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This invention relates to devices for analyzing
paper stock, and more especially to instrumen-
talities for providing a continuous record of in-
terrelated physical characteristics of paper stock
during the process of manufacture, whereby reg-
ulation and control of these characteristics may
be effected with a minimum departure from
optimum conditions in the paper machines.

Two important, and interrelated, though dis-
tinet, factors in the quality of the stock fed to
paper machines are “freeness”  and “consist-
ency.” The first of these terms is based pri-
marily on the coarseness of the suspended fibres.
Free stock is that whlch consists of coarse fibres.
Slow stock consists’ ‘in general of fine fibres with
frayed ends, and may contain a greater or less
proportion of one or more of a variety of organic
or inorganic “fillers,” which impart various de-
sirable properties to the finished paper. A char-
acteristic of slow stock is that it tends to form
a dense mat from which water drains slowly.
The degree of freeness of stock may therefore be
determined by the rate of drainage of water
from it; but in order that there be a standard of
reference, it is essential that other variable fac-
tors be eliminated, or else incorporated in a suit-
able compensation. The principal variable to
take into account before attempting to determine
freeness is that of consistency. These two mag-
nitudes are closely associated, and may readily
be confused. In fact, they may:at times be meas-
ured by identical means, the only distinetion ly-
ing in the range of measurement for which the
apparatus ‘is set. Consistency, however, is
synonymous with viscosity, and affects the manu-
facture of paper in quite a different manner from
the influence of freeness. Control of consistency
is brought about by regulation of the amount of
water in the stock, which may generally be
effected automatically, while control of free-
ness requires adjustment of the jordan plug or
beater knives, as the case may be, which is gen-
erally better done by manual means subject to
the observed freeness- values.

It is an object of the present invention to pro-
vide means whereby simultaneous determination
of consistency and freeness on flowing paper
stock may be coordinated in a manner to elimi-
nate in the former such variations as might
otherwise detract from accuracy of measurement
of the latter.

It is a further object.to provide means whereby
freeness of a selected specimen of paper stock
may be determined with an accuracy and preci-
sion not heretofore characterizing the art.
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It is a further object to provide means of the
above nature which shall be compact and sub-
stantially unitary in construction, and readily
adaptable to existing installations of paper man-
ufacturing apparatus.

In carrying out the purposes of the invention,
it is proposed to provide, integrated in a common
unit, a consistency measuring. and controlling
instrument, and an improved form of freeness
determining apparatus and so to coordinate their
performances as to utilize each with max1mum
efficiency.

In my former Patent No. 1,945,988, granted
February 6, 1934, and reissued as No. 19,997,
June'2, 1936, I have pointed out that freeness may
be effectively determined by maintaining a paper
stock at a uniform consistency, establishing a
filter mat of material from said stock while main-

‘taining balanced atmospheric pressures on op-

posite sides thereof, and performing a quantita-
tive measurement on the liquid which drains
through said stock.  As set forth in said patent
and reissue, the forming of said mat is accom-
plished by the use of a foraminous drum im-
mersed to a predetermined depth in' the stock
whose characteristics are being determined, and
caused to rcfate therein to gather on its outside
surface a quantity of material from said stock
in the form of 2 mat, from which water may
drain into the interior of the drum, and sub-
sequently flow therefrom at a measured rate. In
the application of this principle, I have found
that the formation of a mat of uniform thickness
may be effected with a greater degree of uni-

~formity if the stock be allowed to flow on to the

upper surface of the rotating drum at a suit-
ably regulated rate and be carried along with
the motion of the drum, over its topmost level,
draining meanwhile through the perforations in
said drum into a suitable interiorly positioned
receptacle, and subsequently - dropping off the
drum as the extremity of its horizontal d1ameter
is approached

In carrying out the purposes of the present
invention, it is proposed to provide a stock-
analyzing unit involving a box assembly through
which passes the whole volume of stock being
supplied to a paper machine, there being con-
tinuously diverted from said stock a representa-
tive and measured sample which by means of a
suitable trough is delivered to the upper exterior
surface of a rotaling. foraminous drum, the
drainage through which, being confinuously
measured, provides a basis for determination of
freeness of the stock. It is further proposed to
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include in said assembly a device for measuring
the consistency of the stock and regulating the
same to a predetermined value, whereby to main~
tain said consistency not only at an optimum
value for the process in hand but also at such a
predetermined value as to impart quantitative
significance to the freeness measurement ob-
tamed on the rotating drum.

