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Technical Field The invention relates to a device according to the
preanble of claim1 for indicating that a reinforcing nmaterial, which
i s made AYOP425685s and included in a conposite 5 rrateri"ﬂ'%!:ﬁﬂ"w ch does
not becone translucent or transparent in wetting, has becone wetted

t hroughout by the matrix of the conposite material while nmaking the
conposite material. The device can indi‘cate, for instance, that the carbon

fibre reinforcenent for the material of a hull or the |ike has been
conpletely wetted t hroughout by liquid thernosetting plastic in the
manuf act ur e QNEﬂN@NdIGAﬁ@RFORCOﬂP@SIT%i on of the Prior Art An
obj ect of a conposite material can be nade by the material, which contains
a reinforcement and a matrix that is liquid at certain stages of the
manuf act ur e, YeshnigalF#eld supplied to a nmoul d where the object obtains its

shape when the matri x sets. Dependi ng on whether the nmould is of the

havi ity | f . d I Nj f th
ob et the ctafiveio roes thelselite ol to tre groriin of lam o OB  , { 2
portions or dhata reinforcing maderial, whichds mede bf filines aris] incjededih @acomposite

manuf act urg NgnAlefial aRl Whith@oes RbtHebne trahsiGienPotitdrispare iﬁ%ih@g. n;.ae}.un;ﬁz

determning 20 only. t outer, surface, of the hul], so-call,
Toul ds. ar o (Rasame vetigd fraupout By he Malii<chiae oS HBSHR Wl RIS g
hul | s i s | amcoaiposite faterialnThe daviasxan Trindicate, fordnstance, that the carbon fibre
reinforcement for the material of a hull or the like has been completely wetted
throughout by liquid thermosetting plastic in the manufacture of the hull.
10

Description of the Prior Art

An object of a composite material can be made by the material, which contains a
reinforcement and a matrix that is liquid at certain stages of the manufacture, being

15 supplied to a mouid where the object obtains its shape when the matrix sets.
Depending on whether the mould is of the type having a cavity or only a surface
determining the shape of the object, the shape will be substantially determined by
all its surface portions or only the inside or outside of the object. When
manufacturing e.g. hulls of reinforced thermosetting plastic, moulkds determining

20 only the outer surface of the hull, so-called female moulds, are used in most cases.

One technique of manufacturing hulls is laminating by hand lay-up. The fibre
reinforcement consisting of cut-out parts of a fabric or mat is arranged on a layer of
liquid plastic which has been rolled on with a roller onto the mould surface. The

25 reinforcement is then worked with a soft roller or brush so as to be impregnated and
wetted with plastic. Finally, air and excess plastic are pressed out by means of a
metal roller from the layer and the space betwesen the layer and the underlying
surface. Moreover, minor inclusions of air that are bound to the surfaces of the
reinforcing fibres are removed. Owing to such working, wetting is further improved.

30 The entire surface of each fibre of the reinforcement will then be substantially
completely coated with matrix material.

To this first layer, additional layers are applied, as described above for the first
layer. For large objects, use can be made of intermediate curings when making the
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rei nfQgecenent consi sting of cut-out parts of a fabric or mat is arranged on
a | ayer of | i quid plastic whi.ch has been rolled on mith a roller onto
the moul d surface. The 25 reinforcenent is then worked with a soft roller
or brush so as to be inpregnated and wetted with plastic. Finally,
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surface. Moreover, mnor inclusions of air that are bound to the surfaces
of the reinforcing fibres are renoved. O/ving to such working, wetting
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appl i ed, as described above for the first | ayer. For | arge objects,
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cracking by frost.ndlnsufficient wetting also reduces 10 the resistance to
conpression of the conposite, which nay cause breaking of the hul | .
For high-strength composite materials, a reinforcement consisting of practically
merely carbon fibres or aramide fibres or a mixture thereof has recently come into
15 use. The drawback of these materials is that it is difficult to visuaily form an opinion
whether they have become well wetted throughout. To make sure that the wetting
has been sufficient, ultrasonic testing and other testing techniques have been
applied, which has contributed much to these composites being very expensive.
The fact that the manufacture must be particularly precise owing to the lack of easy
20 checking has also contributed to the increased cost.

Description of the Invention

~ TJechnical Problem
25 The object of the invention is to provide a device as mentioned in the introduction
and having the following properties:
- When manufacturing composite materials, it should be easy to make sure whether
a reinforcing material has been well wetted throughout. This applies to reinforcing
fibres in e.g. high-strength composite materials, the wetting of which has
30 previously been difficult to estimate.
- It should be possible to carry out the inspection in a short time and without
expensive and complicated equipment.

