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(54) Cutting apparatus for extruded
materials

(57) Thisinvention provides an
apparatus for continuously cutting
extruded materials, for example
propeliants, comprising a two-way
cutting blade provided with a high
speed reciprocating cutting action, and
a control means for linking the
reciprocating frequency with the speed
of extrusion of the material. When cut
by the apparatus, the extruded material
undergoes very little cross-sectional
distortion, and the cut grains produced

very little in length.

A preferred embodiment of the
apparatus has a blade (7) in the form of
a plate with a double-edged knife (24)
formed on the land portion {23)
between two apertures (22) therein,
which is moved by means of an
electronically controlled piston and
cylinder (10) operated by fluid pressure.
Extruded material velocity is sensed by
arotatable wheel (4) which is connected
to an electronic control unit linked to
the piston and cylinder, thus providing
automatic cutter control that is linked to
material velocity.
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SPECIFICATION
Cutting apparatus for extruded materials

This invenion relates to apparatus and a method
for continuously cutting travelling materials, and in
particular to cutters for cutting extruded threads of
propellant compositions.

During the manufacture of the most widely used
propellants, those based on nitrocellulose, used
either alone in single-base propellants or mixed with
nitroglycerine in double-base propellants, the prop-
ellant composition is usually prepared as a gelati-
nous mass which is then extruded through a die and
cut into grains of suitable iength for use. Such dies
may have a single nozzle or several nozzles, and may
be arranged to produce either a solid cord of
extruded propellant or a cord provided with one or
more axial channels.

Itis desirable that the cutter used to produce the
grains should be compact to enable it to be located
close to the extrusion die. This is particularly desir-
able in a multiple-nozzle extrusion die, wherein
many cords of extruded propellant are produced in
close proximity, each extruded cord being guided to
an individual cutter. A further advantage of a
compact cutter is, of course, the low driving power
demand.’

In addition, for optimum ballistic performance of
these propellant grains, the grains should be cut to
substantially uniform lengths, should have cut ends
which are substantially at right angles to the direc-
tion of extrusion, and with as little distortion of the
cross-section of the grains or constriction of any
axial channels as possible.

To obtain uniform cut lengths the operation of the
blade of the cutter has to be related to the speed of
extrusion of the propellant cord; to achieve ends
which are substantially at right angles to the direc-
tion of extrusion and avoid distortion of the cross-
section or constriction of axial channels, the velocity
of the cutting blade should be as high as possible
relative to the speed of extrusion. These are to a
large extent mutually exclusive requirementsin a
cutter, as high blade velocities confer high momen-
tum upon the blade, and a consequential difficulty in
adjusting the operation of the cutter rapidly enough
to relate its motion to moment-by-moment fluctua-
tions in the speed of extrusion of the propellant.
These requirements are not met adequately by
either of the main types of mechanical cutter which
are currently in use, ie cam-operated reciprocating
guillotine type cutters or rotary cutters, which tend
both to be bulky and to produce grains which are
non-uniform in length.

Itis one object of the present invention to provide
an apparatus that overcomes at least some of the
disadvantages of the prior art. Other objects and
advantages offered by the present invention will
become apparent from the following description
thereof.

According to the present invention, there is pro-
vided an apparatus for continuously cutting an
extruded cord of material which comprises

a cutting blade slidably mounted along a station-
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ary cutting plane that is perpendicular to the direc-
tion of motion of the cord,

two cutting edges disposed in a back to back
relationship on the blade, each cutting edge being
adapted to cut the cord along the cutting plane,

and a blade actuating means that is adapted to
displace the blade in such a manner that with
respect to time the position of the blade is definable
graphically by means of a square wave, and that, in
use, actuates the blade in such a manner that the
blade cuts the cord into grains of substantially
uniform length.

The imposition of a square wave reciprocating
motion upon the blade means that the blade acceler-
ates and decelerates virtually instantaneously at the
start and at the finish respectively of each cutting
stroke. Thus the displacement of the biade through
each cutting stroke need only be slightly greater than
the thickness of the cord being cut. As a consequ-
ence, the present apparatus may be made to be
more compact and to consume less power than prior
art cutting devices. Furthermore, the imposition of
square wave motion on the blade ensures that the
velocity of the blade is kept high enough to prevent
distortion of the cross section of the cord being cut.
The velocity of the blade through the cord is prefer-
ably at least one hundred times that of the velocity of
the cord through the cutting plane.

