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(57) Abrégée/Abstract:

The Invention relates to a method and a moulding tool for manufacturing products of fibre-reinforced thermosetting plastic with
Integrated Insert parts by moulding a material of a heat-bonding resin between two joinable halves of a separable mould that
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(57) Abrege(suite)/Abstract(continued):

preferably constitutes an upper mould half (6) and a lower mould half (/) that having inner mould faces (10, 11) are attached to a
displaceable (8) respective fixed (9) part of a pressing table, whereby prior to the moulding of the product, at least one insert part
(4) 1s fixed In position In the cavity that Is demarcated between the moulding faces (10, 11) of the mould halves. For manufacturing
products of SMC-material in which inserts are incorporated in and essentially enclosed by the moulding material, mould halves (6,
/) are used where each has a set of a support devices (12) that are displaceable Iin the cavity relative to the mould face (10, 11)
assoclated with each mould half, where by means of the support device, the insert part (4) Is held fixed in position prior to and
during an Initial phase of the moulding, and where prior to the setting of the resin in the mould, the support device (12) Is removed

from its position supporting the insert part, after which the mould halves (6, 7) are further pressed together during the filling out of
holes left after the support device (12).
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(57) Abstract: The invention
relates to a method and a moulding
tool for manufacturing products
of fibre-reinforced thermosetting
plastic with integrated insert parts by
moulding a material of a heat-bonding
resin between two joinable halves
16 of a §eparable mould that preferably
constitutes an upper mould half

6 (6) and a lower mould half (7) that
having inner mould faces (10, 11)
are attached to a displaceable (8)
respective fixed (9) part of a pressing
7 table, whereby prior to the moulding
of the product, at least one insert

part (4) is fixed in position in the

11

15 cavity that is demarcated between the
moulding faces (10, 11) of the mould

16 halves. For manufacturing products
of SMC-material in which inserts

are incorporated in and essentially

19 enclosed by the moulding material,

mould halves (6, 7) are used where
ecach has a set of a support devices
(12) that are displaceable in the cavity
relative to the mould face (10, 11)
associated with each mould hallf,
where by means of the support device,

o the insert part (4) is held fixed in position prior to and during an initial phase of the moulding, and where prior to the setting of the
resin in the mould, the support device (12) is removed from its position supporting the insert part, after which the mould halves (6,
7) are further pressed together during the filling out of holes left after the support device (12).

W



CA 02409968 2002-11-20

wO 01/96095 A1/ H0LATHT 0! ORI NV O

patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European —  before the expiration of the time limit for amending the
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, claims and to be republished in the event of receipt of
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, amendments

CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

For two-letter codes and other abbreviations, refer to the "Guid-
Published: ance Notes on Codes and Abbreviations" appearing at the begin-
—  with international search report ning of each regular issue of the PCT Gazette.



10

15

20

23

30

CA 02409968 2002-11-20
WO 01/96095 PCT/SE01/01136

Method and moulding tool for manufacturing fibre-reinforced products.

TECHNICAL AREA

The present invention relates to a method for manufacturing products of fibre-reinforced
thermosetting plastic with integrated insert parts by moulding a heat-bonding resin between
two joinable halves of a separable mould, whereby the insert part is fixed in position in the
mould cavity that 1s demarcated between the two joinable halves of the mould prior to the
moulding of the product. The invention also relates to a moulding tool for carrying out the

method.

THE PRIOR ART

The manufacture of moulded goods where the starting material essentially comprises
reinforced plastic material takes place through a predetermined amount of moulding material
of a heat-bonding resin being pressed between two steel moulds at temperatures that
commonly lie 1n the range 140 — 165 °C. The moulding 1s commonly performed in hydraulic
low pressure presses where the moulding pressure can be regarded as being relatively low and
in general not exceeding 5 - 20 MPa per projected area of the moulded goods. The cavity is
defined by the recessed faces of the two joinable mould halves in the form of an upper part
and a lower part that are commonly made of machine tool steel and having carefully designed
cutting or compression edges whose task is to seal the cavity and cut off any eventual excess
material. The process cycle times of the compression moulding process depend on the
properties of the chosen starting material and the design and complexity of the product in
general, but can generally be regarded as relatively short and seldom exceeding 2 minutes.
The moulding material that is used for the moulding commonly includes a type of material
pre-impregnated with resin, for example, in the form of pre-impregnated fibre structure, so-
called pre-pregs. The said pre-impregnated material is commonly designated °‘Sheet
Moulding Compounds’’ and in the following is given the term SMC-material. In certain
applications, there is a need to manufacture by compression moulding highly resistant
products whereby specific details or so-called inserts are wholly or partially incorporated in

