrégs'@rfg%gpted into the nould is controlled, for exanple by
measuri ng the nunber of revolutions of punp 20a, if a rotary punp is used.
Si nce the vol une of rfsi rwibht abaedbetteesemnndierst8ed s e lawwn, thhe nonent

when it is al npst eagt% caQFbe et ect ed tha%?is %he time when resia _
i nj ection mATFPRISUFREREFRE ont i PSESFREE it 188 £653& T aLRFToi r
16b. \Wers "alADet tREP! ¥t $habesoissdalbact %mftol%éi;s&ﬁgpé@sgfa@hali@a, t he

central command unit 48 cl oses injection electrovalve 30a and .

si mul t aneousviibpenslinmjrating epadt r didkve FOb.exptgerndke operatdbpni s

i medi ately | t o] oupd dlgr .vi sual display neans. 15

I nj ection ofégéggﬁﬁgﬁtggﬁgu%ag¥8ﬁtﬁgrgﬁgrgggéﬁfinues Wi t hout interruption
from second reservoi rEdéib. oEhehgditotiess tahayeesigai Binect 18l fdaamisacoad
reservoir 16b is the sane as pn?viously descriped for first reservoir 16a.

No detai| ed HBEBr HSERST A F0rIFRORA t RAReite AR es¥REPISA23he3BeNe
time !he opehs! o IiildTesof ahbe J08) N £TBSYshdlkA! Us ofhd heshitst

reservoir replaces thelatter by a full reservoir after renoving heating
tray 18a wit Aigtzepunp 20a. It is to be noted that the 25 operator has

| argely sufficient ti to _carry out. this op ti.on since the inpection
time for approxinatel@giﬁ E?I@ 75 %ﬁar%%$ngé§nﬁgiﬁ§&ﬁq$e éﬁaréggﬁvoir
for exanple s appr oxum@t eby Ihdn neleedf alesdm amer agachkewwiadie ehear ound
700 grans per mnute. 30 Wen the operator has changed reservoir 16a, the

heating trayl®B8&rcHUBAIRE pfip TV e PIPinE cheping 10vay @Ba, 138b
position. Th i.ng ans,.of .Bg% %gg r aceg,in j.on and
a furt hgir5 drglhgggéht hgggorr%erspg{rgﬁg I nj%c%‘% Ci r%g%'t i%ﬂr)mdggg%%%ét uating
punp 20a andtapenghgthliectrayabwe leadivijenct hese 1owepersatrfare ar e

conpl eted, injection of sin fromthe first reservoir 16a agai n becones

possi bl e. Consequent 1%, Y65 aSPeBHABsCRenpEfh SfatBUMBP s&B8nd
reservoir 169055ﬂ%ﬂégﬁﬁﬁbté@rt@x%m%é&féﬁﬁbﬁﬁ&ﬁQPEEFEQ2%@9 nggioer aef
revol utions of notor 22b 10 of punp 20b, resin injection is swtched from
second their opposite end each of pipes 26a and 26b is

20 connected to a common pipe 28 whose opposite end is
itself connected to mould 10. The assembly made up of
passageways 24a, 24b and pipes 26a, 26b and 28 forms a
resin supply circuit to mould 10, alternately from
first reservoir 1l6a and from second reservoir 16b.

25 Close to their point of connection to common
pipe 28, each of pipes 26a and 26b comprises an
injection electrovalve 30a, 30b. When the installation
is not in operation, the two electrovalves 30a and 30b
are normally closed. Also, when the installation is in

30 operation, the two electrovalves 30a and 30b are never

simultaneously open.
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reservoir 15b to first reservoir 16a. This is achieved by cl osing

- el ectroval ve 30b and simultaneously opening el ectroval ve 30a controlled by
central command unit 48. As previously, the central conmand unit warns 15
the operator of the "al nost enpty" statuws of second reservoir 16b. The
operator must therefore replace this reservoir by one filled with resin.
This operation is conducted in the sanme manner as described previously for
first reservoir 16a, i.e. by disnounting tray 18b, 20 replacing reservoir
16b, replacing tray 18b inp position and draining the corresponding circuit.
The operations just dE¥eRiREELY e renddREredM many ¥¥os as Hete&EPY unti |

