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UNITED STATES 
2,162,097 

CYLINDER PAPER MACHINE 
Water W. Meteaf, 

Application Mareh I, 
G (fans. 

My invention relates to paper making and par 
ticularly to improvements in cylinder machines. 

it is well known in the paper Enaking art that 
the arrangement of the fibers in the web formed 
or the noid of a cylinder Enachine is largely die 
pendent upon the comparative velocities of the 
moid periphery and the stock adjacent thereto. 
Where there iss substantial difference in velocity 
between the stock and the surface of the noid, 
there is a tendency toward a Enidirectional lay 
ing of the fibers in the web which results in a 
sheet which tears more readily longitudinally of 
the web than it does transversey and in which 
the tensile strengths of the paper in these direc 
tions are substantially different. On the other 
hand, it has been recognized that if a machine 
of this type couikdi be so designed that the pe 
ripheral velocity of the mold and the velocity of 
the stock adjacent thereto are substantially the 
same, the fibers in the stock suspensions should 
maintain their normal, irregular relation to each 
other as they come to rest upon the wire to form . 
the paper Web, and the resulting paper should 
have stibstantially equal tearing and tensile 
strengths longitudinally and transversely of the 
Web. 
The desirability of equalizing the peripheral 

velocity of the mold and the velocity of the cir 
culating stock has been recognized and many at 
tempts have been made to attain this end, most 
of which have failed or have been only partially 
successful, insofar as the production of commer 
cially satisfactory paper is concerned, because of 
a failure to recognize the existence of and to 
eliminate destructive and disturbing factors, 
other that differences in velocity, which arise with 
and are rauch aggravated by the higher velocities 
involved. While it has been possible to control 
to a censiderable degree the initial for nation of 
the Web, there is no device, so far as E an aware, 
which is capable of consistently handing the 
sheet without dia:Enage after its formation. 

In certain papers a randon arrangement of 
fiber is very desirabie while in other papers it is 
equally desirable to have a more or less tEni 
directional arrangement. Hence, to be of uni 
versal value, a web-forming machine should be 
of such design as to provide good control of fiber 
motion and velocity during the Web formation. 

he newly formed web on a cylinder mold is 
a delicate, loosely felted structure. If a good 
formation is to be maintained without damage, 
aii disturbing forces which tend to dislodge or 
move the fibers after they have been deposited in 
the web, and until the web is safely transferred 
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to the traveling felt, must be minimized or 
eliminated. Such disturbing, forces may arise 
from flow defiectors at the point of an overflow; 
from currents away from or toward the mold at 
the point of overflow or at points of inlet of aux 
iliary stock supplies; from a sudden change of 
stock velocity such as might, cccur from an in 
properly shaped channel; from any "pond" with 
an established water line from which it is neces 
sary to carry the newly formed sheet with mold 
velocity; or from dandy rolls or other mechanical 
means that directly contact the sheet to press and 
retain it against the mold surface. . . ; - 
One of the objects of my invention is to pro 

vide a cylinder machine which is both simple to 
operate and economical to construct; and which 
will be capable of forming a paper web in such a 
way that the relative arrangement of the indi 
vidual fibers in the web may be easily and posi 
tively controlled. . . . . . 
Another object is to provide a machine in which 

a considerable saving in power will be effected by 
reason of the fact that it is not necessary or de 
sirable to circulate an excess of stock which is not 
utilized in forming the web as it passes through 
the zone of formation. . . . . . . . . . . . . . . 
Another object is to provide a machine of 

this type in which the felt used to remove the 
Web from the cylinder mold, will have a longer 
useful life than on machines of the present type 
because the paper web is drier and more firmly 
compacted before couching and the felt remains 
sufficiently clean with a minimum of beating and 
washing. : '. ... 

Another object is to provide a machine of this 
type in which many grades and qualities of paper 
can be made that are not possible to make in the 
present type of machine. 
A further object is to provide a device of this 

character in which a good sheet of paper cari be 
formed with a minimum of preparatory treat 
ment such as given to the raw material by beaters, 
jordans or other refining equipment. 
With these objects in view, my invention in 

cludes the novel elements and the combinations 
and arrangements thereof described below and 
illustrated in the accompanying drawings in 
which- s 

Fig. 1 is a fragmentary section of my machine 
at right angles to the axis of the mold; 

Fig. 2 is a fragmentary enlarged section per 
pendicular to the axis of the mold and showing 
the nozzle Section of the machine; 

Fig. 3 is a graphical presentation of calculated 
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and experimental data used in the design of the 
nozzle Section of the machine; 

Fig. 4 is a plan view showing the general ex 
terior form of the machine and also the location 
of the pipe connections for the circulating stock; 

Fig. 5 is a side elevation view of the machine; 
Fig. 6 is a fragmentary side elevation of the 

machine showing the deckie plates in detail; 
Fig. 7 is a fragmentary elevation view, par 

tially in section, showing the details of the deckle 
plate adjustment; 

Fig. 8 is a fragmentary sectional elevation 
taken in a plane normal to the axis of the cylin 
der mold and showing the method of sealing the 

ls vat against the entrance of air at the end of the nold 
Fig. 9 is a fragmentary plan view of the parts 

shown in Fig. 8: 
Fig. 10 is a plan view of a detail of the air 

sealing means; 
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Fig. 11 is a fragmentary diagrammatic eleva 
tion view of a device for indicating the head of 
stock in the vat and the velocity of the stock 
at the entrance to the web forming zone; 

Fig. 12 is a plan view of a preferred type of 
instrument used to indicate the head on the wat 
and the speed of the stock entering the zone 
of formation; . . . . . . ... 

