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This invention pertains to the casting of so-called plas 
tic articles having reinforcing fibers embedded therein. 
For example, the invention pertains to the casting of 
articles of liquid settable material such as thermosetting 
resins reinforced with a formation of fibers such as glass 
fibers. The invention pertains not only to methods of 
casting, but also to equipment therefor, and to the cast 
articles. 
The invention particularly pertains to such casting by 

use of an expansible mandrel within a tubular mold, the 
expansible mandrel being employed for generating in 
_ternal pressures outwardly on the liquid settabie mate 
rial and reinforcing formation. 
As is fully developed in the copending application of 

Herbert D. Boggs, Serial No. 264,976, iiled January 4, 
1952, now Patent 2,785,442, and assigned to the assignee 
of the present invention, articles such as pipe may be 
successfully cast from liquid settable materials reinforced 
by suitable formation of ñbers. For example, articles 
can be successfully cast from thermosetting resins rein 
forced with glass fibers. ln the just-mentioned copend~ 
ing application, a formation of glass fibers, as in the 
form of a mat of relatively short fibers, a cloth of inter 
'woven continuous fibers, overlaid layers of diagonally 
running continuous fibers, and other formations of übers 
may be placed within a cylindrical mold. It is also pro 
posed that short übers may be introduced into a mold, 
to form the mat or formation therein. Once the forma 
tion of fibers is established within the mold, then a 
quantity of the liquid settable material in liquid form 
may be introduced, as by pouring into the mold or 
spraying thereinto. Thereafter, the mold is rotated about 
its longitudinal axis, and centrifugal forces distribute ‘die 
liquid settable material evenly throughout the fiber forma 
tion. Curing action is then applied to the mold and con 
tents, usually by externally applied heat. This causes 
the'settable material to cure or gel; in other words, to 
harden. The result is excellent pipe without pores, so 
called crazes and other defects. 
The present invention constitutes an improvement over 

the just-mentioned casting techniques, Generally stated, 
the centrifugal forces mentioned _in the preceding para 
graph »are augmented or replaced by forces applied 
internally of the mold to force the settable material 
and/or formation of fibers outwardly against the inner 
iSurfaces of the mold. In one major embodiment liquid 
settable material is poured or sprayed into the über 
formation which lines the mold, the mold is then rotated 
about its longitudinal axis to evenly distribute the liquid 
material, and then, when the material is evenly distribut 
ed, an expansible mandrel positioned centrally of the 
mold is expanded to exert force against the liquid ma 
terial as it is at least partially cured. In another gen 
eral version of the invention, it is proposed that the fiber 
formation be impregnated with powdered resin such as 
_the phenolic resins. This will satisfy the requirement 
for even distribution of settable material throughout 
the formation and, when pressure is applied by means 
of the expanding mandrel technique, this pressure with 
the combination of heat will make the settable material 
ñow and thereafter gel. in this method, it will not be 
necessary to spin the mold to distribute the settable 
material. Thus, articles may be molded without the aid 
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of centrifugal casting. It will be understood that further 
incidents of the invention are described hereinbelow. 

Accordingly, it is a primary object of this invention 
to provide improved methods of casting reinforced articles 
from settable materials by exerting internal pressures out,> 
wardly against the inner surfaces of a mold. , 

It is a further object of the invention to so cast rein; 
forced articles by providing a mass of liquid settable ma',4 
terial within a mold in which ̀ a liner- of fiber formations 
is present, spinning the mold about its longitudinal axis 
to evenly distribute the flowable material throughout 
the liber formation, and then expanding a mandrel 
against the inner surfaces of the ilowable material and 
formation while the material is set or cured. 

lt is a further object o_f the invention to provide within 
a mold a fiber reinforcement formation with powdered 
or otherwise liqueñable material evenly distributed 
throughout, applying internal pressures by use of an ex 
pansible mandrel and curing the settable material while 
pressures are thus applied. ‘ 

Further objects and the entire scope of the invention 
will be in part obvious and in part expressly set forth 
in the following detailed description and discussion. ' v 

