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(57) Abstract: The present invention relates to a fiber-impregnating system, comprising an infusion box provided with a mold cavity
that has an infusion cavity for fibers to pass, an infusion hole for resin infusion, and a resin passage for communicating with the infu-
sion cavity and the infusion hole, wherein the mold cavity further includes a compression segment upstream of the infusion cavity,
the compression segment having an entrance with a depth greater than or equal to a depth of its exit, the depth of the entrance and
exit of the compression segment ranging from 0 to 2 mm. Moreover, the present invention also relates to a pultrusion device
provided with the said fiber-impregnating system, and a method of producing composite material of pultrusion with the pultrusion
device. The fiber-impregnating system of the present invention is suitable not only for the fabrication of a pultrusion product with
fiber felt/textile, but also for the fabrication of composite material of pultrusion made all from unidirectional fiber yarn.
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A Fiber-Impregnating System, A Pultrusion Device and A Method of

Producing Composite Material of Pultrusion

Technical Field

The present invention relates to a fiber-impregnating system for producing a fiber-reinforced
composite material; to be specific, the present invention concerns a fiber-impregnating
system for producing a polyurethane fiber-reinforced composite material. Moreover, the
present invention also relates to a pultrusion device with said fiber-impregnating system, and
a method of producing a composite material of pultrusion by said pultrusion device.

Background Art

The conventional pultrusion techniques are mainly about an open impregnating mode, i.e.,
fibers or textiles or felts pass an impregnating groove with a compression roller or a
compression rod, and fibers with resin, after being compressed by pre-formed plates step by
step, will enter a heated mold and be cured. However, the employment of the conventional
open impregnating modes contains a series of problems, e.g., a high concentration of volatile
organic compounds (VOC), a relatively high waste rate of resin and a high rate of pores in a
finished product. Moreover, a resin system of a short gelation time is not applicable to this
technique.

On the basis of open impregnating mode, two closed infusion techniques are developed. One
is the low pressure mode: an infusion box whose internal mold cavity includes one or more
relatively large tapers is usually applicable to the pultrusion products purely made of
unidirectional fiber yarn; since the taper necessary is too big, the pre-forming of textiles or
felts will be hard to fulfill through such infusion boxes, and it will be difficult to use infusion
boxes of this type to make pultrusion products with felts or textiles. The other one is the high
pressure mode: an infusion box of this type is said to have addressed the technical problem
of textiles/felts pre-forming; whereas it is not suitable for the production of pultrusion
products purely made of unidirectional fiber yarn mainly due to a relatively high infusion
pressure, wherein the gaps between all the unidirectional fiber yarn would easily cause a
decompression that would further lead to a resin leak. However, in a practical production of
pultrusion products, product of the same shape, due to their different stress conditions, will
have different requirements of fiber laminate structure, i.e., fibers with felts may be used to
make a product in some conditions, while a product will be made of pure unidirectional fiber
according to requirements in some other condition. With respect to the requirements as such,
low pressure and high pressure infusion boxes would both be prepared at one time, which
increases the cost to some extent and is not helpful for production management.

Therefore, one skilled in the art seeks to develop a fiber-impregnating system capable of
increasing and stably maintaining the resin infusion pressure in an infusion box so as to
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enable a fast and complete impregnation of fibers, which is applicable to the production of a
composite material of pultrusion formed by felts/textiles and pure unidirectional yarn.

Summary

In this view, the present invention, in the first aspect, provides a fiber impregnating system,
comprising: an infusion box provided with a mold cavity that has an infusion cavity for
fibers to pass, an infusion hole for resin infusion, and a resin passage for communicating
with the infusion cavity and the infusion hole, the mold cavity further includes a
compression segment upstream of the infusion cavity, the compression segment having an
entrance with a depth greater than or equal to a depth of its exit, the depth of the entrance and
exit of the compression segment ranging from 0 to 2 mm.

According to one advantageous embodiment of the fiber impregnating system of the
invention, the mold cavity further includes a tapering segment upstream of the compression
segment, and an entrance of the tapering segment has a depth greater than that of its exit,
wherein the ratio between cross section areas of the entrance and exit of the compression
segment is lower than or equal to the ratio between cross section areas of the entrance and
exit of the tapering segment.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the compression segment has a length ranging from 5 mm to 400 mm.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the depth of the entrance of the tapering segment ranges from 0.05 mm to 3 mm,
and the depth of an end of the tapering segment ranges from 0-2 mm, and the length of the
tapering segment ranges from 20 mm-400 mm.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the tapering segment tapers along a longitudinal section in a passing direction of
the fibers.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the fiber-impregnating system further includes an impregnation-assisting segment
downstream of the infusion cavity, the impregnation-assisting segment having a length
ranging from 5 mm to 100 mm.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the depth of an exit of the impregnation-assisting segment ranges from 0-4 mm,
and the depth of an entrance of the impregnation-assisting segment is greater than or equal to
that of its exit.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the longitudinal section of the impregnation-assisting segment is tapered or
rectangular in the passing direction of the fibers.
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According to another advantageous embodiment of the fiber impregnating system of the
invention, the infusion cavity has a depth tapering from a part in communication with the
resin passage, along circumference of the infusion cavity, to two sides.

