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The present invention relates mainly to rocket 
projectiles, by which is meant projectiles whose 
velocity is increased after they leave the gun 
muzzle, by means of the thrust produced by the 
reaction on the air of gases discharged rearward 
ly from the projectile, said gases being developed 
by the combustion of a propellant charge within 
the body of the projectile. Such projectiles are 
necessarily of greater length than normal in re 
iation to their calibre, so that they are of in 
creased internal volume. Since the extra length 
of the projectile will increase its weight, the bal 
listic coe?icient of the projectile will be increased, 
and thus when fired at the same velocity as an 
orthodox projectile its range will also be in 
creased, apart from such advantages in perform 
ance as may be gained by the effective utilisation 
of the increased volume of the projectile for 
rocket propulsion. 

Considerations of stability normally impose re 
strictions on the permissible length of a projectile 
in relation to its calibre, inasmuch as it is es 
sential for stability to ‘maintain the centre of 
gravity as close as possible to the centre of pres 
sure, which is ?xed for a given calibre of pro 
jectile by the frontal aspect of the projectile. 
On the other hand any increase in the length of 
a normally constructed projectile adds very ma 
terially to the weight of its rear portion, since 
its walls have to be su?iciently thick at all points 
along their length to carry the accelerating forces 
for the forward part of the projectile. Thus it is 
common practice in the design of ordinary shells 
forvthe thickness of the wall to be graded from 
a minimum at the nose end to a maximum at the 
base end, since the accelerating forces will grad 
ually decrease from the base to the nose of the 
projectile. 
The main object of the present invention is to 

provide an improved construction of rocket pro 
jectile of such increased length as to provide ad 

. ditional internal volume to carry a rocket pro 
pelling charge additional to the normal explosive 
charge, so that the advantages of rocket propul 
sion are not obtained at the expense of the tacti 
cal value of the projectile. In other words, it is 

‘ desired» to increase the volume of the projectile 
so that it can contain an adequate rocket charge 

_ without reduction of its stability. 
According to the main feature of the invention 

the internal volume of a projectile is increased 
to provide accommodation for a self-propelling 
rocket charge by means of a casing extending 
rearwardly from the main body of the projectile, 
which is subject to balanced internal and ex 
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2 
ternal pressures when the projectile is ?red from 
the gun. Thus the propelling force of the ex- ' 
plosion does not require to be transmitted to the 
main body of the projectile, through the walls of 
the casing, and the casing may therefore be made 
with relatively thin walls, which since they are 
subject to balanced internal and external pres— 
sures, are not liable to be crushed in by the force 
of the propelling explosion. 
The equalisation of the internal and external 

pressures may be brought about by deriving the 
internal pressure from the chamber pressure out 
side the casing, or it may be built up within the 

' casing by combustion of a suitable charge in the 
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projectile. Thus, in the ?rst case, one or more 
openings to the interior of the casing may be 
provided in rear of the driving band or gas check, 
which place‘ it into communication with the 
chamber of the gun, so that on explosion the 
chamber pressureimmediately becomes effective 
in the interior of the casing. The communication 
between the casing and the gun chamber may be 
provided by one or more of the nozzles provided 
for the escape of the gases developed by the 
rocket charge and used after the projectile has 
left the gun muzzle to produce propulsr'e re-“ 
action. , 
The main invention is therefore characterised 

by two important features, ?rstly, the weight of 
the projectile is graduated steeply from the driv 
ing band to the rear, so that the centre of gravity 
lies as far forward as possible, and secondly, the 
propulsive force of the explosion in the gun is 
applied, not to the rear end or base of the pro 
jectile, but to a plane intermediate along _its 
length and as close to the driving band or gas 

. check as possible, in consequence of which the 
forward part of the projectile is driven by the 
force of the explosion, whilst the rear part of the 
projectile is towed by the forward portion. Thus 
in‘constructing the projectile the walls of the 

; forward portion or main body portion of the pro 
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jectile may be graded or gradually reduced in 
thickness forwardly of the driving band in known 
manner, whilst the walls of the casing extending 
rearwardly from the driving band may not only 
be relatively thin but may even be graded, or 
gradually reduced in thickness in the rearward 
direction, thereby still further contributing to 
wards a forward position of the centre of gravity 
of the projectile as a whole. 
The rear'portion of the projectile may be cy 

lindrical in shape and of substantially the same 
diameter as the forward or main body portion, 
‘but in some cases it is preferably tapered in the 
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rearward direction so as to be of substantially 
stream-line form. 
In the case of rocket propelled projectiles. the 

production of a uniform reaction thrust is of 
great importance, and this depends to a great ex; 
tent on the nature of the rocket charge and on 
factors which affect its rate of combustion. It is 
natural, for example, that the rate of develop 
ment of gases will depend upon the burning area 
of the rocket charge, and when a solid com 
bustible, such as cordite, is used, it is well-known 
that in order to produce uniformity in the bum 
ing area it is necessary to employ tubular cordite, 
which burns on both the inner and outer surfaces, 
so that the decrease in the outside burning area 
will be compensated by the increase in the in 
ternal burning area. ‘ 

