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ABSTRACT OF THE DISCLOSURE

The invention relates to the art of forming fibrous webs
e.g., paper from dilute aqueous fiber suspensions fed into
a web forming zone defined by a pair of opposed porous
forming belts or “wires” driven into gradual convergence,
in a forming zone, by (1) an open-faced roll wrapped by
one of the belts and (2) an opposed porous stationary
guide wrapped by the other of the belts and urging the
same into such convergence in the forming zone with the
one belt, the stationary guide presenting a non-circular
active surface defined by the longitudinal contour of a plu-
rality of belt-contacting longitudinally spaced transverse
edges.

———— S t————

The present invention relates to improvements in paper
making machinery or the like, and more particularly, to
improvements in devices and methods for forming the
initial web of fibrous material from a dilute suspension in
paper machines or the like.

Although the instant invention is particularly adapted
for use in the forming arrangement of paper making ma-
chinery and it will be described primarily in connection
therewith, it will be appreciated that the invention has
other uses in related devices. Essentially, the invention is
concerned with a new and unique forming arrangement
which has been devised for such purposes as accommo-
dating higher paper making machinery speeds as well as
improved quality in the paper so made. It will be appre-
ciated that the very substantial capital investment in paper
making machinery makes it necessary for continuous re-
search and development in improvements in not only pa-
per making quality but operating speeds for such ma-
chinery. The instant invention provides a novel arrange-
ment and method for effecting improved paper making
quality at high speeds.

Other and further objects, features and advantages of
the present invention will become apparent to those skilled
in the art from the following detailed disclosure thereof
and the drawings attached hereto and made a part hereof.

ON THE DRAWINGS

FIGS. 1A and 1B represent side elevational views
shown in longitudinal succession or sequence of a paper
forming section embodying the instant invention, and it
will be appreciated that these two views may be referred
to as a single embodiment of the overall forming unit;

FIG. 2 represents in side elevation, with certain parts
shown in section, an enlarged inlet and forming zone
arrangement for use in the embodiment of FIGS. 1A and
1B;

FIG. 3 represents a side elevational view of an alter-
nate couch section for use with the embodiment of FIGS.
1A and 1B; and

FIGS. 4A and 4B represent a side elevational view, in
longitudinal succession A-B, of still another embodiment
of the invention.

AS SHOWN ON THE DRAWINGS

In FIGS. 1A and 1B there is shown a first forming
wire loop 11 that is wrapped about guide rolls including
the rolls 12 and 13 shown within the loop of the wire 11

10

15

20

25

30

35

40

45

55

60

65

70

2

in FIGS. 1A and 1B, although it is apparent that the loop
of the wire 11 is shown to be extending beyond the right
hand side of the view of FIG. 1B (obviously with other
guide rolls which are not shown) and coming back along a
lower return run around a forward tensioning roll 13. The
roll 13 is adjustable as indicated by the double-headed ar-
row 13A mounting the same on bearings on a lower hori-
zontal framing H~1, which tensioning roll 13 may be used
to apply the desired tension to the forming wire loop 11
during operation in a manner that is substantially con-
ventional for the use and function of forming wire ten-
sioning rolls. In FIG. 1B, it will be noted that the essen-
tially horizontal frame H-1 is provided with a pair of
essentially vertical frame members V-1 and V-2 which
extend upwardly to mount successively a second hori-
zontal frame projection H-2, and a third and fourth essen-
tially horizontal frame H-3 and H-4, again in generally
conventional supporting structure. The guide roll 12 for
the wire 11 is shown essentially schematically mounted
for rotation on the upright frame member V-2.

A second forming wire 21 is also shown in FIG. 1B
mounted on a plurality of guide and tensioning rolls which
are shown mounted for rotfation, respectively, at 22 on
the framing projection H-2; and at 23, 24 and 25 appro-
priately mounted on bearings which are in turn mounted
on the top horizontal frame H-4, again in essentially con-
ventional manner which need not be described in further
detail herein. It will be noted, however, that the position-
ing screw 22a on the framing upright V-1 assists in posi-
tioning the roll 22 and tensioning of the wire loop 21 is
afforded by adjustable mounting devices shown for the
rolls 23 and 24, both of which devices are represented
schematically by two-headed arrows at 23a and 24a, re-
spectively. The first mentioned forming wire 11 and the
second mentioned forming wire 21 shown in FIGS. 1A
and 1B are thus mounted with appropriate, although con-
ventional, guide and tensioning means for effecting the
desired tension control thereof and, although not shown
specifically, drive means are provided, e.g., for the rolls
12 and 23, 24, 25, so that the actual peripheral or longi-
tudinal machine direction speeds of the two wires 11 and
21 are controllable and are coordinated, again in con-
ventional manner, for the purposes hereinafter described.
Guide and tensioning means for forming wires generally
are well known and need not be further described herein.

It will be noted, however, that the forming wire 21 is
also wrapped about a large diameter open roll designated
26 (FIG. 1B), over a substantial suction area indicated
essentially diagrammatically at 26a thereof, and is pro-
vided with an off-running saveall 26b extending generally
upward in the view of FIG. 1B from close running rela-
tion to the surface of the open roll 26 at approximately
the cross-machine line of separation of the forming wire
21 from the periphery thereof, so that droplets of water
tending to be retained in the periphery of the open roll
26 may be thrown into such saveall 265 and not back
against the inner periphery of the forming wire 21.

1t will also be noted that the first mentioned forming
wire 11 approaches the open faced roll 26 (wrapped by
the second mentioned wire 21) over a wire guide device
15 (which will be described in greater detail hereinafter)
which acts against the inner periphery of the loop of the
wire 11 to control the position of the wire 11 as it travels
thereover and also to control its position relative to its
spacing from the second mentioned wire 21 wrapped
about the open roll 26 at a critical web-forming zone be-
tween the wires 11 and 21 at the upstream end 26aq of
the suction area for the open roll 26. Immediately after
the position controlling box or device 15 for the wire 11,
in its longitudinal or machine direction travel, it well
be seen that the wire 11 continues in its direction of travel
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under tension as what might be called a free loop for
a short distance of travel before it appears, in FIG. 1B,
to be wrapped about and on the second wire 21 that is
being carried on the outer periphery of the open roll 26
opposite the overall suction area 26a thereof. Actually, it
is apparent from FIG. 1B that there is an initial con-
vergence between the wires 11 and 21 that is controlled
by the substantially unyielding periphery of the open roll
26 and the substantially unyielding elements of the guide
box 15 (in an initial forming zone region designated
X~1) after which the forming wire 21 continues to travel
on the outer periphery of the open roll 26 while the op-
posed forming wire 11 travels in the substantial absence
of restraining contact through a terminal forming zone
portion indicated at X-2 in FIG. 1B. The overall web-
forming zone is represented as the total peripheral di-
mension of X~1 plus X-2 in FIG. 1B, after which the
initial or insipient web is formed in essentially a sand-
wich-type structure between the wires 11 and 21 and con-
tinues to travel around a substantial additional portion of
the periphery of the open roll 26, opposite an additional
portion of the suction area 26a thereof.

To recapitulate, then, the forming wire 21 is caused
to travel in a substantially unyielding course of travel
against and around the periphery of the open roll 26
through the forming area, which in composite may be re-
ferred to as X, and afterwards until approximately the
off-running suction sealing strip 26c and the saveall 265
adjacent thereto; whereas the opposed forming wire 11
travels under tension and with controlled spacing from
the opposite forming wire 21 over the box 15 for an ini-
tial peripheral forming zone region X-1, then as a yield-
ing but tensioned free loop through a second forming
zone portion X-2, and finally in the aforesaid sandwich
structure for the remainder of the suction area X-3 of
the open roll 26. .

