
United States Patent 

George L. Gri?ith 
Coopersburg, Pa. 
752,1 14 
July 1 9, 1968 
Jan. 5, 1971 
Commerican Solvents Corporation 
New York, N.Y. 

, a corporation of Maryland 
Continuation-impart of application Ser. No. 
503,796, Oct. 23, 1965, now Patent No. 
3,327,582, dated June 27, 1967, and a 
continuation-in-part of 596,028, Sept. 1, 
1966, now Patent No. 3,367,266, and a 
continuation-in-part of 574,881, Aug. 3, 
1966, now abandoned. 

[72] Inventor 

[21 ] Appl. No. 
[22] Filed 
[45 ] Patented 
[73 ] Assignee 

[54] PROCESS AND APPARATUS FOR PREPARING 
DETONATING AND DEFLAGRATING FUSE AND 
PRODUCT 
21 Claims, 5 Drawing Figs. 

[52] US. Cl ...................................................... .. 86/20, 

’ . 18/13, 264/3 

[51] Int. Cl. ...................................................... ,. F42c 9/10 

lll13,552,259 
[50] Field of Search .......................................... .. 86/1, 20, 

20.1, 20.5; 264/3, 38; 18/13N, 13K 

[56] References Cited 
UNITED STATES PATENTS 

1,923,761 8/1933 Snelling et al. ............. .. 86/1 
2,363,569 11/1944 Caldwell et a1. 264/3BUX 
2,687,553 8/1954 Colombo .................... .. 264/3BUX 
2,940,352 6/1960 Grow .......................... .. 86/ 1 
3,224,317 12/1965 Gould .... .. 86/1 
2,371,709 3/1945 Rineer..... 18/13NUX 
3,265,778 8/1966 Griffith ....................... .. 264/3 

Primary Examiner-Benjamin A. Borchelt 
Assistant Examiner-Stephen C. Bentley 
Attorney-Janes and Chapman 

ABSTRACT: Process and apparatus are provided for prepar 
ing detonating and de?agrating fuse or cord, simultaneously 
forming the wrapper for the fuse or cord and ?lling the 
wrapper with detonating or de?agrating low explosive. The 
apparatus also desirably includes means for cracking or pul 
verizing and desirably increasing the degree of con?nement of 
the continuous column of detonating or de?agrating fuse or 
cord, so as to form a product of high sensitivity and high rate. 
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PROCESS AND APPARATUS FOR PREPARING 
DETONATING AND DEFLAGRATING FUSE AND 

PRODUCT 
' This application is a continuation-in-part of applications 

Ser. No. 503,796, ?led Oct. '23, 1965, now U.S. Pat. No. 
3,327,582, patented Jun. 27, I967; Ser. No. 596,028, ?led 
Sept. 1, 1966, how us. Pat. NO. 3,367,266; and Ser. NO. 
574,88 1 , ?led Aug. 3, 1966, and now abandoned. 

This invention relates to process and apparatus for prepar 
ing detonating and deflagrating fuse or cord by simultaneously 
forming the wrapper and ?lling it with detonating or de?agrat 
ing explosive, and to the detonating or deflagrating fuse or 
cord obtainable by this process and apparatus. 
There are two main types of chemical explosives, detonat 

ing or high explosives, characterized by very high rates of 
reaction and high pressure, and deflagrating or low explosives, 
which burn more slowly, and develop much lower pressure. 
Detonating explosive explosives are usually subdivided into 
primary and secondary explosives’. The primary explosives 
nearly always detonate by simple ignition, such as by means of 
a spark, flame, or impact, whereas secondary explosives 
require the use of a detonator, and frequently a booster. A 
detonator contains a primary explosive as an essential ele 
ment, but it may be even more complex, and include a number 
of modifying ingredients as well. I 
The oldest type is the mercury fulminate cap, ?rst used as a 

detonator by Nobel. Many variations of this came into use 
during the latter part of the l9th'century, but they are used 
very little at the present time. Electric blasting caps were in 

‘ troduced early in the present century, and these have now 
reached a high state of development, and contain elements 

"each of which plays its part in the complicated process of 
developing the necessary high-pressure detonation wave 
needed to detonate the secondary explosive. However, it is not 
very well suited for the simultaneous detonation of multiple 
charges. 
For this purpose, the detonating fuse was developed. This is 

composed of a long narrow tube ?lled with high explosive. 
When a detonation is initiated at one end, by means of a 
detonator, the explosive shock or detonating wave travels 
along the fuse with a high velocity,‘and causes the detonation 
of other high explosives which lie in its path. In this way, it can 
initiate the almost simultaneous explosion of a number of 
charges. 
The ?rst form of detonating fuse was a lead-bound 

trinitrotoluene core fuse, called Cordeau fuse, or Cordeau 
detonant. A long thick-walled lead tube is ?lled with molten 
trinitrotoluene, which is solidi?ed, and the tube and its con 
tents are then drawn out in a series of successive drawing 
operations, until reduced in diameter to the size of a straw, in 
which condition it is highly ?exible, and at the same time of a 
very considerable length, as compared to the original tube. 
Later, aluminum or block tin tubes were prepared, ?lled with 
picric acid. However, this type of fuse has now almost entirely 
been replaced by a detonating fuse composed of a tube of 
woven fabric ?lled with RDX (cyclotrimethylenetrinitramine) 
or with Pentaerythritol tetranitrate. Such a tube can be made 
in continuous lengths much more simply and less expensively 
than Cordeau fuse. The cloth binding is normally water 
proofed with, wax or other water-resistant ?llers, and is usually 
reinforced with a wire or cord binding. This cord has a detona 
tion velocity of about 6500 meters per second, as compared 
with about 5000 meters per second for Cordeau fuse. How 
ever, neither of these are the maximum velocities of detona 
tion of these explosives. The velocities could be greater, and 
would be, if the explosives were more densely packed. 
Both Cordeau fuse and the cloth or plastic bound detonat 

ing fuse contain ?nely divided crystalline explosives, but the 
explosive is in a somewhat different condition in each. Cor 
deau fuse is ?lled with cast trinitrotoluene, and as the lead 
tube is drawn out, the cast trinitrotoluene becomes pulverized, 
so that the ?nished tube is tightly packed with ?nely divided 
crystalline trinitrotoluene. The cloth or plastic bound fuse is 
made by ?lling the tube with ?nely divided pentaerythritol 
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tetranitrate, which is packed in the tube as tightly as possible. 
The problem of packing the explosive in the cloth tube is quite 
difficult to resolve, and because of the difficulty of packing, it 
is not possible to realize the full velocity of detonation that 
might otherwise be obtainable with pentaerythritol 
tetranitrate or RDX. Furthermore, the packing operation it 
self can be dangerous. 

