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(CL 102-—-93)

This invention relates to an 1mprovement in

projectiles and more particularly to high velocity

projectiles adapted for the penetratlon of ar-

mored structures.

Since the earliest use of iron clad navel eraft
and particularly since the more recent introduc-
tion of armored military land vehicles whose

weight and gun carrying capacity are limited by
demands for maneuverability, there has been a
10

constant struggle for superiority between the

makers of armor plate and the makers of armor.

piercing ammunition.  Rach 1mprevement in the
ballistic strength of the armor plate or increase

in the thickness of armor carried has brought

about an increase in effectiveness of the ammuni-
tion expected to be used against such plate.
Likewise, each improvement in the effectiveness
oif the projectile has usually been countered by a
succeeding improvement in the armor plate.

This invention follows the present trend of the
cycle and its primary objects are to effect a major
improvemen?t in the penetrative effectiveness of

armor piercing ammunition and to, at the same
time, effect a great improvement in the eceurecy
with which such fire may be delivered. |

It is a further object to produce an ef
subcaliber projectile which may be utilized with-
out damage to the gun or parts thereof such a.s
the muzzle brake.

An additional object is to furnlsh a projectile
which may bhe economically and conveniently

icultly machme-—

ma.chine work NEecessary on di
able components.

The invention contemplates eccemphshmg
these objects by the use of a subealiber proJec_tﬂe
including a very hard and high density core, of
substantially less than bore diameter, assembled
in combination with a sabot of sub.atantla,lly bore
diameter, the combination having materially less
weight then the standard full caliber round.

The sabot performs the functions of sealing the
bore of the arm, imparting rotation to the sub-
caliber proj eetlle and guiding the same during its
travel in the bore of the arm. During the com-

bustion of the prepellent charge, the sabot pro-
jectile receives from the charge substantially the

same amount of energy as would normally he im-

parted to a standard full caliber round of approxi-
mately twice as great weight. As a result of this

light weight, the velocity is much higher than

that of g ete.nda,rd, round, although little or no
greater chamber pressure has been required.

Upon emergence of the ‘sabot subecaliber pro-
jectile combination from the barrel of the gun,

separation takes place and the subcaliber projec-

‘ective:
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‘subcaliber projectile.

tile which offers relatively small area to air re-
sistance and is designed for high ballistic effi-
ciency continues on its flight alone. The sub-
caliber projectile, in proportion to its physical
dimensions, is very heavy and the major part of
the kinetic energy imparted to the assembly is
efiective in maintaining the velocity thereof. - By
reason of ifs small physical dimensions, its re-
tardation is comparatively low and its remaining
velocity on impact is materially greater than that
of standard rounds. The sabot having a con-
formation unsuited for exterior ballistic effi-
ciency decelerates and falls to the ground.,

It is appreciated that this same general ap-
proach to the problem has been previously tried
but the projectiles of the prior art suffered greatly
from the lack of accuracy. Their design limita-
tions were also such that they were apt to break
up or become disassembled as they passed through
the bore or else they would fail to separate at all.
The problem may be better appreciated if it is
realized that the sabot is given a strong impetus
fTorward on the initiation of combustion in the
propelient charge, and that as the rifling bands
of the sabot seat firmly in the rifling, the sabot
itself is rather violently decelerated and the sub-
caliber projectile tends to continue without the
sabot. As soon as the pressure has built up suf-
ficiently to overcome the resistance of the rifling,
the sabot is again violently accelerated and, if
there has been any separation, overtakes the sub-
caliber projectile with a severe impact apt to
shatter the base of the sabot. The difficulty of
preventing smash-ups in the bore without im-
peding the instant separation of the parts on
emergence therefrom has been a serious one.

Another serious problem has arisen in con-
nection with previous projectiles of this general
tybe in that the sabot was apt to develop and
transmit to the subcaliber projectile yawing tend-
encies too great to be cancelled out by the gyra-
tory action of the spinning core. Akin to this
defect has been one which may arise outside the
bore when the sabot may yaw at the instant of -
separatvion and divert the axis of the spmmng
Any such yawing force
applied to the subcaliber projectile results in the
development of gyratory precession and seriously
disturbs the true flight of the projectile. As will
appear more fully hereafter, this invention pre-
sents a practical solutmn to both ef the prob-
lems mentioned.

