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The present invention relates to machines for
processing fibrous material and particularly wood
pulp for making paper. In a more specific as~
pect, the invention relates to machines for me-
chanically processing wood pulp according to the
method disclosed in the Hill and Edwards appli-
cation Serial No. 565,128, filed November 28,
1944, now Patent No. 2,516,384, granted July 25,
1950. There is specifically illustrated and de-
scribed in that application one type of organized
machine for practicing the process disclosed
therein. The present invention relates to ma-
chines of another type for practicing that proc-
ess. ‘This application is @ continuation in part
of our application Serial No. 674,671, filed Juune
8, 1948, which has been abandoned, and is a con-
tinuation in part, also, of our application Serial
No. 674,672, filed June 6, 1946, now Patent No.
2,599,543, granted June 10, 1952. .

The process of Patent No. 2,516,384 produces
results in the processing of pulp which are of
revolutionary character. For production of some
types of paper-making pulp it may be used as a
preliminary to the basic step of refining the pulp
which may be done by a conventional refining
method. For production of other types of paper-
making pulp, the process of Patent No. 2,516,384
may be used in reality as the basic method of
treatment, although for obtaining particular de-
sired gualities in the paper to be produced the
pulp may subsequently be subjected for a short
period to treatment in a beater or jordan or
other conventional refiner. For production of
still other types of bpaper-making puilp, the

method of Patent No. 2,516,384 may be used in :

lieu of conventional refining methods, and these
methods eliminated entirely. In comparison to
conventional refining methods, the process of
Patent No. 2,516,384 makes possible entirely new
combinations of pulp properties which greatly
extend the usefulness and value of wood pulp in
the great number of products to which it can
be converted. In addition, the marked improve-
ment in appearance and cleanliness of the pulp
+which are characteristic effects of the new proc-
ess permit substantial economies by making if
possible to eliminate equipment and processing
steps hitherto required to maintain accepted
standards of quality; and they permit improved
yields of pulp from the wood without sacrifice of
quality.

-In the process of Patent No. 2,516,384, the pulb,
which is to be treated, is rolled fraversingly in
tractive contact with and under compression by
‘two opposed working surfaces. The pulp may ke

8 Claims. (CI 92—26)
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previously nodulated, but, if not, it will be formed,
as it rolls between and over the working sur-
faces under compression, into nodules in which
the fibres of the pulp are intertwined and curled
on one another. As the nodulated pulp is rolled
traversingly under compression hetween and over
the working surfaces, the nodules of the plup
will be formed into rotatable units and these
units will be caused to travel rollwise under
compression, thereby causing continuous reorien-
tation of the nodules relative to the direction of
applied pressure. Thus, the pulp fibres or fibre
bundles will be bent, and twisted and subjected
to increased contortion as the units of nodules
roll traversingly over the working surfaces. This
causes separation or liberation of the fibres which
may be bonded together without mutilating the
fibre structure or forming fibre debris. Thus,
the method of Patent No. 2,516,384 provides an

_effective means of eliminating the small but un-

desirable shive content of regular commercial
grades of pulp, such as sulphite, kraft, and soda
pulp: Moreover, it supplies a new step in the
production of so-called high-yield or semi-chem-
ical pulps, all of which must pass through an
intermediate stage, if a large percentage of shives
or fibre bundles are present, in order to reduce
the individual fibres to the extent required to
form a clean sheet of paper. The method of
Patent No. 2,616,384 unbonds or liberates the in-
dividual fibres to an essentialiy complete degree
with a very low expenditure of power and with-
out -sacrifice of freeness.

The present invention has for cne object the
provision of a simple and compact but fast,

thorough and.-efficient machine for carrying out

the process of Patent No. 2,516,384

Another object of the invention is to provide
s machine which will permit performance of the
process of Patent No. 2,616,384 In a continuous
operation.

Still another object of the invention is to pro-

-vide suitable working surfaces for machines for

effecting the process of Patent No. 2,516,334,

Other objects of the invention will be apparent
hereinafter from the specification and from the
recital of the appended claims.

In the drawings: -

TFig. 1 is a vertical sectional view of a machine
constructed according to one embodiment of the
present invention;

Tig. 2 is a.somewhat diagrammatic view show-
ing the hydraulic circuit, which may be employed
in the machine of Fig. 1, for providing and con-~

5 trolling ‘the working pressure;
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Fig. 3 is a vertical sectionzl view of a machine
consiructed according to o different embodiment
of the invention;

Tig. 4 is a perspective view on an enlarged
scale, showing fragmentarily one form of work-
ing surface that may be employed with a ma-
chine constructed according to this invention;

Fig. 5 is a fragmentary plan view on an en-
larzged scale of the working surface shown in
Tig. 4;

Fig. 6 is a section on the line 6—8 of Fig. 5;

Fig. 7 is a section on the line T—7 of Fig. 5;

Pig. 8 is a fragmentary plan view on an en~
iarged scale, showing another forin of working
surface;

Fig. 9 is a section on the line §—% of Fig. §;
Fig. 10 is a section on the line {918 of Fig. 8;

Fig. 11 is a section on the line i1—1{ of Fig. 8;

g, 12 is a fragmentary plan view of still an~
other form of working surface;

Fig. 13 is a section on the line §{8---13 of ¥l
i2;

Fig. 14 is a fragmentary plan view of a working
surface made according to a further modification
of the invention;

Fig. 15 is a section on the line {§—I5 of Fig.
14,

g, 18 is a fragmentary pilan view of a work-
ing surface made according to a still further
modification of the invention; and

Fig. 17 is g section on the line {7—{7 of Fig. 18.

In 2 machine built according to the present
invention, the pulp to be treated is rolled in
different directions traversingly between two op-
posed working surfaces while under compression
by and in tractive contact with the working sur-
faces. In preferred embodiments of the inven-
tion, the rolling motion is effected by imparting
a gyratory or orbital motion to one of the work-
ing surfaces about an axis approximately per-
pendicular to that surface, and the other surface
is maintained relatively fixed during the rolling
operation. Preferably, the machine is provided
with approximately parallel working surfaces.

