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UNITED STATES PATENT OFFICE

2,598, 256
RECOILLESS GUN

Clarence N, Hickman, Jackson Heights, N. Y., as-
signor to the United States of America as rep-
resented by the Secretary of War

Application April 21, 1945, Serial No. 589,500
(CL 89—1.7)

2 Claims.

1

The invention described herein may be manu-

factured and used by-or for the Government for
governmental purposes. without the payment to
me of any royalty thereon.

This invention relates, generally, to a recoil-
less gun, and more particularly to a recoilless at-
tachment adapted to.convert the conventional
42 inch chemical mortar into a lichtweight,
reéadily portable, weapon.

Ordnance such as the conventional 4.2. inch
chemical ‘warfare service mortar (described on
pages 371-379, Chemicals in War, Prentiss,: Mc-
Graw-Hill Book Co., 1937) -is necessarily heavy
because of the recoil forces which must be ab-
sorbed. .Such -guns usually require a sturdy
mount and/or a heavy base plate which are not
easily moved and: set up under battle conditions.
The conventional bhase plate for the 4.2 inch
chemical mortar weighs about 185 pounds.

As a-result of ‘my research and  experiments
in: the development of rockets and propeilants
for rockets, I have determined that ordnance
such as the chemical mortar may be converted
into:-a relatively light weight weapon by re-
placing the conventional mortar tube cap with
a reaction chamber having an open nozzle or
venturi. The use of such a chamber provides a
recoilless.gun which may be supported on a light

weight mount and which requires no base plate.

Such . a recoilless gun may be easily broken down
for transportation into three components each
weighing less than 50 pounds.

It is therefore one of the objects of this in-
vention to-provide a light weight gun. of the
recoilless type which is readily portable.

-It is another object of this invention to pr ov1de
a muzzle loaded recoilless gun.

It is a further object of this invention to pro-
vide -a recoilless attachment adapted to be uti-
lized with the conventional barrel or tube of the
4.2 inch chemical warfare service mortar.

It is a further object of this invention to pro-
vide:a recoilless attachment for the chemical
mortar which sets up forces counteracting the
tendency of the mortar to rotate during firing,

Still .another important object of. the inven-
tion is the provision of a recoilless attachment
for .muzzle loading, mortars with. means for.ad-
justing the attachment to compensate for manu-
facturing tolerances and erosion,

Other objeets and advantages of the invention
will be readily apparent from the following de-
scrlptlon of the accompanying drawings  in
which: .

Fig. 1 is an‘eleva,tional view partly in section
of a preferred construction of.a recoilless com-
bustion .chamber secured to the end of a mortar
tube;

Pig. 2 is an end elevatmn v1ew of . a-portion

of the combustion chamber shown in Fig. 1,
showing .one. of the plurality of vanes provided
in.-the combustion - chamber nozzle; -
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Fig. 3 is a vertical sectional view of a modified
construction of a combustion chamber secured
to the end of a mortar tube and provided with
a manually operated firing pin;

Fig. 4 is an elevation view partly in section
showing the tapered cross section of the nozzle
vanes of the Fig. 3 construction;

Fig. b is a vertical sectional view of another
construction of combustion chamber secured to-
the end of a mortar tube; - )

Fig. 6 is a vertical sectional view of a recoilless
combustion chamber having an adjustable
throat; and

Fig.'7 is a vertical sectional view of a modified
recoilless combustion chamber having an adJust--
able throat.

Referring to.the drawings for the purposes of
illustration, in the embodiment of my invention
shown in Fig. ‘1, the rear end of a conventional
4.2 inch chemical warfare service mortar tube
is ‘indicated by ‘the numeral 18. A recoilless
combustion chamber {{ is secured to the mortar
tube 10 by a threaded connection 12 in place of
the usual mortar tube cap. The combustion
chamber 1 is provided with an open outwardly
flaring nozzle {3 aligned with the bore of the
tube  {8.- A ring-shaped - throat member. 14 is
secured at the inner end of the nozzle 13 seated
against a shoulder {5 and is locked in place by
cne: or more set screws 6. - A conical member.
{7 is;supported. centrally within. the combustion.
chamber : 11 by means of -a plurality of radial
arms 18 of tapered cross-section. The throat
member {4, arms {8, and member T may be
formed in one piece. A powder trap plate 19
is secured against the face of member {7 by a
trap pin 20, the latter being provided with a
shoulder 21 engaging the plate 19 and a threaded
stud 22 extending into the central portion of
member 1T. The trap pin 20 is axially aligned
with the mortar tube 180 and may be tapered to
facilitate the centering of the propellant charge
(not' shown) in the combustion chamber: {1.
The forward end of pin 20 is shaped to engage
and firea percussion igniter carried by the pro-
pellant and projectile assembly as it is loaded
into the combustion chamber thmugh the tube
18. The pin 20 may be provided with an open-
ing 24 therethrough to receive a rod to assist
in securing the pin 20 to the member {7. The
threaded central portion of member {7 is fitted
with a replaceable plug 271 having 'a Venturi
opening - therein communicating through pas-
sages 28 and 24 in the trap pin 28 with the in--
terior .of the combustion chamber If. A series
of plugs 2T having openings of various sizes-may -
be provided in order that the proper size plug
may he placed in member 17 to establish recoil
balance by compensating for variations in manu-
facturing tolelances and/or variation caused by
erosion.