Fig. 3 is an elevation view, partially in sectiori, 
- of the instrument shown in Fig. 12; 

Fig. 14 is a fragmentary front elevation of the 
instrument shown in Figs. 12 and 13; 

Fig. 15 is a diagrammatic, sectional elevation 
view showing two of any molds arranged in tan 
den for the production of a two ply web; and 

Fig. 16 is a section of Fig. 15 in either the 
plane S-6 or - illustrating a section 
through the stock duct. 

Referring to the drawings, represents a cyl 
inder mold rotatably mounted in vat 2. 3 is the 
usual couch roll and is the felt which functions 
to remove the web from the mold in a manner 
well understood in the art. Stock is supplied 
to the mold from the body of the vat where the 
stock is maintained at a level 5 sufficient to pro 
vide the required static and velocity head for web 
formation. A duct having the sides of the en 
trance well rounded, as at , extends upwardly 
from the lower portion of the vat under the roll 
and serves to convey the stock to the mold. The 
duct. B is inclined upwardly to avoid any possi 
bility of surging flow occurring therein due to the 
presence of entrapped air in any low pockets. 
The cross section of the duct 6 is gradually de 
creased in size as it approaches the mold so that 
the stock flowing therein has a gradual and 
smooth acceleration in velocity in its passage 
to the mold. These precautions are taken to mini 
mize the losses due to hydraulic fiction and to 
maintain, as far as possible, the random arrange 
ment of fibers that exists in the body of the 
stock in the vat. At a point somewhat below the 
mold, the duct 6 turns upwardly, as at 8, and 
contir ues into a nozzle section designated gen 
erally by the numeral 9. The inner side of the 
duct which is adjacent the mold terminates at 
a point fo above the level of the white water 
within the mold and vat, so that the entire web 
formation takes place above this level. The ter 
minating portion of this side of the duct is formed 
as follows (see Figs. 1 and 2) : 
An angle f is bolted to the duct and its leg (2 

is recessed into the side of the duct so that the 
outer surface 3 is flush with the inside of the 
duct below. Bolted to the angle f is a second 
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angle 4 having a standing leg f 5 whose ex 
tremity closely approaches the surface of the 
mold and is beveled as shown at 6. is a rub 
ber apron, the free end 8 of which runs in 
contact with the surface of the mold . The 
bottom portion is of this apron is secured between 
the back of the leg 5 of angie 4 and a micarta . 
plate 20, the outer surface of which lies in the 
same plane as the outer side of the angle t . 
The upper end of the micarta plate 20 is beveled 
as shown at 2 and a second micarta plate 22 
having a correspondingly beveled end 23 is se 
cured to leg 5 of angle f4 and extends upwardly 
to a point 24 closely adjacent the surface of the 
mold. The apron 9 extends outwardly between 
the beveled ends 2 and 23 of the micarta plates 
and overies plate 22 which forms a backing or 
support for the upper portion of the rubber apron 
to form a substantially smooth inner side of the 
duct. 
The outer wall of the nozzle section, repre 

sented generally by the numeral 25, is formed of 

10 
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articulated sections so that it may be moved . 
relative to the mold in order to vary the cross 
sectional area of the nozzle section, and also 
swing back to provide clearance for the removal 
of the mold. The fixed portion of the outer 
wall of the duct adjacent the nozzle section 
terminates in a micarta plate 26 secured to the 
end of the duct by means of screws 27. Secured 
by bolts or otherwise to the inside end of the 
wat are bearings 20 in which is mounted a shaft 
29 extending across the vat. 

Links 3D are also pivotally mounted at One 
end on the shaft 29 and pivotally connected at 
the other end, by means of a shaft 3, to ele 
ments 32 to which is secured a curved face plate 
33 forming the rear portion of the nozzle section. 
A plate 34 extending across the vat is secured 
to the links 30 and has its lower portion bent 
to a cylindrical surface having the center of 40 
shaft 29 as an axis. The micarta plate 26 is 
tangent to this curved portion of plate 34. Like 
wise, the lower end of plate 33 is bent to form 
a cylindrical surface having the center of the 
shaft 3 as an axis, and a second micarta plate, 
35, secured to the plate 34 by means of screws 36, 
has its free end 3. beveled and contacting the 
curved portion of the plate 33. It is to be under 
stood that plates 26, 35 and 33 have smooth pol 
ished surfaces and together form the back wall 
of the nozzle section of the duct which is free 
of any abrupt changes in curvature. 

