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14 Clmms

This invention relates to projectiles, and mere

particularly to projectiles of the. armor-piercing

type provided with auxiliary windshields.
Projectiles of the armor-piercing type are usu-
ally of steel hardened at least at the front end
portion, and .this end portion eheuld be rather
bluntly pointed to form an eg:we having the re-
quired strength to pierce the armaor. This
bluntly pointed end however resulis in consid-
erable air resistance, and it has been feund that
an auxiliary windshield placed around. the end
portion can be shaped to greatly reduce this air
resistance and allow the projectile to reach its
obijective at a considerable higher ve_lo_clty
Such an auxiliary windshield should add as
‘little as possible to the weight of the projectile
and should possess much less strength than the
body of the projectile so that upon impact with
the objective the Wlndshleld will break away or
disintegrate permitting the strong, bluntly
nointed end of the projectile body to pierce the
armor. It is necessary to securely attach such
windshield to the pointed end portion of the
projectile body to withstand rough handling,
temperature changes, and to remain in place
until it reaches its objective against the. great
forces set up in firing and the temperature drop
encountered in its travel through the air. How-
ever it is not desirable to secure the mnqishleld
to the projectile body by any arrangement which
materially alters the ogival shape of the bluntly
pointed hardened end of the projectile, as this
shape is important to attain the required pierc-
ing ability of the projectile and any material
change therein usually weakens the end -portion
so that it may break upon impact to prevent
effective piercing of armor..
~ In view of the above and other een51de1 ations,
it is proposed in accordance with the. .present
invention to provide a vprojectile having an

auxiliary windshield which -adds only a small

amount of weight to- the projectile with means
for securely attaching the windshield thereto
without - affecting the plercmg gbility of the
hardened end portion or ogive of the projectile.
More specifically, it is proposed In accordance
with the present invention to prowde a projectile
having a windshield of plastic material molded

in place around the. end portion of the metal

nrojectile body with means for securely attach-
ing the molded windshield thereto to prevent its

removal until impact with Iits objective.

Other objects, purposes -and cha;ractenstrc
fegtures of the present mventren will appear

as the description thereof pProgresses, during
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_whmh references will be mede to the eecempe*ry-

ing dramng, in which:

Fig.1is a sade elevatmnal V1ew of a pre.]ectﬂel
constructed in eecmdance with the present
invention. |

Figs. 2, 3 and 4 are enlerged fra,gmentery see—
tional Vlews showing different methods of se-
curing the plestre wmdshleld te the preJectrL.,
bedy |

The pre;uectlle or shet 111ustre,tec1 in the ac-
cempenymg drawing is the. 37 millimeter armoz-
p1ereing type, but it is to be understood that the
present mventmn is not. restricted to this pm-
ticular - srze or type of projectlle In other

words, the present inventmn may be epphed t0

~ substantially any size- and style of projectile
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5 of the projectile.

wherever the front end pert1en of the prejeetﬂe

body should be bluntly pointed to ‘provide maxi-

mum strength rather then mlmmum alr resrst—

ance.
The illustrated ;preJectlle may be genemlly de-

'fsen’bed as meludmg a. cylindrical, steel body por-

tion 5 hamng a, lzfluntlyr pointed end portion or
ogive 6. The invention in the present lnstanee_

is not: pertmulerly eencerned with the construc-

tion of the rear end portion of the projectile,
and various different arrengements and specific
details of censtructmn may be used in this por-
tion according to the pe.rtrculer requirements.
In the form shown in Fig. 1, the rear portion of
the projectile body 5 is provided with a rotating
band T of the usual construction which com-

prises a band of softer metal than the bedy poY-

tion 5, such as copper securely retained in 2
seat or annular groove in the steel body portion
The eutside diameter of
the rotatmg ring T is slightly larger than the
outside diameter of the body portion 5 to co-

_eperate with the rifling of the gun barrel and

cause rotation ef the shot when it is projected.