A plurality of vanes-25 are provided onthe
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inner face of the nozzle 13. The vanes 25 may

be approxiniatély L-shaped in cross section, and

may be rigidly secured to the nozzle 13 by rivets

26. Although only one vane 25 is shown in.
Figs. 1 and 2, it should be understood that- the -

use of six is intended, so that there will be one

vane aligned with each of the ‘six- arms: 18~ The -

vanes, as shown in Fig. 2, are positioned-at an -

angle of the order of fifteen degrees with respect -

to the axis of the tube 10 and: chamber I in

order to produce a rotation force sufficient to

counteract the tendency of the tube-10 and--

chamber {1 to rotate as a projectile is fired from
" the rifled bore of tube 10

Asuitable mount for the-recoilless:gun shown

i Figs. 1 and’ 2 niay be provided-of -any known
construction. A riount considerably. lighter in
weighit than the conventional mount and base
plate’ ordinarily used with the 4.2 chemical

mortar may be’ used: because” the recoilless .at- ¢

taechment deseribed eliminates or balances” the
récoil and ‘rotation: forces set ‘up ‘when firing a
recoilless gun of the character hereinh described.
A" light weight mount similar”tothe standard
30:-caliber  maching ‘gun mount is’suitable.

The mode of operation of the embodiiment’

illustrated in Figs. 1 and-2 will' now be’ described.
ThHe tube’ 18 may be aimed for high angle fire

the same as a conventional 4.2’" chemica]l mor--

tar.” A regular mbortar “projectile edirying a
chairge of propellant. powder is: insertéd within
thé combustion chambeér 1 about- the pin 20.
A$' the propellant powder approaches the trap
plate 19; the forward end of pin 20°'engagés ignit-
ing- mieans cairied by the propellant and projec-
tile, and actuates thé same by pércussion. The
propéliafit charge burns within the chamber

and thé gaseés produced flow from ‘the chamber”

i1 betweeén the arms I8 and outward through
the nozzle £2: At the same’tiine, the projectile
is" propelled ‘forward through’the ‘tube’ {8, and

the rifling’ in- tube 10 gives thié -shell: sufficient:

rotation to'stabilize its flight." The rotational re=

coil’caused by the rifiing in the tube 10is counter-:

acted- and balanced by the flow of gases ‘against

thetangular vaneés 25in the nozzle'13. The angle’
of ‘thevanes ‘25 'with respect to'the axis of the:
tibe 16 'and ‘combustion chamber "{iis selected”
so that the mass and velocity of gases flowing

against the vanes produce thie required rotational
force to countersct the -teridenéy of the tube 10
and chamber (1 to rotate: The momentum im-
parted to- the projectile fired through tube 10is

balanced: by ‘the momentuin: of the ‘gases escap-"

ing=:through the'nozzle “I3 thereby: providing .re-
coilless: gun” operation. Recoil balance may: be

established by using a plug 2T having.the proper
size-opening to compensate: for. inaccuracies 'in:
the'size of throat meémber 14 due to manufactui--
ing-tolerances or due to erosion caused- through

use-of the gun.
The propellant:charge-for the recoilless” at-
tachiment for the 4.2 inch chemical mortar may

comiprise a’'laminated assembly including about’
9270 'disks of ‘M=6 powder, 0.026 ‘inch thick, 3.63 6

inches in diameter, and 1.125 inches-inside diam-=

eter, the complete -propellant chatrge- weighing

about 3.5 pounds, for mortar shells' weighing
about :25.0 pounds.

jgnite~the propellant charge: .
The modified construction illustrated in:Figs.
3:-and:4 includes a mortar -tube:30; a combustion

Such a-charge gives a-shell -
velocity-of the-order of 720 feet per:second. - The
conventional mortar percussion meéans together -
with ‘an added secondary: igniter may:-be used to:
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4
chamber 31 and & nozzleé:34” A'central trap rod
33 ‘provided with"a trap plate 34°is supported
by a centra] member 35, the latter being carried
by a plurality of radial arms 36 and vanes 37.