By employing a cutting biade having two cutting
edges disposed in a back to back relationship, the
blade of the present invention, when imparted with a
square wave reciprocating motion with respect to
the cord, is capable of cutting in both directions of its
travel along the cutting plane. Thus two cutting
strokes are made by the blade for every complete
cycle of its reciprocating motion, enabling the blade
to cut at twice the frequency that could be achieved
by a single cutting edge.

The cutting blade is advantageously made as
small and light as possible while being of sufficient
mechanical strength to withstand, during cutting,
the forces brought to bear on it by the blade
actuating means. This ensures that the blade can
achieve high cutting velocities and frequencies with-
out having a high momentum. Increases in the mass
of the blade not only tends to distort the square
wave motion imposed on the cutting blade into
sinusoidal motion, which hinders the production of
grains having cut ends perpendicular to the direction
of extrusion, but also increases the power required
to actuate the blade. The blade should also be made
easily replaceable, in order that in the inevitable
event of it becoming blunted or broken during use,
the blade may be changed quickly and cutting
speedily resumed. These objectives are most conve-
niently achieved by making the blade out of thin
sheet steel, from which light, cheap disposable
cutters may be punched, and which is easily ground
to a sharp edge.

The width of the blade between its cutting edges
should be as small as is consistent with mechanical
strength, so that the passage of the blade through
the extruded cord of material disturbs the forward
movement of the extruded cord for as short a time
as possible. Blades comprising thin knives or cutting
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wires possess such a desirable cutting edge con-

figuration, but a most preferred form of blade

comprises a plate of thin metal which is provided

with two apertures, large in comparison to the width
5 ofthe extruded cord to be cut, said apertures being
arranged in line along the direction of the cutting
stroke of the blade in such positions that extrusion of
material is not impeded by the blade at either
extreme of reciprocation, the cutting edges being
formed along the edges of the apertures such that
each cutting edge is disposed in a back to back
relationship to the other. This preferred form of
blade combines mechanical strength, convenience
of manufacture and handling, low cost of production
and disposability. A preferred metal is steel, which
can easily be ground to a sharp cutting edge.

The blade actuating means preferably comprises
at least one piston and cylinder operated by fluid
pressure, each piston being adapted to connect with
the cutting blade by means of a piston rod. By using
fluid pressure and fluid control parameters appropri-
ate to the dimensions of the present apparatus, the
blade may be driven by such an actuating means
with an almost explosive impulse providing virtually
instantaneous blade acceleration. Blade deceleration
can also be brought about virtually instantaneously
by the piston striking one end of the cylinder at the
completion of its driving stroke. The blade actuating
means most preferably comprises a single double-
acting piston and cylinder, as such a piston and
cylinder arrangement may be made extremely com-
pact and hence of low inertia, and is thus capable of
achieving a suitable reciprocating frequency whilst
having a low power requirement in comparison to
prior art cutting devices. The piston may be driven
pneumatically or hydraulically depending on the
properties of the cord material to be cut. Pneumatic
actuation has been found to be suitable for cutting
thin cords of extruded materials at reciprocating
frequencies up to about 50 Hz. Hydraulic actuation
has been found to be suitabie for heavy duty cutting,
for example in the propellant field for cutting hard
cordite. However the maximum reciprocating fre-
quency achievable using hydraulic actuation is only
about 10 Hz.

The blade actuating means is conveniently
adapted to actuate the blade to cut substantially
uniform lengths of the cord by a sensor for con-
tinuously sensing the velocity of the cord through
the cutting plane and a means for automatically
controlling the frequency of the cutting strokes of
the blade such that the frequency varies in direct
proportion to the velocity sensed by the sensor.
Such automatic control of the blade actuating means
ensures that, in use, the cutting blade cuts substan-
tially uniform lengths of cord at a frequency which
takes account of moment-by-moment fluctuations in
the velocity of the cord, which fluctuations in
velocity are characteristic of continuously extruded
materials. The means for automatically controlling
the frequency of the cutting strokes preferably
comprises a processing unit adapted to receive
signals from the sensor and to convert the signals
into a series of pulses whose frequency is directly
proportional to the velocity of the cord through the
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cutting plane, and a control means adapted to
convert each pulse from the processing unitinto a
cutting stroke of the cutting blade via the blade
actuating means.

