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ABSTRACT OF THE DISCLOSURE 
A portion of a paper machine is disclosed where paper 

stock discharged from a headbox is deposited on a web 
forming wire inclined upwardly from a breast roll toward 
a couch roll and having a suction box assembly mounted 
beneath the top strand of the wire with the suction box 
adjustably spaced from the breast roll. 

This invention relates to a method and apparatus for 
making formed fibrous webs and is particularly applicable 
to the production of paper. 

Existing machines for the production of paper are 
principally of two types, the fourdrinier machine and 
the cylinder machine. 

In the fourdrinier machine, an almost negligibly small 
amount of water removal takes place by gravity flow 
through the woven wire cloth. A large part of the water 
removal is effected by the suction action of the table rolls, 
further water is removed at the vacuum flat boxes and 
still further dewatering is achieved in the suction Zone 
of the couch roll. Because of this intermittent action in 
volved, a large portion of the wire cloth is ineffective in 
removing water and this results in a very large machine 
occupying a great deal of space. Also the frictional drag 
between the wire cloth and the surface of the vacuum 
boxes requires high energy input to drive the machine and 
results in rapid wear of the wire cloth. A further disad 
vantage is that, particularly at high speeds, considerable 
disturbance of the structure of the web occurs at each 
table roll with resulting disturbance of the uniformity of 
formation and loss of fine material through the openings 
in the wire cloth. 

In the cylinder machine, formation of the web is con 
tinuous, resulting in a more compact apparatus. However, 
the forces causing flow of water through the cylinder are 
low, being limited to the hydrostatic head resulting from 
the difference in level between the outside and inside of 
the cylinder. For this reason, the speed attainable is low 
as is the maximum weight of web which can be formed 
on any one cylinder. A further reason for relatively low 
speed is the tendency of centrifugal force to throw the 
sheet off the cylinder. 

In an effort to approach the speed and web density 
capabilities of a fourdrinier but with compactness hereto 
fore achieved with cylinder machines, a third type of 
machine has been proposed that has an endless screen 
traveling upwardly at an angle during its passage through 
a part or the entire paper-forming zone of a papermaking 
machine. In a machine of this kind the pulp is floated onto 
the screen from above, for instance through a flow box, 
and the water is drained through the screen either freely, 
or draining is accelerated by providing suction boxes 
below the aforesaid flow box under the inclined screen. 
However, this causes the fibers in the suction zone above 
the suction box to be deposited very rapidly onto the 
screen which causes a less satisfactory felting of the fibers 
with one another than is obtained in a cylinder machine. 

It is an object of the present invention to provide an 
improved papermaking machine having an inclined wire 
screen which will make it possible to obtain the various 
advantages in paper making heretofore obatinable only 
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with fourdrinier machines but the compactness of cylin 
der machines. 

It is another object of the present invention to make 
provision in such a machine for greater control of the web 
formation and water drain than has been achieved by the 
aforementioned prior art practice of floating pulp onto 
an inclined screen. 

According to a preferred embodiment of the present 
invention a pressure type headbox is provided to discharge 
pulp under pressure and through an adjustable slice onto 
a wire screen moving upwardly along an incline. A suc 
tion box assembly is mounted ahead of the slice and be 
neath the screen. The position of the suction box is ad 
justable so that it can be moved toward and away from 
the slice opening along the same slope as the wire screen 
that moves over the box assembly. The inclined wire 
screen, the suction box assembly along with a breast roll, 
couch roll and tensioning roll, all provide an assembly 
that can be raised and lowered relative to the slice open 
ing as well as being adjustably tiltable to provide selected 
angles of incline for the web forming screen. Thus ama 
chine as described is especially adapted for operation with 
a wide range of pulp densities and in particular the heavier 
weight pulps such as are used to make boxboard. Experi 
ments have established that with the described arrange 
ment it is possible to produce paper sheets in the range 
of 5 to 25 pounds per thousand square feet having mois 
ture consistencies ranging from 2.2% to 11.8% under 
operating conditions as set forth in the following table. 