In accordance with U.S. Pat. Nos. 3,327,582 and 3,367,266, 
process and apparatus are provided for manufacturing 
detonating fuse and deflagrating fuse ?lled with a column of 
solid detonating or de?agration explosive cracked in situ so as 
to cause discontinuity throughout the column of explosive. 
The cracking increases the surface area of the explosive in the 
column increasing its sensitivity to a detonating wave or 
de?agration. The process is adapted for continuous produc 
tion of fuse, so as to make detonating fuse and de?agrating 
fuse in any desired length, and without restriction as to diame 
ter, ranging upwards from one thirty-second inch to approxi 
mately 1 inch or higher, as required. In this process detonating 
fuse and de?agrating fuse are formed in one of two principal 
ways. A preformed tube or shell of the desired length and 
diameter can be ?lled with molten or semisolid detonating 
fuse high explosive or deflagrating fuse low explosive, and al 
lowing this to harden or solidify to a solid column within the 
tube, ?lling it substantially completely. In this way, endless 
tubes previously formed in a continuous tube extruder can be 
employed. In another and preferred process of that invention, 
the ?lling of the tube is made to form the tube or enclosing 
wrapper-as well, by extruding the detonating or de?agrating 
explosive with which it is to be filled in a column of the desired 
diameter and length, and forming the fuse wrapper about and 
enclosing the extruded column of explosive. The extruded 
column of explosive as soon as it has become suf?ciently hard 
after leaving the extruder, is brought into contact with the en 
closing feed of wrapper material and, through frictional en 
gagement therewith, draws with it the sheet of wrapping 
material. Upon continued outward movement of the wrapper 
with the extruded column, the wrapping material is caused to 
form an envelope about the column, thereby enclosing it in a 

. wrapper of the wrapping material. After completion of the 
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fuse wrapper, the explosive column is desirably subjected to 
compressive stress in situ, so as to crack or pulverize the 
column, and render it discontinuous within the wrapper. 
The process and apparatus described in U.S. Pat. Nos. 

3,327,582 and 3,367,266 offers the alternatives of either 
?lling a preformed continuous length of tubing or else forming 
a wrapper which has either a spiral or longitudinal seam which 
must be held tightly closed and then sealed at some stage of 
the operation. It is clearly preferable, in a commercial opera 
tion, to form a seamless package for detonating or de?agrating 
fuse or cord. However, given the choice of ?lling a preformed 
continuous length of tubing, or forming a wrapper with a 
seam, the latter is clearly to be preferred, as these patents in 
dicate. 

In accordance with the instant invention, process and ap 
paratus now are provided that make it possible to simultane 
ously extrude a continuous seamless wrapper, and ?ll the 
wrapper with detonating or deflagrating explosive composi 
tion. The process and apparatus also preferably include means 
for cracking or pulverizing and optionally for swaging the con 
tinuous wrapped column of explosive composition that is 
formed in the course of this process, thus producing a detonat 
ing or de?agrating fuse or cord having greater ?exibility, 
because of the cracking or pulverizing, and the development 
of maximum sensitivity. As a result of the cracking or pulveriz 
ing operation, the fuse will transmit a detonating wave from 
one end to the other. 

In accordance with the invention, it is possible to ensure 
close packing of the explosive in the continuous length of tub 
ing, substantially without voids between the particles of explo 
sive, thus ensuring a high density, and'a uniform density, even 
in the cracked condition of the fuse. In fact, because the con‘ 
tinuous length of tubing can be ?lled with explosive while the 



3 
explosive and/or the wrapper is still soft and pliable, it is possi 
ble to. form an explosive package in which the explosive is 
more ?rmly packed, and under a higher degree of con?ne 
ment, or at a higher density, than in the fuse obtainable in ac~ 
cordance with these patents. Moreover, an explosive that is in 
plastic condition and that completely ?lls such a wrapper can 
be constrained even more, if the wrapper is drawn or swaged 
after it has‘ hardened sufficiently, to obtain an even higher 
density and a higher velocity of travel of the detonating wave 
or de?agration through the fuse. _ 

In accordance with the process of this invention,,detonating 
fuse and de?agrating fuse are formed by continuously forming 
an endless tube or shell of the desired length and diameter, 
continuously ?lling this tube or shell with‘detonating fuse high 
explosive or de?agrating fuse low explosive, preferably while 
either the explosive or the wrapper, or both, are still soft and 
pliable, and while supporting the tube or shell so as to preserve 
its shape under the weight and pressure of explosive 
therewithin, until the explosive and the tube have hardened 
and solidi?ed so as to form a solid column of explosive‘within 

. a‘ hardened tube, ?lling the tube substantially completely and 
uniformly. I 

In one embodiment, the moving column of explosive is 
brought into contact with the continuous tube or shell of i 

‘ wrapper material as soon as the wrapper material has become 
’ sufficiently hard to retain its tubular shape,.and through fric 
tional engagement therewith, the moving column of explosive 
draws with it, in its forward progress, the continuoustube of 
wrapping material. In another embodiment, the tube or shell is 
too. soft to retain its shape, and is supported within a ‘shape 
retaining die of the same internal diameter as the tube or shell. 
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The tube can be moved forward also by feed pressure or extru~ . 
sion pressure forcing the plastic wrapping material through a 
tube-forming die or extrusion nozzle. If. desired, propelling 

I ‘means can be provided externally of the tube to assistin this 
forward movement. 

If necessary, due to the pressure of the explosivelandthe 
softness of the tube or shell, the explosive-?lled tubeor shell‘ 
can be con?ned or restrained within an enclosure of like 
dimensions, which ‘tends not only to ‘support the ?lled soft and 

,pliable shell or tube, but also to retain the explosive 
' therewithin, and prevent distortion of the column of explosive 
under pressure. Preferably, the explosive‘is brought to acast 
or virtually solidi?ed condition as rapidly as possible after it 
contacts the soft and pliable wrapper material. 

After completion of the ?lled, tube or shell, the explosive 
column therewithin is desirably subjected to compressive 
stress in situ, so as to crack or pulverize the column, and 
render it discontinuous within the tube. At the same time, 

" because the column is held within .the tube, the cracked or 
pulverized particles of explosive are prevented from signi? 
cant displacement‘, relative to each other, andthus retain the 
form of a cast column, as originally formed. The cracking is 
sufficiently thorough to reduce the particles to a small size, of 

I which at least 50 percent'are less than one thirty-second inch 
in'diameter, and preferably approximates a crushing opera 
tion, as a result of which at least SOpercent pass through a 35 
mesh screen and at least 25percent' through a 120 mesh 
screen. All of the particles, of course, have a diameter ap 

> preciably less than the diameter of the fuse. The cracking or 
pulverizing, as previously indicated, renders the fuse 'more 
flexible, and ensures the development of maximum sensitivity. 
As a result of this cracking operation, the fuse will transmit a 
detonatin‘g wave from one end to the other. 
‘ After cracking or crushing, the fuse is complete. Any 
desired length of fuse can be obtained by measuring and 
cutting off an appropriate length of the tube. 

