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The invention described herein inlay be mainli 
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 con 

pacting or pressing finely divided explosive ina 
terial, particularly finely divided Solid explosive 
material which might be ignited, or is Subject 
to ignition, by friction. 
More particularly the piesent invention is Con 

cerned with the provision of apparatus for ef 
fectively compacting finely divided propellent 
material in rockets or the chambers thereof in 
tended to contain propellent material. 
Among the objects of the present invention is 

the provision of apparatus for COiapaciting iiies 
divided solid explosive material, which might be 
ignited, or is subject to ignition, by fliction, into 
chambers, such as propellent chambers of rock 

O 
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ets, having lateral walls of metal, such as steel. 20 
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 night be ignited 
by friction between relatively moving metal 25 
parts. 

In order that 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 30 
compacted in apparatus made in accordance 
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 understood by persons skillied 
in the art, to press or conpact many other finely 
divided solid explosive naterials. 
The example of finely divided explosive na 

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 gians of finely divided granular potassiuln 
perchlorate previously dried in an oven at 100 
to 110° C.; 

482 grams of powdered or finely divided graphite; 
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222 grams of finely powdered metallic titanium; 50 
09 grams of finely powdered Winylite of WYNU 
grade manufactured by Carbide and Carbon 
Chericals Corp.; 

163 grams of liquid tributyl “Celiosolve' phos 
phate. 55 

2 
In mixing these ingredients, it is preferred to mix 
intimately the solid components together as a 
preliminary Step in the formation of the final 
inixture and then to mix intimately into this 
mixture of solid components the tributyl “Cello 
Solve' phosphate. These two mixing operations 
are advantageously 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 Winylite referred to above is a high molec 

ular weight copolymer of vinyl chloride and 
minor aimounts of vinyl acetate. It is a therno 
plastic non-heat hardening plastic material, 
The tributyl "CelloSolve' phosphate used is the 
neutral phosphoric acid ester of monobutyl 
ether of ethylene glycol of the formula 

and physically coilbines 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 
CoipOnentS. 

iReferring now to the drawings accompanying 
and forming part of this Written description, 

Figure 1 is a longitudinal central section of 
apparatus enabodying the present invention; 

Figure 2 is a croSS-Section on the line 2-2 of 
Figure 1; 

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

Figure 4 is a portion of Figure i showing the 
relation of parts during the removal of the press 
ing head of the apparatus from the compacted 
material. 

the numerals and 2 in the accompanying 
drawings indicate respectively the press tale 
and rain 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 type 
are well known, and their details of construction 
are not necessary to an understanding of the 
present invention. The relationship of the pres 
ent invention 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 f, is secured a holder 3 for 
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the body 4 having the chamber 5 into or in which 
the finely divided solid explosive material 6 of 
the characteristics referred to above is to be 
pressed or compacted, for example under a pres 
sure of from 7,000 p.s. i. to 15,000 p.s. i. For 
the purposes of illustration and description, the 
body 3 is shown as a portion of a Spin stabilized 
rocket. The portion shown comprises the cham 
ber 5 which holds the propellant. Chamber 5 
therefore also represents the propellent chamber 
in the portion 3 of a rocket. The part 4 of the 
rocket shown is winolly formed of steel, and there 
fore the lateral cylindrical interior wall of the 
chamber 5 which is presented to the finely divid 
ed solid explosive material, and to the pressing 
head and obturator hereinafter described is 
metalic. As viewed in Figure 1, the lower end of 
chamber 5 is closed by part 7, which also is a 
part of a rocket, located in advance of its pro 
pelling charge which is indicated by the nu 
ineral 6. . . . 

The holder 3 is formed to fit exactly within the 
cavity in part i and engages the latter by means 
of screw threads 3. The holder 3 is provided 
with a iiange i which is secured by means of 
bolts 2 to the press table . The construction 
is preferably such that the hoider 3 entirely fills 
the Space of the cavity within the part 2, so that 
the body or portion is of the rocket is held in a 
fixed rigid position at all tirres during the appli 
cation of pressure, as hereinafter described, to the 
explosive or propellent material 6. 
The pressing head 3, by means of which the 

finely divided explosive or propelient material 6 
is compacted in the chamber 5, is formed as a 
slightly tapered steel disc coated with brass, es 
pecially on its bottom and circumferential por: 
tion where it makes contact with the explosive 
or propellent material 6. The periphery fi of 
pressing head f4 is; at all points thereof, slightly 
Spaced from the periphery of the chamber 5, in 
Order to provide a clearance, between-the-periph 
ery of the pressing head and the periphery of 
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the charlier. This clearajice rnay be of the order 
: of... iii aginitide of Cihe thirty-second of an inch. 

integrally attached. to the pressing. head 4 is 
steel-ster i3;. The stem 3 is:-coaxial- with pres 
sing head 3. Stem 8 is provided with a hole 
i5, which runs: diametrically across it for the 
purpose explained. below. - 