According to another advantageous embodiment of the fiber impregnating system of the
invention, a central axis of the resin passage is not 90 degrees relative to the passing
direction of the fibers.

According to another advantageous embodiment of the fiber impregnating system of the
invention, a longitudinal section of the infusion cavity in the passing direction of the fibers is
tapered, semicircular, water drop shaped, rectangular, trapezoidal, thombic or a combination
of them.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the infusion cavity has a length ranging from 2 mm to 100 mm.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the depth of the infusion cavity ranges from 0.4 mm to 40 mm.

In the second aspect, the present invention provides a fiber-impregnating system, comprising:
an infusion box provided with a mold cavity that has an infusion cavity for fibers to pass, an
infusion hole for resin infusion, resin flow channels communicating with the infusion cavity
to distribute resin evenly, and a resin passage for communicating with the infusion hole and
the resin flow channels.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the resin flow channels are grooves arranged within the mold cavity, and have a
width ranging from 2 mm to 30 mm and a depth ranging from 1 mm to 30 mm.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the cross section of the resin flow channel is shaped as a rectangle, a trapezoid, a
semicircle or a combination of them.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the resin flow channel is a loop formed upon a circumference of the mold cavity.

According to another advantageous embodiment of the fiber impregnating system of the
invention, communicating part of the resin passage and the resin flow channel are
respectively positioned at the top or bottom of the resin passage upon a circumference of the
mold cavity.

According to another advantageous embodiment of the fiber impregnating system of the
invention, a shunting device is provided at a communicating part of the resin passage and the
resin flow channel.
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According to another advantageous embodiment of the fiber impregnating system of the
invention, the resin flow channel has a depth decreasing from a part where the resin passage
communicates with the resin flow channel to two sides, along circumference of the mold
cavity.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the projection of a central axis of the resin flow channel is perpendicular to the
passing direction of the fibers.

According to another advantageous embodiment of the fiber impregnating system of the
invention, there are at least two resin flow channels that are parallel to each other and
communicating with each other by a gap having a width ranging 0.5 mm to 200 mm and a
depth ranging from 0.5 mm to 10 mm.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the gap is configured to be a loop formed along the resin flow channel.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the resin flow channel communicates with the infusion cavity by a gap having a
width ranging from 0.5 mm to 200 mm and a depth ranging from 0.5 mm to 10 mm.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the infusion box includes a plurality of detachable modules having internal
cavities connected to one another front and rear to form the mold cavity with the infusion
cavity.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the infusion box includes a first module and a second module arranged front and
rear in the passing direction of fibers, wherein the mold cavity further includes a
compression segment upstream of the infusion cavity, the compression segment having an
entrance with a depth greater than or equal to a depth of its exit, and the depth of the entrance
and exit of the compression segment ranging from 0O to 2 mm; and, the whole or a part of the
compression segment is positioned inside the first module, and the whole or a part of the
infusion cavity is positioned inside the second module.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the resin flow channel and the infusion cavity are communicated by a gap at a
joint part of the first and second modules in the passing direction of the fibers, the gap
having a width ranging from 0.5 mm to 100 mm and a depth ranging from 0.5 mm to 50 mm.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the resin flow channel is formed by a gap between an outer surface of the first
module and an internal surface of a cavity of the second module.
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According to another advantageous embodiment of the fiber impregnating system of the
invention, the resin flow channel is a circumferential loop around the cavity of the second
module.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the infusion hole is positioned upon the second module, and communicates with
the resin flow channel by the resin passage.

According to another advantageous embodiment of the fiber impregnating system of the
invention, the fiber-impregnating system further includes an impregnation-assisting segment
downstream of the infusion cavity, the impregnation-assisting segment having a length
ranging from 5 mm to 100 mm with an exit having a depth ranging from O to 4 mm; the
depth of an entrance of the impregnation-assisting segment is greater than or equal to that of
its exit, and a longitudinal section of the impregnation-assisting segment in the passing
direction of the fibers is tapered or rectangular.

According to another advantageous embodiment of the fiber impregnating system of the
invention, a longitudinal section of the infusion cavity in the passing direction of the fibers is
tapered, semicircular, water drop shaped, rectangular, trapezoidal, thombic or a combination
of them, and the infusion cavity having a length ranging from 2 mm to 100 mm and a depth
ranging from 0.4 mm to 40 mm.