If desired, and preferably, if fuse or cord of rather small 
diameter is to‘ be prepared, the tube is formed and ?lled at a 
larger'diameter, and is then reduced in diameter‘by a swaging 
operation after the explosive is partially or completely 
hardened. This not only reduces it in diameter, but at the same 
time cracks the column, and reduces it toa pulverulent, con 
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?ned condition. This-~ yalsoipcain considerably :increase degree of con?nement, and‘ the density. ‘ I 

In accordance with the inventionfapparatzusalso is provided 
for the continuous formation of explosivejuse pr‘cotd, which 
comprises, in combination, meanslfor‘iformjngg tubeotsh‘ell 
in a continuous elongated column,__r"ne'a_ns, forh'forminganex 
plosive composition into a continuouselbngated column, 
means for feeding‘the column ofexplosivecomposition into‘ 
the interior of the tube or shell, preferably,while either thej'ex 
plosive or the tube; orrboth, aresoft and plyiablg-fnie'ans'for ap 
plying to ‘the explosive column a sufficient driving lforeett'o 
completely ‘till the tube with explosive to »-a.i.stib_s__tantially 
uniform density,substantially free from gas-?lled voidgqneans 
for supporting and retaining the explosivey?il‘ed continuous 
column of tube or shell, to control the diameter and configura 
tion of the wrappedexplosive fuse-until the tubeanditheren 
plosive column have become‘aself-supporting, and, optionally, 
means for‘ cracking the columnar explosive‘in situ within the 
tube to introduce discontinuity into‘ the column, and increase 
‘sensitivity. 1 ‘ 

In a preferred. embodiment of the apparatus of the inven 
tion, means is providednfon swaging'the partially pr‘full‘y 
hardened packaged columnar explosive to'a small diameter; at 
the sametime cracking orpulveriz'ingithe explosive to. in 
troduce discontinuity into the column, andincrease sensitivi 
ty. Because the swaging=operation also reduces the diameter _ ‘ 
of the fuse orcord, the con?nement ofthe explosive can beiin- , 
creased‘considerably, increasingsensitivity. lt is‘also possible 
to control the: diameter and the con?guration‘. of .thecord ‘ 
better, since any possible variation'inwdiaméter of the'explo 
sive during the‘extrusion can‘be compensated'for during'the ‘ 
swaging, because the diameter of the'continu'ous length o?ex- , ‘ 
plosive is r'educed'at this stage; The swaging operation has-the 
further advantage that! it makes it’possibleto'form‘ andi’fill‘a _ 
larger diameter tube in the?rst instance,‘reducin_g-, this ‘tubeto 
a diameter more suitable for detonati'ng or de?agrating (use or 
cord during the swaging. This makeslit possible to increase the , 
output, since it is ,moreidif?cult to ?llfa‘small tube'thari a'largev 
one. ‘ 

tions of all types..ltj is of particular'application to'iextirudable 
explosives or cast explosives, which can be extruded or ?lled 

The process of the invention is applicable to detonating fuse - _ 
high explosive and de?agrating fuse low explosive composi- _ 

in semisolid or liquid form, and which can harden toforml a . 
solid in situ in the-wrapper. If it be ‘brought to a solid'state in 
the form of a column .prior to or shortly ‘after contact (with the 
wrapping material,..it can in the hardened condition act' as av ,. 1 
motiveforce to aid in drawing'forward with it the tube of 
wrapping material from the tube-forming‘operation. 
The usual detonating and deflagrating explosives "can be A‘ ‘ 

modi?ed to improve ‘flowabilit‘y or "fluidity by'the addition of 
plasticizingv or softening additives, and additives also can be 
added‘to harden an otherwise too soft explosive‘ composition 
that is'not readily cracked or broken up, in reduction'of- the "i 
cast or hardened material ‘tosmaller particle size. > , i ‘_ _ ‘M 

When a molten ?lling is used,‘-or when'the column of explo~ 3' 
siveis under sufficient feed, pressure, and the tubular wrapper 
is under constraint, consolidation of the‘ explosive composi 
tion within the tube to a uniformdensi‘ty of explosive. is en 
sured. Thus, itis possible to avoid'the' accidental ‘formation 
within'the .fuse tube of partially filled areas‘, or of voids or open‘ ‘i' 
areas, in which the explosive composition is at a lower density, -i-' 
or is completely missing, with disastrous‘ effects upon propaga- a 
tion of the detonating wave or deflagratioii beyond that-‘point. 
This also ensures that the‘explosive composition will more or ‘ 
less completely ?ll the tube, and, being tightly heldltherein, ‘ 
will be kept in a columnar form by the, tube after ‘cracking. 
This ensures close juxtaposition of the explosive particles in 
the cracked product, which makes ,it possible for‘th‘e detonat 
ing wave or de?agration to travel along the fuse at aihigh 
velocity. As a result, the detonating velocity of Pentolitein the 
detonating fuse prepared inaccordance'with the invention has ' 
exceeded a velocity of 6200 to“ 6500 meters per second.‘ 
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in order to ensure uniformity of an extruded column of 
semisolid or thixotropic explosive in the tube, it is necessary 
that the tube be under constraint from the time it is ?lled with 
explosive until both tube and explosive are sufficiently hard to 
form a self-supporting composite. The pressure necessary to 
achieve this can be applied to the tube package by any of 
several means. The tube can be constrained within a con?ning 
tubular guide. The tube also can be retained between vanes or 
guides, or a series of circular rolling surfaces, which can be 
driven to aid in the forward movement of the tube. 
in order to render the explosive ?lled tube self-supporting 

as rapidly as possible, while it is under constraint, it is cooled 
and/or freed from any solvent as rapidly as possible. This can 
be done by enclosing the supported tube in a cooling and/or 
drying chamber or jacket. ' 

In one embodiment, the explosive ?lled tube is constrained 
within and passed through a porous" tube having an interior 
diameter substantially the same as the outside diameter of the 
tube. A jacket is provided around the ‘porous tube, and pres 
surized cooling ?uid is circulated . through the jacket. This 
?uid permeates through the pores of the con?ning housing, 
and thereby directly contacts the exterior of the tube. This in 
turn achieves rapid cooling of the tube and its explosive con 
tents, at the same time provides a lubrication effect, whereby 
the tube passes through the tube with little or no friction. In 
this particular embodiment of the invention, the tube and the 
explosive composition are con?ned under both mechanical 
and ?uid pressure, the mechanical pressure being exerted by 
the porous housing, and the ?uid pressure by the cooling ?uid, 
as both contact the tube. v ‘ 

For the cooling ?uid various gases such as air, carbon diox 
ide, helium, nitrogen, etc. can be used. Also, ?owable liquid 
cooling mediums can be used, such as wt water, bn'nes and 
other conventional cooling liquids. The cooling ?uid, either 
gaseous or liquid, is continuously passed through a heat 
exchanger outside the jacket, in order to remove the heat that 
is taken up by the ?uid from the tube. 
The entire tube can be coated with a surfacing material, if 

desired, to add greater strength and rigidity to the fuse, and 
this coating material will at the same time cover over and seal 
any breaks or holes in the tube. Thus, for example, the tube‘ 
can be coated by application of a plastic coating or wax 
through spraying or brushing of the wrapper, or by application 
of kissing rolls, or by passing the fuse over a continuous sur 
face or film of the-bonding material. Such coatings can im 
prove rigidity, and add protection from weather and abrasion. 
Any type of thermoplastic or solvent-soluble wrapping 

material can be employed, including, for example, 
polyethylene, polypropylene, polyvinyl chloride, copolymers 
of vinyl chloride and vinyl acetate, cellulose 
acetatepropionate, cellulose acetate, and copolymers of vinyl 
chloride and vinylidene chloride. Extrudable plastic materials 
.are particularly useful in the formation of extruded tubes in 
continuous lengths. . 