In the drawings: - K

Fig. 1 is a top elevation of a stock analyzer
embodying the principles of the invention,

Fig. 2 is a side elevation of the same, shown
partly in section, as on the line A—A in Fig. 1.

Fig. 3 is a sectional view of an important. ele-
ment of the invention.

Fig. 4 is a diagrammatic representation of an

installation of a stock analyzer 1ncorporat1ng the

principles of the invention.

Referring now to the drawings:

The numeral 10 designates an assembly in-
cluding a box portion i and a platform portion
12 integrally mounted upon suitable supporting
legs 13, whereby the same may be maintained
a convenient distance above the floor upon which
it rests. 'The box portion 1l is provided with a
lateral opening 14 adapted for connection to a
pipe or conduit 15 through whieh stock to be
tested is admitted to said box. In the bottom
portion of said box is a rectangular opening {6
communicating by means of a tapered chute or
connection 17 with a pipe or conduit 18, whereby
stock may be discharged from the apparatus.
Positioned within the box 11, on the side toward
the inlet opening 14, but dlsplaced therefrom,
are two bafiles 20 and 21. The bafile 28 which
is the closer to the inlet 14 extends substantially
fo the top of the box Ii, and has a fixed open-
ing in its bottom portion. The baffle 2{ is formed
at its upper edge into a weir of considerably lower
level than the top of the baflle 20, and at. its
lower portion has an opening 22 Whose area may
be adjustably varied by means of a gate 23 ver-
tically adjustable with respect to the bafie 21 and
movable by means of a rod or screw 24, whereby
said gate may be raised or lowered, as required.
Between the bafile 21 and the wall of the box il
remote from the -inlet 14 the box is open at the
top and adapted to contain. elements presently
to be described.  Along the edge of the opening
16, and on the side thereof toward the bafie 21
is a low weir 25, over which the stock, having

reached the top thereof; may flow into said open--

ing and be discharged through the chute 17 into
the conduit i8.

‘Mounted upon the platform portion 2 is a
box element 21 having its interior in free com-
munication with the main box portion i f, and
with its inside bottom surface sloping unob-
structedly toward: the opening 16 in the bottom
thereof. Journalled for rotation about a hori-
zontal axis in the box portion 27 is a drum mem-

ber 28, whose construction will be more clearly -

understood by reference to Fig. 3. The essential
part of the drum 28 comprises a cylindrical shell
29 formed of formaminous material, such as per-
forated sheet brass, bronze or stamless steel, hav-
ing radially extended flange portions 30 of
greater diameter than said eylindrical shell. One
of said flanges is of discoid conformation, extend-
ing to the center of the drum, and having a hub-
portion 31 whereby said ﬁange and the whole
drum structure is carrled as a cantilever from a
rotatable shaft 32. On the inner surface of the
cylindrical portion, and serving as supports for
the foraminous shell 28 .is a series of uniformly
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spaced radially disposed fing 33, inwardly directed
toward the axis of the drum. The shaft 32 is
direetly attached to a speed reducing mechanism
35 adapted to be driven by an electric motor 36,
so that the drum will be caused to rotate at con-
stant velocity in the direction indicated by the
arrow in Figs. 2 and 3.

