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(57) On décrit un systeme de propulsion a piston double
destin¢ a equiper un lance-projectiles du type sans recul
et a masse/contremasse, dans lequel deux pistons
cylindriques creux (22, 23) sont disposes dos-a-dos et
possedent des extremités externes ouvertes et des
extrémites nternes fermees. Les extremités internes
ouvertes sont relices par un moyen de connexion
periph€rique frangible, de sorte que les pistons
constituent une enceinte dans laquelle est logée 1a charge
propulsive (34). Au moment de son utilisation, le
systeme est dispos€¢ de maniere a pouvorr glisser a
I'Imteérieur du tube de lancement (1) a I'extrémaiteé ouverte
du lance-projectiles, en son point meédian. La mise a feu
de la charge propulsive entraine une accumulation de gaz
de propulsion a I'mtérieur de l'enceinte. Lorsque la
pression du gaz atteint un seuil préde€termine le moyen de
connexion se rompt sous la tension, et les pistons (22,
23) sont propulseés dans des directions opposeces. Les
forces de traction et de compression auxquelles sont
soumis les pistons (22, 23) pendant la mise a feu de
l'engin sont considerablement reduites par rapport a

celles d'autres systemes connus, ce qui permet d'utiliser
des pistons (22, 23) de faibles poids.
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(57) A double piston propulsion unit for a recoilless
mass/countermass projectile launcher comprises two
hollow cylindrical pistons (22, 23) arranged 1n a back-to-
back relationship with closed outer ends and open mner
ends, the open imner ends being joimned together by a
circumferential rupturable connecting means so that the
pistons form a vessel 1n which a propellant charge (34) 1s
enclosed. In operation, the unit 1s shideably located inside
the open- ende launch tube (1) of the projectile launcher
at 1ts mid-point. The propellant when mitiated causes a
build up of propellant gases mside the vessel and when
the gas pressure reaches a pre-determined value the
connecting means fails in tension and the pistons (22,
23) are propelled in opposite directions. The tensile and
compressive force experienced by the pistons (22, 23)
during the firng of the unit are substantially decreased
compared to known units, so that relatively lightweight
pistons (22, 23) can be employed.
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" reaches a pre-determined value the connecting means fails in tension and the pistons (22, 23) are propelled in opposite directions.

The tensile and compressive force experienced by the pistons (22, 23) during the firing of the unit are substantially decreased
compared to known units, so that relatively lightweight pistons (22, 23) can be employed.
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Double Piston Propulsion Unit

This invention relates to a double piston propulsion unit for a
recoilless mass/countermass projectile launcher and in particular
for a hand-held shoulder-launched system suitable for launching a

projectile from a confined space.

Recollless mass/countermass launchers operate by simultaneously
firing a projectile forwardly and a countermass rearwardly with
equal and opposite momentum. This prevents any recoil from being
transmitted to the launcher, so that the launcher requires no recoil
support and can be hand-held provided that the weight of the

launcher can be supported by a human operator.

Propulsion units for recoilless mass/countermass projectile
launchers are known in which an open ended launch tube has two
cylindrical pistons of equal mass located in a back-to-back

relationship within it which are releasably restrained either side

of a propellant charge (see Figure 1). One piston is for propelling
the projectile out of the open forward end of the tube and the other
1s for propelling the countermass out of the open rearward end of

the tube. The two pistons are releasably restrained by an axially-

located connecting rod secured therebetween in which an area of

weakness is provided. The propellant charge is located in the space

surrounding the rod between the two pistons.

These known propulsion units are operated by the activation of
a triggering means which initiates the propellant charge, the
combustion of which causes a build up of hot gases 1n the space
between the pistons. When the pressure of the gas reaches a
predetermined level the weakness provided in the connecting rod

causes the rod to fail in tension and the pistons are projected

along the launch tube in opposite directions, thus projecting the
projectile forwards and the countermass rearwards. The launch tube

has piston intercepts at both its ends which halt the pistons but

allow the projectile and countermass to leave the tube.