Illustrative embodiments of equipment for the practice 
of the invention and the method steps may be best under~ 
stood by reference to the accompanying drawing, wherein: 
FIGURE l shows a side elevational View partly in 

section of a pipe casting mold having a über reinforcing 
formation and expansible mandrel therein; ' 
FIGURE 2 shows a cross~sectional view of the mold 

and contents of FIGURE 1 and a supply of liquid set 
table material lying therein, 
FIGURE 3 `shows a cross-sectional view of the mold 

and contents of FIGURE l with the mandrel expanded; 
and 
FIGURE 4 shows a cross-sectional view of the mold 

and contents of FIGURE l with a sheet metal cover on 
the expansible mandrel. 

Referring now to FIGURE l, a cylindrical mold 10 is 
provided with end caps 12 and 14. These caps maybe 
of suitable material such as steel. The end cap 14 may 
be affixed to the mold l@ by threads lo. An inwardly 
extending shoulder 18 is provided for clamping an ari 
nular ring 2t? between the end of the mold lil and the 
shoulder 18. The end cap 14 is further characterized 
by an end wall 22 having an aperture A24 therein, this 
aperture being centrally located. ` v , 

The end cap 12 may also be affixed lto the mold 1li by 
threads 26, this cap having an inwardly extending 
shoulder 28 for clamping another annular ring 30 be 
tween the cap and the end of the mold. Cap 12 has an 
inwardly extending end wall 32 having a relatively large 
aperture 34 located centrally thereof. ` 

Referring to FIGURE 2, three spaced rolls 36 are 
indicated in chain line, as convenient means for support 
ing the mold 1t) for rotation about its longitudinal 
The support and rotation of molds for centrifugal casting 
are fully developed in the above-mentioned copending 
application of Herbert D. Boggs, to which reference vis 
now made for such details. It will be understood that 
lengthwise of mold 1l), as for example in the general 
vicinity of areas A and B as shown in FIGUREÍI, rsets 
of rolls 36 may be provided. Rotation of the mold >and 
end caps vmay be provided by driving one or more ofthe 
rolls 36, or by driving the mold directly by suitable 
coupling to a power source. 

Reference character 38vdesignates what may ybe con 
veniently termed a mandrel core, this being for example,V 
a tube extending generally from the end cap l2 to the 
end cap 14. At the end cap 14 the mandrel core v3,8 Vis 
provided with a centrally extending lug 4t)l havinga 



~exist between the fibers or bundles thereof. 
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tapered end 42. The lug 40 is arranged to ñt freely but 
snugly in the aperture 24 at the end wall 22 of end cap 
14. The purpose of this arrangement is to maintain the 
mandrel core centrally within the mold 10. The tapered 
end 42 will permit some tolerance in originally inserting 
the mandrel core and finding the aperture 24. 
. The mandrel core 38 is surrounded by a resilient mem 
ber 44 which forms an expansible mandrel. In FIGURE 
1 the mandrel is shown expanded, as is also the case in 
FIGURE 3. In FIGURE 2 the mandrel is shown col 
lapsed onto the mandrel core 38. The mandrel core 38 
is provided with one or more apertures 46 and at the end 
of the mandrel core at end cap 12 a rotary fluid coupling 
joint 4S is provided for introducing fluid pressure into 
the mandrel core 3S from suitable pressure source con 
nected to tube 50. 
At each end of the mandrel core 38 the mandrel 44 

may be attached by any convenient means, as by bonding 
to the core 38 or utilizing bands 52 clamped about the 
¿outer surface of the mandrel. Any convenient means for 
thus atlixing the membrane to the mandrel core in these 
vregions is suitable and no particular limitation to the 
illustrated arrangement is intended. 

