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24,804
‘METHOD AND APPARATUS FOR MAKING
‘FIBER-REINFORCED SHEET MATERIAL

-Calhoun Shorts, Bellevae, Wash., assignor to Filon
Plastics Corporaticn, El Segundo, Calif.

‘Original No. 2,784,763, dated March 12, 1957, Serial No.
312,819, October 2, 1952. Application for reissne
‘February 21, 1958, Serial No. 716,830

49 Claims. (CL. 154-—1.75)

*Matter enclosed in heavy brackets [ 1 appears in the
‘original patent but forms no part of this reissue specifi-
cation; ‘matter printed in italics indicates the additions
made by reissue.

‘The apparatus of this invention is utilized for perform-
ing a continuous process of producfion of sheet material,
and in particular of translucent, fiber-reinforced resin
sheet.

While the apparatus hereinafter described may be used
in the manufacture of sheet material of various types;
it is intended particularly for use in making a resin sheet
reinforced with -glass or comparable fibers embedded
in the set resin.

An object of the present apparatus is to produce such
fiber-reinforced resin sheet by a continuous process uni-
formly and accurately, although rapidly. Such product
will be smooth, hard, strong and of uniform thickness,
having substantially no occluded air bubbles. Such ap-
paratus is substantially automatic in operation so that it
can produce the sheet material rapidly and economically,
can be prepared quickly to begin production and requires
minimum attention and interruption after initiation - of
production, ) o )

It is also an object in setting the resin by application of
heat to ‘utilize such heat effectively and economically
without any portions of the sheet area being overheated
or -insufficiently cured.

It is a further object of the apparatus to form the
sheet as it is produce into any desired cross-sectional
shape: flat, corrugate, V-crimp, channel, arcuate, etc.

A particular object where surface films of material
subject to shrinking by the application of heat are used
is to.preheat such surface films before the resin has been
set appreciably, so that substantially all of the surface
film shrinking is completed before the sheet is formed to
its desired cross-sectional shape, and the setting action of
the resin has progressed appreciably.

An additional -object of the apparatus is to edge trim
the sheet as it is produced and to cut it off into desired
lengths without interrupting the continuous production
process.

It is also an object to move sheet material through
the entire apparatus by traction on the formed sheet
applied at the discharge end of the apparatus.

Essentially the apparatus draws through it upper and
lower surface films, constituting carrier elements. Resin
is fed onto the lower surface lm, leveled to a predeter-
mined depth and retained upon the film as a pool not
extending closer to the edges of the film than approxi-
mately two inches. Into the resin is laid the reinforcing
fiber material. - The reinforcing material sinks into. the
pool of resin and all air in the reinforcing material is
displaced by the reésin. The upper surface film is applied,
and,_ the composite -sheet is rolled to consolidate .the
laminated structure to a predetermined thickness while
the edge portions of the ‘surface films from which résin
has been excluded are séaled with a ribbon of suitable
adhesivé. The laminated structure is then drawn through
a seriés of forming shoes while the sheét is heated to
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‘other desired form.

2

set the resin. Such shoes ‘may be flat or of corrugated or
The set resin is then cooled, and
tiie finished sheet material is edged and cut into panels
of desired length. . )

Additional features and advantagés of the sheet form-
ing apparatus will be discussed in the following detailed
description of it. ‘

Figure ‘1 is a general side elevation view of typical
sheet forming apparatus according to ‘the present ' in-
vention. )

Figure 2 is a side view of the feed end of tHe ‘ap-

‘paratus with parts broken away to show internal struc-

ture, and Figure 3 is'a plan view of one side of ‘this
portion of the apparatus with parts broken away.
‘Figure 4 is a longitudinal vertical section through the
central portion of the apparatus, Figure 5 is a transverse
section through- such ‘portion on line 5-—5 of Figure 4,

‘and Figure 6 is a transverse section through such’ por-

tion of the apparatus on line 6—6 of Figure 4.

Figure 7 is a-side view of the dischérge end of the
apparatus with parts broken away, and Figure 8 is a plan
view of such portion of the apparatus having parts broken
away. Figure 9 is an enlarged transverse section through
the apparatus taken on line 9—9 of Figure 7. .

Figure 10 is a top perspective view of a fragmentary
portion of the feed end of the apparatus having paris
broken away, Figure 11 is a fragmentary side elevation
view of the same portion of the apparatus, and Figure 12
is a fragmentary sectiohal view of such portion of fhe
‘apparatus taken ofi line 3212 of Figure 11, v

Figure 13 is a side elevation view of the feed end of
a modified type of sheet forming apparatus,

Figure 14 is a side elevation view of the feed end of
still a different type of sheet forming apparatus.

The apparatus is composed of three principal sections,
The first of thése is the feed section in which supplies
of upper and lower surface film inaterial, resin and
glass mat are provided, fed into the machine and consoli-
dated into mat form. The second section is the resin-
setting section in which the composite sheet is formed
into the desired shape, such as corrugated, and the resin
is first heated, then cooled and finally reheated to effect
setting of the resin. -The third section of the machine is
the propelling and trimming section which Incorporates
the power mechanism operable to pull the composite
sheet through the machine and trim mechanism for edg-
ing the ‘sheet and citting it intd sections of desired
length. ) . .

Glass mat, which is the preferred type of reinforcing
material used in manufacturing the fiber reinforced resin
sheet product, is composed of a number of layers of
glass fiber bundles, crossing at randem and bonded
loesely together with resin. Each bundle of fibers is
composed of strands two or three inches in ledgth, un-
twisted but of sufficient number to form a heavy thread,
These bundles of strands are bonded together securely
enough to form a loose mat which can be handled with-
out coming apart. Glass roving which is another type
of reinforcing material which may be used in manufactur-
ing fiber-reinforced resin sheet is a loose aggregate of
conunuous glass fibers wound as a yarn upon a spool.
When used with this apparatus sufficient spools of rov-
ing are placed above the apparatus and their ends in
close parallel alignment are drawn through the apparatus
just as is the glass mat in the description to follow.

Glass cloth or other woven fibers may also .be uséd
in this apparatus to manufactire reinforced resin ‘shéet.

The resin preferred for use in the manufacture 6f sheat
material produced by the présént apparatus is one of
low viscosity which will readily impregnate the reinfofc-.
ing material and on exposure to héat will set inté a hard,
dense infusible state. For translucency a clear light-stable
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resin is desirable. For decorative purposes a light-colored
resin: whlch may be tinted by the addition of pigments or
dies, is desirable, For clarlty a resin which has an index
of refraction closely matching that of the reinforcing
material is desirable. All these characteristics may be
“found in a family of resins called “polyesters,” which are
‘well known to be settable by the process of polymerization.

The material used for the surface elements should be

thin, nonporous, inexpensive, and .sufficiently strong to .

carry. the. resin and reinforcing fiber material entirely
through the sheet forming apparatus without bemg rap-
tured. It has been found that cellulose film, that is, cello-
phane, meets these requirements, although it is entirely
feasible to use other materials such as cellulose acetate
film and polyethylene film, for example, which, like cello-
phane, will part from the set resin sheet, or polyester film
which will adhere to the resin and become an integral
part of the finished sheet.

.'The operation of the apparatus will be described usmg
ccllophane as the surface films, glass mat as the rein-
forcing material, and polyester type resin.

The surface film material is supplied in the form of
rolls, and in the feed section 1 of the machine is mounted
an upper surface film roll 10 and a lower surface film roll
11 shown in Figure 1. A guide roll 12, over which the
lower surface film passes, is located so that the upper side
‘of its ‘periphery is coplanar with the surface of the mat
forming table 13. Surface film material UF from the roll
11 passes downtvard under a tightener roll 14, braked or
of friction type to tension the material in the dlrectlon of
its movement, and then up over the roll 12 onto the mat
forming table. From the roll 10 the upper surface film
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material passes around the tightener 15, the rolls of which -

may be suitably braked to tension the film, and then under
a guide roll 16 mounted. for vertical movement, guided
by rods 17 in registry with a lower roll 18, to exert pres-
sure on the sheet being formed.