and enclosed by the SMC-material. In particular, it has been shown to be desirable to be able
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to manufacture products of SMC-material with incorporated and eséentially enclosed

electrical or electronic components in the form of circuit boards or similar within them.
DESCRIPTION OF THE INVENTION

The aim of the present invention is to achieve a method that makes it possible to use
compression moulding to manufacture details in which the inserts are incorporated in and
essentially enclosed by the moulding material. In particular, it has been shown to be desirable
to be able to manufacture products of SMC-material in which electronic components in the
form of circuit boards or similar are incorporated in and essentially enclosed by the said
SMC-material. Another aim of the invention is to achieve a moulding tool to perform the
actual method.

According to the present invention there is provided a method for manufacturing

fibre-reinforced products with integrated insert parts comprising the steps of:

moulding a material of a heat-bonding resin between two joinable halves of a
separable mould having an upper mould half and a lower mould half;

attaching inner moulding faces to a displaceable part and a respective fixed
part of a pressing table;

prior to the moulding of the product, fixing at least one insert part in position
in the cavity that is demarcated between the mould faces of the mould halves when
closed;

utilising during the moulding the mould halves each having a set of a support
devices that are displaceable in the cavity relative to the moulding faces associated
with each mould half;

holding the insert part fixed in position by means of the support devices prior'_
to and during an initial phase of the moulding;

prior to a setting of the resin in the mould, removing the support devices from
their position supporting the insert part; and
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after which, pressing the mould halves further together such that the resin
fills the holes left by the support devices,
wherein said at least one insert part comprises an electronic component In

the form of a circuit board and the heat-bonding resin has a viscosity in the range of

14106 to 30106 mPas.

According to the present invention, there is also provided a moulding tool for
manufacturing fibre-reinforced products with integrated insert parts by moulding a
material of a heat-bonding resin between two joinable halves of a separable mould
having an upper mould half and a lower mould half, inner moulding faces being
attached to a displaceable part and a respective fixed part of a pressing table, prior
to the moulding of the product, at least one insert part being fixed in position in the
cavity that is demarcated between the mould faces of the mould halves when
closed, characterised in that the mould halves that are part of the moulding tool

each Include supporting devices that when acted on by an adjustment and

manoeuvring device are displaceable relative to the mould face associated with

each mould half.

DESCRIPTION OF THE FIGURES

In the following, the invention is described in greater detail with reference to the following

drawings, in which:

Figure 1 shows 1n perspective view an x-ray image through a so-called balis-plate, which is
used as an example of one embodiment to describe the principle that forms the basis of the

present invention,
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Figure 2 shows a longitudinal view along the line II-II in Fig. 1,

Figure 3 shows in the form of curves a diagram of the time and working procedures when
compression moulding an SMC-material 1n a conventional hydraulic moulding device as well
as the cycle of operations when manufacturing an equivalent product of SMC-material with
an insert part incorporated in and enclosed by this according to the principles for this

Invention.

Figures 4 to 9 show fragmented views, partly in cross-section, of the different steps of the

manufacturing process according to the imnvention.
DESCRIPTION OF ONE EMBODIMENT

The balis-plate shown in Figs. 1 and 2 and generally designated 1 is made from an SMC-
material and 1s incorporated as a part in a so-called ATC-system (Automatic Traffic Control)
that i1s used for the automatic supervision of trains. The said balis-plates lie attached to
sleepers between the rails that form the rail track, and their task 1s to register and transfer
information about passing trains to and from the computer units with which the locomotives
are equipped. With the help of this information, the computer unit of the locomotive can,
among other things, calculate its location on the track and confirm the whereabouts of other
trains. The information transfer from the balis to the locomotive or vice-versa takes place in a
wireless manner, whereby the balis is equipped with a means of transmission, including an
electronic circuit that via a first 2 and a second connection point 3 is in electronic
communication with an antenna loop 5 arranged on a circuit board 4, where this is embedded
in the moulding material that forms the structure or body of the balis. The balis has a
predetermined or expected operational life span and it should be realised that the ability to
prevent moisture and fluids from forcing their way into the sensitive antenna loop 35 is critical
if this set life span is to be achieved. At the same time as the balis-plate 1 is at the mercy of
the elements through its location between the rails, i.e. it is very exposed indeed, very great
demands are made on its reliability and function since the balis-plate 1s part of a safety
system. Not the least, it should be realised that the effective embedding of the antenna loop in
the moulding material contributes to raising the operational reliability since fluids and