conpl ete fillLingepbyaaybby382 ghamawhd 10 gidih g ?@-mlh,eyaﬂlpy\wé@ducti on

25 of a large-size itemw thout Interrupting re Injection and wth the
use of only wibhr eseinain seléafrdtblae tdda,saddbt ise shuntchcammeatédr nat el y

ted t 1.d, 10 d b | aci f th ' whi th
ot her 1 uselNT BP Ty ¥ PORS 36 ot AT bor b1 nDERt Port TRATRAY UV She? FAvent i on
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also placed in a heated zone 38. Finally, another
heated zone 40 is also provided on pipe 28.
To better control the conditions under which
resin is injected into the mould, a certain number of
20 sensors are placed in the injection circuit. As an
example the single figure shows three pressure sensors
Pa, Pb and Pi respectively positioned at the outlet of
pumps 20a and 20b and at the inlet of mould 10, and
three temperature sensors Ta, Tb and Ti are positioned
25 in the vicinity of pressure sensors Pa, Pb and Pi.
Pressure and temperature sensors (not shown) are also
provided preferably on mould 10.
The installation also comprises a pressure-
lowering pipe 32 for mould 10 wused prior to resin

30 injection. Pipe 42 connects mould 10 to a vacuum pump
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3. Method according to claim2 in which, in each of the first and second
reservoirs (1l6a, 16b) the free surface of the resin is heated by neans of a
25 heating tray (18a, 18b) resting under gravity on said free surf ace . 4.
Met hod according to claim3 in which, ip each of the first and second
reservoirs (16a, 16b), the 30 locally nelted resin is punped by neans of a
punp (20a, 20b) integral with heating tray (18a, 18b). SP 19019 GP 15 5.
Met hod according to any of the preceding clainms in which, prior to
injecting the resin into nould (10), the circuits caonnectjng the first
reservoir (1%4%) &hd *SecOMPFESet vaPr “(Ol"gltg 10 ORPESAHE PiRe 38dP&%hed. 6.

Met hod accorgdi g4 Or Ws Odn (B PELSELI R £6ai M8 in which degassed resin is
used. 10 7. Method according to any of claims 1 to 5, in which the resinis

degassed between t he Finssltlyand skeondessser vbnjectién, Iisistadddtiom d (10).
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a computer and programmable automated unit. In
particular it controls injection of resin into the
15 mould according to a cycle described below.

Prior to injection properly so called,
reservoirs 1l6a, 16b are placed in position, filled with
the same resin appropriate for producing the desired
item. More precisely the resin placed in the reservoirs

20 is generally degassed resin. If not, one or more
degassing devices are placed in the injection circuit.

When reservoirs 1l6a, 1l6b filled with resin are
in position, heating trays 18a, 18b carrying pumps 20a,
20b are placed on the free surface of the resin in each

25 of the reservoirs so that they seal the latter.

At the same time, mould 10 containing fibrous
preform 14 is closed and connected to the injection
circuit and  vacuum pipe 42, At this stage,
electrovalves 30a, 30b, 34a, 34b and 46 are all closed.

30 The heating means integrated in trays 18a and

18b and with heating zones 36a, 36b, 38 and 40 are then
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When the desired temperature is reached, the
5 resin injection circuits substantiated by pipes 26a and
26b are purged. For this purpose, electrovalves 34a and
34b are opened and pumps 20a and 20b are placed in
operation. The air contained in the circuits and
between trays 18a, 18b and the free surface of the

10 resin is therefore evacuated and replaced by resin.

At the same time wvacuum pump 44 is actuated
and electrovalve 46 is opened to set up a vacuum inside
mould 10 and inside that part of the injection circuit
located downstream from electrovalves 30a and 30b.

15 Vacuum circuit 42 is maintained in this state until the
end of injection.

When draining of the resin injection circuits
is completed, drain electrovalves 34a, 34b are closed
and injection of the resin into the mould can begin.

20 Injection begins from one of the reservoirs
such as the first reservoir 1l6a in the single figure.
It is triggered by opening corresponding injection
electro-valve 30a. As and when the melted resin on the
free surface of reservoir 1l6a 1is injected into the
25 mould, under the combined action of pump 20a and vacuum
pump 44, tray 18a moves downwards 1in reservoir 16a
under gravity and under the effect of forces. The under
surface of the heating tray therefore remains in
contact with the free surface of the resin which
30 therefore melts gradually over a thickness enabling its

pumping, with no risk of exothermal reaction.
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controlled, for example by measuring the number of
revolutions of pump 20a, if a rotary pump 1is wused.
Since the volume of resin contained in reservoir 1l6a is
5 known, the moment when it is almost empty can be
detected, that is the time when resin injection must be
switched from first reservoir 1l6a to second reservoir
16b.
When “almost empty” status 1is detected of

10 first reservoir 16a, the central command unit 48 closes
injection electrovalve 30a and simultaneously opens
injection electrovalve 30b. Also, the operator 1is
immediately informed thereof by sound and/or visual
display means.