Extending across the vat to the rear of the noz 
zle are horizontal shafts 38 and 39 (see Fig. 1) 
on which are mounted eccentrics 40 and 4 re 
spectively. Rotatably mounted upon the eccen 
trics are bushings 42 and 43 provided with pro 
jecting pins 44 and 45. Hook elements 46 and 

having openings therein adapted to receive 
respectively the pins 44 and 45 are simply sup 
ported on the bushings 42 and 43. The hook ele 
ments 46 and 47 are connected by means of turn 
buckles 48 and 49 with eyed elements 50 and 5? 
respectively rotatably mounted on shafts 52 and 
3 respectively; it being understood that the 
shaft 52 extends across the wat and is rotatably 
mounted in the bearings 53 on elements 32. 

Referring particularly to Figs. 4 and 5, the 
shafts 38 and 39 are mounted in suitable bearings 
Secured to the sides of the vat and have worm 
wheels 5 and 55 secured thereto. Worms 56 and 
57 cooperate with the worm wheels 54 and 35 re 
Spectively and may be turned by means of the 
hand wheels 58 and 59, respectively, to effect a 
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2,162,09? 
rotation of shafts 38 and 39. The rotation of 
shafts 38 and 39 turns the eccentrics 40 and 4 
connected thereto and thus moves shafts 52 and 
3 f toward or away from the mold as the case 
may be thus permitting the cross sectional area. 
of the duct within the nozzle section to be varied 

... or adjusted to secure the best operating condi 
tions. By simply lifting the hooks 46 and 47 
of the bushings 42 and 43, the entire back wall 
of the nozzle section may be SWung back away 
from the mold. 
The members 30 and 32 are so assembled that 

they constitute a rigid, non-flexible outside Wall 
confronting the mold in the ZOne of primary Web 
formation. The face 60 of the element 33 is so 
shaped that the velocity of stock flow in the form 
ing zone is at all times under the control of the 
operator, and proper shaping of this face is very 
important because it has a great deal to do with 
the success of my device. - 

In designing the nozzle section of my duct and 
particularly the face 60 of element 33 I proceed 
as follows: 

First: I determine, experimentally, the varia 
tions in the rate of water flow through wire cloth 
of the character used on the face of the cylinder 
mold and through a newly formed sheet thereon 
when the amount of fiber in the sheet, expressed 
in bone dry weight, and the head or pressure 
Causing the flow, are known and controlled vari 

These data will vary with different stock 
and stock treatments and hence it is advisable to 
make rather extended experiments to arrive at a 
true understanding of the values concerned for a 
particular design problem. 

It is found from consideration of such ex 
perimental data that: 

(a) The rate of flow through a forning sheet 
under constant head varies with the weight of the 
sheet according to a definite exponential relation 
which is described in mathematical parlance as 
the law of organic decay or logarithmic decre 
ment. 
This may be expressed in a mathematical for 

mula as follows: 

F= Aebut; or as F= 
Where 

F denotes rate of flow per unit of area, 
e denotes the base of the Naperian system of 

logarithms, 
2i) denotes the weight of the sheet per unit 

of area, and 
A and b denote constants.. 

The rate of flow is a decreasing function of the 
sheet weight, the independent variable. 

(b) The rate of flow through a sheet of con 
stant weight is proportional to some power, be 
tween 2 and 1, of the head acting to cause the 
flow. 

This may be written as a formula: 
F-CHat 

Where 

F denotes rate of flow per unit of area, 
H denotes head, 
ac denotes the power of the head, and 
C denotes a constant. 

The experimental data also show in a quanti 
tative way the variations in value of a for varia 
tions in weight. 

(c) The limitation of the rate of flow may be 

3 
due to the wire cloth or to the sheet itself: which 
ever of these is the smaller establishing the limit. 
Thus for very light sheets, or in the early stages 

of formation of any sheet, it is necessary to con 
sider the rate of flow that will occur through a 
bare wire. Experimental determinations of these 
values for various heads are essential to predict 
conditions of Zero on light sheet weight in any 
CaSe. 

Consideration of the experimental data indi 
cates that the flow through a forming sheet is 
of a mixed turbulent and capillary nature, inas 
much as for calculations of flow, the exponent 
of the head used for turbulent flow is 0.5, and for 
capillary flow 1.0. The exponent is near the low 
value for a thin sheet and approaches the high 
value for a thick sheet. With a definite sheet 
weight the actual value of the exponent is an indi 
cation of the part of the flow which is of a tur 
bulent nature and the part which is capillary. 
An assumption of the existence of some capillary 
flow during formation agrees with common knowl 
edge that the freeness of stock is changed by 
change of temperature of the Water in the stock 
suspension. 

Second: A desirable and practical zone of for 
maticn on a defined mold surface is assumed and 
the rate of flow and weight of sheet that will 
exist at all points through the zone of formation 
are calculated. To make this possible as a definite 
problem certain knowledge and assumptions are 
necessary, as follows: 

(a) The quantitative experimental data above 
described. 