moisture are prevented from coming in contact with the said antenna loop.
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With reference to Figs. 4 - 9, a moulding tool intended for manufacturing the balis-plate 1 as
shown in Fig. 1 with the loop-shaped circuit board 4 embedded in it is shown. The moulding
tool includes two joinable mould halves comprising an upper mould half 6 and a lower mould
half 7 that in a known manner can be assembled in a releasable manner at the upper
displaceable 8 and lower fixed 9 parts of a pressing table indicated by a dashed/dotted line
and included in a figure but not illustrated further. In each case, the two joinable mould halves
have a moulding face or a working surface 10 respective 11 that, when the mould halves are
joined together, demarcate an inner cavity that i1s equivalent to the outer shape of the balis-
plate 1. The cavity formed by the said mould halves 6, 7 1s preferably of the so-called sealing
type and designed in the known manner so that when the halves are clamped together, only a
small amount of moulding material 1s pressed out through the gap that 1s demarcated between

the parting line of the mould halves.

The moulding device also has an associated control and guidance device, not shown in the
figures, for example, a programmable computer or similar, with whose help all the parameters
necessary for performing the compression moulding operation, including amongst others the
sealing speed of the moulding halves, the temperature, the different directions and cycle times
of the process, plus associated equipment such as the driving cylinders, etc., can be controlled

and guided.

The upper respective lower mould halves 6, 7 each include a set of the support devices 12
that, when acted on by an adjusting and manoeuvring device 13, are displaceable in a
projecting manner relative to the moulding face 10 respective 11 to, in their forwardly
projecting position, be able to grasp hold between themselves of the insert part that, in the
form of a circuit board 4, 1s to be accommodated in the product made from the SMC-material.
To be able to grasp hold of the circuit board 4, the support device 12 at each of the said mould
halves 6, 7 includes a set of support pins 14 where each of the ends that faces in towards the
cavity is directed at one another, and where the support pins are able to run freely into and out
of the cavity by being accommodated in a sliding manner in holes 15 arranged in the mould
halves. In general, it can be said that the number of support pins 14, their configuration, and
their position relative to one another is chosen on the basis of the contour and shape of the
insert part that the projecting support pins are to grasp between themselves. The configuration
of the product otherwise, such as its degree of resistance, etc., naturally also makes demands

on the design of the support pins 14. In this description of one example of an embodiment, the
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support pins 14 are configured so that they exactly follow the loop-shaped and essentially

plane outer contour of the circuit board 4.

At their ends that face away from the cavity, everyone one of the said sets of mutually facing
support pins 14 1s joined to the unit by a respective element 16 in the form of a slab that is
located within a space that is limited by the associated mould half 6, 7 and an attachment
device 17 for attaching the mould halves 6, 7 to the pressing table 8, 9. Axles 18, on which the
slab 16 is displaceable in a guided vertical direction within the said cavity, extend between the
said respective mould halves 6, 7 and the associated attachment device 17 for the releasable
attachment at the pressing table 8, 9. The adjusting and manoeuvring device 13 named above
controlled by the computer-controlled control and guidance device named above is used to
manoeuvre the slab 16 and thereby also to execute the movement of the support pins 14
relative to the moulding face 10, 11 associated with each mould half 6, 7. The adjusting and
manoeuvring device 13 is designed so that the support pins 14 can be manoeuvred freely into
and out of the cavity and be pressed with a chosen constant pressure against the circuit board
4 accommodated between the mutually facing support pins 14 independently of the location
of the mould halves 6, 7 relative to one another. The adjusting and manoeuvring device 13
with the properties named above is already well-known and will not be described in more
detail in the following, but it does suitably include some type of pneumatic or hydraulically
acting piston-cylinder device with an associated system of flow pathways and components.
The adjusting and manoeuvring device 13 can preferably include a set of hydraulic cylinders
19 whose respective ends are joined with the slab 16 respectively the attachment device 17
and that, in order to be adjustable with a variable force, are, 1n a known manner, connected to
a hydraulic circuit that includes among other things some type of pressure-controlling valve
device in the form of, for example, a so-called flow regulator or similar. In what is a per se
well-known manner, a set of ejection pins 20 whose task is to eject the finished product is
arranged at the lower mould half. Since the said ejection pins 20 are already well-known, their
function or construction design will not be described in detail, but it is appropriate that the
ejection pins 20 and support pins 14 in the lower mould half are arranged for simultaneous