The ev:treme rear end pertion of the projectile
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body 5 may otherwise be smtably shaped eeeerd—

ing to requirements, the particular ferm shown -

including a eoncentrm tra,eer cemty 3. |
The pre;ieetﬂe body 5 is a surtable carbon steel

which is processed to provide the me,mmum LOs-

sible strength for plercing armor. This steel 18
preferably forged to the general shape shown in
the drawing .and ha,rdened by suitable heat
treetment The body portmn 5 is also machined
to be symmetrleel anc eceurately balanced and
2, Smooth cyhndrieal outer surfeee is prevzded
by suitable grmdmg eperatmn

The shape. of the front end portion or ogive €

88 of the projectile body 5 is 1mportant and has




oo low temperatures
.. the plastic material
.. should be stable as to dimensions and shape after
. molding. ' It is also considered: necessary to em-:

~ ploy a plastic material having relatively high im-

o

.. .been carefully established to provide the maxi- =
o mum  strength - and - armor  piercing  qualities.
- "This shape may be genersally described as form-
.. Ing a blunt point or ogival shaped nose wherein
. the tapering portion is only slightly 10nger than i

-;the diameter: of the: projectile body..

S The ogive 6 thus shaped te provide maximum o
SEREE strength and armor-piercing gualities is obviously

As shown in the '

.

. too blunt to offer- minimum air resistance, and as
. previously pointed out it has been found that the
. projectile will reach its objective with consider-
- ably greater velocity if an auxiliary pointed end
. member or windshield is provided on the ogive of
. the projectile body.  An. guxiliary. pomted mem-
. ber or windshield 10 is formed in accordance :
~ with the present invention of plastic compomtion
+:+ molded: in place on the: bluntly pointed ‘end or
.. .roglve § of the:projectile body 5.
- drawing, the windshield {9 fm‘ms a considerably
... .more gradually tapering. point than ogive 6: and
1.+ this shape affords much less air resistance there-% e
. by allowing the projectile to pass through the air
. ..with less loss of speed and arrive ai: 11:5 Gb:,lectwe_ s

. jwﬂ;h greater effective force. it e
.. . Various - different moldlng compounds or Spe-:
SRR ;czﬁc plastlc compositions  may . thearetically be
. used in molding the windshield 18,
. 1s considered preferable to employ a shock-re-
... sistant plastic.of the thermosetting variety Whiché -
.. ‘becomes - permanently  rigid after molding
.. order tha:t the windshield will not be deformed. eré i
~ become loosened from the projectile body when | ERRES
by other known means of applying heavy: metalz SRR
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. subjected fo- moderately high temperatures or.to .

 pact strength in order to withstand rough han-

- dling and the great forces set' up when the pro- 40

jectile is fired in .a high power gun. A suitable
plastic composition of this type may- be formed

from wood pulp filler with phenolic resin binder.

Various different ploportlons of wood pulp and

resin may be used, and it has been found that up -

to 70% wood pulp filler provides a suitable mate-
riel having relatively high impact strength.

In forming the plastic windshield 10, a suitable .

mold may be used having a cavity shaped to pro-

vide the desired shape of the windshield as shown -

in the drawing, and this mold may also be smt—
ably adapted to hold the projectile body b in

It is of course necessary that ©
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used. for -the windshield 35

e
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accurately positioned relation to the cavity of the

mold so that the plastic windshield {8 is formed

or molded directly upon the ogive 6 of the pro- :

jectile. In this manner, it is assured that the
axis of windshield 10 will accurately align with
the axis of the projectile body 5. The required
degrees of heat and pressure are employved in
molding windshield 18 in accordance with well-
known molding processes |

- Various means may be used for. rehably hold—
ing the plastic windshield {0 on the ogive of the
projectile body 9, and-in Fig. 2 the plastic mate-
rial is shown as mounted directly on the metal

surface of ogive § which should be previously

treated to insure proper bonding of the molded
plastic thereto. Thus, for example, the surface

of ogive 6 may he previously coated with a suit-
able bonding mafterial such as liquid plastic or -
phenolic resin in suitable liquid form. It is also
possible to provide a suitable bonding coating by
using a cement which sticks or bonds to both 'the |
metal surface of ogive 6 as well as to the mold-
ing maferial used in windshield 10.