‘ The thennoplastic wrapping material can be formed into a 
continuous tube or shell in any desired manner. A pulverulent 
material can be extruded under heat and pressure while soft or 
molten into the tubular shape. Solutions of a solvent soluble 
material can be spun in the tubular shape, and the solvent 
rapidly evaporated to form the tube or shell. Other methods 
will be apparent to those skilled in the plasticv tube-forming 

Cracking of the cast or hardened explosive is effected after 
?lling and solidifying are completed. For this purpose, the fuse 
can be passed between crushing rollers, which subject the tube 
and its contents to compressive stress, suf?cient to crack the 
column into small particles, of the order of one thirty-second 
inch in diameter,_and preferably, to a ?nely divided condition. 
The pressure is not critical, but will be no greater than 
required to crack, because of the possibility of detonation at 
excessive pressures. Thus, the cracking pressure limit is 
established by detonation pressure, and is usually below about 
60 p.s.i. Cracking results in a small increase in volume, due to 

20 

6 
the spaces introduced between the particles by the cracks, 
even when the particles are not appreciably displaced with 
each other. However, most cast explosives shrink slightly on 
solidifying, due to the decrease in volume upon cooling, and 
these two factors usually result in a cracked fuse which is sub 
stantially unchanged in volume from the original fuse, due to 
the compensating effect of the two opposing tendencies. 

If the fuse is distorted in shape, due to the cracking opera 
tion, it can be passed between forming rolls or through a form 
ing die, so as to restore it to the desired shape, such as a round 
configuration. 
A combined cracking and size-reduction operation, or 

swaging, is particularly advantageous. Swaging can be effected 
when the explosive has completely or partially solidi?ed. Any 
type of swaging equipment can be used, such as a low friction 
Te?on, Te?on-coated or metal sizing die or rollers. The swag 
ing system can be combined with cooling means for hardening 
the explosive ?lled tube immediately after ?lling, so as to sup 
port the ?lled tube until it is self-supporting, and reduce its 
diameter to a unifonn smaller diameter, cracking the explo 
sive column at the same time. The surfaces in contact with the 

a tube should be low friction, since the tube may be soft, and 
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somewhat sticky. 
The swaging equipment used in Cordeau fuse manufacture 

is useful. Such equipment draws the ?lled tube, thus reducing 
its diameter, while cracking the columnar explosive. An array 
of rapidly moving hammers which beat the tube uniformly 
about its entire circumference can be used, and the tube can 
be merely reduced in diameter, or also changed in cross sec 
tion from a round tube to an elliptical or ?attened tube or rib 

bon. 
in the preparation of detonating fuse, the process is applica 

ble to detonating fuse explosives of any type. Preferred explo 
sives are those which can be molten and then cast, such as, 
Pentolite (a mixture of equal parts by weight of pen 
taerythritol tetranitrate and trinitrotoluene), trinitrotoluene, 
the amatols (combinations of ' ammonium nitrate and 
trinitrotoluene), the sodatols (combinations of sodium nitrate 
and trinitrotoluene), Composition B (a mixture of up to 
60percent RDX, up to 40percent 'TNT, and l to 4percent 
wax), Cyclonite (RDX or cyclotrimethylenetrinitramine), 
tetryl, Cyclotol (Composition B without the wax) mixtures of 
Aluminum and TNT and combinations of these. 
The process is also applicable to de?agrating low explosives 

of any type, such as black powder, smokeless powder, gun 
powder, and mixtures of these. 

Cast explosives are best ?lled in the following manner. They 
are ?rst brought in the molten condition, and then delivered 
into the center of the tube shortly after it is formed, and 
preferably while it is still soft and pliable. The explosive can be 
delivered to the tube by a gravity feed or can be passed into 
the tube from an extruder under pressure, or fed by a peristal~ 
tic pump. Excellent results can be achieved with use of a 
peristaltic pump whereby the explosive composition is ?owed 
through a ?exible tube which is sequentially compressed by 
rollers so that there is no direct contact between the explosive 
composition and the pump parts. Also useful are a hydraulic 
ram, or gas pressure over the reservoir of explosive. In each 
case, this is done under conditions such that it can harden into 
a solid or semisolid not necessarily ?nally hardened cast con 
dition, shortly after being brought into the interior of the tube 
of wrapping material. In the solid or semisolid condition, it can 
be used as a motive force to aid in drawing the tube forward, 
and ?lling the tube, and pressure can be applied thereto by the 
?uid explosive being fed to the tube, so as to push the 
solidi?ed explosive column forward for this purpose. Solidi? 
cation to this extent requires careful control of temperature at 
the point of contact between the explosive and the wrapper, 
but thisis readily achieved by conventional equipment, such 
as by an extrusion nozzle provided with a temperature control 
jacket. 
The invention also is applicable to explosive materials that 

can be brought into a semisolid condition for the purpose of 
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‘ extrusion, and ‘then become hard upon curing orqaging, or 
, ‘heating,'10r Cooling, according to the explosive composition. 

- ’ Such explosives are readily extruded inthe‘semisolidcondi 
tion, and in this condition pressure can applied theretoso 
as-to ?ll the tube completely, and also provide a motive force 
for drawing the tube forward and completely‘?lling the 
package, and they can be allowed to harden either before or 

‘ after the fuse package has been‘ formed, but before cracking 
'or crushing. ' g - . 

Explosives ‘of this type to which the invention is applicable 
include combinations of nitrostarch and nitrocellulose with 
gelatinizing orv plasticizing agents, such as nitroglycol, 
dinitrotoluene, and trimethylolethanetrinitrate,combinations 
of ‘tetranitrodiglycerine with nitrocellulose, andcombinations 
of nitromannite and trimethylolethanetrinitrate 

. deflag’ratingl explosive compositions andformii'lg theic‘oritinul“ 

"15 
Various additives can be incorporated in the detonating or de?agra'ting explosive composition, either to improve to‘ or to. 

hardness. Trimethylolethanetrinitrate and 
dinitrotoluene are good hardness-reducing ‘additives, which 
will improve lubricity during extrusion, and indeed, any liquid ' 
explosive will serve this purpose. Onlysmall amounts are‘ 
usually required, of the order of from 07.5 to about 20percent 
by weight of the explosive composition. , * i 

It is generally preferable that the detonating or deflagrating 
low explosive have a softening’ point above thetemperatures , 
to which the fuse may be subjected during storage and use. 

20 

25 

Usual use conditions will require that the explosive have a sof- ; - 
t'ening point of at least 120' F ., and preferably above'l50f’ F. 

_‘.There is no upper limit on softening point, except‘as maybe 
' dictated by the ?lling or extrusion conditions and equipment 
that may be available for preparing the fuse,‘ in bringing the 
explosive composition intothe necessary molten or semisolid 
condition required for forming and ?lling the tube. 