(b) The pressure conditions at all points in the 
Zone of formation, which necessitates an assump 
tion of head, or the elevation of the stock in the 
wat, as shown at 5 in Fig. 1, and the internal 
mold suction. 

(C) A definite and desirable uniform consist 
ency of stock. 

(d) When a definite amount of fiber is removed 
from a definite amount of water and spread uni 
formly over a known area the resulting sheet 
Weight can be calculated. - 

(e) From the experimental data, the rate of 
flow at any point is known when the weight of 
sheet and head are established. 

(f) The velocity which is desired throughout 
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the formation Zone is assumed as uniform and O 
constant in value. It is necessary to know and 
establish this because of the interrelationship of 
Velocity and static pressure, 
To facilitate calculation, a method of approxi 

mate integration and trial and error is adopted. 
The ZOne of formation is first divided into a suit 
able number of Smaller Zones, and, for calcula 
tion, the sheet weight and hence the rate of flow 
assumed constant for each of the smaller zones. 
As considered at first the small zone does not have 
a known length and defined position in the en 

O 

tire formation zone but is rather that zone where 
the sheet gains a known increment of weight. 
By assumption, the rate of flow while in the zone 
and the increment of weight is known, the length. 
of time in, and hence the length of travel in the 
Zone, can be calculated. The mold speed is uni 
form and known. The length of each zone and 
the weight in each zone being thus progressively 
determined, sufficient information results to de 
termine the sheet weight at all points of travel 
through the Zone as a whole. 
With the results of the first calculations, the 

work is repeated with the approximately correct 
values for head and rate of flow substituted for 
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those assumed in the first calculations. The re 
sults of several series of such calculations will be 
progressively closer to the true values, and a 
final result is obtained and within the limits of 
necessary, accuracy. It may be necessary to re 
peat the first calculations several times by mak 
ing necessary changes in the assumptions to ob 
tain a resulting formation, length of travel or 
sheet weight that is more desirable for design. 
These resulting values are changed by changing 
the assumed values for consistency, or head and 
suction. 

Finally, a result is attainable which will show a 
definite and desirable final sheet weight; a definite 
length of formation surface used; the weight of 
the sheet at any point of its travel in formation 
(in the embodiment shown, the last mentioned 
result is presented in graphical form, in Fig. 3 
as the relationship of percentage formation with 
percentage of mold travel); and a consistency 
and rate of stock flow to form the sheet. 
Third: The next step is to calculate the dimen 

isions of and establish the shape of face 60 of 
member 2. This can be determined because the 
spacing of the face from the mold at various 
points can be calculated as follows: 

(a) Determine the width of section at the 
point of inlet into the nozzle where formation 
starts which is necessary to pass the determined 
amount of water at the assumed and predeter 
mined uniform velocity. This dimension is here 
inafter referred to as inlet width and in most cases 
will vary from 6' to 14''. 

(b) At the point where 10% of the sheet weight 
has been formed 90% of the stock admitted is still 
left in the space between the mold and the face 
So, and hence, to maintain the uniform stock 
velocity decided upon, it is necessary that the 
distance from the wire to the face 60 at this point 
be 90% of the inlet width. In the same way, 
with 50% of the sheet formed, 50% of the initially 
admitted stock is left in the nozzle, and the width 
of the nozzle at this point should be 50% of the 
inlet width. With a sufficient number of points 
so determined a smooth curve drawn therethrough 
will fix the shape of the face 60. 
I have found from actual experience in the de 

velopment of my device that although the calcu 
lations for determining the curvature of the face 

are all based on One stock condition, one 
weight of sheet, One consistency of stock, one 
rate of flow, and one speed, the same curvature 
may be used for stocks of different freeness, for 
different sheet weights and for different speeds 
by moving the face to either towards or away 
from the mold, and the resulting sheet formed 
will be of acceptable character when the face 60 
is properly positioned and the rate of flow ad 
justed thereto. 
In operation, since it is not necessary or always 

desirable that the stock velocity be uniform or 
equal to the mold-speed throughout the forma 
tion zone, the necessary adjustments of velocity, 
and hence of sheet characteristics can be made 
by moving element 32 as a unit. The actual 
shape of the face will probably be slightly in 
error for conditions other than those considered 
in its design, but in operation the error is so slight 
that it may be neglected. 

Instead of maintaining a partial vacuum with 
in the mold only, as has heretofore been common, 
I maintain a partial vacuum not only within the 
mold but also within a portion of the vat adja 
cent thereto. In other words, the vat is practi 
cally sealed against the entrance of air at all 

2,168,097 
points except in a 20ne just behind the couch 
roll. 