There are two modifications of the invention
shown in the accompanying drawings. In one,
the machine is of the intermittent type; and in
this machine the surface, which is relatively fixed
during operation, is movable away from the

wq

gyrating surface to permit treated pulp fto be ;

removed from the machine and untreated pulp to
be loaded into the machine for treatment. In
the other modification of the invention, the pulp
is fed continuously into and between the working
surfaces through an inlet opening provided cen-
trally of the stationary surface, and affer freat-
ment the pulp is discharged at an outlet zone
around the periphery of the gyrating surface. In
both machines, provisicn may be made for im~
parting a cyclical motion to the gyrating surface
to move it in the direction of its orbital axis to-
ward and from the other surface during opera-
tion. In both machines, this cyclical motion of
one working surface toward and away from the
other assists in treating the pulp, while in the
continuous type machine the cyclical increase in
clearance between the working surfaces permits
of freer movement, also, of the pulp from feed
opening to discharge point.

The gyratory or orbital motion of the working
surfaces relative to one another causes the pulp

stween the surfaces to be formed into small dis-
crete nodules in which the fibres are curled and
intertwined; and it causes these nodules to be
formed into rotatable units composed of one or
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more nodules and to be rolled traversingly over
the surfaces. As the nodules roll, moreover, the
compression under which they roll causes the
fibres to be bent continuously in changing orien-
tation to the direction of compression, increasing
the contortion or bending and curling of the
fibres. Furthermore, the nodules are continu-
ously regrouped and reformed into new rotatable
units. All this continuously changes the direc-
tion of application of pressure to the fibres, and
they are continuously bent or ecurled and rebent
and recurled, further increasing their contortion.
Thus, the properties of the pulp are modified and
the results are attained which are sought in the
process of Patent No. 2,516,384.

For efficient operation of machines constructed
according to the invention, the working surfaces
must be knurled, figured or otherwise roughened
so as to grip the pulp and resist slippage of the
working surfaces on the surface of the pulp
pressed against them as the gyrating surface
partakes of its gyratory or orbital movement.
The working surfaces must have 2 maximum de-
gree of tractive contact with the pulp, for it is
this tractive contact plus the relative gyratory
motion of the opposed surfaces, plus the com-
pression exerted on the pulp by the surfaces
which causes the pulp in the form of small units
to traverse rollwise relative to the sufaces, en-
abling the unique and desirable actions and effects
on the individual fibres of the pulp, which are
the purpose of the process disclosed in Patent
No. 2,516,384, to be attained.

Tt will be apparent that a proper working sur-
face for this purpose must not have a type of
roughness which will entangle and retain pulp
fibres, nor ean it have projections or configura-
tions of such size, shape, or spacing as to inter-
fere with the intended rollwise traverse of small
pulp units over the surface. In short, what is
required is a surface which will promote rollwise
traverse of the pulp units under the conditions
of operation. This means a surface which pro-
vides the necessary traction while at the same
time presenting a suitable contour to permit
traverse. The range of surface textures and
configurations, which may be used, will depend
upon the type of pulp and the operating condi-
tions of a particular use. 'Thus, a long fibred
pulp, such as kraft, wil permit the use of a gen-
erally coarser surface pattern than will a short
fibred pulp, such as groundwood. Several dif-
ferent forms of satisfactory working surfaces
have been illustrated in the accompanying draw-
ings and will be deseribed in further detail here-~
inafter.

Referring now to the drawings by numerals
of reference, and first particularly to the embodi-
ment of the invention illustrated in Figs. 1 and 2,
I denotes the drive pulley of the machine. This
pulley is keyed to a shaft 5! which is suitably
journaled in the frame 59 of the machine. Keyed
to the inner end of the shaft B! is a bevel pinion
52 which meshes with and drives a bevel gear
53. The bevel gear 83 is secured in any suitable
manner to a cylindrical barrel 2 which is jour-
naled on suitable bearings cor bushings 3 and 4
in the frame of the machine. The barrel 2 is
provided with an eccentric bore which is fitted
with bearings or bushings § and 6 to receive the
reciprocating rod or plunger 7. The bushings
5 and 6 permit rotation of the barrel 2 on the
plunger 7 and reciprocation of the plunger 7 in
the barrel 2 during rotation of the barrel. The
plunger T is connected by means of a pair of
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universal joints 8 and 9 and a link 10 to the
flanged head (1 of the piston rod 12 which pro-
jects from one side of a piston I7.

The piston 17 is reciprocable in s cylinder 3.

which is secured to an upright portion of frame
50. The piston has a piston rod {2’ projecting
from its opposite side. The ends of the cylinder
are closed by suitable packing glands 55 and 56
which provide, also, suitable guide bearings for
the piston rods 12 and {2’. The rim of the
flanged head I{ is connected by a key i4 with
an extension 57 of the cylinder 13 so that the
head [ is prevented from rotating as the piston
i1 moves vertically in the cylinder. The piston
is adapted to be reciprocated by hydraulic pres-
sure which may be applied selectively to opposite
faces of the piston through the pipes 15 and (6.

When the barrel 2 is rotated, the plunger T is
caused to travel, relative to the bearings 3 and

4, in a circular path having a radius equal to the :

eccentricity of the bearings 5 and 6. The bore
of the cylinder {3 is coaxial with the bearings 3
and 4. During the gyratory or orbital movement
of the plunger 1, the plunger is prevented from
rotating on its own axis relative to the frame of
the machine by reason of its connection through
the universal joints 8 and 9 to flange 1l, which,
as already stated, is held against rotation by
key 14. : .

Tastened to the lower end of the plunger 7T is
a head 21 to which is secured the upper working
surface 20 of the machine. This surface is prefer-
ably circular, although it may be of any other
desired shape. .

Mounted o reciprocate in a cylinder 26, whlph
is provided in the base of the machine, is a pis-
ton 25. The upper end of the cylinder 26 is
closed by the head 21, and its lower end by the
head 28. Integral with the piston 25 and pro-
jecting upwardly from one face thereof is a DPis-
ton rod 66, and fastened to the upper end of
this piston rod 60 is a head 6{. To the upper
face of this head is secured the lower working
surface 23 of the machine which is also pref-
erably circular in shape. Integral with and pro-
jecting from the lower face of the piston 25 is
the piston rod 68’. The piston 25 is adapted to
be reciprocated by application of fiuid pressure
selectively to its opposite faces through th}e pipes
24 and 38.