.. A sloped trough 31,-preferably of rectangular
section and open at the top, extends from an
opening 38 in the bafile 21, a short distance be-
low its upper edge, across the open space in the
box II between said bafle and the wall which is
remote from the inlet 14, passing through said
wall and terminating in a portion positioned be-
tween the flanges-of the rotatable drum 29, hav-

ing a minimum of: clearance therefrom, to pro-

. vide a substantially water-tight joint therewith,
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‘and termmatmg in close proximity to the foram-

inous surface of the cylindrical shell 29 and on
a line intermediate the extremities of the hori-
zontal and vertical diameters of said shell, on
the “rising” side thereof. The slope of the trough
31 where it crosses the open part of the box
A1 is made such that, as the stock is extruded
through the opening 38, and flows by gravity
along the trough, .some of said stock will tend to
overflow .the edges of . the trough, spilling into
the box beneath, leaving a stream of substan-
tially the section of the trough to pass through
the opening in the wall-of the box, and flow along
the portion of the trough which is Jjuxtaposed
to the drum 28. Said last-named portion -of the
trough = 37 is made preferably of a shghtly
steeper slope than the first-named portlon, S0
that, with the resultmg increased speed of pas-
sage therethrough, the level of the stock will be
lowered sufficiently ‘that there will be no fur-
ther spilling over the edges, and the stock will
be delivered. to the surface of the drum at-a sub-
stantially constant volume per unit time.

While the trough has been hereinbefore stated
as terminating at the periphery of the forami-
nous shell 29 on a line intermediate the extremi-
ties of the horizontal- and vertical diameters of
said shell, the exact location of the end of the
trough is a matter of design, and would be de-
termined partially by experiment, and with con-
sideration of the velocity at which the drum
would be operated. - In general, the arrangement
will be such that, as indicated in Pig. 3, the stock
deposited on the shell would be drawn away from
the trough in an unbroken mat, without any
tendency of .the material to pile up-at the outlet
of the trough or to separate as it passes over the
upper surface of the shell.

Internally of the drum, and slightly below the
horizontal diameter thereof, is fixed an open
trough 40, extending across the drum but clear-
ing the inner ends of the radial fins 33. The
trough 40 is connected by means.of a suitable
drainage pipe 41, shown in Figs. 1 and 2, where-
by water falling from the inner surface of the
drum into the said trough will be collected and
drained therefrom. The drainage pipe 41 passes
into. a vertically disposed cylindrical receptacle
42 having in its lower portion a discharge pipe
43 of fixed -opening. A spray pipe 44 termi-
nating in a radially perforated section posi-
tioned within the drum 28 below the trough 49,
is adapted to be supplied with water under pres-
sure from an external source, whereby to direct
upon the inside of the drum a continuous, and
substantially horizontal, spray of water to wash
the foraminous surface clear of all accumulation
of paper stock,
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The consistency measuring and controlling de-
vice, for which, per se, no invention is herein
claimed, comprises a vertically disposed cylindri-
cal vessel 45 having midway of its side a T con-
nection 46 attached to the baffie 21, and com-
municating with the space to the rear thereof
through a suitable opening adjacent to, and at
approximately the same level as, the opening 38,
whereby said vessel will be supported within the
open portion of the box |1, and will receive from
the stock-filled space to the rear of the haffle a
continuous supply of said stock identical in all
characteristics with that passing through the
opening 38 and the trough 37 to the drum 28.
To the lower portion of the vessel 45 is attached
a projecting pipe 47 of smaller section area than
said vessel, and preferably made angularly ad-
justable about a horizontal axis so that its out-
let may be positioned at any desired level with
respect to said vessel. Suitable adjustment may
be effected by means of a vertical rod 48, hinged
to the swingable portion of the projecting pipe
47, and at its upper exiremity threadedly en-
gaging locking thumb nuts 49 bearing upon a
bracket 50 fixed to a stationary part of the box
{{. There is thus provided an ouflet from said
cylindrical vessel characterized by a constricted
conformation whereby, with a constant rate of
inflow, the level of material within said vessel
will vary according to its viscosity or: consist-
ency.

