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Techni éal fiel d The invention concerns ;a manufacturing process;;ﬁcgrcops
conposite material parts, wusing the resin ‘transfer nmoul di ng

t echni que, ot herw se known as RTM More precisely, the process of

the invention is 5 designed to nanufacture |arge conposite material parts

on an industrial scale, SAMPLE VEBIFICATION OFTRANSLATIONVhI ch is to say over

58 % . This objective nakes the process of the invention

particularly attractive for the aviation industry. 10 Consequently,

parts manufactured using this process may be used in the construction

of aeropl anes, helicopters, | aunchers, mssiles, etc. St ate of

t he techni que 5 The aviation industry has used conposite,matefials
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for 4 number of years now. These materi-als allow, in particular, .
stgnificant reductjons in weight to:be npade ~whilst providing rigidity
and mechani cal . properties that are conparable to those of netal parts.
20 G ven this background, various techniques are used,
dependi ng on the nature and di mensions of the part to be nanufactured
Anongst these techni ques, we can especiqlly nention filament w nding,

i nj ection and stanpi ng of thernoplastic materials and above all the 25
‘autoclave nmoulding of textiles pre-inpregnated with t her nosetting
resin. In the particular case of the production of large  parts
such as the aerofoil or fusel age, the nechanical stresses specific to
the aviation field nake a high SP 12132.69 GP 30 MAY

200 MANUSNOPUR t 1t epROeREs - FER/ BOMBESITE MATERIAL PARTS BY
2 fibre content necessary, §£|c1 1S 10 sag OVET e

current status of the technique, 03|te parts are nade

fromtextile that 1is pre- inpregnated with thernosetting resin. The
manuf acturing 5 process consists of n&g L,,,PgNtextlles onto a shape
t hen conpressing the textiles by coverTrng trnenmrwth a

Technical field
The invention concerns a manufacturing process for
composite material parts, using the resin transfer
moulding technigue, otherwise known as RTM.
More precisely, the process of the invention is
5 designed to manufacture large composite material parts
on an industrial scale, with a high fibre content,
which is to say over 58 %.
This objective makes the process of the invention
particularly attractive for the aviation industry.
10 Consequenély, parts manufactured using this process may
be used in the construction of aeroplanes, helicopters,
launchers, missiles, etc.

State of the techmnique

15 The aviation industry has used composite materials
for a number of years now. These materials allow, in
particular, significant reductions in weight to be made
whilst providing rigidity and mechanical properties
that are comparable to those of metal parts.

20 Given this background, various techniques are
used, depending on the nature and dimensions of the
part to be manufactured. Amongst these techniques, we
can especially mention filament winding, injection and
stamping of thermoplastic materials and above all the

25 autoclave moulding of textiles pre-impregnated with
thermosetting resin.

In the particular case of the production of large
parts such as the aerofoil or fuselage, the mechanical
stresses specific to the aviation field make a high
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seal'ed vessel in which a vacuumis created. The assenbiis “
i:n an autocl ave where it undergoes a heat treatnent cycl
the 10 resin. In other fields such as the autonobi

capital goods industry, etc., the resin transfer rmul d| ng, or
RTM techni que, has been used for a |ot of to manuf acture parts

with a relatively low fibre 15 content, whag¢hh EP RGBS han 54 %
Thi s noul di ng t echni que consi sts of inse t'r“JREP@héE f &N pel | et
into a nould, then injecting a liquid organic re Dnto the mould in a
vacuum and at |ow pressure, so that t he peIIet i's 1Tpregnated.

Heating the S 20 nat ed_pel | et. pol, nerl ses the r n, befare
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fib f H
sa'0 ol ponhbeite phfoent! el g TPEERle MhpPtRe pre

conposite mater iEP¥FeINpfed ®WiRR Féempaestlﬁasreﬁaﬁy The aavaﬁ9§§é§1ngsuch

as the red@“@&ocb@s idtsiGeey add drapi:ﬁ@l eHeNtakitan est ldfﬁcolé.lvahage_l
the low |evel 30 invest.ment . for oductlon tem 2()‘?l,cl)

p
chilling sysf‘ o RESESARY the h"ee’ﬁ\" o gﬁé'llngcc
the parts produceéaledpewesbby i int ewhichf ahlvaquam is cheauedy gThd

surface {10 sh, JLOenBGEPLLONGhLY 90Pfkea PR auctefialit cqadvil o5,

etc. 35 wever, “when parts re content are be
produced, which P@dﬁ69§8§ mPtth?ﬁl 5F@a@@ﬁ9§ntcﬁﬁle to pgﬂxmgpygeagtbp

10 resin. _

In other fields such as the automobile industry,
capital goods industry, etc., the resin transfer
moulding, or RTM, technique, has been used for a lot of
years to manufacture parts with a relatively low fibre

15 content, which is to say less than 54 %. This moulding
technique consists of inserting a dry, fibre pellet |
into a mould, then injecting a liquid organic resin
into the mould in a vacuum and at low pressure, so. that
the pellet is impregnated. Heating the resin-

20 impregnated pellet polymerises the resin before it is
removed from the mould.

At present, this RTM technique is relatively well
controlled for the production of parts with a low fibre.
content, which is to say with a fibre content of less

25 than 54 %.

In comparison with other techniques which use
composite materials,  the RTM technique has many
advantages, such as the reduction in the overall
implementation time involved, the low 1level of

30 -investment for the production system (no chiliing
system or autoclave), the high dimensional accuracy of
the parts produced, especially in terms of thickness,
the very good surface finish, the exceptionally good
health and safety conditions, etc.

35 However, when parts with a high fibre content are

to be produced, which is to say with a fibre content of
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controlled for the production of parts with a low fibre At ent, which
is to say with a fibre content of I|ess th ‘g{ 15HASBEEN hus, in

the US-A-3 137 750 docunent, it 1is 3 .H : h panuf acture a part -
in conposite materi al, with a fibre conteft of An"c 3277 % and 39 %

by resin transfer noulding. A glass fibre pellet is placed in the
moul d, into which a resinis injected at a 10 pressure which.is varied

' h t ces etween 0 and 10
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compress:.on

In fact, the high loss of load introduced by the

highly compressed textile fibres of the pellet slows
10 the resin's penetration into it.

Furthermore, the pressure at which the resin is
injected must remain sufficiently low so that the
direction of the textile fibres is not altered during
injection. It is known that the mechanical properties

15 of the part produced are essentially defined by the
direction of the textile fibres in the resin matrix.

Consequently, when the volume of the part to be
produced increases, the time required for the resin to
penetrate the entire mould exceeds the time required

20 for the resin to start polymerising (usually called
"gel time"). Moreover, the obstacle to the penetration
of the resin created by the strongly compressed textile
-fibres risks creating zones which are not impregnated
with the resin in the part, as well as micro-bubbles.

25 For these wvarious reasons, the RTM technique
cannot at present be used to manufacture 1arge parts'
with a high fibre content.

More or less complex processes have been developed over
the last few vyears, especially in the injection

30 moulding techniques, in order to optimise the control
of the various injection parameters, such as the flow
rate, pressure, temperature, etc., taking into accouﬁt
thé geometry of the part being manufactured. By way of
example, the US-A-5 178 805, US-A-6 316 707 and US-A-4

35 850 217 documents illustrate different processes
developed in this area.

This Sheet Has Been Replaced
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advant ages, such as the reduction in the overall I mpl enentation tine
ir-nvolved, the Ilqw level of 25 s nvestnent for the production system

(no chilling, system or autoclave), the high dinmensional accuracy of
the parts produced, especially in terns of thickness, t he very good
surface finish, the exceptionally good heal t h and safety conditions,

“etc. 30 However, when parts with a hagh fibre content are to be
produced, which is to say with a fibre content of nore than 58 % as
dermanded by the aviation and space i ndustries for exanple, the resin
must be injected into SP 12132.69 GP

Substitute sheet - %/é/%OO a e £ ti %%1 e t he
noul d cont ai ni ng the ar ? Ffore 6eII@F\Mﬂ§?§ﬁﬂa lTﬁﬂle T st?ﬁﬁgl?o
conpressed. Wt efgnivedehtovprocessepl dmenthei orepimcddansfen haoRINing

techni que does ggk1g thEhO% hé&gﬁ Paétg &F bﬁlEﬁO?UHSSh“EEB EhbgnﬁéﬁEee of
5 conpression. ﬁ oss of |ntr05u
o be manufacture . by resolving the problems llsted

5 above.

Disclosure of the invention

The exact subject of the invention is a composite

material wmanufacturing process by resin transfer
10 moulding, which makes possible the manufacture of large

parts with a fibre content of over 58 %, guaranteeing

low porosity (1 to 3 %) in the part, without the risk

of premature gelling of the resin or the presence of

zones that the resin has not impregnated inside the
15 part.

According to the invention, this result is
obtained by means of a composite material manufacturing
process by 1resin transfer moulding in a wmould
containing a fibre pellet, characterised in that it

20 includes the following steps:
a) high compression of the £fibre pellet in the mould,
in order to obtain a fibre content of more than 58
%, and simultaneous injection of a resin into the
mould at a constant flow reference wvalue, provided
25 that the instantaneous pressure at the mould inlet
is lower than the pressure reference value;
b) & reduced resin injection flow rate intb the mould,
in order to maintain the instantaneous pressure at a
value that is wvirtually equal to the pressure
30 reference value when this reference value is
reached; | | |
c) a temporary reduction of the compression of the
~ fibre pellet in the mould;
d) a progressive increase in the resin injection flow
35 rate into the mould, until the reference value is
reached; and

SP 12132.69 GP



higﬁly conpressed textile fibres of the pellet slows the resin's

penetration into it. Furthernore, the pressure at which the resin
i-s 10 injected nust remain sufficiently low so that the

direction of the textile fibres is not altered during injection. It is
known that the mechanical properties of the part produced are
essentially defined by the direction o the textile fibres in the resin
matrix. 15 UEPLACEMENT SHET

| 3 0 MAY1l12 ' :

e) return to step a).

In the process thus defined, steps b) to d) are
transitory steps, of-relaéively short duration, whose
effect is to bring the resin injection conditions to a

"5 nominal state in which the injection is performed at a
constant flow, in accordance with step a). The change
to one of the steps b) to d) may be due to wvarious
reasons such as the presence of a cold spot in the
mould, a variation in the wviscosity of the resin, a

10 leak in the hydraulic system or even the decompression
of the fibre pellet. This change can therefore occur
several times during the manufacture of a single part.