During the operation of the machine, while the
pulp is being treated the lower working ‘surface
92 is held in fixed vertical position by application
of hydraulic pressure to the lower side of piston
25 through pipe 24.
piston &5 upwardly in the cylinder 2§ and tight-
1y against the cylinder head 27. When the
treatment of the pulp has been completed, and
it is desired to introduce a new charge of un-
treated pulp into the machine, the pipe 24 1s
put on exhaust and the pipe 3¢ on supply. - This
causes the lower working surface to be with-
drawn to a position as indicated in dotted lines
at 23’ so that the new supply of pulp to be treated
can readily be placed on the lower working sur-
face. The key 29 which connects the piston rod
66’ to the cylinder 2§ prevents rotation of the
piston 28.

The movements of the pistons 17 and 25 may
be controlled in any suitable manner. One
form, which the control mechanism may take,
ig illustrated in Fig. 2. As shown, the pipes i5
and 16 are connected to the casing 36 of a well-
known type of four-way valve 37. The collar
or operating portions T8 and 79’ of this valve are

This pressure forces the .
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notched to provide for graduated oil flow.
Mounted upon the stem portion 7! of this valve,
which projects through one end of the valve
casing, is a roller 38 which engages against the
periphery of a cam 3%8. The cam 38 is keyed to a
shaft 46 which is adapted to be driven from a
suitable source of power (not shown) but which
may be driven, for instance, in time with the ro-
tation of the barrel 2 through gearing (not
shown) - operatively connected to the shaft 5i.
The spring 41, which is interposed between one
end of the valve 87 and the end-plate 73 of the
valve casing, holds the roller 33 continuously in
operative engagement with the cam 39.

38 denotes a sump or reservoir provided in the
base of the machine, and 22 denotes a standard
rump for drawing the hydraulic motive fluid
from this reservoir. The pump sucks the oil out
of the reservoir through a pipe 75 and delivers it
through a pipe 16 to a pressure regulating valve
§8. 34 designates a relief valve which is con-
nected with pipe 76 by pipe 77. The relief valve
by-passes exeess fluid to the sump 33 through the
pipe 78.  The pressure regulating valve 38 is con-
nected with the central chamber 8 of the valve
casing 38 by a pipe 88. Pipes 8f and 3% con-
nect cpposite ends of the valve casing with an
exhaust pipe 83 which returns to the sump. A
pipe 84 connects the pipe 77 with a standard
manually operable two-way valve 85. This valve
is mounted in a casing 3! and is operable by the
hand lever 85. It is connected by the pipe 87
with the sump 22 and is connected by the pipes
24 and 38, respectively, with opposite ends, re-
spectively, of the cylinder 26.

By rotation of the valve 85, it will be seen that
the lower working surface 23 may be raised or
lowered. As the cam 39 rotates, the hydraulic
pressure from the regulator 35 is applied alter-
nately to the upper and the lower surfaces of
the piston 17. Thus, this piston and the upper
working surface 28, which is connected thereto,
may be caused to move up and down on a regu-
lar cycle, the frequency of which is determined
by the speed of rotation of the cam 38. The
relative length of the periods of upward and
downward pressures and the rapidity of the
transitions therebetween are determined by the
shape of the particular cam 39 used.

The working clearance between the upper and
lower working surfaces is determined by adjust-
ment of a stop member I8 (Fig. 1) and a stop
serew 18. The screw [8 threads into the end-
plate 88 which closes the upper end of the column
of the machine, and this screw is adapted to en-
gage the upper end face of the piston rod {2’.
The stop member {8 threads onto a central boss
provided on the end-plate 88 and is adapted to
engage the shoulder or collar 98 formed on the
piston rod {2’. Openings 88 in the frame permit
of access to the stop member {§ to allow of ad-
justment of the same.

From the foregoing description, it will be ap-
parent that by adjusting the stops 18 and {9
relative to each other the vertical position of the
upper working surface 28 may be fixed at any
desired working clearance with respect to lower
working surface 23. Also, stop I8 may be ad-
justed so.as to provide a minimum amount of
clearance, and stop 8 adjusted for a maximum
amount of clearance. Thus, by means of a prop-
er cam 39 rotating at a suitablie speed the work-
ink clearance may be caused to vary between
specific limits with a regular cycle of any de-
sired frequency and -amplitude. On the other
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hand, by withdrawing the stops 18 and {§ and
stopping the rotation of the cam 3% in such a
position that the regulated hydraulic pressure
is continuously applied to pipe 18, the layer of
pulp heing treated may be subjected te any de-
sired total compressive force, and the upper
working surface will float vertically at whatever
ciearance the pulp layer under treatment may
determine. Also, with stops 18 and {3 with-
drawn and with the cam 39 rotating, the com-
pressive force on the pulp layer may be caused to
pulsate in any desired manner for purposes to be
desecribed hereinafter.

In using the machine shown in Fig. 1, the lower

working surface 238 is first lowered to open posi-

tion shown at 23’ and a charge of pulp, for in-
stance, sulphite pulp of 15% consistency, is placed
centrally on said lower working surface, the
charge being eqgual to about 0.1 pound per square
ineh of effective working surface. Power is then
applied to pulley { o rotate barrel 2, causing a
gyratory or orbital motion to be imparted to
upper working surface 20. The parts are pref-
erably constructed so that the orbital motion im-
parted to the upper working surface 28 may be of
an amplitude of the order of 34 of an inch diam-
eter with a gyration frequency of, for example,
1100 cycles per minute. The lower working sur-
face is then elevated to its fixed working position
s0 as to compress the charge of pulp between the
working surfaces with a pressure of about 5
pounds per square inch of surface area in engage-
ment with the pulp. The pressure may be ob-
tained by a suitable hydraulic pressure applied to
piston 17. Alternatively, the desired compression
of the pulp may be obtained by elevating the lower
working surface to its fixed working position with
the upper working surface locked in a suitable
vertical position by means of the stops 18 angd {9.
The gyrating action on the pulp under compres-
sion is continued for a suitable length of time, as
little as two seconds having heen found sufficient
in practice for some grades of puip. Then the
lower working surface is lowered to open position
23’ and the charge of treated pulp removed from
the apparatus.