Furthermore, it has been found in the case of 
cordite, for example, that it is productive‘ of gases 
at different rates depending upon the varying 
conditions of temperature and pressure to which 
it is subjected. If cordite is used as the rocket 
propellant in a rocket projectile, where it operates 
in a chamber which is closed except for the gas 
discharge nozzles, it is found that a small varia- 
tion in the nozzle area makes a considerable 
difference in the internal pressure. If the pres 
sure falls, the rate of burning of the charge falls, 
so that the pressure falls still further, and finally 

. the pressure becomes so reduced that burning 
ceases. On the other hand if the pressure in 
creases it continues to rise until a point is reached 
when the remaining rocket charge explodes in 
stead of continuing to burn at a steady rate. 
For accuracy of shooting with rocket propelled 

projectiles, it is of great importance to maintain, 
a steady reaction thrust and to avoid extinction 
of the combustion on the one hand, and bursting 
of the rocket charge casing on the other hand. 
Consequently, although the eifect of variations in 
temperature may generally be neglected it is 
highly important to provide means to maintain 
a constant internal pressure within the rocket 
charge casing, as has been heretofore proposed in 
connection with ordinary war rockets. 

It has been proposed to obtain the desired re 
sult in the case of war rockets by discharging the 
gases through an annular nozzle having a wall 
which expands under increase of pressure so as to 
increase the nozzle area and maintain the area. 
proportional to the pressures within'the elastic 
limit of the wall. According to its invention, 
however, one or more of the gas discharge nozzles 
is or are ?tted with an automatic valve which 
?oats under spring control in the nozzle opening 
and regulates its effective size in accordance with 
the pressure of the gases in the rocket casing. 
The valve may consist, for example, of a conical 
valve body located in the throat of the nozzle and 
adapted to be moved against spring resistance to 
increase the effective nozzle opening, by the pres 
sure acting on the valve. Alternatively, in the 
case of the gases discharging through a number 
of apertures or nozzles, one or more apertures or 
nozzles or an additional axial hole or nozzle may 
be ?tted with a poppet valve which is opened by 
the‘ gas pressure against spring resistance. If it is 
desired to make allowance for variation in tem 
perature conditions, provision may be made for 
varying the initial compression of the control 
spring, as by providing an adjustable screw abut 
ment for the end of the spring, the adjustment 
being made with reference to a scale calibrated in 
temperatures. 
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when cordite is used as the rocket charge. if in 
long lengths it is vliable to break up due to the‘ 
acceleration forces arising from its own weight, 
with consequent increase of burning surface, too 
rapid evolution of gases, and possible bursting of 
the rocket casing. To avoid this source of un 
certainty and irregularity of action, according to 
a further feature of the invention the cordite is 
sub-divided into lengths which are liable to stand 
the acceleration forces, perforated supporting 
plates or grids being interposed between the 
lengths. 
Another important factor in obtaining uni 

formity of rocket thrust and the maintenance of 
such thrust fora predetermined period of time is 
the provision ofysatisfactory means for ensuring 
complete combustion of the rocket charge and 
the prevention of loss of rocket charge in the form 
of solid unburnt particles of charge carried away 
with the gases. Part of this invention resides in 
the provision of such means, and according to one 
feature of this part of the invention the gases 
pass to the discharge nozzles along an extended 
path so that solid particles are given time to 
ignite before reaching the nozzles. Preferably the 
direction of motion of the gases is reversed in 
passing to the nozzles so that the momentum of 
the solid particles stops their continued motion 
after the reversal point. According to another 
method the gases are caused to travel along a 
circular path so that they not only travel along 
an extended path but also become subject to the 
action of centrifugal force which throws the solid 
particles outwards and away from the direction of ‘ 
the continued travel of the gases. . 
In order that the invention may be more clear 

ly understood and readily carried into practice, 
examples of projectiles embodying the various 
features of the invention will now be described ' 
by ,way of example only, with reference to the 
accompanying drawings, in which: 
Figure 1 is a longitudinal section of one con 

struction of rocket projectile according to the in 
vention. ‘ 

Figure 2 illustrates a modi?cation of the nozzle 
system, ' ‘ 

Figure 3 illustrates a modification in regard to 
the loading of the rocket charge in the projectile, 
Figure 4 illustrates a pressure control valve ap- ' 

plied to the nozzle system illustrated by Figure 2, 
Figures 5 and 6 are sectional views of gas dis 

charge nozzles embodying means for cleaning 
the gases from solidparticles before discharge, 
Figure 7 is a longitudinal section of another 

construction of rocket projectile according to the 
invention, . 