If the operator reduces the pressure reference
value, for a particular reason, while the resin is

15 being injected into the wmould, this autbmatically
causes a change to step b) when the instantaneous
pressure at the mould inlet is at least equal to the
new pressure reference value. -

In a preferred embodiment of the proceés of the

20 invention, a flow rate regulation signal is created
constantly, from at least an initial signal which is
representative of a difference between the pressure
reference value' and the instantaneous pressure at the
mould inlet. This flow rate regulation signal is then

25 compared to the reference flow rate, in order to emit a
control signal. When the flow rate regulation signal is
at least equal to the reference flow rate, this control
signal commands the resin injection at the constant
reference flow rate, in accordance with step a). On

30 the contrary, when the flow rate regulation signal is
lower than the reference flow rate, the control signal
commands the resin injection at a reduced flow rate’
which varies with the flow rate regulation'signal, in
accordance with step b).

35 " The flow rate regulation signal will be preferably
created from a second signal which is representative of

SP 12132.69 GP
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-: 27/ 5/ 200 . : - 3 nore than 58 % as
dermanded by the aviation and space " industries for exanple, the resin
must be injected . the nmould containing the dry fibre pellet - n the
pellet is strongly conpressed. Wthin its known 5 inplenentation
procedures, the RTM techni que does not ~gallow | arge parts to be produced
with this degree of conpr essi on. : In fact, the high | oss

| oad i ntroduced by the hi ghly conpressed textil fibres of the pellet
slows 10 the resin's penetration into it. Furt hernore, the

pressure at which the,resin is I nj ecte must renain sufficientl

Pow so that -  Qiffexanqe,, betydsn | &he | cbpppy SATEE nSeRgHeY®
during i nj ectiigmals. It is known that the nmechani cal properties 15 of
the part produced ar ezﬁﬁggd | .. defy ne €. ' e £
textile fibres in thgnr Si'n i .lr%/rx. th gogxrégn.sség&g%t ?éy%r?%%ngt %fgevegeurre
of the part to IBdgnal,prbapeed inter casepeedhevarigteorqEonsgated the @@sin

to  penetgat @1lhq AN | kRLERUl ghexneedSmhifds | Men I b UHhb 20 £4,07 e
resin to start poLynen|S|g%, usual I, qallg% "gel time"). Moreover, the
obstacl e to the AR the ge Ine&ins PP Aed by the strongly

conpressed textile The flow rate regulation signal is then created
from a third signal, which is represéntative of a
difference between a maximum permissible pressure at
10 the actuator output and an instantaneous pressure
measured at the actuator output.

A signal which is representative of a maximum
permissible torque for the electric motor can also be
entered into the speed variator.

15 In the preferred embodiment of the invention, the
flow rate regulation signal will be created in fuzzy
logic. '

Brief description of the drawings

20 We will now describe, by way of a non-restrictive
example, a preferred embodiment of the process of the
invention, referring to the appended drawings, in |
which: '

- figure 1 is a cross-sectional view which

25 shows very schematically a 'manufacturing
-installation for a composite material part
using the RTM technique, adapted to the
embodiment of the process of the invention;

- figures 2A to 2D shows very schematicélly

30 " the main steps in the embodiment of the
process of the invention;

- figure 3 is a block diagram which is a
functional illustration of the various means
that can be used td implement the process of

35 the invention, in the installation of figure
1; and
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fibres risks creating zones which are not inpregnated. with the resin
in the part, as well as m cro-bubbles. 25 For these various
reasons, the :RTM technique cannot at present be used to manufacture
| arge parts with a high fibre content. More or |ess conpl ex
processes have been devel oped over the last few years, especially in.
the injection 30 noulding techniques, in ofder to optimse the control

of the various injection paraneters, such as the flow rate, pressure,
tenperature, etc., taking into account t he geonetry of the part being
manuf actured. By way of exanple, the US-A-5 178 805, US-A-6 316 707 and
US-A-4 35 850 217 docunent |IIustr te | fferent rocesse

devel oped in this area. Tigur A RA S show the
REPLACEVENT SHEET SRmb2r3RifO flActions of the three input wvalues

4 However, at jhRe Ri@se Y val
processes in the resin traansfer Q%ué:tdr'i{g? \H‘ﬁ[é; cafsvvm choal Fﬁg gjgﬁ'grts
with a high fibre contenfegu aﬁ'—éoﬁebﬁiﬁiﬁ desededn Hhe e%@b@dh@enhespwm ens
listed 5 abagve. in figure 3.

Detailed presentation of a preferred embodiment
First of all, we will describe the main mechanical
components, by referring to figure 1, of a resin
10 transfer moulding installation, suited to the process
embodiment of the invention. This installation is
composed of an injection actuator 10, whose piston 12
is actuated by an electric motor 14. This electric

motor 14 is equipped with a speed variator (not shown)
15 and an encoder 16.

The resin 18 in the actuator 10 is injected by the
latter into a mould 20 via an injection tube 22.
Inside the mould 20 is a cavity 24 whose form is
complementary to that of the part to be manufactured.
20 Before the mquld is closed and connected to .~ the
injection tube 22, a dry fibre pellet 26 is placed in
the cavity 24. In addition, the mould 20 is linked to
equipment (not shown) which allows a compression effort
of variable force to be applied to the pellet 26. By
25 way of example which is in no way restrictive, the
equipment which applies the compression effort to the
pellet can include in particular one or more inflatable
bladders (not shown) placed with the pellet 26 in the
mould cavity 24, as stated particularly in the FR-A-2
30 720 028 document.
A heat exchanger 28 is placed on the injection
tube 22, between the actuator 10 and the mould 20. A
water circulation system 30 or any other equivalent:
system permits the resin to be brought to the desired
35 temperature at the inlet to the mould 20. To this end,
the heat exchanger 28 can be equipped with temperature
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Di scl osure of the invention The exact subject of the inventionis a
conposite material nmanufacturing process by resin transfer 10
nmoul di ng, whi ch makes possi bl e the nanufacture of |arge parts with a
fibre content of over 58 9% guaranteeing | ow porosity (1 to 3 %9 in the
part, w thout the risk of premature gelling of the resin or the
presence of zones that the resin has nog inpregnated inside the 15
part. According to the invention, this result is obt ai ned
by neans of a conposite material nmanufacturing process by resin
transfer nmoulding in a nmould . containing a fibre pellet, _

characterised in_th 1t .20 includes the follow ng steps: a). high,
conpr essi on of tﬁﬁgﬁi{;éoﬁeﬁqé’tl%ntthe IR ufg known teFﬁn‘a}aaf it ol a

fibre content ofnobrpatbhaof58he invenffomnd sinultaneous injection of a

resin into the u n ow.ref a ovided 25
that the instantaneodgﬂgréggﬁ%gggggtﬁ%ﬁ#%d%% ?%Fef%ﬁﬁnﬁﬁxyiéHg%ﬂgithgﬂ t he
pressure referengloyal da figuny h adgacdacludes isjresinnfeedwpatt e32nto

the mould, s cohReftd8r tbo iRl NiFideclile HANM ANBPUReBLES JH & 2 yiFe
value that is VI£%U&L| eggual to the @ressure reference val ue ~when

30
this reference *%ald ately at ptlet of sheeRehuaten cictThm of
the conpression pbt BRe is equigpdd ewpehl at giztidhe 3®UWHich isdluged to

o T APEfe) Bok EeRFR Bl E6L' 80, e e ALl LiRE50 oo
GP when compressed air is injected into the pot by means

10 of a tube 36. The transfer of the resin from the pot 32
to the actuator 10 is controlled by a regulator 38
inside the tube 34. If necessary, the resin can pass
through a de-bubbling pot (not shown) before being
transferred to the pot 32. '

15 After the mould 20 and opposite the injection tube
22, the cavity 24 of the mould 20 is connected by an
exhaust tube 40 to a decantation pot 42.

There are valves (not shown) in the wvarious tubes,
22, 34 and 40, in particular to isolate the various

20 pieces of equipment from each other. Other equipment
(not shown) also allows the installation to be drained
when the resin injection is complete. :

In accordance with the invention, an installation
such as the one just described, referring to figure 1,

25 is commanded automatically or semi-automatically, so
that the resin is injected into the mould 20 at a
constant reference flow rate Q, as far as possible,
without the instantaneous pressure PE at the inlet to
the mould 20 exceeding a reference pressure value PE

30 max. _ _ '

To this end, the command of the resin injection is
carried out in a cycle, the main steps of which will
now be described, referring to figures 2A to 2D.

Figures 2A and 2B show very schematically the

35 first step of the manufacturing process of the
invention. This first step is the basic step of the

SP 12132.69 GP



e) return to step a). In the process thus defined, steps b) to d)
are transitory steps, of relatively-short duration, whose effect is
to bring the resin injection conditions to a 5 nomnal state in which the
injection is perforned at a constant flow, in accordance with step a).
The change to one of the steps b) to d) nmay be due to various
reasons such as the presence of a cold spot gan the moul d, a variation
in the viscosity of the resin, a 10 leak in the hydraulic system or even
t he deconpression of the fibre pellet. This change can therefore occur
several tinmes during the nanufacture of a single part. If the
oper at or reduces th ressu ef erence for cular Jgason,
L

while the resin ® Ssdel H ic nj Wi &8 PRYo SERRUI thT'lé
automatical ly retauses o charoraticallp &3 whon aBeqennamnenunﬂmtlons

pressure at the oyl b%'eﬁt ééti‘éf#é&“dﬁ%ﬁ' Aﬂﬁé hf:o nt N&¥ pvféé“ret}%%e

ref erence val ue. preferre nment t he process’ of
20 invention,, &Y9LER rcarb k?ee(ﬁﬂnzﬁ%d(%-‘eéq @?al"ﬁeé’ecﬁsé&]éi'- constantly,

fromat |eastsan Imtlpa Shanal byht B8 FI arrdwedriasedi agiags obaa agid fa1 ence
bet ween the pres reference v stantaneoustgressure at

.ue.and,t
t he moul d | nIEHLS FHESY | ShFF ai %éﬁr-ﬁg%ﬁﬁ%ﬁgﬁ% SHERR Fompression

_ oﬁ_the fibre pellet 26 contained in the mould 20. More
‘precisely, this strong compression is determined so
that the fibre content in the part produced is higher

10 than 58 %.

This first step of the process of the invention is
furthermore distinguished by the fact that the resin 18
is injected into the mould 20 containingwthe strongly
compressed fibre pellet 26, at a constant reference

15 flow rate Q. This reference flow rate Q is symbolised
by the F2 arrows on figures 2A and 2B. The resin
injection flow rate is regulated by the actuator 10, in
a manner that will be described further on.

