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(54) PRODUCTION OF REINFORCED PLASTICS PIPES

an We, Sexisut Kacaku KoGyo
KaBusHIKI KAISHA, a Japanese Body Cor-
porate of No. 2, Kinugasa-chuo, Kita-ku,
Osaka, Japan, do hereby declare the inven-
tion, for which we pray that a patent may
be granted to us, and the method by which
it is to be performed, to be particularly des-
cribed in and by the following statement:—

This invention relates to a method for con-
tinuously producing a reinforced plastics pipe
having a spigot fitting of the desired outside
diameter and outside surface shape.

A method has already been known to pro-
duce pipes continuously from reinforced
plastics consisting of thermosetting resins
such as unsaturated polyester resins re-
inforced with glass fibers. For example, U.S.
Patent 3,464,879 discloses a process for con-
tinuously producing a reinforced plastics pipe
which comprises winding glass fibers impreg-
nated with an unsaturated. polyester resin
around an endless belt which is wound helic-
ally on a rotating mandrel and moves in the
axial direction of the mandrel while rotating
together with the mandrel; and passing the
resin-impregnated glass fibers moving to-
gether with the endless belt through a cur-
ing zone thereby to cure the unsaturated
polyester resin. The reinforced plastics pipe
so produced is removed from the endless
belt after curing, and severed to predeter-
mined lengths by a suitable cutter. The pipes
obtained are used, for example, as water
supply pipes, drainage pipes, or crude oil
transporting pipes. In using a reinforced
plastics pipe in these applications, a pipe
connecting method is employed which com-
prises shaping one end of a pipe as a bell
end and the other end as a spigot end, fit-
ting the spigot end of one pipe into the bell
end of another, and sealing the space be-
tween them water-tight by a push-on type or
O-ring type sealing gasket.

Various methods have been suggested for
forming a bell element at one end of a pipe,
and the methods disclosed in U.S. Patent
3,784,667 and Japanese Patent Publication
No. 5024/76 are among them.

When a reinforced plastics pipe is pro-
duced by the continuous manufacturing

method described hereinabove, the surface
smoothness of the pipe is markedly impeded,
and considerable unevenness occurs on its
outside surface. If, therefore, one end of the
resulting pipe is used directly as a spigot end
and fitted into a bell end formed by the
known method mentioned above, the ad-
hesion between the spigot portion and the
sealing gasket will become poor because of
the unevenness of the outside surface of
the spigot portion. This presents two prob-
lems. Firstly, the sealing gasket tends to be
removed during an operation of fitting the
spigot portion into the bell portion. Secondly,
even when the sealing gasket is not removed,
water leakage occurs at the uneven part of
the spigot element.

One of the methods widely practised here-
tofore to avoid these problems involves
smoothing one end of a pipe to be used as a
spigot by polishing. Generally, the polish-
ing step in this method is performed batch-
wise, and therefore, causes the disadvantage
that pipe production cannot be performed
continuously. Furthermore, the method has
the disadvantage that the polishing step is
complicated and time-consuming to reduce
productivity, and the polishing operation
causes the scattering of dust which is likely
to affect the health of the working personnel.
The method also suffers from a more serious
defect that the strength of the pipe is reduced
because the polishing causes the thinning of
the glass fiber-reinforced plastics layer at
the outside surface of the spigot element. In
the production of reinforced plastics pipes,
the dual desire of maximizing the strength
and rigidity of the pipes on one hand and
of minimizing the cost of production on the
other led, in many cases, to the employment
of a sandwich-structure method wherein the
outside surface layer and inside surface layer
of a pipe which contribute mainly to
strength are formed of an unsaturated poly-
ester reinforced with a roving of glass fibers,
and the interlayer which contributes mainly
to rigidity is formed of an unsaturated poly-
ester reinforced with silica sand which is
available at low cost or a mixture of silica
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The thickness of these layers vary depending
upon the diameter of the pipe and its strength
required. Usually, the thickness of each of
the outside surface layer and the inside sur-
face layer is about 1 to 3 mm, and the thick-
ness of the interlayer is about 10 to 20 mm.
Shaving of the outside surface layer by a
thickness of, say, 0.5 to 1 mm, by polishing
therefore causes a serious reduction in its
strength.