It is also possible‘ to‘apply the process to the formation'of ’ 
detonating or de?agrating fuse using v)detonating or de?agrat 
ingexplosive powders as the ?ller material. These are,~how-' 

. ever, more ‘difficult to process, and accordingly the use of ex 
plosives which can be made molten or semisolid for ?lling or 
?lling and wrapping are preferred. ‘ " > ' 

When‘ the'explosive composition itself serves a motive 
force for pushing the ?lled tube forward, the column of explo-‘i, l‘: r 

, sive will move forward,.-drawing the tube of wrapping material > 
with it, only when explosive'material is being‘pushed forward. 

’ lWhere there is an air pocket in the interior of ‘the mass of ex 
plosive, there is no explosive mass to apply the necessary mo 

. _; tive force, and hence there is no further movement of the ex-v 
truded explosive until the air pocket has been eliminated. ’ ' 
The ?nished detonating fuse or de?agrating fuse‘ can’ be 

disposed of in any manner known to the art. Very long‘ and 
‘continuous lengths of fuse can be stored by winding ‘the ‘fuse 

\ on a spool or roll. The fuse may be packaged to-any desired 
length by cutting it off either automatically or manually at the 
desired length. The exposed ‘ends can be protected or closed 
off by spraying, dippin'g;‘applying caps, or other well'known' 
packaging methods. It is also possible .to improve the‘ strength .7 
of the outer coveringby means of gluing, spraying, coating or 
continuous dipping. All'such procedures are well known'to 
those skilled in the explosives and packaging arts. 1, t 
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the ‘invention,designedfonds?~ castable detoil‘ating' 
ous tube of wrapping'material ‘fror‘n‘j'an extrudable ther 
moplastic resin such as for‘exampl polyvinyl; chloride’ ‘or 
polyethylene. ~ ' i t Y ' Y I i" " Q I ' 5.5’ 

The apparatus shown in FIG .~l tb 3eorriprisefs‘an'extruder 
1 equipped with an extrusiorierioizle 4 from‘whichtheidetonab 
ing or de?agrating explosive composition emerges-irr-akentisé 
'olid condition in‘ thefor-rn'ofarfextruded column 2;,Explosiyc 

in this way are, fo'riexa'm compositions'whi'chjcanbe extr‘tid fd ' 

"nd-nitmstai'clbbt amis ple, a‘combinationofjdinitro‘tdliie 
ture of riitroceIluIQsQ-PnitrogIyéeririe ‘arid "nitroglycol. 'Posi-f 
tioned at a point'a shortdis‘tance-‘frorhlthe ‘extruder is‘ aiheated 
hopper 3, from which molten thermoplastic resin= material 
such as polyethylene is fed to a jacket tube 5 surrounding the 
nozzle 4. The jacket‘ is heated by a heating means‘, such-as an 
electric coil ‘or a heating fluid'('not shown); The plastic ?ows 
along the nozzle 4, via ‘the annula?space' surrounding ‘the Jnoz~ 
.zle, which is about one \thirtyésecond inch wide, and thereby is 

- formed into the tubegi‘vhich by the timelit-reaches the tip 11 of v 
the extrusion nozzle; is sufficiently harditol'retain its shape but W 
is still soft and pliable,‘- and is ?ll'e'd with‘explosive in colurn- _" 

narform.v > g I Surrounding the ?lled‘tube 7, beyond the nobJeYtip l 

lated via pipe 9,‘ to cool-'th'e extruded column of explosive 2 
and the tube 7 to a solidifying temperaturei‘bringing, both into 

7 a hard, solid condition; Thé‘jaeket is sufficiently long to assure ' _ 
completion of solidi?cation‘, beforet- vthe ‘ ‘filled - tube, Jriow, a 
detonating or de?agrating fuse..l_3, emerges from the" jacket, 
while supported therein'by. rolls {4, at‘the travel speed‘ of the _ . 
fuse lhi?ugh the system; . . . 

A pair of carrying belts’45 are‘ provided.- to supportthe fuse. , 
Just afterit contacts the belts 45, the fuse'passe's'into the’ad~ - 
justable bite of a pair'of cracking or crushing rollers ‘604 and 

I 61, and then‘ intothe adjustable‘ bite ‘ofta second pair 'oficrush 

‘ emerging from the system. _ g , ‘ , .. . g 

in operation, detonatr'ng or de?agrating explosive composi- ‘ g . 

ing rollers 6263, which grip the fuse at the topjand bottom, in_ r ’ 
sequence. to ensure thorough cracking, and even crushing, if ‘ 
desired, depending on Ithev width- of the 'ga'p‘between the‘ rol 
lers, ‘of the solid explosiye column within the tube'The 
‘second set of rollers 62, 63 can alternatively be arranged to 
grip the‘fuse at the sides, ifdesired'.j_ ‘ " -' ’ ' ~‘» ‘ i ‘ ‘7 

. Finally, a‘ storage roll 50 ‘receives fand’winds rain. it... is 

tion 2 in‘a semisolid "condition is passed: through the extruder 
‘ l'_.“The plastic material in hopper 3f~isf fed by gravity‘toand 

50 - through the annular space: 6 in jacket 5, where it is formedinto atube 7 surrounding the exterior of the extruder nozzle 4; and . ‘ 
' feeds forward under gravity pressure along the outside of the 

55. 

extruder ‘nozzle 4 over the end thereo?-at‘fwhich point. it 
comesinto contact with the semisolid‘ extruded'c'olumn ‘2 of 
detonating or de?agrating explosivef‘cornposition emerging 
“from the extruder nozzle 4. The ‘explosive'fcomposition con 
tactsand draws‘ the soft but now shape-retaining tube 7 of 

' v ' wrapping material with it, as it emergesjfromp‘t'he extrudenand 
v this is continuously replaced by g'r'avityi‘feed-of explosive from 

6.0 
' FIG. 1 is aitop plan view of a continuous tube‘andexplosive ’ 
extrusion apparatus for carrying out'the invention, designed f 
for use with castable detonating or deflagrating explosive 
compositions; ’. ‘ v ‘ 

FIG 2 is a cross-sectional view on‘an enlarged scale' of the 
apparatus to ‘the F IG. 1, taken along the'line 2-2; > ‘ 

65 

‘ FIG. 3 is a view on‘an enlarged scale, and partly‘in section, V 
or the explosive ?lled tube ‘cooling and ‘hardening and‘ 
cracking portions of the apparatus of F IG. "I, viewed from the 
back-L; '7 » ‘ 

"ElG. 4 is-a "view of another embodiment'of apparatus, 
adapted to swage the cast detonating or de?agratin'g. fuse into 7 

g a smaller diameter crushed fuse; 

FIG. 5 is;a- side view, partially in section‘, of a continuous 
~ tube-forming. explosive extruding apparatus forcarrying out . 