In the third aspect, the present invention further provides a pultrusion device, which is
provided with above said fiber-impregnating system, and includes a mold downstream of the
infusion box.

According to one advantageous embodiment of the pultrusion device of the invention, the
infusion box is connected and secured with the mold via a positioning device so as to make a
mold cavity of the infusion box and a mold cavity of the mold concentric.

According to another advantageous embodiment of the pultrusion device of the invention,
the positioning device is a positioning pin, a concave-and-convex table or a chute.

According to another advantageous embodiment of the pultrusion device of the invention,
the infusion box and the mold are tightly locked via a quick lock such that the infusion box
can be detached from the mold quickly.

According to another advantageous embodiment of the pultrusion device of the invention,
the whole or a part of the infusion box is integrated with the mold.

According to another advantageous embodiment of the pultrusion device of the invention,
the part including the impregnation-assisting segment within the infusion box is integrated
with the mold.
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According to another advantageous embodiment of the pultrusion device of the invention,
the whole or a part including the infusion cavity within the infusion box is integrated with
the mold.

In the fourth aspect, the present invention further provides a producing method of a
composite material of pultrusion, the composite material of pultrusion is produced by the
above said pultrusion device.

According to one advantageous embodiment of the method of producing the invention, the
method comprises drying the fibers before the fibers enter the pultrusion device, and/or
dehumidifying the environment around the fibers so as to make relative humidity of the
environment around the fibers lower than 60%.

As known from content above, the fiber impregnating system of the present invention may
effectively stabilize the pressure within an infusion box such that the fiber impregnating
system may be applicable not only to the fabrication of pultrusion products with felts/textiles,
but also to the production of pultrusion products made of pure unidirectional fiber yarn, as a
result of which the efficiency of production is significantly increased.

Description of Figures

The following is a further description for the technical solution of the present invention given
with the drawings and embodiments combined.

Fig. 1 is a longitudinal-section structural diagram of the first specific implementation mode
for an infusion box of the fiber impregnating system of the present invention;

Fig. 2 is a cross-section structural diagram along B-B of the infusion box of the fiber
impregnating system illustrated in Fig. 1;

Fig. 3 is a structural diagram of the second specific implementation mode for an infusion box
of the fiber impregnating system of the present invention;

Fig. 4 is a cross-section structural diagram along B-B of the infusion box of the fiber
impregnating system illustrated in Fig. 3;

Fig. 5 is a structural diagram of the third specific implementation mode for an infusion box
of the fiber impregnating system of the present invention;

Fig. 6 is a cross-section structural diagram along B-B of the infusion box of the fiber
impregnating system illustrated in Fig. 5;

Fig. 7 is a structural diagram of the fourth specific implementation mode for an infusion box
of the fiber impregnating system of the present invention; and
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Fig. 8 is a structural diagram of a specific implementation mode of the pultrusion device of
the present invention.

Detailed Description of the Invention

The following part describes the specific implementation mode of the present invention with
the drawings combined in detail. It is first necessary to state that the terms that are mentioned
or might be mentioned in this Description about positions, such as "above", "below", "left",
"right", "before", "after”, "inner side", "outer side", "top" and "bottom", are defined relative
to the constructions shown in all figures, which are relative concepts and likely to vary
according to different positions or operation conditions. Thus, these or other positional terms

not mentioned should not be understood as terms of limitation.