It may also

7o

material,
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be found desirable in certain instances to provide =~
~an intermediate layer of material which may be: =
~secured to the metal surface of ogive 6 by a suit-
able cement or bonding agent and this intermedi- =
- ate layer may be attached to the plastic material : =
- of windshield (18 by the s&me or a8 dlﬁerent ce-— BEEEEE

. ment or bonding material. L S
. In order. that: the bondmg coatmg and the SRR

Plastlc composition of the windshield may adhere =
more strongly to the steel surface, the surface of =
. ogive 6 should be materially roughened but no = .
grooves or rings of any material depth should be
- provided ‘which will: tend to weaken this portion -
of the projectile body. The surface of ogive 6 ' '
‘may thus be suitably roughened to provide small =
inequalities :therein during the contour machin-
ing or: mugh grinding operation. - It'is also possi~
- ble to suitably roughen the surface of ogive 6 by -+
- using.-a SUIu&ble acld 1:0 shghtly etch or plt the; SRR

steel surface.

- In. order to stﬂl more securely hold t;he plastlci R
 windshield 10 on the propectile body, a bonding
element in the form of relatively ‘soft metal' may =
be secured to the surface of the hard steel ogive =
6 and irregularities may be:formed in the outer . =
. surface of this softer metal to mechanically inter-
- However, it ' lock with the plastic material of windshield 6. = '
- Thus in Fig. 3, a comparatively heavy bonding =
coating. 12 of relatively soft material such as '
copper 1s ‘deposited: on the surface of ogive 6
This metal coating 12 may be deposited by elec~ =
troplating, by blasting heated metal thereon, or i

coatings, and the outer surface of coating 2 may =
be formed irregularly to interlock with the plastic =~
As shown in Fig. 4, ribs may be formed = s
in cua,tmg 12 by cutting annular notehes or v- =
‘shaped rings therein. In some cases, it may be:

found that it is not necessary to cut these rings : -
in the copper coating 12 as the copper may be |

electrically deposited in a manner to form a
rough or pebbly outer surface fto afford a secure
gripping bond with the plastic material.

The copper coating {2 shown in FizZ. 3 thus
securely .locks the plastic windshield {8 on the
projectile body 5, and upon impact with armor,
windshield [0 is broken away and the relative-
ly soft metal of coating 12 serves as a lubricant
which assists the piercing of the armor by the
projectile. It will also be clear that. the soft
metal coating {2 in no way decreases the strength
of the ogive 6 of the projectile body and serves
the dual purpose of providing a medium for se-
curely holding the plastic windshield on the.pro-
Jectile and in addition serves ag a lubricant for
the piercing action of the projectile.

It has been previously pointed out that it is
not desirable to materially alter the rather criti-
cal shape of ogive 6 as the strength and piercing
quality of the projectile would thereby he af-
fected. In other words, it is not desirable to
cut grooves or other cavities in the surface of
the hardened steel ogive as the projectile would
tend to fracture at these points upon impact with
armor. However, certain types of irregularities
may be provided on the ogive & without causing
material reduction in ifs piercing qualities, and
as an example, a ring or flange (4 is shown in
Fig. 4 at the intermediate portion of ogive 8.
This flange 14 may be formed integrally with
the ogive 6 or may be a ring of separate mate-
rial secured to the ogive by brazing, soldering or
the like. The flange is thus effective to me-
chanically interlock the windshield with the pro-
jectile body when imbedded in the plastic ma-
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terial as shown, and if the flange is integral
with the ogive, it is sufficiently thin so that 1%
may be broken away during the piercing of the
armor by ogive 6§ and accordingly does not ma-
terially obstruct the piercing operation nor ma-
terially weaken the ogive. Likewise if flange {4