The above described action leaves the pulp in
a highly nodulated state, which however may
readily be converted to the dispersed fibre sus-

pension state usual in paper-making processes by

suitable mixing and agitation with water. As a
result of its treatment in our machine the pulp
will be found to have undergone the series of
unique and distinctive property changes set forth
in applicaticn Serial No. 565,128, now Patent No.
2,516,384, as typical of the method described
therein, including the defibering of shives which
may have been present in the pulp charge and the
virtually complete dispersal of visible dirt.

It will be apparent that instead of batch-charge
operation as described, the machine described
may be adapted to semi-continuous operation by
properly synchreonizing movements through de-
vices readily available. Thus, with the upper
working surface gyrating continuously, the re-
quired vertical movements of the lower working
surface may be obtained by means of a cam
mechanism. While the lower working surface is
in the lowered or open position, the treated pulp
may be removed by properly synchronized action
of a scraper device or an air-jet, following which
the new charge of pulp may automatically be
spread on the lower working surface prior to its
return to the raised or operating position. These
operations repeated continuously in sequence
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would thus represent a semi-continuous applica-
tion of the apparatus of our invention which
would serve to treat a flow of pulp in a mill
process.

Fig. 3 shows a modification of the invention
which is adapted to fully continuous operation.
Here, 190 denotes the base or frame of the ma-
chine which is generally circular. The upper and
lower working surfaces, which are again prefer-
ably made circular in shape, are denoted at {01
and {02, respectively. The upper working surface
181 is stationary angd is secured to a cylindrical
support 163 which is fastened by screws (84 to
the upper surface of the base or frame [38. The
support 1682 is formed with a cantral inlet open-
ing {05 through which pulp may be fed between
the working surfaces, as denoted by arrows 108.

The lower working surface 182 is sscured to a
cylindrical supporting membper 198 to which is im-
parted a gyratory or orbital motion. This motion
is produced by rotation of the shaft {i8 which is
driven by a pulley {1l that is secured to the shaft.
The shaft {18 is suitably journaled in the base
(88 of the machine and secured to its inner end
is a bevel pinion {#2. This pinion meshes with
a bevel gear {13 which is keyed or otherwise
fastened to a shaft 118, The shaft {14 is suitably
journaled on bushings (15 and 146 in the frame
188. At its upper end, the shaft {{4 terminates
in a circular cup {18 which is eccentric of the
axis of rotation of the shaft. Secured to the cup
member (18 is 2 cap member (19, The cup mem-
ver {18 has a part of its bore formed tc a concave
spherical shape, and the cap member {48 is also
formed internally with a concave spherical sur-
face matching the spherical surface of the mem-
ber 118, Mounted in the spherical surfaces of
the members 148 and {19 is a journal bearing {20
having a convex spherical surface that seats in
the concave spherical surfaces of said members.
This bearing has a lug or protrusion {241 which
engages in a recess in the cap member ({9 to
prevent rotation of the bearing relative to cap
member {9 and cup member {18, The lug (21
permits, however, of moderate self-aligning mo-
tion of bearing {208. Secured to the supporting
member $88 by means of screws {24 is a crank-
pin {25 which is mounted within the journal bear-
ing 120. As the shaft {{0 rotates, then, it will
be seen that the crank-pin {25 is driven in a
circular path having a radius equal to the eccen-
tricity of the cup §148.

The crank-pin {28 is made somewhat longer
than the bushing {25 so that it can move verti-
cally up and down in the bushing while the bush-
ing still has a driving connection therewith.
This permits of movement of the lower working
surface 182 toward and away from the uopper
working surface (8{ while still effecting orbital
motion of surface {§2.

The support 188 is connected by four pairg of
universal joints {27 with four connecting rods
128. Two of these universal joints only are
shown in Fig. 3, the other two being at 90 degrees
apart from the two shown in that figsure. The
upper end of each pair of universal jeints is bolted
to the gyrating element {88 while the Iower end is
bolted to one of the connecting rods 128. These
connecting rods are reciprocable in bearings 134
provided in the frame and are rigidly attached at
their lower ends to a yoke member 129 which is
fastened to the piston rod i38. The piston rod
130 is connected to & piston 13! which operates
in the cylinder {32. The lower end of this cylin-
der is closed by the cylinder head {33 which is
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fastened to the base or frame of the machine.
Fluid under pressure is admitted seleetively to op-
posite ends of the cylinder 132 through the pipes
135 and 136. These pipes may be connected to a
control valve 86 (Fig. 2) suitably positioned on the
machine in the same way as are the pipes 15 and
16 (Fig. 1), respectively.

It will be obvious that with each of the con-
necting rods 128 mounted for free vertical mo-
tion in the bearings (34 and with the piston
rod i230 mounted for free vertical motion in
the bearing 137, the combined structure of pis-
ton rod, yoke and connecting rods comprises a
unit free to move up and down vertically but in
no other direction. The well-known charac-
teristics of the universal joints §27, which are
customarily used to transmit rotation through
misaligned shafts, are applied in the present ma-
chine to prevent rotation of the gyrating ele-
ment 108 and to control its vertical position as
well as to apply pressure for treatment of the
pulp.

In the machine described, there are four uni-
versal joints used for convenience of construc-
tion, but other numbers of universal joints may
be used as long as they are so arranged as to
provide adequate support of the gyrating ele-
ment and hold it in a horizontal plane.

It will be seen from the structure described
above that when the shaft ii{4 is rotated, the
element 108 is caused to gyrate in g circular path
having a radius equal to the eccentricity be-
tween cup (I8 and the axis of shaft Ii4, but
that this element is prevented from rotating on
its own axis by the universal joints so that all
points on its surface travel in separate circular
paths of equal diameter.

In order to prevent excess vibration of the
machine, due to the weight of the gyrating parts,
the - supporting plate 168 is provided with an
integral flange or apron {38 which extends down-
wardly from the rim of the gyrating element
to bring the vertical center of gravity of the
gyrating parts into a position where the cen-
trifugal force of these parts can be counter-
balanced by a counter-weight {48 which is
formed as part of the cap member 1i9. This
method of counter-balancing provides complete
elimination of vibration for one selected vertical
position of the gyrating element and approxi-
mate balancing for other vertical positions.

