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United States Patent Office 3,209,650 
Patented (Oct. 5, 1965 

3,209,650 
GUN PERFORATOR AND EXPLOSIVE 

PROJECTLE THEREFOR 
Thomas A. Andrew, 222 Prospect St., 

s Newport Beach, Calif. 
Continuation of application Ser. No. 56,919, Sept. 19, 
1960. This application Apr. 30, 1963, Ser. No. 277,419 

5 Claims. (C. 89-1) 
This application is a continuation of my copending 

application Serial No. 56,919, filed September 19, 1960, 
now abandoned, entitled Gun Perforator and Explosive Projectile. Therefor. 

This invention deals generally with well equipment and 
particularly with improvements in so-called gun perfo 
ratorS. 
Gun perforators for perforating well casings and/or 

the earth formation about a well bore are well known in 
the prior art and comprise, briefly, a gun body which is 
lowered into a well bore by a cable or other suitable run 
ning-in string. The gun body embodies means for firing 
a plurality of projectiles through the well casing into the 
Surrounding earth formation to perforate the casing and 
formation and thereby promote drainage of fluid into the 
well bore. 
The most efficient gun perforators are those that estab 

lish the most effective drainage channels into the oil bear 
ing formation. It is well known to those acquainted with 
the art that the only present method of increasing efficiency 
in this regard is to penetrate the formation more deeply 
or to increase the diameter of the penetration. Either of 
these methods exposes more of the oil bearing formation 
to permit a faster or more efficient oil production process. 
In most cases, a steel liner or casing must be perforated 
before the formation is contacted while in certain other 
cases, such as where the earth formation is oil bearing 
limestone, etc., the steel casing is not required so that the 
formation may be entered immediately. In this regard, it 
is felt that the efficiency of the oil well formation penetra 
tion process would be greatly increased if the gun perfo 
rator projectiles were of a type that exploded after pene 
tration of the formation to form large drainage pockets. 
These cavities, being the center of zones of fractured for 
mation, would provide greatly increased areas of oil forma 
tion drainage to increase and make more efficient the oil 
production process. 
A general object of this invention is to provide an im 

proved gun perforator which fires explosive projectiles. 
A more specific object of the invention is to provide 

a gun perforator of the character described in which deto 
nation of the explosive charge in the projectiles is initiated 
by ignition of a fuse material in the projectile by the 
burning propellant gases which propel the projectile from 
the perforator gun and in which unique means are provided 
to delay ignition of the fuse material until the projectile 
has been propelled some distance through its barrel in 
the gun so as to attain maximum penetration of the pro 
jectile into the surrounding earth formation before deto 
nation of the projectile. 
Another object of the invention is to provide a gun 

perforator of the character described which can be equip 
ped with any of the well-known means for restraining pro 
jectile movement until the burning propellant gases that 
propel the projectile from the gun develop the predeter 
mined high pressure necessary to attain the high projectile 
velocities required for maximum penetration of the pro 
jectile into the surrounding earth formation. 
A further object of the invention is to provide an explo 

sive projectile for a gun perforator of the character de 
scribed. 
Yet a further object of the invention is to provide a 

gun perforator of the character described which is simple, 
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2 
relatively inexpensive, and otherwise ideally suited to its 
intended purposes. 

Other objects, advantages, and features of the invention 
will become readily apparent as the description proceeds. 

Briefly, these objects of the invention are attained by 
providing a gun perforator equipped, in the usual way, with 
a gun body which is adapted to be lowered into a well bore 
by means of a cable or other suitable running-in string. 
This gun body has a plurality of transversely extending, 
circumferentially and longitudinally spaced barrels to re 
ceive the projectiles to be fired. The barrels terminate at 
their inner ends in chambers to contain the propellent 
charges which propel the projectiles from the gun body. 
Various means are known to the prior art for confining 
the gases generated by the propellant charges after igni 
tion thereof and restraining the projectiles against move 
ment until the propellant gases develop the high pressure 
necessary to attain the high projectile velocities required 
for maximum penetration of the projectiles into the sur 
rounding earth formation. Any one of these gas confin 
ing and projectile restraining means may be employed in 
the present gun perforator. 
The actual improvements of the invention reside in a 