Fig. 1 illustrates a specific implementation mode of the fiber-impregnating system of the
present invention, the fiber-impregnating system including: an infusion box 100 with its
dimension pertaining to the extrudate specification (for example, a product made of a
plate-like composite material of pultrusion with 200mm width and 2mm thickness), wherein
the infusion box 100 has a length of 50mm-600mm, preferably 50mm-450mm. In
combination with D2, the infusion box 100 is provided with a mold cavity with an infusion
cavity 102 for fibers to pass (fibers here may also include fiber felts or textiles or the like),
an infusion hole 103 for resin infusion and a resin passage 107 for communicating with the
infusion cavity 102 and the infusion hole 103. Optionally, a central axis of the resin passage
107 is not 90 degrees relative to the passing direction of the fibers. The mold cavity further
includes a compression segment 104 upstream of the infusion cavity 102, the compression
segment 104 having an entrance with a depth greater than or equal to a depth of its exit, the
depth of the entrance of the compression segment 104 ranging from O to 2 mm, preferably 0
to 1mm, and most preferably 0 to 0.7mm, and the depth of the exit of the compression
segment 104 ranging from Omm to 2 mm, preferably Omm to 0.5mm, and most preferably
Omm to 0.3mm. In the present invention, the mold cavity depth of the infusion box indicates
the difference obtained by subtracting from the thickness of the mold cavity the thickness of
an extrudate produced by the impregnating system in a corresponding position of the mold
cavity. Moreover, the compression segment 104 has a length ranging from Smm to 400mm,
preferably Smm to 200mm, more preferably Smm to 100mm, and most preferably Smm to
S50mm. Preferably, the longitudinal section of the compression segment is tapered or
rectangular in the passing direction of the fibers. As shown in Fig. 1, the mold cavity further
includes a tapering segment 105 upstream of the compression segment 104, an entrance of
the tapering segment 105 has a depth greater than or that of its exit, wherein the ratio
between cross section areas of the entrance and exit of the compression segment 104 is lower
than or equal to the ratio between cross section areas of the entrance and exit of the tapering
segment 105, preferably the longitudinal section of the tapering segment 105 is tapered in the
passing direction of the fibers. For the purpose of clearness, Fig. 1 exaggeratedly shows a
tapering segment 105 for auxiliary impregnation within the infusion box 100, the tapering
segment 105 having a length ranging from 5 mm to 400 mm, preferably 20mm to 275mm
and most preferably 20mm to 150mm, with an entrance depth ranging from 0.05mm to 3mm,
preferably 0.05mm to 1.5mm and most preferably 0.05mm to 1.2mm, and with an end depth
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ranging from Omm to 2mm, preferably Omm to Imm and most preferably Omm to 0.3mm, so
as to help to prevent felts/textiles from breaking due to an excessively big strain. Certainly,
one skilled may realize that, to facilitate processing, it is also feasible to omit the tapering
segment 105.

Known from Fig. 1, the fiber-impregnating system is optionally provided with an
impregnation-assisting segment 106 downstream of the infusion cavity 102, the
impregnation-assisting segment 106 having a length ranging from 5 mm to 100 mm,
preferably 5 mm to 70 mm. And, according to the embodiment shown in Fig. 1, the
impregnation-assisting segment 106 is arranged within the infusion box 100. Moreover, the
impregnation-assisting segment 106 an exit having a depth ranging from Omm to 4 mm,
preferably O mm to 3 mm and most preferably O mm to 1 mm, and the depth of an entrance
of the impregnation-assisting segment 106 is greater than or equal to that of its exit.
Preferably, a longitudinal section of the impregnation-assisting segment 106 in the passing
direction of the fibers is tapered or rectangular.

As shown in the drawings, the end portion of the compression segment 104 is connected with
the entrance of the infusion cavity 102, wherein the infusion cavity 102 is mainly intended to
provide sufficient resin for passing fibers and offering a given impregnating time and
pressure. The infusion cavityl02 has a length ranging from 2 mm to 100 mm , preferably
10mm to 70mm, and has a depth from 0.4 mm to 40 mm, preferably 0.4mm to 10mm and
most preferably 0.4mm to Smm. Preferably, the infusion cavity 202 has a depth decreasing
from a part where a resin passage 207 communicates with the infusion cavity 202 to two
sides, along circumference of the infusion cavity 202 (as illustrated in Figs. 3 and 4). It shall
be particularly pointed out that the infusion cavity with different depths may effectively
balance the infusion pressure inside the infusion cavity 202. Moreover, a longitudinal section
of the infusion cavity 202 in the passing direction of the fibers may preferably be tapered,
semicircular, water drop shaped, rectangular, trapezoidal, rhombic or the like or a
combination of them. Also, one skilled in the art may realize that the length, depth and the
cross-section shape of an infusion cavity of the present invention may be designed flexibly
according to various practical conditions.

The present invention further provides a fiber-impregnating system comprising: an infusion
box 300 provided with a mold cavity that has an infusion cavity 302 for fibers to pass, an
infusion hole 303 for resin infusion, resin flow channels 308 communicating with the
infusion cavity 302 to distribute resin evenly, and a resin passage 307 for communicating
with the infusion hole 303 and the resin flow channels 308, wherein the resin flow channels
308 may be configured to be semi-circular grooves arranged inside the mold cavity having
the infusion cavity 302, with a width ranging from 2 mm to 30 mm and a depth ranging from
1 mm to 30 mm. In the invention, the width of resin flow channels indicates the dimension of
the grooves in the passing direction of the fibers. As could be understood certainly, the cross
section of the resin flow channel 308 may be shaped as a rectangle, a trapezoid or a
combination of them, and the depth of the resin flow channel 308 ranges from 1mm to 30
mm. In the embodiments shown in Figs. 5 and 6, the resin flow channel 308 is configured to
be a loop formed upon a circumference of the mold cavity with the infusion cavity 302.
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Besides, the communicating part of the resin passage 307 and the resin flow channels 308 are
respectively positioned at the top or bottom of the resin flow channels 308 upon the
circumference of the mold cavity with the infusion cavity 302. More preferably, the resin
flow channel 308 has a depth decreasing from a part where the resin passage 307
communicates with the resin flow channel 308 to two sides, along circumference of the mold
cavity with the infusion cavity 302, so as to reduce the shock from infusion pressure. As
shown illustrated in Fig. 6, a shunting device 309 may also be provided at a communicating
part of the resin passage 307 and the resin flow channel 308 such that resin will flow along
the resin flow channel 308 in different directions.