Angle of Minimum Velocity Minimum Velocity 
Screen Minimum Speed Bead to Start Flow Head to Maintain 
(deg.) of Screen (f.p.m.) Up Incline (inches) Flow up Incline 

(inches) 

30-------- 300 24 5 
25-------- 200 18 4. 
20. ------- 200 6 ' 4 
l5-------- 200 4 -2 

40 

45 

Furthermore, it was discovered that at each angle the 
desired web formation can be attained with screen speed 
increased to a selected higher speed if the velocity head is 
increased by an amount equal (in feet) to the difference 
between the square of the selected higher screen speed 
(in feet per second) minus the square of the minimum 
flow maintaining screen speed (in feet per second) divided 
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by twice acceleration due to gravity. Thus according to 
one practice of the method of forming a web according 
to the present invention pulp is directed along an upward 
ly inclined forming angle of 30 degrees. For this angle it 

, is determined that a perforated web supporting surface 
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must move up the 30 incline 300 feet per minute (i.e., 
5 feet per second) and the pulp requires a velocity head 
of 24 inches to start flow up the incline followed by a 
velocity head of 5 inches to maintain flow up the incline. 

; Then the speed of the supporting surface is increased to 
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1800 feet per minute (i.e., 30 feet per second) while in 
creasing the velocity head of the pulp by 13.6 feet (i.e., 
163 inches) to 168 inches. 
Other objects and features of the present invention 

will appear from the following more detailed descrip 
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tion with reference to the accompanying drawing which 
shows a side view, partly in section, of a web forming 
apparatus according to the present invention. 

Referring to the drawing, a pressurized headbox is 
indicated by the reference numeral 10 and is shown pro 
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vided with an optional baffle wall 11 spaced to the rear 
of a front wall 12 to define a pond delivering chamber 
13 open to discharge through a slice 14. The pulp is 
discharged from headbox. 10 through slice 14 and on 
to a web forming wire screen 15. 
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Pulp from a suitable supply (not shown) flows through 
a delivery conduit 16 and as indicated by arrows, through 
a manifold 17 into headbox. 10. Rectifier rolls 18 are pro 
vided within headbox. 10 for preventing the build-up of 
minor flow irregularities as the pulp flows through the 
headbox. . - 
The slice opening 14 is defined by a lower lip 20 and 

an adjustable upper lip 21 hinged to the lower edge of 
front wall 12. The usual rods 22 are provided for adjust 
ing the position of the upper lip 21 and the opening of 
slice 14. 
The web forming wire screen 15 is looped around a 

breast roll 25, a couch roll 26 and a tension applying 
roll 27. The breast roll 25 and couch roll 26 are journaled 
in a pair of laterally spaced arms 28. The tension apply 
ing roll 27 is journaled in a pair of pivotal arms 29, 
each of which is pivotally connected to an arm 28 as 
shown at 30. Breast roll 25 and couch roll 26 are also 
journaled in support brackets 32, 33 mounted on top 
of support column assemblies 34, 35. 
Column assembly 35 also supports a platform 37 with 

brackets 38 bolted thereon for carrying a guide roll 39 
for biasing a downward running portion of wire screen 
15 in the manner shown. 
As shown in the drawing, column 35 is substantially 

taller than column 34 to support breast roll 25, couch 
roll 26 and forming wire screen 15 in the desired up 
wardly inclined position. While the position of breast 
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roll 25 is determined by the position of lower lip 20 
of headbox 10, the elevation of couch roll 26 may be 
changed to change the angle of incline of the top strand of 
screen 15. Column assembly 35 includes a section 36 which 
may be replaced by taller or shorter sections which will 
change the elevation of the couch roll 26 and the angle 
of incline of the top strand of wire screen 15. Relatively 
small changes in the elevation of bracket 33 may be 
achieved by one or more shims placed, for example, be 
tween section 36 and bracket 33. To facilitate such 
changing of the elevation of bracket 33, the arms 28 
are each provided with a lug 40 projecting beyond 
column; 35. A jack assembly 41 is arranged beneath 
lug 40 and includes a lift screw 42 that is rotatable 
within the assembly 41 to rise and engage the lower 
surface of the lug 40 and thereby lift the lug end 40 
of arm 28 along with bracket 33 and couch roll 26. 
A suction box assembly 45 is supported by the arms 