The exact nature of the invention as Well as .
other obiects and advantages thereof will be
readily epparent from conmderatmn of the dra,w- |

ing, in which:
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Fig. 1 is a longitudinal cross-section taken on
the axis of a preferred form of the invention.

Fig. 2 is a rear end elevation of the projectile .

shown in Fig. 1. -
Fig. 3'is an élevationdl view of one of 'the re-
taining springs.
Fig. 4 is a side elevation of one of the retaining
shoes.

Referring to the drawing by characters of refer-

ence, it may be seen that the invention com-
prises two major units, of which the first to ibe
described is the subealiber projectile. The:'prin-
cipal part of this subcaliber projectile is -an ex-
trermely hard and high density-penetrating -core 1.
A preferred material for this core ‘is tungsten
carbide, which may be sintered in the well-known
manner with cobalt or some other suitable metal.
Suitable proportions are from 87% to 90% tung-
sten carbide and 10% to 13% cobalt. It will,
of course, be realized that the principles of this
invention are equally -applicable to :other .choices
of material for the penetrating.core.

b
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the lands of the rifling without being engraved as
the projectile passes through the barrel. The
function of imparting rotation to the subcaliver
projectile by engagement with the rifiing is per-
formed by fhe rotating bands T:which are seated
in ‘suitable srooves in the sabot body preferably
somewhat to the rear of the center of gravity ol

-fhe gssembled sabot-subealiber combination.

At least one of the rotating bands is formed
with a portion of diameter great enough 1o engage

the wall.of the dhamber in the rear of the forcing
cone and dinsure ‘that the sabot will be centered
in the ‘bore ‘in -spite of possible irregularities in

the- thickness .or alienment of a cartridge case In
the chamber. ‘This feature reguires that the

band be capable of withstanding an augmented

radigl:compression swithout damage to the rifling.
It has been found that a porous sintered iron

- rotating band is admirably suited to this purpose

since it compresses radially without any tendency

 to-flow back and simply becomes more dense in
" the region immediatély in contact with the rifiing.

" The difficulty of machining the materials suit-

" able for use a@s penetrating cores s well known
and for mass production ‘it has ‘been a praciical
necessity that the:contours of the core bekept 10
{the simplest Torm consistent with .aceomplishing
their intended:purpose. Tungsten carbide 1snNor-
mally molded into bars from powder form, ma-
'~ chined to size, and sintered, after -which ‘furtner
machining operations can-only e carried out By
the expensive process of grinding with diamond
- wheels.  In order to permit 'the utilization of

o)

simple shapes and to.allow the cther reqguirements.

to be met without requiring :grinding of theiheal
treated core to extremely :precise radigl «dimen-

sions there has been -prmr;ided:an-fenclcsmg.:sheath: |
2 of steel or other suitable, easily ‘machineable

material-which engages the-core and providesfor
itg secure attachment to and ready release from
the sabot to 'be later described in detail.

The shegth has .an interngl -diameter slighily
larger than may be expected . of the largest un-
sround core which will.come within-specification
tolerances in regard to diameter, ececentricity, and
the like. A suitable method-of insuringthat the
core is adequately. and concentrically joined to the
sheath is to insert the coreinto the sheath and
space it in centered relation thereto by theinser-
tion at 120° intervals of three idenfical wwires of
the largest diameter that may be'forced irito the
annular gap. This 'assempbly is ‘then preheated
and there is cast into the gap a'matrix-of fusible
alloy 8 such as ‘typemetdl .or other "high leag-
bismuth content alloy having the characteristic

the heaviest available matrix material n order
to match as closely as possible the density of -the
core and thus minimize weight variations in the
complete assembly. TUpon -eooling, ‘the ‘matrix
material will expand -and tenaciously grip ‘the
rough surface of the unground core.

Co
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of expansion on cooling. ‘Tt is desirable ‘to-sglect '
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Secured to'the front end-of the :Sh'_eath 2 bya

threaded or other suitable connection is a mose
cap 4 of Duralumin or other light metdl enclos-
ing ‘the nose of the core 'f. This nose cap has
the usnal functions of improving baillistic effi-
ciency by its streamlining eifect and on impact
aids penetration by furnishing lateral support.and
lubrication to the .point of the core.