unique explosive projectile for use in the gun and a unique 
means for delaying explosion of the projectile until the 
latter has penetrated to a substantial depth in the earth 
formation surrounding the well bore. Briefly, the means 
for delaying explosion of the projectile comprise a fuse 
material in the projectile which is exposed through a rear 
opening in the projectile body for ignition by the burning 
propellant gases which propel the projectile from the gun 
body, and a flame propagation protective bore which re 
ceives the rear end of the projectile body containing the 
fuse ignition opening. . 
The arrangement is such that the fuse material in the 

projectile is not exposed to the burning propellent gases 
until the rear end of the projectile is withdrawn from its 
flame propagation protective bore. This, of course, occurs 
only after the projectile has been propelled some distance 
through its barrel. After withdrawal of the rear end of 
the projectile from its flame propagation protective bore, 
the fuse material in the projectile is ignited and continues 
to burn during penetration of the projectile into the Sur 
rounding earth formation. This burning fuse material 
eventually ignites an igniter in the projectile which, in 
turn, detonates the main explosive charge in the projectile 
after the latter has reached the end of its trajectory in the 
formation. 

In one form of the invention, the fuse ignition opening 
is provided directly in the main body of the projectile. 
In a second form of the invention, the fuse ignition open 
ing is in the rear end of a fuse tube which extends from the projectile body. 
The engagement of the rear end of the projectile in its 

flame propagation protective bore provides an initial delay 
in the final detonation of the main explosive charge in 
the projectile which allows the burning propellent gases 
to reach the high pressure necessary to attain the re 
quired high projectile velocity. The time required for 
withdrawal of the rear end of the projectile from its flame 
propagation protective bore provides a second delay in the 
final ignition of the explosive charge in the projectile 
during the which the latter travels some distance through 
its gun barrel and attains a high velocity. A final delay 
in the ignition of the main explosive charge in the projectile 
is furnished by the time required for the burning fuse 
material to proceed to the igniter and the time required 
for the latter to cause detonation of the main charge. 
Proper design of the flame propagation protective means 
and selection of a fuse material of the proper burning 
rate will assure sufficient delay for the projectile to pene 
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trate the Surrounding earth formation to an appreciable 
depth before explosion of the projectile. 
The invention will now be described in greater detail 

by reference to the attached drawings, wherein: 
FIG. 1 illustrates the present gun perforator in an opera 

tive position in a well bore; 
FIG. 2 is an enlarged section through one projectile 

firing mechanism of the gun perforator shown in FIG. 1 
showing the parts before firing; 
FIG. 3 is a view similar to FIG. 2 showing the parts 

after firing: 
FIG. 4 is a section taken along line 4-4 of FIG. 3; 
FIG. 5 is a section through one barrel of a modified 

gun perforator according to the invention showing the 
parts before firing; 

FIG. 6 is a view similar to FIG. 5 showing the parts 
after firing; 

F.G. 6a is a section through one barrel of another 
modified gun perforator according to the invention show 
ing the parts before firing; 

FIG. 7 is a section through one barrel of yet another 
gun perforator according to the invention showing the 
parts before firing; and 

FIG. 8 is a view similar to FIG. 7 showing the parts 
after firing. 

Reference is first made to FIG. 7 of these drawings 
in which the numeral 20 denotes a well bore in the earth. 
Extending into this well bore is a conventional well cas 
ing 22. The present gun perforator 24 is lowered into the 
casing 22, to a desired depth, by means of a cable 26 or 
other suitable running-in string. 
Gun perforator 24 comprises a metal, cylindrical gun 

body 28 having a plurality of transversely extending bar 
rels 30 spaced axially and circumferentially of the gun 
body. As will be presently more fully discussed, explosive 
projectiles of the present invention are fired from the 
barrels 30 through liner 22 into the surrounding earth 
formation 32 and explode at the end of their trajectory 
in the formation to form a series of enlarged drainage 
pockets 34 which communicate with the interior of the 
well casing 22 through passages 38 formed by the pro 
jectile. 

