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The invention described herein may be manu-
factured and used by or for the Government for
governmental purposes without the payment to
us of any royalty thereon.

This invention relates to apparatus for com-
pacting or pressing finely divided explosive ma-
terial, particularly finely divided solid explosive
material which might be ignited, or is subject
to ignition, by friction.

More particularly the present invention is con-
cerned with the provision of apparatus for ef-
fectively :compacting finely divided propelient
material in rockets or the chambers thereof in-
tended to contain propelient material.

Among the objects of the present invention is
the provision of apparatus for compacting finely
divided solid explosive material, which might be
ignited, or is sukject to ignition, by friection, into
chambers, such as propellent chambers of rock-
ets, having lateral walls of metal, such as steel,

A further object of the present invention is
the provision of apparatus which is safe to use
in compacting under high pressure finely divided
solid explosive material which might e ignited
by friction between relatively moving metal
parts. )

In order thai the operation and use of the ap-
paratus hereinafter described in detail may be
fully appreciated, an example of a finely divided
solid explosive material which may be effectively
compacted in apparatus made in agecordance
with the present invention is given hereinafter,
although it is to be understood that the use of
the apparatus is not confined to this example of
finely divided explosive material, since it may
be used, as will be understeod by persons skilled
in the art, to press or compact many other finely
divided solid explosive materials.

The example of finely divided explosive ma-
terial referred to in the preceding paragraph,
and which is used by way of illustration in de-
scribing the present invention, consists of an
intimate mixture of the following ingredients in
the indicated proportions:

1754 grams of finely divided granular poiassium
perchlorate previously dried in an oven at 100
to 110° C.;

482 grams of powdered or finely divided graphite;

222 grams of finely powdered metallic titanium;

109 grams of finely powdered Vinylite of VYNU
grade manufactured by Carbide and Carbon
Chemicals Corp.;

163 grams of liquid tributyl. “Cellosolve” phos-
phate. :
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In mixing these ingredients, i} is preferred to mix
intimately the solid components together as a
preliminary step. in the formation of the final
mixture and then to mix intimately into this
mixture of solid components the tributyl “Cello-
solve” phosphate.  These two mixing operations
are gdvantageously conducted at a temperature
of about 50° F. to about 90° F. The final mixture
resembles in appearance a dark colored, finely
grained, slightly moist sand, which retains this
appearance even after storing for several months
at ambient temperatures.

The Vinylite referred to above is a high molec-
ular weight copolymer of: vinyl chloride and
minor amounts of vinyl acetate. It is a thermo-
plastic non-heat hardening plastic material.
The tributyl “Cellosolve” phosphate used is the
ncutral phosphorie acid ester of monobuiyl
ether of ethylene glycol of the formula

OP (OCH2CH20CH9) 3

and physically combines as a plasticizer with
the Vinylite at the temperature of pressing or
compacting of the mixture. The plasticized Vin-
ylite serves as a thermoplastic non-heatharden-
ing binder for the other components of the mix-
ture and functions as a. matrix for the other
components.

Referring now to the drawings accompanying
and forming pari of this written description,

Tigure 1 is a longitudinal central section of
apparatus embodying the present invention;

Figure 2 is a cross-section on the line 2—2 of
Figure 1;

Pigure 3 is a cross-section on the line 3—3 of
Figure 1; and

PFigure 4 is a portion. of Figure 1 showing the
relation of parts during the removal of the press-~
ing head of the apparatus from the coinpacied
material,

The numerals { and 2 in the accompanying
drawings indicate respectively the press table
and ram of a hydraulic press. The hydraulic
press is of the type that its ram 2 may exert
a pressure in one direction, for example down-
wardly as viewed in Figure 1, and a pull in the
opposite direction. Hydraulic presses of this typse
are well known, and their details of construction
are not necessary to an understanding of the
present invention. The relationship of the pres-
ent inveation to press table | and the ram 2 of
a hydraulic press of the type described is fully
shown in the accompanying drawings and ex-
plained in this description.

To the press table I, is secured a holder 3 for
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the body 4 having the chamber 3 into or in which
the finely divided solid explosive material -6 of
the characteristics referred tc above is to be
rressed or compacted, for exatnple under a pres=
sure of from 7,000 p. s. i. to 15,000 p. s i. Por