Figures 8 and 9 are cross-sectional views on 
the lines VIII—V'III and IX--IX of Figure '7, 

Figures 10 and 11 are longitudinal sectional 
views of ?xed ammunition for small arms and 
quick-?ring ?eld guns respectively, embodying 
the'invention, . 
Figure 12 is a longitudinal section illustrating 

the application of a gun muzzle extension, to 
the muzzle of a gun to adapt it to ?re self-pro 
pelled projectiles according to the invention, al 
though this construction forms no part of the 
present invention, _ ’ 

Figure 13 is an end view of the extension, and 
Figure 14 is cross-section on line XVII-,—XVII 

of Figure 12. _ 
The constructional example shown in Figure 

l is a shell having a normal main body portion 
I, containing the usual explosive‘charge and fuze 
mechanism and ?tted with a normal driving 
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band 2. Rearwardly from the driving band 2 
extends a relatively thin walled casing 3 in which 
is contained a rocket charge 4 consisting of a tube 
of cordite, supported by a perforated plate 5 
which is engaged against a shoulder in the 08S‘. 
ing 3. This perforated plate 5 serves not only to 
hold the cordite charge in place but, also to pre 
vent the passage of solid particles of the burning 
charge to the discharge nozzle. The plate 5 
therefore acts in a measure as a gas cleaning 
device. 
In the end of the casing 3 is screwed a hollow 

nozzle cap 6 comprising a central tubular member 
‘I, which is shouldered to support the centre of the 
disc 5, and the bore of which communicates at 8 
with the interior of casing 3.. In the wall of 
member ‘I are a number of radial holes 9 pro 

~ viding communication between the central tu 
bular member ‘I and the surrounding annular 
space Ill. At the bottom ofv the annular space 
i0, ‘and through the end wall of member 6, are. 
formed an annular series of nozzles ll of Ven 
turi form, through which the gases evolved by 
the combustion of charge 4 escape into the at 
mosphere, and in doing so provide propulsive 
reaction for the projectile, which supplements 
the velocity imparted to the projectile by the 
gun from which it is ?red. These nozzles H may 
discharge in directions parallel to the axis of the 
projectile but preferably they are all inclined 
at an angle to the axis of the projectile so as to 
give rise to a reaction having a tangential or 
peripheral component, whereby part of the 
energy of the gas reaction is utilised in spinning 
the projectile about its axis so as to maintain I 
the necessary stabilising spin after the spin im 
parted by the riding of the gun has ceased to be 
e?ective. 

Figure 2 illustrates a modi?cation in regard 
to the nozzle system, according to which instead 
of discharging through a ring of annular nozzles 
H, the reaction gases discharge through a single 
axial nozzle l2. In this case the nozzle cap 6 
again has a central tubular member ‘I, with lat 
eral openings 9, which supports the perforated 
disc 5 holding the rocket charge 4 in position. 
For axially spinning this projectile by gas re 
action, supplementary to the spin imparted by the 
riiiing of the gun through the intermediary of 
driving band 2, an annular series of inclined 
nozzles may be provided just in rear of the driv 
ing band as described subsequently in connec 
tion with Figure 7. 
In order to avoid the possibility of the pro 

jectile‘ becoming unbalanced when the rocket 
charge is partially burnt, and is thus su?iciently 
reduced in diameter to take up an eccentric posi 
tion in casing 3, the expedient illustrated by Fig 
ure‘3 may be adopted. In this case the cordite 
charge is divided into four tubular sections l3, 
which are separated from one another by one 
or more metal separators M which are star 
shaped in cross-section. As the sections l3 be 
come burnt at equal rates and are maintained 
by the separator or separators I4 symmetrically 
in relation to the'axis of the projectile, the bal 
ance of the projectile will remain unalteredas the 
rocket‘charge burns. 
Figure 4 illustrates how a pressure regulating 

valve may be embodied in the example illus 
trated by Figure 2. Within the nozzle 12 is sup 
ported by spider arms IS, a tubular member l5 
containing a compression spring I‘! surrounding 
the rod l8 of a conically headed valve [9 which 
is located in the throat of the nozzle i2. The 

10 

20 

30 

40 

60 

70 

75 

V 6 

rod It carries a collar 20 against which the inner 
end of spring I‘! bears, and on the end of the tu 
bular member 6 is a screw cap 2| against which 
the outer ‘end of the spring bears, and byrotation 
of which the initial tension of the spring I‘! can 
be adjusted. The outside of the tube It may be 
graduated so that the cap 2| can be adjusted to 
give an initial tension suited to the prevailing 
temperature conditions. As the gases issue from 
the nozzle l2 they exert pressure on the valve l9, 
which if too great overcomes the spring I‘! and 
moves the valve l9 outwardly, thus increasing the 
annular space for the passage of the gases 
through the nozzle l2 and lowering the pressure 
inside the container 3. If, on the other hand, the 
pressure inside the container 3 falls below the ' 
desired value, the valve i9 will move forwardly 
into the throat of ‘nozzle l2 and thus restrict 
the e?fective nozzle area, whereby the pressure 
in the container 3 will rise. In practice the valve 
is will ?oat in a position maintaining substan 
tially constant pressure within the container 3, 
so that the reaction thrust which propels the pro 
jectile remains substantially constant. 
Figure 5 illustrates a construction of nozzle 