Reference is now made to FIGS. 2 and 3 which illus 
trate one barrel of the gun body 28 in FIG. 1. As shown 
in these latter figures, the barrel 30 comprises a hardened 
metal insert which is threaded into the gun body 28 and 
has a bore 49 which receives a projectile 42 of the present 
invention. The rear end of the bore 40 opens to a cham 
ber 44 which contains the propellent charge 46 for pro 
pelling the projectile 42 from its bore 40. This charge 
is ignited in any suitable manner through an ignition hole 
48 in the gun body 28. Propellent charge 46 is con 
tained between plastic end caps 58 which serve as con 
tainers for the propellant during forming, storage, and 
loading procedures. Seals 52 and 54 are provided for 
preventing leakage of gas from the chamber 44 past the 
gun barrel 30 as well as leakage of fluid in the well bore 
into the propellent chamber. In some cases, the bore 40 
in the gun barrel may be sealed by a rubber plug 56 
against which the hydrostatic pressure of the fluid in the 
well casing 22 acts. The inner end of this plug is shaped 
to receive the nose of the projectile 42 and is tightly 
wedged against the wall of the bore 40, to effectively seal 
the latter against leakage of well fluid into the propellent 
chamber, by the action of hydrostatic pressure forcing the 
plug between the nose of the projectile and the wall of 
the bore 40. 

In the form of the invention illustrated in FIGS. 2 and 
3, the explosive charge 46 and its end caps 50 are formed 
with central bores or holes through which the body of the 
projectile 42 extends. The rear end of the projectile 
body has a close fit within a flame propagation protective 
bore 58 in the rear wall of the propellant chamber 44. 
The nose 42a and the body 42b of the projectile are 

made in separate pieces which interfit, as shown, and are 
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4. 
rigidly joined in any suitable manner. Formed in the 
rear face of the projectile nose 42a is a chamber 60 con 
taining an igniter 62. Extending longitudinally through 
the body 42b of the projectile and opening at their for 
Ward ends into the igniter chamber 68 are a series of 
bores or chambers 64 containing a suitable high power 
explosive charge 66. The several chamber 64 are cir 
cumferentially spaced about the axis of the projectile, 
as may be best observed in FIG. 4. Extending axially 
through the body 42b of the projectile is a small bore 
or hole 68 containing a relatively slow burning fuse mate 
rial 70. The forward end of the fuse hole 68 opens 
to the igniter chamber 60. The rear end of the fuse hole 
68 opens through the rear face 72 of the projectile body 
42b to form a fuse ignition opening. 

In the form of the invention under discussion and in 
a later form of the invention shown in FIGS. 7 and 8, a 
Small clearance space, indicated at 73 in FIGS. 2 and 3, 
is provided between the periphery of the projectile and 
the wall of its gun bore 40. This establishes a gas flow 
path between the propellant chamber 44 and the gun 
bore 40 in advance of the projectile. As noted earlier, 
however, the projectile body 42b has a relatively close 
fit in the flame propagation protective bore 58 which 
restricts the flow of gases from the propellant chamber 
to the rear of the projectile. 
As a consequence, the gases created by the propellent 

charge 46 following the ignition thereof through the igni 
tion hole 48 are initially confined to a major degree in the 
propellant chamber so that the pressure in the chamber 
rises quite rapidly. On the other hand, the restricted flow 
of gases from the propellant chamber to the rear of the 
projectile results in a relatively slow development of the 
pressure acting on the rear of the projectile and tending 
to propel the later from the gun. Accordingly, an in 
terval of time (actually of exceedingly short duration) 
expires before the gas pressure acting on the rear of the 
projectile develops sufficiently to propel the latter through 
the bore 40. During this interval of time, some gas un 
der pressure passes through the clearance space 73 be 
tween the projectile 42 and the wall of its gun bore 40 
into the gunbore ahead of the projectile. This pressure in 
the gun bore tends to hold the projectile rearwardly 
against the gun body and thereby retain the rear end 
of the projectile in its flame propagation protective bore 
58. Also, the gas pressure in the gun bore ahead of the 
projectile exerts a force on the sealing plug 56 tending to 
expel the latter from the gun bore. Eventually, this gas 
pressure force equals and then exceeds the hydrostatic 
head of the well fluid acting on the outer end of the plug 
and tending to hold the latter in the gun bore. When 
this occurs, the gas pressure in the gun bore behind the 
plug blows the latter and well fluid out of the gun bore 
to clear the latter for Subsequent movement of the pro 
jectile therethrough. 
As just noted, the gas pressure in the propellant cham 

ber is developing to a high value and the gas pressure 
acting on the rear face of the projectile is developing to 
a value sufficient to commence propulsion of the pro 
jectile 42 forwardly through the gun bore during the in 
terval of time under discussion. 