The Solution
35 The object is achieved by the device having the features as defined in the
appended claims.
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PCT/ SE96/ 081 g Preferred embodiment is selected to be 4%, shouid in normal applications be less

than about 5%. The elements added should be uniformly spread in the reinforc-

ing material in such a manner that if they have all become wetted throughout, it can

be assumed that the reinforcing material in the areas round the elements has also

become wetted. The distances between the elements should not be chosen to be

15 greater than to make these surrounding areas together cover the entire reinforcing

material. Mixed reinforcements containing e.g. carbon fibre and glass fibre materials

are already available, but the purpose of these reinforcements is to obtain other

properties or a less experisiva reinforcement. The admixture of glass fibres

therefore is much greater, about 50%, as compared with reinforcements according

20 to the present invention.

The reliability of the indication will be improved if the elements have such properties

that they will be transiucentAransparent only when the adjoining reinforcing material

has become completely wetted throughout. These propetties can be affected by the
25 choice of the material of the elements and surface treatment.

When the composite material is a reinforced thermosetting plastic intended for
hulls, use is often made of ester plastic or epoxy plastic as matrix material. in their
liquid state, these materials are transparent in ordinary light. The indicating

30 elements may then consist of ceriain polymers or glass fibre materials which from
being, for instance, white in dry state become transiucent or transparent when
wetted. They will then let through the colour of the base, which can be the colour of
the gel coat or the black colour of the subjacent carbon fibre reinforcement. Of
course, a colour of the elements should be selected that is different from that of the

35 base in order to obtain a ciear change of colour. For other matrix and indicator
materials, it may be necessary to use a light of a different wave range, for instance,



According to the invention, it |Is suggested that, interm xed with the

rei nf orcing material el enments are added whi ch-have the sanme wetting
prepperties as the reinforcing material, preferably as fibres in the
formof threads, bundles, flakes, wads or the like of a materi al

whi ch becones WO smSsSScent or transparent by asshade 5 of coPGHBEISH4LS?
depends on the nature of the material when its surface has been

wetted by the matrix material. This indicating material, which preferably
shoul d al so serve as reinforcenent, should be added in an anount that

is relatively snal at _th opertie he

mat eri al are not chﬁﬂ@'@?sﬁf‘cgr{mﬂhgﬁ ﬁ'ﬁ?éa‘%%emmgﬂe&ﬁé ca'bﬁ? n%ﬂ’
sufficient to obt aindicatingopuposedi catlon The amount, which in the 10
preferred enbodinent is selected to be 4% should in nor rral applications be

I th baut . 5% dded.shoul.d b d
tﬁzsrei nf or c- an e Ru 'ﬂ%f“@fﬁ"a{s ‘ﬁa’@ﬁ'& rgseﬂﬁ?sfh%g i s °'i"* 'r@g"%%’\ﬁgs‘ﬁ a
become wett ed tﬁroag—hdlﬂd muliaxiah mat. Tnewaneamnmmadaaftmmbmnsnmmag '
material in the arg 16506;%69'3%%8%&&%@'&%% The nbacma\ i$Risb@fHa The

di stances between t ‘Srrent shoul reater than

t'o nake these surr Hl?FﬂjT"ﬂ copposite hgyjng ﬁg'f%th%@’ég Wmﬁnqéﬁg?ﬁ"@d r'E‘i“fﬁ‘g‘Fﬂ ofgw
material. M xed r epligspeashmnipsisiog passlelitirgads. af the sarhtypé abttmsensledgham;fd:ndar e

e ot oraront s 2 o BRIt ANl s bl ol R50 08! it dracis
rei nf or cenent . lqhe%ﬁ‘i'%'?l!ﬂi?ﬂ?'ﬁ?%&e 'Pf%dégﬁhe secondply are ftan dicecled: 1,
greater, about 50%pemendicularto ¢ thidads obtha ficst plynﬁmrtfi;mgdmmbadg, ssamstare miade
present invention. through the ng&k?ArrGi ford¥ment ¥r é?medB‘?in}%Eﬁﬁécﬁ Hnﬂg

enment s ey W
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When indicating threads, which become transiucent or transparent when wetted,
are inserted in both the warp and the weft and in the two plies of the mat, spots
arise where the threads intersect, i.e. parts of the built-up layer which, when wetted,
become translucent or transparent throughout the layer. If more than two plies are
30 used in a mat, the indicating threads are arranged in the additional plies, such that
they extend in the above-mentioned spots or restricted parts. In this manner,
indication is obtained throughout the layer. As a result, it is possible to make sure
that the layer has been wetted throughout its thickness, not only in its uppermost
ply.
35
If the layers include a reinforcing fabric or mat having threads or bundies in one ply
only, the reinforcement is usually laid with the threads oriented in different
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materials of carbon fibres often are in the formof a fabric or a stiched
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consi st of flat bundl es of a | arge nunber of carbon fibres or
fibrils. The mat, which is used if a nore rigid conposite having a
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techniques.