the purposes of illustration and description, the

body £ is shown as a portion of a spin stabilized
rocket. The portion shown comprises the cham-
ber & which holds the propellant. Chamber §
therefore also represents the propelléiit chiamper
in the portion 4 of a rocket. Thé part 4§ of thé
rocket shown is wholly formed of steel, and there-
fore the lateral cylindrical interior wall of tha&
chamber § which is presented to the finely divid-
-ed solid explosive material, and to fhe pressmg
head and obturator hereinafter described, is
metallic. As viewed in Figure 1, the lower end of
chamber 8 is closed by part 7, Which dlso is &
part of a rocket, located in advance of its pro-
pelling charge which is indicated by the nu-
meral §. 3
The holder 3 is rormed 0 fit exactly within the
cavity iy part ¥ and engagés the latter by migans
of gorew thredds 8 The holder § ig provided
with a fange il Whith is secured b' means of
bolts #2 fo the press table {. The construction
is breierabiy such that the holder 8 entirely filly
the space of the cavity within the part 1, 6 that
the body or* portion & of the rocket is held ind
fixed rigid pesition at all times during the appli=
cation of pressure, as hereinaiter described, & the
explosive or propellent mgterial 8:
' The pressing hedd {4, by mweuns of which ‘the
finely’ divided explosive or propelient muterial §
is" compacted in the -chamber B, iy formied a5 &
slightly tapered steel disc coateo_ with brass, és«
pecm,nj on'-its bottom: and cirewrnferential voic
tion where it makes contact with the explosive
or propellent material 6. 'The periphsry” i1 oF
pressing head i4-is; at all points thereof, slightly
spaced from the periphery of the chamber 5, in
order to provide a-clearancs between-the periph=
ery of the pressing head-and. ths- periphery’ of
the chamber:. This clearatice razy be of the ordel
ol magnitude of cne thirty-setond of an ifeh:
Integrally attached to the'préssing head: 14 is
steel.stem: i8:. The'stem {8 izcoaxial with:prass
ging head !& Stem 18 is previded with:d hole
18 which: runs: diametrically’ across: it’ £61° the
purpose’ expiained- below:. ) .
Adjacent the rear:-of préssifig head 18 and.sur-
rounding. the:steny 187 is’ the annular obturator
23, The periphery of this.cbturator conforms
with the contour of the interior metallic wallicf
chamber. § and hiag a:clése envugh &t -wi mcit‘i‘-to
block - the passage of finely dividéd matetia
through .the clearance between the periphery: 01
the. pressing head (4-and the periphery of- the
interior eylindrical wall.of the champer 5 when
the pressing head 14 compacts the finely* divided
explosive material ‘6. The obturator 28 ; is-formed
of a non-gritty muterial which is'soft: enocugh to
avoid ignition. by’ {riction of any finely divided
explosive. material bétween it and the interior
steel wall of chamber 8. Examples of matefials
of which the obturatoi- 2i may be formed ares

hard dense grainless cellulose fibre board, hard:

dense’ laminated paper’ board;, and hard dense
ashestos hoard freg of gritty material. The dense
cellulose fibre board: known in commercé ag
‘‘Masonite’ mayibe advantwgaous;v -used as the
material of the obturator:

A plunger: 24, provided with an axial ‘hore 22;
is ‘provided with a thréaded stud 23 which ‘ehs
gages-axthreaded:socket 24+in:-thé ram 2 of a

4

hydraulic press of the type referred to above.
The plunger 21 is by the means deseribed rigidly
fixed to the ram 2 and moves with it. The bore
22 Is somewhat larger i diameter and longer
6 than stem (8, so that the piunger 2{ ¢an slide
or descend freely over the stem 18 and its
squared-oif free end 25 abut against the obturator
28. The dimensions of the cross section of piung-
€r Zi alré such that it may freely enter the
10 chianiber 5 while providing a large face ap its
fre¢ end 28,  The face at the free end 25 in the
embodiment of the invention shown has the same
diameter &8 the top or rear of the pressing
head 4.
i5 The plunger #{ is frovided with two diametri-
ally oppositely disposed slots 27, which are so
posmoned that the hole i85 in ste’n 18 registers
with'. thém about midway between their ends
when the end 25 of the plunger is in abutting
20 relatmnshlp with the obturator 2§ as shown in
gure’ 1. A pin or bar 28 may be inserted; as
SﬂO‘Vn in Figure 4, th nrough both slotg 27 al’ld
through the hole ﬁ5 i order to enable the plung-
er 21 to exert a pulling action upon the stem {8~
25 and the pressing head 4. i N

Operation—Finely divided solid explosive or
i'dck‘eﬁ propelient msgterial, for example of the

mpogition snecmcahy'descnbed above, is placed
wmxm the chamber &, fliling it to a point just