It will be seen that the lower surface film material LF
passes along the forming table for a considerable dis-
tance between the roll 12 and the roll 16 before the upper
film material is laid over it. Durmg this travel resin
utilized in formation of the sheet is spread on the lower
surface film from a row of apertures in the bottom of
the resin trough 2 which may be supplied continually or
intermittently as required from a reservoir by a supply
pipe 20. The flow of resin from the apertures of this
container is regulated in accordance with the speed of
travel of the surface film material by approrpriate adjust-
ment of a slide valve plate 21 in the trough bottom aper-
tured correspondingly to the apertures in the trough bot-
tom so that the proper amount of resin is furnished to
form a sheet of the desired thickness. The resin thus sup-
plied is leveled and reduced to the exact thickness de-
sired by the doctor blade 22 extending across the sheet
forming table.. The elevation of the doctor blade may be
regulated to provide the correct amount of resin depth.

. It has been found that air bubbles in the finished sheet
are. greatly reduced by laying the remforcmg material
mto a layer of resin rather than first running the reinforc-
ing material through a dip tank or placing the remforcmg
material on the lower surface film and spreadmg the resin
upon it. When fibrous reinforcing material is laid upon
a layer of resin and time is allowed for it to sink into the
resin, air in and between bundles of fibers is displaced
upward as impregnation progresses and no air is trapped.
This is not true of any other method of impregnation and
i3 one of the novel features of this apparatus and method.

If the quantity of resin supplied on the lower surface
film LF is not quite great enough to saturate the rein-
forcing material, some additional resin, as necessary, may
be added on top of the reinforcing material after it has
sunk into contact with the lower surface film.

- A roll .of glass mat 23 is supported on the frame of
section 1, and the glass mat sheet GM passes around and.
beneath the glass mat. laying guide roll 24 which is dis-.
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posed just above the upper surface of the resin layer and
guided for vertical adjustment along guide rods 25. DBe-
tween the roll 24 and the pressure roll 16, therefore, the
glass mat will be inclined at a very small argle relative to
the sheet forming table 13, so that the glass mmat wnll
gradually be lowered into thé resin before the suiface
film js applied to the upper sidé of the resin and glass
mat. Additional résin may be supphed from an auxiliary
supply pipe supported just abhead of the rolls 16 and 18.
Resin may be dispensed from this conduit through a spout
20’, which can be swung to various posmons in which an
operator may note that the supply of resin on the glass
mat is inadequate. An excess of resin at this point will
not be objectionable, because the rolls 16 and 18 will
squeeze it back and distribute it so that a uniform char-
acter of composite sheet will be discharged from the rolls.

The resin used in the fabrication of the sheet material
is quite fluid, and when leveled on the lower surface film
by the doctor blade 22, tends to spread laterally toward
the edges of such surface film. In order to provide a
resin pool of sufficient depth to fully impregnate the glass
mat as it is laid into the resin, it is necessary to provide
a barrier along each edge of the lower surface film on the
table 13 ahead of pressure roll 16, and to prevent ]eakage
of resin out of the pool a tight seal must be provided be-
‘tween the barrier and the periphery of roll 16, While
such barrier and sealing mechanism is shown generally
in Figure 2, the details of it are shown more clearly in
Figures 10, 11 and 12. Since the mechanism is the same
at opposite sides of the lower surface film, it will be feces=
sary to describe only that at oné side as shown in these
figures.

“From a location at least some distance to the feed side
of the doctor blade 22 to a location closely adjacent to
the periphery of roll 16 éxtends a narrow channel meni-
ber 3 with its web lying on the table 13 and with its ﬂanges
projecting upwardly. This channel exténds parallel to
the direction of movement of the sheet material, and re-
ceived partially in the channel and riding on the lower
surface film LF is a strip 30 preferably of wood. The
feed end of this strip is held by a spring clip 31 sécured
to it and engaged with a bar 32 supported from the framé
of the apparatus, such as on the doctor blade 22. Thé
strip 30 is so positioned that it presses the cellophane film
somewhat into the channel 3, as shown in Figurés 10 and
12, and produces a tight sea] between the lower edge of
the strip and such film. No support or presser element
need be provided for the rest of the strip because its weight
and the pressure on it reacting from roll 16, as described
below, will be sufficient to hold it in firm sealmg engage-
ment with the lower film. The end of this strip is dis-
posed as close as feasible to the periphery of such roll
without actually contacting it, and the void between the

“strip end and such roll is filled by a further sealing ele-

ment, such as a small paint brush 33, which may be sup-
ported conveniently from the adhesive dispensing con-
tainer 26 by a clomp bracket 27, and will transmit light
pressure from the roll onto the strip end.

While the brush 33 cooperating with the end of strip
30 adjacent to roll 16 must substantially fill the angle be-
tween the periphery of such toll and the lower surface
film LF, the brush bristles must not be subjected to ap-
precmble tractive effort of the lower and upper rolls tend-
ing to pull the brush between them.

The periphery of roll 18 is received in a slot extending
transversely across table 13, and the periphery of such
roll projects upward slightly above the upper surface of
such table so as to maintain a pool of resin adjacent to
the rolls through which the glass mat passes to insure its
complete saturation before moving between the rolls.
‘Conveniently the lower roll has each of its ends cradled
in spaced rollers 19 suitably supported from the apparatus
by a plate 19’ carrying one end of each of rolls 19 and
also serving as a stop to limit Iengthwlse movement’ of
roll 18, Alongside the end of roll 18 is mounted a brush
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34 ‘bénéath the' table 13, and supported by a suitable:

bracket 35 carried by such table: This brush. i§ inclined
forwardly and upwardly to press the lowér surface film
LF against the brush 33 and the roll 16 to afford at effee-
tive séal preventing leakage of resin outwardly among
the surfaces of this roll.

_Thé glass mat sheet will be of a width to lie between
the’strips 30 so that only the 1ower surface film is pressed
by such strips into the channel 3. The edge portions of
such lower surface film outside of strips 30 resting on table
13 will thus be exposed, and adhésive may be dripped onto
such marginal sheet portion from the container 26, the
amount of adhesivé thus applied being regulated by the
valve 28. The drops of glue thus supplied may be spread
to form a ribbon on the sheet, such as by a brush 29 also
supported from the brackét 27 as shown in Figure 11,
just before the upper surface film UF is applied by the
roll 16. Such adhesive should be of the type which will
set quickly, so that the upper and lower films are secured
togéther shortly after the composite sheet passes the rolls
16 and 18. -

The tomposite sheet materials discharged from rolls 16
and 18 will be composed of a central layer of glass mat
thoroughly impregnated with unset resin having its upper
and lower side§ covered with transparent film material
such as cellophane, the edges of which surface films LEF
and UF extend at least several inches beyond each edge
of the glass mat filler, and such projecting marginal por-
tions of the surface films are secured together by a ribbon
of suitable adhesive to prevent exudation of resin and in-
filtration of air into the resin between the surface films.

As has been mentioned above special provision has been
niade for the usé of surface film materials which shrink
when éexposed to heat. It has been found that when cello-
phane is employed for either or both surface films the
heat applied to cure the resin causes the cellophane to
shrink widthwise. The reinforcing material on the other
hand does not shrink. As the reinforcing material is ad-
hered by the resin to the surface of the¢ cellophane, the
narrowing of the cellophane causes the reinforcing ma-
terial to bunch up into lengthwise wrinkles. In order to
form a sheet of desired cross section and uniform thick-
ness using cellophane for one or both surface films pro-
vision is made for preshrinking the cellophane and simul-
taneously reorienting the fibers of the reinforcing material
with respect to the surface of the cellophane as shrunk.