The second major unit, or the sabof,.is:built up
from the cup-like . body 5 which . is provided.on ifs
front :and rear outer cylindrical -surfaces with
carefully machined-bearing-areasit. These bear-
ing areas are adapted to ride on the:surface of

105
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Although ‘the shear strength per unit area of sin-
tered iron is not as great as that of some pre-

3 viously -used materials, its ready compressibility

enables large -areas ‘to be used without overload-
ing the rifling. The melting point of the sintered
iron‘band is higher and its coefficient of Iriciion
under working conditions appears to be'less than
that of the other conventional materials. Such
bands do not, therefore, wear off -or become sub-
ject to-local fusion where they contact the rifling.
The action of this material is also more uniform

and less subject to uneven deformation than that
8 of some solid materials.

Preferably such bands
are impregnated with parafiin or other suitable

- Jubricant which "has the dual function of rust-

proofing the band and lubricating the bore. The
effectiveness of such bands is evident irom an
inspection of -sabots fired for recovery. The
engraving of the bands is clean .cut.and uniform,
whereas ‘when the bands are of other materials
the bands themselves show wide, ragged grooves
of much gredter extent than required for the pas-

_ sage of the lands of the rifling.

‘To decrease the weight of the sabot, approxi-
mately itsfront:half may be perforated with holes
suchas those shown at 8. |

The basal portion 9 of the cup-shaped sabot
provides a rearwardly and inwardly exiending
flange whose function will he more fully discussed
hereinafter. The retaining flange may be inte-
gral with the sabot or may comprise & retaining
washer .11 secured thereto as by screws {8.

Cemented to the rear face of the retaining
washer is an obturator cup or gas check {2 whici
may be formed of rubber, neoprene, or other
plastic rubberlike material. The flared skirt of
such an obturator receives the pressure oi the
propellent gases and functions as.an effective.seal
to prevent the possibility of non-uniform appli-
cation .of gas pressure in the annular space in
the rear.of the rotating bands. The eifectlveness
of .this obturator may.also ke defermined by the
inspection .of fhe bodies . of sahots fired for re-
covery. DUnless such an obturator is used, -the
sabot body will be .deeply .scored or engraved,
showing that there has:heen a non-uniiorm pres-
sure :application tending to cant the assembly in

the barrel.

A bearing band 3 may be formed integrally
with the -sabot hody, :or for -lightness in welght
and:convenience in machining, may be of Dural-
umin or ‘other -suitable light metal received in

the:cup-like saboy body and secured-thereto with
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the inner face of the bearing band concentrically

disposed with relation to the axis of the cup. . To
insure absolute accuracy, if the bearing ban_d is
a separate element, it is preferable that the bear-
ing band (3 be shrunk into its seat and ground
to a perfect fit with the sheath. It may be fur-
ther retained by the use of set screws such as
those shown at {4. The base 9 of the cup 5 is

centrally apertured at (5 to receive with a very ac-

curate fit the rearward extension {6 formed on the
base of the core sheath 2, and carefully machined
mating flat surfaces are provided on the rear
face 17 of the sheath and on the forwardly fac-
Ing inner surface 18 of the base of the body. The
extension may conveniently be formed to include
a tracer cavity {6a. The outer surfaces of the

sheath and nose cap are spaced ‘a considerable:
distance radially inward from the inner surface

of the front portion of the body, and the sheath
is diametrically reduced at {8 in the region to
the rear of the bearing band. 'This elearance has
an important bearing on the accuracy, with which
the subecaliber projectile separates from the sabot
and will be discussed in more detail hereafter.

The rearward extension on the sheath is. pro-
vided with a circumferential groove 20 in the
region immediately behind the rearward face 21
of the base of the sabot body. Half-circular re-
taining shoes 22 (see Fig. 4) are adapted to encir-

cle the rearward extension and are provided with -

Inner surfaces adapted to be engaged in the
groove in the rearward extension in such fashion
as to provide a wedge-like action between the for-
wardly facing rear wall of the sroove and. the

ments or retaining shoes are secured in the groove
by having retaining springs 23 engaged about
their outer circumference. Fach of the springs
(see Fig. 3) is preferably in the form of a sub-
stantially complete circle and the springs are
adapted under the action of centrifugal force to
expand to a degree sufficient to permit the retain-
ing shoes to disengage themselves from the
groove, |