?tting embodying means additional to the per 
forated plate 5 for cleaning the gases more thor 
oughly from unburnt particles of combustible 
before discharge, as applied to a single axial 
nozzle, such as that of Figure 2. The internal 
tubular member ‘I is formed with a helical vane 
or bafiie 8| which does not extend quite to. the 
wall of the nozzle ?tting 6, whilst between the 
convolutions of the balile 4i holes 42 are formed 
through the member 1. The gases are prevent 
ed from passing straight through the member 
‘i to the nozzle i2 by means of an internal cross 
wall or partition 43, which forces the gases to 
pass round the convolutions of the helical baffle 
8|. This rotary motion of the gases gives rise 
to centrifugal force acting on the solid particles 
carried along by the gases, which throws them 
out radially against the wall of the nozzle ?t 
ting 6. At the same time the gases traverse a 
sinuous path which increases their time of pas 
sage to the nozzle l2 and gives more time for 
the solid particles to become burnt. 
Figure 6 illustrates another method for clean 

ing the gases, according to which the rocket 
charge is supported at the rear end by a solid 
plate 40 which prevents direct access of the gases 
to the nozzles l ‘I and forces them to travel for 
wardly through the front perforated supporting 
‘plate 4| and thence into the central passage 44, 
along which is disposed a helically twisted strip 
of metal 45 which imparts a rotary motion to 
the gases as they pass along the passage, to the 
mixing chamber 46, formed by a perforated cage 
61, which serves to hold back solid particles 
of combustible within the‘ chamber 45. 
Thus a proportion of the gases in passing to ' 

the nozzles I‘! are forced to travel along an ex 
tended path and are reversed in their direction 
of motion after passing through perforated 
plate ll, whilst all of the gases are given a spiral 
rotary motion by the spiral strip 45, so that 
solid particles are thrown outwardly by cen 
trifugal force and retained either in the cen 
tral passage, or in the mixing chamber 46, until 
they have become ignited and converted into gas. 
Figure 7 illustrates a modi?ed construction 

for a rocket projectile which is required to con 
tain a considerable quantity of propellant by 
reason of the high maximum velocity and range 
desired, and by reason of the small calibre of 
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the projectile it is necessary for the propellant 
space in the projectile to be very elongated. 
'When the propellant is cordlte it isv found that 
de?nite limits are imposed on the permissible 
length of the cordite strands or tubes, having re- ' 
gard to the acceleration, forces which they have 
to carry arising from their own weight, and ac 
cordingly as shown, the cordite is sub-divided in 
length into two charges 4a and lb loaded one 
behind the other with an intermediate perio 
rated supporting plate 5. ' . 
The rocket charge casing comprises a cylin 

drical section 22 into which is screwed a taper 
ing section 23, the end of which supports the 
perforated plate 5, and on the other end of 
which is secured a conical nozzle member 24, so 
that the rear part of the projectile is substan 
tially of streamline form. 

The. cylindrical casing 22 may have its wall 
graded or reduced in thickness rearwar'dly from 
the driving band 2, and the wall of the forward 
or main body portion of the projectile may be 
graded or reduced in thickness in the reverse 
direction, i. e. forwardly of the driving band 2, 
as is the common practice with shells. 

~ As already explained the rocket charge is sub 
divided into two parts 4a and 4b of suitable 
length contained respectively in the two cases 
22 and 23. The forward part of rear casing 23 
is externally shouldered at 25, and'an annular 
series of nozzle openings 26 are formed there 
with, in an angular direction in relation to the 
axis of the projectile and facing rearwardly, so 
as to give rise not only to a propulsive thrust 
but also to a peripheral or spin imparting re 
action. At the rear end 01‘ the casing 23 is an 
axial nozzle ?tting 21, which is covered over by 
the conical tail piece 2E, having outwardly in 
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clined nozzle openings 28 producing an axial . 
thrust and also if ‘desired inclined to the axis to 
give a peripheral reaction productive oi’ spin. 
The nozzle 21 is ?tted with a pressure control 
valve 23 in the form of a poppet valve, the stem 
01' which moves in a bore in the tail ?tting 24 
under the control of a spring 30, the initial ten 
sion of which may be adjusted to suit temper 
ature conditions by a ?nger screw member 3|, 
having a spring ?nger 32 co-operating with cal 
ibrated notches in the tail piece 24. 