Referring to Figs. 1, 8, 9 and 10, the sides of 
the vat are provided with the usual stationary 
rings 6. The ends of the mold are also provided 
with rings 62 of the same diameter as the rings 

, and the usual rubber strap 63 overlies these 
rings to prevent the entrance of air therebe- . 
tween. It is not necessary that this strap be car 
ried down below the normal Water level in the 
wat, represented by the line 64 in Fig. 1, in order 
to seal the mold at the ends because the lower 
part of the vat itself is substantially sealed 
against the entrance of air as Will be hereinafter 
described. 
When in operation, that portion of the cylin 

der mold between the nozzle section and the 
pinch. 64 of the couch roll is covered with the 
forming paper web. Behind the couch roll is a 
shower pipe B5, the water from which substan 
tially seals the mold against the entrance of air 

O 
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from about the point 5’ to the point 66 where 
the rubber apron 6 runs in contact therewith. 
At the sides, the mold and vat are sealed against 
the entrance of air by means of the rubber straps 
63 which extend, as shown in Figs. 8, 9 and 10, 
from the point 66 to the point B below the noz 
zle section. Thus, air enters the vat only through 
that portion of the mold periphery extending 
between the pinch of the couch roll and the 
shower from pipe B5, and sufficient space must 
be left here to prevent the entering air from at 
taining such a high velocity as would injure the 
wet web on felt 4. It may be noted here that the 
admission of air at this point has the advantage 
of relieving to Some degree, the suction holding 
the Web against the surface of the mold at the 
point of couching, thus allowing the web to be 
more easily removed by the felt. . 

Referring to Fig. 1, 69 is a slice board located 
in the conventional manner of the art, and a 
shower pipe 70, above the slice, supplies addi 
tional water to the nip when necessary. 
White Water leaves the inside of the mold 

through the both ends thereof and exit ports in 
the sides of the vat 2 and also outwardly through 
the wire cloth into the chamber 7. The water 
is drained from chamber 7 through ports 72 
in the sides of the vat. These ports are located 
below the water level 4 in the chamber f which 
thus provides a suction seal and prevents the 
passage of air through these ports. It has been 
found desirable that the external. Suction connec 
tion be made within the end area of the mold 
rather than in the chamber 7, and air passes to 
the exhaust fan (not shown) through port 75 at 
the rear of the wat. 

Referring now to Figs. 4 and 5, white water 
from openings 2 and 75 (see Fig. 1) flows into 
two compartments or boxes one at the front and 
one at the rear of the vat. These compartments 
are connected by an equalizing passage 76 formed 
between the bottom of the duct 6 and the bot 
tom and ends of the vat 2. This passage 7 is 
provided with a vent or breather pipe 77 to allow 
the escape of trapped air when starting. The 
end white water compartments 78 and 79 are 
provided with sealing covers 80, and the spaces 
therein above the water line as well as the in 
side of the mold and the chamber 7 are under 
Suction. White Water is allowed to leave the 
compartments mentioned above only by flowing 
under partitions 8 which provide an effective 

70 

and simple seal for the suction. After passing is 
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partitions 8, the white water is exposed to at 
mospheric pressure. 
White water is allowed to pass away from the 

vat through pipe 82 communicating with the 
5 white water box on the frontside of the machine. 
The height of pipe 82 is such that the water level 
T4 in the vat is satisfactory and below the ZOne 
where stock is initially delivered to the mold. In 
operation no adjustment of this white water level 

0 is necessary. Thus the necessity of having float 
valves, adjustable weirs, etc., which have been 
in common use in the art for many years, is elim 
inated. 
White water from the rear compartment may 

is enter either of two pipes 83 or 84. Pipe 84 com 
municates with a pump 85 and with a screen 
(not shown) so that the white water is thus re 
circulated to mix with the incoming thick stock 
before straining. The location and type of 

20 screen is conventional. 
Pipe 83 leads to the circulating pump 86 which 

delivers the stock into the vat through the regul 
lating valve 87. A pipe 88 joins the pipe 83 be 
fore passing into the suction opening of the 

25 pump 86, and screened stock is admitted to the 
circulation at this point through pipe 88. 
Walve 87 serves to control the amount of stock 

circulated in gallons per minute and hence the 
head 5 (see Fig. 1) in vat 2. This is true since 

30 an increase Or decrease of head 5 will cause a 
corresponding increase or decrease of drainage 
through the forming web. Hence, at any one 
setting of valve 87 a condition of equilibrium will 
be established where the head 5 becomes substan 

S5 tially stationary. 
Members 89, 90, 9 and 92 are conventional 

baffles arranged to guide and quiet the flow of 
stock as it passes through the body of the vat 
fron inlet valve 87 to the entrance of duct 6. 

40 The nozzle section is sealed at the ends by 
deckle plates 93, preferably of micarta. These 
plates are pivoted at the bottom on shaft 29 and 
are yieldingly held against the sides of the noz 
zle section by helical springs 94 surrounding the 

is ends of shaft 29 and compressed between the 
plates and washers 95 secured on shaft 29 by 
means of pins 96. The shafts 3 and 52 ter 
minate adjacent the deckle plates 93, as shown 
at 97 and 98 in Fig. 7. The ends of these shafts 

so are drilled and threaded to receive the threaded 
portions 99 and 00 of the clamp screws of and 
02 which serve to clamp the deckle plates 93 

against the ends of the nozzle Section of the duct 
6. The threaded portions of the clamp Screws 

55 pass through large openings (3 and 04 in the 
deckle plates 93 and the bases of the camp Screws 
are enlarged as shown at 05 and 06 where they 
bear against the outside of the deckle plates. 
By loosening the Screws of and 02 the deckle 