In the embedment shown in Fig. 7, the resin flow channel 408 is close to the entrance or exit
of the infusion cavity 402, and the projection of a central axis of the resin flow channel 408
is perpendicular to the passing direction of the fibers. Optionally, the resin flow channel 408
may be at least two in number, which are parallel to each other and communicating with
each other by a gap 409 having a width ranging 0.5 mm to 200 mm and a depth ranging from
0.5 mm to 10 mm so as to make infusion pressure more uniform. In the invention, the width
of the gap indicates the dimension of the gap in the passing direction of the fibers, and the
depth of the gap indicates the dimension of the gap on the normal of an adjacent resin flow
channel. For further feasibly, the gap 409 is configured to be a loop formed along the resin
flow channel 408; the resin flow channel 408 communicates with the infusion cavity 402 by
the gap 409 having a width ranging from 0.5 mm to 200 mm, preferably 0.5mm to 30mm,
and a depth ranging from 0.5 mm to 50 mm, preferably 0.5mm to 30mm. In this embodiment,
resin fills up the resin flow channel 408 first, and enters the infusion cavity 402 almost
simultaneously through the loop-shaped gap 409, which, to the greatest extent, balances the
impregnating speed of fibers in every part of the infusion cavity 402.

Known by combining above embodiments into other preferable embodiments, the infusion
box 400 may consist of a separable first module Al and a separable second module A2
having internal cavities connected to one another front and rear to form the mold cavity with
the infusion cavity 402; and, the gap 410 between the first module Al and the second
module A2 forms a recess at the entrance of the infusion cavity 402, and the recess may be
connected with the resin flow channel 408 via the loop-shaped gap 409 at the communicating
part of the first module Al and the second module A2 such that the resin flow channel 408
communicates with the infusion cavity 402, wherein the gap 409 has a width ranging from
0.5mm to 100mm, preferably 0.5mm to 20mm and most preferably 0.5mm to S5mm, and a
deep ranging from 0.5mm to 50mm, preferably 0.5mm to 40mm and most preferably 0.5mm
to 20mm. In the invention, the width of the gap indicates the dimension of the gap in the
passing direction of the fibers, and the depth of the gap indicates the dimension of the gap on
the normal of an adjacent mold cavity. The resin flow channel 408 is formed by a gap
between an outer surface of the first module Al and an internal surface of a cavity of the
second module A2, and communicates with the resin passage 407 on the second module A2.
Further, the resin flow channel 408 is a circumferential loop around the cavity of the second
module A2. As clearly shown in the drawings, the infusion hole 403 is positioned upon the
second module A2, and communicates with the resin flow channel 408 by the resin passage
407. As shown in Fig. 7, the mold cavity further includes a compression segment 404
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upstream of the infusion cavity 402, the compression segment 404 having an entrance with a
depth greater than or equal to a depth of its exit, and the depth of the entrance and exit of the
compression segment ranging from O to 2 mm; and, the whole or a part of the compression
segment 404 is positioned inside the first module A1, and the whole or a part of the infusion
cavity 402 is positioned inside the second module A2. It shall be explained that the
circumstance of the infusion box 400 being formed by processing a plurality of modules will
be so helpful to clean the inside of infusion box 400. In this embodiment, the first module Al
and the second module A2 are processed by a whole block, which, in view of product
complexity, may also be machined by sheets and be assembled by more detachable modules.
Optionally, the infusion box 400 may consist of more than two modules, which may further
include the aforesaid tapering segment and impregnation-assisting segment 406 and further
the aforesaid infusion cavity 402. The present application merely gives an example of an
infusion box consisting of two modules, and the infusion box designed by similar methods,
according to the understanding of those skilled in the art, will also fall within the scope of the
present invention.

Furthermore, the present invention provides a pultrusion device, which is provided with the
above said fiber-impregnating system (as shown in Fig. 8). The pultrusion device also
includes a mold 10 downstream of the infusion box, wherein the mold 10 may be made of
metal, such as die steel ANKS80 or P20, and may be connected and secured with the mold via
a positioning device such as a positioning pin, a concave-and-convex table or a chute so as to
make a mold cavity inside the infusion box 100 for fiber passing and a mold cavity inside the
mold 10 for fiber passing concentric. Preferably, the infusion box 100 and the mold 10 are
tightly locked via a quick lock such that the infusion box can be detached from the mold
quickly after tight lock. Meanwhile, one skilled well knows that a sealing device may be set
between the infusion box 100 and mold 10 and between the different modules Al and A2 of
infusion box 100 to ensure seal.