Japanese Patent Publication No. 1944/74
discloses 2 method of polishing a reinforced
plastics pipe continuously. According to
this method, a reinforced plastics pipe
whose curing has been completed in a first
curing zone is moved to a polishing zone
where the outside surface of the pipe is
polished continuously. A solution of an
unsaturated polyester resin is then sprayed
onto the polished outside surface. The pipe
is then passed through a second curing zone
to cure the resin solution. This method re-
quires two curing zones and has the defect
of increased costs and spaces for the instal-
Iation of equipment. Furthermore, a bound-
ary surface occurs between the reinforced
plastics layer cured first and the unsaturated
polyester layer applied and cured later, and
the mechanical strength of the pipe is in-
sufficient.

U.S. Patent 3,623,930 discloses a method
for forming a spigot portion containing an O-
ring slot at one end of a pipe by clamping
a split ring mold configurated to form a slot
around the pipe, filling an uncured polyester
resin into a space between the split ring mold
and the pipe, and then curing it. The method,
however, has the defect that the manufactur-
ing steps are complicated, and the operation
must be performed batchwise.

It is an object of this invention to provide
a method which eliminates the defects of the
prior methods for forming a spigot element
in a reinforced plastics pipe, and which can
continuously produce a reinforced plastics
pipe having a spigot element with high
strength and a desired outside diameter and
a desired outside surface shape.

According to the present invention there is
provided a method of continuously produc-
ing a reinforced plastics pipe which com-
prises helically winding an endless belt on a
rotating mandrel, continuously winding a
molding material impregnated with a thermo-
setting resin on the endless belt, continuously
moving the molding material toward the tip
of the mandrel together with the endless belt
by the rotation of the mandrel, passing the
moving molding material through a curing
zone to cure the thermosetting resin, and then
removing the molding material from the end-
less belt at the tip portion of the mandrel;
wherein prior to the introduction of the
molding material into the curing zone, a split
ring mold having an inside surface of a de-

sired shape is mounted around the molding
material so as to clamp the molding material
tightly, thereby to change the shape of the
outside surface of the molding material to
correspond to the shape of the inside surface
of the split ring mold, and, after the thus
molded material leaves the curing zone, the
molded material moves beyond the endless
belt and the split ring mold is removed from
the molded material, the molding material
is severed in that part on which the mold
was mounted so as to provide a reinforced
plastics pipe having a spigot element of a
desired outside diameter and a desired out-
side surface shape.

In order that the invention may be more
clearly understood, the following description
is given by way of example only with re-
ference to the accompanying drawings in
which:

Figure 1 is a schematic view showing an
apparatus for performing one embodiment
of the method of this invention;

Figure 2 is a partial view of the apparatus
of Figure 1 which shows only the formation
of a spigot portion having a smooth surface
by means of a split ring mold;

Figures 3-(a) and 3-(b) are a side elevation
and a front elevation respectively of the split
ring mold used in Figure 2;

Figure 4 is a view showing the connection
of the spigot portion produced by the split
ring mold of Figure 2 to a bell portion;

Figure 5 is a partial view of the apparatus
of Figure 1 which shows only the formation
of a spigot portion having an O-ring slot by
means of a split ring mold;

Figures 6-(a) and 6-(b) are a side elevation
and a front elevation respectively of the split
ring mold used in Figure 5; and

Figure 7 is a view showing the connection
of the spigot portion formed by the split
ring mold in Figure 6 to a bell portion.

The invention is described below with re-
ference to the accompanying drawings.

In Figure 1, the reference numeral 1 re-
presents a rotating mandrel having a hollow
core. An endless belt 2 preferably made of
steel is wound continuously and helically on
the mandrel with a pitch corresponding to
the belt width. The endless belt 2 is moved
continuously toward the tip of the mandrel
by the rotation of the mandrel, and returns
from the tip of the mandrel through its hol-
low core to the point where the winding
starts. By one rotation of the mandrel, the
endless belt moves by one pitch toward the
tip of the mandrel. The speed of its moving
in the axial direction of the mandrel is very
slow, and is usually about 5 to 20 metres
per hour. When a molding material 3 im-
pregnated with a thermosetting resin is con-
tinuously wound on the endless belt, the
molding material moves toward the tip of
the mandrel at the same speed as the mov-
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ing speed of the endless belt 2 and enters a
curing zone 6 heated at a predetermined tem-
perature by a suitable heater such as an in-
frared heater. During passage through the
curing zone, the thermosetting resin is cured,
and the molding material 3 impregnated with
the thermosetting resin is shaped into a re-
inforced plastics pipe 4. The thermosetting
resin used in this invention is an unsaturated
polyester resin or an epoxy resin, the un-
saturated polyester resin being preferred. On
the other hand, a roving of glass fibers is
preferred as the molding material used in this
invention.