.
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Such units with the pistons connected by an axially-
located connecting rod carry a substantial mass penalty. This is
because the pistons need to be axially thickened to withstand the
tensile and compressive forces transmitted to them by the rod
during the launching of a projectile. A high mass propulsion unit
is c¢learly a disadvantage especially for a launcher designed to be
hand-held and shoulder launched.

The present invention provides a propulsion unit for a
recoilless mass/countermass projectile launcher which enables a
significant mass reduction to be made. Furthermore the present
invention enables a significant length reduction to be made in the
unit which increases the effective stroke of the pistons for any
given launch system length and provides a potentially safer and
more cheaply and easily manufactured propulsion unit.

According to a first aspect of the present invention
there is provided a double piston propulsion unit for a recoilless
mass/countermass projectile launch system comprising two pistons
of substantially egqual mass arranged in a back-to-back
relationship and a propellant charge disposed between the two
pistons, wherein each piston comprises a hollow cylinder with a
closed outer end and an open inner end, the open inner ends of the
pistons being joined together by a circumferential rupturable
connecting means such that the pistons together form a vessel
enclosing said propellant charge, the hollow c¢vylinder of each
piston being arranged to form a piston skirt.

The two hollow c¢vlindrical pistons are joined together
at their open ends so removing the need for an axially-located

connecting rod and bolts between the pistons. Therefore the
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pistons no longer have to withstand the large tensile and

2a

compressive forces assoclated with attachment to the connecting
rod, so enabling the thickness and thus the mass of the pistons
be reduced substantially. The reduced mass of the pistons also
enables the mass of propellant used to launch the projectile at

requlired velocity to be reduced. The combined effect of the

reduced mass of the pistons and propellant

22762-623
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charge means that the propulsion unit provided by the present

invention 1s subscantially les: nassive than those known in the art,

which 1s a particular advantage for a hand- held shoulder-launched

systems.

Another advantageous feature of the present invention is that
the length of the propulsion unit can be substantially reduced,
compared to known units, while still providing the same cavity
volume inside the vessel per unit mass of propellant. This is
enabled because the pistons are much thinner than those known in the

art and because the connecting rod is not needed, so that a larger

proportion of the unit forms the cavity between the pistons.

This can be advantageous in one of two ways. Either the length
of the launch tube that is available for the acceleration of the
pistons 1s substantially increased, therefore a reduced amount of
propellant can be used to launch the projectile at the required
velocity, which can lead to a further mass reduction of the
propulsion unit, or the decrease in length of the propulsion unit
can enable the length of the launch tube to be reduced by a like

amount, which can lead to a reduction in mass of the launch tube.

In a preferred embodiment of the present invention the
circumferential rupturable connecting means comprises a seal so that
the hollow cylinders together form a closed pressure vessel. The
advantage of this arrangement is that the propellant is totally
encapsulated within the pressure vessel formed by the two joined
pistons. Therefore once the propulsion unit has been assembled it

can be safely stored, handled and loaded into and extracted from the

launch tube at any subsequent time.

In a preferred embodiment of the present invention the
circumferential rupturable connecting means comprises a lap joint

with the lapped section of the joint located on the 1nternal surface
of the pressure vessel. The advantage of such a joint is that it

provides a large interface between the piston haives at which a
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screw thread or cement can be located to secure the pistons together

while the outer surface of the pressure vessel remains a right

cylinder so that it can be slideably located within the launch
tube.

In an especially preferred embodiment of the present invention
the said lap joint is secured by a cement adapted to fail when
subjected to a predetermined shear force. The advantage of this
arrangement 1s that the cemented joint can be constructed so that it
fails when the propellant gas pressure inside the pressure vessel
reaches a predetermined value. The joint failure pressure being

one of the controllable factors which can determine the launch

velocity of the projectile. Furthermore this embodiment is cheaply

and easily manufactured.

In another preferred embodiment of the present invention the
circumferential rupturable connecting means comprises a connecting
collar which is located within the hollow cylinders and is secured
by a screw thread or cement over the circumferential region of
contact between the said open ends of the cylinders. The advantages
of this joint are similar to those of the lap joint in that a large
interface is provided between the collar and each of the cylinders

at which a screw thread or cement is located while the outer surface

of the pressure vessel remains cylindrical.