-The-vanes 31 may be tapered toward the rear

of the nozzle 32 as shown in Fig. 4, one side of

each!vane-being at an angle of about 3 degrees

with' respect to' the: tube and chamber axis and

the' other side-of ‘each vane being at an angle

of - about 13 degrees with respect to said axis.

This construction provides an effective vane angle

of about 5 degrees which is adequate to produce

enough rotational force:to counteract the ten-

deney of the tube 30 to rotate during firing.- The

outer “ends of arms 36°and the outer -edges:of-

vanes 3T may be welded to the inner surface of-

the nozzle 32, and the latter may be-connected- ‘

to the combustion chamber 3{ by a threaded con- 1

nection. The central hub member: 35 and.trap” ‘

rod 33 carry a firing pin 38 and 2 spring 39 for: i

urging the pin forward for percussion firing: A"

sliding bar 40 extending.through'the:external: 1
/

‘portion of the firing pin. 38 may be used: to re-

tain the pin 38 in the retracted position’ shown.
When-the bar 467 is pulled ‘clear, the firing pin~
38 is. snapped -forward by the compression of-
spring 39 until the forward end of pin 38 strikes"

- ang fires suitable ignition means carried by the-

projectile and/or propellant .charge.

The mode of operation of the recoilless morbat:
of the Fig. 3'and Fig. 4 constructionis similar to-
that of the Figs. 1 and 2 construction except that”
the spring operated firing pin 38 may be released
to fire' a' propellant. charge and’ shell’ lodded:
through the ‘muzzle into the chamber 3! at any
angle of elevation.

The modified construction illustrated-in Fig.'5’
includes the rear portion of a mortar ‘tube 58, a
cylindrical powder trap 51, and an outer casing’
52 connecting the trap 51 to the mortar tube 50
The powder . trap 81 ‘is provided with a plutrality”
of ‘axially elongated slots 53 permitting -the pas--
sage of gases resuiting from the burning of a
propellant within trap 51 ‘to- the annular nozzle -
or venturi defined by the rear portion §4 “of trap
51 and the rear portion 55 of the outer casing
2. The trap 51 may be provided with a‘shear
disc 56 secured in ‘place by a -thréaded ring-5T:
The shear disc 5§ serves as-a safety device which
will shear or blow out to the combiistion chamber
in‘the event that excessive pressures-are produced
by the burning of the propellant charge within
the trap 51. Suitable ignition means (not shown)
of the percussion, electrical or electro-magnetic”
induction type may be provided for igniting a
propellant charge after the charge is loaded into
the trap 51 through the tube 50.

The construction illustrated in Fig. 6 includes
a’ combustion chamber 60 which may be secured
to-the rear portion of a mortar tube (not shown)
in’a'manner similar to that shown in Fig. 1. The
chamber 60 has a throat or venturi 61 and an-
outwardly flaring nozzle 62 aligned with the mor-
tar tube. A ‘trap plate 63 is supported in .the
combustion chamber €0 by a plurality of radial
arms 64 secured to the walls of the combustion
chamber. A trap rod 65 is supported by the plate
6% and the arms 84 in an axial position through
the nozzle 62, and the venturi 61, and extends
into the chamber §8. The rocd €5 may have a’
central bore 68 to contain an electrically opers
ated igniter or squib means 67. The bore €6 is
provided with radial openings 68 within the com-
bustion chamber, and-conductors 69 'are providéd-
for connection-to-a fiting-eircuit. An adjustable:

-
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constrictor ball 18 is supported on the rod 65 and

is provided with slots Tl to receive a suitable -

wrench for adjusting the position of the ball 10
with respect to the throat 61. Vanes 72 may be
provided in the nozzle 62 somewhat similar to
the construction shown in Fig. 1.

The operation of the modified construction
shown in Fig. 6 is similar to that described for the
Fig. 1 construction with the additional feature
that the effective throat ares of the venturi 61
may be adjusted by moving the ball 70 along the
rod 65 until the desired throat area is obtained.

.The ignition of a propellant charge in the cham-
. ber 60 may be accomplished by the electrical ig-

niter means 67 or by percussion means actuated
by the forward end of the trap rod 65, as ex-
plained heretofore.