60 plates 93 have a limited swinging movement 
about shaft 29 because of the clearance between 
the threaded portions of the screws and the 
openings in the deckle plates. Thus the deckle 
plates may be adjusted to run very closely to the 

65 Surface of the cylinder mold independently of 
the position of the outer wall of the duct. 
The width of the duct 6 may be varied to some 

extent by means of movable blocks 07 at either 
side thereof. These blocks fit closely within the 

70 duct and may be moved by the hand wheels 08 
which turn stems to passing through the sides 
of the vat and through threaded collars 09 
secured on the outside of the wat. The stems 

of the hand wheels are provided near their 
E inner ends with recesses 2 which cooperate 

with plates 3 secured to the blocks OT, as 
shown. - 

Referring particularly to Fig. 11 in connection 
with Fig. 1, I have here shown a simple device 
for indicating the head of stock in the vat and 
the Velocity of stock flow in the nozzle Section of 
the duct. 40 is a glass tube, open at the top 
and communicating at the bottom by means of a 
tube 4, with the body of the stock in the wat 
so that the water level in the tube 40 indicates 
the level 5 of the stock in the Wat. 

42 is also a glass tube, open at the top, and 
somewhat longer than tube 40, which communi 
cates at the bottom through a pipe 43, a flexi 
ble tube or hose 33 (see Fig. 1), and a short tube 
f34, with the stock flowing in the nozzle section 
of the duct. The inside end of the tube 34 is 
flush with the surface 60 forming the Outer or 
back surface of the nozzle, and the tube itself is 
disposed normal to this surface. The level of the 
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water in tube 42 therefore indicates the static 
preSSure in the nozzle section of the duct at the 
point where tube 34 communicates therewith. 
However, the difference in the water levels in 
tubes 40 and 42 may be and is used to indicate 
the velocity of stock flow in the nozzle at this 
point provided proper allowance, is made for 
losses due to hydraulic friction which may be 
determined by the use of Pitot tubes. Such 
losses usually do not exceed a Small fraction of 
an inch of water. 
The tubes 40 and f42 are mounted closely 

together and used in connection with two scales 
44 and 45. The scale 44 is fixed and gradu 
ated in inches from a zero level, arbitrarily posi 
tioned, to indicate the level 5 of the stock in the 
wat, The scale 5 is mounted between the tubes 
40 and 42 so as to be vertically slidable and is 

calibrated and graduated to indicate, in feet per 
minute, the velocity of stock flow in the nozzle. 
In use, the scale f45 is vertically adjusted until 
the Zero index corresponds with the Water level 
in tube 40 whereupon the stock velocity may be 
read opposite the water level in tube 42. 
In Figs. 12, 13 and 14 have illustrated a more 

desirable type of instrument than that shown in 
Fig. 1 whereby the velocity of stock flow in the 
nozzle may be read at any time without the 
necessity of manually moving and adjusting a 
sliding Scale to compensate for variations in the 
head 5 of the stock. In this instrument, varia 
tions in static head are automatically compen 
sated. 

Referring to these figures, and also to Figs. 
4 and 5 for the purpose of ascertaining the po 
sition of the instrument in the general assembly, 
the device is represented generally by the num 
ber f4. It comprises a casing in the upper 
part of which is mounted in suitable bearings 
a horizontal shaft S. Depending from the cas 
ing below the shaft 5 are four tubes S, T, 
ff 8 and 9. A portion of the shaft 5 is 
reduced in size, as shown at 20, and carries at 

25 

30 

35 

40 

45 

55 

the end of the reduced portion an indicating 
hand or needle 22. Secured to the rear end of 
the shaft 20 is a sprocket wheel 23 over which 
rides a chain. 24. The sprocket wheel is so dis 
posed with relation to the tubes ff8 and 9 that 
it is substantially tangent to the axis of each 
tube. The chain f24 thus depends substantially 
in the axes of the tubes and weights 25 and 26 
are suspended from the ends thereof and within 
the tubes f8 and 9, respectively. 

Surrounding, and out of contact with the re 
duced portion of the shaft 5, is a sleeve 27 
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which is rotatably mounted in bearings 28 and 
f29. Secured to the outer portion of this sleeve 
and just behind the needle 22 is a movable 
dial fo. Also secured to the sleeve 2 is a 
second sprocket 3 by which it is turned inde 
pendently of shaft ffs. The sprocket 3 is so 
mounted with relation to tubes f and i? that 
it is substantially tangent to the axis of each 
tube. A second chain (not shown but in all 
respects similar to chain (24) rides over this 
sprocket and there are weights at the extremities 
thereof and within the tubes 6 and if simi 
lar to the weights 25 and 26 in tubes 8 and 
f. 
Tubes . . and 9 are open at Line bottom 

and serve merely to protect the movement of 
the weights therein. On the other hand, tubes 
lf and if B contain liquid and may be consid 
ered analogous to the tubes 40 and 42, respec 
tively. The tube 6 communicates at the bot 
tom through a pipe 32 with the stock in the 
vat and the level of the liquid in the tube if G 
indicates the liquid level 5 in the vat. The small 
pipe extending from the bottom of tube ( 8 com 
municates through the hose 33 (see Fig. 1) with 
the small tube 34 opening into the nozzle por 
tion of the stock duct in the same manner as 
described above in connection with tube 42 (see 