It now will be apparent that when fluid pressure is 
_applied within the mandrel core 38 it will be transmitted 
through apertures 46 and will expand the mandrel 44 
~outwardly against the inner surface of the mold or against 
`the inner surface of any material lining the mold. The 
mandrel 44 may be collapsed onto the mandrel core 38, 

shown in FIGURE 2, either by virtue of its own 
_,resiliency, or by application of negative pressure, viz., 
vacuum within the mandrel core 38. 
_y, With the membrane collapsed onto the mandrel core 
.38, 4the aperture 34 in the end cap 12 may be of sutñcient 
size to permit the insertion of the mandrel thereinto. 
gHowever, no particular limitation t0 this technique is 
intended. It will be obvious that a mandrel may be first 
linserted before an end cap corresponding to cap i2 is 
`¿applied and then the cap placed thereon to maintain the 
2mandrel within the mold. Variations of the suggested 
technique will be apparent to those skilled in the art. 

Referring primarily to FIGURE 2, a condition is 
Lshown wherein a formation designated 60 of reinforcing 
fibers is present as a liner within the mold 1t). The 
nature of these liners is fully developed in the above 
mentioned copending application of Herbert D. Boggs 
and further elaboration in this application is thought to 
be unnecessary. It is assumed in FIGURE 2 that the 
Lmold is not in rotation and a pool 62 of a settable or 
curable material in liquid form is shown lying in the 
bottom of the mold. This is a situation which will ob 
xtain when a measured supply of liquid material is inserted 
`_1nto the mold, preliminary to spinning the mold. 

It will be apparent that the end Wall 22 of end cap 14 
and the end wall 32 of end cap 12 will serve as an outer 
dam to maintain a quantity of liquid such as pool 62 
>within the mold before rotation is begun. Additionally, 
_ the technique for loading the liquid into the mold may be 
such that it does not flow readily to the end areas, but is 
`lumped, so to speak, near the center of the mold. 

The previously mentioned annular rings Ztl and 3i? 
are of internal diameter substantially the expected inner 
>dimension of the cast article for reasons which will be 
_come apparent. 

Starting with the condition which obtains in FIGURE 
A2, when the mold is now rotated about its longitudinal 
axis, centrifugal forces will develop which will distribute 
the liquid material evenly about the circumference and 
length of the mold 10. It will further be understood that 
the liquid material permeates into the fiber reinforcement 
formation, substantially filling all voids therein which 

An inti 
mate and even mixture of resin and reinforcements re 
sults, all as has been fully developed in the above 
"mentioned copending application Aof Herbert D. Boggs. 

15 

25 

30 

35 

40 

50 

60 

70 

4 
When the even distribution of liquid has been accom 

plished, the procedure may go on according to several 
variations. One manner of proceeding is to- apply heat 
to -the outside of the mold to bring the liquid material to 
a state of gel so that, if spinning is terminated, no further 
re-distribution of the settable material will result. When 
that point is reached, spinning may be terminated and 
the mandrel 44 then inflated to apply pressures against 
the formation and the liquid. In one manner of think 
ing, the pressures supplied by the -mandrel replace the 
centrifugal forces otherwise applied. It will be apparent 
that pressures thus applied supplant pressures which could 
otherwise only be obtained by extremely high spinning 
speeds. Needless to say, it is a mechanical problem to 
spin heavy molds at high speeds without great wear and 
tear on the driving and supporting equipment. 

Differing from the procedure outlined in the preceding 
paragraph, it is not necessary to stop the spinning once 
the liquid is evenly distributed. On the contrary, once 
the even distribution is reached, the mandrel 44 may be 
expanded while the spinning continues In this case, the 
centrifugal forces present remain, and are augmented by 
the pressures applied by the expanded mandrel. While 
the spinning continues, the curing heat or other similar 
effect may be applied and the settable material will gel 
and harden. 
The condition where the mandrel 44 is expanded against 

the formation with liquid evenly distributed therein, 
whether the mold is spinning or not, is shown in FIG 
URE 3. 
An important ̀ aspect of the invention is the control of 