It will be understood that in the constructions 
oi.’ projectile described, the rocket charge 4, or 
4a and 4b, will be ignited by the flash of the 
explosion in the chamber of the gun, and that 
the nature of the rocket charge and its. rate of 
burning will be chosen according ‘to the de 
sired magnitude and duration of the rocket 
thrust. It will also be understood that it the 
nozzle openings communicating with the cham 
ber space are insul?cient in area to allow imme~ 

‘ diate equalisation of the pressure inside and out 
side the casing 3 (22, 23) on explosion of the 
gun charge, a part of the normal rocket charge 
will be replaced by a charge having the same 
rate of burning and ‘pressure development as 
the gun charge, so that an internal pressure de- 05 
velops in the casing which balances the external 
chamber pressure on the casing. 

Figure 10 illustrates the application of the in 
vention to small arm ammunition, the projectile 
or bullet I being constructed of streamline shape, 
and with its tail portion containing a rocket 
charge of cordite or the like corresponding to 
the charge 4 of Fig. 1. This self-propelled bullet, 
is ?tted in the usual way ina cartridge case 36, 
which contains the propelling charge ?red in the 
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gun. It a cartridge case of normal size is em 
ployed the propelling charge will be reduced in 
volume and thus the muzzle velocity will be re 
duced. The recoil will also be reduced, so that 
if the small arm is of automatic or machine gun 
type the recoil mechanism and‘ the‘ mounting may 
be of lighter than normal construction. If, how 
ever, it is desired to obtain the normal muzzle 
velocity the cartridge case 36 must be enlarged 
in diameter, or length, or both, to compensate 
for the space occupied within the cartridge by 
the rear end extension of the bullet, carrying 
the rocket charge into the casing, and to allow 
also for the extra weight of the projectile. 

If, however, it isionly desired to obtain a maxi 
mum velocity equal to the normal maximum 
velocity, i. e. the ~normal muzzle velocity, and to 
rely for greater range on the improved ballistic 
coe?lcient of the bullet due to its extra weight, 
the increase in the-volume of the cartridge case 
will be somewhat less, and will depend upon the 
proportions of the maximum velocity to be at 
tributed respectively to the gun and to the 
rocket charge. Since the rocket tail of the pro 
jectile will occupy a substantial proportion of 
the cartridge space available for the propellant 
charge, the volume of the cartridge case must 
be increased if the normal muzzle velocity is to 
be attained, either by increasing its diameter or 
its length, or both. If, however, it is desired to 
operate with a sub-normal chamber pressure it 
may be possible to use a cartridge case of normal 
size. ' ' , 

A ?xed type of ammunition, suitable for use 
with a light quick-?ring, ?eld gun is illustrated 
by Figure 11. The construction is similar to that 
of Figure 10, but the projectile I itself is shown 
of the type illustrated by Figure 1, and the mouth 
of the cartridge casing 31 is crimped at 38 to 
engage in a groove round the projectile in rear 
of the driving band 2. As in the case of small 
arm ammunition a cartridge case 31 of normal 
size will result in a sub-normal muzzle velocity 
due to the reduced space available for the pro 
pellant charge in order to accommodate the 
rocket charge casing 3, and therefore to obtain 
the normal‘v muzzle velocity the volume of the 
cartridge case 31 will require to be suitably in 
creased. 

50 Since normal guns‘ cannot be used for’ ?ring 
rocket or other projectiles according to- this in 
vention, in order that this speci?cation may be 
su?lcient to enable the invention to be carried 
into practice, certain novel features of construc 
tion', or modi?cations in the construction of guns 
are necessary, which, however, form no part of 
the present’ invention, will now be described. It 
should be noted that owing to the increased 
weight of the projectile due to the added pro 
pellant charge, and to the limitations imposed 
on the chamber pressure, the acceleration of the 
projectile will be slower and therefore a slower 
burning propellant charge may be used in the 

n. 
In the ?rst place the ri?ing pitch normal to a 

gun of given calibre will not be suited to pro 
jectiles of the extended length forming the sub 
ject matter of this invention, and in consequence, 
with normal muzzle velocity, it becomes neces 

70 sary to increase the pitch of the rl?ing in order 
to increase the rate of spin imparted by the gun 
to the projectile to produce stability immediately 
the projectile leaves the gun muzzle. Thus a 
measure of overspin is given in comparison with y 

78 normal practice. 
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Further the volume, and thus the dimensions 
of, the gun chamber, will require modi?cation in 
comparison with standard practice, depending 
upon the tactical performance required of the 
gun.‘ Assuming for the moment that it is re 
quired simply to increase the maximum velocity 
of the projectile to give greater range and/or 
penetration powers, whilst retaining the normal 
muzzle velocity, then the rearward extension of 
the projectile into the chamber of the gun will 
reduce the space normally available for the pro 
polling charge, in consequence of which the 
chamber will require to be increased in volume, 
it the same propelling charge is to be used, by 
the volume which the propellant casing of the 
projectile occupies in the chamber when the pro 