In Figures 2 and 3 apparatus for preheating the upper
and lower surface films UF and LF to shrink them is
shown with mechanism for guiding the sheet material to

iron out wrinkles resulting from shrinking of the surface &

films. The composite sheet material S described is raised
from the table 13 at the discharge side of rolls 16 and
18, and bridges across to an upwardly arched bar 4 while
passing between an upper heat lamp 40 and a lower heat
lamp 41 which heat the upper and lower surface films,
respectively., Because the sheet material is being pulled
through the machine, shrinkage which occurs lengthwise
of the direction of travel produces no appreciable effect
on the sheet, but the transverse shrinking tends to cause
lengthwise wrinkles which are ironed out by passage of
the sheet in taut condition across the arched bar 4.

The shrinking of the upper and lower surface films dces
not occur instantaneously, but is a progressive action.
Further wrinkles tend to form beyond the arched bar 4,
therefore, resulting from the heating by lamps 490 and 41.
The sheet is consequently drawn under tension across
additional arched bars, including a second upwardly
arched bar 42 and a downwardly arched bar 43. The
relationship of bar 42 relative to bars 4 and 43 is such
that bar 42 is offset from a line joining the central .por-
tions ‘of bars 4 ‘and 43 to iron the central part of the comi-
posite sheet, but most of the shieet width will not touch
bar ‘42 but will span between bars 4 and 43,

Beyond ‘thie downwardly arched bar 43 the sheet may
pass between additional heat ‘lamps 44 ‘above the shect
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and 45'below it. Such heating: will effect further shrink-
age’ of the-surface: films: so that the composite: sheet’ is:
subjected. te: another ironing; action such as by upwardly
arched bars 46 and 47 and by a downwardly arched bar
48. Similar to the location of bar 42, bar 46 is disposed
between downwardly curved bar 43 and upwardly curved
bar 47 so that only the central portion of the composite
sheet is pressed against bar 46. This leaves the edge por-
tions of the surface films to shrink. entirely out of contact
with an engaging surface while still adequately supporting
the sheet, and as the sheet is drown across the additional
bars 47 and 48, the wrinkles extending lengthwise of the
sheet are dissipated.

Preferably the last ironing rod 48 is located just inside
the oven 5 where the composite sheet is heated to ac-
celerate setting of the resin. The various portions of the
surface films as they reach the bar 48 will be shrunk sub-
stantially to the maximum degree to which they would be
shrunk by the heat of the resin curing oven and conse-
quently no material additional shrinkage of the surface
films can be expected. At the same time the heating effect
of lamps 40, 41, 44 and 45 will have been so small on the
resin that no great reduction in fluidity of the resin will
have occurred before passage across bar 48, Immediately
after a sheet portion enters the oven 5, therefore, the shape
of the sheet may readily be altered to any desired shape
of cross section.

. The final sheet material may have any of various shapes
of cross section such as corrugated, flat, arched, or of
other shape. The desired shape of cross section may be
produced by using dies of corresponding shape which in
this instance are shown as corrugated, cooperating shoes
including an upper shoe 50 and a complemental lower
shoe 51.- These shoes are shown best in Figures 4, 5 and
6. ~As shown in Figures 2 and 4, the first pair of such
shoes is spaced a substantial distance from the entering
énd of the oven to enable the cure of the resin to be ini-
tiated and to guide the sheet from unwrinkled condition
as it crosses bar 48 into transversely gathered shape cor-
responding to the corrugated conformation of the shoes
at the point of entrance between the shoes of the first
pair.

Arranged along the length of the curing oven 5 is a
number of pairs of sheet forming shoes, all of which may
be identical. A practical arrangement has been found to
use shoes approximately one foot in width in the direction
of travel of the sheet and spaced apart approximately
thirty inches on centers. The lower shoes are stationary
and serve to support the sheet as it is drawn through
the ovens while at the same time exposing it to the cir-
culating hot air of the oven. This exposure not only
affords an economical transfer of heat to the sheet but
also in the exothermic stages of the cure allows the cir-
culating air of controlled temperature to carry heat away .
from the sheet. It may not be necessary for all the up-
per shoes to engage the sheet at all times. This depends
upon the speed of the sheet through the oven and the
rapidity of cure. The shoes do not exert any great pres-
sure on the sheet material, for prior to appreciable setting
of the resin it may be formed very easily so that it is
merely necessary to preserve the cross-sectional shape of
the sheet formed by the first shoes until the resin has set
sufficiently so that the cross section of the sheet will be
maintained accurately. The action of the shoes is more
that of ironing than of compressing so that the sheet is
repeatedly smoothed into the desired shape of cross sec-
tion until the set resin maintains such shape by reason of
its rigidity when set.

The lower shoe in each instance may be made of cor-
rugated aluminum sheet material properly supported and
covered by soft surfacing material such as felt, having a
low coefficient of friction. These bottom dies 51 may be
supported from the structure of the oven §'by suitable legs
52. These lower dies will be aligned in registry lengthwise
of the direction of movement of the sheet material, The
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upper dies 50 may also be“fomied of corrugated sheet

aluminum, arranged complementally to the corrugations:

in the lower shoe 51 in each instance. The material of the
upper shoes or dies may also be provided with a soft
smoothing surface, siich as of cloth or felt. Even though
the upper shoes may be made principally of aluminum, it
is not necessary to increase their weight to produce the
proper molding efféct on the sheet S, because, as men-
tioned previously, the resin in its initial setting stages is
very soft, so that the sheet may be molded into the desired
cross sectional shape corresponding to the shoes simply
by the ironing action of such shoes. : ]

Despite the low coefficient of friction of the shoe sur-
faces with the shéet material being drawn between them
and the slight pressure. of the shoes on the sheet material,
there- will, nevertheless, be appreciable friction between
the sheet and the shoes, so that the sheet will tend'to drag
the shoes with it through the-apparatus unless lengthwise
movement of the shoes.is restrained. :As mentioned pre-
viously, the lower shoes are supported by the legs 52, so
that they cannot be moved by travel of the sheet material
across them. The upper shoes float on the sheet and tend
to. be moved edgewise with it.  To restrain such movement
a rod 53 is disposed at each end of the first upper shoe, and
each such rod has one end connected to the hood of the
oven 5 and the other end connected to a corner of the
upper shoe. Additional rods 54 are connected between
adjacent edges of the upper shoes in successive die pairs.

In order to control more readily the temperature of
the composite sheet as it passes through the-oven, it is
desirable to divide the oven into several sections num-
bered 55, 56, 57 and 58 in Figure 1 and Figure 4, arranged:
in-the order in which the sheet progresses. Preferably
the last oven section-is spaced: a considerable distance
from the main oven in which the sections are arranged
in a group. A table section 59 bridges the gap between
the main oven section and the final section. While the
number of oven sections, the length of each, or the ag-
gregate length of all the sections is not critical and-may
be varied according to the particular desires of the sheet
manufacturer, the arrangement described is entirely prac-
tical. The reason for the oven being sectionalized is
that more heat must.be supplied in the first oven section
to bring the sheet up to.the desired temperature than is
necessary in subsequent.oven sections to maintain . the
sheet at a sufficiently high temperature. In fact, setting
of the resin is an exothermic reaction so that in the later
stages of the curing operation the desired temperature
of the sheet may be maintained with the addition of
little or no heat. It has been found desirable to cure
the resin in a final step. at a'relatively high temperature,
and this is accomplished in the separate oven section 58.

Heat may be supplied separately to each oven section
 to facilitate the control of heat and each section of the
oven is shown as having heat supplied to it by two burner
units in Figure 1. All of these burner units designated 6
may be of the same type and ‘may be manually or auto-
matically controlled, such as by suitable thermostatic
equipment. - Each burner unit includes a burner chamber
60 heated by the combustion of gas or oil, or by electric
resistance units. Since the resin is inflammable, it is
preferred that hot air rather than products of combus-
tion be blown into the oven by a blower 61 driven by
a motor 62. Air may be recirculated through each oven
compartment through a pipe 63, such air being reheated
by the heater or burner, as well as being supplementexl
by air drawn into the opening 64 to replace air escaping
through the slots 65 in the oven walls, through which
the sheet S travels.