The -‘execution of this first step of the

20 manufacturing process of the invention is conditioned
by the need for the instantaneous pressure PE at the
inlet of the mould 20 to be lower than the reference
pressure value PE max. The instantaneous pressure PE is
measured by a CPE pressure sensor (figure 1) mounted on

25 the tube 22 at the inlet of the mould 20. _

' Figure 2B shows the continuation of the injection
of the resin 18 in the mould 20, in conformity with the
first step of the process of the invention, before the
instantaneous pressure PE at the inlet of the mould

30 reaches the PE max. reference pressure value. This
reference pressure value PE max. is determined
beforehand, according to the characteristics of the
‘part to be produced, so that the-pressure induced in
the mould when the resin is injected does not risk

35 damaging the fibres of the pellet 26 or changing their
direction. It should also be noted that the value of
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25 iconpared to the reference flowrate, in order to emt a contro

signal. Wen the flow rate regulation signal is at least equal to the
reference flow rate, this control signal commands the resin injection
at the constant reference flowrate, in accordance with step a). On 30
the contrary, when the flow rate regulation signal is | ower than the
reference flowrate, the control signal 10 commands the resin injection at
a reduced flow rate which varies with the flow rate regul ati on si gnal
in accordance with step b). 35 The flow rate regul ati on signal

will be preferably created froma second signal which is representative
of SP 12132. 6 t he

9g° .6 :
di fference betweBhStRE A1 i TRACTHIGRTEIEUFS VALYRa MY, in cerpain
particul ar, thecasesyol bei gnetlifdrdbedarimged the simgjettiomputSuaho a
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i njectron o ST N ) f
regul ation signéh Fbet Rbarartarégtics from eneninegianymf  theiveuld to
representatigye ghofher, due to the use of fibres of different natures

for example.

Figure 2C shows a second phase of the
manufacturing process of the invention. The change to
this second phase takes place automatically when the

10 instantaneous pressure PE measured at the inlet of the
mould 20 reaches the PE max. reference pressure value.
This situation occurs naturally in. the absence of any
change to the PE max. reference pressure value, due to
the fact that the resistance to the advance of the

15 resin 18 increase progressively as the resin advances
in the mould 20, due to the presence of the strongly
compressed pellet . The change to the second phase of
the process, shown in figure 2C, also occurs when the
PE max. reference pressure value is reduced during the

20 injection of the resin into the mould to a wvalue such
that the PE instantaneous pressure value at the inlet
of the mould 20 is at least equal to the new feference
pressure value. '

In any case, this second step of the manufacturing

25 process is characterised by a reduction of the
injection flow rate of the resin into the mould 20.
This reduction, generated by the actuator 10 in a
manner which will be explained further on in the
document, is carried out so that the instantaneous

30 pressure PE at the inlet to the mould 20 is maintained
at a wvalue which is wvirtually the same as the PE max.
reference pressure value. In this second phase, this
flow rate is reduced to a variable value Q symbolised
by the F3 arrows in figure 2C.

35 ~ When a large part is manufactured, the change to

the second step of the manufacturing process of the

SP 12132.69 GP
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di fference between a maxi mum perm ssi bl e pressure at 10 the actuator

Qutput and an instantaneous pressure measured -at the actuator

out put . . A signal which is representative of a nmaxi num

perm ssible torque for the electric notor can al so be entered into the
speed variator. 15 In the preferred enbodi nent of the invention, the
flowrate regulation signal wll be creat%ﬁ.ln fuzzy | ogi c. - Brief
description of the draw ngs 20 now descri be, by way of a
non-restrictive exanple, a preferred enbodi nent of the process of the

I nvention, referring to the appended drawi ngs, in whi ch: -
figure 1 is a cross-sectional view which 25 shows very

schematical ly énveahibacrani pgcur several ithigwes | awébh befoxecbhpoende
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embodi ment  of ghbeto several re&rsfaﬁ@s tHe tétmséqwmwrbf all of them

figure 3 is b ock dlagran1 IS n |on | ust rati on
of the varléﬁs varlatl??ku ﬁaﬂeﬁémﬁgedQHﬁé %ﬂ% p cess
of 35 nhstantenEDua,pressuhe measﬂﬁadlan1tﬁefmgu1é 1n1et It 1.

and SP 1213288, EFore preferable to ensure a return to injection

at a regulated flow as quickly as possible, which is to
.say a return to the first step which has élready been

10 described, referring to figures 2A and 2B. In fact, it
is known that an injedtion of resin at a regulated flow
is the essential condition required to obtain a
homogeneoué part that is practically free from
porosity.

15 ' To make this return to the first step possible,
the process of the invention includes a third step,
shown in figure 2D, which is characterised by a
reduction of the compressioh of the fibre pellet 26,
shown by the F2 arrows in figure 2D. Due to the

20 reduction in the compression of the pellet 26, ‘the
instantaneous pressure PE at the inlet of the mould 20
immediately drops below the PE max. reference pressure
value. Consequently, the reduction of the compression
of the pellet 26 can be followed virtually

25 instantaneously by'an increase in the injection flow
rate of the resin 18 into the mould 20 to the reference
flow value Q, as is also shown by the F2 arrows in:
figure 2D.

At this point, strong compression can once again

30 be applied to the pellet 26, creating a return to the
first step of the manufacturing process of the
invention and consequently a new cycle of this process
is started. _ '

The manufacturing process of the invention is thus

35 a reversible process, which allows an automatic return.

to a step where the resin is injected at a constant
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7 - figures 4A, 4B, 4C and 4D show the

menbership functioens of the three input-val ues and the out put
val ue of the fuzzy logic regul ati on board used in the

enbodi nent shown 5 in figure 3. Detail ed presentation of a
preferred enbodi nent First of all, we will describe the main
nmechani cal components, by referring tgafigure 1, of a resin 10 transfer
moul ding installation, suited to the process enbodi ment of the

i nvention. This installation is conposed of an injection actuator 10,
whose piston 12 Is actuated by an electric notor 14. This electric
notor 14 is equtfged wth a sg d vari ator not sh 15 and an encoder
16. ¥si Faf8 | "WRhEe acttii® or FiBTRs iBfEERd B t RRETONG Rt t er

into a nould 20cdmpre.ﬂsédlj exs | oo e e instantanddss @rémmwn KO is a
cavity 24 whose formige, ofFomphemeplary tedhat olydhe gart bo bg.

manuf actured. 2 Tore roul d° ¥ connect

i nj ection tube Qeﬁeaem:? prm@np%w@lueza is pl aced | n t he caV| ty 24. In
addi tion, the noul d 2Rahgs | iHkekled® charfEtePIEcd NOfe SHOWY ‘? Ioms
a conpression effort of _vari abl e forceto beaplledtothe Iet

By 25 way of ex‘&%“ga%ﬁlﬁﬁ L&rgR rﬂ?% YiER [ ActfiREe t Gententg
whi ch applies tbrafioppr @ssuetingf Gohumbert k€ cycles which J.ncreases or

decreases depending on whether the part is small or
large. It should be noted that this possibility offered

10 by the process of the invention is provided whilst
maintaining the intrinsic qualities of the RTM
techniques, guaranteeing a particularly low level of
porosity and ensuring that the fibres of the pellet are
not damaged or their direction changed by the

15 injection.

We will now describe in more detail the
implementation of the manufacturing process of the
invention, referring to figure 3, which shows
schematically the different pieces of equipment used to

20 command the actuator 10 and their mode of action.

In the embodiment shown, a PLC 44 in particular
regulates the flow via a fuzzy logic regulation board
46. The various parameters of this regulation board 46
may be configured freely by means of the PLC 44.

25 As shown schematically in figure 3, the PLC 44 has
input elements such as thumb wheels which allow a PE
max. reference pressure value and a flow rate reference
value Q to be entered into the system. The choice of
the PE max. reference pressure value is essentially

30 dependent on the characteristics of the part to be
produced. The flow rate reference value Q is chosen to
suit the wvolume of the mould to be filled and the
gelling'time at the injection temperature fbr the resin
system selected.

35 Other reference wvalues are also entered into the

PLC 44, generally once only for a given injection
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pelfet can include in particular one or nore inflatable bl adders (not

shown) placed with the pellet 26 in the- moul d cavity 24, as stated
particularly iin the FR-A-2 30 720 028 docunent. A heat exchanger 28
is placed on the injection tube 22, between the actuator 10 and the
nmould 20. A wat er circul ation system 30 or any other equival ent
systempermits the resin to be brought to §Re desired 35 tenperature at the
inlet to the nould 20. To this end, t he heat exchanger 28 can be

equi pped with tenperature SP 12132.69 GP

8 regul ati on equipnent In a known technology which is not part
of the invention. mechani cal part of the nmoul ding installation

shown in figure @%Q%Uém%de§na Feei e¥arRl otsheown, sthesRectrelerenede
i nj ection tube Z\?ahyeéfeﬂﬂél@c&e dat aRimum PérnimEEdld @restuddevaliié epyof

the actuator 10._The t 32 eqU|pp | st 33 I,ch |s used
to drive thd"3%si /&Y% th%urp]tsﬁ o5 ﬁg?dsa?mﬂéa‘g rb fwﬁ
conpr essed alrlmecmqmm¢aﬁ chanacherpst1®g aﬁamhelaauﬁeniimm@ Sﬁcoﬂhe.
transfer of %he‘fﬁé&naiégniﬁgfuagtaB%aximum permissible torque value C
max. for the electric motor 14.
As shown schematically in 48 in figure 3, the PLC
44 calculates in real time a first signal S1, which is

representative of the difference or APE between the PE

10 max. reference pressure value and the instantaneous
pressure PE measured by the CPE sensor at the inlet of
the mould 20. This first signal S1 is one of the input
values entered into the fuzzy logic regulation board
46.

15 As shown in 50 in figure 3, the PLC 44 also
creates a second signal S2, which is representative of
the ERPE difference between the two signals, which is
to say the wvariation ratio of the S1 signal. More
precisely, this second signal 82 is eqgual to the

20 difference between the last S1 signal calculated by the
comparator 48 at time t and the S1 signal immediately
before it, at t-1. The second signal S2 is also an
input wvalue entered into the £fuzzy logic regulation
board 46.

25 In the embodiment shown in figure 3, a third input
value is also entered into the fuzzy logic regulation
board 46, made up of a third signal S3. This third

signal is representative of the difference or APV
between the maximum permissible pressure PV max. at the

30 outlet of the actuator 10 and the instantaneous
pressure value PV measured by the CPV sensor at the
outlet of the actuator 10. The third signal S3 is also
created by the PLC 44, as shown.schematically in 52 in
figure 3.
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to the actuator 10 is controlled by a regul ator 38 I nside the tube 34.