In the method of this invention, as shown
in Figure 2 or 5, a split ring mold 5 is
mounted around the molding material 3 im-
pregnated with a thermosetting material and
wound up on the endless belt 2 before the
molding material enters the curing zone 6.
The mounting is effected such that the mold-
ing material is tightly clamped by the split
ring mold 5. The split ring mold 5 is made
of a thermally stable, light-weight, tough
material such as aluminum, iron or a therm-
ally stable synthetic resin. The inside sur-
face of the split ring mold 5 has such a shape,
as will impart a desired outside diameter
and a desired outside surface shape to the re-
sulting spigot, for example a cylindrical
shape having a smooth surface as shown in
Figure 3 or a shape suitable for stamping
an O-ring slot on the outside surface of the
molding material as shown in Figure 6. Since
the thermosetting resin impregnated in the
molding material is still in the uncured state
before entry into the curing zone, the mold-
ing material 3 easily deforms under an ex-
ternal force, and thus the outside surface of
the molding material takes a shape corres-
ponding to the shape of the inside surface
of the split ring mold 5. As a result of the
passage of the molding material through the
curing zone 6 while the split ring mold 5 is
being mounted thereon, the outside surface
of -that portion (i.e., spigot portion) of the
resulting reinforced plastics pipe 4 on which
the split ring mold 5 has been mounted as-
sumes a shape corresponding to the inside
surface of the split ring mold 5, for example
a smooth cylindrical surface as shown in
Figure 2, or a surface having an O-ring slot
as shown in Figure 5. After leaving the
curing zone 6, the reinforced plastics pipe 4
is detached from the endless belt 2 at the tip
portion of the mandrel, and at this point, the
endless belt returns through the hollow core
of the mandrel to the point where the wind-
ing starts. The reinforced plastics pipe 4 is
guided by a suitable support member (not
shown), and continues to advance. At a
suitable point after the leaving of the re-
inforced plastics pipe 4 from the curing
zone, the mounted split ring mold 5 is de-
tached from the reinforced plastics pipe 4,

and the reinforced plastics pipe 4 is severed
by a cutter 7 in that patr on which the mold
was mounted, and normally at the centre of
that part, so as to provide two spigot ends
for two reinforced plastics pipes 4, with the
outside surface shape of each spigot end
corresponding to the shape of the inside sur-
face of the split ring mold 5.

To facilitate the separation of the re-
inforced plastics pipe from the endless belt in
the performance of the method of this in-
vention, it is preferred to interpose a mold
releasing tape such as a Cellophane (Regis-
tered Trade Mark) tape or a polyethylene
terephthalate tape between the endless belt
2 and the resin-impregnated molding material
3. This can be achieved by winding a mold
releasing tape 8 around the endless belt 2 at
a point before that at which the winding of
the molding material 3 starts, as shown in
Figure 1.

Since the moving speed of the resin-im-
pregnated molding material in the axial di-
rection of the mandrel is very slow, mount-
ing of the split ring mold 5 on the molding
material and the detaching of the mold 5
from the reinforced plastics pipe can be per-
formed very easily even during the con-
tinuous operation of the method. For ex-
ample, the split ring mold 5 can be simply
mounted or dismounted by closing or open-
ing a stopper shown at 21 in Figure 3 or
6 of the mold. This can be achieved either
by a manual operation or by a mechanical
automatic operation. In order to facilitate
the detachment of the mold 5 from the re-
inforced plastics pipe, it is generally preferred
to use a split ring mold 5 whose inside sur-
face is coated with a suitable mold releasing
agent such as a silicone-type releasing agent.

A sealing gasket 31 of the push-on type
shown in Figure 4 is bonded to the spigot
portion having a smooth cylindrical surface
produced by the method shown in Figure 2,
and the spigot portion is connected to a bell
element 32 of another pipe. The spigot por-
tion having an O-ring slot produced by the
method shown in Figure 35, after bonding
an O-ring type sealing gasket to it, is con-
nected to a bell portion 34 of another pipe
as shown in Figure 7.

If a spigot portion having an O-ring slot
is to be formed by the method of this inven-
tion, it is preferred to render the thickness
of the spigot portion larger than that of the
remainder by supplying an excess of the
resin-impregnated molding material.