Subsequent forward movement of the projectile through 
the gun bore, of course, results in withdrawal of the rear 
end of the projectile body from the flame propagation 
protective bore 58. Immediately upon withdrawal of the 
end of the projectile from the bore 58, the high gas pres 
sure then existing in the propellant chamber becomes ef 
fective to propel the projectile from the gun at an ex 
ceedingly high velocity. 
The clearance between the outer surface of the pro 

jectile body 42b and the wall of the flame propagation 
protective bore 58 is made large enough to permit gas 
leakage from the propellant chamber 44 to the rear of 
the projectile fitting in the bore, as discussed above, but 
sufficiently small to prevent flame propagation from the 
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burning gases in the propellant chamber to the rear of the 
projectile. While the rear end of the projectile is within 
the flame propagation protective bore, therefore, the 
rear, open end of the fuse hole 68 on the projectile is 
shielded against the flame of the burning propellent gases 
and the fuse material in the hole is not ignited. 
Upon withdrawal of the rear end of the projectile from 

the flame propagation protective bore during forward 
movement of the projectile through the barrel bore 40, the 
fuse material in the fuse ignition opening at the rear end 
of the fuse hole 68 is exposed to and ignited by the flame 
in the propellant chamber 44. The fuse material then 
continues to burn forwardly through the fuse hole 68 and 
toward the main explosive igniter 62 in the projectile dur 
ing travel of the projectile from the gun bore 40, through 
the well casing 22, into the surrounding earth formation 
32. The fuse material is selected to have a burning rate 
tht will allow the projectile to reach the end of its tra 
jectory in the earth formation before ignition of the pro 
jectile explosive igniter 62. Ignition of the igniter by 
the fuse material creates sufficient heat and pressure to 
detonate the main explosive charges 66 in the projectile. 

Detonation of the main explosive charges in the pro 
jectile explodes the latter to produce a drainage pocket 
34 in the earth formation, as already mentioned. AS 
noted in the discussion of FIG. 1, the gun body 28 is pro 
vided with several longitudinally and circumferentially 
spaced barrels identical to that just described from which 
several explosive projectiles 42 are fired through the Well 
casing 22 into the surrounding earth formation 32 to 
form a number of drainage pockets 34 for inducing flow 
of fluid from the formation to the interior of the well 
casing. This fluid is later pumped from the well casing 
to the surface. Explosion of the projectiles also frac 
tures the earth formation about each drainage pocket 
and the fragments of the projectiles penetrate the forma 
tion about each pocket to produce a myriad of fissures 
leading to each pocket which promote flow of liquid from 
the formation to the pockets. 

FIGS. 5 and 6 illustrate a modified gun perforator 
of the invention having an alternative prior art means to 
contain the propellent gases in the gun and restrain the 
projectile against movement until the gas pressure in the 
propellant chamber develops to the high value necessary 
to produce the high projectile velocity required for proper 
penetration of the projectile into the surrounding earth 
formation. These figures also illustrate an alternative 
means for delaying ignition of the fuse material in the 
projectile until the pressure in the propellant chamber 
becomes sufficient to propel the projectile from the gun. 
The gun perforator of these latter figures comprises, as 
before, a gun body 28 having a plurality of longitudinally 
and circumferentially spaced barrel inserts 30 (only one 
shown). Barrel 30 has a bore 40 which receives a modi 
fied projectile 100 and a propellant chamber 44 at the 
rear end of the bore 40. This chamber contains the pro 
pellent charge 102 which propels the projectile 100 from 
the gun body. 
The propellent charge 102 is substantially identical 