emerges from rthe system fin > 

packaged assuchwj w t. A’ 3 . 1 g “ , ' “ V~ _ 

in £10.74 is adapted for‘ use or pow- I 
dered detonating or deflagrating explosive, and swages ‘the ex- ' ‘ 

hopper 3. Simultaneously the filled tube 7 is ‘carried forward 
‘within the cooling jacket 8 whilesupported on rolls l4 and 
thus can retain the detonating or.‘ de?ag‘ratingtexplosive com 
position ‘therein without distortion‘. As the tubeialtd the‘e’XpIO-I ‘ 

" ' sive are solidi?ed and hardened with in cooling jacketi'8,lit \ , 
becomes‘unnecessary to provide external support'fbr support 
irig the‘tube tagainsttheweight of explosiY¢_. andthecast 
column and tube are carriedon'rolls l4 to‘the ‘point of applii i’ i ‘ 
'cation‘of crackinigfpressureflihe ?nished} cast ‘colum‘ri‘of ex'-_ ' 

r . plosive ‘within the ‘tube is, then cracked, or crushed’ injsitu 
7.0 between the rolls ‘61,62 and 63V, andithe. finished fuse l3 

which can‘ be woundiup' on the age ‘roll 50 ‘as shown,’ vand 

The apparatus shown 

r is} 1 :7 
cooling jacket 8. through which water or cooling ?uid is circm I 

exible continuous; Ieiig'th, . 
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plosive ?lled tube to a smaller diameter cord, while at the 
same time pulverizing the cast explosive therewithin. The ex 
plosive in powdered form 15 is fed into the hopper 17, which 
is heated to a temperature at which the explosive powder 
melts into a viscous ?uid, which is then fed by the screw loader 
19 through the feed ‘nozzle 21, which is also heated to main 
tain the explosive in ?uid condition, and emerges into the ex 
trusion nozzle 4, which shapes it into columnar form. A 
hopper 3 feeds powdered plastic material, such as 
polyethylene or polyvinyl chloride, into the annular space 6 
between heating jacket 5 and the nozzle 4. The jacket 5 is kept 
at a temperature sufficient to fuse the plastic to form a soft 
shape retaining tube 7. Beyond jacket 5, the tube 7 enters the 
atmosphere, where it is rapidly cooled and becomes self-sup 
porting. 
The nozzle 4 extends well into the tube 7, and at its end 11 

feeds molten explosive into the now self-supporting tube 7 at a 
rate sufficient to completely ?ll the tube with explosive. Since 
the tube is still soft, it is supported on rollers 14 from the end 
of the nozzle into and through the cooling jacket 8, into which 
it then passes. A cooling ?uid such as water is circulated 
through the jacket via pipes 9 at a temperature suf?cient to 
solidify the molten explosive in the course of its passage 
through the jacket. Usually a temperature of from 10 to 20° C. 
below the softening temperature of the explosive is adequate 
to ensure complete solidi?cation of the explosive into a cast 
solid form by the time the tube emerges from the cooling 
jacket. 
The tube then passes into the bite of a swaging die 70, in 

which its‘ diameter is reduced by one-fourth, thus cracking or 
crushing the cast explosive into pulverulent form. The swaging 
die has porous walls through which a lubricant is circulated via 
pipes 72, 73 to facilitate passage of the tube therethrough, 
without generation of excessive heat. The fuse 13 then is 
rolled up on a storage roll 50, as in FIGS. 1 to 3. 

i In operation, the molten explosive 15 is fed at the required 
rate to completely ?ll the tube 7, fed to it over the outside of 
the nozzle 4. The feeding pressure is sufficient to ensure that 
the force fed molten explosive will provide the sole motive 
force for carrying the tube forward through the system, thus 
making possible consolidation of the explosive within the 
tube, and the elimination of any air pockets. 

in the case of a mixture of pentaerythritol tetranitrate and 
trinitrotoluene, such as Pentolite, the operating temperature 
in the explosives hopper 17 is approximately 90° C. and this 
temperature is maintained through the ?rst portion of the ex 
trusion nozzle 4. Thereafter, the apparatus is open to at 
mospheric temperature, and some cooling is effected. By the 
time the explosive has reached the heat‘cooling jacket 8, it is 
in a semisolid condition, virtually ready to solidify, and the 
temperature is within the range from 85 to 77° C. The cooling 
jacket is maintained at 60° C., and this quickly brings the tem 
perature of the explosive to below 76° C., whereupon it solidi 
?es in cast form, and can then be swaged, and the explosive 
cracked or crushed in the bite of the swaging die 70. The 
?nished fuse 13 is then wound upon roll 50. 
The apparatus shown in FIG. 5 comprises an extruder 10 

having an extrusion barrel 12, an extrusion nozzle 24, a screw 
impeller 14, driven by motor 16, and a heating jacket 18 
through which a supply of heating ?uid can be circulated, or 
which can be heated electrically for applying heat to the in 
terior of the extrusion barrel 12. A hopper 20 holds a supply of 
particles of thermoplastic synthetic resin 22, for example, 
granular polyvinyl chloride homopolymer. These particles are 
discharged by gravity continuously into the back end of the 
extruder barrel l2. Directly forward of the hopper 20, the bar 
rel 12 is enclosed within the heating jacket 18, so as to melt 
the plastic particles. The screw impeller 14 disposed in the 
center of the extruder barrel 12 carries the particles forward 
through the barrel to the extrusion nozzle 24. 

Disposed concentrically within the nozzle 24 is an explo 
sives feed tube 36, the outer wall of which de?nes a narrow 
annulus 25 between the inside wall of the nozzle 24. The mol 

l0 

15 

20 

25 

30 

35 

40 

45 

60 

65 

75 

10 
ten plastic is constrained within the annulus, and thereby 
shaped into a tube 26, which is continuously pushed forward 
under the pressure of the extruder impeller 14 through this an 
nular space 25. g 

A jacketed supply tank or reservoir 28 holds v‘a supplytof 
molten castable de?agrating or detonating explosive composi 
tion 30. A ?exible tube 32 extends from an opening in the 
lower portion of the reservoir to a connection‘ with the vhollow 
tube 36 within the nozzle of the extruder on the other side of 
the peristaltic pump 38. The. tube ‘32 is enclosed within 
windings of electrical heating tape 34, which ‘serve to maintain 
the temperature of the explosive passing within the tube 32. 
The explosives feed tube 36 enters the extrusion nozzle 24 at 
one side of the tapered nozzle portion, and terminates at the 
other end of noule 24, opening into the interior 27 of the 
plastic tube 26 formed in the annular space 25. ‘ , 
The peristaltic pump 38 provided near the end of the ?exi 

ble tube 32 has a plurality of rollers 40, three in number as 
shown, which successively squeeze the tube 32, to cause a 
pumping movement of the explosive composition 30, thrusting 
it along the tube 32 into and through the tube 36 into the in 
terior of plastic tube 26. 
The walls of the tube 25 can be made of any suitable materi 