Spacing the pairs of shoes apart a substantial distance
as described affords opportunity for direct access of the
air to the sheet material. Additional -exposure of the
sheet may be afforded by providing a lifting rod 66 at-
tached to the center of each upper shoe, by which that
shoe may. be lifted a substantial distance above the lower
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shoe. As shown in Figure 6, the upper: end of .each rod
66 is pivotally connected to a lever arm 67, one end of:
which is fixedly pivoted to a bracket 68 and the other
end of which may be swung upward about its pivoted
end and supported in the broken-line position shown in
Figure 6 by a leg 69 pivotally mounted on it. The.
anchor links, connecting links and lifting rods for the
upper shoes 50 are similarly numbered in each section
of the oven. .

The length of the oven will depend largely upon the
speed of travel of the sheet material through it, but the
timing should be such that the sheet will be brought
up, to a temperature of approximately 180° F. in about
five minutes, the temperature of the sheet will be main-
tained substantially at such temperature for approxi-
mately another ten minutes, and then will be subjected
to a final heating in the neighborhood of 250° F. for a’
period of about five minutes. With the oven design de-
scribed, therefore, the sheet will be raised to the first.
temperature. of the order of 180° F. during its passage
through the first oven section 55 and by about the time
it reaches the second oven section 56. The heat will be

_maintained at this temperature by suitable regulation of

the heaters as the sheet progresses through sections]
56 and 57, and perhaps part of the gap 59. In the first
portion of section 58 the temperature will be raised to
250° F. and held for several minutes.

Following completing of the curing cycle the formed
sheet will pass into the trimming section of the apparatus
shown in Figures 7 and 8. It will be remembered that
the surface films LF and UF project edgewise a consid-
érable distance beyond the glass mat filler and are glued
together. Moreover, usually a strip of clear resin which
is brittle and has little strength has set beyond the glass.
mat. Consequently, it is desirable to trim the edges of
the sheet back a substantial distance to leave only a
glass mat reinforced resin core covered by the upper
and lower surface films over the entire trimmed width
of the sheet. Such trimming may be effected by abrasive
cut-off wheels 7 disposed one on each side of the sheet’s
path of travel and driven by a motor 70 through a belt
71. Such cut-off mechanism may be supported by a
bracket 72 adjustably mounted on a post 73 for vertical
movement to dispose the wheels 7 in proper relationship
to the sheet'S. A blower duct 74 will remove dust pro-
duced by the trimming operation.

Sheets of the desired length may be cut from the con-
tinuous sheet without interrupting its travel by utilizing
a traveling abrasive cut-off carriage 75, the movement
of which is synchronized with the travel of the sheet.
This carriage spans the sheet and is supported by legs
76 having rollers 77 riding on tracks 78 extending paral-
lel to the direction of movement of the sheet S. The
movement of the carriage along its tracks during the
sheet severing operation is synchronized with the travel
of the sheet, and after the completion of a transverse
cut this cutting mechanism is returned automatically
to its initial position, ready to cut the sheet again when
it has moved a distance equal to the next sheet unit
length. I

The main drive motor 8 for the sheet propelling mecha-
nism described hereafter drives chain 80 to turn sprocket
81 for moving chain 82 along a path parallel to track
78, and at the same speed as sheet S'is moved. Carriage
75 carries a clamp 83 which may be air-operated or elec-
tromagnetically operated to grip the chain when a trans-
verse cutting opération is to be initiated, and such gripping
action continues until ‘after the abrasive cut-off wheel §4
has completed its cutting movement and has returned to
its initial position ready to make another cut. A safety
limit switch 83’ may be :arra_ngéd on the clamping mem-
ber “support to-engage @ stop 83’ for disengaging the
clamip in the event that thé norial control methanism
fails to operate or stch limif switch arrangement ‘may be
utilized as a normal control if desired. o
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The abrasive cut-off wheei 84 is suitably mounted on 4

traveier 85 which also carries the cutter drive. motor 86
connected by a belt to the cuttér and is supported by
guide channels 87 of thé carriage 75. Theése channels also
carry chains 88 connected to the opposité ends of the
traveler 85 for propelling it along the channels $7 and
such chains are driven by an air motor or an electric
motor 8% mounted on the carriage. Return of the carriage
in the direction opposite that in which it is' moved by
chain. 82 is effected by the piston rod % of a fluid pressure
cylinder 99, preferably air-actuated.
. Chain 82 may drive an auxiliary chain $1 turning a roil
92 on which the sheet material at the discharge side of
the transverse cut-off device rests. This roll may have a
strip of friction material such as rubber or leather 93
wound spirally about it to effect a light friction grip on
the sheet material. The periphery of this roll preferably
travels somewhat faster than the continuous portion of the
sheet, so that when a sheet unit has been severed this roll
will propel it away from the endless sheet gradually to
deposit it on a stack of completed sheet units.

In the description of the apparatus thus far the sheet
material has been discussed as moving through the appara-
tus without any reference to mechanism effecting such
movement. Progress of the sheet material through the ap-
paratus is effected slowly and uniformly by cooperating
endless tracks or endless tread belts including lower chains
or belts 100 carrying tread bars 101 extending between
them and upper chains or belts 102 carrying tread bars
103 extending between them. The lower chains are
mounted on sprockets secured to shafts 104 and 105, the
latter being driven by chain 8 and carrying also
sprocket 81. )

Because the entire length of the sheet material is drawn
longitudinally through the apparatus by the endless tracks,
it is important that the tension exeried on the sheet ma-
terial be constant and steady. Consequently, the motor
8 should have very low speed, high torque characteristics,
such as an air motor or a geared head electric motor
capable of moving chain 80 slowly and without jerks
while applying great power to it. The tread bars 101 of
the lower track and 163 of the upper track, as shown
best in Figure 9, will be formed of a shape complemental
to the cross-sectional shape of the sheet, so that in the
particular instance illustrated they are corrugated. More-
over, the tread bars of the upper and lower tracks are
arranged transversely of the direction of sheet movement
such that the corrugations interfit to effect intimate con-
tact with the surfaces of the sheet. Also, the tread bars
are placed close together so as to engage a large area
of the sheet surface, and the tread bar surfaces may be
made of high friction material, such as rubber, to effect
afirm grip on the sheet.

With tread bars thus constructed it is not necessary
that the tracks exert great clamping pressure on the sheet
material. If the weight of the upper track and its sup~
porting mechanism simply bears on the sheet material
and presses it against the stationarily supported lower
track, adequate traction should be afforded. To enable
the weight of. the upper track to be thus éxerted on the
sheet material, the upper track assembly may be pivotally
mounted about a shaft 106 carrying the sprockets for sup-
porting the track chains at one end, while the shaft 107
carrying the sprockets for supporting the track chains
at the other end of the track is mounted on the swinging
ends of arms 19, swingable about the axis of shaft 106,
The swinging ends of arms 108 may be raised by links
109 connected between the swinging ends of such arms
and the swinging end of a lifting lever 110, swingable
about the fulcrum pivot 111 by downward movement of
the handle 112 on the other end of the lever. This
lever may be swung downward until the link 109 moves
across the axis of pivot 111 and engages the stop 113,
In that position the upper track supporting arms 108 will
remain suspended to hold the upper track in thé broken:

line-position illustrated in Figurs 7.
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Beécause of the' large -gripping aréa afforded by thé
tread. bar surfices of the upper track when it i§ in its
downwardly swung position engaging the upper surfacé
of the shéet material as in full lines in Figure 7, it-is not
necessary to drive the upper track positively, but it may
serve merely as. a pressure element to hold the sheet
material in firin tractive engagement with the lower
track tread bars.. More positive tractive effort can be
assured, however, if both the upper and lower tracks aré
powered, and consequently it is preferred that a chain
114 interconnect a sprocket on shaft 104 of the lower
track with a sprocket on shaft 106 of the upper track.
In order to drive shaft 166 in the direction opposite shaft
104 so that the lower stretch of the upper track and the
upper stretch of the lower track will move in the sime
direction, it is necessary that the chain 114 move in a
fignre-gight path; as indicated in Figures 7 and 9.