As already stated, the pulp is adapted to be
fed continuously through the inlet 105 in the
upper plate 182 into the space between the work-
ing surfaces. The two working surfaces i8f and
102 form therebetween a relatively thin working
space 150 having at its interior boundary an
inlet zone {65 and at its exterior boundary a
discharge zone (51 communicating with the
trough 142. The material to be treated may be
continuously fed to the inlet zone 185 by any
suitable feeding means as a pump, feed screw,
or the like (not shown).

. The gyrating movement and the pressure of
the pulp being fed into the central inlet, causes
the treated material to move traversingly over
and between the working surfaces 102 and 103
to the periphery of the surface 102 where it
drops into the trough 142. This trough extends
around the outside of the base 100 of the ma-
chine and is provided with a downwardly in-
clined spiral bottom {43 that leads to an ouflet
i84. This outlet may be connected to any suit-
able receptacle, or to apparatus for conveying
the treated pulp on for further processing when
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the present machine constitutes part of a cori~
tinuous set-up. It will be understood that other
means to collect the treated material will be re-
quired in cases where the material being treated
will not flow or when it is inadvisable to sluice
it to a single discharge point with a liquid. Ob- .
servation and access openings are provided
around the trough 142 at 1465.

In order to provide a limit to the thinness
of the working space, & shoulder (54 is formed
in the cylinder {32 to limit the upward vertical
motion of the piston i3l. A stop (55 is also
provided in the cylinder head 133 to limit the
downward motion of the piston to a point within
the suitable operating range of the bearing 26
sor many applications, the minimum thick-
ness of the working space ranges between a few
thousandths of an inch to three-eighths of an
inch. TUsually about one inch is provided for
vertical motion of the piston and consequently
of the gyrating plate i08.

The working pressure of the apparatus, that
is, the mutual compressive force exerted by the
working surfaces on the material passing there-
between may readily be controiled by the ap-
plication of suitable hydraulic or pneumatic
pressure at the pipe connections {38 and {3§. It
will be apparent that this also represents a con-
trol of the clearance between the working sur-
faces. Operating conditions of constant clear-
ance or constant pressure may readily be ob-
tained. Cyclical variation in pressure and clear-
ance may also be achieved by the application
of hydraulic or pneumatic pressure alternately
to the pipe connections 135 and 1386, or a varying
pressure may be applied to cause the gyrating
plate 108 to reciprocate vertically in any desired
type of cycle and with any practical frequency.
For treating pulp in our apparatus we may pro-
vide for working pressures having a range of
from one to twenty pounds per square inch of
effective working surface. For cyclical vari-
ation in pressure and clearance, the control
mechanism of Fig. 2 may be used on the ma-
chine of Fig. 3, and the cam 39 may be driven
in time with the shaft 110 through suitable
gearing one member of which g8 is secured to
rotate with drive shaft (10 and a final member
of which (not shown) is secured o cam shatt 48.

It is to be noted that the vertical oscillation
might be applied to the stationary element {88
rather than to the gyrating element 108 with-
out departing from our invention. It is usually
preferable, however, to apply the oscillations to
the gyrating element since the horizontai move-
ment of its journal bearings renders it more re-
sponsive in vertical movement to any selected
variation in applied pressure. This is particu-
larly true in applications using a heavy gyrating
force requiring very secure means for holding
the non-gyrating element and therefore render-
ing it difficult to achieve the necessary sensitivity
of vertical movement of this element in response
to variation of applied pressure.

In a machine operating like the machine of
Fig. 3 according to a continuous process, it is
necessary that the pulp being treated between
the opposed working surfaces should move be-
tween them from the inlet zone through the
treating zone to the outlet zone, and that this
movement be in addition to the circular traverse
of rotatable units of pulp as induced by the rela-
tive gyratory motion of the surfaces. This over-
all movement of the pulp being treated we call
“migration” and, as will be seen, it necessitates
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4 small degree of slippageé of the rotatable units
of pulp as they traverse rollwise over the treat-
ing surface. Thus, where one freating surface
is stationary and thé other gyrating in a circu-
lar path, the rotatable pulp units under com-
pression follow circular paths if undisturbed by
the addition of fresh pulp at the inlet zone.
When such fresh pulp is added it immediately
becomes nodulated and the pulp already under-
going treatment migrates inito the area of least
resistance to make room for the fresh pulb.

It will be apparent that one of the necessary
provisions in any given application of the appa-
ratus of otir invention are working surfaces which
will present a high dégree of traction or resist-
ance to slippage on the material being treated
between the surfaces so that the working surfaces
can thus transmit the working force into and
throughout the layer of material from its oppo-
site sides and from opposed and rapidly changing
tangential or lateral directions.

We have found that the working surfaces are
most suitable and most productive when they con-
sist of basically flat or smooth surfaces upon
which are superimposed a multiplicity of tiny
protrusions in the form of pointed pyramids.
Grooves in the treating surface tend to be less
productive than points extending thereabove,
since they offer cavities in which nodules may
become imbedded and thus dimihish the tractive
properties of the surface. We have found that
pointed protrusions extending from an essential-
ly flat surface provide the necessary conditions
for rollwise traverse of the pulp nodules or rotat-
able units thereof. The size of the poirted pro-
trusions for engagement of fibfous pulp may range
from .005 inch in height up to .075 inch depend-
ing upon the length and other characteristics of
the fibre and also upon the degree of compression
which is to be employed in tréating the fibre for
a particular purpose. Higher degrees of com-
pression in general require a larger number of
points having less height.

In order to permit rollwise traverse of pulp
nodules or rotatable units thereof, we have found
that the pointed protrusions should be spaced
adjacent o one another a distance of from 1%
to as much as 3 or 4 times their height. If the
spacing is too close the cavities between the
points may fill up with stagnant pulp and the sur-
faces will not be self-cleaning which is a nhecés-
sary condition in obtaining the required rollwise
traverse. If the pointed protrusions are spaced
too far apart, the gripping of the nodules or
rotatable units thereof is diminished and the re-
quired rollwise traverse can not be achieved at
as high a speed or under as high compression.
In other words, in this case the degree of tracfive
contact is diminished.