The method of this invention makes it pos-
sible to produce reinforced plastics pipes hav-
ing spigot portions of desired outside dia-
meters and desired outside surface shapes
continuously by a very simple operation, and
does not require any after-processing step for
the formation of spigot portions. The spigot
portions so obtained have excellent perform-
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strength and without water leakage that is
normally caused by the unevenness of the
spigot portions.

Whilst the method for continuously pro-
ducing spigot elements of reinforced plastics
pipe has been described hereinabove with re-
ference to specific embodiments, it is to be
understood that various changes and modi-
fications are possible in the performance of
the method of this invention. For example,
it is possible to produce a reinforced plastics
pipe having a spigot element at both ends by
the method of this invention, and to connect
each spigot portion to a bell portion of an-
other pipe. In many cases, however, it is
preferred to produce a reinforced plastics
pipe having a spigot portion at one end and
a bell portion at the other. In this case,
the spigot portion is produced by the method
of this invention, and the bell portion is
formed by any known technique of forming
bell portions continuously. A reinforced
plastics pipe having a spigot end and a bell
end can be continuously produced by com-
bining the method of this invention with the
method of forming bell portions.

Since the method of this invention relates
to the formation of spigot elements, and not
to the formation of bell elements, any de-
tailed description of the formation of bell
portions is omitted herein. A bell portion
is provided at a position just intermediate
between two adjacent spigot portions, and
thus, the belil portions and the spigot portions
are formed alternately. The bell portion is
severed at about its centre by the cutter 7 as
in the case of the spigot portion. )

In the method of this invention, only one
kind of a molding material impregnated with
a thermosetting resin may be used o produce
the reinforced plastics pipe. If desired, a
reinforced plastics pipe of a sandwich struc-
ture may be produced by using two kinds of
thermosetting resin-impregnated molding ma-
terials in accordance with a known method.
In this embodiment, it is preferred to form
the outside surface layer and the inside sur-
face layer of the sandwich structure from a
roving of glass fibers impregnated with a
thermosetting resin and to form the interlayer
from silica sand alone or a mixture of it with
a chopped strand of glass, which is impreg-
nated with a thermoseiting resin. In Figure
1, the reference numeral 9 shows silica sand
impregnated with a thermosetting resin which
is fed from a hopper for the formation of
the interlayer in this embodiment, and the
reference numeral 10 shows the winding of a
thermosetting resin-impregnated molding ma-
terial for forming the outside surface layer.

The thermosetting resin-impregnated mold-
ing material shown at 3 in Figure 1 forms
the inside surface layer of the sandwich
structure.

WHAT WE CLAIM IS: —

1. A method fo continuously produc-
ing a reinforced plastics pipe which com-
prises helically winding an endless belt on a
rotating mandrel, continuously winding a
molding material impregnated with a thernio-
setting resin on the endless belt, continuously
moving the molding material toward the tip
of the mandrel together with the endless belt
by the rotation of the mandrel, passing the
moving molding material through a curing
zone to cure the thermosetting resin, and then
removing the molding material from the end-
less belt at the tip portion of the mandrel;
wherein prior to the introduction of the
molding material into the curing zone, a split
ring mold having an inside surface of a de-
sired shape is mounted around the molding
material so as to clamp the molding material
tightly, thereby to change the shape of the
outside surface of the molding material to
correspond to the shape of the inside surface
of the split ring mold, and, after the thus
molded material leaves the curing zone, the
molded material moves beyond the endless
belt and the split ring mold is removed from
the molded material, the molding material
is severed in that part on which the mold
was mounted so as to provide a reinforced
plastics pipe having a spigot element of a
desired outside diameter and a desired out-
side surface shape.

2. The method of claim 1 wherein a split
ring mold having a smooth cylindrical inside
surface is used so as to produce a reinforced
plastics pipe having a spigot portion with a
smooth cylindrical outer surface.

3. The method of claim 1 wherein a split
ring mold having an inside surface with a
shape suitable for stamping an O-ring slot on
the outside surface of the molding material
is used thereby to form a reinforced plastics
plipe having a spigot portion with an O-ring
slot. ,

4. A method of continuously producing
reinforced plastics. pipe substantially as here-
inbefore described with reference to the ac-
companying drawings.

5. Plastics pipe made by the method of
any preceding claim.

J. A. KEMP & CO.,
Chartered Patent Agents,
14 South Square,
Gray’s Inn,
London WCIR 5EU.

Printed for Her Majesty’s Stationery Office by Burgess & Son (Abingdon), Ltd.—1980,

Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained. ’
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