to the propellent charge in the previous form of the in 
vention and includes end caps 184 which serve as con 
tainers for the propellant during forming, storage, and 
loading procedures. As in the previous form of the in 
vention, gases are prevented from escaping from the pro 
pellant chamber 44 past the outside of the barrel 30, and 
fluid in the well bore is prevented from seeping into the 
propellant chamber past the outside of the barrel, by seal 
rings 52 and 54. In FGS. 5 and 6, fluid in the well bore 
is prevented from entering the gun bore 40 by a sealing 
disc 105 fitted in a counterbore 106 at the outer end of 
the barrel. If desired, of course, the bore 40 could be fur 
ther sealed by a rubber plug, as in the first form of the 
invention. 
The modified projectile 100 comprises a cylindrical 

body 100a and a separate nose 100b which are joined 
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6 
in any suitable way and contain, as before, a chamber 
108 containing an igniter 110, generally longitudinal 
bores or chambers 112 which open at their forward ends 
to the igniter chamber 508 and contain the main explo 
sive charges 114 in the projectile, and a fuse hole 116 
which extends axially through the projectile body 110a 
and opens at its forward end to the explosive igniter 
chamber 108. 
Thus far, therefore, the projectile 100 is identical to 

the projectile of the first form of the invention. The pro 
jectile 100 differs from the earlier projectile in that the 
rear end of the fuse hole 116 is counterbored at 118 and 
in this counterbore is tightly fitted a fuse tube 120 
which, in effect, forms the rear end of the projectile. 
The fuse tube has an axial hole 122 which, and the fuse 
hole 16 in the main projectile body 100a, contains the 
slow burning fuse material 124. As shown, the forward 
eud of the fuse hole 122 in the fuse tube 120 opens to 
the fuse hole i6 in the main projectile body and the 
rear end of the fuse hole 122 opens through the rear end 
of the fuse tube 120 to form a fuse ignition opening. 
The forward end of the propellant chamber 44 in the 

gun perforator of FIGS. 5 and 6 is elosed off from the 
bore 40 by a shear disc 126. This shear disc is located 
within a space which is provided in the modified casing 
perforating gun between the right-hand end cap 104 on 
the propellent charge 102 and the left-hand end face of 
the barrel 30. The shear disc, the propellent charge 102, 
and the end caps 104 thereon have coaxial holes 105’ 
through which the fuse tube 120 of the projectile loosely 
extends. The rear end of the fuse tube 120 projects 
rearwardly of the rear end cap 04 on the propellent 
charge into a flame propagation protective bore 28. 
When the projectile is properly inserted into the gun, the 
rear end face of the projectile body 108 seats against the 
front side of the shear disc 126. The rear end of the 
fuse tube 20 has a close fit in the flame propagation 
protective bore 128 which prevents the propagation of 
flame from the propellant chamber 44 to the ignition 
opening in the rear end of the fuse tube 120 when the 
latter is positioned in the bore. 
When the propellent charge 102 is ignited through 

the ignition hole 48 in the gun body 28, the gases gen 
erated are initially confined in the propellant chamber 
by the shear disc 126. The pressure in the chamber, 
therefore, rises rapidly. Propagation of flame from the 
propellant chamber to the rear ignition opening of the 
fuse tube 20 of the projectile is prevented by the close 
fit of the tube in its flame propagation protective bore 
28. 
Eventually, pressure in the propellant chamber 44 be 

comes sufficient to rupture the shear disc 126. The high 
gas pressure in the propellant chamber then acts on the 
rear face of the projectile body 100a and propels the 
projectile at a high velocity through the bore 40. Dur 
ing this travel of the projectile through the bore, the rear 
end of the fuse tube 20 is withdrawn from the flame 
propagation protective bore 128. The fuse material 24 
within the fuse tube, however, is not ignited until the 
ignition opening in the rear end of the tube is exposed to 
the flame in the propellant chamber 44 upon complete 
withdrawal of the tube from the bore 128. By this time, 
the projectile 100 has been propelled some distance 
through the bore 40 and has attained a high velocity. The 
fuse material continues to burn forwardly through the fuse 
tube and the fuse hole in the projectile body 100a toward 
the projectile explosive igniter 10, during travel of the 
projectile from the bore 40, through the well casing 22, 
into the surrounding earth formation 32. The fuse 
tube 120 is provided with such a length and the fuse 
material is selected to have a sufficiently slow burning 
rate as to permit the projectile to reach the end of its 
trajectory in the earth formation before the igniter 108 
is ignited by the burning fuse material to cause detona 
tion of the main explosive charges 112 in the projectile. 
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As before, detonation of these charges explodes the pro 
jectile to produce a drainage pocket in the earth for 
mation. 