manoeuvring and common ejection of the finished product.

With reference to Fig. 3, the continuous line in the diagram shows a curve of time and
working procedures during a typical cycle of operations when compression moulding a SMC-

material in a conventional hydraulic moulding device. The dotted/dashed line in the same
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diagram shows a typical curve of time and cycle of operations when manufacturing an
equivalent product of SMC-material with an insert part incorporated in and enclosed by this

according to the principles for this mnvention.

With reference to the continuous lines, the operational steps begin with an SMC-material 21
being loaded into the mould; A, where after the mould is closed; B and the material is brought
to flow until the mould is completely filled and under pressure; C, the material 21 undergoes
thermosetting; D, where after the mould 1s opened; E and the product formed from the SMC-

material 1s removed; F.

In accordance with the principles of this present mnvention, the dashed line in Fig. 3 shows the
time and working characteristics for a cycle of operations for manufacturing products from
SMC-material with an insert part integrated in the moulding material. The different
operational steps for manufacturing the balis-plate 1 exemplified here with a circuit board 4
integrated in the moulding material are described below with reference to the dashed line in

the diagram plus the series of drawings 1n Figs. 4 - 9.

As is shown in Fig. 4, with the upper 6 and lower 7 mould halves located in their open
position and the said set of support pins 14 located in their projecting position relative to the
moulding faces 10 respectively 11 of the form halves, the circuit board 4 is placed in a resting
position on the free ends of the support pins 14 in the lower mould half and a specified
amount of SMC-material 21 1s loaded into the mould; A’. As 1s normal when determining the
amount of SMC-material required for compression moulding in so-called positive moulds, the
amount loaded has been given a certain excess volume and in addition has been given an
excess equivalent to the volume for both sets of support pins 14 when they project into the
sealed mould in their extended positions. In Fig. 5 and step B, the mould is sealed, whereby
the circuit board 4 is fixed in position with a constant, pre-determined clamping force between
both sets of support pins 14. Following this, the SMC-material is brought to flow until the
cavity is completely filled, C’. To facilitate the flow-out and to thereby avoid the risk that the
circuit board 4 fixed in position between the support pins 14 be deformed, the speed of sealing
of the mould and thereby the filling out phase are significantly longer then the speeds
normally applicable for compression moulding of SMC-material without insert parts. An
appropriate speed for the current example 1s about 1 mm/second or less than this said speed,

which, in this example, would mean that the filling phase is at least 20-30 times longer than
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normal. This should be realised by comparing both lines C respectively C’-C’ in the diagram,
and in this respect lies the difficulty of giving the moulding material such a mix and

properties that i1t does not set during the relatively long closing and sealing times of the

mould.

In the embodiment described here, the closing times are about 1 minute, which contrasts with
the closing times that normally apply when manufacturing equivalent items without an insert
part when the closing times normally hardly reach 2 — 3 seconds. In this respect, the
flowability of the SMC-material has been significantly reduced in relation to the degree of
flowability that normally applies when manufacturing equivalent items without an insert part,
but the SMC-material does not become unmanageable because of this. In addition, the
addition of so-called inhibitors, 1.e. substances that delay the chemical reaction, also ensures
that the SMC-material does not set during the sealing of the mould. During the manufacture
of a balis-plate 1 with a shape equivalent to the embodiment described, SMC-material 21
having a degree of flowability in the range 1 -10° — 30 -10° mPas (millipascals per second,
according to the Brookfield Viscosity meter with a spindle T-F/1 rpm) has been shown to give
a very good result. A degree of flowability around 5 -10° mPas has been shown to be

preferable.