Essentially the wire guide and control box 15 shown in
FIG. 1B functions to effect a desired and quite precise
positioning of the wire 11 and spacing of the same from
the wire 21 during an early and very critical portion of
the forming zone X-~1, and it will be appreciated that
this concept of control of the positioning of the outer wire
11 in the early stages of the forming zone X-1 is of par-
ticular significance in the operation of the instant form-
ing zone, not only from the point of view of affording
considerable flexibility in adjusting water drainage ra-
tios through the wire 11 as against through the wire 21
and into the interior of the roll 26, but also control as
to the incremental pressure differences that might other-
wise tend to be created against the stock in the forming

zone X-1 and also X-2 at this extremely significant re--

gion of web formation.

It will be appreciated that, particularly in the case of
the formation of paper webs from stocks of various con-
centrations, the rate of deposition of the stock fibers onto
the opposed wires 11 and 21 at the very initial forming
zone region X-1 creates a fiber bed on each of these two
wires that will function only generally like a filter bed.
In filtration, the filter ajd often used has definite drainage
characteristics, particle sizes, and even particle orienta-
tion so that its rate of drainage relative to its thickness
is often believed to be a function that can be calculated,
or at least many skilled workers in the art pretend to be
able to calculate the same. Filter aids and materials be-
ing filtered have been studied for the purpose of making
such calculations and some degree of uniformity is or-
dinarily sought in this respect.

Studies have been made in connection with the deposi-
tion of fibers from paper making stock onto a wire in an
effort to correlate the academic principles and concepts
thereof with those of filtration calculations, but for a num-
ber of different reasons these calculations proved to be
primarily approximations rather than something in the
nature of exact predictions. Paper stock fibers are not
identical in size and shape and this serves to be particu-
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larly complicating in this situation, since certain filter aids
may often be selected in such a way that their size and
shape characteristics can be controlled. With paper web
formation, it is perhaps particularly significant to note that
the object is not that of protecting some sort of exact con-
trol on the bases of the types of uniformity which might
be used in filtration calculations, because the felting of a
paper web of a multiplicity of particle sizes (plus a mul-
tiplicity of additives such as clay and the like which really
bear no physical resemblance to fibers of various sizes in
the paper machine stock) serve to substantially defy in-
telligent and predictable calculation. It is also understood
that the cellulosic fibers of the usual paper machine stock
actually have a certain amount of “semi-chemical” solva-
tion characteristics in retention of water molecules and the
like, so that the notion of predictable calculations relative
thereto may be attractive and the subject of a number of
academic efforts on the part of the skilled workers in the
art; but it can hardly be denied that the actual problems
of “practice” in connection with web formation are in-
stead very deceptive, Additionally, the paper machine stock
is known to have properties that are not consistent with
the classic “Newtonian” fluid flow properties by virtue of
the suspended matter therein, so that translation of high
speed machine direction stock jets to stock bodies under
pressure exerted more or less in the normal direction to
the machine direction represents still another phase of the
complications here involved.

The instant invention is based upon certain discoveries
which are not represented as solving the academic prob-
lems which have frustrated workers in the art over the
years. Instead, the instant invention affords certain signi-
ficant aspects of versatility in the forming zone operation
which make it possible for the operator to adjust the
paper machine forming zone to various stock character-
istics, within quite broad but reasonable limits, while at
the same time affording uniquely practicable and func-
tional operation.

With respect to the functional and practical aspects of
the instant invention, attention is directed to the fact that
he formingwire 21 is carried substantially entirely by co-
moving functional -parts, including particularly the open
roll 26 which travels at a peripheral speed that is matched
with the desired peripheral speed of the longitudinally
moving forming wire 21. In addition, the forming wire 11
also travels substantially over co-moving guide and ten-
sioning devices which, as in the case of the wire 21, serve
to minimize wear on the wire and serve generally to add
substantially to the practical aspects of the operation of
the instant paper making machine, and particularly the
function of the forming zone therein.

It will be seen, however, that there are certain elements
in the positioning and guiding control box 15 which are
stationary and over which the forming wire 11 travels; but
these elements offer unique advantages in the instant de-
vice in that they provide a substantial minimum number
of wire contacting surfaces and/or a minimum area of
wire contacting surface with respect to which there is in
fact relative movement between the rapidly traveling wire
11 and the stationary elements of the box 15. Also, it will
be appreciated that the wire contacting elements in the
box 15, which will be defined in greater detail hereinafter,
are preferably provided with substantially frictionless
wire contacting surfaces in the form of such surfaces as
extremely hard, refractory and smooth (micro-finish) ele-
ments which will in fact minimize wear on the wire 11.
The nature and character of such refractory ceramic types
of surfaces has already been described in detail and does
not require additional description herein.

Referring to FIG. 2, it will be seen that FIG. 2 shows
an enlargement of the essential features of the forming
area here involved. Thus, referring to FIG. 2, it will be
noted that the upstream sealing strip 26d is shown posi-
tioned at approximately (or slightly upstream of) the
slice exit (which is here designated by the dimension H;).
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The forming zone portion X—1 which is defined by the
wire 21 wrapping the outer periphery of the open roll 26
and the wire 11 wrapping the functional wire guide sur-
faces of the box 15 is shown as having diminishing thick-
ness from the slice jet dimension H; to an intermediate di-
mensiont H, over a distance designated D;. Actually the
overall initial forming zone region X-1 in which both
wires 11 and 21 are being guided into convergence is