We prefer a symmetrical pattern of pyramidal
pointed protrusions since such a pattern may ke
readily machined by means of milling cutters on
a metal surface. Several types of patterns which
have been found satisfactory in practice, are
shown in Figs. 4 to 17 inclusive. _

The working surface 20 shown in Figs. 4 to 7
inclusive has a symmetrical pattern of pointed
protrusions {61 ini the form of ¢losely spaced regu-
lar quadrilateral pyramids which project from
the basic surface 28. We have found that the
included angle formed by the mutually facing
sides of adjacent pointed protrusions is impor-~
tant. It may range between 40 and 100 degrees.
If the angle is too great the material being treat-
ed will tend to slip, while if the angle is too small
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the material will tend to bind around the protru=
sions and the rollwise traverse of pulp nodules
or rotatable units thereof will be impéeded. In
the surfaces shown in Figs. 4 to 7 inclusive, the
sides of the pyramids are inclined to one another
at an angle of approximately 60 degrees in the
view of Fig. 7 and at an angle of approximately
89 degrees in the view of Fig. 6. In one form of
working surface constructed according to the
pattern of Figs. 4 to 7 inclusive, the lands be-
tween the bases of adjacent pyramids are .023
inch in a sectiori corresponding to Fig. 7, while
the bases of the pyramids measure in this same
section .027 inch. The pyramids have a height of
.0234 inch.

Figs. 8 to 11 inclusive illustrate another foim
of working surface with 4 difféerent type of four-
sided pyramidal projections. Here, the base of
the working surface is deriocted at 165 shd the
pyratmidal profrusions at i686. In the view of Fig.
9, there is an argle of 68 degrees between the
sides of the pyramid; in the view of Fig. 10, there
is an angle of 60 degress; and if the view of Fig.
11, there is an angle of 102 dégrées. In one éimn-
bodiment of wotking surface éoristructed aceord-
ing to the pattern of these figures, the lands be-
tween adjacent pyramids is .618 ineh in width inh
a section corresponditig to Fig. 10, while thHe base
of the pyramids is .0445 inéh in width. The
pyramids have a height of .0385 inch.

Tigs. 12 and 13 illustrate a Wworkihg surface oh
which the protrusions are thrée-gided symmetri-
cal pyramids. Sich a wotrking surface may be
produced by milling a surface similar fo thdt
shown in Figs. 8 to 11 incliisive arid then cutfing
diametrically across the pyramids so produced
with a V-shaped milling cutfer. In the views of
Figs, 12 and 13, the base portion of the working
surface i§ derioted at {T§ and the pyramidal pro-
trusions at 174. Tn one form of working surface
constructed according to the pattern of these fig-
ures, the lands between adjacent pyramids are
.018 inch in width and the pyramids are .0411
inch in length on their sides at their bases in a
section like Fig. 13. The pyramids have a height
of .0205 inch.

Another forin of working suiface is shown in
Pigs. 14 and 15. Here an heXagonal pyraiidal
pattern is employed. The base of the working
surface is denoted at {15 and the profrusions at
176. The sides afe inclinéd to ohe ailother at an
angle of 60 degrees in the view of Fig. 15. In
orie form of working suifice constructed sccord-
ing to the pattern of these figures, the pyramids
meagure at their base 0445 inch in a gection cor-
responding to Fig. 15. The pyramids hive o
reight of 0385 inch.

Figs. 16 and 17 illustrate a surface patterh in
which the protrusions are right circulsr dones 18§

¢ that project above the bise portion {88, The di=

mensions of the protrusions as regards hetght and
width at base may be the same as in the case of
the protrusions shown in Ples. 14 and 15. 'The
conicgl protrusions are more costly 1o machine
than the pyramida] protrusions, but may readily
be moulded.

While in the particular embodiments of the in-
vention desecribed the working surfaces are shown
parailel, it should be roted that the opposed
working surfaces need riot be parallel throughout
their entire area and may devigte from true par-
allelisrm so long as the condition of rolliwse trav-
erse of the working surfaces by the nodulated
pulp is met. In the working condition, the
pulp - is in ‘a nodulated state, and the lay«
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er of these nodules or aggregates thereof may
be largely continuous, representing close pack-
ing of the pulp units, or the layer may be more
or less discontinuous representing a somewhat
separated condition of the pulp units. The
clearance, therefore, need not be necessarily
uniform throughout the working area of a given
pair of surfaces.
erable in a machine of the type shown in Fig.
3 to provide somewhat greater clearance at the
feed zone than mnear the exit zone. Other
variations may also be used for particular pur-
poses. In all cases, however, an appreciable pro-
portion of the opposed working surfaces are sub-
stantially parallel although not necessarily ex-
actly parallel.
layer in the working state is usually within the
range of one-sixty-fourth to three-eighths of an
inch, and obviously the cperating clearance be-
tween the opposed working surfaces is equal to
the thickness of the layer of pulp.

With the gyratory motion employed in the ma-

chines of this invention, each point of the work-
ing surface describes an individual path which
is separate from and not superimposed upon the
path of any other point of that surface, that is to
say, no two points follow a common path
throughout the full gyration cycle. The paths of
all the points on a working surface are not neces-
sarily identical in form either for a given surface
or for different surfaces in different applications.
Relative to the directly opposed working surface,
the path described by any of the points repre-
sents a recurring, usually regular figure of two
dimensions in the plane of relative tangentlal
motion.

While it is usually advantageous to prevent ro-
tation of the working surfaces, as is accomplished
in the case of the machine shown in Figs. 1 and 3,
in some adaptations of our invention one or both
of the working surfaces may be unrestrained in
respect to rotation, and we may even provide a
controlled rotation. In operation, an unre-

- strained gyrating surface tends to rotate. slowly,
the speed of rotation depending in part on the
speed of gyration, the working pressure, and the
nature of the surfaces and the pulp under treat-
ment. It will be further understood that both
of the surfaces may gyrate in circular, elliptical
or other gyration patterns.