30 Fig.1). The level of the liquid therefore in tube will indicate the static pressure in the noz 
zle portion of the duct at the point where the 
tube 4 communicates therewith. The weights 
in tubes if and f are somewhat larger than 
their companion weights in tubes f and 9 
so that they will move downwardly with a fall 
in the water level in these tubes. On the other 
hand, they are not as large that they will not be 
buoyed and carried up by a rise in the water 
level. 
The fixed dial 35 (see Figs. 12 and 14) is grad 
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uated to indicate in inches, above an arbitrary 
zero datum, the water level 5 in the vat. Pointer 
22 which is rotated by sprocket f 23 through 

shaft 5 indicates the depth of the water in 
tube. f and hence the static head in the noz 
2le. 
The dial 30, which is turned by sprocket 3, 

carries a zero index and an arrow at this index 
which always indicates on the fixed dial fis 
the head of stock in the vat. From this Zero 
index the dial is calibrated and graduated, in a 
counter-clockwise direction, to indicate the ve 
locity of the stock flow in the nozzle in feet 
perminute, by the position of the hand or pointer 
22 thereover. 
From the foregoing it will be apparent that 

the fixed scale 35 is analogous to the fixed scale 
84 shown in Fig. 11 and that the movable dial 
3 is analogous to the slidably movable scale 
45 of Fig. 11. In this latter type of instrument, 
however, instead of manually moving the sliding 
scale in order to bring the zero index coincident 
with the head of water in the vat, the dial 30 
is automatically moved in accordance with varia 
tions in the head 5 and the arrow at the zero 
index always indicates the head 5, and thus the 
stock velocity of feet per minute may always be 
read directly from the movable dial. 

In operation, I find that very satisfactory re 
sults are attained if the side of the duct adja 
Cent the mold, as represented by the micarta 
plate 22, is inclined to the mold at an angle of 
about 15 degrees to the tangent at the point of 
initial delivery of stock. Furthermore, the outer 
wall 6 of the duct should extend around a sub 
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stantial portion of the upper quadrant of the 
drum and terminate at a point preferably lo 
cated at an angular distance of from 20 degrees 
to 40 degrees from the top center of the mold. 
In other words, the angle of release for the jet 
from the nozzle should preferably lie between 
about 20 degrees and 40 degrees to the horizontal 
in order that the jet parabola may conform Sub 
stantially to the curvature of the periphery of 
the mold. The angle of release depends to SOne 
extent upon the diameter of the mold and where 
the jet is released at too great an angle to the 
horizontal, the radius of curvature of the jet 
parabola becomes too small to approximate the 
curvature of a mold of practical size. 

In a machine of this type it is desirable that 
as much as possible of the web formation takes 
place within the nozzle section. Ordinarily, 
about 90% of the formation will take place with 
in the nozzle and the balance, or 10%, just be 
yond the end of the nozzle. 
Within the nozzle where the major portion of 

the sheet is formed, it is under the control of 
the operator through the medium of a variable 
head and adjustment of the face 60 of the nozzle. 
In order to secure perfect sheet formation be 
yond the nozzle section, the velocity at which 
the Stock is released from the nozzle must be 
selected and controlled so that the jet, moving 
as a free body without restraint or deflection de 
Scribes a paraboloid closely approximating or co 
inciding with the circular surface of the mold. 
With such close approach or substantial coinci 
dence gravity is not to be considered as an active 
force causing formation, because gravity is the 
force which deflects the jet from a straight path 
into a parabolic path. 
The extreme end of the nozzle section must be 

located very close to the wire cloth on the cylin 
der mold and this requires accuracy of manu 
facture and initial scijustment of the surface. 60 
in order to attain, with precision, an opening or 
gap across the mold face which will be substan 
tially equal at all points. The distance between 
the surface 60 and the wire cloth surface of the 
mold at the tip of the nozzle will ordinarily run 
between 0.06 and 0.2 inch, and to maintain this 
gap constant while the mold is rotating, it is es 
Sential that the mold be precisely cylindrical and 
rotate on its axis without eccentricity. In oper 
ation, there are only three controls which render 
the adjustment extremely simple. With the 
speed in feet per minute of the mold being 
known, it is possible by means of the instrument 
shown in Fig. 11 or that shown in Figs. 12, 13 
and 14 to adjust the stock flow in the nozzle in . 
the desired relation to the mold velocity by 
means of valve 8 which controls the head of 
Stock in the vat and by means of hand wheel 59 
which will move the inlet of the nozzle toward 
or away from the face cf the mold. Having prop 
erly positioned the lower portion of the face 60 
of the nozzle the discharge end is adjusted by 
means of the hand wheel 58 by observing the 
water line at the end of the web formation be 
yond the nozzle. Since the face 60 is designed, 
in accordance with the principles aforesaid, so 
that the cross Section of the nozzle diminishes 
in size substantially inversely proportional to the 
web formation, it automatically takes care of 
conditions intermediate the two points of ad 
justment. 
The embodiment of my invention described 

above is for use on a single cylinder machine, but 
with certain minor modifications the device may 
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be applied to multi-cylinder machines. The prin 
cipal modification necessary being to locate the 
vat in a position other than beneath the felt and 
to effect the necessary changes in the shape and 
location of the fixed conduit section which con 
veys the stock from the vat to the nozzle section. 
This perits the pick-up felt to pass directly 
from one formation to the next in the usual 
manner known in the art. 