longer than the intermediate dimension D; which is used
for reference in FIG. 2, since the guided convergent zone
X-1 terminates approximately at the beginning of the
forming zone X-2 which is defined by the wire portion
11a at the off-running side of the box 15 which is itself
free from restraining support contact for the peripheral
dimension indicated in FIG. 2. Without elaborating upon
the particular longitudinal alignment of the stock jet cen-
terline CL indicated in FIG. 2, being fed from the stock
jet inlet designated generally J, it will be sufficient to note
that the approximate thickness of the stock jet that is fed
out of the inlet device J is designated H,; and after the
stock has traveled the relatively short distance D, the over-
all thickness of the stock in the initial forming zone X-1
has diminished to the dimension indicated at Hp, by virtue
of the desired rapid drainage into the suction area 26aa
of the open roll 26 and downwardly between the blades or
foils 15z through 15e, alphabetically, of the guide box 15.
The open roll 26 may have a number of conventional
constructions, which are not per se novel in the ins_tant
arrangement. As here shown, the open roll 26 is provided
with an outer shell 26f with perforations indicated partly
at 26g, to provide structural strength thereto. The outer
portion of the shell 16f may be provided }vith hqneyCOmb
cells or simply a plurality of cross-machine radial exten-
sions here indicated at 26k, and about which a surfac:e
screen or wire of spiral configuration (not shown) is
ordinarily employed to uniformly support the traveling
forming wire here designated only by the 1m§ 21. In short,
the open roll 26 does not provide subs?antlal land areas
backing against the forming wire 21 wh1<_:h would tqnd_ to
effect the formation of pressure differentials on the inside
of the loop of the wire 21 opposite the forming zone re-
gions X-1, X-2, or even the subsequent dewatering region
X-3, but the screen or spiral wire covered fins 267 are
mounted essentially for structural support for the forming
wire 21, in an open roll arrangement of generally conven-
tional structure. The sealing strip 26d and its downstream
counterpart 26¢ (FIG. 1B) are cor'mected. to a conven-
tional pressure control gland that is cgaxxally mounted
within the open roll shell 26 and is equipped by conven-
tional means which need not be described herein for
maintenance of a desired, generally subatmospheric pres-
sure between these glands 26d and 26¢ over the various
zones X-1, X-2 and X-3 already described. With ﬂ{e
woven forming wire 21 (which may be formed of plastic
or synthetic resin (e.g. mylon) fabric) mounted. on the
outer periphery of the open roll 26 is thus .mamta'med
throughout the forming zone regions just descnbed_ with a
substantially uniform pressure (i.e. subatmospheric pres-
sure) so that there is continuously maintained at such
forming wire 21 (on both the inner periphc?ry anl outer
periphery as a practical matter) a predetermined pressure
that is essentially constant for the more critical regions of
the forming zone and which is controlled as a practical
matter quite readily simply by controlling the pressure
wtihin the suction gland between the sealing strips 26c and
26d4. Thus, the rate of drainage from the stock issuing
from the jet J and flowing through the forming wire 21
into the interior of the open roll 26 is functionally con-
trolled. Moreover, the pressure control arrangement just
described is functionally adequate to maintain a substan-
tially uniform pressure continuously along the inner pe-
riphery of the forming wire 21 during the initial forming
zone peripheral region X-1, and the subsequent forming
zone region X~-2, and/or the subsequent dewatering zone
X-3, primarily on the basis of known operating controls
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in paper machines. The functional capability of the open
roll 26 to perform in this manner is understood by those
skilled in the art. It will be appreciated, however, that by
relative tilting of the stock jet device J so that the center-
line CTJ of the stock jet may be tilted relative to an approx-
imate tangent to the open roll 26 is also used to assist in
the actual control of the amount of drainage through the
wire 21 anl into the interior of the open roll 26. Again,
this is a concept which the skilled worker in the art can
readily appreciate.

With respect to the instant invention, however, the addi-
tional variable, which is now controllable, involves the
;:jontrlosl of drainage in the opposite direction through the

ox 15.

Starting with an initial assumption that each of the blade
elements 15q through 15e, alphabetically, is actually posi-
tioned in the manner desired for a given operation of a
paper machine in the forming zone, it must be appreciated
that the element 154 is primarily a member for guiding
the wire 11 into an appropriate approach to the initial and
critical forming zone area X-1; but the immediately sub-
sequent blades 155 through 15e, alpphabetically, are posi-
tioned in FIG. 2 with their top surfaces extending trans-
versely of the machine direction. These top surfaces for
the elements 155 through 15e, alphabetically, are actually
quite narrow in the longitudinal dimension and they are
spaced longitudinally a relatively substantial distance (at
least in relation to the longitudinal dimension of their top
surfaces). In fact, the preferred open area for the box
15 is ordinarily at least 50% and in the practical embodi-
ments of the invention presently recognized something in
the nature of 60 to 80% averaging perhaps about 75%
open area. The blades 155 through 15e, alphabetically, are
formed so as to effect substantially a cross-machine or
transverse line contact with the traveling wire 11. The less
surface contacting the wire 11, essentially the less wear
on the wire 11. Of course, since the stock jet itself will
be issuing at the location indicated at H; under consider-
able pressure (by virtue of high speed jet velocities in
the nature of 2000, 3000 or perhaps 3500 or more feet
per minute) this very high speed stock jet tends to develop
substantial pressures in the stock that is being driven into
a zone of convergence wherein the apparent volume is
being diminished very rapidly at the operating speeds here
involved. Of course, drainage of the stock through the
wires 11 an 21 accommodates this rapid diminution of
the apparent forming zone volume, but the drainage must
necessarily occur by forcing the water in the stock through
the dispersed stock solids of fiber, clay, etc. which build
up rapidly on each of the wires 11 and 21 and afford re-
sistance. Accordingly, the stock jet speed in translated into
pressure that is generally normal to the tangent of the
wire wrapped open roll 26 and, of course, the tangent of
the guided wire 11. The guided wire 11 moves under rela-
tively high tension so that it will not be depressed by such
pressure in the open areas between the blades 15z through
15e, alphabetically, but it is apparent that by the use of
high tension effective to avoid this relatively undesirable
result the wire 11 does not really travel through a true
curve over the blades 154 through 15e. Instead, it travels
through a plurality of chords from the approximate line
of contact at the top of each of these blades 15b through
15¢, alphabetically, to the next approximate line of con-
tact. The more tension that is applied to the wire 11, the
more closely the wire 11 will assume the configuration of
a plurality of chords passing from one blade to the next
in the box 15. It is also apparent, however, that the longi-
tudinal or machine direction profile or contour of the
locii of such mutltiplicity of relatively closely longitudinally
spaced porous belt or wire 11 contacting generally trans-
verse edges 15b through 15e, alphabetically, will be a
curve. It is conceivable that under a certain set of unique
circumstances the operating conditions within the forming
zone X-1 might call for substantially a co-planar contour
of such wire contacting edges, particularly if the diameter
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of the open roll 26 were extremely great in size. But this
could only be approximately co-planar, because the mathe-
matics of the drainage curves (to the extent that the same
can be intelligently represented), do not call for a straight
line function. Thus the mathematics here involved call
for a relationship between the spacing between the wires
11 and 21, which is shown at the slice outlet to be H, as
a function of the longitudinal or downstream distance
of the stock, which distance is here represented in a spe-
cific instance as Dy, to reach a spacing between the wires
that is designated Hj in the instant FIG. 2, for purposes
of example.

With respect to the mathematics here involved, those
skilled in the art will recognize that a general evaluation
may be possible on the basis of the teachings already set
forth herein, although it is hardly possible to expect a
formula which will offer the solution for all types of
stock simply by elementary arithmetic. Thus the formula
for the relationship between the spacing between the wires
11 and 21 as a function of the downstream dimension from
the slice outlet may best be represented by the following
formula: H=CDk wherein H is the distance in inches be-
tween the wires (i.e. the wires 11 and 21 FIG. 2), D is
the distance in inches longitudinally or downstream from
substantially th point of introduction of the stock jet be-
tween the wires (i,e, here shown to be substantially at
H;), C is a constant which for the preferred thin channel
jet is substantially 0.5 (although it may range over the
practical jet thickmess dimension from perhaps slightly
less than 0.5, i.e. for usual circumstances involving 0.25 or
0.3 jet stream thicknesses to thicker jet streams of 1 to 1.5
or more which might be used). The exponent & is a nega-
tive fraction of preferably about —%4 preferably but also
could range from slightly lower, ie., —0.2 to relatively
higher with the thicker jet streams, i.e. —0.8, As an
exemplary calculation, it will be recognized that H would
change negligibly in approximately the first one inch
downstream:

H==0.5 jet thickness (inch)
C=0.5 preferred
D=1 inch
H=CDk
0.5=(0.5)(1)—02
but the critical aspects of this formula are involved in
determining the spacing H over the range of D={from
1 to 8 to 12 inches.