Referring to Fig. 7, a modified form of adjust-
able throat, recoilless combustion chamber is
shown, comprising. a combustion chamber 75
which is to be secured to the rear portion of a
mortar tube (not shown) by threaded intercon-
nection, as shown in Fig. 1. The interior of the
rear portion 76 of the chamber 7§ is Venturi-
shaped and is provided with a plurality (usually
six) of vanes 11, which also serve as supporting
spokes for a hub 78,  The exterior of the hub 18

s shaped so as to complement the shape of the

end section 76 and thus form a Venturi throat 719
at the outlet of the chamber 75.

An integral firing pin 80 and powder trap 81
is supported in the front of the hub 78 ag shown,

. while a hollowed-out plug 82 is supported in the

rear of the hub 78. The hollowed-out portion of

the plug 82 is Venturi-shaped, as shown, and per- :

mits the outlet of gases escaping through the port
holes 83 in the powder trap 81.

Due to manufacturing tolerances, it is not prac-
tical to obtain perfect balance of recoil without
the use of some adjusting means for varying the
effective area of the nozzle opening. By provid-
ing a series of plugs, such as plug 27 in Figure 1
or plug 82 in Figure 7, having Venturi openings
of various sizes and insertable in the central
member of the nozzle in communication with the
combustion chamber, a plug of the proper size
may be quickly inserted to establish recoil bal-
ance. Consequently after repeated firings result
in erosion which upsets the recoil balance, the
balance may be re-established by substituting a
plug having a smaller opening therein.

Where the recoilless combustion chambers de-
scribed above are to be used for high angle firing
of projectiles loaded through the muzzle of the
gun tube or barrel, percussion type igniters may
be used. In such cases, the propellant charge and
projectile move down the gun tube or barrel by
gravity until the propellent charge is within the
combustion chamber and a fixed firing pin in
the chamber engages and fires an igniter by per-
cussion. In low angle fire at point blank ranges
gravity may be insufficient to move a projectile
and the propellant charge from the gun muzzle
into firing engagement with a fixed firing pin.
In these cases the projectile and propellant

charge may be pushed into the firing position by~

a ram and then be fired by the spring firing pin
of the Fig. 3 construction, or the propellant
charge may be fired electrically by a squib con-
nected to an external electrical circuit by conduc-
tors extending outward through the nozzle or
venturi of the combustion chamber (as shown in
Fig, 6), or it may be fired electrically by voltages
induced in an enclosed ignition cireuit by elec-
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tromagnetic induction. @It is also feasible to
provide percussion type ignition by the use of
driver means to propel the projectile and propel-
lant charge from the gun muzzle to the firing po-
sition at all angles of fire. A driver rocket for
use in this connection is disclosed in my copend-~
ing application, Serial No. 594,241, filed May 17,
1845, now Patent 2,519,905.)

It will be apparent that the recoilless gun
constructions shown and described herein pro-
vides a relatively light weight gun having a few
readily portable parts, The recoilless gun may
be easily set up for use on a light mount, or on
a movable mount such as a light vehicle or an
airplane. The recoil forces are balanced, includ-
ing both axial and rotary recoil forces. The ap-
plication of the principles of my invention to a
muzzle loaded gun, such as the 4.2 inch chemi-
cal warfare service mortar does not limit the
rapid fire characteristics of such weapons.

Numerous variations and modifications of my
invention will be apparent from the several con-
structions described herein, and the invention is
to be limited only by the scope and spirit set
forth in the following claims.

I claim:

1. In a recoilless gun having a casing provided
with a pressure developing chamber and a co-
axial exhaust passage leading therefrom to the
rear exterior thereof, a spider-like member re-
movably fixed within said chamber, said member
having a hub portion coaxial with said chamber
and a plurality of integral vanes angularly dis-
posed relative to the axis of and extending from
said hub portion toward the walls of said cham-
ber whereby to deflect and give a circular motion
to gases exhausted axially through said exhaust
passage said hub portion having a central inter-
nally threaded bore extending therethrough, a
centrally recessed replaceable trap plate remov-
ably mounted on the front surface of said portion,
and an elongated externally threaded replaceable
trap pin threadedly secured in said bore in align-
ment with the bore of said gun.

2. The gun of claim 1 in which the trap pin is
provided with a gas conduit leading from the
front of said trap plate to the rear end of said
pin and in which there is also provided a recessed
plug threadedly secured in the bore of said por-
tion to the rear of said trap pin, and adapted to
restrict the backward flow of gaseous products
of explosions through said hub portion.

CLARENCE N. HICKMAN.
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