30 short of the thiedds at its open end. Thereafter
the body § and the contents of the chamber 5
are¢ heaied to raise the temperature of the finely
divided explosive’ material to about 259° to 360°
T At thiy temperature’ the plasticizer in the
35 explosive or propelent compoglﬁon physically
comibines with the Vinylite. This heating of the
coriposition is advantagecusly accomplished be~
fore the body 4 is attachsed in pressing position
.- on the holder 8. This heating may be done in
40 any suitabie oven or by means of an electric heat~
ing’ coil placed about the body 4.
The ram 3 and the plunger ¢i are moved. suf-
ficiently avway from" the press table i in order to
.., permit the body 4 to be secured on the holder 3.
45 After securiniy’ the” body 4 on” the holder § the
assembly of the pressing head and obturator is
Placed within thé chamber § above the explosive
or propellent composition and the plunger 2+
moved’ downwardly, as viewed in Figure 1, with-
in the charnber § of body & Further downward
motion of ram % of the hydraulic press calises
pluniger 2§ to press against obturator 28 which
in’ furn’ transmits the pressure to pressing- head
{4. The downward motion of pressing head: {4
& compacts” or compresses the* heated exploswe
ol propellent compoesition §°and causes the ther-
moplastic non-heat hardéning binder; formed by
the physical combinaticn of the plasticizer and
Vinylite, - to: be pressed into the interstices be-~
66 tween-the other compokents’ of the- composition
beéing ‘compacted.

After the neucssary pr essure has oeen apphed
fér sufficient’ time to compa the composition
the desired amount, the ram 2 and: plunger Zi

§5 may be raised suﬁicieqﬂ above the stem (8 to
permit-the body & togzther with the assembly of
pressing head 14; stemn 18 and obturaior 20770 be
detached from holder 3 and cooled in’ any’ suit-
able ‘way' to bring the composition  to ambient

7§ room temperature. The pressing head {4-is noi
removed: befere-the- cooling ‘step; since otherwise
the adherence-bétween the compacted hot com-
position and the wall means of ‘the chamber may
bé sotdisturbed by the Temoval of pressing -head

75 14 that the compacted hot composition™is re~

)
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moved from the chamber either completely as a
unit or partly as a detached fragment. In the
case of the specific explosive or propellant de-
scribed above, a pressure of about 15,000 p. s. i.
is applied for about three minutes in compact-
ing the propellant in the propellent chamber of
a rocket.

After the above mentioned cooling, the body 4
is again secured on holder 3 and the plunger 2!
again brought down over the stem (8, where-
upon the pin or bar 28 is passed through the two
slots 27 in the plunger 2f and through the hole
20 in the stem 8. Upward motion is now im-
parted to the ram 2 and plunger .21, and as a
consequence -the lower ends of slots 271 engage
the pin 28 and thereafter further upward mo-
tion of the plunger 21 pulls the stem 18 and the
pressing head (4 away from the cooled com-
pacted material § and out of the chamber 5.

The obturator 28 at the rear of pressing head i£ -

moves out of chamber § together with the press-
ing head (4 and stem 18. The body 4 is now de-
tached from the holder 3, and the apparatus is
now ready to receive another hody 4 filled with

finely divided explosive or propellent material o

to be compacted.

We claim:

1. Apparatus for compacting finely divided sol-
id material, which is subject to ignition by fric-
tion, into a chamber formed by a cylindrical body
open at one end and having lateral metallic walls,
comprising a circular, metallic pressing head
having a diameter slightly smaller than the in-
side diameter of said cylindrical body, a stem

having a transverse bore, said stem being affixed ;

to said pressing head in coaxial alignment there-
with, a nhon-metallic obturator fitting over said
stem having a diameter as nearly equal to the
inside of diameter of said cylindrical body as pos-

sible to block passage of said material between .

said walls and said non-metallic obturator and
yet permit free axial movement thereof within
said chamber, and means for applying pressure
to said non-metallic obturator whereby compact-
ing pressure is applied to said metallic pressing
head through said non-metallic obturator, said
last-mentioned means including a plunger hav-
ing an axial bore of greater axial dimension than
said stem and of sufficiently large diametric di-
mension to receive said stem, said plunger being
further provided with diametrically opposite slots
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positioned in predetermined relationship to said
transverse bore.

2. The apparatus according to claim 1 wherein
said slots and said transverse bore are so po-
sitioned with respect to each other that said
transverse bore registers about midway between
said slots with said plunger abutting against said
obturator.

3. Apparatus for compacting finely divided,
solid material, which is subject to ignition by
friction, into a chamber formed by a cylindrical
body open at one end and having, lateral metal-
lic walls, comprising first means having a di-
ameter smaller than the inside diameter of said
pbody to produce a clearance hetween said wzalls
and said first means, a cylindrical stem affixed
to said first means nearer said opened end and
in axial alignment therewith, second means
made of hard, dense, non-gritty material adja-
cent said first means nearer said open end and
having a diameter as nearly equal to the inside
of said body as possible to prevent escape of said
material through said open end and yet permit
free axial movement of said second means with-
in said chamber, said second means having a bore
large enough to receive said stem, and third
means for applying pressure to said second means
whereby pressure is imparted to said first means,
said third means including a cylindrical plunger
having a diameter approximately equal to the
diameter of said first means and a central bore of
a diameter slightly larger than said stem where-
by said plunger may slide freely over said stem
and abut said second means, said stem and said
plunger including each one diametric hole.

JAMES W. PERRY.
WILLIAM R. JOHNSON.
JOSEPH H. FRAZER.
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