It will be appreciated that the formula just used more
or less assumes the longitudinal contour of a curve for

the wire 11 passing over the blades 15b through 15e, 5

alphabetically, even though this is obviously not the
case when one considers the nature of the plural chord-
like configuration of the wire 11 passing over the blades
in the box 15. Also, further study of this formula will
reveal that it does mot actually require that the wires
21 and 11 will converge through opposed convex con-
figurations, except in situations in which the diameter
of the open roll 26 is extremely great. Essentially, the
curve defined by the longitudinal contour of the locii
of points of contact between the blades 155, etc. and the
wire 11 is one which will correlate the recognized
variables such as drainage rate (and particle character-
istics which cause variations therein), machine speed,
stock concentration, overall jet direction, volume and
speed, etc. The correlation represented by the instant
formula is an unusually adequate guide, however, for
a determination of the rate of convergence should be
effected between the wires 11 and 21. This rate of con-
vergence in the initial and critical forming zone X-1 is
not left to chance, nor is it left to such things as tension
control and the like which ordinarily do not turn out
to be satisfactory means for maintenance of the correct
critical positioning of the wire 11 in this arrangement. As
mentioned, the forming wire 11 may not be in opposed
convex relation to the forming wire 21 unless the diameter
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of the roll 26 is very substantial, but this does not mean
that an essentially straight line function of the tension
on the wire 11 will satisfy this formula. Essentially, the
transverse blades of the 15 series are quite narrow longi-
tudinally, with substantial longitudinal spacing therebe-
tween to afford minimum inhibition of flow through the
wire 11, It is also apparent from an examination of the
elevational profile of the individual blade elements 155
through 15e, alphabetically, that these blades not only
present approximately a transverse line of contact with
the traveling wire 11 but they also present a very abrupt
off-running edge or separation from the wire 11 so that
there will not be “pumping” effect at the off-running side
of such blades, as there would be in the case of the so-
called conventional paper machine “foil” element F
which is designed with a very limited angle of approxi-
mately 3 to 5° off-running taper. Such a pumping effect
would necessarily cause pressure differentials to be’
created at the immediate underside of the traveling wire
11 as it passes over the box 15. In particular, it is an
important concept of the instant invention to strive for
the maintenance of substantially uniform pressures on
the back side of not only the converging wire 11 but
also the converging wire 21. In this way the initially form-
ing paper web, which is very sensitive to any type of
disturbance in the early stages of its formation, will not
be disturbed by any abrupt pressure changes exerted
thereagainst from the inner periphery of the forming
wires. The blades 15b through 15¢ are functional essential-
ly as guides for positioning the wire 11 in precisely the
manner desired. In fact, such positioning of the forming
wire 11 traveling thereover is done essentially to correlate
such factors as the rate of drainage and the drainage re-
sistance provided by the earliest stages of web formation
on the outer peripheries of the two wires 11 and 21, such
that the translation of the relatively high machine direc-
tion or longitudinal direction velocity into pressures with-
in the stock body in the forming zone X-1 will not be
afforded an opportunity to undergo fluctuation or varia-
tion, if at all possible. Instead, the desired here is to
carry out this phase of initial web formation by subject-
ing an increasing web buildup (even though of very thin
and delicate nature) on each of the forming wires in
this critical forming area by continuously and without
interruption or varation subjecting these delicate early-
formed web elements to a predetermined pressure.

Considering next the very important matter of bring-
ing about convergence between the two wires so that
disproportionately greater drainings will not occur in only
one direction, it will be noted from FIG. 2 that the box
15 is mounted on a fixed pivot Py5 actuatable by the arm
17 which is in turn connected to the upstream end of
the box 15 at a second pivot Py;. This is essentially a
simplified showing of a control aspect which can be varied
to suit the purpose of the operator. A slight tilting of
the box 15 will, of course, cause a definite change in the
previously expressed constants C and k in the formula
relative to the spacing, for obvious reasons. Except for
the fact that paper making machinery must be maintained
as simple as possible for practical use in the mill, other
known devices for varying the relative positions of the
contacting edges of the blades 15b through 15¢, alpha-
betically, can be accommodated. For that matter, even
the rod 17 may be mounted so that it is yieldable to a
predetermined pressure that might be generated within
the stock jet, or each of the individual blades 155 through
15¢, alphabetically, may also be so mounted, so that the
actual line pressure exerted against the same by the wire
11 traveling thereover would be continuously constant.
Thus, without attempting to limit the invention to any
particular type of control, it will be noted that a dia-
phragm 1755 might be used to hold the box 15 in a posi-
tion respomnsive to pressure within the forming zone X-1
via the arm 17, or the individual transverse blade 15b
could be pivotally mounted and actuated in response
to a pneumatic diaphargm 1565 for maintaining the in-
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dividual operating edge of the blade 15b against the
underside of the wire 11 at a particular pressure generated
within the stock jet. Such showings are intended to be
only schematic for the purpose of representing the con-
cept that conventional means for mounting each of the
blades 155 through 15e, alphabetically, are certainly avial-
able such that an additional aspect of versatility is
afforded in the box 15 so that the individual operating
edges of the blades in the box may in fact act against
the underside of the wire 11 such as to preclude excessive
pressure differences within the stock in the forming zone
from one transverse blade edge to the next, and so forth.
It is appreciated that operativeness of devices of this type
in a paper mill depend upon numerous other practical
factors, but the essential concept of the invention provides
for positioning of the various blades 15b through 15e
so that a given paper making stock at specific speeds and
other operating conditions may actually be able to exert
at least practically uniform if not exactly uniform pres-
sures against the forming wire in this critical area and
variations of the nature which may cause disturbances
in web formation can be avoided by the use of the con-
cepts here involved.

Of course, the view of FIG. 1A introduces still another
important variable in the overall concept and that is the
ability to vary the actual centerline of the stock jet as it
is fed into the critical regions of the forming zone or
zones X-1 and X-2, so that there will be a reasonable dis-
tribution of drainage in the two principal directions. Pref-
erably, the rate of drainage, expressed in a ratio, should
not be such that less than substantially 30% or more
than substantially 70% occurs through either one of the
wires 11 and 21, and optimum results are believed to be
obtained by using a substantially 50:50 drainage ratio.
The overall stock inlet which is shown as J in FIG. 1A
is conventional in its overall structure, in that it will de-
liver a dilute aqueous suspension of entangled co-moving
fibers in a ribbon-thin stream exiting from the slice (at
H, of FIG. 2, for example) at a very high speed and in
a substantially longitudinally unidirectional condition.
Such unidirectional condition in this instance is approxi-
mately tangential to the open roll 26 but the selection of
very slight variations from a true tangential direction
makes possible very helpful proportioning of the drainage
relative to the two wires 11 and 21 in a manner pre-
viously described. Thus, a very slight tilting of the jet
centerline so that it tends to impinge more toward the wire
21 on the open roll 26 will tend to increase the rate
of drainage in this direction (which drainage in the ar-
rangement of FIG. 2 is against the pull of gravity, al-
though it is in the direction urged by the suction box).
The inlet itself is a structure that is already well known
and understood in the trade, and is further described in
detail in such applications as Justus and Gustafson Ser.
No. 467,664, filed June 28, 1965 now Pat. No. 3,382,143,
which is incorporated herein by reference. Essentially,
the overall inlet arrangement is mounted for the desired
adjustment on conventional means which are here in-
dicated by the double-headed arrows designated Ja, Jp,
and J,. Such inlet device is essentially functional for the
purpose herein described.