al. If desired, the walls can be made of a low thermoconduc 
tivity material, which prevents substantial transmission of heat 
between the molten plastic material in the annular space 25 
and the explosive composition 30 which is passing through the 
tube 36. In this case, the wall of the tube 25 can be made of a 
laminate having an interior ?rst layer of nickel-chromium, a 
next layer of sulfur, a next layer of graphite, and a ?nal layer 
of nickel-chromium. Such an insulated passageway decreases 
the rate of transmission of heat between the plastic material 
26 and the explosive material 30, and thus makes it easier to 
maintain these compositions at different temperature levels. 
‘Alternatively, the tube 25 can be made of a heat-conducting 

material, such as any suitable metal, for instance, stainless 
steel or a stainless alloy. Such a wall tends to reduce any dif 
ference in temperature between the plastic material and the 
explosive material before they actually come into contact at 
the end of the tube 25, and this makes it easier to control the 
sizing of the extruding detonating or de?agrating fuse. 
The tube 25 terminates at the end of the nozzle 24. The noz 

zle end is attached to and opens into a porous supporting tube 
44, enclosed within a cooling jacket 46, thus constituting a 
cooling zone, indicated generally by the numeral 42. The sup 
porting tube 44 can be porous, as shown in the drawing, but it 
need not be, and can in fact be any good heat-conducting 
material to which the plastic material of the wrapper does not 
adhere i.e., a material presenting a low friction or frictionless 
surface to the plastic tube. The tube 44 as shown is made of a 
porous material composed of discrete metal particles which 
are sintered together with a large number of voids and pores 
therebetween, permitting fluid to circulate through the 
material 44. A tube made of porous metal bearing material for 
instance is quite satisfactory. The tube 44 constrains the tube 
to the inner diameter of the tube 44, and resists expansion due 
to internal pressure exerted by the explosive upon the tubing 
wall, thus making it possible to retain the desired diameter in 
the tube 26, at the same time supporting the tube, and 
preventing distortion of the wrapped cord or fuse. 
A cooling ?uid can be circulated through the jacket 46 by 

means of lines 48 and 50 and pump 52. A heat exchanger 54 
between lines 48 and 50 permits the adjustment of the tem 
perature of the cooling ?uid. Since the cooling ?uid passes 
through the pores and voids of the tube 44, it can come into 
direct contact with the exterior surface of the plastic tube 26, 
thus facilitating the cooling, and at the same time lubricating 
the surface of the tube, so as to reduce friction as the tube 
passes along the porous tube 44. The length of the tube and 
the cooling capacity of the jacket are adjusted so that by the 
time the explosive-?lled tube emerges from the jacket, both 
explosive and tube are hard and self-supporting, requiring no 
further support by the tube 44. The ?nal product can be 
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cracked or crushed, as in FIGS. 1 to 3, or swaged, as in FIG. 4, 
and then wound on a spool or otherwise packaged and stored. 
It can also be cut into lengths, if desired. 

In operation, plastic particles 22 are continuously gravity 
. fed through the hopper 20 into the extrusion barrel I2, melted 
in the portion within jacket 8, and then out through the nozzle 
24. via the annular space 25, where it is formed in the shape of 
a hollow tube 26. Explosive of a detonating or de?agrating 
type is continuously drawn through the tube 32 from reservoir 
28 by the ‘peristaltic pump 40, and then fed through the tube 
36 into the hollow interior 27 of the plastic tube 26, while it is 
still soft and pliable. The forward movement of the explosive 
and the impelling movement of the impeller 14 force the tub 
ing 26 forward, and at the same time completely ?ll the hollow 
interior of the tubing with explosive 30, eliminating voids, and 
?lling the tubing to a substantially uniform density of explo 
sive. The filled tube then passes through the supporting tube 
44, where it gradually becomes hard, due to the cooling action 
of the cooling ?uid. At the same time the explosive 30 also 
solidi?es, so that by the time the tubing and explosive emerge 
from the support tube 44, these are both hard. 

If it is then necessary to crack the explosive, the tube can be 
passed into the bite of the two pairs of crushing rollers 60, 61, 
62, 63, over a carrying belt 45, as shown in FIGS. 1 to 3, or 
swaged, as in FIG. 4. Finally, a storage roll 50 receives and 
winds up the fuse l3 emerging from the system. 

i The following Examples in the opinion of the inventor 
represent preferred embodiments of the invention. 

EXAMPLE 1 

Using the apparatus shown in FIG. 4, a one-eighth inch 
detonating fuse in a polyvinyl chloride sheath or tube was 
prepared, using Pentolite (a 50-50 mixture of pentaerythritol 
tetranitrate and trinitrotoluene). The detonating explosive 
was fed at 95° C., and the tube polyvinyl chloride was fed at» 
150° C. to form a tube one-fourth inch in diameter, and cooled 
to 95° C. before contacting the explosive. The explosive 
solidi?ed in the jacket 8, which was held at 60° C. The ?lled 
tube was then swaged to a diameter of one-eighth inch, in the 
course of which the explosive was crushed. 
A 36 inch length of the fuse that was obtained was 

detonated with a No. 6 duPont blasting cap, butted against 
one end. Seventeen inches out of 36 inches were detonated. 
Another length of the same fuse was opened, and the 

crushed Pentolite subjected to screen analysis, with the fol— 
lowing results: 

Percent 
pentolit-e 

On 35 _____________________________ __ 34. 0 
On 60 _____________________________ __ 15. ,0 
On 80 _____________________________ __ 6. 1 
On 120 ____________________________ __ 7. 5 
On 230 ____________________________ __ 10. 9 
Through 230 _______________________ __ 26. 5 

A length of the fuse was removed before reaching the crush 
ing rolls, and detonation was attempted on the cast fuse. The’ 
fuse detonated only 6 inches out of 36 inches. The effective 
ness of the crushing in improving sensitivity is evident from 
this test. 

EXAMPLE 2 

A one-eighth inch detonating fuse was prepared using the 
apparatus of FIG. 4, and following the procedure of Example 
l, with Composition B as the detonating explosive. The 
:letonating explosive composition contained 60percent RDX, 
:yclotrimethylenetrinitramine, 39percent trinitrotoluene, and 
l percent wax. The hopper of explosive was held at 85° C., and 
the tube material was cooled to 85° C. before contacting the 
explosive. The explosive was cooled to solid cast condition in 
the jacket 8, held at 60° C. . 
A 36 inch length of the detonating fuse that was obtained 

was detonated with a No. 6 duPont blasting cap butted against 
we end. Eighteen inches out of 36 inches detonated. 
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12 
Another length of the detonating fuse was removed before 

passing through the crushing rollers, and then tested for 
detonating ability. The fuse detonated only 7 inches out of a 
16 inch length, thus evidencing the importance of crushing, in 
imparting the necessary sensitivity to the fuse. 
A lengthtof the crushed fuse was opened, and subjected to 

screen analysis, with the following results: 

Percent 
. composi 

‘ ‘ ’ tion B 

On 35 ___________ __- ________________ __ 28. 6 

On 60 _____________________________ _ _ 10. 6 

On 80 _____________________________ __ 4. 2 
On 120 ____________________ __, ______ __ ' 6. 4 

On 230 ____________________________ __ , 14. 7 

Through 230 _______________________ __ 35. 5 

The detonating fuses of Examples 1 and 2 were compared to 
Primacord for rate of detonation and cavitation in 'a'lead plate. 
The lead plate cavitation was determined by placing a length 
of detonating fuse or 50 grain Primacord core load with the 
reinforcement removed; only the black asphalt countering 
remaining on a lead plate. The length of cord was held in con 
tact with the plate by a strip of masking tape running its entire 
length. Initiation was by No. 6 duPont blasting cap. 