It may be noted further that while the ma-
chines described have circular gyratory motion,
if each of the opposed surfaces:is reciprocated
with straight line harmonic motion of equal am-
plitude in directions perpendicular to each other
in the common tangential plane and in the prop-
er phase relationship, the resulting relative
tangential motion of the surfaces will be similar
to the case of a cireularly gyrating surface op-
posed by a stationary one, and will produce the
desired results. It will further be understood
that the desired tangential motion between the
working surfaces may be obtained in other ways,
either by moving one of the surfaces and causing
the other to remain stationary or by moving both
surfaces in different directions or in the same di-
rection at different velocities.

Furthermore, it will be understood that instead
of the machine being made as shown in Fig, 3
with the upper surface stationary and the lower
working surface gyrating, the lower working sur-
face may be fixed and provided with a central cir-
cular opening through which pulp may be-fed
continuously to the working space by means of a
screw press or a screw conveyor mounted below

It is in fact usually pref-
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the lower working surface and discharging di-
rectly to the opening. For such operation, the
upper working surface will be gyrated continu-
ously. The lower working surface will be kept
in the fixed working position with the upper
working surface either locked at a predetermined.
clearance or floating with a predetermined pres-
sure on the pulp applied by the hydraulic means
described above. The treated pulp will be dis-
charged continuously from between the working
surfaces at their outer edges where it may be col-
lected for any desired utilization.

In the machine illustrated in Fig. 3, the feed is
through a central opening in one of two matched
circular plates and the exit zone at the periphery,
or vice versa, so that in either case the material
must traverse the working space for a distance
at least equal to that from the central opening
to the cuter edge. Matched rectangular plates
might, however, be used, as already indicated, in
which one edge zone of clearance is adapted as
an entry for the material and an opposiie zone
adapted as an exit. . The entry zone in any case
is connected to any convenient continuous feed-
ing means such as a pump or screw conveyor, and
the exit zone similarly integrated with any con-
venient means for carrying away the treated ma-~
terial. For treating pulp in our apparatus we
may provide for a gyration frequency in the range
of fifty to two thousand cycles per minute and
for a relative tangential velocity in the range of
fifty to five hundred feet per minute.

While the machine has been shown with a
direct drive between the pulley | or {1 and the
barrel 2 or shaft 114, it will be obvious that for
greater flexibility and convenience, change gears
may be provided or other similar means to permit
adjustable variation in the gyration speed and
amplitude. Moreover, the machine may, if de-
sired, be equipped with means for measuring and
recording the power which is used, the operating
clearance between the working surfaces, and
other significant factors.

When cyclical variation in clearance is em-
ployed, obviously there is a corresponding varia-
tion in the.operating pressure which the work-
ing surfaces exert on the pulp under treatment.
The movement of the working surfaces for varia-~
tion in clearance is, of course, in a direction per-
pendicular to the main fangential motion of the
surfaces due to the gyratory movement. The
periodic changes in clearance and pressure seem
to cduse more rapid formation of nodules and
rotating units thereof, and more complete and
continual regrouping of the nodules and pulp
units, particularly in cases where the starting
material is'in a more or less felted or unnodulated
state. The transverse pulsations induced in the
layer of processed material by the periodic varia-
tion in working clearance intensifies the drastic
internal agitation produced by the tangential
gyratory motion of the surfaces. The periodic
variation in operating clearance provides also a
further degree of control in the apparatus of the
type shown in Fig. 3 for continuocus processing
of a flow of pulp, where the surfaces remain con-
tinuously in the operating position, since, by the
proper choice of the amplitude and frequency of
the variation of clearance, the rate at which the
pulp is caused to progress through the operating
zone may be rendered more responsive or less
responsive, as desired, to the feeding pressure.

It will be obvious that instead of hydraulic
means being employed for varying the cleararice,
mechanical means, such as the cam, may be used
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iristead. The amplitude of variation in ¢learance
suitaple for most applications is relatively small,
usually under one quartér of an inch, but there
are wide ranges of freguenciés and of the time-
displacement relationships of the movement
which may serve for various applications. For
example, frequencies of ifive to one hundred
cycles per minute may be used. The time-dis~
placement relationship may be of simple har-
monic or more complicdted forms to produce
various combinations of the relative time period
at which the surfaces are at minimum, maximum,
receding and approaching clearances. Thus, for
some applications it may be desirable to provide
a relatively short period of maximum clearance
or vice versa, or a relative rapid rate of opening
the surfaces to maximum clearance or vice versa.
For many purposes, however, a variation of clear-
ance in simple harmonic movement of suitably
chosen amplitude and frequency is highly ef-
fective.

Several inherent characteristics of the action
produced by our invention may account for its
unusual effectiveness. One is that the relatively
gyrating surfaces in tractive contact with op-
posite sides of a relatively thin layer of material
apply the working force throughout all the ma-
terial under action with a very rapid and con-
tinual change in direction. Another is that, as
a characteristic of gyratory motion as previously
described, no two points on a working surface
relative to the opposed surface describe common
paths in a full gyration cycle, thus insuring maxi-
mum criss-crossing of the paths of force and
movement, and therefore the minimum of chance
that any particle of the material can escape the
forece and move in a single path between the
working suriaces.

While in the drawings, we have shown a single
pair of working elements, it will be obvious that
stacked multiple pairs might be used without de-=
parting from the spirit of our invention. Simi-
larly, three elements could be used, the central
one serving to provide working surfaces obposed
to those of the outside elements, giving in this
case therefore two pairs of working surfaces from
three working elements, the céntral one being
common to the other two. Such stacking of nul=
tiple working elements has some operating ad-
vantages such as increased capacity per machine
unit, and in the case of cyclical variation in
clearance as described, a more even consumption
of power.

In general, it may ke said that while the inven-
tion has been described in connection with dif-
ferent specific ernbodiments thereof, it is capable
of further modification, and this application is
intended to cover any variations, uses, or adaptas=
tions of the invention following, in general, tie
principles of the invention and including such
departures from the present disclosure as come
within known or customary practice in the art
to which the invention pertains and-as niay be
applied to the essential features hereinbelore set
forth and as fall within the scope of the inven-
tion or the limits of the appended claims.