28 with the top 46 of assembly 45 beneath the upwardly 
moving strand of wire screen 15. The arms 28 carry 
the suction box assembly on a surface 47 of greater 
length than the bottom of box assembly 45. A pair of 
surfaces 48, 49 perpendicular with surface 47 cooperate 
therewith to define a notch 50 in arms 28. The suction 
box assembly 45 is arranged within the notch 50 on 
the surface 47 and spaced from the surfaces 48, 49. 
The position of box assembly 45 on surface 47 is made 
adjustable by means, such as, for example, a pair of 
threaded bolts 51, 52 turned in threaded bores 53, 54 
in the surfaces 48, 49, respectively. The suction box as 
sembly 45 includes internal walls 55, 56 that divide 
the box into separate compartments. Conduits 57, 58, 
59 from such as a suction pump (not shown) are ar 
ranged with one connected to each compartment in , box 
assembly 45. When bolts 51, 52 are turned relative to 
bores 53, 54 the entire box assembly 45 is moved along 
surface 47 and areas of the box top 46 through which 
suction is drawn, via conduits 47, 58, 59, are thereby 
moved toward or away from headbox. 10 and the slice 
opening 14. 
The web of paper formed on wire screen 15 is re 

moved therefrom by a felt 60 that passes over screen 
15 and between a plain or suction pickup roll 61 and 
couch roll 26. Felt 60 may be guided between rolls 61 
and 26 by a guide roll 62. Roll 61 may be provided 
with a perforated shell and a fixed internal suction box 
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4. 
ing rolls 61, 26 a suction drawn through suction box 
63 lifts the newly formed paper web off of the top side 
of screen 15 and transfers it to the bottom surface of 
felt 60. If roll 61 is a plain roll transfer is effected by 
the web adhering to felt 60. 

In the operation of the described apparatus according 
to the method of the present invention, pulp is pumped 
(by means not shown) through delivery conduit 16, and 
manifold 17 into headbox. 10. The pressure of delivered 
pulp is increased until the pressure head of pulp in 
chamber 13 proides a discharge velocity through slice 
14 sufficient to cause pulp to flow up the incline of wire 
screen 5. The arrangement for controlling the pressure 
within headbox. 10 is not the subject of the present in 
vention and may be of any of the well-known arrange 
ments such as are disclosed, for example, in U.S. Patents 
2,609,822; 2,736,246; 2,901,040; and 3,060,955. As wire screen 15 is brought up to operating speed (by driving 
means not shown), the pressure head in chamber 13 is 
adjusted to provide a discharge velocity through slice 
14 sufficient to maintain continued web formation on 
the upwardly moving wire screen. As the pulp energes 
from the slice 14 and is deposited on wire Screen 15, the 
pulp on screen 15 immediately passes over suction box 
assembly 45 and is exposed to the dewatering action of 
a suction drawn through conduits 57, 58, 59. The Web 
is then carried by wire screen 15 over couch roll 26 
where suction drawn through box 63 within Suction 
pickup roll 61 transfers the Web from the top side of 
wire screen 15 to the bottom side of felt 60 which then 
carries the web along for further processing which may 
include apparatus similar to that described which may 
form additional layers of web for application to the 
bottom side of the web carried by felt 60, to thus make 
a multi-ply sheet of fibrous material. When the desired 
number of plys have been provided, the sheet is then 
passed to press and drying assemblies in the usual 
haller. 
The apparatus and operation that has been described 

provides great flexibility for control to achieve desired 
web density and quality with a compact apparatus 
operating economically and effectively at high Speed. 
That is, to achieve desired web density various factors 
may be controlled including the density of the pulp, the 
pressure head in the headbox. 10 and the velocity head 
discharged through slice 14, the profile of slice 14 (by 
rods 22), the angle of incline of wire screen 15 and its 
speed, the vacuum drawn through box assembly 45 and 
the position of the suction box assembly relative to the 
slice 14. Thus it has been shown that the present in 
vention provides a unique apparatus and method of form 
ing a fibrous web from an aqueous pulp, and accom 
plishes the objects that have been set forth as well as 
others that will occur to those skilled in such arts. 