To Insure that the springs and retaining shoes
do not fly promiscuously about in the bore of
the gun and in particular to avoid damage by
these parts to the surface of the bore and to the
muzzlz brake, the retaining fangse or washer 1§
1s provided on the rear face of the sabot body.
t will he noted that the retaining flange pro-
vides an annular recess 24 of ample dimensions to
receive the expanded spring rings asnd the re-
taining shoes within which they will be retained
by centrifugal force until after the sabot has
cleared the muzzle brake. |

In use, this projectile may be loaded into g
gun and fired in the usual manner, either as an
element of fixed or separate loading ammuni-
tion. Upon. firing of the propellent charge, the
sabot receives a forward impetus of considergbie
magnitude, and by reason of the inter-engage-
ment between the sheath and the sabot body,
this forward impetus is communicated to the
subcaliber projectile assembly.
shoes 22 and springs 23 adequately resist the
tendeney (heretofore noted) of the projectile to

separate from the sabot when the latter is

retarded by its initial engagement with the rifling.

During the period in which this tendency toward
separation is likely to be active, the combined pro-

Jectile assembly will not have acquired a signifi-
cant rotational veloeity. Thus, the full shearing
area of the retaining shoe ribs is available to
resist such separation during the period when

The retaining
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1t is needed the most. As the projectile assembly
moves through the gun barrel, there will be
sufficient acceleration of the assembly to insure
vhat the forces of inertia maintain high pressures
at the contacting face between the subecaliber
sheath and the base of the sabot. This engage-
ment functions in the manner of a friction clutch
to transmit to the sheath and therefore to the
core of the subcaliber projectile the rotating force
applied to the sabot by the inter-engagement of
the bands and the rifling. The centrifugal force
generated by rotation as the projectile moves
through the bore overcomes the resistance of the
spring rings and allows the segments of the re-
taining shoes to become disengaged from the
extension on the rear of the sheath. The re-
taining flange provides a compartment in which
the springs and retaining shoes are received and
held by the continued action of centrifugal force.
It is of considerable importance that the re-
taining flange function in this manner for other-
wise retaining shoes and springs would be at
liberty to contact the walls of the bore with
possible injury to them and would almost cer-

25 tainly do severe damage to the muzzle brake.

During the passage of the projectile assembly
through the bore, the gas check functions in a
manner similar to that of the well-Xnown cup
pump leather and combpiletely seals the hore
against any penetration of gas through the annu-
lar space surrounding the sabot body. This has
the effect of protecting both the bore and the
rifiing bands from the effects of gas erosion, which
are severe when any leakage is permitied, as well

rearwardly facing base of the body. These seg- < as insuring the uniformity of pressure applica-

ticn previously mentioned. While it may seem
that there would be a tendency for gas pressure
to force the subcaliber projectile forwardly from
its seat in the sabot, it should be borne in mind
that the subcaliber projectile is largely com-
posed of very high density material. Since the
whole assembly is accelerating at a very high
rate as it passes through the bore, the normal
forces of inertia will hold the subcaliber pr ojec-
tile on its ground seat with sufficient bearing
pressure to overcome the possibility of any leak-
age or slippage due to rotary acceleration. -
When the projectile assembly leaves the muzzle
of the gun, air resistance acting on the ssbhot will
cause it to decelerate rapidly. The subcaliber
projectile presents a much smaller body and one
which is properly sha,ped for minimum air resist-
ance. It will be seen, therefore, that the sub-
caliber projectile will separate at once from the
sabot. It was previously pointed out that there
is & considerable clearance between the forward
portion of the sabot and the projectile sheath
and that the rearward portion of the sheath
was reduced in diameter immediately behind
the bearing ring. Thus, as soon as there has
been any appreciable relative axial movement he-
tween the sabot and the subealiber proj Jectile, the
projectile will be substantially free from any.
forces that might be exerted by the sahot. . If, for