' jectile is in ?ring position. Standard guns of 
calibre appropriate to the projectile may be modi 
?ed to increase the chamber volume by remov 
ing or eliminating a suitable length of the 
ri?ing of the barrel towards the chamber so that 
the driving band seating is shifted so far for 
wardly'that the rocket charge casing is wholly 

. or partly accommodated in the bore of the gun. 
In other words the» combustion chamber volume 
is enlarged by including in it a portion of the 
barrel volume. If the rocket charge casing is 
of less diameter than the bore the surrounding 
annular space should be regarded as part of the 
chamber volume, so that in that case a volume 
of the casing may be left within the chamber 
equal to the volume of said annular space. Con 
sequently, the rocket charge casing may pro 
ject only partly into the chamber proper. If, 
however, the rocket charge casing is a close fit 
in the bore of the gun, the whole of'its length 
must be accommodated in the bore of the gun 
so that it does not reduce the effective chamber 
.volume. 
New guns may be constructed with an ad 

vanced band seating, but, since the effective length 
of the barrel is reduced by accommodating the 
projectile wholly or partly in the barrel before 
?ring, new guns are preferably constructed so 
that the e?ective length of barrel is not reduced, 
speci?cally for use with rocket propelled projec 
tiles. ‘The band seating will be located where the 
ri?ing meets the chamber, and‘the increased 
chamber volume required to compensate for the 
presence of the rocket charge casing within the 
chamber will be provided by increasing the di 
ameter and/or length of chamber volume re 
quired to compensate for the‘. presence of the 
rocket charge casing within the chamber will 
be provided by increasing the diameter and/or 
length of the chamber proper. Since the chum-1 
ber pressure will thus be maintained of normal 
value the strength and thickness of the cham 
ber walls will not require to be increased. Con 
sequently the weight of the gun will not require 
to be substantially increased, since only a rela 
tively small increase of weight will follow from 
the increased diameter and/or length of cham 
ber. 
Thus whereas in the case of a standard gun of 

given calibre the chamber volume bears a de? 
nite relation to the volume of the propelling 
charge to be ?red therein for maximum range, in ' 
guns for ?ring projectiles according to this inven 
tion, the chamber volume will be increased in re 
lation to the normal ratio by an amount equal 
to the volume of the chamber space occupied 
by the propellant charge casing of the projectile, 
when in ?ring position in the gun. 
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10 
to- 40% or the gross chamber volume, and a 
rocket propellant charge carried by the projec 
tile of equal weight and volume to that ?red in 
the gun and wholly accommodated before ?ring. 
in the chamber, then, in order to maintain the 
same e?ective or net chamber volume, the gross 
chamber volume will require to be increased by 
some 40%, so that the gun propellant charge will 
only then occupy 28.5% of the gross chamber 
volume, or conversely, instead of the gross 
chamber volume being 21/2 times the volume of 
the propellant charge, it‘ will be 31/2 times the 
volume of the propellant charge. 
In applying the invention to ?xed ammuni~ 

tion for quick ?ring guns the cartridge case will 
be treated as the equivalent of the gun chamber. 
In other words, its diameter or length will be in 
creased in order that the case may receive the 
rocket propellant casing of the projectile without 
decrease of the volume normally provided for the 
explosive propellant charge contained in the 
case. The gun chamber will of course have to be 
correspondingly increased in diameter or length 
to receive the enlarged cartridge case. _ 
Similar considerations will apply when for tac 

tical reasons no increase of maximum velocity 
is required to give greater range and/or pene 
tration powers, the advantages of lightness of 
gun “construction, increased mobility, and reduc 
tion of barrel wear being the desiderata. In this 
case the reduction of the gun propellant volume 
arising from the occupation of part of the cham~ 
ber space by the rocket charge casing, may only 
require to be made good to a partial extent, by 

In this con 
nection allowance will have to be made for the 
increased weight of the projectile necessitating a 
larger charge for a given muzzle velocity thanv 
for a projectile of the same calibre but normal 
length, and allowance must also be made for the 
fact that the rocket charge will operate with less 
e?ciency than that of the gun chamber propel 
lant in producing velocity. 
As hereinbefore brie?y indicated it has been 

found in practice that long projectiles, such as 
projectiles according to this invention, are sub 
ject to fortuitous inaccuraclties which appear to 
be due to the muzzle blast of the gun acting on 
the base of the projectile immediately after it 
has left the muzzle and before the blast has had 
time to dissipate. Any slight axial deviation of 
the projectile on leaving the muzzle produces, 
owingto the great length of the projectile, a 
relatively large angular cant of the base of the 
projectile, with the result that the muzzle blast 
acting on the canted base is liable to give the 
projectile a powerful lateral thrust which magni 
?es the deviation to an undesirable extent. To 
overcome this di?iculty, the expedient illustrated 
by Figures 12-14 may be adopted. These ?gures 
illustrate a means for reducing muzzle blast ap 
plicable to existing guns, according to which the 
muzzle end of the gun 48 is reduced and threaded 
externally at 49 to receive the socket end 50 
of a barrel extension 5|. This extension 5| is of 
the same diameter as the bore of the gun barrel 
across the lands, but has no ri?ing, and at inter 
vals along its length it has rings of gas vents 52, 
which allow the escape of the explosion gases as 
soon as the base of the projectile passes them, 
so that by the time the base of the projectile 
leaves the mouth of the muzzle extension 5|, 
the force or blast of the gases issuing from the 