The processing unit is preferably electronic, as
electronic control of the blade actuating means
facilitates a sensitive and rapid automatic response
of the cutting blade to fluctuations in the velocity of
the cord. Furthermore, the processing unit prefer-
ably includes a means for manually selecting the
desired lengths of the grains of cord to be cut by the
present apparatus. The continuous influence of the
control means then ensures that the present appar-
atus will, in use, cut each grean substantiaily to the
length selected regardless of moment-by-moment
fluctuations in the velocity of the cord through the
cutting plane.

Sensitive control of the blade actuating means is
assisted by employing a control means which is N
preferably electromechanical, which requires that
the processing means emits electrical pulses. For
controlling at least one piston and cylinder operated
by fluid pressure the control means preferably
comprises two or more electromagnetic valves
adapted to control the flow of fluid to and from the at
least one cylinder in such a manner that the cutting
blade is actuated to perform a single cutting stroke
for each electrical pulse received by the valves. Such
valves can be operated to open and close at very
high speeds and can respond very quickly to each
pulse received from the processing means. Electro-
magnetic valves, particularly when operated by an
electronic processing means, can therefore provide
a way of accurately controlling the preferred blade
actuating means which is sensitive to variations in -
the velocity of the cord, and which enables the
preferred blade actuating means to impose high
frequency square wave motion on the cutting blade.

According to a further aspect of the present
invention, the sensor comprises a freely rotatable
wheel positioned adjacent the cutting plane so as to
be rotated by tangential contact with the cord during
extrusion, the rim of the wheel being made of a
material which has a high coefficient of friction with
respect to the cord, and a means for generating a
constant number of electrical impulses per revolu-
tion of the wheel. One advantage of a sensor
according to this aspect of the invention is that it :
may be electrically connected to a simple and
reliable electronic processing means comprising an
impulse counter which is arranged by means of an
adjustable timing device to emit electrical pulses to
the control means to actuate the blade actuating
means. The timing device is adjusted manually to
emit each pulse after a preselected number of
impulses counted, and thus to preselect the length of
the grains to be cut from the cord. A further
advantage of such a rotatable sensor is that it can be
adapted to measure cord velocity accurately without
causing distortion of the shape of the cord.

In a preferred embodiment of this aspect of the
present invention, the means for generating a con-
stant number of electrical impulses per revolution of
the wheel comprises one or more mirrors attached
to the wheel, the mirrors being arranged so that light
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from each of the one or more mirrors is reflected,
once per revolution, into a2 photcelectric cell. Cther
methods of generating electrical impuises in sucha
rotary sensor will be apparent to those skilled in the
art. The higher the number of mirrsors, the higher the
number of impulses generated per revolution hence
the greater will be the sensitivity of the rotary senser
to fluctuations in the velocity of the cord.

It has been found that optimum rotation of the
wheel by passage of a cord of extruded propellant
material of conventional diameter is achieved when
the cord is directed over said whee! at an angle of
between 30° and 60° to the horizontal. At higher
angles the cord does not bear with sufficient force
upon the surface at the wheel to overcome the
tendency to slip, and at lower angles thin cords tend
to buckle. With other, denser, extruded materiais, or
with thicker propellant cords, lower angles may be
suitable.

Using conventional propellant extruding equip-
ment, for example, cutting apparatus according ic
the invention including a drive unit coupled to the
speed of extrusion has been found suitable for
producing grains of propellant of 1 to 15 mm
diameter, of length 3 to 20 mm, with a variation in
grain length of no more than 5%.

The invention will now be described by way of
example only with reference tc the accompanying
drawings in which,

Fig 1 shows an overall schematic view of a
propellant extruder and a cutting apparatus

Fig 2 shows a cutting blade as used in the cutting
apparatus shown in Fig 1.