In order to provide means for expediently de-
termining the levels of liquid, or semi-liquid
masses in various parts of the apparatus de-
scribed, which levels are functions of the several
variables which it is desired to measure, there
are provided bubbling tubes of conventional type,
these being clearly indicated in Fig. 2.- A bub-
bling tube §1 vertically extended into the recep-
tacle 42, terminating near the bhottom there-
of, provides means for determining the level of
water which may accumulate in said receptacle.
A bubbling tube 52 extends into the open por-
tion of the box (I, near the weir 25, whereby
may be determined the depth, and hence the vol-
ume, of material passing over said weir; through
the opening 16, and into the chute {1, to be
discharged through the conduit (8. A-bubbling
tube 53 is vertically extended into the eylindri-
cal vessel 45, terminating some distance below
the T 46, whereby may be determined the level
of stock within said vessel.

In Fig. 4, is shown diagrammatically the ar-
rangement of an installation whereby: the in-
vention may be applied to analysis of paper stock.
A Jordan engine 55 is adapted to receive a sup-
ply of paper stock from a head-box 56 through
an adjustable gate 57. The connections associ-
ated with said head-box may be of any.one of a
number of arrangements well known in the art,
and forming no essential part of the present in-
vention.
part of a beater pump chest 58, circulated by
means of a pump 59 miay enter said head box
through a conduit 60, the stock level within
said box being more or less regulated by par-
titions 61 and 62 over the top of which a flow
of said stock may take place. Over parti-
tion 61 the stock flows into a compartment com-
municating with the gate 57, and thence to the

Jordan engine, while surplus stock flows over the

top of partition 62 into a compartment, whence,
by means of a conduit 63, it is returned to the
dump chest. A dilution pipe 68 having there-
in a pneumatically acfuated regulating valve §9,
and connected preferably between the beater

For example, stock from the lower:
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8 ‘
chest outlet and the intake side of the pump §9
provides for a controlled supply of white water
to the stock, whereby the consistency of the lat-
ter may be effectively regulated.

The bubbling tubes §1, 52, and 83 are supplied
with air from a source 710 through suitable flow
regulators or valves Tl, 12, 13, respectively. The
bubbling tube 5f{ is connected by means of a
conduit 75 to a pressure recorder 16, whereby may
be obtained a measure of the depth of liquid in
the receptacle 42. The bubbling tube 52 is con-
nected by means of a conduit 1T to a recorder
18, whereby may be obtained a measure repre-
sentative of the volume of stock passing through
the analyzer. The bubbling tube 53 is connected
by means of a conduit 19 to a combined record-
ing and controlling instrument 80, whereby may
be obtained a measure of the depth of stock
within the vessel 45, which measure may also be
utilized in a pneumatic device of conventional
form to confrol the supply of compressed air
from the source 710 to a conduit 81, communi-
cating with the operating element of the valve
69, thereby to regulate the rate of admission of
white water to the stock in the head box 56.

Operation of the apparatus embodying the
principles of the invention is as follows: A con-
tinuous flow of stock from the Jordan engine 55
is delivered through the conduit 15 and the open-
ing 14 into the box (i, where the baffle 20 acts
to reduce its velocity of flow, allowing it to pile
up back of said baflle and establish a more or less
variable head. The stock will then flow beneath
the baffle 20 into the space between the same
and the bafle 21, where it will rise to such a
height to flow over the upper edge of the latter
baffle and spill into the open section of the box.
The amount of stock flowing over the top of the
bafie 2f may be regulated by adjustment of the
gate 23, whereby the area of the opening 22 is
varied to an extent to by-pass a suitable volume
of the stock and maintain the depth over the
weir formed by the top of the baffle 21 at a de-
sired, and reasonably constant, level. The great-
er portion of the stock entering the box (1 will
thus pass either over or under the baffle 21 directly
into the open part of the box |1 and thence
over the weir 25 and through the opening {6 and
the chute 17, to be discharged through the con-
duit 18.