Out of consideration of simplifying the device, the whole or a part of the infusion box 100
may be integrated with the mold 10. As an example, the impregnation-assisting segment 106
may also be arranged within the mold 10 and be processed together with the mold cavity
inside the mold 10 during the processing of the mold 10. Also, other parts of the mold cavity
inside the infusion box 100 may be concentrically connected, by the positioning device,
locking device, sealing device, etc., with the mold cavity positioned in the mold 10 and
including the shown impregnation-assisting segment 106. Further, the whole or a part of the
infusion cavity 102 of the infusion box 100 may be integrated with the mold 10; furthermore,
the whole of the mold cavity of the infusion box 100 is integrated with the mold 10, i.e.,
during processing, the whole or a part of the internal mold cavity of the infusion box 100 and
the internal mold cavity of the mold 10 are processed on the same piece of die steel, and the
mold 10 including an infusion box 100 is formed after the molding of upper and lower sheets,
so as to avoid the mutual sealing and positioning of infusion box 100 and mold 10 mentioned
in preceding embodiments.

Fig. 8 shows a practical application of the fiber-impregnating system of the present invention
to a pultrusion device: 194 bundles of glass fiber yarn 7 and glass-fiber stitch felts 8 are
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guided out of a yarn rack, and then through a three-stage yarn-guiding plate, which next
enter an infusion box 100 through a pre-formed plate 9 and, after that, go through a mold 10;
the glass fiber yarn 7 and glass-fiber stitch felts 8 going through the mold cavity of mold 10
are bound firmly with a hauling rope, and a hauling device 12 does not stop hauling yarn
forward until all the yarn is well ordered. The temperatures of mold 10 from the entrance to
the exit are in the following order: 40°C/60°C/190°C/170°C. An infusion machine is powered
on, which pumps component A (Desmodurl511L) and component B (one hundred of
BaydurPUL2500s and four Baydurl8BD101s are mixed according to a weight ratio)
continuously to a static mixing head according to the weight ratio 114:100; the components
after the mix of the mixing head fill the infusion box 100 up and, at the mean time, the glass
fiber yarn 7 and glass-fiber stitch felts 8 are fully impregnated, wherein the infusion pressure
within infusion box 100 is controlled between 1-15 bar. The fiber yarn fully impregnated by
infusion box 100 is continuously pulled by the hauling device 12 with clamps through the
mold 10, which, after being cured by the heated mold 10, forms a product 11 that will be
continuously drawn out of the mold 10, the results of wherein the hauling speed is 0.4 m/min,
the sample is well impregnated and no resin leak occurs to the infusion box 100. In this
process, a dehumidifier is employed to control the relative ambient moisture around fibers
within 60%, preferably within 40%, so as to reduce the influence from moisture on the
quality of compound materials.

The fiber-impregnating system of the present invention also has the second application in the
pultrusion process: with glass fiber felts removed while the amount of glass yarn is increased
to 260 bundles and the first embodiment is repeated, the results of which the sample is well
impregnated and no resin leak occurs. Aforesaid embodiments also provide a method of
fabricating a compound material of pultrusion; that is, the compound material of pultrusion
may be produced by the aforesaid pultrusion device.

List of Material and Equipment

Material N Suppli
atefial Natme Specification /Brand Hppiet
Name
Modified Diphenyl | Desmodur1511L Bayer MaterialScience LL.C
Methane Diisocyanate
Polyatomic Alcohol Baydur PULZ2500 | Bayer MaterialScience LL.C
Component B
Internal Releasing Agent | Baydur 18BD101 Bayer MaterialScience LL.C
Alkali-Free Glass Fiber Chongging  Polycomp  International

ECT 469P-2400 ,

Yarn Corporation

2400tex
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Al‘kali—Free Glass Fiber EMK-300 , 300g/m? Chongqir‘lg Polycomp  International
Stitch Felt Corporation
Pultrusion Device 10-ton Hydraulic | Nanjing Loyalty Composite Material
Pultrusion Device Equipment Manufacture Company
Infusion Machine Hydraulic Mini Link | Magnum Venus Products
System

In conclusion, the fiber-impregnating system of the present invention may increase and
control the resin amount and pressure within an infusion box soundly, which may enable fast
and excellent impregnation for fiber products and, meanwhile, is applicable to the production
of pultrusion composite materials with felts or of full yarn. Therefore, it is suggested that the
fiber-impregnating system be applied in pultrusion equipment to increase the efficiency in
production.