With reference to Fig 1, a cord of propellant 1 is
extruded from an extruder 2 which may have one or
more extrusion nozzles. The cord 1 is directed onto a
guide rail 3, above which it is frictionlessly sup-
ported by means of jets of air directed through holes
therein. The rail 3 is arranged so as to be at an angle
of between 30° and 60° to the horizontal Thecord 1 is
guided so as to be in tangential contact with a rotary
sensor 4, which is capable of being rotated by the
passage of said cord, then under a guide roller 5,
through a guide nozzle 6, sc as to be cut by the
reciprocating double-edge cutting blade 7 located
immediately adjacent to the nozzle 6, and moving in
a stationary cutting plane at right angles to the
direction of motion of the extruded cord 1 at the
point of cutting. The grains produced, 8, are col-
lected via a chute 9.

The blade 7 is reciprocably moved in low friction
guide rails {(not shown) by means of a double-acting
piston and cylinder 10 through a connecting rod 11.
The piston and cylinder 10 is actuated by means of a
compressed gas, especially air or nitrogen, supplied
through the line 12, the access and the exhaust of the
gas to and from the cylinder being controlled by
double-acting electromagnetic valves 13. The design
of the piston and cylinder 10, the valves 13, and the
pressure of the gas is such that the blade 7 is moved
by an effectively instantaneous impulse, so as to
impose substantially square wave motion upon the
blade 7. The displacement of the blade 7 is the
minimum possible to achieve severance of the
grains from the cord.
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The operation ofthe biade 7 by the piston and
cylinder 10 is controlled by electronic activation of
the valves 13 by means of the sensor 4 and an
electronic processing means 14. The rotary sensor 4
comprises a substantially freely rotating wheel, the
cuter perimeter of which is coated with a resinous
adhesive, to ensure a high coefficient of friction with
the propeilant cord 1. Around the inner perimeter of
the whee! are situated 2 number of mirrors {not
shown} capable of reflecting light from a lamp {not
shown]} into a photoelectric c2ll {not shown) when
the mirrors, lamp and photoelectric cell come into a
suitable configuration during rotation, sp asto
generate a constant number of electrical impulses
per revolution.

The output frcm the sensor 4 is transmitted to the
electronic processing means 14. This contains an
impulse counter {not shown}, and an adjustable
clock circuit {not shown) arranged o transmit elec-
trical signals to the electromagnetic valves 13so as
to activate them at preselected counts of imgpulsss.
By altering these preselected counts, the length of
the grains 8 may be varied.

The blade 7, which is shown in greater detzil in Fig
2, comprises a rectangular plate 21 made of steel,
with the minimum thickness consistent with mecha-
nical strength. The plate 21 is provided with two
circular apertures 22, which are arranged in fine
along the direction of the reciprocatory motion of the
blade, and which are of greater diameter than the
diameter of the extruded cord 1 to ke cut. The sdges
of the aperiures 22 which are in a substantially
back-to-back relationship across the land portion 23
between said apertures 22 are ground to form sharp
cutting edges 24. The land portion 22 is of the
minimum width consistent with mechanical
strength. A fitting 25 is formed at one end of the
plate 21, in line with the cenires of the aperiurss 22,
to allow connection of the blade to the connecting
red 11. This fitting 25 may be of any convenient
design, for example 2 hole cc-operating with a pin or
grub screw {not shown) on the connecting rod 11.

fn use the biade is mounted with its long edges 28
resting in the low friction guide rails {not shownj,
and is attached to the connecting rod 1. The plate
21is positioned adjacent to the guide nozzle 6, so
that said nozzle € faces one of the apertures 22 at one
extremity of the reciprocatory motion of the blade 7,
and faces the other aperture 22 at the other extrem-
ity of reciprocatory motion. The extruded cord 1
passing through the guide nozzle 6 is thereby cut on
both forward and backwards strokes of the recip-
roecatory motion of the blade.

Although only one cord of extruded propellant 1 is
shown in the drawings, it will be appreciated that by
mounting several of the present apparatus in para-
llel, 2a number of cords of propellant may be
extruded and cut to length simultaneocusly.