There being established a reasonably constant
head above the opening 38 in the baffle 21, there
will flow therethrough into the trough 37 a con-
siderable portion of the stock, and the stream
should be of such volume: as to overflow the edges
of said trough, the surplus spilling into the open
part of the box (1, and the remainder passing on
to the steeper part of the trough at a substan-
tially constant rate of flow, whence it is delivered
to the surface of the drum 28. As the stock de-
livered to the surface of $aid drum at a level be-

low its uppermost point i carried upward by ro-

tation of the drum, the water will drain through
the foraminous surface of the shell 29 passing to
the interior thereof, falling into the open trough
40. The inwardly projecting fins 33 will tend
to prevent the water being carried downward
along the inside surface of the shell, and will
cause substantially the whole volume of water
which passes through the openings therein to fall
into the trough 40. As the mass of stock is car-
ried further from the trough and over the top-
most portion of the drum, the loss of water there-
from will cause it to be deposited upon the outer
surface in g mat of continiually decreasing thick-




ness, until it has been- carned to. the:remote. ex-
tremlty -of the horizontal dlameter of - the- shell
There is thus being continuously estabhshed un-
der controlled conditions a mat or layer of the
stock, from-which the water is allowed to- drain
for a predetermined time interval; and; since the
rate of delivery of material to the surface of the
drum is maintained constant, the amount .of wa-
ter collected in the trough 40 will at all times be
a measure of the freeness of said stock, subject
to- the: mamtenance of a constant con51stency
value.

After the layer of materlal accumulated on the
surface of the shell 29 passes the extremity of the
horizontal diameter thereof, it will tend.to be-
come detached and drop into the box portion 27,
flowing along the sloping bottom surface. dhereof

to rejoin the principal mass of stock passing into’

the chute I1. The spray directed.from the pipe

44 against the interior of the shell 29. will.wash 2

said shell clear of all accumulations of stock or
slime, and will leave the foraminous surface glean
and ready to receive a further deposit ‘of stock as
with rotation of the drum it rises to the pos1t10n
of the trough 37.

As the outlet:43 from the receptacle 42 is;main-
talned constant, it follows.that the:level of water
in said receptacle will vary with the rate of drain-
age of water through the foraminous wall 6f the

drum 28, and will therefore be a measure of thé 3

freeness of the stock carried over the drum.- As;
according to well known principles, the back-
pressure -of air in the tube 51 as it -is bubbled
through the water in-said receptacle; is propor-

tional to the depth thereof, it follows that the'in- 3

dication or record obtained upon-the:instrument
16 will be a measure of the freeness'of the paper

stock under test, and mav be dIrectly expressed :

in suitable units. -

Because the sample of stock’ dlverted 1nto the
vessel 45 for purposes of consistency determina-
tion is obtained at substantially the same loca-
tion as the sample which passes: through “the
opening into the trough 37 for freeness determi-
nation, and because of the homogeneous charac-
teristic of the stock, assured by the distribution
due to the baffies 20 and 21, it may be assumed
that the sample subjected to corsistency . deter-
mination is in all respects identical to that whose
freeness is measured. Because the rate of out-
fiow of stock from the vessel 45 through the ex-
tended and constricted pipe §1-will be dependent
upon the-consistency of said stock; and since the
rate of admission is subject to a substantially con-=
stant head, it follows that the level of the surface
of the stock in the vessel 45 will vary with said
consistency, said level rising as the stock becomes
more viscous and vice versa. Because-the back
pressure of air.in the tube 53 as it is bubbled
through the stock in said vessel will:be ‘propor-
tional to the depth thereof, it follows that the
measurement obtained by the instrument 80: will
be representative of the consistency of the stock;
and may be directly expressed in suitable units. :

The control mechanism-in the instrument 89
being made subject to the measurement obtained
upon said instrument, may be caused to vary the
pressure of air applied through ‘the cornduit 8¢
to the regulating valve 69,:and thus:cohtrol the
rate: of admission 'of white water to:the 'stock
about to be delivered to the Jordan.: In this way;
variations in consistency:of the stock under anal-
ysis will be immediately detected; and:rectified
in a minimum of :time from the occurrence of
any-change. o . . i
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- As the amount of stock -which. is-diverted into
the trough 387 for the purpose.of freeness -deter-
mination will generally be a negligible proportion
of the whole supply of stock passing through the
hox. i1, the volume of material passing over the
weir: 25 into, the outlet 16 may be taken as repre-
sentative of the total amount. of stock received
from the Jordan and later delivered to the. paper
machines. :Since the back pressure in the hub-
bling tube:52 will be a measure of the depth of
stock ﬂowmg over the weir 25, the instrument
78 connected .to said bubbling tube may be cali-
brated in terms of rate-of-flow of stock. through
the analyzer; and, if desired, said instrument may
be equipped with any one of a number of well
known - forms of infegrator,  whereby the total
volume .of -stock handled by the analyzer in any
glven tune may he accurately determined.