15 Injection of resin into mould 10 therefore
continues without interruption from second reservoir
16b. The process of resin injection from second
reservoir 16b 1s the same as previously described for
first reservoir 1léa. No detailed description thereof is

20 therefore necessary.

At the same time, the operator informed of the
“almost empty” status of the first reservoir replaces
the latter by a full reservoir after removing heating
tray 18a with its pump 20a. It is to be noted that the

25 operator has largely sufficient time to carry out this
operation since the injection time for approximately 10
kilograms of resin contained in each reservoir for
example is approximately 13 minutes for an average flow
rate of around 700 grams per minute.

30 When the operator has changed reservoir 16a,

the heating tray 18a carrying pump 20a is replaced in
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position. The heating means of tray 18a are then
replaced in operation and a further drain of the
corresponding injection circuit is made by actuating
pump 20a and opening electrovalve 30a. When these

5 operations are completed, injection of resin from the
first reservoir l6éa again becomes possible.

Consequently, as soon as “almost empty” status
of the second reservoir 16b 1is detected, for example
through counting the number of revolutions of motor 22b

10 of pump 20b, resin injection is switched from second
reservoir 16b to first reservoir 1l6a. This is achieved
by closing electrovalve 30b and simultaneously opening
electrovalve 30a controlled by central command unit 48.

As previously, the central command unit warns

15 the operator of the “almost empty” status of second
reservoir 16b. The operator must therefore replace this
reservoir by one filled with resin. This operation is
conducted in the same manner as described previously
for first reservoir 1l6a, i.e. by dismounting tray 18b,

20 replacing reserxrvoir 16b, replacing tray 18b in position
and draining the corresponding circuit.

The operations just described are renewed as
many times as necessary until complete £filling of
cavity 12 of mould 10 with resin. They allow production

25 of a large-size item without interrupting resin
injection and with the use of only two reservoirs 16a,
l1éb at the same time, which are alternately connected
to mould 10, and by replacing one of the reservoirs
while the other is used for injection.

30 The resin injection method of the invention

can be used to produce items of wvarying size, with no
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size limitations other than those imposed by resin
viscosity, using an installation of reduced size that
is particularly easy to place in operation. Also
localised heating of the 1resin in the reservoirs
5 eliminates risks of exothermal reaction which could

arise from mass heating of the resin.
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1. Method for injecting resin into a mould (10)

containing a fibrous preform (14), characterized in

5 that the resin is injected into mould (10) alternately
from a first reservoir (l6a) and from a second
reservoir (16b) so that they are emptied in turn, and

the first reservoir (l6a) filled with resin is placed

in position while injecting resin from the second

10 reservoir (1léb) and conversely, for the continuous
injection into wmould (10) of a guantity of resin
greater than the accumulated capacity of said first

reservoir (l6a) and second reservoir (16b).

15 2. Method according to claim 1, in which the
resin is alternately injected from the first reservoir
(16a) and from second reservoir (16b) by heating the
free surface of the resin contained in said reservoirs
to cause local melting of said resin, and by pumping

20 the locally melted resin towards mould (10).

3. Method according to claim 2 in which, in
each of the first and second reservoirs {(16a, 16b) the
free surface of the resin is heated by means of a

25 heating tray (18a, 18b) resting under gravity on said

free surface.

4. Method according to claim 3 in which, in
each of the first and second reservoirs (l6a, 16b), the
30 locally melted resin is pumped by means of a pump (20a,

20b) integral with heating tray (18a, 18b).
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mould (10), the circuits connecting the first reservoir
(léa) and second reservoir (16b) to said mould are

5 drained.

6. Method according to any of the preceding

claims in which degassed resin is used.
10 7. Method according to any of claims 1 to 5,

in which the resin is degassed between the first and

second reservoirs (lé6a, 16b) and mould (10).
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