Although the apparatus of the invention has been
described above in connection with the production
of propellant grains, it will be appreciated by those
skilled in the art that it could equally be used in the
production of food products, plastics materials, and
other materials which are extruded then cut.
CLAIMS
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1. Anapparatus for continuously cutting an
extruded cord of material comprising

a cutting blade slideably mounted along a station-
ary cutiinrg plane that is perpendicular to the direc-
tior: of motion of the cord,

two cutting edges disposed in a back to back
relationship on the blade, each cutting edge being
adagted to cut the cord along the cutting plane,

and a blade actuating means that is adapted to
dispiace the biade in such a manner that with
respect to time the position of the biade is definable
graphically by means cf a square wave, and that, in
use, actuates the blade in such a manner that the
blade cuts the cord into grains of substantially
uniform length.

2. Apparatus according to claim 1 wherein the
cutting blade comprises a plate of thin metal which
is provided with two apertures, large in comparison
to the width of the cord to be cut, said apertures
20 being arranged in line along the direction of either
cutting stroke of the blade in such positions that
extrusion of the cord is notimpeded at either
extremity of square wave motion of the blade, the
cutting edges being formed along the edges of the
apertures such that each cutting edge is disposed in
a back to back relationship to the other.

3. Apparatus according to either claim 1 or claim
2 wherein the cutting blade comprises thin sheet
steel.
30 4. Apparatus according to any previous claim
wherein the blade actuating means comprises

atleast one piston and cylinder operated by fluid
pressure, each piston being adapted to connect with
the cutting blade by means of a piston rod.

5. Apparatus according te claim 4 wherein the
blade actuating means comprises a single double
acting piston and cylinder.

6. Apparatus according to any previous clam
wherein the blade actuating means further compris-
es a sensor for continuously sensing the velocity of
the cord through the cutting plane, and a means for
automatically centrolling the frequency of the cut-
ting blade such that the frequency varies in direct
proportion to the velocity sensed by the sensor.

7. Apparatus according to claim 6 wherein the
means for automatically controiling the frequency of
the cutting strokes of the blade comprises a proces-
sing unit adapted to receive signals from the sensor
and to convert the signals into a series of pulses
whose frequency is directly proportional to the
velocity of the cord through the cutting plane, and a
control means adapted to convert each puise into a
cutting stroke of the cutting blade via the blade
actuating means.

8. Apparatus according to claim 7 wherein the
processing unit is electronic.

9. Apparatus according to eithier claim 7 or claim
8 wherein the processing unit includes a means for
manually selecting the length of the grains into
which, in use, the cord is cut.

10. Apparatus according to any of claims 7to 9
inclusive wherein the series of pulses from the
processing means are electrical, and the control
means is electromechanicai.

11. Apparatus according to claim 10 whenever
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dependent on claim 4 wherein the control means
comprises two or more electromagnetic valves
adapted to control the flow of fluid to and from the at
least one cylinder in such a manner that the cutting
blade is actuated to perform a single cutting stroke
for each pulse received by the valves from the
processing means.

%2. Apparatus according to any of claims 6to 11
wherein the sensor comprises a freely rotatable
wheel positioned adjacent the cutting plane so as to
be rotated by tangential contact with the cord during
extrusion, the rim of the wheel being made of a
material which has a high coefficient of friction with
respect to the cord, and a means for generating a
constant number of electrical impulses per revolu-
tion of the wheel. . 0

13. Apparatus according to ciaim 12 whenever
dependent on claim 9 wherein the processing means
comprises an impulse counter which is arranged by <
means of an adjustable timing device to emitan
electrical pulses to the control means, after each
preselected number of impulses counted, to actuate
the blade actuating means.

14. Apparatus according to either claim 12 or
claim 13 wherein the means for generating a con-
stant number of electrical impulses per revolution of
the wheel comprises one or more mirrors attached
to the wheel, the mirrors being arranged so that light
from each of the one or more mirrors is reflected
once per revolution into a photoelectric cell.

15. Apparatus according to any of claims 12, 13
and 14 wherein the cord is directed over the wheel at )
an angle of between 30° and 60° to the horizontal.

16. Apparatus according to any previous claim
substantially as hereinbefore described with refer- *
ence to the drawings.

17. Grains whenever cut from a cord of extruded
material using the apparatus according to any
previous claim.

18. Grains according to claim 17 wherein the
extruded material comprises a propellant.
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