Adjacent the rear of pressing head 3 and sur 
rouliding the Stein, 8 is the aniular obturator 
2i. The periphery of this obturator conforms 
with the contour of the interior metallic: wa. 
Chamber. E. and has a close enough fit. With 
block the passage of finely divided material 
through the clearance between the periphery of 
the pressing head. 4- and the periphery of the 
interior cylindrical. wails of the chamber 5 when 
the pressing head compacts the finely divided 
explosive imaterial 6. The obturator. 2 is formed 
of a non-gritty material- which is soft enough to 
avoid ignition by: friction...of any finely divided 
explosive inaterial between it, and the interior 
steel wall of chamber 5. Examples of materials 
of which the obturator. 2i may be formed are: 
hard dense grainless cellulose fibre board, hard . 
dense, laminated paperi board, and hard dense 
asbestos board free of gritty material. The dense 
cellulose fibre board known in commerce as 
"Masonite' may be advantageously used as the 
material of the obturator. . . . . 

- A plunger. 2.f, provided with an axial bore 22, 
is provided With a threaded stud 23 whicheh. 
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4. 
hydraulic press of the type referred to above. 
The plunger 2 is by the means described rigidly 
fixed to the rail. 2 and moves with it. The bore 
22 is somewhat larger in diameter and longer 
than stem 8, so that the plunger 2 can slide 
or descend freely over the stem 3 and its 
squared-off free end 25 abut against the obturator 
28. The dimensions of the cross section of piung 
er 2 are such that it may freely enter the 
chamber 5 while providing a large face at its 
free end 25, i.he face at the free end 25 in the 
embodiment of the invention shown has the same 
diarnetter as the top or rear of the pressing 
head 4. 1 - - - - - - 

The plunger 2 is provided with two diametri 
cally oppositely disposed slots 2', which are so 
positioned that the hole 5 in stem 3 registers 
With then about midway between their ends 
when the end 25 of the plunger is in abutting 
relationship with the ooturator 23 as shown in 
Figure 1. A pin or bar 23 may be inserted, as 
shown in Figure 4, through both slots 2, and 
through the hole 5 in order to enable the plung 
er 2i to exert a puliing action upon the stem 8 
and the pressing head 4. - w 

Operation.-Finely divided solid explosive or 
rocket propellent material, for example of the 
composition specifically described above, is placed 
Within the chamber 5, filiiing it to a point just 
short of the threads at its open end. Thereafter 
the body & and the contents of the chamber 5 
are heated to raise the temperature of the finely 
divided explosive material to about 260° to 360° 
F. At this temperature the plasticizer in the 
explosive or propellent composition physically 
combines with the Vinylite. This heating of the 
cornposition is advantageously accomplished be 
fore the body is is attached in pressing position 
Gn the holder 3. This heating may be done in 
any suitable oven or by means of an electric heats 
ing coil placed about the body 4. 
The ran 2 and the plunger 2i are noved suf 

ficiently away from the press taoie in order to 
permit the body 8 to be secured on the holder 3. 
After securing the body 4 on the holder 3 the 
assembly of the pressing head and obturator is 
placed within the chamber 5 above the explosive 
or propellent composition and the plunger 2 
moved downwardly, as viewed in Figure 1, with 
in the chainker 5 of body 3: Further downward 
iriotion of ran 2 of the hydraulic press causes 
plunger 2i to press against obturator 2) which 
in turn transmits the pressure to pressing head 
$4. The downward motion of pressing head is 
compacts or compresses the heated explosive 
or propellent composition 6 and causes the ther 
moplastic non-heat hardening binder, formed by 
the physical combination of the plasticizer and 
Vinylite, to be pressed into the interstices be 
tween the other components of the composition 
being compacted. 

After the necessary pressure has been applied 
for Sufficient time to compact the composition 
the desired amount, the ran 2 and plunger 2 
may be raised sufficiently above the stem 8 to 
permit the body 4 together with the assembly of 
pressing head 4; stern 8 and obturator 25 to be 
detached from holder 3 and cooled in any suit 
able way to bring the composition to ambient 
room temperature. The pressing head is not 
removed before the cooling step, since otherwise 
the adherence between the compacted hot.com 
position and the wall means of the chamber may 
be so disturbed by the removal of pressing head 

gages a...threaded socket 24-in-the-ram 2 of a 75, f4 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 
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 2 and through the hole 
20 in the stem 8. Upward motion is now im 
parted to the ram 2 and plunger. 2, and as a. 
consequence the lower ends of slots 27 engage 
the pin 28 and thereafter further upward no 
tion of the plunger 2 pulls the stem 8 and the 
pressing head 4 away from the cooled com 
pacted material 6 and out of the chamber 5. 
The obturator 28 at the rear of pressing head & : 
moves out of chamber 5 together with the preSS 
ing head f4 and stem 8. The body i is now de 
tached from the holder 3, and the apparatus is 
now ready to receive another body 4 filled with 
finely divided explosive or propellent material 
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 non-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 have 
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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6 
positioned in predetermined relationship to said 
transverse bore. 

2. The apparatus according to claim whereill 
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 
body to produce a clearance between said walls 
and said first means, a cylindrical stem affixed 
to said first means nearer said opened end and 
in axial alignment there with, 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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