FIG. 6a illustrates another shear disc arrangement in 
which the projectile 160 extends through a hole 85’ in 
the shear disc 26' and part way through the propellent 
charge 102'. The portion of the shear disc about the 
hole 105’ engages in an annular groove 126'a in the pro 
jectile body. The shear disc 26, therefore, is, in ef 
fect, keyed to the projectile and restrains the latter against 
movement until the pressure of the gas generated by the 
propellent charge (02, after ignition thereof, develops 
to the high value required to rupture the disc. The re 
mainder of the gun perforator and projectile of FIG. 6a 
is identical with that of FIGS. 5 and 6 so that no further 
discussion of the gun of FIG. 6a is deemed necessary. 

FIGS. 7 and 8 illustrate a modification of the invention 
which is actually a combination of the casing perforat 
ing gun arrangements of FIGS. 2 and 5. Thus, the gun 
of FIGS. 7 and 8 comprises a gun body 28, barrel 30 
having a bore 40, a propellant chamber 44 and a propel 
lent charge 46 which are identical to the corresponding 
parts of the casing perforating gun of FIG. 2, and a pro 
jectile 100 which is identical to the projectile of FIG. 5. 
The projectile has a loose fit in the rear end of the bore 
40, as noted earlier. A rubber plug 56 in the bore effec 
tively seals the latter against the leakage of well fluid 
to the propellant chamber. The body of the projectile 
extends through the center of the propellent charge 46 
and its end caps 50 and the rear end of the projectile 
fits closely in the bore 58 which opens into the propellant 
chamber 44, all in the manner described in connection 
with FIG. 2. The fuse tube E20 of the projectile fits 
closely in a flame propagation protective bore 128 which 
opens, at its forward end, into the bore 58. 
When the propellent charge 46 is ignited through the 

ignition hole 48 in the gun body, the gases generated by 
the burning propellant are initially confined to a major 
degree in the propellant chamber, as before, so that the 
pressure in the chamber rises rapidly, as described ear 
lier. Some gas does flow to the gun bore 40, in advance 
of the projectile, and forces the plug 56 and well fluid 
from the bore, as described earlier. Because of the close 
fit of the rear end of the projectile in bore 58, there is a 
restricted flow of gas from the propellant chamber to 
the rear of the projectile, with the result that when the 
pressure acting on the rear end of the projectile becomes 
sufficient to propel the latter through the bore 40, the 
pressure in the propellant chamber 44 will have developed 
to a high value. Upon withdrawal of the rear end of the 
projectile from bore 58, this high pressure acts on the 
projectile to propel the latter at a high velocity from the 
gun. 
The fuse material 24 within the projectile is not ig 

nited until the rear end of the fuse tube is withdrawn from 
its flame protective bore 28 to expose the fuse ignition 
opening in the end of the tube to the flame in the propel 
lant chamber, as described in connection with FIGS. 5 
and 6. As before, the fuse material continues to burn 
forwardly through the fuse tube and the body of the 
projectile to the projectile explosive igniter i0 during 
travel of the projectile to the end of its trajectory. Ig 
inition of the igniter by the burning fuse material, then, 
detonates the main explosive charges 12 in the projec 
tile, exploding the latter to form a drainage pocket 
34 in the surrounding earth formation. 