In FIG. 2, however, it will be noted that the inlet is
provided with an additional feature in the form of a pair
of transverse top and bottom relatively stiff but resilient
(i.e. relatively hard rubber) elements clamped in the
slice exit end of the inlet device J and designated J-1 and
J-2 with metallic sheet support elements designated J-3
and J-4 for additional stiffening. Such rubber elements
or solid elastomer elements J-1 and J-2 are positioned
at the slice outlet so as to extend forward into very
close running and sealing relationship with the wires
11 and 21, respectively, at the location of the slice jet
stream outlet H; to effect a nominal pressure seal with the
wires 11 and 21. Such elements J-1 and J-2 would other-
wise feed a “free” jet stream into the convergence be-
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tween the wires 11 and 21, but in this arrangement shown
in FIG. 2 these elements effect a seal with the wires 11
and 21 and thus afford an additional pressurized or “hy-
draulic” forming zone at X—1 and X-2 between the wires
11 and 21, such that superatmospheric pressure may be
generated therein to accelerate drainage without backflow
of stock in directions opposite to either of the wires 11
or 21. Practical sealing effect is obtained from a close-
running spacing of %4 inch from the wires 11 and 21 to
the elements J-1 and J-2. The essentials of the spacing
between the wires 11 and 21 permit accelerated drainage
by virtue of the additional hydraulic pressure in the form-
ing zone, which hydraulic pressure is also used much
more effectively in this particular instance by virtue of
a generallyy downwardly directed jet centerline CIJ, as
shown in FIG. 2. Deckle edges not shown) can, of course,
be used to add to the uniform cross-machine pressure
maintenance in the forming zone.

It should also be noted that the most critical region
of the forming zone here designated X-1 is actually con-
trolled by the combination of the surface of the open roll
26 and the guiding blades of the box 15, but the terminal
portion of the forming zone, designated X-2, in FIG. 2
is not necessarily provided with restraining means in con-
tact with the wire 11 on the underside thereof. In this
latter forming zone region X-2, it will be appreciated that
the most delicate aspects of the web formation have taken
place and the finalization of what may be termed “web
formation” as compared to web drainage which will oc-
cur more or less continuously during the remainder of the
suction area at X-3 will not require as delicate a position-
ing of the outboard forming wire portion 11a. In fact,
the outboard portion of the forming wire 11a will wrap
the open roll 26 but in a closely spaced condition for a
substantial peripheral region before it is brought (by virtue
of the tension under which it operates) into the so-called
sandwich structure holding the web W-1 against the in-
board forming wire 21 wrapping the open roll 26. The
concept here involved is that the invention provides criti-
cal positioning of the wire 11 in only the most critical
regions of the forming zone X-1, as contrasted to con-
tinued support further downstream. The advantage in-
volved is that the configuration through which the wire
11 must go in order to conform to the predetermined
curvature required for best formation in the zone X-1
is such that a rotary surface or a co-moving surface is
neither practical nor ordinarily available to hold the wire
11 in the position that is here shown as being defined
by the longitudinal contour of the locii of generally trans-
verse belt-contacting edges of the elements 15b through
15¢, alphabetically. Because of the ideal configuration for
the wire 11 that is desired in the practice of the instant
invention in the critical region of the forming zone X-1,
it has been found that a limited number of stationary
blades of minimum total contacting area should be used
and such transverse lines of contact afforded by the blades
of the box 15 are thus held to a minimum for the purpose
of minimizing any tendency toward wearing of the wire
11 in this arrangement. Substantially after the last of these
blades 15¢, it is found that the internal pressures within
the partially dewatered stock appear to be sufficient to
effect not only the desired configuration in the “free loop”
of the wire 1l1a, but the relatively substantial initial web
formation which has occurred prior to the last indicated
blade 15e is such that opportunities of damaging the web
being formed thereafter are also minimized and the wire
11 may under reasonable tension forces conform adequate-
1y to carry out the remainder of the web formation in this
region X2 so that neither excessive wear of the wire (by
inordinate tensions thereon) nor excessive additional guid-
ance of the wire reach 11a (also tending to cause some
wear) are required. Under these circumstances, it is
possible to strike a balance between the positive gnidance
of the configuration of the wire 11 for optimum condi-
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tions for initial and critical web formation in the zone
X-1 and more reasonable positioning of the tensioned
wire loop 11a free from contact with restraining surface
elements in order to complete the desired web formation
without risks of damage make possible the overall ar-
rangement here shown. This overall arrangement affords
excellent web forming conditions of high quality, while
at the same time practical machine operation from the
point of view of very simple equipment and minimum
wear and/or replacement of parts for one reason or
another. Additionally, the unique flexibility of operation
that is here afforded by the use of a relatively large
open roll 26 to afford a substantial portion of the curved
configuration of one of the forming wires (i.e. 21) which
is at least a part of one of the essential aspects of best
web formation makes possible the use of the greatly sim-
plified nominal tilting adjustment of the stock jet inlet J
coupled with the very nominal adjustment of the blade
box 15 so as to afford the remainder of the elements
which have been found to be fundamental to conditions
for optimum web formation at high speeds in accord-
ance with present-day quality and production require-
ments.

It will also be noted that an intermediate suction box

sealing strip may be positioned at the location desig- :

nated 26x in FIG, 2 (at approximately the end of the
forming zone X-2 and the beginning of the dewatering
zone X—3) so that an additional control may be afforded
in selective variation of the pressure to be maintained
against the inner periphery of the wire 21 in the regions
X-1 and X-2, as compared to the selection of a different
back pressure against the inner periphery of the wire 21
in the region X-3.

As earlier indicated, with reference to FIG. 1B, a typical
known foil structure F may be operated in substantially
close running relation to the inner periphery of the wire
11 at the approach of the roll 12. Such foil device has a
taper at its off-running portions F,, such as to exert some
additional pumping effect for dewatering against a con-
ventional save-all Fy; and the structure of one or more
such foils F removed from the immediate vicinity of the
forming zones X-1 and X-2, is often found to be quite
useful in tending to wipe off droplets which may be ac-
cumulating on the underside of the wire 11 as the overall
sandwich structure of the two wires 11 and 21 with the
web W-1 therebetween travels toward the roll 12 in-
dicated in FIG. 1B. It is important to note, however, that
the foil F need not actually contact the underside of the
wire 11, such that it might cause increase operating wear
on the wire 11, but such foil structure F may still
function to wipe off water droplets at its oncoming side
F, even though the pumping effect of the off-running side
F, might be nominal, if minimum wearing of the wire
11 by contact with the foil F is desired. In any event, the
function of a foil-type structure F such as that here shown,
whether or not it actually engages the wire 11, such foil
F is positioned preferably substantially longitudinally
downstream from the periphery of the roll 26 and at a
location in which parallelism between the runs of wire
11 and 21 has already been reached and dewatering of
the web W-1 sandwiched therebetween is in process.
Thus, the free loop portion 11a of the wire 11 at the
immediate off-running side of the blade box 15 will
still remain substantially free from any restraining wire
contacting means prior to actual convergence of such
free loop 11a into essential parallelism with the wire 21,
at approximately the location 26x indicated in FIG. 2.

Referring briefly to FIG. 3, it will be seen that the
embodiment shown in FIG. 3 relates to an alternate travel
arrangement for the wires traveling in parallelism. In
FIG. 1B the wires 11 and 21 are separated at approxi-
mately the region of off-running contact over the roll 12.
The roll 12 is preferably a plain roll in FIG. 1B so that
it may effect substantial retention of the web W—1 on the
off-running wire 11 (while permitting ambient atmos-
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pheric pressure against the backside of the separating wire
21 for this purpose). .