I.f necessary, the-resin can pass - through a de-bubbling pot (not shown)
before being - transferred to the pot 32. 15 After the nould 20 and
opposite the injection tube 22, the cavity 24 of the nould 20 is
connected by an exhaust tube 40 to a decantation pot 42. There
are valves (not shown) in the various tubegg 22, 34 and 40, in
particular to isolate the various 20 pieces of equi pnent from each other.
O her equi pnent (not shown) also allows the installation to be drained
when the resin injection is conplete. I n accordance with the

I nvention, an installation such as the one_just described, .referring to
figure 1, 25 is comFd?ﬂi‘édt%t%??cﬁFﬂ?aiﬁ'séﬂi'- Rf (ﬁ%‘%i car | phe Sﬁazzy

that the resin ilodig eeégdlationt beaptud Zbrdirmuouslieosseéabeésr ef eflenee
flowrate Q as far as ssiqbl.e, 1.t hout the,d nst ant,aneous ur.e PE
at the inlet to vate t hep]?nﬁ‘ilc?%n \gd'Igﬁl@Li K- gi:ch eg)A’eei—ﬁ:i,ile‘-’llPE 30

1 ! excee a reféerence pressure va
max Techaractenii stins cofimtiel oilesewhdshn goneset ithe igreation

carried out kn a€Ychfs SRerIBINratenseghihbiol Wikhal winawde glesohiped,
referring to figures 2A<§o 2D. FI%PFES 2A"and 2B show very |
schematical |y t HFepenteq sfurther ops IfthShovdchiRtReFag thrbeddds SR the
i nvention. This fedslatsied s5ghae basiity Heylinfy thespeed s38nbkdl3AvHiEHP
determines at all times the speed at which the electric
motor 14 has to rotate to satisfy the rules of the
10 fuzzy logic regulation board 46. _

The SR flow rate regulation signal is entered into
a flow rate limiting PLC 54. This PLC 54 also receives
a signal SL, whose constant level is representative of
the flow rate reference value Q previously entered into

15 the PLC 44.

The flow rate limiting PLC 54 supplies a command
signal_sv, which is also a speed signal. The SV command
signal is entered into a speed variator 56 connected to

- the electric motor 14 which controls the injection

20 actuator 10. This SV command signal is equal to the SL

signal as long as the SR flow raﬁe regulation signal is

equal to or higher than this SL signal. In return, the

SV command signal is equal to the SR flow rate

regulation signal when this SR signal is lower than the

25 SL signal which is representative of the flow rate
reference value Q.

Consequently, the electric motor 14 1is commanded
continuously by the speed wvariator 56, so that the
injection flow rate of the resin into the mould 20 is

30 constant and equal to the flew'rate reference value Q,

- as long as the SR flow rate regulation signal is higher
than the SL signal, which is representative of this
flow rate reference value. In return, the electric
motor ¢ommanded by the speed variator 56 drives the

35 injection actuator 10 so that the resin is injected
into the mould 20 at a flow rate g which is lower than
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9 process, which is to say the step that the system returns to
automatically as soon as certain conditi-ons have been satisfied. From
this point of view, the system can be considered as "reversible". 5

As shown by the F1 arrows in diagrams 2A and 2B, this first step is

di stingui shed by strong conpression of the fibre pellet 26 contained in
the nmould 20. More precisely, this strpfig conpression is determ ned so
that the fibre content in the part produced is higher 10 than 58 %

This first step of the process of the invention is furthernore

di stingui shed by the fact that the resin 18 Is injected into the nould

20 containing the, strongl onpressed fjbre pel]et 26, at_a constant
reference 15 fl &5@Sr ﬁeggtgenﬁ‘ﬁ Me"raetrﬁ:e"?ir‘fﬁ/ Qat‘éf"@‘i Ebey ¥adMPs th_e by
the F2 arrows onsR dillee fatendegBlatien esighal isnjlesieironcHdrowthate dfs
regul ated by the tygt oL . | Nepp s 3@ t ] b ri hed
further on. ?ﬂ%lgﬁuéléﬁé%hngﬁ 1§Pg3?2§é é#%%xﬁéé%pgpgﬁgﬁ 4ﬁ%§Qﬁf
manuf act uri ng pr é8edscordames wisht the valuendift itbee§R sigmalt.he need for

the instantangous preagur@ePBefilt foe furdHRlr Obnl hecHBUI §R 20 1R, b&-drner
than the reference pressure vi\I ue PE max. .The instantaneous pressure PE

i's measured BFIHLIESEOT eSignalsetd ol timed) Pipuhbed Bz lasia ube
22 at the inlet ekguilation dct¥d 46 principglly E2Boshehe tiiste@iHanddid on

of the injection t resi 8. n the 20, i nfarmty with
t he first stgrﬁaéﬁﬁifﬁﬁogésghéfﬁﬁ%?ﬁrﬁ%ﬁ##gnﬁqﬁk%régthghe systen
i nst ant aneous pr & sehematiral iy efnoffidwrend| dlsgre fraschatlowhe thie

max. referef¢e RESSFARuUriMGUSproddis described previously, referring
to figures 2A to 2D, to be implemented. _

As has also been shown in figure 3, the speed
variator 56 which commands the electric motor 14 which
drives the actuator 10 also receives a signal'SC, which

15 is representative of the maximum permissible torque C
max. for the electric motor 14. This SC signal is
derived directly from the value of the C max. maximum
permissible torque entered into the PLC 44, after
passing via a scaling circuit 58.

20 We will now describe in more detail the creation
of the SR flow rate regulation signal in the fuzzy
logic regulation board 46, from the three input
signals, S1, S2 and S3, which respectively'represent
the three input values APE, ERPE and APV.

25 The recourse to fuzzy logic is justified by the
necessity to manage two pressure regulations
simultaneously (PE at the mould inlet and PV at the
actuator outlet). Ahother advantage'of the use of fuzzy
logic is that it allows the injectioh to be controlled,

30 without mathematical modelling needing to be identified
for each element (speed variator 56, electric motor 14,
geared reducer 1linked to this motor, actuator 10,

pipework 22, exchanger 28, valves, resin, etc.).
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reference pressure value PE nax. I's determ ned bef or ehand,

according to the characteristics of- the: part to be produced, so that
the pressure tnduced in the nould when the resin is injected does not
risk 35 damaging the fibres of the pellet 26 or changing their
direction. It should also be noted that the val ue of SP 12132.69 GP
10° this PE max. reference pressure jyal ue may, in certain cases,
be nodified during the injection. Such a nodi fication nay be Just|f|ed
in particular by a change in the characteristics fromone region of the
mould to 5 another, due to the use of fibres of different natures for
exanpl e. F| gure 2C shows a second phase, _of

th
manuf act uri ng proces?héf fwezy nletiiconPreresehpagecapried Qs §%@oﬁbephase

takes pl ace aut Q@ghllﬁ@hbyl phardt he &8ni Bet BAGRBAOUSWA! €A8Y ehPEemBasgEed at
the inlet of the g 20 reaches the PE nmax. reference pressure val ue.
This situation 58@3P§tﬁgﬁ 1¥Fly in the absence of any change to the PE

max. reference pressure val ueratdséormationt he foedfct t hsicli he refi st anhe to
the advance Qf the instantaneous input signals S1, S2 and S3 into
a fuzzy element (input step);

- transformation of the £fuzzy elements
derived from the input signals into a fuzzy
element which is representative of the output

10 ' signal (inference step);

- transformation of the fuzzy element
resulting from the inference step into an SR
instantaneous output signal (output step).

This processing allows modelling of the expertise of

15 the operators who usually use the resin transfer
moulding installations to be carried out. In reality,
this modelling is obtained on the basis of logic rules
which describe the possible conditions of the system in
fuzzy terms along with the appropriate actions for

20 these conditions. These logic rules are the inference
step.

The transformations made during the input and
output steps are carried out by attributing membership
functions to each of the input and output values. These

25 membership attributions = are fuzzy groups,
mathematically defined in general by triangular or
trapezoidal functions. _

Thus, in the fuzzy logic regulation board 46, the
instantaneous value of each of the signals S1, S2 and

30 S3 is compared to the pre-defined membership functions

for each of the input values APE, ERPE and APV.
In the embodiment described, the membership
functions attributed to the difference APE between the

_ PE max. reference pressure value and the instantaneous
35 pressure PE at the inlet of the mould 20 are: large
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15 resin 18 increase progressively as the resin advances in the nould
20, due to the presence of the strongly- conpressed pellet . The change
to the second-phase of t he process, shown in figure 2C, al so occurs
when t he PE nmax. reference pressure value is reduced during the 20
injection of the resin into the nmould to a val ue such t hat the PE

I nst ant aneous pressure value at the inlet 17 of the mould 20 is at |east
equal to the new reference pressure val ue. I'n any case, this
second step of the manufacturing 25 process is characterised by a reduction
of the I njection flow rate of the resin into the nDuId 20. Thi s

reducti on, generatedEb% ctuatg I n at ia E
expl ai ned furthd®*FH-THt he'd GEIHE tneg% T dutsgﬁ haPegﬁ ive
_|nstantaneous:qupbssaeeoPEsMauﬂmposm&ﬂvéo(Ppb,WdebﬂK)pqsrunv&aKBmu

at a value\MﬂcﬁH' éé&ﬁfﬁ as the PE max. ref erence
pressure val ue |s s ond hls flowrate is reduced to a
vari abl e val ue annﬁﬁﬂm%iﬁrly, EbetHémbsrﬁhF§W§q4¢GMQﬂﬁeﬁtﬂxlhﬁﬁed towhen

a Ia][get part si s mélufm?yr e@arw@l&ﬂ@anglgcl%g gwrgaae SESONdqsheP €5 tPRe
manufacturing pﬂ? f?grgncehbetween é%e two ffrst consecutive S1 signals
are: large negative (Ng), medium negative (Nm), small

negative (Np), 2zero, small positive (Pp), medium
positive (Pm) and large positive (Pg).
10 Finally, the only membership function attributed

to the difference in the APV input value, which is
representative of the difference between the PV max.
maximum permissible pressure at the outlet of the
actuator 10 and the instantaneous pressure PV measured

15 at the outlet of this actuator is: bad.
In the fuzzy logic regulation board 46, membership
functions are attributed to the output value, composed

in this case by the ASR changes of the speed of
rotation of the electric motor I4,'represented by the
20 SR flow rate regulation signal. In the embodiment
h described, the functions attributed to the output value
are: large negative (Ng), medium negative (Nm), small
negative (Np), =zero, small positive (Pp), wmedium
positive (Pm) and. large positive. (Pg).
25 The wmembership functions of the input wvalues are
related to the membership attributions of the output
values by a table of rules. If the influence of the

input value APV is not taken into account (which in
practice only occurs rarely), this table of rules has .
30 two inputs (APE and ERPE) and one output (ASR). This
table of rules has been drawn up on an experimental

basis. For example, it could be in the form shown
below:
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I nvention can occur several tinmes, well before the end of the injection
of the resin into-the nould. In fact, - as it has already been pointed
out, this change may be due to several reasons, the consequence of al
of. them5 being a variation, sonetinmes brutal, of the PE