is a separate part secured fo the ogive, it may

be displaced therefrom during the piercing op-

eration. -
Various other shapes of irregularities or com-
paratively frail projections may be used on the
ogive § to securely hold the plastic winashi€ld
(g thereon without materially altering the
strength or forming an effective obstruction te
the piercing action of the ogive. For example,
a head or button-shaped end might be iormed
integrally with the point of ogive § and coi-
nected thereto only by a comparatively frail stem
 portion to effectively interlock the plastic wind-
shield with the projectile body, yet allow this end

ot
i
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portion to be broken away with the windshieia

upon impact with its objective. |

It will be apparent that the windshleld may
be molded separately if desired and then se-
cured to the projectile body by cements either
with or without an intermediate layer as previ-
ously described. However, it is preferabie to mold
the entire windshield assembly onto the projec-
tile body in one operation and to secure the plas-
tic directly to the machined surface of the ogive.
In this case, it is preferred to employ & hond-
ing coating of resin of the same nafure used In
the plastic molding compound, and this coauing
is preferably applied by dipping the ogive in the
liguid resin after the cgive has been cleaned to
insure that its surface is free frem oil, grib and
other foreien material. The resin coating is al-
lowed to dry before molding thie windshield there-
on to insure that the coating remains uniformly
~ in place during the molding operation. |

The projectile body 1s preferably preheated to
a temperature slightly below the molding tem-
perature before it is placed in the mold with the
plastic molding compound. This allows the resin
in the plastic in the windshield and the resin In
the bonding coating on the ogive of the proiec-
tile to be cured uniformly throughout at sub-
stantially the same time when subjected to proper
heat and pressure in the mold. it has been
found that a pressure substantially greater than
ordinarily used in molding operations is prefer-
able in order to increase the strength of the
plastic material of the windshield and to faciii-
tate the bonding of the plastic to the projectile
hody. |

As 3 modification of the composition previ-
ously described for molding the windshield 18,
a suitable lubricant may be included to facili-
tate piercing of the armor by ogive § upon im-
nact therewith. Thus, graphite or the like may
ne included with the plastic composition forni-
ing windshield {8, or powdered soft metal such
as copper or an alloy having lubricating quali-
ties may be used. It is also contemplated that
windshield {9 may be either uniform throughout
or the core of this windshield may be of a dif-
ferent material or having different physical char-

oteristics than the outer surface. Ior exam-
ple, the outer shell of the windshield as well as

o layer surrounding ogive 6 misht bhe cof the :

material containing wood pulp previously de-
seribed to possess high impact strength, and the
central or core portion of the windshield coulid
then be of a more fragile or brittle plastic ma-
terial. This outer shell may be further strength-

o My
i)

Vi)
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ened by a reinforcing metal shield or metal wire
screen molded therein.. | | |
A projectilé: or shot has thus bhaen provided

having an improved. windshield which adds only

a small amount to the weight of the projectile
and which .ma.;sr' be rapidly and accurately manu-
factured at low cost and without the use of ma-
terials essential for other purposes. Several
means have been disclosed for securely attach-
ing the plastic windshield to the projectile body,
and it will be clear that in each instance the
molding of the plastic material on the projectile
body results in greater accuracy of alignment
between the projéctile body and windshield than
would be obtained by more complicated methods
of fabrication and assembly. |

It is to be understood that various modifica-
tions, adaptations and alterations may be made
in the specific details of the projectile shown and
described in order to meet the requirements of

practice, without departing from the spirit or

scope of the present invention, as defined by the
accompanying claims. |

The invention claimed is:

1. A projectile comprising a cylindrical hard-
ened metal body having a bluntly pointed end
portion, a coating of relatively soft material hav-
ing a pebbly surface applied to said bluntly point-
ed end portion, and a windshield of rigid plastic
material molded in place on said coating.