the amount of liquid in relation to the `amount of re 
inforcement material so that the expanding mandrel will 
bottom on the inner surfaces of the fiber formation, rather 
than on the liquid material itself. This procedure leads 
to relatively thin-walled pipe which nevertheless has 
strength commensurate with thick-walled pipe. It may 
be pointed out that the reinforcement material is corn 
pressible to a substantial extent. That is, referring to 
FIGURE 2, for example, where the formation is shown 
as of a certain thickness, it can be assumed that if the 
mandrel in the absence of any liquid material, were to 
be expanded against the formation, the thickness could 
be reduced by a substantial amount, say, one-half. It 
has been found that for a given amount of reinforcement 
material, if it can be thus compressed and still a mixture 
of liquid `and formation results, the pipe will be obtained 
with a correspondingly thin wall and yet will be as equally 
strong as pipe cast where the reinforcement cannot be 
compressed. Where centrifugal casting alone is em 
ployed, the specific gravity of the reinforcing fibers is 
generally less than the specific gravity of the liquid 
settable material. Therefore, the centrifugal forces will 
not force the reinforcement outwardly. Thus, the thick 
ness of the reinforcement must be accepted generally as 
it is before spinning is begun or perhaps slightly less so 
due to centrifugal forces thereon and sufficient resin must 
be introduced to completely ñll the radial dimension of 
the formation. 

According to the procedure being described and claimed 
hereinbelow, the amount of liquid material introduced 
into the mold may be calculated, when addition of the 
reinforcing fibers is taken into account, to give a rela 
tively thin-walled pipe. When the spinning is accom 
plished, the liquid material will be evenly distributed 
lengthwise and circumferentially, but will extend out 
wardly only to a radius designated, for example, by the 
dash line designated by reference character 64 in FIG 
URE 2. The mandrel 44 is then expanded and will first 
bottom on the inner surface designated 66 of the forma 
tion 60 as shown in FIGURE 2. However, continued 
expansion of the mandrel 44 will compress the formation 
inwardly untii the mandrel also bottoms on the liquid 
material, or approximately so, in the vicinity of the dash 
line 64. It will now be apparent that a given amount of 
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reinforcement has been forced to occupy a lesser space, 
and yet it is intimately surrounded by an even» distribu 
tion of liquid material. Curingrof the liquid material may 
now proceed. When powdered material is employed, the 
amount may be such as toy provide the same compression 
features. 
The end result of operation according to the preceding 

paragraph will leave some of the reinforcement fibers at 
the inner surface of the pipe, or possibly partially extend 
ing out of that surface. The reason for this result is that 
the fibers have moved inwardly only under the force of 
the mandrel 44 and will not proceed further inwardly. 
However, a smooth interior surface of the pipe may be 
readily accomplished by liushing the pipe (with the man 
drel 44 collapsed or removed) with pure sett-able material. 

Certain important benefits follow from the use of the 
expansible mandrel in accordance with all of the pre 
ceding discussion. One such benefit is that when working 
with certain resins, such as thermosetting resins and others, 
the mandrel 44 will hold in the sty-rene. This is a valu- . 
able feature, as will be appreciated by those skilled in the 
art. 

It may be further desirable to give the mandrel 44 an 
element of longitudinal rigidity. Referring now to FIG 
URE 4, which shows the mandrel 44 partially expanded, 
it is proposed that a sheath of thin resilient metal 68 be 
wrapped about the mandrel 44, extending the length of 
the mold 10, this sheath to =be overlapped considerably 
as at 70 and pre-stressed to follow the mandrel down to 
its collapsed position on the core 38. Thus, when fluid . 
pressure is applied within the mandrel, the sheath 68 will 
expand, the expansion resulting in a diminishing of the 
overlapping area 7 0. This explanation is thought to make 
it clear that the same internal pressures are applied as 
without the sheath and yet the sheath provides some lon- - 
gitudinal rigidity. 