The said hollow cylindrical collar is preferably made of a
weaker material than that of the pressure vessel and has a
circumferential rupturable weakness in the form of an annular groove
ln its inner or outer circumferential surface adjacent to the
circumferential region of contact between said open ends of the
cylinders. This arrangement is advantageous in the case when the
pressure vessel i1s made of such a strong material that it is not
possible to provide a weakness in it in the form of an annular
groove 1in 1its surface. The connecting collar can be designed to

fail in tension when subjected to a predetermined tensile force by
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carefully choosing the tensile strength e material from which

it is made and the depth of the annular groove.

In a further preferred embodiment of the present invention said

circumferential rupturable connecting means comprises an annular
region of the vessel having a multiplicity of perforations therein.
This arrangement provides a further method of providing a
circumferentially rupturable weakness in the pressure vessel when it
1s made of a very strong material. The tensile force at which the
strips between the perforations fail is determined by the ratio of

the length of the perforations to the length of the strips.

Preferably the propellant charge is supported within the hollow
cylinders by a support means extending radially inwards from the
walls of the vessel. Such a support means is advantageous because

1t supports the propellant charge without hindering its combustion.

surrounded by a plane rim. This convex dome is advantageous because
1t ensures that the cavity inside the pressure vessel is as
spherical as possible, the plane rim being provided to form a good

contact with the piston intercepts during the braking of the

piston.

The present invention further provides a recoilless mass/
countermass projectile launcher which enables a substantial mass
reduction over known launchers, as well as providing the advantages

associated with the propulsion unit mentioned above.

According to a further aspect of the present invention there is

provided a recoilless mass/countermass projectile launcher,

comprising:
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a launch tube open at its forward and rearward ends:

a double piston propulsion unit according to the first aspect
of the present invention, the propulsion unit being slideably

located inside the launch tube at its mid-point;

piston intercepts located at said forward and rearward ends of
the launch tube, and

a triggering means for activating the propulsion unit.

Advantageous mass reductions are enabled in a launcher
according to the present invention further to the mass reduction in
the propulsion unit that is mentioned above. This is because the
plstons are less massive so (a) the kinetic energy to be absorbed by
the piston intercepts is reduced and so the mass of the piston
intercepts can be reduced and (b) the axial load transferred onto
the launch tube from the piston intercepts during the braking of

the pistons is reduced and so the strength and thus the mass of the

launch tube can be reduced.

Furthermore because the less massive pistons are easier to
brake they are less likely to escape from the end of the launch tube
due to failure of the piston intercepts. This is a useful safety

feature of the present invention that reduces the likelihood of an

outrush of hot gases from the ends of the tube.

Another advantage is that the hollow cylindrical sections of
the pistons form piston skirts which provide an effective gas seal
with the launch tube. Therefore when the projectile and countermass

have been launched from the tube the halted plstons seal its open

ends, thus preventing a dangeous outrush of combustion gases

therefrom.
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A propulsion unit for a recoilless mass/countermass projectile
launcher and a launcher incorporating the same will now be described
in more detail by way of example only with reference to the

accompanying drawings, in which:

Figure 1 is a schematic diagram of a vertical longitudinal

section through a known type of recoilless mass/countermass launcher

loaded with a projectile and a countermass;

Figure 2 is a perspective view of the propulsion unit

constructed in accordance with the present invention;

Figure 3 is a view along the line 29 of Figure 2;

Figure 4 is a vertical section taken along line 'AA' in

Figure 3.

Figure 5 1s a vertical section taken along line 'BB' of

Figure 4.

Figures 6A to 6D are sectional views of the joint between the

two hollow cylindrical pistons showing alternative embodiments of

the propulsion unit according to the present invention.

Figure 7/ 1s a perspective view of one preferred embodiment of

the propulsion unit according the present invention with a section

cut away.

Figure 8 shows a vertical section of the embodiment shown in

Figure 7 taken along the line 'CC'.