15 - The device according to the invention causes an indication in depth throughout
the layer last applied, in some cases throughout the thickness of the entire
applied material.

- The inspection can be carried out more systematically since a checked pattern or
the like is available for assistance.

20 - it is possible to avoid expensive preparation of the carbon fibre material, which is
often regarded as necessary for complete wetting, such as preimpregnation and
subsequent cold storage to prevent the curing of the impregnation.

Description of the Drawing
25
A preferred embodiment will be further described with reference to
the accompanying drawing, which shows a reinforcing material in the form of a
. fabric containing elements according to the invention.

30 The Preferred Embodiment

The Figure illustrates a portion of a plain weave fabric 1 to be used
as reinforcement in a composite. The fabric, which is of standard type with the
exception of the inserted indicating elements which will be described below,

35 comprises bundlies of the same type for both the warp 2 and the weft 3 of the fabric.
The bundies are of an ordinary kind and are elongate in cross-section having a
height which is small in relation to the length and consist of a large number of
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15 indication being unacceptable.

The manufacture of composite is carried out in the same manner whether the
reinforcing material comprises elements according to the invention or not. However,
the inspection after application of each layer is effected more systematically by

20 making sure that all the fibre glass threads and especially their intersections have
changed from the original colour to a colour which depends on, inter alia, the base
of the previously applied layer.
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6 matrix, foPh$1abEs) GibfOddles of carbon fibrepararamidde, | ongi t udi nal fi bres
of fibrils of gpgbpy élltH?l g gsiegd of every twenty-fifth car bon
fibre bundle 1n warp as well as we I ndi catlng el errents 4 in the form of
bundl es ofl0 gl thatthe;device °3'P¥:"t¥ ﬂ@@‘?'%'ﬂg tnrﬂaqwnﬂ!e {Bvhish haceMBi nent, t hese

bundl es transiucent/transparent when wetted by the matrix,

that said indicating threads/bundies are inserted, in at least the warp or weft of the
fabric or one of the plies of the mat, in parallel with the associated reinforcing
threads/bundles, and

15 that the volume of the indicating threads/bundles is so small in relation to the
volume of the reinforcing threads/bundles that the properties of the composite are
not affected to an unacceptable extent.
2. The device as claimedinclami1, characteris.ed inthatthe
indicating threads/bundles (4) are adapted to become translucentitransparent only

20 when the adjoining reinforcing threads/ bundies have become wetted throughout.
3. Thedeviceasclaimedinclam1,characterised inthatthe
indicating threads/bundles (4) are uniformly distributed across the reinforcement.
4. Thedeviceasclaimedinclami, characterised inthatthe
indicating threads/bundies (4) are made of a material which also serves as

25 reinforcement, e.g. glass fibres or polymer.
5. The device as claimed in any one of the preceding claims,c haracte -
ri s e d inthatthe volume of the indicating threads/bundies amounts to a
maximum of about 5% of the total volume of reinforcement, preferably 4%.
6. The device as claimedinclam1, c haracterised in that

30 indicating threads/bundies are included in both the warp and weft of the fabric, and
that they form intersections which, when wetted, become translucent/ transparent
throughout the fabric.
7. The device as claimedinclaim1, c haracterised in
that the mat comprises at least two plies, and

35 that indicating threads/bundles are inserted in each ply and adapted to form inter-
sections which, when wetted, become translucent/ transparent throughout the mat.
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(54) Title: WETTING INDICATOR FOR COMPOSITES /
(57) Abstract

The invention relates to
a device for obtaining, in the
manufacture of a high-strength
composite, an indication that
the reinforcement (1) of the
composite has been wetted
throughout by the matrix of the
composite, The reinforcement
at issue is of the type which
mainly consists of threads or
fibre bundles which do not
become translucent/transparent
when wetted by the matrix,
for instance bundles of carbon
fibres or aramide and the
matrix of thermosetting plastic
which is apllied in liquid state
in the manufacture according
to, for instance, the technique
of hand lay-up. The rein-
forcement includes indicating
threads/bundles (4)  which
become translucent/transparent
when wetted by the matrix. A
good indication is obtained if
the indicating threzds/bundles
have such properties that
they become translucent only
when the adjoining reinforcing
material has been completely ’
wetted throughout. Preferably, the indicating threads/bundles are uniformly distributed across the reinforcement and in an amount that
does not affect the properties of the composite in an impermissible manner.