Having thus described our invention, what we
claim is:

1. In apparatus for treating paper-making
pulp, a relatively
surface thereon, a support, a barrel rotatably
journaled in said support and having an eccentric
opening extending axially therethrough, a phing-
er journaled in said opening and free to recipro=
cate axially therein, a plate secured to said plung=

wed plate having a working ¥
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ér and having a working surface formed thereoni
and arranged in opposed relation to the first
workinig surface, each of sgid working surfaces
béing 4 basically plain surface but having tiny
spaced protibérances projecting therefrom which
provide traction for the pulp without obstructing
rolling traverse of units of pulp on and over the
surfice meéans for rotating the barrel to effect
bodily translatory movement of said second plate,
means for cyclically reciprocating the plunger
axially as thé barrel rotates and means for hold-
ing the plunger against rotational motion during
rotation of the barrel.

2. In apparatus for ftreating paper-making
pulp, working elemerits having opposed working
surfaces, each of which is a basically plain sur-
face hut is roughened to provide traction for
pulp without obstructing rolling traverse of units
of the pulp on and over the surface and means
for imparting relative tangential motion between
said surfaces comprising & rctatable barrel hav-
ing an eccentric bore the axis of which is parallel
to the axis of rotation of the barrel; an axially
movable plunger journaled in said bore and con-
nected at one end to one of said working ele«
ments, and means to prevent rotation of said
plunger about its own axis comprising a pair of
universal joints and an interconnecting link, one
of said universal joints being attached to said
piunger and the other universal joint being at-
tached to & non-rotatable part cf the apparatus.

3. An apparatus for processing papermaking
pulp by traversingly roiling nodulated pulp under
compression, which comprises a pair of work-
ing plates which have opposed working surfaces
that define between them a relatively thin work-
ing space, each of said working surfaces being a
basically plain surface but having tiny, spaced
protuberances projecting therefirom into said
working space which provide traction for the pulp
without obstructing rolling traverse of units of
the pulp on and over the surface, said protuber-
ances having ecoittinuous peripheral surfaeces,
means pressing one of the plates toward the other
to compress pulp between thern, medns for im-
parting a gyratory translatory movement to one
of said plates alout an axis extending in the di-
rection of compression while the pulp is under
compressicn, and means including a universal
joint constraining said one plate so that during
said gyratory movement all points in the work-
ing surface of said one plate trace separate, iden-
tical paths relative t0 the working surface of the
cther plate.

4, An apparatus for processing papermaking
pulp by traversingly rolling nodulated pulp under
compression, which comprises a pair of working
plates which have opposed working surfaces that
define between them a relatively thin working
space, each of said working surfaces being a
basically plain surface but having tiny, uniform-
ly spaced protuberances projecting therefrom
into said working spdce which provide traction
for the pulp without obstructing rolling traverse
of ihits of the pulp on and over the surface, said
protuberances having continuous peripheral sur-
faces, fluid-pressure operated means ior press-
ing one of the plates toward the other tc com-
press pulp between the working surfaces, and
means for imparting a relative circular trans-<
latory motionh bétween said plates about an axis
extending in the direction of eompression so that
all points in the working surface of one plate
travel relative to the working surface of the other
plate in separate circles of equal diameter.
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5. In apparatus for processing papermaking
pulp, a pair of working plates which have op-
posed working surfaces that define betweeen
them a relatively thin working space, each of
said working surfaces being a basically plain sur-
face but having tiny, uniformly spaced protuber-
ances projecting therefrom into said working
space which provide traction for the pulp without
obstructing rolling traverse of units of the pulp
on and over the surface, said protuberances hav-
ing continuous peripheral surfaces, said working
surfaces being subtsantially parallel over appre-
ciable portions of their opposed areas, an inlet
disposed centrally of one plate and providing
entry for pulp into the working space, a discharge
zone around the periphery of one plate, fluid-
pressure operated means for pressing one of the
plates toward the other to compress pulp between
the working surfaces, means, including a uni-
versal joint, for imparting a gyratory translatory
movement to one of said plates about an axis ex~
tending in the direction of compression while
the pulp is under compression, and means con-
straining said one plate so that during said gy-
ratory movement all points in the working surface
of said one plate trace separate, identical closed
paths relative to the other working surface.

6. In a machine for processing papermaking
pulp, a frame, a pair of plates having opposed
working surfaces which are arranged to form
therebetween a relatively thin working space,
one of said plates being mounted on the frame
to move freely toward and from the other, fluid
pressure operated means for urging said one
plate toward the other under predetermined pres-
sure, an inlet disposed centrally of one working
surfare, a discharge zone around the periphery
of the working space, a rotary crank operatively
connected to said one plate to impart movement
thereto about an axis extending in the direction
of pressure, and a plurality of rods equi-spaced
about said axis, each rod being connected at one
end by a universal joint to said one plate and
being connected at its opposite end by a universal
joint to the frame so that in the movement of
said one plate all points of the working surface
of said one plate will trace identical closed paths,
said working surfaces having tiny spaced pro-
tuberances thereon which project only slight dis-
tances into the working space to provide traction
for the pulp without obstructing rolling traverse
of units of pulp on and over the working sur-
faces, and means for rotating said crank.

7. In apparatus for processing papermaking
pulp, a pair of plates having opposed working
surfaces which define between them a relatively
thin working space, each of said working surfaces
being a basically plain surface but having a plu-
rality of tiny, spaced, conical protrusions pro-
jecting therefrom into said working space which
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provide traction for the pulp without obstructing
rolling traverse of units of the pulp on and over
the surface, fluid-pressure operated means for
pressing one of the plates toward the other to
compress pulp between the working surfaces, and
means for imparting a gyratory motion to one of
said plates about an axis extending in the direc-
tion of compression while the pulp is under com~
pression.

8. In apparatus for processing papermaking
pulp, a pair of plates having opposed working
surfaces which define between them a relatively
thin working space, each of said working surfaces
being a basically plain surface but having a plu-
rality of tiny, spaced, identical protrusions of
regular quadrilateral pyramidal form projecting
therefrom into said working space which provide
traction for the pulp without obstructing rolling
traverse of units of the pulp on and over the sur-
face, fluid-pressure operated means for pressing
one of the plates toward the other to compress
pulp between the working surfaces, and means
for imparting a gyratory motion to one of said
plates about an axis extending in the direction of
compression, while the pulp is under compression.

JAMES T. COGHILL.
HAROLD S. HILL.
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