Figures 9A and 9B are sectional views of the closed end of the

hollow cylindrical pistons showing alternative embodiments of the

propulsion unit according to the present invention.
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Figure 10 is a schematic diagram showing a vertical

longitudinal section of a recoilless mass/cointermass projectile

launcher loaded with a projectile and a countermass according to the
present invention.

Referring to Figure l a recoilless mass/countermass projectile
launcher of known design comprises a launch tube 1 which is open at
1ts forward end 2 and rearward end 3. Two pistons 4 and 5 are
slideably located within the launch tube 1, arranged back-to-back
with piston 4 facing the forward end 2 and piston 5 facing the
rearward end 3. The two pistons 4 and 5 are releasably joined
together by an axially-located connecting rod 6 in which a weakness
in the form of machined circumferential groove 7 is provided. The

connecting rod 6 is attached to the pistons 4 and 5 by screw

threaded joints 8 and 9 respectively. The propellant 10 is located
around the connecting rod 6 in the space 11 created between the
pistons. A sub-calibre projectile 12 rests on the forward surface
of piston 4 and a sub-calibre countermass 13 rests on the rearward

surface of piston 5. Piston arrestors 14 and 15 are located at the

forward end 2 and the rearward end 3 of the launch tube
respectively. The launch tube 1 has forward and rearward holding
members 19 and 20 respéctively, designed to make the launcher

suitable for launching from the shoulder of a human operator. A

trigger 16 is located on the forward holding member 19.

The known projectile launcher shown in Figure 1 operates as

follows. The trigger 16 is pressed causing a triggering mechanism

(not shown) to initiate propellant 10. The hot propellant gases

generated from the ignited propellant produce a build-up of pressure

in the space 11 between the pistons 4 and 5. When the propellant

gas pressure reaches a predetermined value the connecting rod 6

ylelds in tension at the weakness 7 causing the piston 4 and

projectile 12 to be projected along the launch tube ] towards the

forward end 2 and the piston 5 and countermass 13 to be projected

The piston
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stops the piston 5 and allows the countermass 13 to leave the
rearward end 3 unhindered. The hot propellant gases are safely
contained in the launch tube ! because the Pistons 4 and 5 seal the

open forward end 2 and open rearward end 3 respectively.

The known projectile launcher shown in Figure 1 and others like

it suffer from the disadvantages previously herein described.

One embodiment of the present invention will now be described

with reference to Figures 2 to 5.

The double piston propulsion unit according to the present
invention comprises a closed pressure vessel, denoted generally at

2l. Two hollow cylindrical pistons of substantially equal mass 22

and 23 are joined at their open ends at 24 to form the closed

pressure vessel 21.

The closed ends of the pistons 22 and 23 comprise central
convex domes 25 and 26 and outer plane rims 27 and 28 respectively.

The closed end of piston 23 has two holes 30 bored in its outer rim

28 through to the inner cavity of the pressure vessel 21 for the

location of ignition wires 35.

The two pistons 22 and 23 are joined at their open ends by a

cemented lap joint 36. The halves of the joint 36 are cemented

strength which will cause the joint 36 to fail when it is subjected

to a predetermined shear force well before tensile failure of either

of the walls of the pistons can occur.
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combustion of the propellant charge 34 and can for example be made
out of a plastic material. An igniter 33 located at the surface of

the propellant charge 34 is connected to a triggering mechanism (not

shown) by the two ignition wires 35 which pass through the holes
30.

The hollow cylindrical sections 37 and 38 of the pistons 22 and

23 respectively provide skirts for the pistons.

Figures 6A to 6D show alternative embodiments for the

circumferentially rupturable connecting means between the open ends
of the pistons 22 and 23.

Figure 6A shows a cemented lap joint 36 in which the cement is
strong enough to remain intact throughout the firing of the
propulsion unit. An annular groove 40 is machined on the inner
surface of piston 23 in the plane of the joint 24. The groove 40 1is
machined in such a way as to cause the piston 23 to fail along the
groove when it is subjected to a predetermined tensile force thus

releasing the pistons 22 and 23. Alternatively the annular groove

40 can be machined on the outer surface of piston 23.