‘The terms -and. expressions: which I have em-
ployed are used: as terms of description and not
of limitation, and I-have no intention, in the use
of such‘;terms;and .expressions, of excluding any
equivalents-of the features shown and-described
or ;portions  thereof, but recognize that various
modifications are possmle within the sr'ope of the
invention claimed.- .

I claim:. SR :

1. In a device for determmmg the freeness of
& semi-fiuid stock containing suspended fibrous
material, the combination’ of ‘&.drum having a
horizontal axis and axially displaced radially
extending flanges with a féraminous cylindrical
surface therebetween, said flanges extending out-
wardly beyond said surface, said drum being open
to ‘atmospheric pressure both' akove and below
said foraminous surface to exposé opposite sides
of :said surface to said pressure; means for rotat-
ing said drum at a substantially constant velocity
about said axis, means comprising a compariment
for' maintaining a supply of said stock under &
predetermmed head, said compartment having
an opening in a wall thereof at a predetermined
distance:below the top of said wall, a, trough com-
municating at one end with ‘said opening, said
trough extending downwardly from said opening
and terminating at its lower end between said
flanges for delivering stock from said compart-
ment to said foraminous surface of said drum of
the ascending side of the latter, said trough hav-
ing a section adgacent said opening of such slope
that stock emerging irom said opening under a
predetermined head spills over the side edges of
said trough, said trough also having a section of
steeper slope adjacent said foraminous surface
of said drum, and means for continuously. deter-
mining the rate of drainage of water from said

stock "through a predetermined c1rcumferent1a1
por tion of said foraminous surface.

2. In a device for determining the freeness of
a serhi=fluid stock containing suspended fibrous

_material, the combinaticn of a drum having ‘a
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‘horizontal axis and axially displaced. radially

eutendlng flanges with a.foraminous eylindrical
surface therebetween, said flanges extending out-
wardly beyond said surface, said-drum being open
to. atmospheric pressure both above ‘and below
said foraminous surface to expose opposite sides
of said surface to said pressure, means for rotat-
ing said drum at a substantially constant velocity
dbout’ said axis, means comprising an inclined
trough having. an eng ‘positioned hetween said
flanges for delivering a continuous stream of
stock to the exterior surface of said drum on the
ascending side to flow over the top thereof; means
comprising a-compartmernt having an opening in
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a wall thereof for continuously supplying stock

to said trough under a substantially constant

head, said trough having a steeper slope adjacent

said foraminous surface than adjacent said open~

" ing, and means for continuously determining the

-+ rate of drainage of water from said stock through.

a predetermined circumferential portion of said
foraminous surface.

3. In a device for determining the freeness of”

& semi-fluid stock containing suspended ‘fibrous

10

in said receiving means for determmmg the rate

»of dra.mage of water from said stock.

10

material, the combination .of a cylindrical: drum -

rotatable about a horizontal axis and having a
foraminous surface normally exposed on both
sides to atmospheric pressure, said drum having
~at opposite ends radially extending flanges pro-
jecting outwardly beyond said surface, a conduit
having an-end positioned between said flanges
for delivering to the exterior surface of said drum
on the ascending side thereof and above a hori-
zontal plane containing said drum axis,”a con-

of said drum, means communicating . with the

interior of sdid drum for receiving water: drain-
ing from said stock through said forammous sur-
face, and means responsive to the height ot water

15

25 -

20
tinuous stream of said stock to pass over.the top . -

GEORGE S. WITHAM.
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