As the support pins 14 occupy a part of the total volume in the cavity demarcated between the
mould halves 6, 7, the closing process of the compression moulding operation according to
the invention, with regard to the working motion, is ended somewhat earlier than normally
would be the case with the compression moulding of SMC-material. This should be clearly
evident from a comparison of the dashed line and the continuous line in the diagram at the
points C’ respective C. In this respect, the mould halves 6, 7 have been given a vertical
parting line with narrow tolerances so that an effective sealing between the interacting parts
can be obtained at the closing of the mould halves, despite the low degrees of flowability
chosen for the moulding material in this case. It should be pointed out that the low degrees of
flowability for the SMC-material 21, in combination with the narrow tolerances and low
degree of play of the parting line or the compression edges, place high demands on the
guiding of the mould halves 6, 7 relative to one another. In the present embodiment, with its
selected degrees of flowability, it has been shown to be appropriate to use mould halves
whose compression edges have a gap with a play in the order of 0.05-0.08 mm when the tool

is closed.
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With reference to Fig. 3 and Figs. 6 and 7, the SMC-material is pressed together and brought
to tflow and fill out the mould; C°, whereby, before the material sets, the support pins 14 are
manoeuvred out from the cavity and thereby away from their location grasping the circuit
board 4 (Fig. 7), after which the mould halves 6, 7 are further pressed together somewhat
during the filling out of the holes left after the support pins 14; R’. Finally, the material

undergoes setting during a specified interval of time D’-D’.

It can be pointed out that even if the interval of time chosen is guided by a series of design
factors such as the thickness of the goods and the shape of the product, the chosen setting time
1s significantly longer than what 1s normally used and in this described embodiment is up to
12 minutes. The said relatively long setting time is symbolised by the broken line between the
points D’-D’ in the diagram. In the final phase of the moulding and in the compression phase,

no material in principle passes out through the compression edges of the mould halves 6, 7.

When the SMC-material has undergone the setting required, the mould halves 6, 7 are
opened; E’ (Fig. 8), after which the finished product or, more specifically the balis-plate 1, 1s

ejected by means of the ejection pins 20 and removed from the mould; F’ (Fig. 9).

The present invention is not limited to that described above and shown in the drawings, but
can be changed and modified in a number of ways within the scope of the concept of the

invention as specified in the following claims.
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WHAT IS CLAIMED IS:
1. Method for manufacturing fibre-reinforced products with integrated insert

parts comprising the steps of:
moulding a material of a heat-bonding resin between two joinable halves of a
separable mould having an upper mould half (6) and a lower mould half (7);
attaching inner moUIding faces (10, 11) to a displaceable part (8) and a
respective fixed part (9) of a pressing table;

prior to the moulding of the product, fixing at least one insert part (4) in

position in the cavity that is demarcated between the mould faces (10, 11) of the

mould halves when closed;
utilising during the moulding the mould halves (6, 7) each having a set of a
support devices (12) that are displaceable in the cavity relative to the moulding
faces (10, 11) associated with each mould half;
holding the insert part (4) fixed in position by means of the support devices
prior to and during an initial phase of the moulding;
“prior to a setting of the resin in the mould, removing the support devices (12)
from their position supporting the insert part; and
after which, pressing the mould halves (6, 7) further together such that the
resin fills the holes left by the support devices (12),
wherein said at least one insert part comprises an electronic component in

the form of a circuit board and the heat-bonding resin has a viscosity in the range of

14106 to 30106 mPas.

2. Method according to claim 1, characterised in that the material of heat-
bonding resin that is used during the moulding has been given a certain excess

volume equivalent to the volume of the holes left after the support device (12).

3.  Method according to any one of claims 1 and 2, comprising the steps of

placing the insert part (4) in a resting position on the support device (12) of the
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lower mould half (7) that in this case finds itself in a forward projecting position

relative to the associated mould face (11); and during the sealing movement of the

mould, displacing the support devices (12) of the upper mould half (6), after contact

with the Insert part, into the upper mould half (6) during the exertion of a constant

force of pressure against the insert part (4).

4. Method according to any one of claims 1 to 3, wherein the heat-bonding

resin has a viscosity of approximately 5¢106 mPas.
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