It is assumed that the importance of the step of spin 
ning the mold preliminary to expanding the mandrel, or 
at least in conjunction with the expanding of the mandrel 
will be appreciated. However, it is pointed out that if 
a procedure is started with a pool of liquid 62 as shown 
in FIGURE 2, and only the mandrel is expanded without 
other steps, i.e., spinning being performed to distribute 
the liquid material, the liquid will not be distributed con 
centric with the axis of the mold. On the contrary, While 
the mandrel may expand in the form of a cylinder, that 
cylinder may be eccentric with the mold. 
As is apparent from the foregoing, the spinning step 

is of importance in evenly distributing the liquid material 
throughout the ñber reinforcement formation, before the 
mandrel 44 is expanded. The spinning step may be dis 
pensed With according to the invention where the forma~ 
tion has evenly distributed therein a quantity of material 
in powdered form, which may, under application of heat, 
become a liquid after the mandrel is separated to then 
ñow and then subsequently set under the force of the 
mandrel 44 alone. Y 

The lug 40 may be splined or otherwise keyed to the 
end wall 22 of end cap 14 for preventing relative rotation 
between the mandrel core 38 and the mold. 
As previously mentioned, the supply of liquid settable 

material may be introduced into the mold in any con 
venient fashion. In most instances, it will be desired to 
introduce the material into the mold before the mandrel 
assembly is introduced. The liquid material may be 
permitted to remain as a pool in the bottom of the mold, 
or the mold may actually be spun before introduction of 
the mandrel, to generally distribute the liquid material. 
The rotation may be then stopped, the mandrel inserted, 
and the mandrel then expanded with or Without spinning, 
all as described. 
The mandrel 44- may be of any suitable resilient mate 

rial, such as rubber, synthetic rubber or the several tiexible 
resilient plastics now known by those skilled in the art to 
be available. It is further contemplated that a disposable 
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resilient mandrel may be used-«Lto ~be discarded after one 
use..v ' 

Rather; than. introduction of pressure through a, „rotat 
ing joint, a cartridge 0r the like containing íluid> under 
pressure may be placed Within the mandrel core. 38;, orA as 
a replacement thereon. with means- for> releasing-the, pres 
sure externally at the desired moment. 
The foregoing detailed description is given only for pur 

poses of illustration, and thescope of the invention is to 
be determined from the appended claims. 
What is claimed is: 
l. The method of casting fibrously reinforced tubular 

articles of settable material comprising: introducing a 
tubular formation of fibrous reinforcing material into a 
horizontally disposed tubular mold mounted for rotation 
about its longitudinal axis; introducing a measure of set 
table material into the mold; spinning the mold and its 
contents to evenly distribute the settable material through 
the reinforcing material; 'inserting a radially iniiatable 
expansible mandrel into the lumen defined by the mold 
and its contents; inñating the expansible mandrel to bring. 
its peripheral surface into contact with the contents of 
the mold; further expanding the mandrel against the 
inner surface of the contents of the mold while the mold 
is spinning; and curing the settable material to at least a 
non-ñowable state while the mandrel is so applied. 

2. A method as in claim 1 wherein the amount of 
settable material introduced into the mold when distribà 
uted is of »lesser radial thickness than the `fibrous forma 
tion, the arrangement being such that the ymandrel when 
expanded can first botton on the fibrous formation and 
compress same to a point whereat the mandrel will also 
bottom on the liquid settable material. 

3. The method of casting librously reinforced tubular 
articles of settable material comprising: introducing a 
tubular formation of fibrous reinforcing material into a 
horizontally disposed tubular mold mounted for rota 
tion about «its longitudinal axis; introducing a measure of 
settable material into the mold while the mold is spinning; 
spinning the mold and its contents to evenly distribute 
the settable material through the reinforcing material; 
inserting a radially «inliatable expansible mandrel into the 
lumen defined by the 4mold and its contents; inflating the 
expansible mandrel to bring its peripheral surface into 
contact with the contents of the mold; further expanding 
the mandrel against the inner surface of the contents of 
the mold while the mold is spinning; and curing the set 
table material to at least a non-ñowable state while the 
mandrel is so applied. 

4. A method as in claim 3 wherein the amount of 
settable material introduced into the mold when distrib 
uted is of lesser radial thickness than the fibrous forma 
tion, the arrangement being such that the mandrel when 
expanded can first bottom on the fibrous formation and 
compress the same to a point whereat the mandrel will 
also bottom on the liquid settable material. 
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