I nst ant aneous pressure neasured at the nmould inlet. It I's therefore
preferable to ensure a return to injectionis at a regulated fl ow as

qui ckly as possible, which is to say a return to the first step which
has al ready been 10 described, referring to figures 2A and 2B. In fact, it
I's known that an injection of resin at a regulated flow s the.
essential condition required to obta'g g E&Qg eneous part that s
practically free from por osi t ys E OF make this return to the
first step possible, t he process of the invention includes a third
step, shown+a—f+gure—2p; whFeh—+s—ehaFae%eﬁiggd—brﬁr————fffhmﬁ+em‘of
the conpression of the fibre¢_pellet 26, shown by the F2 arrows in
figure 2D. Due [to thesR0 r¢N¥gcti gimin t{h® co ssi pfp of {Bw pel|Pgt 24,

t he i nst antlaneous _pnressiire PElat thda inlet] of the ool 20

i medi ately drops bel pN&t he | P8 ma)Nar ef §M¥hce |P¥essuf¥e Vdl ue.|Ng

Consequent |y, the redlQml ON|RG TNENGONPI WS ON N OfNmUNE [NmpPel |
can be foll omwed drtuallly 251 i nstdntaneously by an. ih

injection flow raf®of (N8 reqd™M 18 [Nho | nou|%F 20 {6t he F@ferdnce
flow value Q asppps alZe shome Dy [Zee Flzrowzd n [zZeTiglze ZD.[zZe

At this point, |strongjconpréssionjcan once again 30 | be applied tio the
pellet 26, creating a PBtur:FZeo t h&e fZer st |Rpep ofPmhe mBmuf ad®ari ng

process of the in Pﬂlllul —q eoteyy pgew te PBgt 1T 5 OC€SS
is started. ' b g S i
: Pg Pg Pg Pg Pg Pg Pg Pg

Furthermore, the only rule which relates the APV
5 input value to the ASR output value is:

- if APV = BAD, then ASR = Ng.
This is a priority rule, which is to say that it
takes precedence regardless of the other input values.

The membership functions attributed to the APE
10 difference, the ERPE difference ratio, the APV

difference and the ASR changes to be made to the speed
of rotation of the electric motor 14 are respectively
shown in figures 4A, 4B, 4C and 4D.

In the case of the APE and ERPE input values

1s (figures 4A and 4B), the membership functions have, for
example, the form of identical isosceles triangles,
which partially overlap and the bases of which are
situated on the X axis and are regularly offset with
regard to one another. The instantaneous value of the

20 corresponding value is marked or read on the X axis,
depending on whether it is the input or output value.

The Y axis determines the degree of membership of the
value with each of the functions, the height of the
isosceles triangles which are representative of these
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The manufacturing process of the invention is thus 35 a reversible

process, which allows an automatic ‘return. to a step where the resinis
i njected at a-constant SP 12132.69 G

12 flow rate while the fibre pellet is strongly

conpressed, as soon as the instantaneous pressure PE at the inlet of
the noul d drops bel ow t he PE nax. refejence pressure value. 5

Thanks to these characteristics, it is possible to manuf acture | arge
parts with a fibre content of nore than 58 % using a nunber of cycles
whi ch increases or decreases dependi ng on whether the part is small or

|l arge. It should be noted that this OSSIbI|It pf fered 10 by the process
of the inventio@qﬁFﬁﬁQﬂﬁdEﬁlﬂﬂlFgPaR %ﬂ?ﬁg &Sﬁeﬁﬁmﬁﬁqﬁﬁﬁégang
qualities of tWhigitiRIdf the theadus qmms;hegtm:aingaleamgam paett @ i reedl VE v

| evel of pon§§%] égggensurlng that the fibres of the pellet are
not damaged €Ir direction changed by the 15 injection.
VW will now descritre the caeee ofiethel APVheinput | vplegentfdiguae ofcy he

nanufacturlng prqges%B%BHt membershlp function is in the form of a
trapezoidal rectangle whose height is equal to one
unit.

Finally, as 'shown in figure 4D, the membership
functions which correspond to the ASR output value are

10 regularly spaced straight segments that are parallel to
the Y axis. The length of each segment is equal to one
unit. Each segment therefore corresponds to a clearly
defined increase (+ direction) or decrease (-
direction)of speed.

15 - All of the parameters corresponding to the table
of rules and membership functions are entered once only
into the fuzzy logic regulation board 46.

Supposing that the instantaneous pressure PV at
the actuator outlet is slightly lower than the maximum

20 permissible pressure PV max., as is usually the cése,
the fuzzy . logic regulation board 46  determines the

change ASR to be made to the SR flow rate regulation

signal from the instantaneous input values, APE and
ERPE, given by the S1 and S2 signals.

25 In this way, upon input, the fuzzy 1logic
regulation board 46 determines the degree of conformity
of each of the input wvalues APE and ERPE with the
.membership functions concerning these values.

More precisely and by way of example, let us

30 suppose that the value of the first signal S1, marked
on the X axis of the membership functions of the APE
difference, are both in the isosceles triangles which
are representative of the Pm and Pp membership
" functions associated to this wvalue (figure 4A). This

SP 12132.69 GP
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invéntion, referrfng to figure 3, which shows schematically the
di fferent pieces of equipnent used to 20 conmand the actuator 10 and their

node of acti on. In the enbodi nent” shown, a PLC 44 in particul ar
regul ates the flow via a fuzzy logic regulation board 46. The vari ous
paraneters of this regulation board 46 may be configured freely by
means of the PLC 44. 25 As 'shown schepgtically in figure 3, the PLC 44
has i nput el enents such as thunb wheels which allow a PE max.
reference pressure value and a flow rate reference value Qto be
entered into the system The choice of the PE max. reference pressure

value is essentially 30 dependent 6%Fthe characteristics of the Eart to be
produced. The fIBeRRSt R eiehe fbiiRreRC]) haltwarR diie FE maxy; Fer LSRG une

of the nould to peedshted walluéheand gkl i HGistaiadleduze ipYesuy PE
Lerperature (or RAFbERA sy, bl HAILETLAERE 567 opis T Eb] R SEs
given injection amplitgie 1283 bedve@m small and medium. The degree of
13 | n%t al rlngt%ﬁi:gz?sml.g t H?‘Lex%.% € Os.hsoméft h%l?x?.sr efA%rE.encgifference,
respectively of each of the Pm and Pp membership
functions, 1is given by the Y axis value of the
intersection of sides of the triangle which represents
it, with the height being taken from the representative
10 point of the first signal.

Let us also suppose, still by way of example, that
the value of the second walue S2, marked on the X axis
of the membership functions of the ERPE variation

. ratios of the first signal, is both in the isosceles

15 triangles which are representative of the Ze and Np
membership functions associated to this wvalue (figure
4B) . This means that the pressure at the mould inlet is
very slightly reduced. The degree of membership 0.1 and

0.9 of this ERPE variation ratio, respectively of each

20 of the Ze and Np membership functions, is obtained in

the same way as the APE difference.

In the previous hypotheses, four of the rules of
the table shown earlier in the document by way of
example are concerned:

25 - if APE = Pm and ERPE = Ze, then ASR = Pg
(1St rule) ;
- if APE = Pm and ERPE = Np, then ASR = Pm
(an rule) ;
- if  APE = Pp and ERPE = Ze, then ASR = Pp
30 (3¢ rule);
- if APE = Pp and ERPE = Np, then ASR = 2Ze
th
(47" rule).

For each of these four rules, the fuzzy logic

regulation board 46 compares the degrees of conformity
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val ues i nclude a maxi num perm ssi bl e pressure val ue PV max. at the
Qutl et of the actuator 10, taking t'he - mechanical characteristics of the
|l atter into account. 5 They al so include a naxi mum perni ssi bl e torque
value C max. for the electric notor 14. As shown schematically
in 48 in figure 3, the PLC 44 calculates in real time a first signal
S1, which is representative of the diffegence or APE between the PE 10
max. reference pressure value and the instantaneous pressure PE
nmeasured by the CPE sensor at the inlet of the nmould 20. This first
signal S1 is one of the input val ues entered into the fuzzy |logic
regul ati on board 46. 15 As shown in 50 in figure 3, the PLC
44 al so createt @asdconf dibgnalAPE2,andi ERBES iepuésemla-téivewmch thehe

ERPE di 11 er ence NELNSRILANE FIR-CLIME| Sondlielly| Sy cne LAPEY;ANGLABEIBH! 07

ratio of the S1 signa preci Sel seco st gn
equal to the zcandilﬁm@r%mblm\Mmmeofacscpntsa_rreitgmaiswe;mme@sw t he

conparator 48 at tine fharuedRe, Sipsignal chguedrat@ly £irsbefiRie 'Sbo@%
t-1. The second si gnal S2 is alsg an i nput val ue entered_into the fuzzy

| ogi ¢ regul at Pon the ‘B%‘&Pﬂrﬂ%lp2§uHCt1°nPnCPFP€e§ﬁ’Sédltr'ﬁ’@ntpf%h@\’/ﬁ*F‘HPlF| §aFe

3, a third input n e t | pgi-c u on
board 46, made upt% a%ﬁiﬁs. g%%§8%ﬁaT%H@ EI rd@ﬂd&?hgng trrfeg ﬁﬁ{:ﬁ

representative ofvanbaglonerapte. or APV bet ween t he maxi rrum perm ssi bl e
pressure PV max. g4 the Sfse 0| Ehe &1 aﬁ@esza§i?ﬁéf%i)ﬁﬁbséndalﬁgg have

i nst ant aneous ressure val ue PV asure \VV sensor at the
outl et of the act®e®®rSHeWRTRE WAYr OLsieFaaP SB%Q;@%Qﬂfes eBbythfe
PLC 44, as shown &egesasi ol d:qnf@rrﬁftjrncorreép@ﬂam@.to these membership

functions Pm and Ze are respectively 0.4 and 0.1. It is

therefore the latter wvalue, 0.1, which is used. The

same procedure thus gives values for the degrees of"

conformity used for the second, third and fourth rules
15 of 0.4, 0.1 and 0.6 respectively.

The degree of conformity thus used for each of the
rules considered is applied to the membership function
of this rule, for the ASR outpuﬁ value.