Rate of %” thick lead plate 
detonation cavitation, mm. 

uncon?ned, —_—-~—————-— 
Material , in.,’sec. Depth Width 

Example 1 (Pentolite) ______________ . _ 6, 641 _ 1. 91 5 
Example 2 (Composition B) ________ . _ 5, 522 2. 20 5 
Primacord- (Pentaerythn'tol tetra- . 6 5,60 
nitrate) ___________________________ _ . 

It is apparent that the Examples 1 and 2 fuses had a higher 
bristance than Primacord, and that Example I had a faster 
rate of detonation than did Primacord. ' 

EXAMPLE 3 
Using the apparatus of FIGS. 1 to 3, a one-eighth inch 

detonating fuse was prepared from Pentolite. The fuse that ‘ 
was obtained detonated 30 inches out of 30 inches, when in 
itiated by a duPont No. 6 blasting cap butted against tube end 
of the fuse. One the other hand, an uncrushed cast fuse, 
detonated only partially under the same conditions. 

EXAMPLE 4 

Using the apparatus of FIG. 5, a three-sixteenth inch 
de?agrating fuse is prepared from nitrocellulose, gelatinized 
by trimethylolethanetrinitrate. The fuse de?agrates well, and 
at a consistent rate, throughout its entire length. 

EXAMPLE 5 

Using the apparatus of FIG. 5, a one-eighth inch de?agrat 
ing fuse is prepared from a mixture of nitrostarch gelatinized 
by dinitrotoluene. The fuse detonates well and a constant rate 
throughout its entire length. ‘ 

Iclaim: 
1. A process for forming explosive fuse, which comprises 

forming from a softened and pliable wrapping material a 
seamless continuous tube of ?exible wrapping material, ?lling 
the tube with an explosive composition in a continuous solid 
column while at least one of the explosive and the tube is soft 
and pliable, and supporting and constraining the tube 
throughout substantially its entire exterior while both the ex 
plosive and the tube are soft and pliable to maintain the shape 
and diameter of the fuse until both the explosive and the tube 
are sufficiently hard so as to form a self-supporting composite 
which retains its shape and diameter and cracking the solid 
column of explosives within the tube to reduce it to a plurality 
of particles closely con?ned within the tube, and having an 
enhanced sensitivity due to their discontinuity. 
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2. A process in accordance with claim 1 in which the explo 
sive composition is ?lled into the tube in a semisolid condi 
tion, and is brought to a hardened solid condition prior to 
cracking. 

3. A process in accordance with claim 1 in which the explo 
sive is ?lled into the tube in a molten condition and is brought 
to a hardened solid condition prior to cracking. 

4. A process in accordance with claim 1 in which the explo 
sive is reduced during the cracking to particles of which at 
least 50 percent are less than one thirtyssecond inch in diame 
ter. 

5. A process in accordance with claim 1 in which the tube is 
also reduced in diameter when the explosive is cracked. 

6. A process in accordance with claim 1 in which the explo 
sive is a detonating explosive. 

7. A process in accordance with claim 1 in which the explo 
sive is a deilagrating low explosive. 

8. A process for fonning explosive fuse in accordance with 
claim 1 which comprises extruding a softened plastic flexible 
wrapper material in the form of a seamless continuous tube; 
extruding an explosive composition in the shape of a continu 
ous column, and ?lling the column into the tube; pushing the 
continuous explosive column forward under the pressure of 
explosive material, and pushing the tube forward under the 
pressure of plastic wrapper material, thereby pushing the tube 
and explosive columns forward together, an and substantially 
filling all of the voids in the tube with explosive during the for 
ward movement of the continuous explosive column: and sup 
porting and constraining the tube throughout substantially its 
entire exterior while both the explosive and the tube are soft 
and pliable in the desired con?guration until both the explo 
sive and the tube are sufficiently hard so as to form a self-sup 
porting composite which retains its shape and diameter. 

9. A process in accordance with claim 8 which includes 
swaging the tilled tube. 

10. A process in accordance with claim 8 in which the ex 
plosive composition is fed in a semisolid condition, and is 
brought to a hardened solid condition prior to crushing. 

11. A process in accordance with claim 8 in which the ex 
plosive is fed in a molten condition, and is brought to a 
hardened solid condition prior to crushing. 

12. A process for forming an explosive fuse in accordance 
with claim 1 which includes simultaneously cooling the com 
posite of the tube and explosive while supporting and con 
straining them so as to harden the composite into a self-sup 
porting position. 

13. A process in accordance with claim 12 in which the 
composite of the tube and explosive is cooled by applying a 
pressurized cooling ?uid to the exterior of the tube. 

14. Apparatus for the continuous formation of explosive 
5 fuse, which comprises, in combination, means for forming a 

softened and pliable plastic wrapping material into a seamless 
continuous tube; means for forming an explosive composition 
into a continuous elongated column; means for feeding the 
column into the tube and ?lling the tube therewith; means for 
imparting to the extruded explosive column and to the tube a 
su?icient driving force to push both forward together, and 
means for supporting and constraining the tube throughout its 
entire exterior while both the tube and the explosive are soft 
and pliable in the desired con?guration until both the explo 
sive and the tube are su?iciently hard so as to form a self-sup 
porting composite which retains its shape and diameter, and 
means for cracking the solid column of explosive in situ within 
the tube to introduce discontinuity into the column and in 
crease sensitivity. 

15. Apparatus in accordance with claim 14 in which the 
cracking means comprises means for swaging the explosive 
filled tube. 

16. Apparatus in accordance with claim 14 in which the 
means for applying constraint is a sizing die. 

17. Apparatus in accordance with claim 14 in which the 
means for applying constraint is a plurality of sizing rollers. 

18. Apparatus for the continuous formation of explosive 
fuse in accordance with claim 14 which comprises, in com 
bination, means for extruding a softened plastic wrapping 

30 material into a seamless continuous tube; means for extruding 
an explosive composition into a continuous elongated ?owa 
ble column; means for substantially completely ?lling the tube 
with the column while it is ?owable; means for bringing the ex 
plosive column to a hardened solid condition; and means for 

35 cracking the explosive column in situ within the tube after it is 
hardened to introduce discontinuity into the column and in 
crease sensitivity. 

19. Apparatus in accordance with claim 14 including means 
for cooling the composite of the tube and the explosive while 

40 the composite is constrained and support it so as to harden it 
until it is self-supporting. 

20. Apparatus in accordance with claim 19 in which said 
means for cooling the composite comprises a porous tube 
through the pores of which a cooling liquid is passed. 

21. Apparatus in accordance with claim 19 in which the 
cooling means comprises a cooling jacket positioned about the 
composite and through which a cooling ?uid is circulated. 
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