Several implementation modes of the impregnating system are exampled above to
specifically illustrate the fiber-impregnating system, a pultrusion device with the
fiber-impregnating system of the present invention and the method of producing pultrusion
composite materials of the present invention. These examples are merely for explaining the
principle and the implementation mode of the present invention, which should not be deemed
as a limitation to the present invention. Without deviation from the spirit or scope of the
present invention, one common person skilled in the art may further make varieties and
modifications—for example, the method of producing may further include a drying step
before the fibers enter the pultrusion device, and/or a step for dehumidifying the ambience
around the fibers to make the humidity there lower than 60%. Therefore, all equivalent
technical solutions are within the scope of the present invention and limited by all claims of
the present invention.
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Claims

1. A fiber-impregnating system, comprising: an infusion box provided with a mold cavity
that has an infusion cavity for fibers to pass, an infusion hole for resin infusion, and a resin
passage for communicating with the infusion cavity and the infusion hole, characterized in
that the mold cavity further includes a compression segment upstream of the infusion cavity,
the compression segment having an entrance with a depth greater than or equal to a depth of
the compression segment exit, the depth of the entrance and exit of the compression segment
ranging from O to 2 mm.

2. The fiber-impregnating system according to claim 1, characterized in that the mold cavity
further includes a tapering segment upstream of the compression segment, and an entrance of
the tapering segment has a depth greater than or equal to that of an exit of the tapering
segment, wherein the ratio between cross section areas of the entrance and exit of the
compression segment is lower than or equal to the ratio between cross section areas of the
entrance and exit of the tapering segment.

3. The fiber-impregnating system according to claim 1, characterized in that the compression
segment has a length ranging from 5 mm to 400 mm.

4. The fiber-impregnating system according to claim 2, characterized in that the depth of the
entrance of the tapering segment ranges from 0.05 mm to 3 mm, and the depth of an end of
the tapering segment ranges from 0-2 mm, and the length of the tapering segment ranges
from 20 mm- 400 mm.

5. The fiber-impregnating system according to claim 2, characterized in that the tapering
segment tapers along a longitudinal section in a passing direction of the fibers.

6. The fiber-impregnating system according to claims 1-5, characterized in that the
fiber-impregnating system further includes an impregnation-assisting segment downstream
of the infusion cavity, the impregnation-assisting segment having a length ranging from 5
mm to 100 mm.

7. The fiber-impregnating system according to claim 6, characterized in that the depth of an
exit of the impregnation-assisting segment ranges from 0-4 mm, and the depth of an entrance
of the impregnation-assisting segment is greater than or equal to that of the depth of the
exit of the impregnation-assisting segment.

8. The fiber-impregnating system according to claim 6, characterized in that the longitudinal
section of the impregnation-assisting segment is tapered or rectangular in the passing
direction of the fibers.

9. The fiber-impregnating system according to any one of claims 1-5, characterized in that
the infusion cavity has a depth tapering from a part in communication with the resin passage,
along circumference of the infusion cavity, to two sides.
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10. The fiber-impregnating system according to any one of claims 1-5, characterized in that a
central axis of the resin passage is not 90 degrees relative to the passing direction of the
fibers.

11. The fiber-impregnating system according to any one of claims 1-5, characterized in that a
longitudinal section of the infusion cavity in the passing direction of the fibers is tapered,
semicircular, water drop shaped, rectangular, trapezoidal, rhombic or a combination thereof.,

12. The fiber-impregnating system according to any one of claims 1-5, characterized in that
the infusion cavity has a length ranging from 2 mm to 100 mm.

13. The fiber-impregnating system according to any one of claims 1-5, characterized in that
the depth of the infusion cavity ranges from 0.4 mm to 40 mm.

14. A fiber-impregnating system, comprising: an infusion box provided with a mold cavity
that has an infusion cavity for fibers to pass, characterized in that an infusion hole for resin
infusion, resin flow channels communicating with the infusion cavity to distribute resin
evenly, and a resin passage for communicating with the infusion hole and the resin flow
channels.

15. The fiber-impregnating system according to claim 14, characterized in that the resin flow
channels are grooves arranged within the mold cavity, and have a width ranging from 2 mm
to 30 mm and a depth ranging from 1 mm to 30 mm.

16. The fiber-impregnating system according to claim 14, characterized in that the cross
section of the resin flow channel is shaped as a rectangle, a trapezoid, a semicircle or a
combination thereof.

17. The fiber-impregnating system according to claim 14, characterized in that the resin flow
channel is a loop formed upon a circumference of the mold cavity.

18. The fiber-impregnating system according to claim 14, characterized in that
communicating part of the resin passage and the resin flow channel are respectively
positioned at the top or bottom of the circumference of the mold cavity.

19. The fiber-impregnating system according to any one of claims 14-15, characterized in
that a shunting device is provided at a communicating part of the resin passage and the resin
flow channel.