In operating the apparatus the surface films, UF from
roll 10 and LF from roll 11, will be drawn from their
respective rolls passed about their tighteners, but their
tighteners may be swung to inoperative positions, and then
their leading ends passed between rolls 16 and 18, These
upper and lower films alone may then be drawn by hand
over the rods 4 and 42, beneath rod 43, over rods 46 and
47, and beneath rod 48 into the oven. All the levers

] 67 will be raised to lift the upper shoes 50 into their
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upper positions, so that the upper and lower films may
be passed between the shoes of each pair. Suitable access
holes, not shown in the drawings, will be provided in the
walls of the oven, through which an operator may reach
to grasp the surface films and thread them through the
apparatus in this manner. )

Following the same procedure, after the surface films
have been passed entirely through the oven sections 55,
56 and 57, and across the exposed sheet supporting struc-
ture 59, the surface films will be threaded between the
upper and lower shoes in oven section 58. While the ap-
paratus is being set up in this manner, the edging disks 7
may be raised out of the path of the sheet material by
sliding brackets 72 upward along post 73. The surface
films are then fed on between the upper and lower tracks
with the arms 108 swung by lever 110 into the broken-
line position of Figure 7. When the surface films have
reached this position, the lever 110 will be swung in a
counterclockwise direction about its pivot 111, as seen in
Figure 7, to lower the upper track into engagement with
the surface films. The motor 8 may then be started to
being pulling the surface films mechanically through the
apparatus, while the glass mat end is passed beneath roll
24, which may be raised for this purpose, and fed between
the films passing between upper and lower rolls 16 and
18. Roll 16 may also be raised until an appreciable por-
tion of the glass mat has been fed past these rolls.

Operation of the oven heaters may then be started
and when the oven approaches operating temperature
the surface film preheating lamps 40, 41, 44 and 45 may
be turned on, appropriate upper shoes 50 lowered onto
the lower -shoes, roll 16 lowered to press against the
lower roll 18, roll 24 lowered to its operative position,
and brushes 29, 33 and 34 adjusted properly. The resin
feed mechanism, including the control valve for supply
pipe 20 and the slide valve 21 in feeder trough 2, may
be set to dispense resin, and the motor 8 energized to pull
the composite sheet S through at the desired rate. Tight-
eners 14 and 15 will then be adjusted for the proper ten-
sion of the surface film. When the glass mat core has
progressed through the final oven section 58, the edging
cutters 7 may be lowered to their operative position
and the brackets 72 clamped on the posts 73 so that the
Tesin sheet material will be cut to proper width.

Up to this point it i not necessary that the transverse
cut-off mechanism be operated, for the cellophane or other
surfacing film material can-merely bunch up at the ‘end
of the table and be torn:off. When the resin sheet mate-
-rial ‘emerges from ‘between the -endless tracks, however,
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the transverse cut-off mechanism may be started, and an
initial reference end cut made. -Thereafter the cut-off
mechanism may be operated either manually as .desired
or by. suitable automatic control mechanism, so that when
a position on the sheet material corresponding to a desired
unit end has reached the position of cut-off wheel 84, the
cl_ar_np 83 will be energized to clamp chain 82, synchro-
nizing movement of carriage 75 with lengthwise move-
ment of the sheet. Thereupon motor 89 will be ener-
gized to transverse the traveler 85 along its guides 87,
while motor 86 rotates the abrasive cut-off wheel. When
the cutter has completed its movement along the carriage
75 to sever the sheet, the direction of rotation of motor 89
will be reversed to return the traveler to- its initial side
while the clamp 83 remains:operative to move the car-
riage in synchronism with the sheet material.” By suit-
able control mechanism, such as the limit switch 83’ and
ston 83", clamp 83 then will be released and cvlinder 90
energized to. recivrocate piston rod 9 for returning car-
ringe 75 to its initial position where it will remain until
the next unit is to be severed.

. The length of heating period and temperatures are
subject to reasonable variation. so that it is vossible to
alter the speed of travel of the sheet material through the
forming anparatus within reasonable limits as far as the

curing of the resin is concerned. Perhans the most crit-

ical feature of the nrocess is the time during which the
glass mat soaks in the resin before the sheet is consoli-
dated between the presser rolls 16 and 18. In order to in-
sure that there are no drv snots in the sheet’s core lack-
ing sufficient resin distribution. and to afford »mole op-
“portunity for the resin to disolace all air originally sur-
rounding the fiters of the elass mat. the soaking time
between roll 24 and rolls"16 and 18 should be at least
three-quarters of a minute. ¥f the soaking time avpreci-
ablv exceeds one and one-cmarter minutes, however, the
glass fihers will be free to float freely about in the resin
and may bunch un instead of remaining in a laver of
aporoximately uniform thickness as they are in the glass
mat.

On the other hand. it may be desirable to move the
sheet material through the oven at a slow sneed and rela-
tivelv low heat, or at a ranid speed and higher heat.
Such movement through the oven might be varied, for
example, between two feet a minute and four to six
feet a minnfe, derending upon the length of the oven. its
temnerature, and the time desired to set the resin. Such
wide variation in speed cannot safely be accommodated
in anoaratus where the glass mat applying roll 13 and the
consolidating rolls 16 and 18 are spaced apart an unvari-
able distance. TIn Figure 13 an arrangement is illustrated
enabline this snacing to be altered.

In this mechanism the resin supply trough 2, the
doctor blade 22. the elass mat laying roll 24, and its suo-
porting guide rods 25 are all mounted on a carriage 115
supported by wheels 136 running on tracks 117 extend-
ing along opposite sides of the table 13. The guide roller
12 and tightener roll 14 for the lower surface film LF are
mounted far enough from the consolidated rolls 16 and
18 so that when the carriage is in its farthest position to
the left, in the solid-line position shown in Figure 13,
the resin will be deposited on the lower cellophane sheet a
reasonable - distance ahead of roller 12. The carriage
may be clamped in this position or in any other adjusted
position between such solid-line position and the broken-
line position shown in Figure 13 by clamps 1i8 which
may be tightened against the bottom of rails 117.

With a movable resin supply and spreading mechanism
arrangement such as shown in Figure 13, it will be evi-
dent that the resin barrier formed by the channel 3 and
strip 30 shown in Figure 10 must extend to the left ap-
proximately to roll 12 irrespective of the position of the
carriage 115 along the track and consequently will be
supported from the apparatus framework independently
of the doctor blade in a suitable and convenient manner.
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When the sheet material is progressing through the ap-
paratus relatively slowly therefore, the carriage 115 will
be set in the broken-line position or at some location
toward the right from the solid-line position shown in’
Figure 13, so that the glass mat will not soak in the resin
during its travel from roli 24 to rolls 16 and 18 too long.
When the rate of travel of the sheet material through the
machine is increased, however, the carriage 115 may be
moved appropriately to the left so that, despite the in-
creased speed, the soaking time for the glass mat between
roll 24 and rolls 16 and 18 may be maintained approxi-
mately the same, although the resin curing time during
passage of the sheet material through the oven § is ma-
terially reduced.

As has been discussed above, cellophane and equivalent
surfacing film materials suitable for use in the manufac-
ture of my sheet product shrink when heated. In the ap-
paratus of Figures 2 and 3 the surface film material is
heated after the surface films and interposed glass mat
and resin have been assembled. While the heating at
that stage may serve to preheat the resin also to some
extent, heat absorbed by the resin necessarily reduces
the amount of heat available for shrinking the surface
film material. - An alternative type of arrangement is
shown in Figure 14, in which the lower surface film
LF and the upper surface film UF are heated and pre-
shrunk before they are assembled with each other, or
with the resin and glass mat components.