Modifications and equivalents of the disclosed con 
cepts such as readily occur to those skilled in the art 
are intended to be included within the scope of this in 
vention and thus the scope of this invention is intended 
to be limited only by the scope of the claims, such as 

60 are, or may hereafter be, appended hereto. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are defined as fol 
lows: 

1. A paper making machine comprising an inclined web 
65 forming assembly having a longitudinally spaced breast 

roll and couch roll and an endless screen looped over said 
breast roll and couch roll, support structure supporting 
said breast roll at a first elevation and said couch roll at 
an elevation higher than said breast roll with the top 

70 strand of said screen at an angle of incline upwardly to 
ward said couch roll, driving means connected to said 
screen to move the top strand thereof up an inclined path 
from said breast roll toward said couch roll, a suction box 
assembly mounted beneath said top strand and on said 

63. As wire screen 15 and felt 60 pass between the turn- 75 support structure, an adjustable spacing device connecting 
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a portion of said support structure to a portion of said box 
assembly for positioning said box assembly along said Sup 
port structure toward and away from said breast roll upon 
adjusting said spacing device, and a headbox having a 
slice discharge and walls for containing pulp therein un 
der a head higher than said slice to discharge pulp from 
said slice under the pressure of said head, said headbox 
being arranged with said slice over said top strand and 
transverse thereto to discharge pulp up said incline of said 
web forming screen. 

2. A paper making machine comprising an inclined web 
forming assembly having a pair of laterally spaced Support 
arms with a longitudinally spaced breast roll and couch roll 
journaled transversely therein and an endless screen looped 
over said breast roll and couch roll, support structure sup 
porting said breast roll at a first elevation, and said couch 
roll at an elevation higher than said breast roll with the 
top strand of said screen at an angle of incline upwardly 
toward said couch roll, driving means connected to said 
screen to move the top strand thereof up an inclined path 
from said breast roll toward said souch roll, each of said 
support arms having a flat upper surface parallel to said 
top strand of said wire, a suction box assembly mounted 
beneath said top strand and on said upper surfaces, an ad 
justable spacing device connectnig a portion of said sup 
port arm to a portion of said box assembly to slide said 
box assembly along said upper surface toward and away 
from said breast roll upon adjusting said spacing device, 
and headbox having a slice discharge and walls for con 
taining pulp therein under a head higher than said slice 
to discharge pulp from said slice under the pressure of said 
head, said headbox being arranged with said slice over said 
top strand and transverse thereto to discharge pulp up 
said incline of said web forming screen. 

3. A paper making machine comprising an inclined web 
forming assembly having a pair of laterally spaced sup 
port arms with a longitudinally spaced breast roll and 
couch roll journaled transversely therein and an endless 
screen looped over said breast roll and couch roll, support 
structure supporting said breast roll at a first elevation and 
said couch roll at an elevation higher than said breast roll 
with the top strand of said screen at an angle of incline 
of about 15 to 30 degrees, driving means connected to said 
screen to move the top strand thereof up an inclined path 
from said breast roll toward said couch roll, each of said 
support arms having a flat upper surface parallel to said 
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top strand of said wire, a suction box assembly mounted 
beneath said top strand and on said upper surfaces, an ad 
justable spacing device connecting a portion of said Sup 
port arm to a portion of said box assembly to slide said 
box assembly along said upper surface toward and away 
from said breast roll upon adjusting said spacing device, 
and a headbox having a slice discharge and walls for con 
taining pulp therein under a head higher than said slice 
to discharge pulp from said slice under the pressure of said 
head, said headbox being arranged with said slice over 
said top strand and transverse thereto to discharge pulp up 
said incline of said web forming screen. 

4. A paper making machine comprising an inclined web 
forming assembly having a pair of laterally spaced support 
arms with a longitudinally spaced breast roll and couch roll 
journaled transversely therein and an endless screen looped 
over said breast roll and couch roll, a first support column 
Supporting said breast roll at a first elevation, an adjust 
able height second support column supporting said couch 
roll at an elevation higher than said breast roll and the top 
strand of said screen at an angle of incline of about 15 to 
30 degrees, driving means connected to said screen to move 
the top strand thereof up an inclined path from said breast 
roll toward said couch roll, each of said support arms 
having a flat upper surface parallel to said top strand 
of said wire, a suction box assembly mounted beneath said 
top strand and on said upper surfaces, a threaded bolt 
parallel to said upper surfaces threadedly connecting a 
portion of said support arm to a portion of said box as 
sembly to slide said box assembly along said upper surface 
toward and away from said breast roll upon turning said 
bolt, a headbox having an adjustable slice discharge and 
walls for containing pulp therein under a head higher than 
said slice to discharge pulp from said slice under the pres 
sure of said head, said headbox being arranged with said 
slice over said top strand and transverse thereto to dis 
charge pulp up said incline of said web forming screen. 
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