In each form of the invention, therefore, an initial 
delay in the ignition of the fuse material in the projectile 
is attained by the close fit of the rear end of the projectile 
in its flame propagation protective bore during which the 
gases in the propellant chamber are confined to a large 
degree and the pressure in the chamber rises rapidly to 
a high value necessary to attain the high projectile veloc 
ity required for proper penetration of the projectile into 
the surrounding earth formation. The time required for 
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3 
withdrawal of the rear end of the projectile, which, in 
the case of FIGS. 5 and 7, is the fuse tube 20, from the 
flame propagation protective bore, to a position where 
the fuse ignition opening in the rear end of the projectile 
is exposed to the flame in the propeliant chamber, pro 
vides a second delay in the ignition of the fuse material 
in the projectile during which the latter travels a distance 
through its barrel bore. A final delay in the detonation 
of the main explosive charge in the projectile is derived 
from the time required for burning of the fuse material 
in the projectile to proceed to the projectile igniter and 
the latter to detonate the main explosive charge in the 
projectile. The resultant total delay between initial igni 
tion of the fuse material and final detonation of the main 
explosive charge in the projectile is sufficient to enable 
the latter to reach the end of its trajectory before its ex 
plosion to form a drainage pocket. 

From the foregoing description, it will be seen that the 
explosive train of the projectile has three basic parts, 
namely, a fuse material, an explosive igniter or detona 
tor, and the main explosive charge. The function of 
the fuse material, of course, is to develop an appreciable 
delay during its burning period and, at the end of burn 
ing, to successfully ignite the igniter which may be de 
scribed generally as the primary explosive in the system. 
This primary explosion detonates the secondary high ex 
plosive or main explosive charge in the projectile. 

Various materials may, of course, be used for these 
parts of the explosive train. By way of example, accept 
able items for fuse material are gun powders of the pro 
pellant type, such as smokeless powder (nitro cotton); 
black power (potassium nitrate, sulphur, charcoal) and 
DNT (di-nitro toluene ingredient); or lead spitter. 

Suitable items for the primary high explosive, or igniter, 
are materials which are easily ignited and after ignition 
burn at such an extremely high rate that the end reaction 
is a detonation. Lead azide and lead styphnate are mate 
rials of this type. 
The secondary high explosive or main explosive charge 

in the train is a material which requires a detonation 
wave for ignition and possesses the required brisance or 
shattering action. Suitable secondary high explosives for 
the present application are RDX (cyclo-trimethyl-enetri 
nitramine), Torpex (RDX--TNT--aiuminum), HBX 
(RDX--TNT--aluminum-wax) or Pentolite 

(PETN--TNT) 
or PETN (pentaerythritol tetranitrate) or TNT (trinitro 
toluene). 

Clearly, therefore, the invention herein described and 
illustrated is fully capable of attaining the several ob 
jects and advantages set forth. 

While the invention has been disclosed in connection 
with certain conventional projectile restraining means, it 
is equally capable of use with other conventional pro 
jectile restraining means and, therefore, the invention 
should not be thought of as limited in use with the re 
straining means disclosed herein. Numerous other 
modifications are, of course, also possible within the 
spirit and scope of the following claims. 

I claim: 
1. A gun perforator comprising: a gun body having 

a propellant chamber with a front wall and an opposite 
rear wall, a gun bore opening at its rear end through 
said front wall and at its forward end to the exterior 
of said gun body, and a flame propagation protective 
bore in said rear wall on the axis of said gun bore; a 
projectile including a cylindrical body and a slender fuse 
tube extending rearwardly from said projectile body 
along the central axis of the latter body, the forward end 
of said projectile body being positioned in said gun bore 
in advance of said chamber and said fuse tube extending 
into said protective bore; said projectile having a cham 
ber in said projectile body and a passage extending 
through said fuse tube and opening at its forward end to 
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said projectile chamber and at its rear end to the ex 
terior of the projectile through a fuse ignition opening 
in the rear end of said fuse tube; said passage contain 
ing a fuse material and said projectile chamber contain 
ing an explosive charge and an igniter for said explosive 
charge; a propellent charge in said propellant chamber; 
means for igniting said propellent charge, thereby to 
create a pressurized propellant gas in said propellant 
chamber; the diameter of said projectile body being sub 
stantially greater than the external diameter of said 
fuse tube and said projectile body having a rear annular 
face of substantial area surrounding said fuse tube on 
which the pressure of said propellant gas is adapted to 
act to propel said projectile forwardly through said gun 
bore; said fuse tube having a close sliding fit in said 
protective bore such that the annular clearance between 
the wall of said protective bore and the external surface 
of said fuse tube is sufficiently small to prevent the propa 
gation of flame from said propellant chamber to said 
rear fuse ignition opening in said fuse tube when said 
fuse tube is positioned in said protective bore; and said 
fuse tube extending into said protective bore a distance 
which is many times the external diameter of said tube, 
whereby said fuse tube is withdrawn from said protec 
tive bore to expose said fuse ignition opening to flame 
in said propellant chamber only after said projectile has 
been propelled a substantial distance forwardly through 
said gun bore. 