2. A projectile comprising a cylindrical body
having a bluntly pointed end, a molded on wind-
shield of rigidly thermosetting plastic material,
and means bonding said windshield to the end
of said body. | |

3. A projectile comprising a cylindrical body
having a bluntly pointed end, and a windshield
molded on said bluntly pointed end of the pro-
jectile, said windshield comprising a rigidly ther-

v mosetting molded plastic composition contain-

ing woed pulp and phenolic resin,

4. A projectile comprising a cylindrical body
having a bluntly pointed end portion, a bonding
coating of phenolic resin applied to said end por-
tion, and a rigidly thermosetting plastic wind-
shield of filler and phenolic resin molded in place
on said bonding coating to polymerize both the
resin in s2id coating and the resin in said wind-
shield.

5. An armor-piercing projectile comprising a
cylindrical body of hardened steel having a blunt-
ly pointed end portion, a windshield of molded
rigidly thermosetting plastic material, and means
for securing said windshielg to said end portion
including a coating of relatively soft metal elec-
troplated on said end portion to provide a pebbly
surface embodied in the material of the wind-
shield.

6 An armor-piercing -projectile comprising a

» cylindrical body of hardened steel having a

smooth bluntly pointed end, a coating of copper
electroplated on said end and provided With an
irregular surface, and a windshield of thermo-
setting plastic material molded on said coating
to interlock with the irregularities of its surface.

7. A projectile comprising a cylindrical steel
body having a bluntly pointed hardened end por-
tion shaped to pierce armor plate, a thin coat-
ing of relatively soft metal deposited on the sur-
face of said pointed end portion and having an
irregular outer surface, and a windshield of rig-
idly thermosetting plastic material molded on
said coating. | |

3. A projectile comprising a cylindrical body
having a bluntly pointed end portion with a com-




4q.
paratively frail projection thereon, and a wind-
shield of plastic material molded on said end por-
tion to interlock with said projection.

- 9. A projectile comprising a .cylindrical body
having a bluntly pointed end portion, a plastic
windshield molded on said end portion, and means
for holding said windshield on said end portion
including an annular ring on said end portion
embedded in and interlocking with the plastic
of said windshield.

10. A projectile comprising a cylindrical body
having an integral bluntly pointed end, a molded
on windshield of rigid thermosetting plastic, and
means for mechanically retaining said win d..:.hleld
on said end of the cylindrical body.

11. A projectile comprising a body portion hmf
ing an integral bluntly pointed end portion, the
surface of said end portion being roughened to
provide small inequalities therein, and a rigid
windshield of hish impact strength  plastic ma-

terial molded around said end portion in a man-

ner to cause the plastic material to strongly bond
to said roughened surface.
12. A projectile comprising a body portion hav-

=t
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ing an integral bluntly pointed end portion, a
rough surface on said end portion provideg hyv
acid etching, a coating of thermosetting resin
applied thereto, and a windshield of rigidly ther-
mosetting plastic molded on said coa,tmg to se-
curely bond to said end portion.

13. A projectile comprising a body por twn and

an integral bluntly pointed end portion, a super-

ficially rough surface on said end portion pro-

10
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vided by acid etching, and a windshield of rigid-
ly thermosetting plastic molded around said end
portion to securely bond to said rough surface
thereof.

14. A projectile comprising a body purtmn and
an integral bluntly pointed end portion, means
presenting a superficial roughness on said end
portion only, a coating of thermosettmg resin ap-
plied thereto, and a windshield of rigidly ther-
mosetting plastic including a filler and thermao-
setting resin molded on said end portion to poly-
merize hoth the resin in said coatmg and the

- resin in said plastic windshield.

RUSSELL G. THOMPSON.
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