Consequently, and as. illustrated in £figure 4D,

20 this leads to the ASR output value mémbership
. functions, Pg, Pm, Pp and Ze, being attributed degrees
of conformity of 0.1, 0.4, 0.1 and 0.6 for the S1 and
S2 signals shown by way of example in figures 4A and
4B. |
25 For the output, the fuzzy logic regulation board
46 determines the position of the centre of gravity of
all of the Pg, Pm, Pp and Ze membership functions thus
weighted by the degrees of cohformity of 0.1, 0.4, 0.1
and 0.6. It then alters the previous wvalue of the SR
30 slow rate regulation signal by determining the ASR
change to be made to this value from the X axis of this
centre of gravity. In the example shown, the SR signal
increases by a value which is slightly higher than that
which corresponds to the Pp membership function.
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SP 12132.69 GP 14 From
t.he three signals; S1, S2 and S3, t‘he fuzzy | ogi ¢ regul ation board 46
continuously ereates a flow rate regul ati on si gnal SR. The
essenti al characteristics of the rules which govern the creation 5 of
this SRflowrate regulation signal will be briefly presented further
on. It should be noted that this SR - regulation signal is inreality a
speed signal, which determnes at all times the speed at which the
electric notor 14 has to rotate to satisfy the rules of the 10 fuzzy

| ogi c regul ati on board 46. _ The SR flow rate regul ation signal is
entered into aflawrate limting PLC 54. This PLC 54 al sQ recei ves

a signal SL, whose cBAstGAHrIS%vefhes IHGEdOR atfvd@s limitge MQuthste
ref erlence val ueegoaaeméaulswient H&dehgtobéén HéﬁfPﬁéﬁeéj\Xitﬂ refelreiEbé flow
rate limting PLC 54, supplies a co n i gna ich is sp, a
speed signal . Th8 S%hsongéﬁ €S- g %ﬂﬁﬁqW%?%ﬁkkneﬁfﬁ ¥P acgﬁgedogarggFor 56
connected to  insheléké&deni éngdudingdanhivhecbhonobstubornfapabds 26
actuator 10.g Thi;scRYcaQARRBC s310KY E1e CPaLshPebN4nBeh are likely to

be reached in the manufacturing ranges concerned, it is
not necessary to take the instantaneous pressure at the

actuator outlet into account.

SP 12132.69 GP
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to the SRflow rate ‘regul ation signal when this SR signal *i s¢l ower*ttan*
the 25 SL signal which is representative of the flowrate reference
val ue Q Consequently, the electric notor 14 is commanded
continuously by the speed variator 56, so ghat the injection flowrate
of the resin into the nmould 20 is 30 constant and equal to the flowrate
reference value Q as long as the SRflowrate regulation signal is

hi gher than the SL signal, which is representative of this fl ow

rate reference value. In return, the eleéﬁégﬁﬁ not or commanded by the
speed variator 56 drives the 35 injecti uator 10 so that the resinis
i nj ected into the nould 20 at a flowrate g which is |ower than

SP 12132.69 GP 1. Frosess f{? li'l‘%g'l%.rf%%%]rfllngw &31tn§0¥ﬂ{:é’e té’%‘fé‘lthe

val ue of the SR flow rate regulation signal 1§ |owet than that o

the SL signal. RS &4i sesthowtransfgqrt heauddanRgesin a2 wmould (20)
containing a fibre pellet (26), characterised in that

it contains the following steps:

5 a) stfong compression of the fibre pellet (26) in the
mould (20), in order to obtain a fibre content of
more than 58 %, and simultaneous injection of resin
into the mould at -a constant reference flow rate
(Q), while an instantaneous pressure (PE) at the

10 mould inlet is lower than a reference pressure
value (PE max.).

b) a reduction of the injection flow rate of the resin
into the mould (20), so that the instantaneous
pressure (PE) is maintained at a wvalue that is

15 virtually the same as the reference pressure wvalue
(PE max.), when this reference value is reached;

c) a temporary reduction of the compression of the
fibre pellet (26) in the mould (20); | |

d) progreséive increase of the injection flow rate of

20 the resin into the mould (20) until the reference
flow. rate (Q) is reached; and

e) return to step a).

2. Process of qlaim 1, characterised in that a

reduction of the reference pressure value (P max.) when

25 the resin is being injected into the mould (20) causes
an immediate change to step b) when the instantaneous
pressure (PE) is at least equal to the new reference
pressure value. _
3. Process as claimed in either of the claims 1
30 and 2, characterised 'in that a flow rate regulation

signal (SR) 1is constantly created, at minimum from a

first signal (S1) which is representative  of a

difference between the reference pressure wvalue (PE

max.) and the instantaneous pressure (PE), and in that

SP 12132.69 GP



I n éccordance with the value of the SR signal. 5 _
further on, the -SR flowrate " regulation signal is de}tﬂﬂlmummmw H“|
fuzzy logic, - regul ati on board 46 principally fromthe instantaneods 3
pressure PE at the inlet of the nould 20. The system shown
schematically in figure 3 therefore allows the 10 manufacturing process
descri bed previously, referring to figwres 2A to 2D, to be

i mpl ement ed. As has al so been shown in figure 3, the speed

variator 56 which conmmands the electric notor 14 which drives the
actuator 10 al so receives a si gnal SC, which 15 is representative of the
maxi mum perm ssi bl.e t u f.or the electr mot or 14. Thi s SC
Sronal 1o T S GERGe IR oERTS oGt Sl SETORT | HERE (B CABRRRG

perm ssi bl e tor ghe erdfmwshgent Hlowe rBEe Avfb,lwé téQ), topamsithgavicentredal ing
circuit 58. 20 Ve | S I§ |

of the SR fl ow ralgnarlegiﬁ%)t | o%gm gﬁaﬁ% nerE\r{Hi %‘%ﬁ@ eyﬂgx ?.éx?flc'é:g_%g
board 46, from &ffe Ehise ganahant rgufgﬁange SAlow? rake ssalum c

respectivel yg rearc@:%&'atance wiltd tétféif" é)”P%hé’ﬁ' tRe £P5w EREE %@%ﬁ%‘ém@ﬁ

The recourse to fuzz ic I.s justified b necessit manage
two pressure Sigggd a sis "ak hgpehn I‘ﬁy Eeethe tﬁ%f?%%ﬂ“ael e and
PV at the aQ‘hlt@t ovamuel(et) it hmrpami\aanb&gecorhmah&mge tHe f k28in

nghgn;fizgﬁtng 5ﬁ ng nee%’InJ %&% ;€i$$? gér?&s?gplggcﬁggﬁg%ghgtﬁépeed
vari ator 56, el &&eriElowt (;qat:_e4 regulggapgd sighader (BRAkedin o acgiordagicsr |
actuator 1010 wiRihPe¥REK 23, GFEHRNYSis28r14@! Vate rB84M a®ién) signal
(SR) is lower than the reference flow rate value (Q).
4., Process of claim 3, characterised in that the
flow rate regulation signal (SR) is also created from a
second signal (s2) which is representative of a
15 difference between the two first consecutive (S1)
signals.
5. Process of claim 3, characterised in that the
control signal (SV) is a speed signal entered into a
speed variator (56) connected to an electric motor (14)
20 which drives an actuator (10) that injects the resin
' into the mould (20).
6. Process of claim 5, characterised in that the
flow rate regulation signal (SR) is also created from a
third signal (S3) which is representative of a
25 difference between a maximum permissible pressure (PV
max.) at the outlet of the actuator (10} and an
instantaneous pressure (PV) at the outlet of the
actuator (10).
7. Process of any of claims 3 to 6, characterised
30 in that a signal (SC max;), which is representative of
a maximum permissible torque value for the electric
motor (14), is entered into the variator (56). _
8. Process of any of claims 3 to 7, characterised
in that the flow rate regulation signal (SR) is created
35 in fuzzy logic.
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SP i2132.69 G - | The fuzzy | ogic processing carried

out by the regul ati on board 46 -"can -be broken down into three steps
schemati cal | y: - transformation of each =~ of the 5
I nst ant aneous i nput signals S1, S2 and S3 into a fuzzy el enent
(i nput step); - transformation of the fuzzy elenents
derived - fromthe input signals into a fuzzy el ement which is
representative of the output 10 signal (inference step);

- transformation of the fuzzy el ement -resulting
fromthe inference step into an SR I nst ant aneous out put si gnal
(out put step). Thi s proce 'éﬁhéﬁgéhe expertise of 15
the operators who usually ﬁé%ﬁuic% - eélxl‘ ‘noul di ng

installations to be carrled out . In reallty, thIS nDdelllng IS obtalned
on the basis of MANUE 2 : MROSEEENMATEREA :

the systemin fuzzy terns akgggNmT§HN§@gRanﬁgg&N@te actions for 20
these conditions. These logic rulfes are the Inierence st ep.

To manufacture a large part in composite materials
with a high fibre content (more than 58 %) using the
resin transfer moulding technique, a proposal is made
wherein a fibre pellet (26) is placed in a mould (20)

5 and strongly compressed, whilst the resin is injected
at a constant reference flow rate value and while the
instantaneous pressure at the mould inlet is lower than
a reference pressure value. When this reference value
is reached, the injection flow is reduced to maintain

10 the pressure at this level, and the compression of the
pellet (26) is temporarily reduced. The injection £flow
rate is then altered to the constant reference flow
rate wvalue and the compression is increased, to start
another cycle.