In FIG. 3, however, the position for the roll 12 is in-
dicated at 32 and the off-running wires 31 and 41 corre-
spond, respectively, to the wires 11 and 21 previously
described. In such arrangement, it will be seen that the
wire 31 travels over rolls 32, 33, 34 and 35 (all of which
represent traveling wire guides acting against the inner
periphery of the loop of the wire 31). The top wire 41
is shown moving initially in substantial parallelism with
the bottom wire 31 (and with the web designated W-3
in FIG, 3) first through a couch press defined by a top
roll 42 which is pivotally mounted on an arm 51 with a
pressure applying coacting means 52 (in the form of a
pneumatic cylinder) mounted for applying pressure be-
tween the rolls 33 and 42 at a couch nip N--3, for some
additional dewatering of the web W-3, and followed by
separation of the top wire 41 as it travels around an addi-
tional guide roll 44 and then back up to a roll 43, which
is in substantially the position of the roll 23 of FIG. 1B.

It will also be seen that the horizontal support structures
H-11 and H-14 correspond to extensions of the previ-
ously designated horizontal supports H-1 and H-4 of
FIG. 1B, and the vertical supports V-13 and V-14 shown
in FIG. 3, plus the depending support V-15, are essentially
conventional support structure which does not require ad-
ditional description.

The web W-3 is picked off the bottom wire 31 as it
travels around a plain couch roll 34 (which can be an open
couch if desired) by a traveling felt F-3 wrapped around
a pickup roll designated at 61, which may be a plain pick-
up roll or a suction pickup roll, depending upon the par-
ticular type of operation contemplated for removal of the
web W-3 from the bottom wire 31. Essentially, the ar-
rangement of FIG. 3 shows a longer travel path for the
wires 11 and 21, or their counterparts 31 and 41, in
substantial parallelism beyond the roll position 32 and
through a couch nip N-3, after which separation of the
wires 31 and 41 is effected in conventional manner.

Referring now to FIG. 4A and 4B, it will be seen that
elements corresponding to some extent to the elements
already described in substantial detail in the previous
figures hereof are designated by reference numerals or
letters in the 100 series. Thus, it will be seen in FIG. 4A
that one of the forming wires 121 wraps a large open
faced roll 126 having a suction area extending from ap-
proximately 126aa (i.e. opposite a slice outlet) to 126¢,
whereupon the traveling wire 121 continues (as shown in
FIG. 4B) with the web W-100 thereon over a suction
couch roll 170 and along a downwardly inclined wire
reach 121 to a plain turning roll 171 and then back over
rolls 172 and 173, all as indicated in FIG. 4B. The traveling
web W-100 is thus shown as being removed by a felt
F-300 wrapping a suction pickup roll 161 and urged
against the web W-100 along the downward incline of
the wire run 121. The felt F-300 carries the web W-100
along its underside and into a press section, here shown
as comprising a plain roll 181 and a grooved roll 182 de-
fining a first press nip PN, pressure forces being applied
via a third roll 183. The roll designated 182 in the press
section is also designated with G to indicate that it is a
grooved roll having the structure described and claimed
for press rolls in E. J. Justus U.S. Pat. Nos. 3,198,693;
3,198,694; 3,198,695; 3,198,696; and 3,198,697.

Also, it will be seen that a type of couch press ar-
rangement with the suction pickup roll 161 and an op-
posite adjustably positioned roll 184 may be employed, the
positioning of the roll 184 being shown as adjustable by
virtue of the two-headed arrow at 184a, such that a
nominal pressure at the pickup felt nip FN may be em-
ployed, if desired for such purposes as improved pickup
and dewatering in this immediate location.

The guide roll 172 shown in FIG. 4B is also indicated
as being pivotally adjustable by virtue of the two-headed
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arrow 172a, for purposes of maintaining a controlled de-
sired tension on the wire 121.

Referring to FIG. 4A, it will be seen that there is also
shown 2 looped forming wire 111 traveling over a plurality
of co-moving guide rolls 113 through 113g, alphabetical-
ly, with the roll 113¢ functioning as a tension control roll
adjustably mounted as indicated diagrammatically by the
double-headed arrow 113A. Of course, any of the rolls in
the 113 series may also be used to cooperate in part as
tensioning as well as drive rolls for the wire 111 which
also travels over a blade box 115, which is functionally
comparable in many respects to the blade box 15 of FIG.
2. The blade box 115 cooperates with the roll 126 in FIG.
4A to maintain the previously described wire travel spac-
ing (as defined by the previously described formula
H=CD¥). In the arrangement of FIG. 4A, however, it
will be seen that the foil box 115 is provided with a
moving pivot P-117 adjustably actuated by conventional
jackscrew means 117bb, and swingable about a fixed pivot
P-115 mounted on the overall framework composed of
a plurality of generally horizontal supports H-121 through
H-126 and a plurality of generally vertically aligned sup-
ports V-121 through V-130, which horizontal and vertical
supports need not be described in greater detail since they
are of conventional framework structure.

Referring again to the swingably mounted blade box
115, it will be seen that refinements in adjustment are also
afforded by an additional pivot P-215 and an additional
pivotally mounted adjusting device 217bb, such that a de-
sired positioning of the active lines of contact for the
blades (designated generally at 115¢ herein for con-
venience) may be effected in accordance with the con-
vergence formula previously described and also affording
a free wire loop 111a at the immediate off-running side
of the lines of contact 1154 for the blades 115, essentially
in a reversed position to that shown in FIG. 2 direction-
wise but in a comparable functional arrangement, which
need not be described in greater detail herein. The cor-
responding forming areas are designated X-100, X-200
and X-300, which correspond generally to the previously
described suction areas within the roll 26 as X-1, X-2
and X-3, in FIGS. 1B and 2.

It will be appreciated, however, that the roll 126 is
shown herein as being substantially greater in diameter
than its counterpart 26 of FIGS. 1B and 2, and it may
thus carry out still an additional function in the region
X-400, as it holds the web W-100 on the wire 121 and
effects separation of the web W-100 from the opposed
traveling wire 111. For such purposes, it will be ap-
preciated that additional suction sealing strips 126x and
126xx may be mounted in the positions indicated inside
the open roll shell 126 for purposes of effecting different
pressure controls at different peripheral regions in the
travel of the roll 126.

Essentially, there is shown in the roll 126 an initial
sealing strip 126aa and a sealing strip position 126x at the
end of the region X-200, which would comprise the form-
ing zone region at the inner periphery of the wire 121.
The opposed wire 111 in such region (i.e. X~100 and X-
200) travels over the lines of contact 1154 of the blade
box 115, and then briefly through a tensioned free loop
travel 111a for the wire 111 during which the tensioned,
yielding but free from restraining contact wire region
111a approaches substantial parallelism with the wire 121,
converging against the web W-11 sandwiched therebe-
tween.

It will be noted also that the means corresponding to
the stock jet delivering device J already described is desig-
nated generally by J-100 in FIGS. 4A and 4B and is
shown as being mounted for primary adjustment at J,
(via a turnbuckle-type of adjustment) but also providing
or limited adjustment J,—100 and at J,—100, which
adjustable elements will correspond essentially to the
previously described J,, J, and J;, for what amounts to
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adjustment of the centerline CL-100 of the jet stream
that is shown in FIG. 4A as being fed upwardly (at a
general incline) and substantially tangential to the roil
126. The details of sealing the slice inlet, which are
described in detail in connection with the embodiment
of FIG. 2, are employed in such upwardly aligned slice
inlet arrangement for the embodiment J-100, but addi-
tional description thereof is not necessary, since essentially
the purpose is to provide close running sealing elements
of solid elastomer structure (corresponding to J-1 and
J-2) for effecting a pressure sealing of the jet stream as
it is fed into a hydraulic forming zone between the con-
verging wires in the regions X-100 and X-200.