The feeding and tensioning features of the apparatus

shown in Figure 14 are the same as those shown and
described in comnection with Figures 2 and 3, and the
parts have been designated by the same numbers, so that
it is not necessary to describe these elements further.
In this mechanism, however, instead of providing the heat
lamps 40, 41, 44 and 45 for heating the composite sheet
S, a heat lamp 119 is mounted to direct heat on the lower
surface film LF immediately after it passes the tightener
roller 14, and a heat lamp 120 directs heat on the upper
surface film UF shortly after it leaves the tightener 1S.
Shrinkage of the surface films will then begin at these
locations, respectively, and because there is no additional
material to absorb heat, the shrinkage action will take
place much more rapidly.
" To avoid wrinkling of the lower film caused by shrink-
age, the guide roller 12 is replaced by roller 121 which
is of the oscillating, length-varying, slat type. Alter-
nate slats are secured to opposite ends of the roll and
cam mechanism effects relative axial movement .of ad-
jacent slats so as to continually agitate the film trans-
versely and interrupt any tendency for the film to cling
to the roll which would impede its shrinking action. At
the same time such slat movement would smooth -out
the film, so that as it passes onto the table 13 it will
have been shrunk completely and lie smoothly.

Similarly, the upper surface film UF passes from the
zone heated by lamp 120 over an oscillating, length-
varying, slat roll 122, interposed between the heated
zone and consolidating rolls 16 and 18. Oscillation of
the slats in this roll in the same way prevents any tend-
ency of the surface film to stick to the roll surface, and
the slat movement also exerts a smoothing effect on the
film, so that it is completely ‘shrunk and contacts roil
16 smoothly.

I claim as my invention:

1. The method of making composite sheet material
which comprises moving longitudinally a lower surface
film, depositing heat settable liquid resin on such lower
surface film, during continued longitudinal movement of
such lower surface film carrying the resin, laying into
such liquid resin stranded reinforcing material and there-
by displacing the air in such reinforcing material with
resin, covering the reinforcing material and resin. with
an upper surface film, consolidating the intermediate resin
and - reinforcing material by applying pressure to the
lower surface film and the upper surface film and thus
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forming a composite sheet, moving such composite sheet
longitudinally through a heated zone and thereby setting
the resin, and during such movement through at least
the initial portion of such heated zone engaging opposite
surfaces of the composite sheet and thereby shaping into
a desired form the cross-sectional configuration of the
sheet.

2. The method of making composite sheet material
which comprises moving longitudinally a lower surface
film, depositing heat settable liquid resin on such lower
surface film, during continued longitudinal movement of
such lower surface film carrying the resin, laying glass
mat into such resin and thereby displacing the air in such
glass mat with resin, covering the glass mat and resin
with an upper surface film, consolidating the intermediate
resin and glass mat by applying pressure to the lower

surface film and the upper surface film and thus form- -

ing a composite sheet, moving such composite sheet Iongi-
tudinally through a heated zone and thereby setting the
resin, and during such movement through at least the
initial portion of such -heated zone engaging opposite
surfaces of the composite sheet and thereby shaping into
a desired form the cross-sectional configuration of thé
sheet.

3. The method of processing composite sheet material
which comprises superimposing a cellophane lower sur-
face film, an intermediate layer of liquid resin and rein-
forcing material and a cellophane upper surface film,
shrinking the upper and lower surface films by heating
them while such resin remains fluid, and while unset, and,
during such film shrinking operation, smoothing the sur-
face films and thereby eliminating therefrom wrinkles
caused by such shrinking.

4. The method of processing composite sheet material
which comprises laminating cellophane surface films with
an intermediate layer of resin and stranded reinforcing
material therebetween into a composite sheet, prior to
such laminating shrinking the surface films by heating
them initially, and thereafter heating the composite sheet
to a tempertaure lower than the temperature to which
the surface films were heated initially and thereby setting
the resin.

5. In the method of processing composite sheet mate-
rial including a cellophane lower surface film, an inter-
mediate layer of resin and reinforcing material and a
cellophane upper surface film consolidated into a com-
posite sheet, the steps of removing wrinkles from the
sheet which comprises drawing such composite sheet lon-
gitudinally, during such longitudinal drawing smoothing
one side of such composite sheet concavely transversely
of the direction of sheet movement, and at a subsequent
location in such sheet movement smoothing the opposite
side of such sheet and thereby curving such opposite side
concavely transversely of the direction of sheet movement.

6. In the method of processing composite sheet mate-
rial the steps of laminating two surface films with an
intermediate layer of liquid binder and reinforcing mate-
rial between such surface films of a width less than the
width of such surface films and disposed to leave edge
portions of the surface films projecting laterally beyond
such intermediate reinforcing material layer, consolidat-
ing such binder and reinforcing material by applying pres-
sure to such surface films, and gluing together the inner
surfaces of such edge portions of such surface films pro-
jecting laterally beyond the intermediate reinforcing mate-
rial layer and thereby retaining the liquid binder between
such surface films.

7. The method of processing composite sheet material
which comprises laminating two surface films with an
intermediate layer of heat settable liquid resin and rein-
forcing maierial between such surface films, consolidating
such resin and reinforcing material by applying pressure
to such surface films and thus forming a composite sheet,
moving such composite sheet longitudinally through a
heated zome and thereby seiting the resin, during such
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movement throngh at least the initial portion of siid
heated zone engaging opposité surfaces of the composite
sheet in a shape gathered transversely of its diredtion of
movement and thereby shaping the cross-sectional con-
figuration of the sheet into a desired form gathered trans-
versely of its direction of movement, and between such
consolidating and such engagement of the opposite sheet
surfaces moving longitudinally such sheet unconfined and
progressively gathering the' composite sheet transversely
of its directiorn of movement. .

8. The method of making composite sheet material
which comprises laminating two surface films with an in-
termediate layer of heat settable liquid resin and stranded
reinforcing material between such surface films, consolid-
ating such resin and reinforcing material by applying
pressure to such surface films and thus forming a com-
posite sheet, moving such composite sheet longitudinally
through a heated zone and thereby setting the resin, dur=
ing such movement through at least the imitial portiod
of said heated zone drawing stich composite sheet betwéesn
dies engaged with and smoothing opposite sides of such
composite sheet in a shape gathered transversely of ifé
direction of movement and thereby shaping the cross-
sectional configuration of the sheet into a desired form
gathered transversely of its direction of movement, and
between such consolidating and such die engagement mov-
ing longitudinally such sheet unconfined and progressivély
gathering the composite sheet transversely of its direction
of movement.

9. Apparatus for processing composite sheet material;
comprising supply means operable to supply superposed
surface films and polymerizable liquid resin therebetween
for forming composite sheet material, polymerizing means
operable to set the resin between such surface films duz-
ing longitudinal movement of such composite sheet mate-
rial along a substantially linear path, through said poiy-
merizing means, complémental cooperating movable grip:
ping members located respectively at opposite sides of
such path at the discharge side of said polymerizing means
for clamping therebetween a portion of such composite
sheet material in which the resin is set, carrier means sup-
porting said gripping members, and drive means moving
said carrier means and said gripping meémbers a substan-
tial distance:linearly in tie direction of movement of such
composite sheet material to pull it through said polymer-
izing means. _

10. The method of making composite sheet material
which comprises moving a cellophane lower surface film
longitudinally, depositing on such lower film Heat séttabls
liquid resin, during continued movement of such lower
film carrying liquid resin laying into. the resin stranded
reinforcing material, covering the reinforcing material
with a cellophane upper surface film, consclidating the
intermediate reinforcing material and resin by applying
pressure to the lower surface film and the upper film and
thus forming a composite sheet, moving such composite
sheet longitudinally, and during such movement initially
heating its upper ‘and lower surfaces and thereby shrink-
ing the surface films, during continued longitudinal move-
ment of the composite sheet smoothing opposite .sides
thereof and thereby removing wrinkles caused by shririk-
ing of the surface films, moving the composite sheet lon-
gitudinally through a zone heated to a temperature lower
than the temperature of initial heating and thereby setting
the resin and during such movement engaging opposite
surfaces of the sheet and thereby shaping the cross-sec-
tional configuration of the sheet during setting of the
resin.