- example, the sahot tended to yaw in the process

of separation, it would be impossible for this
force to be transmltted to the subcaliber pro-
jectile In such manner as to disturb its true
flight. The fact that the sabot is promded with
widely spaced bearing areas at its end portions,

that it is thoroughly obturated and that the rifling:
bands are true and of- ample strength insures that
the sabot and subcaliber assembly will-have been.
delivered from the muszzle of the gun without:

initial yaw.  The axial separation .necessary to:
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free dire ssubealiber prdjectile -takes iplace in the
first ifew feet:of free-fight:and during thisshort
interval -the :sabot -will mot have :an opporfunity
to -develop car $o-transmit to :the :subcaliber .pro-
jectile-yvawingitendencies having:an:adverse-effect
onaccuracy. "

After 'separation of the subedliber proj ectile
from -the sdabot, ‘the latter -which :presents avery
poor ‘ballistic contour, will:rapidly decelexate and
fall 4o the rgroundl. The .subecaliber proj ectile
wiil -continue ;by .tself :at an -extremely high
velocity :and :on impact -with the target the nose
cap will perform the usual function of lubricat-
ing and suppeorting :the point of :the penetrating
core. The penetrating .core.is, as has.been pre-
viously moted, -of very high -density, and being
composed largely .of -one of the hardest known
materials :is well adapted for-the penetration of
armor. As the-core penetrates, the .sheath will
pnrobably bhe stripped -off, but -since -its mass 1s
insienificant in-comparison -with that.of the core
itself, - the loss .of the momentum of :the sheath
will :not -exert an appreciable -effect upon the
penetrative -effectiveness of .the .core.

We -claim:

1. In -a sabot projectile for rifled .guns com-
prising -an .assembly -of.a sabot with a subealiber
projectile; :the .combination including a sabot
having .an axially .apertured base, flanged means
on -the sahot .provided with a -cenfral opening
and defining -an annular recess surrounding. and
extending rearwardly .from :the rear opening of
the -apertured base, a .subcaliber projectile .en-
eracing .the sabot.and . -having .an axial rearward
extension .provided :with :a fracer cavity reaching
through -the -aperture in the sabot base, an an-
nular -groove in the .extension;.ana centrifugally
releasable retaining means comprising segmental
retaining shoes .engaged .between the annular
orcove .and -the .sabot .base, and .a -plurality of
spring rings embracing .the _shaes, .the said recess
pmviding‘.-an.annular;c.o,mpartmenti or the recep-
tion .and.carrying of the.releasable means when
their .release ‘has.been:effected by rotation of the

assembly, ‘while .allowing said tracer cavity to be

rearwardly-exposed.through sald ceritral opening.
2 Tn .a .sabot .projectile for rified guns com-
orising an-assembly of a sabhot with a subcaliber
projectile; .the combination including a sabot
comprising .a -generally cylindrical deep cup-
shaped member having.an open 1 orward end and
g .centrally .disposed aperiure in the base .there-
of, .spaced bearing .suriaces on the exterior of
the sabot adapted to slide on the.surface of the
1ands of.a rifled gun,.rotating band means.located
hetween the .spaced ‘bearing .surfaces, a Trear-
wardly and inwardly extending flange on the
hase of the sabot provided with a substantially
axiglly disposed opening and defining .an an-
milar recess surrounding -and extending rear-
wardly from the rear opening of the aperture
inn .the hase, a supporting band within the sabot
spaced rearwardly.from the open end thereof by
not substantially less than one-half the depth
thereof and having therein an opening coaxial
with “the -exterior bearing surfaces -and with the
aperture .in the base; a subealiber projectile of
substantially less maximum ‘diameter than the
inside ‘diameter of the sabot forward of said
supporting band comprising a generally cylin-
drical portion recéived wwithin ‘the supporting
band, a’‘base in-engagement with the base of the
sabot, ‘an -extension -on-the base of the -subcaliber
projectile reathing ‘through "the aperture in'the
hase .of the :sabot :and provided with a tracer
cavity ‘exposed :to said saxially disposed opening,
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an mnnniar groove in the extension; and xcen~
trifugally releasable:retaining means within:said
annular recess ‘comprising retaining -shoes en-
caged between the annular groove and the base
of -the -sabot, and ‘spring -means releasably en-
circling the retaining :shoes.