Figure 6B shows a similar joint to that in Figure 6A except

that instead of being cemented the lap joint is screw-threaded at &1

so that 1t 1s strong enough to remain intact throughout the firing

of the propellant unit.

Figure 6C shows a joint 24 which is held in place by a
connecting collar 42 made of a weaker material than that which makes
up the walls of the pressure vessel 21. The collar 42 is slideably
located within the pistons 22 and 23, the mid-point of the collar
lying in the plane of the joint 24. An annular groove 40 is
machined on the inner surface of the collar 42 in the plane of the
joint 24. The collar 42 is cemented to the pistons 22 and 23 along

surfaces 43 and 44 respectively avoiding the area around the joint

SUBSTITUTE SHEET
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24, the cement being strong enough to remain intact throughout the
firing of the propulsion unit. The groove 40 is designed so that
the collar 42 fails along the groove 40 when it is subjected to a

predetermined tensional force, thus releasing the pistons 22 and
5 23.

Figure 6D shows a joint 24 which is similar to that in Figure
6C except that the collar 42 is attached to the pistons 22 and 23 by
screw threads 46 and 47 instead of cement and the annular groove 40

10 1s machined on the outer surface of the collar instead of the inner

surface.

Figures 7 and 8 show a further embodiment where an annular
series of perforations 55 are cut through into the cavity of the
15 vessel 21 through the lapped section of the cemented or threaded lap
joint 36. The perforations 55 are long relative to the strips 54
between the perforations 55 and provide a circumferential weakness

in the vessel 21. Th: perforations 55 are designed so that the

20 releasing the pistons 22 and 23. For safe handling and storing of

and 23 so that the propellant 34 is not exposed. This tape 1is

removed before the vessel 21 is loaded into the launch tube of the

25> projectile launch system.

Figures 9A and 9B show two alternative embodiments to the one
already shown in Figures 2 to S for the closed ends of the pistons
22 and 23. The preferred shape of the closed end of the pistons 1is
30 determined by the shape of the projectile 60 or countermass 61

resting thereon (see Figure 10) and the shape and action of the

piston intercepts 58 and 59.

Figure 9A shows the closed end of the hollow cylindrical piston
35 22 or 23 having a plane outer surface 48 with a raised rim 50 and a

domed inner surface 49 and Figure 9B shows the closed end having a

central concave dome 51 and an outer plane rim 53.
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Figure 10 shows a recoilless mass/countermass projectile

launcher according to the present invention, which comprises a
launch tube 62 which is open at its forward end 56 and rearward end
>/. Piston intercepts 58 and 59 are located at the open ends of the
tube 56 and 57 respectively. A propulsion unit 21 is located
slideably within the launch tube 62, at the mid-point of the tube.
The propulsion unit comprises two hollow cylindrical pistons 22 and
23 the open ends of which are releasably joined at 36 by a cemented
lap joint as described previously in relation to Figures 2 to 5.
Alternative embodiments of the releasable joint can be used as

described previously in relation to Figures 6,7 and 8. The closed

ends of the pistons 22 and 23 comprise plane central discs 48A and
48B and raised outer rims 50A and 50B respectively. The closed ends
of the pistons 22 and 23 are designed to support the sub-calibre
projectile 60 and sub-calibre countermass 61 respectively (shown in
dotted lines). Said piston ends are also designed to provide a good
contact with the piston intercepts 58 and 59 during braking.
Alternative embodiments for the closed piston ends can be used and

are described with reference to Figures 2 to 4 and 9B. The

propellant charge 34 is located in the cavity 32 formed inside the
closed pressure vessel 21 and is supported by a web 39. An igniter
33 1s located on the surface of the propellant charge 34 and is
connected to a triggering mechanism (not shown) by two wires 35
which pass through the two holes 30 bored in the raised outer rim
o0B of piston 23. The sub-calibre projectile 60 and countermass 61
(shown in dotted lines) are supported prior to launch by the closed
ends of pistons 22 and 23 and piston 1ntercepts 58 and 59
respectively. The piston intercept 58 is designed to halt the
pPiston 22 and allow the projectile 60 to leave the forward end of
the tube 56 unhindered.  Likewise piston intercept 59 is designed to
halt the piston 23 and allow the countermass 61 to leave the
rearward end of the tube 57 unhindered. The launch tube 62 is
supperted by the human operator by two holding members 64 and 65. A

trigger 66 is located on the holding member 64 and is connected to a

triggering mechanism (not shown).
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The recoilless mass/countermass projectile launcher and

propulsion unit accordir? the present invention operate as follows.