11. The method of making composite sheet material
which comprises moving a cellophane lower surface film
longitudinally, depositing on such lower film heat settable
liquid resin, during continued movement of such loweét
film carrying résin laying into the resin a sheet of glass
mat material and mioving such' sheet of glass mat ma-
terial longitudinally conjointly with thé lower filfi, covs
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ering the glass mat with a cellophane upper surface film,
consolidating the intermediate glass mat sheet and resin
by applying pressure to the lower surface film and the
upper film and thus forming a composite sheet, moving
such composite sheet longitudinally, and: during such
movement initially heating its upper and lower surfaces
and thereby shrinking the surface films, during continued
longitudinal movement of the composite sheet smooth-
ing opposite sides thereof and thereby removing wrinkles
caused by shrinking of the surface films, moving the
composite sheet longitudinally through a zone heated to
a temperature lower than the temperature of initial heat-
ing and thereby setting the resin, and during such move-
ment engaging opposite surfaces of the sheet and thereby
shaping the cross-sectional configuration of the sheet dur-
ing setting of the resin. ‘

12. Apparatus for making composite sheet material
including cellophane surface films and an intermediate
layer of resin and stranded reinforcing material between
such films, comprising means operable to move such sur-
face films longitudinally with heat settable liquid resin
therebetween, heating means disposed along the path of
such movement and operable to heat such surface films
initially and thereby shrink such films prior to setting
of the resin from fluid condition, and additional heating
means disposed along such path of movement beyond
said first heating means and operable to heat the resin
and thereby set it after the surface films have been shrunk.

13. The apparatus defined in claim 12, and sheet-
smoothing means engageable with a surface film, inter-
posed between the heating means and. operable, prior to
heating of the sheet for setting the resin, to smooth
from the surface film engaged thereby wrinkles caused by
shrinking of such film.

14, Apparatus for processing composite sheet material
comprising means operable to move longitudinally a sur-
face film, means operable to deposit liquid binder on
such film, and cooperating upper and lower elongated
ridge members engageable with opposite sides of such
surface film and having their lengths extending in a di-
rection substantially parallel to the direction of move-
ment of such film limiting flow of such binder transversely
of the direction of film movement.

15. Apparatus for processing composite sheet material
comprising means operable to move longitudinally a sur-
face film, means operable to deposit liquid binder on such
surface film, an elongated channel member having its
flanges engageable by one side of such surface film and
having its length extending in a direction substantially par-
allel to the direction of movement of such film, and a strip
member disposed between the flanges of said channel
member, and engaging the other side of such film and
pressing it into such channel to limit flow of such Lresin}
binder transversely of the direction of [flow] film move-
ment,

16. Apparatus for making composite sheet material
including surface films and an intermediate layer of resin
and stranded reinforcing material between such films,
comprising an oven, and sheet-engaging shoes received
in said oven and spaced apart lengthwise of it and en-
gageable respectively. with portions of the surface films
alternating with unconfined poitions of such films for
smoothing ‘opposite sides of the composite sheet as it is
drawn between said shoes during its passage through
said oven. :

17. Apparatus for making composite sheet material
comprising an oven forming a heated path through which
composite sheet material including a lower surface film,
an intermediate layer of reinforcing material and resin
and an upper surface film may be moved longitudinally,
and cooperating endless tread belts disposed adjacent to
each other at the discharge side of said oven, operable
to grip therebetween a portion of such composite sheet
in which the resin has set, and being further operable to
draw through said oven the composite sheet thus gripped
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to set the resin in the portion of the sheet passing through
the oven. : ) :

18. In the method of processing composite sheet mate-
rial the steps of laminating two surface films with an
intermediate layer of liquid resin and reinforcing material
between such surface films of a width less than the width
of such surface films and disposed to leave edge portions
of the surface films projecting laterally beyond such in-
termediate reinforcing material layer, and bonding to-
gether such edge portions of such surface films projecting
laterally beyond the intermediate reinforcing material
layer and thereby retaining the resin between such surface
films until the resin has set.

19. In the method of processing composite sheet ma-
terial the steps of laminating two surface films with an
intermediate layer of heat settable liquid resin and rein-
forcing material between such surface films of a width
less than the width of such surface films and disposed to
leave edge portions of the surface films projecting lat-
erally beyond such intermediate reinforcing material
layer, bonding together such edge portions of such sur-
face films projecting laterally beyond the intermediate
reinforcing material layer and thereby retaining the resin
between such surface films until the resin has set, and
after such bonding heating the laminate and thereby set-
ting the resin.

20. In the method of processing composite sheet ma-
terial the steps of laminating two surface films with an
intermediate layer of liquid resin and reinforcing ma-
terial between such surface films of a width less than
the width of such surface films and disposed to leave
edge portions of the surface films projeciing laterally be-
yond such intermediate reinforcing material layer, con-
solidating such resin and reinforcing material by applying
pressure to such surface films, and bonding together such
edge portions of such surface films projecting laterally
beyond the intermediate reinforcing material layer and
thereby retaining the resin between such surface films
until the resin has set.

21. The method of making composite sheet material
which comprises laminating two surface films with an
intermediate layer of resin and stranded reinforcing ma-
terial between such -surface films, consolidating such
laminate into a composite sheet, moving such composite
sheet longitudinally through a heated zone and thereby
setting the resin, and during such movement through at
least the initial portion of said heated zone engaging op-
posite sides of each portion of such composite sheet inter-
mittently, successively between dies arranged in succession
in such heated zone, and thereby shaping into a desired
form the cross-sectional configuration of the sheet.

22. The method of making composite sheet material
which comprises moving longitudinally a lower surface
film, depositing on such lower surface film heat settable
liquid resin, during continued longitudinal movement of
such lower surface film carrying the resin laying stranded
[resinforcingd reinforcing material into such resin -and
thereby displacing the air in such reinforcing material with
resin, covering the reinforcing material and resin with an
apper surface film, consolidating the intermediaie resin
and reinforcing material by applying pressure to the
lower surface film and the upper surface film and thus
forming a composite sheet, moving such composite sheet
longitudinally through a heated zone and thereby setting
the resin, and during such movement through at least the
initial portion of such heated zone deforming the com-
posite sheet from planar shape into a shape gathered
transversely. of its direction of movement by engaging
opposite surfaces of the composite sheet and thereby
shaping into a desired nonplanar form the cross-sectional
configuration of the sheet.

23. The method of processing composite sheet ma-
terial which comprises superimposing a cellophane lower
surface film, an intermediate layer .of liquid resin and
reinforcing material and a cellophane upper surface film,
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“heating the siirface filins ‘and thie tesin therebetween and
_thereby ‘setting ‘the resin, ‘and ‘prior to such resin setting
‘heating step shrinking the films by heating them to a
‘temperature higher than the témperature of the resin set-
itig heating, :

24, The miethod of processing composite sheet. ma-
terial including a cellophane lower surface film and a
cellophane upper surface film and resin therébetween
‘which comprises shrinking the lower surface film trans-
‘versely of its length by initially heating it, shrinking the
upper surface film transversely of its length by initially
heating it, placing between the upper and lower surface
films thus shrunk dn intériediate layer of liquid resin

and reinforcing material, and heating the upper and lower
surface films with ‘the resin therebetween -to a tempera-
ture lower than the temperature to which the surface
films ‘Were heatéd inifially and théreby “setting the resin
“between tlie shrunk ifface filiiis.

-25. Apparatus for processing composite sheet material
‘comprising ‘a film supporting table, means operable to
thove ‘a film longitidinally “along such table, two elon-
‘gated ridge elements having their lengths extending paral-
Tel to the direction of movemetit'of ‘the film; spaced-apart
‘a ‘substantial distance transversely of such direction: of

film ‘movement and operable to. lift ‘portions of the film

‘overlying said ridge eléments above. the ‘film: porticn on
the table betwéen
able to deposit liquid

gr on”such film between said

d°ridge: elements, and ‘means eper-
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‘resin to Forin @ liminate, locating the lamindte upon a

mold “having convexly curved upper surface -portios,
S§moothing the laminate after said lamiinate is in cohtact
with said mold ‘to ‘remove wrinkles from the laminate
and conform the laminate to the mold surface, and heat-
ing the laminate while in contact with said mold to cure
the resin.