An additional adjustable feature is controlling thé
relative ratios of drainage between the two wires 121 and
111 is afforded by the compact suction arrangement S—
115 here shown schematically as being divided into parti-
tions S-1, S-2, S-3, etc., each opposite the longitudinal
spacing between a successive pair of lines of contact 1152
for the blades in the box 115, so that a selected application
of water removal subatmospheric pressure is possible in
each of such longitudinal spacings between the lines of
contact 115a. In such arrangement, it is, of course, possible
to effect actual pressure differentials from one to another
of the successive longitudinal spacings between the lines
of contact 115a, should such be desired. It is understood,
however, that preferably this is not the desired operation
for the box 115 and the function of the subatmospheric
pressurized compartments S—1, S-2, etc. is thus to facilitate
water removal in a controlled manner by maintenance of
a controlled pressure within each of such compartments
of the box S-115 such that the pressure on the incipient
web that is forming on the outer periphery of the wire 111
immediately opposite the lines of contact 115¢ may be
controlled and preferably maintained substantially con-
stant in this specific region X-100. The suction sealing
strip 126a within the roll 126 will also function in com-
parable manner to effect water drainage and pressure
control within the open roll 126 to the extent required to
maintain a comparable substantially constant pressure
against the incipient web forming on the outer periphery
of the wire 121 in the forming region here designated
X-100.

In connection with the embodiment of FIG. 4A, it will
be appreciated that the various control elements for
positioning the traveling wires 121 and 111 as well as
effecting water removal from the inner peripheries thereof
may act in a different number of controlled operations,
such that it is possible to maintain what constitutes a
practically uniform and substantially non-varying pressure
against the fragile initially forming incipient webs within
the forming zone X-100 and on the opposed outer peri-
pheries of the wire 111 and 121 in such region X-100.
The control arrangements thus shown effect the desired
predetermined pressures by acting against the inner peri-
pheries of the two wires 111 and 121 in the region X-
100, coupled with adjustable direction of the longitadinally
unidirectional jet, i.e. along the centerline CL-100, so as
to effect the desired conditions within the forming zone
between the opposed outer peripheris of the wire 111 and
121. The desired conditions of spacing between the wires
111 and 121 in accordance with the formula previously
disclosed herein is thus one aspect of the control feature,
but in the arrangement shown in FIG. 4A, the suction
elements 126a4-126x and S~115 will additionally cooper-
ate with each other to effect the relatively equal drainage
in oppaosite directions that is desired. The additional ad-
justable alignment of the jet stream centerline CL-100
serves to cooperate with such drainage devices for the
purpose of effecting a desired relative drainage rate between
the two wires, also as previously described in connection
with the general concept of aligning the jet stream enter-
line CL-100 more or less tangentially with respect to the
roll 26, as indicated in FIG. 2.

Because of the size of the open roll 126 and a prede-
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termined selection of the nature and character of the stock
being used in the web W-100 being formed, the embodi-
ment of FIG. 4A demonstrates a highly simplified paper
forming arrangement wherein advantage is taken of a
stock stream centerline direction CL-100 that is upward
rather than horizontal or downward, such that the travel
of the wires in parallelism in the general region PP on
FIG. 4A (with the web W=100 sandwiched therebetween)
is required for a relatively short travel path.

It will be appreciated, however, that the length of the
travel path in parallelism PP can be increased easily in
the embodiment of FIG. 4A by moving the position of the
roll 113g peripherally over the top of the roll 126, if such
is desired. Also, the jet stream delivering device J-100
may be adjustably positioned with nominal changes being
made in the device of FIG. 4A so as to feed generally
horizontally as well as generally tangentially along the
bottom side of the roll 126, or even along a downwardly
inclined side of the roll 126, although adjustments to
this extent are not suggested as being possible with the
specific adjusting devices herein designed J,-100,
J,—100 and J.-100. Instead, the overall arrangement of
elements shown in the two different positions of the FIG.
1 and the FIG. 4 series will demonstate to the workers in
the art cerfain essential features of versatility in the
overall arrangement herein contemplated for excellent
control of web formation in a high speed web forming
device.

For example, in the arrangement of FIG. 4A, it will
be appreciated that wire guides shown in longitudinal suc-
cession include the upstream counterpart 115a” to the
element 15A in FIG. 2, as well as the lines of contact
1154 shown in spaced longitudinal transverse alignment,
which may be considered as a stationary water-permeable
wire direction controlling guide. A second wire direction
controlling it, of course, provided by the outer periphery
of the open roll 126, and a third wire direction changing
guide in the embodiment of FIG. 4A is designated by the
guide roll 1134. Each of the guides just mentioned extends
transversely of the machine and the loops of the wires
111 and 121 which pass over the first and second guides,
respectively, and through initially closed spacing for re-
ceiving therebetween the jet stream aligned at CL-100.
Substantially immediately upon receiving the jet stream a
gradual convergence between the wires 111 and 121 is ef-
fected by the opposed first guide means 115 and second
guide means 126 in such a web forming zone or zones
X-100 and X-200, until the wires 111 and 121 reach
substantial or general parallelism PP with the resultant
fibrous web W-100 therebetween, and which parallelism
the wires 111 and 121 travel longitudinally downstream
over a portion of one of the initial guide means, i.e. the
roll 126, and toward a third guide element, which has
been designated in this instance as the roll 113a. The wire
111 does travel over the third guide means 113z herein
shown, although the embodiment of FIG. 4A differs from
that of FIG. 1B in that the web follows the opposite wire
121 in FIG. 4A, whereas it follows the wire 11 in FIG.
1B. In either case, however, the two initial guide ele-
ments, 115 and 126 (or 15 and 26, respectively) com-
prise a rotary member with an open water receiving
periphery about which one of the wire runs is wrapped
throughout the forming zone, and a substantially non-
circularly curved stationary water-permeable surface for
effecting gradual convergence between the wire runs in
the web forming zone, which is the embodiment of 15
or 115, in either case, constituting a substantially non-cir-
cularly curved surface for the wire 11 or 111. Such sub-
stantially curved surface in each instance is defined by the
longitudinal contour of the locii of the lines of contact,
designated generally 115z in FIG. 4A but described as
being along the tops of the elements of 15b, 15c¢, etc.
in FIG. 2, in each case such longitudinally spaced wire
contacting generally transverse edges or lines of con-
tact defining the hereinbefore described substantially non-
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circularly curved surface actually in terms of a plurality
of successive chords in longitudial contour. The forming
wires 11 and 111 are maintained under sufficient tension
in the two arrangements here shown so that such essen-
tially chord-like structures between the lines of contact
for the blade boxes 15 and 115 will be substantially main-
tained in spite of pressure generation within the forming
zone which might otherwise tend to cause the forming
wire 11 or 111 to pass through reversed curves inter-
mediate the lines of contact. It will be appreciated that
such curve reversas would actually result in excessively
greater wire contact with the stationary surfaces of the
blades in the boxes 15 and 115 and thus result in greater
wire wear and a tendency to lose control of pressures at
one or both sides of the wires 11 or 111 in the forming
zone. Hence, the higher tension operation employed for
the wire 111 is preferred and such wire is preferably
formed of a conventional metal woven forming wire,
whereas the opposite forming wire 121 or 21 may be a
plastic wire or a conventional metal fiber-woven wire,
since the porous forming belt or wire 21 or 121 can be
supported very conveniently on the co-moving and sub-
stantially unyielding outer periphery of the open rolls 26
and 126. In cither event, the cooperating configurations
of the open rolls 26 and 126 and the boxes 15 and 115
is such that the gradual convergence in the forming zone,
when plotted as spacing between the wire runs against the
distance downstream in the forming zone defines an elon-
gated curve with its radii increasing with increases in the
downstream distance, such curve thus preferably will con-
form to the definition of an elongated parabolic curve,
and preferably specifically that of the formula herein-
before discussed. The various water removal as well as
positional structural elements hereinbefore described are
controlled mutually to effect relative drainage ratios prefer-
ably within the ranges of about 3:7 to 7:3, which rep-
resent the relative drainage volumes through the opposed
wires in the forming zones X-1 and X-100, and prefer-
ably also X-2 and X-200.