Assuming a propellant cartridge charge equal 75 bore itself is reduced to a value which is not ad 
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verse in its‘ e?'ect on the base oi‘ the projectile 
in the manner described above. 
Preferably the muzzle extension ii is enclosed 

by a tubular casing 53 spaced from the muzzle 
extension 5| to provide an annular space 54 for 
the passage of the gases as indicated by the ar 
rows, which will produce a tubular blast sur 
rounding the base of the projectile and tending 
to resist any lateral deviation of its base end, a 
direct blast on the base of the projectile being 
mainly or wholly eliminated. In order to pro 
vide for the ?tting of the tubular casing 53, the 
extension 5| has a double shouldering at 55, the 
outer one of which receives the end of the casing 
53, and the inner one produces the annular space 
4". At its forward end the casing 53 is sup 
ported from the mouth end of the muzzle exten 
sion 5| by a number of radial screw bolts 56. 
Whilst Figures 12-‘14 show an attachment suit 
able for application to existing guns modi?ed in a 
suitable manner, it will be understood that new 
guns may, if desired, be constructed in a corre 
sponding manner, the muzzle extension 5| being 
made integral with the normal gun barrel and 
the socket 50 being eliminated. 

It should be understood that the improved pro 
jectiles may be desired for use not only with 
heavy ordnance, such as artillery and naval guns 
of all calibres, but also for use with small arms 
such as ri?es, machine guns, and anti-tank guns. 

Further, although several constructions of pro 
jectile and constructional modi?cations have 
been described, it should be understood that 
many of the constructional details are inter 
changeable so that the invention should not be‘ 
regarded as restricted to the constructional ex 
amples shown, many other modi?cations and 
constructional forms being included within the 
scope of the invention. 
What I claim is: 
1. A self-propelling projectile of the type 

adapted to be ?red from the chamber of a gun 
by an explosive propellant charge including in 
combination with the body proper of the pro 
jectile, a thin walled casing extending from the 
base end of said body, a self-propelling rocket 
charge contained in said casing, means asso 
ciated with said casing for providing communi 
cation between its interior and the propellant 
charge chamber from which it is ?red, said last 
named means being constructed to provide, upon 
?ring, a substantial equalization of the pressure 
internally of said casing with the chamber pres 
sure acting externally thereon, and means asso 
ciated with said casing whereby solid unburnt 
particles are separated from the gases arising 
from combustion of the rocket charge. 

2. A self-propelling projectile of the type 
adapted to be ?red from the chamber of a gun by 
an explosive propellant charge including in com 
bination with the bodyproper of the projectile, 
a thin walled casing extending from the base end 
of said body, a self-propelling rocket charge con 
tained in said casing, means associated with said 
casing for providing communication between its 
interior and the propellant-charge chamber from 
which it is ?red, said last named means being 
constructed to provide, upon ?ring, a substantial 
equalization of the pressure internally of said 
casing with the chamber pressure acting ex 
ternally thereon and including at least one ex 
pansion nozzle through which the gases produced 
by the continued burning of said rocket charge 
are discharged rearwardly to produce a propel 
ling reaction on said projectile, and at least one 

10 

15 

30 

40 

45 

50 

60 

65 

70 

75 

12 
perforated plate disposed between said rocket 
charge and said nozzle. 

3. A self-propelling projectile of the type 
adapted to be ?red from the chamber of a gun 
by an explosive propellant charge including in 
combination with the body proper of the pro 
jectile, a thin walled casing extending from the 
base end of said body, a self-propelling rocket 
charge‘ contained in said casing, means asso 
ciated with said casing for providing communi 
cation between its interior and the propellant 
charge chamber from which it is ?red, said last 
named means being constructed to provide, upon. 
?ring, a substantial equalization of the pressure 
internally of said casing with the chamber pres 
sure acting externally thereon, and means as 
sociated with said casing whereby solid unburnt. 
particles are separated from the gases arising 
from combustion of the rocket charge and in 
cluding means for reversing the direction of mo 
tion of said gases. 