20. The fiber-impregnating system according to any one of claims 14-15, characterized in
that the resin flow channel has a depth decreasing from a part where the resin passage
communicates with the resin flow channel to two sides, along circumference of the infusion
cavity.
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21. The fiber-impregnating system according to claim 14, characterized in that the projection
of a central axis of the resin flow channel is perpendicular to the passing direction of the
fibers.

22. The fiber-impregnating system according to any one of claims 14-15, characterized in
that there are at least two resin flow channels that are parallel to each other and communicate
with each other by a gap having a width ranging 0.5 mm to 200 mm and a depth ranging
from 0.5 mm to 10 mm.

23. The fiber-impregnating system according to claim 22, characterized in that the gap is
configured to form a loop along the resin flow channel.

24. The fiber-impregnating system according to any one of claims 14-15, characterized in
that the resin flow channel communicates with the infusion cavity by a gap having a width
ranging from 0.5 mm to 200 mm and a depth ranging from 0.5 mm to 10 mm.

25. The fiber-impregnating system according to claim 14, characterized in that the infusion
box includes a plurality of detachable modules having internal cavities connected to one
another front-to-rear to form the mold cavity with the infusion cavity.

26. The fiber-impregnating system according to claim 25, characterized in that the infusion
box includes a first module and a second module arranged front-to- rear in the passing
direction of fibers, wherein the mold cavity further includes a compression segment
upstream of the infusion cavity, the compression segment having an entrance with a depth
greater than or equal to a depth of an exit of the compression segment, the depth of the
entrance and exit of the compression segment ranging from 0 to 2 mm; and, the whole or a
part of the compression segment is positioned inside the first module, and the whole or a part
of the infusion cavity is positioned inside the second module.

27. The fiber-impregnating system according to claim 26, characterized in that the resin flow
channel and the infusion cavity are communicated by a gap at a joint part of the first and
second modules in the passing direction of the fibers, the gap having a width ranging from
0.5 mm to 100 mm and a depth ranging from 0.5 mm to 50 mm.

28. The fiber-impregnating system according to claim 27, characterized in that the resin flow
channel is formed by a gap between an outer surface of the first module and an internal
surface of a cavity of the second module.

29. The fiber-impregnating system according to claim 28, characterized in that the resin flow
channel is a circumferential loop around the cavity of the second module.

30. The fiber-impregnating system according to claim 28, characterized in that the infusion
hole is positioned upon the second module, and communicates with the resin flow channel
by the resin passage.
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31. The fiber-impregnating system according to claim 25, characterized in that the
fiber-impregnating system further includes an impregnation-assisting segment downstream
of the infusion cavity, the impregnation-assisting segment having a length ranging from 5
mm to 100 mm with an exit having a depth ranging from 0 to 4 mm; the depth of an entrance
of the impregnation-assisting segment is greater than or equal to that of an exit of the
impregmation-assisting segment, and a longitudinal section of the impregnation-assisting
segment in the passing direction of the fibers is tapered or rectangular.

32. The fiber-impregnating system according to claim 25, characterized in that a longitudinal
section of the infusion cavity in the passing direction of the fibers is tapered, semicircular,
water drop shaped, rectangular, trapezoidal, thombic or a combination thereof, and the
infusion cavity has a length ranging from 2 mm to 100 mm and a depth ranging from 0.4 mm
to 40 mm.

33. A pultrusion device, which is provided with a fiber-impregnating system according to
any one of claims 1-32, and includes a mold downstream of the infusion box.

34. The pultrusion device according to claim 33, characterized in that the infusion box is
connected and secured with the mold via a positioning device so as to make a cavity of the
infusion box and a cavity of the mold concentric.

35. The pultrusion device according to claim 34, characterized in that the positioning device
is a positioning pin, a concave-and-convex table or a chute.

36. The pultrusion device according to any one of claims 33-35, characterized in that the
infusion box and the mold are tightly locked via a quick lock such that the infusion box can
be detached from the mold quickly.

37. The pultrusion device according to claim 33, characterized in that the whole or a part of
the infusion box is integrated with the mold.

38. The pultrusion device according to claim 37, characterized in that the part including
impregnation-assisting segment within the infusion box is integrated with the mold.

39. The pultrusion device according to claim 37, characterized in that the whole or a part
including the infusion cavity within the infusion box is integrated with the mold.

40. A - method of producing a composite material of pultrusion, characterized in that the
composite material of pultrusion is produced by the pultrusion device according to any one
of claims 33-39.

41. The method according to claim 40, comprising:

drying the fibers before the fibers enter the pultrusion device, and/or

dehumidifying the environment around the fibers so as to make relative humidity of the
environment around the fibers lower than 60%.
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