31. A method of continuously forming a thermosetting
plastic product of predetermined cross section, comprisinig
depositing liquid thermosetting resin onto a flexible sir-
face being moved, depositing reinforcing fibers onto ‘the
moving liquid resin, covering the reinforced resin formed
with another flexible Surface to form an encased liguid
resin having reinforcing fibers embedded therein, partial-
ly curing the encased reinforced resin by hedting, there-
after movinig the ‘éncased partially cured resin throiigh a
forming méans, and heating such encased partially cured

‘resin while ‘being moved through such forming means to

advance the curing of the reinforced resin.

32. A method of continuously forming a thermoset-
ting plastic product 'of predetermined cross section, .com=
‘prising depositing liquid therimosetting resin on a flexible
film being moved; controlling the quantity and distribi-"
tion of resin deposited on the moving flexible film, mov-
ing reinforcing fibers downward into the moving liquid
restn, covering.the reinforced.resin with anotheér-flexible
cased reinforced resin, partially curing

“the éncased: reinforced liguid resin by heating, thereafter

‘ridge elements, said ridge élements being operable to deter

flow ‘of siuch- liguid -
direction of film movement. .

26. A method of conitinuously forming a thermosetting
plastic product of predetérmined. cross section, compris-
-ing depositing. a liquid pool 6f thernmosetting resin on a
moving, resin-impervious flexible fibn, depositing rein-
-foréihg material “onto the moving resin,- incorporating
‘the réinforcing material ‘into ‘the body- of liquid- resin,
covering the reinforced resin with another: resin-impervi-
ous flexible film to -form an/'erigasqd_reixifongd resin,
partially curing the encased reinforced resin by heating,
Hocating the partially cured -encased reinforced resin be-
tween molding menbers, and heating the resin while so
located to advance the curing thereof.

27. A method of continuously forming-a fibrous rein-
forced thermosetting plastic product, comprising moving
a continuous flexible film along a predetermined path,
deflecting opposed marginal edges of said film upwardly
to_give the film a trough-like configuration, depositing
a liguid thermosetting plastic upon the trough-like moving
film, incorporating fibrous reinforcirg material into the
plastic, and directing heat at the fibrous reinforced plastic
to advance the curing thereof.

28. A method of forming a fiber reinforced resin panel,
comprising depositing a layer of flowable liguid thermo-
setting resin on a flexible resin-impervious sheet, pro-
gressively moving a matted layer of fibers downwardly

into the layer of resin to submerge said fibers in liquid

resin, positioning a flexible resin-impervious cover sheet
on the layer of fiber reinforced resin to form a laminate,
Squeezing excess air from between the resinous-impervious
sheets, locating the laminate between molding members
to form said laminate to a predetermined configuration
and then heating the laminate to cure the resin layer.

29. A method of forming a fiber reinforced resin panel
as defined in claim 28, wherein prior to. locating the
laminate between the molding members the laminate is
heated whereby the cure of the resin is initialed, and the
resin is very soft when the sheet is disposed between the
molding members.

30. A method of forming a fiber reinforced resin panel,
comprising depositing a layer of flowable liquid thermo-
setting resin upon a flexible resin-impervious sheet, pro-
gressively moving a glass fiber mat into the layer of resin
along the length thereof, positioning a flexible resin-

-p‘as‘t:_'ﬂ_ie’m transversely of ‘the
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impervious cover sheet on the layer of fiber reinforced 718

moving- he: ‘encased -partially cured reinforced resin
through a’forming means. of predetertnined-cross section,
and heating such encased partially cured resin while being;
moved-thraugh such:forming means to advance the curing:
of the reinforced resin.. ‘

33,4 method -of continuously forming a . reinforced
thermoseiting: plastic. product of Dredetermined cross.sec-
‘tion, “comprising -continuously moving: a flexible  film,
forining @ channel in ‘the moving flexible film, depositing’
liquid thermosetting resin in the-channel; depositing rein-
forcing fibers onto” the -liguid thermosetting résin, there-
after ‘depositing ‘a-second flexible film on the liquid ther-
‘mosetting ‘resin-to encase completely the liquid. thermo-
setting “résin’ and  reinforcing fibers, and advancing - the
resin and reinforcing fibers through a forming means of
predetermined cross section during curing of such: resin.

34. An apparatus for continuously producing a plastic
product.of Predetermined cross section, comprising means
for providing a moving flexible film, a trough for deposit-
ing liquid resin on the film, means for depositing fibrous
reinforcing material onto the liquid resin and lowering
the reinforcing material into the liguid resin, means for
placing a second flexible film on the liquid resin and reins
f?rcing material, héating mearns for partially curing the
liquid. resin, forming means of predetermined cross - sec-
Hon spaced from said heating means, means to pull the
flexible films with the partially cured resin therebetween
through the forming means, and additional heating means
disposed adjacent to the forming means.to cure substan-
tially completely the partially cured resin while it is
being moved through said forming means.

35. Apparatus of the character defined in claim 34,
ir which there is provided means adjacent the trough for
accurately controlling the quantity and distribution of
liguid resin deposited on the continuous film.

36. An apparatus for continuously- producing a plas-
tic product of predetermined cross Section, comprising
means for providing a moving flexible film, guide rails
beneath each side edge portion of the flexible film, a
trough for depositing liguid resin on the flexible film,
means for depositing glass fibers onto the liquid resin
and moving the glass fibers downward inio the liquid
resin, means for placing a second flexible film on the
liquid resin contuining the fibers imbedded therein, means
for pressing out entrained air from between the first and
second flexible films, heating means for partially curing
the liquid resin, forming means of predetermined cross
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section spaced from said heatmg means, means to pull
the flexible filins with: the partially cured resin therebe-
tween through the. forming means, and additional heat-
ing means disposed_adjacent to the forming means to
cure substantially comipletely the partially’ cured resin
while it is being moved. through said forming means.

37. A method of continuously shaping a continuous

‘moving laminate including a layer of liquid resin con-
taining reinforcing ﬁbers and sandwiched between a
pair of resin-impervious flexible sheets, comprising cur-
ing the moving layer of resin to a very soft condition in
its initial setting stages, moving the resin in such con-
dition through a forming means of ‘predetermined cross
section, and advancing the cure of the resin while the
“laminate is being moved through the forming means.
" 38. A method of continuously shaping acontinuous
'movmg laminate including a layer of liquid’ thermo-
‘setting resin contammg reznforcmg fibers and sandwicked
between a pair of resm-zmperkus flexible sheets, com-
prising heating the movmg laminate to cure the resin to
a very soft condition in its initial setting stages, moving
the laminate through a formmg means of predetermined
cross section with the resin in such condition, and heat-
ing the moving laminate while passing through the form-
ing means to advance the cure of the resin.

39. A method of continitously corrugating a con-
tinuous: moving laminaté including a layer of liquid ther-
mosetting resin. containing reinforcing fibers .and “sand-
wiched between a pair of resin- zmpervxous flexible ‘sheets,
campnsmg heating such mioving laminate to cure the
“resin partmlly, continuously directing the under surface
of the moving laminate over @ forming surface having
corrugations extending substantially parallel to the path
of travel of the laminate, applying pressure to the upper
surface’ of the laminate to conform the laminaie to the
configuration of the forming surface, and heating the
laminate ‘while in contact with the formmg surface to
advance the resin cure.

40. Apparatus for continuously producing shaped
plastic panels of predetermined cross section from a con-
tinuous laminate including a layer of liquid thermosetting
resin containing fiber reinforcement and sandwiched be-
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tween a pair of. resin-impervious flexible sheets, compris-
ing means for moving such laminate along a predeter-
mined path, means to apply heat to the laminate while

‘movzng along such path to cure the resin partially, form-

ing means having an opening of substantially constant
and predetermined cross section through which the con-
tinuous laminate passes, heating means associated with. the
forming means for advancing the cure of the resin while
the laminate is passing through said forming means, and
means for continuously moving the laminate through said
forming means.
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