3. In .a -sabat projectile for rifled .guns .com-
prising -an assembly of:a sabot with a -subcaliber
projectile; -the -combination including a sabol
comprising .a -generally cylindrical deep cup-
shaped member having an open forward end and
a centrally-disposed aperture in.the base thereof,
longitudinally -spaced bearing surfaces on the
exterior -of the -sabot adapted fo slide on -the
surface of the.lands of.a rifled gun, rotating. band
means located on .the exterior of .the.sabot be-
tween the bearing surfaces, a .foremost internal
supporting .kand within the sabot spaced rear-
wardly from the open end thereof by not.sub-
stantially less than one-half .the depth thereof,
said supporting.band having therein an opening
coaxial -with the .exterior bearing surface and
with the aperture.in the base;.a subcaliber pro-
jectile of substantidally less maximum diameter
than the inside diameter of said sabot forward
of .said supporting band comprising 2 generally
cylindrical portion received within the supporting
nand, a base in engagement with the base.of the
sabot, an extension on the'base of the subcaliber
projectile reaching through the aperture in the
base of the sabot, the diameter of the body of
the subcaliber projectile in-the rear of ‘the sup-
porting band being 50 reduced that after slight
axial separation -there ‘is ‘freedom for .relative
inclination between the -axis of the subcaliber
projectile and the axis of ‘the .sabot; and cen-
crifugally releasable means for securing the sub-
caliber projectile in the sabot until the assembly
has attained a predetermined rotaticnal velocity,
said releasable means comprising separable shoes
inter-engaged between ‘the rearmost face of the
base of said sabot and'the portion of sald exten-
sion reaching entirely through -said aperture in
the base of the-sabot.

4. In a sabot projectile for rifled guns com-
prising an assembly of 2 sabot with a subcaliber
projectile; the combination including = sabot
comprising a generally cylindrical deepr cup-
shaped member having an open forward end and
a centrally disposed aperture in'the base theresol,
jongitudinally spaced bearing surfaces on the ex-
terior -of ‘the sabot adapted to slide on the sur-
face 'of the lands of a rifled gun, rotating band
means located on ‘the exterior of the sabot be-
tween ‘the bearing 'surfaces, a foremost internal
supporting band -within ‘the 'sabot spaced rear-
wardly from the open end thereof by ‘not sub-
stantiglly ‘less than one<half the depti thereol,
said ‘band having “therein ‘an opening of greater
dismeter ‘than ‘the aperture in the base coaxial
with .the ‘exterior ‘bearing :surfaces and with said
aperture; 2 subcaliber "pro] ectile of substantially
less maximum diameter than the inside diameter
of ‘the :sabot forward rof -said supporting band
comprising a generally - cylindrical portion re-
ceived within the supporting band, the subcaliber
projectile ‘being -reduced in-diameter behind the
supporting ‘band, a flat-base-in: engagement with
the base ‘of the -sabot, an extension on the -sub-
caliber projectile-engaged with -the aperture In
the base-of the sabotand extending therethrough;
and -centrifugally ‘releasable .means "Ior securing
the -subcaliber -projectile :in the sabot until the
assembly has attained-a predetermined rotational
velocity, said releasable means comprising separa-
nle 'shoes .inter~engaged between -the -rearmoss




2,669,930

9 10
face of the base of said sabot and the portion Number Name - Date
of said extension extending entirely through said 1,428,683 Dougan ... .. Sept. 12, 1922
aperture, and spring means releasably encircling 2,360,473 Calkins . ____ ____.__._ Oct. 17, 1944
said st.oes. 2,393,648 Martin Jan. 29, 1946
PAUL F. DARBY. 5 2,409,307 Patch et al. ....___ Oct. 15, 1946
THOMAS R. KINRAIDE, '
ROBERT A. A. HENTSCHEL. FOREIGN PATENTS
JOHN HAMMOND. Number Country Date
‘References Cited in the file of this patent 15 o1 2o ceeor Do ::_:_35313.2;: e
UNITED STATES PATENTS of 1897 |
Number Name Date 46,057  Sweden ..._._______ Nov. 9, 1919
36,379 Bird - Nov. 4, 1862 804,237 France o o__ July 27, 1936
41,127 Smith ___________ Jan. 5, 1864 812,680  France ... ______ Feb. 8, 1937

1,380,774 Clay et al, ... June 7, 1921 10




	Drawings
	Front Page
	Specification
	Claims