The trigger 66 is pressed activating the triggering mechanism
(not shown) which in turn initiates the propellant charge 34 via
the ignition wires 35 and igniter 33, producing a build up of hot
propellant gases. When the hot propellant gases build up to a
predetermined pressure, the tensile forces exerted on the releasable
joint 36 cause it to fail, thus releasing the pistons 22 and 23.
The piston 22 supporting the projectile 60 is projected along the
launch tube 62 under the pressure of the propellant gases towards
the open forward end 56. The piston 22 is halted by the piston
intercept 58 and the projectile 60 is launched from the open forward
end 56 of the launch tube unhindered. Simultaneously the piston 23
supporting the countermass 61 is projected along the launch tube 62
towards the open rearward end 57. The piston 23 is halted by the
Piston intercept 59 and the countermass 61 is launched Irom the open

rearward end 57 of the launch tube unhindered.

seal with the launch tube 62. Therefore when the projectile 60 and

countermass 61 have been launched from the tube 62 the halted

pistons 22 and 23 seal its open ends, thus preventing an outrush of

combustion gases therefrom.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A double piston propulsion unit for a recoilless mass/countermass
projectile launch system comprising two pistons of substantially equal
mass arranged in a back-to-back relationship and a propellant charge
disposed between the two pistons, wherein each piston comprises a hollow
cylinder with a closed outer end and an open inner end, the open inner
ends of the pistons being joined together by a circumferential rupturable
connecting means such that the pistons together form a vessel enclosing
said propellant charge, the hollow cylinder of each piston being

arranged to form a piston skirt.

2. A double piston propulsion unit according to claim 1 wherein the
circumferential rupturable connecting means comprises a seal so that the

pistons together form a closed pressure vessel.

3. A double piston propulsion unit according to claim 1 wherein the
circumferential rupturable connecting means compriseé a lap joint with the
lapped section of the joint located on the internal surface of the

pressure vessel.

4., A double piston propulsion unit according to claim 3 wherein said lap
joint is secured by a cement adapted to fail when subjected to a

predetermined shear force.

5. A double piston propulsion unit according to claim 1 wherein the said
circumferential rupturable connecting means comprises a connecting collar
which is located within the hollow cylinders and is secured over the
circumferential region of contact between the said open ends of the

cylinders.

6. A double piston propulsion unit according to claim 5 wherein said
connecting collar is made of a weaker material than that of the pressure

vessel and has a circumferential rupturable weakness in the form of an
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annular groove in its inner or outer circumferential surface adjacent to
the circumferential region of contact between the said open ends of the

cylinders.

7. A double piston propulsion unit according to claim 1 wherein said
circumferential rupturable connecting means comprises an annular region of

the vessel adapted to define a multiplicity of perforations therein.

8. A double piston propulsion unit according to claim 1 wherein the
propellant charge is supported within the vessel by a support means

extending radially inwards from the walls of the vessel.

9. A double piston propulsion unit according to claim 1 wherein each of
the said closed ends of the hollow cylinders comprises a central convex
dome surrounded by a plane rim.

10. A recoilless mass/countermass projectile launcher comprising:

a launch tube open at its forward and rearward ends;

a double piston propulsion unit according to any of the preceding claims 1
to 9, the propulsion unit being slideably located inside the launch tube

at its mid-point;

piston intercepts located at said forward and rearward ends of the launch

tube, and

a triggering means for activating the propulsion unit.

Fetherstonhaugh & Co.,
Ottawa, Canada
Patent Agents
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