15

Fig. 1
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The transformati ons made during the input and out put steps are carried

out by attributing nenbership functi-ons to each of the input and out put
val ues. These ‘25 nenbership - attributions are fuzzy gr oups,
mat hemati cally defined in general by triangul ar or: trapezoi dal

functi ons. Thus, in the fuzzy logic regul ation board 46, the

I nst ant aneous val ue of each of the signals S1, S2 and 30 S3 is conpared to

t he pre-defined nmenbership functions Ilgﬁgr each of the input val ues APE
ERPE and APV. In the enbodi described, the nenbership

functions attr| d to the difference APE between the PE max.
ref erence press re value and the instantaneous 35 pressure PE at the inlet
of the mould 2 | ar ge SP 12132.69 GP
17 nega h@), medi um negative (Nm, small negative (Np) ,
zero, small Pp), medi um positive (Pm and |l arge positive
(Pg). |n||a the ngnbership functions attributed to 5 the ERPE
variation ratio, WhIE- equaj tochhe .
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di fference between the two first consecutive Sl si gnal s are: large

negative (Ng), medium negative (Nn), srall negative (Np), zero,
‘smal | positive (Pp), nedium . positive (Pm and large positive (Pg).
10 Finally, the only nenbership function attributed to the
difference in the APV input value, which is representative of the
di fference between the PV nax. maxi mum perm ssi bl e pressure at the
outlet of the actuator 10 and the 1'2|7(a4t aneous pressure PV neasured 15
at the outlet of this actuator is: bad. In the fuzzy logic
regul ati on board 46, nenbership functions are attributed to tg,lout put
val ue, conposed in this se by the ASR changes, of the ed
rotation of the &Pavtric m)t‘fé | 4, represented b e 20 SR ffow rate
regul ation signal . LA the egbodivent 22~descri bed, '
attributed to the dqut '_f-;g:eﬁ-.‘:-_ —dle | negat i vel s rredire -
negative (N, SraF—A——Adgative: CCNG Ty 2erost S maidlE Y PBg,
medi um posi tivd Ay ¥atdl:arpe positive. (Pg). 25 |kl L ership
functions of the inpdt val ues are | a to the shi
attributions of ihe output val ue az le of rules. |IT [thegpfluence
of the i nput " val ue APV is not taken intTo account (which in practice
only occurs rarely), this table of rules has 30° two inputs (APE and ERPE)
and one output (ASR). This tabl e of rules has been drawn up on an
experi nment al basis. For exanple, it could be in the form shown
bel ow: SP 12132.69 GP
40\ 20 y F1
5 SJErE )| 26
/7—‘ ‘. ”"F : = |
2t/ Fi
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e DY
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18 ©

ERPE

‘Ng Ng
Nm Nm
APE Ze
Ze Ze
Pg Pg

Furt her nor e,

ASR- Ng
Ng Ng
Nm

Ze Ze
Pp Pm
Pg

the only

out put val ue is:

TABLE -OF RULES

Nm Np*  Ze Pp Pm Pg Ng
Ng Ng Ng Nm  Ng Ng Ng Ng
Np Nm Nm Nm Np Ze Ze Ze :
Ze Ze Ze Ze Ze Pp Ze
Pm Pm Pm PM Pm Pm Pg
Pg ( ? Pg Pg Pg
rule mhlch rel at he APV 5 i nput value to the ASR
- if [err]PV = BAD, then ASR = Ng. This is a

priority r which is to say that it t akes precedence regardl ess of
t he ot her inplt val ues. The nenbership functions attributed to the
APE 10 dié&ﬁrence, the ERPE difference ratio, the APV
- | 3
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di fference and the ASR changes to be made to the speed of rotation of

the electric notoer 14 are respectively- shown in figures 4A 4B, 4C and
4D. “1In the case of the [err] PE and ERPE i nput values 15 (figures
4A and 4B), the nenbership functions have, for exanpl e, the form of
I.dentical isosceles triangles, whi ch partially overlap and the bases of
whi ch are situated on the X axis and,are regularly offset with
regard to one anot her. The instant ane4u dal ue of the 20 corresponding
val ue is marked or rixad on the X axi s dependi ng on whether it is the
| nput or out put uyalil - mee-of ~genbership
of the val u& wit i acwj\}he ct| thAght OoN the/
i sosceles trigp v are \/e of /t heje / 12132.69 GP
19 fun ns e Si wi dt h-
of the bases %g P}B' e@' ncYy.
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. . 9806014~ 8
n the case*of the APV input value (figure 4C), 5 the "BAD' nenbershi f)ﬁi’fgsT;:"fp"éE
furiction is in the formof a trapezoi dal rectangl e whose hei ght UQE,COEl
equa| .t0o one uni t. Einall Vi as shouwn in fi gure 4D t he

menber shi p functions yhich corhgiagggiln t he ASR qutput value are 10

regul arly spaced straight Jsegnents eparal l el to the Y axis. The

| engt h of each segnent is]equal to Inb@nationdDi ! - Each segnent therefore
corresponds to a clearly ; ; drection) or

decr ease (- di rection El_sp : fng t he paraneters
corresponding to the table . - of rules and nenbershlp functions are
entered once only: into the fuzzy |ogic regulati on board ‘46.

Supposi ng that the instantaneous pressure PV at - - the actuator outlet is
slightly I ower than the maxi mum 20 perm ssible pressure PV max., as is

usual ly the case, t he fuzzy Ioglc regulatlon board 46 deternlnes t he
change ASR to be nade 4 , signal fromthe

i nst ant aneous i nput va ' NALATTON S1 and S2
signals. 25 In thIS way, upon |nput, the_ fuzzy logic

regul ati on board 46 determ nes the degﬁgﬁ of conformty of each of the
i nput values APE and ERPE with the menber shi p functions concerning

t hese val ues. Mor AMENDMENTS 20 PCT/FRY7/01096xanpl e, | et us 30
suppose that the value of the fi (asénmsxegriathe ®ER)mar ked on the X axis of
t he nenbership functions of the APE difference, are both in the

i soscel es triangles which are representative of the Pmand Pp

menber shi p functions associated to this value (figure 4A). This

SP 12132.69 GP
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« 20" .eans that the difference between the PE max. reference
pr.essure val ue and the instantaneous_ Ire PE neasured at the nould
Tinlgt is positive and th tTHiS%HEET H?YS)BEEW“G is between small and medi um
o 0

The degree of 5 menbershilp this APE difference,

respectively of each of t brship functions, is given by
the Y axis value of the I ntersection of sides of thetrlangle whi ch
represents it, wEnglibkb bragslatinmef dhenamended heheeps esint ati ve 10
poi nt of the fi rst s ’3‘%’? E@H’Q by way. of
exanpl e, that thgg\%glkﬁgt%?n? ep?séé%%n I Z,Q?rgﬁe%é%é’r#% he X axis

of the menbership functions of the ERPE variation rati os of the first

signal, is both in Uhﬁ pmﬁ eshli®s HIM aR@hesqwli 6B 2etatepeepenkati ve of
the Ze and Np

ct 0 ssociated to this val ue ure
4B). This rreansc?’ﬁté’fO %3%5 eng’aFﬁgl%Lﬁ Raft& f"é"a1 ﬁ%’r §%Fgghtly
reduced. The degemieemtf, mambsh sig pt®. 4aymmedith aOffboé tbnsemRPELvVaekati on
ratio, respectlyﬁély £f £ach 20 of the Ze and Np nenbership functions, is

obtained in the same way as_the APE difference. In the
previ ous hypot heses, TH¥tr df“ t hBer PERof 137 R0t daqumsidan d&rider in .

t he documnent byPﬁ@iyo@éd to manufacture a part in composite material,
' with a fibre content of between 32.4 % and 39 %, by
resin transfer moulding. A glass fibre pellet is placed

in the mould, into which a resin is injected at a

10 pressure which is waried cyclically, throughout the
injection process, e.g. between 0 and 10 kg/cm?®, from
0.2 to 5 times per second. The cyc¢lic variation of the
pressure is controlled by a rotary wvalve. While the
resin is being injected, limited opening and closing of

15 the mould is carried out in accordance with a cycle
whose frequency and amplitude are linked to the cyclic
variations of the injection pressure. This cycle is
such that the opening of the mould and the injection
are simultaneously and inversely at their maximum

20 values.

In comparison with other technigues which use
composite materials, the RIM technique has many
advantages, such as the reduction in the overall
implementation time involved, the low level of

25 investment for the production system (no chilling
system or autoclave), the high dimensional accuracy of
the parts produced, especially in terms of thickness,
the very good surface finish, the exceptionally good
health and safety conditions, etc.

30 However, when parts with a high fibre content are
to be produced, which is to say with a fibre content of
more than 58 %, as demanded by the aviation and space
industries for example, the resin must be injected into

SP 12132.69 GP _
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-exanple_are concerned: 25 - I f APE = Pm and ERPE = Ze, then ASR

Pg (1[err] rule); - - if APE = Pm and ERPE = Np,
then ASR = Pm (2 rule); - if APE = Pp and ERPE =
then ASR = Pp 30 (3[err] rule); - if APE = Pp
and ERPE = Np, then ASR = Ze (4[err] rule). For each
of these four th ul at | ar onpates the

Cear mes®f ConjF{l%ffSh Q:rfaﬂéiéﬁkgg St EBY Lhafadpar §ra8 (G0mPaE

21 of é@%ﬂr@txwmwseéﬁmgm Ewnw@lqyeﬁemm t he menber shi p
functions concerned by the rule in question, and the smal | est degree of
conformty |sthe one Ther ef or In the case of the first
rul e above, rﬂé’r\"ﬂ‘gr SFRHF 3OS obRe c (e RikrFg hBeg}r‘FFuﬁ'ﬁ?rbntFSr

t he APE di fferp@]::eeﬁndlhheszmﬁgnpt | eomppessd®, ERPEthin vatsat kapwhat i 0.
implementation procedures, the RIM technique does not
allow large parts to be produced with this degree of

5 compression.

In fact, the high loss of load introduced by the
highly compressed textile fibres of the pellet slows
the resin's penetration into it.

Furthexmore, the pregsure at which the xyesin is

10 injected must zremain sgufficiently low so that the
direction of the textile fibres is not altered during
injection, It is known that the mechanical properties
of the part produced are essentially defined by the
dirECtion of the textile fibres in the resin matrix.

15
HEET HAS BEEN \
i THIS S EPLACED

T
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In the case of the S1 and S2 si-gnals, whose val ues have been shown by

way of exanple in figures 4a 4B, the 10 degrees of conformty

correspondi ng %ﬁgErﬁﬂﬁggEgN D functions gﬂbgﬁgﬂéé%@@%;ggzgggxlveIy
eforefthe latter valug 0. I, Ich 1s used. The
BERRACED

0.4 and 0.1. It
—vakuess f or t'he degrees of- conformty used for

same procedure {thus
the second, third and fourth rules 15 of 0.4, 0.1 and 0.6 respectively.
The degree of conf oEmglist Hiandsadibar c€aehe Qdmddiad shekttbestconsi dered is

applied to the nmenmbgrship functiqn .. .of this rule. for, the ASR output
val ue. ConSa et T A7 a A s L Am R R tAoR BePET D, 20 this
leads to the ASR output value nenbership functions, Pg, Pm Pp

?nd Zﬁ’ gii ngaattrmutp&éséaleceeﬁis R‘gﬂf cé@ﬁﬁf@éws ?fepatli%vélyfl,wélﬁ ang 0.6
or the an i gnal s, shown wa exanmple _in ures an

28 25 SRl sk BAE. CPRETURRFIR o PRELRALTEH Dokt Eibres

det er m nes t hecquussnti,onwhdficht He dentsay ofitdy avifijpusf conteqit] af Y4wms Pg, Pm

Pp -and Ze nenmbegshiqy fsunctions .t hus: wei ghted by the degrees of

oo g0l O T i b e b bbb Skl P R e e
change to be npmiepdsed hic nmahwEadmnom thepartaxis obmphsite matenial, of
gravity. In the; exagplegpshowdnekhe SR HdtiRlen . 32 14104 €25€S38Y @ U@} ue which:
is slightly h'gggéﬁféE%ééfg? ldmhlcﬁAcq{resqggg% tgl&gg E nfgggishlp
exqmeplding. glass re p P
in the mould, into which a resin is injected at a
10 pressure which is varied cyclically, throughout the
injection process, e.g; between 0 and 10 kg/cm*, Efrom
0.2 to 5 times per second. The cyclic variation of the
pressure is controlled by a rotary valve. While the
resin is being injected, limited opening and closing of
1S the mould is carried out in accordance with a cycle
whose frequency and amplitude are linked to the cyclic
. variations of the injection pressure. This 'éycle is
such that the opening of the mould and the injection

are simultaneously and inversely 'at their maximum
20 values.

function. -

In comparison with other techniques ‘which wuse
composite materials, the RIM technique has many
advantages, such as the reduction in the overall
implementation time involved, the low leveél of

25 investment for the production system (no chilling
system or autoclave), the high dimensional accuracy of
the parts produced, especially in terms of thickness,
the very good surface finish, the exceptionally good
health and safety conditions, etc.