It will be understood that modifications and variations
may be effected without departing from the spirit and
scope of the novel concepts of the present invention.

We claim as our invention:

1. In a device for forming a fiborus web from a dilute
aqueous suspension of entangled co-moving fibers exiting
from a slice as a high-speed substantially longitudinally
unidirectional ribbon-thin jet-stream, in combination,

spaced successive first, second and third transverse

guides arranged to define a smoothly curved upward-
ly directed path of travel in respect to said unidirec-
tional jet-stream; and first and second opposed sub-
stantially transversely co-extensive porous forming
belt runs traveling longitudinally substantially at the
jet-stream speed
(a) over said first and second guides, respectively,
and through initially close spacing for receiving
therebetween the jet stream, and
(b) immediately thereafter through a curved grad-
ual convergence in a web-forming zone and into
general parallelism with a resultant fibrous
formed web therebetween in which parallelism
said runs are maintained as they travel longi-
tudinally downstream over a portion of one of
said first and second guides upwardly toward
(c) said third guide, over which at least one of said
runs travels,
said second guide being a rotary member with an open
water-reeciving periphery about which said second run is
wrapped throughout the forming zone, said first guide
presenting to said first run a substantially non-circularly
curved stationary water-permeable surface for causing said
gradual convergence between said runs in the web-form-
ing zone, said substantially non-circularly cured surface
of the first guide being defined by the longitudinal contour
of loci of a multiplicity of closely longitudinally spaced
belt-contacting generally transverse edges.
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2. The device of claim 1 wherein said transverse edges
terminate abruptly at their off-runing sides relative to their
stationary edge portions contacting said first belt run
traveling longitudinally thereover for substantially mini-
mizing forming zone stock pressure variation along said
one belt.

3. The device of claim 2 wherein said first run travels
under tension over said first and third guides, and an
additional guide maintains tension thereon.

4, The device of claim 1 wherein said first and second
guides maintain gradual convergence and diminishing
spacing between the first and second runs downstream
from such initially close spacing at the upstream end
of the forming zone, whereat such initial spacing is sub-
stantially equal to the thickness of the jet-stream being
received in the forming zone.

5. The device of claim 4 wherein said first and second
guides effectively maintain substantiaily uniform pressure
in the jet-stream within the forming zone.

6. The device of claim 4 wherein such spacing plotted
against the distance downstream from the upstream end
of the forming zone define substantially the curve:
H=CD* wherein H is the spacing in inches, D is such
downstream distance in inches, C is a constant from sub-
stantially 0.5 to 1.6 and k ranges from substantially —0.2
to —0.8.

7. The device of claim 1 wherein said gradual con-
vergence in the forming zone, when plotted as spacing
between the runs against distance downstream in the form-
ing zone defines an elongated curve with its radii increas-
ing with increases in the downstream distance.

8. The device of claim 1 wherein said gradual con-
vergence in the forming zone, when ploted as spacing be-
tween the runs against distance downstream in the forming
zone defines an elongated parabolic curve.
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9. The device of claim 1 wherein means are provided
to align the slice relative to entrance of the forming zone
to maintain the ratio of water removed by the first run
to that removed by the second run in such forming zone
with the range of about 3:7 to 7:3.

10. The device of claim 1 wherein said second guide is
provided with an internal suction gland communicating
with the open periphery thereof opposite the forminz zone
for effecting a control of water removal from the forming
zone via the second run,

11. The device of claim 1 wherein said first guide
water-permeable surface has at least substantially 50%
open area.

12. The device of claim 1 wherein means are provided
for aligning the slice to feed the jet stream upwardly and
into said forming zone along the uprunning side of said
rotary open roll guiding the second run.

13. The device of claim 12 wherein said first run is
defined by a forming wire consisting essentially of water-
lubricated flexible stretchable synthetic fibers.

14. The device of claim 12 wherein said first run travels
wrapped about the uprunning side of said open roll, in
the aforesaid parallelism with said second run and means
are provided adjacent the top of said roll whereby said
first run is separated from the open roll leaving the web
traveling over the top of the open roll on said second run.

References Cited
UNITED STATES PATENTS

2/1948 Spencer 162—(TFM)
5/1968 Justusetal. oo 162—303

2,435,467
3,382,143

REUBEN FRIEDMAN, Primary Examiner
T. A. GRANGER, Assistant Examiner



UNITED STATES PATENT OFFICE
CERTIFICATE OF CORRECTION

Patent No. 3, 582,467 Dated June 1, 1971

Inventor(s)David R. Gustafson, John F. Schmaeng, John S. Finnila.

It is certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

Col. 2, line 71 "well" should read -- will --;

Col. 4, line 64 "(micro-finish)" should read - - (mirror-finish) --;
Col. 5, line 32 "16f" should read -- 26f --;

Col. 8, line 40 "desired" should read -- desire --;

Col. 8, line 48 "drainings" should read -- drainage --;
Col. 9, lines 6-7, "avialable" should read -- available --;
Col. 9, line 9 "box" should read -- box 15 --;

Col. 10, line 15 "generallyy" should read -- generally --;
Col. 10, line 16 "not shown)' should read -<not shown)--;
Col. 11, line 49 "increase" should read -- increased--;
Col. 13, line 72 "or" should read -- for --;

Col. 14, line 14 "is" should read -- in --;

Col 14, line 16 "the" should read -- a --;

Col. 15, line 36"it" should read -- is--;

(Continued)

Col. 16, line 67 "reeciving” should read -- receiving --;

FORM PO-1050 (10-69) USCOMM-DC 80378-P89
% U S GOVERNMENT PRINTING QFFICE : 198D O —366-334



.

UNITED STATES PATENT OFFICE
CERTIFICATE OF CORRECTION

Patent No. 3,582,467 Dated June 1, 1971

PAGE - 2

Inventor(s)Pavid R. Gustafson, John F. Schmaeng, lohn S. Finnla.

It is certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

(Continued)
line 72 "cured" should read --curved--.

Col. 18, line 8 "forminz" should read --forming--.

Signed and sealed this 11lth day of January 1972.

{35AL)

Attest:

BDWARD M FLAETCHER, IR, ROBERT GOTTSCHALK

dbttesting Officer Acting Cormissioner of Patents

| FORM PO-10%0 (310-69) USCOMM-DC 60376-P89
® U5 GOVERNMENT PRINT{NG OFFICE : 1969 O—366-334