4. A self-propelling projectile of the type 
adapted to be ?red from the chamber of a gun 
by an explosive propellant charge including in 
combination, with the body proper of the pro 
jectile, a thin walled casing extending from the 
base end of said body, a self-propelling rocket 
charge contained in said casing, means asso 
ciated with said casing for providing communi 
cation between its interior and the propellant 
charge chamber from which it is ?red, said last 
named means being constructed to provide, upon 
?ring, a substantial equalization of the pressure 
internally of said casing with the, chamber pres 
sure acting externally thereon, and means asso 
ciated with said casing whereby solid unburnt 
particles are separated from the gases, arising 
from combustion of the rocket charge and includ 
ing means for imparting a rotary motion to said 
gases. 

5. A self-propelling projectile of the type 
adapted to be ?red from the chamber of a gun 
by an explosive propellant charge including in 
combination with the body proper of the projec-' 
tile, a thin walled casing extending from the base 
end of said body, a self-propelling rocket charge 
contained in said casing, means associated with 
said casing for providing communication be 
tween its interior and the propellant-charge 
chamber from which it is ?red, said last named 
means being constructed to provide, upon ?ring, 
a substantial ‘equalization of the pressure in 
ternally of said casing with the chamber pres 
sure acting externally thereon, and means asso 
ciated with said casing whereby solid un 
burnt particles are separated from the gases 
arising from combustion of the rocket charge" 
and including means forming a helical path along 
which at least some of said gases must ?ow.‘ 

6. A self-propelling projectile of the type ‘ 
adapted to be ?red from the chamber of a gun 
by an explosive propellant charge including in 
combination with the body proper of the projec 
tile, a thin walled casing extending from the base 
end of said body, a self-propelling rocket charge 
contained in said casing, and means associated 
with said casing for providing communication 
between its interior and the propellant-charge 
chamber from which it is ?red, said last named 
means being constructed to provide, upon ?ring, 
a substantial equalization of the pressure in 
ternally of said casing with the chamber pres 
sure acting externally thereon and said rocket 
charge comprising a plurality of cylindrical sec 
tions disposed symmetrically in said casing. 
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7. A self-propelling projectile oi’ the type 
adapted to be ?red from the chamber of a gun 
by an explosive propellant charge including in 
combination with the body ‘proper of the pro 
jectile, a thin walled casing extending from the 
base end of said body, a self-propelling rocket 
charge contained in said casing, means asso 
ciated with said casing for providing communi 
cation between its interior and the propellant 
charge chamber from which it is ?red, said last 
named means being constructed to provide, upon‘ 
?ring, a substantial equalization of the pressure 
internally of said casing with the chamber pres 
sure acting externally thereon, and means asso 
ciated with said last named means for maintain 

W inga substantially constant pressure‘in said cas 
ing. 

8. A self-propelling projectile of the type 
adapted to be ?red from the chamber of a gun 

' by an ‘explosive propellant charge including in 
combination with the body proper of the projec 
tile, a thin walled casing extending from the base 
end of said body, a self-propelling rocket charge 
contained in said casing, means associated with 
said casing for providing communication between 
its interior and the propellant-charge chamber 
from which it is ?red, said last named means be 
ing constructed to provide, upon ?ring, a sub 
stantial equalization of the pressure internally 
of said casing with the chamber pressure acting 
externally thereon, and means associated with 
said last named means for maintaining a sub 
stantially constant pressure in said casing, said 
last named means including a valve for closing 
an aperture through which ?ow the gases aris 
ing from the combustion of said rocket charge 
and a spring for urging said valve in a direction 
to restrict said aperture upon decrease of gas 
pressure in said casing. ‘ 

9. A self-propelling projectile of the type 
adapted to be ?red from the chamber of a gun 
by an explosive propellant charge including in 
combination with the body proper oi’ the pro 
iectile, a thin walled casing extending from the 

' base end of said body, a self-propelling rocket 
charge contained in said casing, means associ 
ated with said casing for providing communica 
tion between its interior and the propellant 
charge chamber from which it is ?red, said last 
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named means being constructed to provide, upon 
?ring, a substantial equalization of the pressure 
internally of said casing with the chamber pres 
sure acting externally thereon, said rocket charge 
being subdivided in the direction of the length of 
the projectile, and means separately supporting 
said subdivisions. 

10. In a rocket-propelled device having a pro 
pelling rocket charge and a casing surrounding 
said charge, said casing having an open end 
through which the gases resulting from the burn 
ing of the charge exhaust to the atmosphere, con 
centric outer and inner elements disposed within 
said open end and being contoured to form an 
open Venturi passage therebetween in all posi 
tions‘oi' said elements, for said gases, said'innei' 7' 
element being movable axially of the outer ele 
ment to vary the size of said passage, and means 
for maintaining said inner element in predeter 
mined position, and providing the said open Ven 
turi passage at normal and sub-normal pres 
sures developed within said casing and being op 
erative in response to abnormal pressures within 
said casing to permit said inner element to en 
large said passage. 

CHARLES DENNISTOUN BURNEY. 
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