Referring particularly to Fig. 15 I have here 
shown in a riore or less diagrammatic way two 
cylinder molds arranged in tandem for the pro 
duction of a two ply sheet. All of the parts here 
shown are substantially identical with the Corre 
spondingly nurnered parts in the other figures 
of the drawings. Here, however, the ducts which 
convey the stock to the nozzle section are shown 
at 50, the same number being used for each 
duct because they are identical. These ducts 
extend transversely across the machine and are 
fed from vats 5 f at the sides. In order that 
the stock may have a uniform velocity of move 
ment toward the nozzle sections within the ducts, 
the cross sectional area of the ducts is smallest 
at the end 52 remote from the vat, as shown in 
Fig. 16. In other words, the bottom 53 of the 
duct slopes downwardly from the end 52 toward 
the vats. The tops of the ducts are closed, ex 
dept at the nozzle section, by micarta plates 54 
which are beveled at their ends 55 where they 
form a Substantially sealed joint with the ele 
ment 56 on the nozzle. 
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While I have described my invention in its 
preferred embodiment, it is to be understood that 
the drawings are merely illustrative and that 
the words which I have used are words of de 
scription rather than of limitation. Hence, 
changes within the purview of the appended 
claims may be made without departing from the 
true scope and spirit of my invention in its 
broader aspects. 
What I cain is: 
1. In a paper Inaking machine, the combina 

tion with a wat, of a cylinder mold rotatably 
mounted therein on a horizontal axis, means co 
operating with said mold for removing the paper 
web therefron, means comprising an inner wal 
adjacent said mold and an outer wall spaced 
from said inner wall to form an upwardly ex 
tending duct for delivering stock to said mold, 
said inner wall terminating in close proximity to 
the surface of said mold on the ascending side in 
a Zone substantially above the bottom thereof in 
which said zone Stock is initially delivered to said 
mold, said outer wall extending upwardly beyond 
Said inner wall around a substantial portion of 
the upper asceriding quadrant of said mold and 
comprising a first rigid wall section pivotally 
mounted at its lower end to swing toward and 
away from Said mold and a second wall section 

7 
having its side facing said mold preformed to a 
definite, fixed contour merging smoothly with the 
mold-facing surface of said first section and piv 
otally connected to the upper end of said first 
Section whereby it may swing with said first sec 
tion or independently thereof, means cooperating 
with said wall sections for swinging them to 
wards or away from said mold, and means for 
maintaining, the white water level in said mold 
entirely below the level of the Zone within which 
stock is delivered to said mold from said duct; 
the topmost and terminating edge of said second 
section being spaced from the zone of web re 
moval from said mold and the path of the moving 
stock and partially formed web being free and 
unobstructed between said edge and said removal 
Zone. 

2. The structure set forth in claim. 1 in which 
the preformed contour of the second wall Section. 
and the means cooperating with said wall Sec 
tions for swinging them towards or away from 
said mold are so correlated and arranged as to 
permit said second section to be positioned rela 
tive to the surface of said mold to define therewith 
a duct having a cross sectional area decreasing 
in the direction of stock flow at substantially the 
same rate as the web formation increases 
throughout said duct. 

3. The structure set forth in claim 1 in which 
the upper and terminating edge of said second 
wall section is located at an angular distance 
from the top center of the mold of from 20 
to 40. 

4. The combination with the structure set forth 
in claim 1, of deckle plates cooperating with said 
mold and with said wall sections for Substantially 
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sealing the sides of said duct, and means for 
moving said plates independently of said wall 
Sections. 

5. In a paper making machine of the character 
described, the combination with a vat, of a cylin 
der mold rotatably mounted therein on a hori 
Zontal axis, means forming a duct for delivering 
stock to said mold, means for indicating the flow 
velocity of the stock in said duct in a zone near 
the zone of initial delivery of said stock to said 
mold, and means for varying said velocity. 

6. In a paper making machine of the character 
described, the combination with a vat, of a cyl 
inder Inold rotatably mounted therein on a hord 
zontal axis, means forming a duct for delivering 
stock to said mold, means controlled by the static 
head of stock in Said vat, means controlled by the 
static head of stock in said duct in the zone of 
stock delivery therefrom to said mold, and means 
for indicating the differential in said static heads 
whereby the flow velocity of the stock in said 
2One may be ascertained. 

WALTER w. METCALF. 
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