30 However, when parts with a high fibre content are
to be produced, which is to séy with a fibre content of
more than S8 %, as demanded by the aviation and space

industries for example, the resin must be injected into
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REPLAGEMENT SHEET

" This Sheet Has Been Replaced 04 FEB 708

L —




22 " OF course, the inventionis not limted to the enbodi nent
whi ch has just-been described with reference to the figures.
Consequehtly, in the case of the instal lation including an j 8 jon
actuator capable of 5 wthstanding all _of the ﬁh&&ﬂﬂﬂﬁsﬂﬁﬁﬂcﬁggig—éhkeIy
to be reached in the manufacturing s concerned, it is not
necessary to take the instantaneous pressure at the actuator outlet into

account .

10

15
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the mould containing the dry fibre pellet when the
pellet is strongly compressed. Within its known
implementation procedures, the RTM technique does not
allow large parts to be produced with this degree of
compression.

In fact, the high loss of load intrxoduced by the
highly compressed textile fibres of the pellet slows
the resin's penetration into it.

Furthexmore, the pressure at which the resin is
injected must vremain sufficiently low so that the
direction of the’ textile fibres is not altered during
injection. It is known that the mechanical properties
of the part produced are essentially defined by the
direction of the textile fibress in the resin matrix.

THIS SHEET HAS BEEN
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fibre content necessary, which is to say over 58 %. In
the current status of the technique, such material
composite parts are made £from textile that is pre-
impregnated with thermosetting resin. The manufacturing
process consists of draping the textiles onto a shape
then compressing the textiles by covering them with a
sealed vessel in which a wvacuum is created. The
assembly is then placed in an autoclave where it
undergoes a heat treatment cycle to polymerise the
resin. -

In other fields such as the automobile industry,
capital goods industry, etc., the resin transfer
moulding, or RTM, technique, has been used for a lot of
years to manufacture parts with a relatively low fibre

content, which is to say less than 54 %. This moulding

technique consists of inserting a dry, fibre pellet

into a mould, then injecting a liquid organic resin
into the mould in a vacuum and at low pressure, so that
the ©pellet is impregnated. Heating the resin-

impregnated pellet polymerises the resin before it is
removed from the mould.

than 54 %.

composite materials, the
advantages, such as the

has wany
in the overall
implementation time invo the low level of
investment for the gduction system (no chilling
system or autoclave the high dimensional accuracy of
d, especially in terms of thickness,
surface finish, the exceptionally good

health gr@ safety conditions, etc.

the parts produgé

(I

the very gg
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CLAI MS - : 1. Process for manufacturing conposite nateri al parts
by resi-n transfer nDuIdLng in a nmuld (20) containing a fibre pellet
(26), characterised in that it contains the following steps: 5 a)
strong conpression of the fibre pellet (26) in Eﬂg ggeghé@¥uf7ﬁg9b0 in
order to obtain a fibre content of nor e eous
I njection of resin into the nould at-a constant reference flow rate
(Q, while an instantaneous pressure (PE) at the 10 —~anuld inlet is

|l ower than a reference pressure val ue (PE REBLACEMENJP)SI-FEET -

reduction of the injection flow rate oksthe resin FE-O~t-he—anLl
(20), so that the instantaneous pressure (PE)

s
value-that is 15 virtually the same as the referet:!T#@é@%?&ﬁpalu

(PE max.), when this reference value is reached, ) fenporary
reduction of the conpression of the fibre pellgt (26) in the mo | d
(20); d) prograssiptesentr, eahd soRMM & ddlreichieon 4 | t he

resin into th I 0 ntil referenc a (
reached; and goggngI%%U%ﬁ%t%hstéggd Sélon QE p?;t%egéLgm% 18 W §§b£§
char act eri sedeonsenthatwhigh is rtiusay owith @héhhﬁ%ﬁqgnkﬁqﬁe@%uléssalue (P

max.) when 25¢nbheswesin is being injected into the nould (20) causes

an i medi at e change,to step b), when the i nst ant ressyre, PE) is
at |east ejual to CRES nemﬁgeféP%né%§ pr]é;ssurg’n %ﬁgumen% gProcess

as cl ai ned i npecplsedftd wanhfaosude 38 pamd Zn cd:mnm$etesadtemahat a
flow rate regylagi on flbré' Q:‘Eﬁ&te%%R)oﬂ Sb&%éé&”%byztcr%ea&ﬁ& 33t @ npgum from
a first signal g: f Iidrepreseng_gtlvglgre ellet is placed

resin trans er moulding glass o) P

in the mould, into which a resin is lnjected at &

10 pressure which is wvaried cyclically, throughout the
injection process, e.g. between 0 and 10 kg/cm?, Efrom
0.2 to 5 times perl second. The cyclic variation of the
pressure is controlled by a rotary valve. While the
resin is being injected, limited opening and closing of

15 the mould is carried out in accordance with a cycle
whose frequency and amplitude are linked to the cyclic
variations of the injection pressure. This cycle is
such that the opening of the mould and the ‘injection
are simultaneously and inversely at their maximum

20 values.

In comparison with other techniques which wuse
composite materials, the RTM technique has many
advantages, such as the reduction in the overall
implementation time involved, the low 1level of

.25 investment for the production system (no chilling
system or autoclave), the high dimensional accuracy of
the parts produced, especially in terms of thickness,
the very good surface finish, the exceptionally good
health and safety conditions, etc.

30 However, when parts with a high fibre content are
to be produced, which is to say with a fibre content of
more than 58 %, as demanded by the aviation and space
industries for example, the resin must be injected into

SP - 12132.69 GP



di fference between the reference pressure value (PE max.) and the
i nst ant-aneous pressure (PE), and in that SP 12132.69 GP
24 this flowrate regulation signal (SR) is conpared to t he

reference flowrate value (Q, to emt a controE l H i n!EI !( %ble
of commandi ng the resin injection at thi ute s %‘9/5 w
rate value (Q, 1in 5 accordance with step a), when the flowrate

regul ati on signal (SR) is at least equal to the reference flow rate
val ue(Q, and capabl e of conmandi ng #he resin injection at a reduced
flowrate (gq) which varies with the flow rate regulation signal (SR,
in accordance 10 wth step b), when this flow rate regul ation signal

(SR) i's lower than the reference flow rate value (Q. 4. Process
of claim3, characterised in that the flow rate regul ation signal (SR
is also created froma second signal (S2) which is representative of a
15 differencbhebenoekd consainimg fthet dmonfébaei vieellst) when sikfemal s.

5. Process of nghaib® 3.ihag@sdgyipedcbhpkBateline witH3QNt rPtsSi @ABm(SY) is

a speed si gnaE e[it ered into a : . -

implementation procedures, the RTM technique does not

allow large parts to be produced with this degree of
5 compression.

In fact, the high loss of load introduced by the
highly compressed textile fibres of the pellet slows
the resin's penetration into it.

Furthermore, the .pressure at which the resin is

10 injected must remain sufficiently low so that the
direction of the textile fibres is not altered during
inject'ion. It is known that the mechanical properties
of the part produced are essentially defined by the
direction of the textile fibres in the resin matrix.

15
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speed variator (56), connected to an el ectric notor (14) 20 which drlves an

act uat oy (10) that <injects the resin - i'nto the nmould (20). 6.
Process of claim5, characterised in that the flow rate regul ation
signal (SR) is also created froma third

representative of a 25 difference betwegn a—r et 11T S-S =Pt
(PV max.) at the outlet of the actuator (10) and an I nst ant aneous
pressure (PV) at the outlet of the actuator (10). 7. Process
of any of claims 3 to 6, characterised 30 in that a signal (SC max.),
which is representative of a maxi mum perm ssi bl e torque value for the
electrlc moege \‘.--h‘.1 ._—«..-“—.--.--n A=t et oo AV e SBS-af

et U GRS i A

- Process of any QhatleRirTesd £ Zxall %aCEﬁé' §§§1n mubkf Baa&nSEetEho ate

regulation si gnalh (SR%uii Cc:roenaéae::.%lnSg ! tr:]heuzdzn%/ %%o%e pellet S én 132 09 &

pellet is strongly compressed. Within ts known

5 implementat%on procedures, the RTM techzfique does not
allow large parts to be produced wj this degree of
compression.

In fact, the high loss @f load introduced by the
highly compressed textile~fibres of the pellet slows

10 the resin's penetratiom”into it.

Furthermore, the pressure at which the resin is
injected must emain sufficiently low so that -the
direction of the textile fibres is not altered during
injection. It is known that the mechanical properties

15 of e part produced are essentially defined by the

] :
- Y OO = ha .8 LS pDre 0 ne = -

Consequently, when the volume of the part to be
produced increases, the time required for the resin to
penetrate the entire mould exceeds the time required

20 for the resin to start polymerising  (usually called
"gel time"). Moreover, the obstacle to the penetration
of the resin created by the strongly compressed textile
-fibres risks creating zones which are not impregnated.
with the resin in the part, as well as micro;bubbles.

25 For these various reasons, the RTM technique
cannot at present be used to manufacture large parts
with a high fibre content.

More or less complex processes have been developed over
the last few years, especially in the injection

30 moulding techniques, in order to optimise the control
of the wvarious injection parameters, such as the flow
rate, pressure, temperature, etc., taking into account
the geometry of the part being manufactured. By way of
example, the US-A-5 178 805, US-A-6 316 707 and US-A-4°

35 850 217 documents illustrate different processes
developed in this area.
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