2. A gun perforator comprising: a gun body having 
a propellant chamber with a front wall and an opposite 
rear wall, a gun bore opening at its rear end through said 
front wall and at its forward end to the exterior of said 
gun body, and a flame propagation protective bore in said 
rear wall on the axis of said gun bore; a shear disc within 
said propellant chamber seating against and sealed to 
said front wall and extending across the rear end of said 
gun bore; a projectile including a cylindrical body and 
a slender fuse tube extending rearwardly from said pro 
jectile body along the central axis of the latter body; said 
projectile body being positioned in said gun bore in ad 
vance of said shear disc and said fuse tube extending 
through a close fitting hole in said shear disc and into 
said protective bore; said projectile having a chamber 
in said projectile body and a passage extending through 
said fuse tube and opening at its forward end to said 
projectile chamber and at its rear end to the exterior of 
the projectile through a fuse ignition opening in the rear 
end of said fuse tube; said passage containing a fuse ma 
terial and said projectile chamber containing an explosive 
charge and an igniter for said explosive charge; a pro 
pellent charge in said propellant chamber; means for 
igniting said propellent charge, thereby to create a pres 
surized propellant gas in said propellant chamber; the 
diameter of said projectile body being substantially greater 
than the external diameter of said fuse tube and said 
projectile body having a rear annular face of Substantial 
area surrounding said fuse tube on which the pressure of 
said propellant gas is adapted to act to propel said pro 
jectile forwardly through said gun bore; said shear disc 
being adapted to confine said propellant gas within said 
propellant chamber until the pressure of said propellant 
gas becomes sufficient to rupture said disc, whereupon 
said projectile is propelled forwardly through said gun 
bore by said propellant gas; said fuse tube having a close 
sliding fit in said protective bore such that the annular 
clearance between the wall of said protective bore and 
the external surface of said fuse tube is sufficiently Sinall to 
prevent the propagation of flame from said propellant 
chamber to said rear fuse ignition opening in said fuse 
tube when said fuse tube is positioned in said protective 
bore; and said fuse tube extending into said protective 
bore a distance which is many times the external diameter 
of said tube, whereby said fuse tube is withdrawn from 
said protective bore to expose said fuse ignition opening to 
flame in said propellant chamber only after said pro 
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10 
jectile has been propelled a substantial distance forwardly 
through said gun bore. 

3. A gun perforator comprising: a gun body having a 
propellant chamber with a front wall and an opposite rear 
wall, a gun bore opening at its rear end through said front 
wall and at its forward end to the exterior of said gun 
body, and a second bore in said rear wall on the axis of 
said gun bore including a flame propagation protective 
bore and an enlarged counterbore at the end of said 
flame propagation protective bore adjacent said propellant 
chamber; a projectile including a cylindrical body and 
a slender fuse tube extending rearwardly from said pro 
jectile body along the central axis of the latter body, the 
forward end of said projectile body being positioned in 
said gun bore in advance of said propellant chamber, the 
rear end of said projectile body being positioned in said 
counterbore, and said fuse tube extending into said pro 
tective bore; said projectile having a chamber and said 
fuse tube having a passage opening at its forward end 
to said projectile chamber and at its rear end to the ex 
terior of the projectile through a fuse ignition opening in 
the rear end of said fuse tube; said passage containing a 
fuse material and said projectile chamber containing an 
explosive charge and an igniter for said explosive charge; 
a propellent charge in said propellant chamber; means 
for igniting said propellent charge, thereby to create a 
pressurized propellant gas in said propellant chamber; the 
diameter of said projectile body being Substantially greater 
than the external diameter of said fuse tube and said 
projectile body having a rear annular face of Substantial 
area surrounding said fuse tube on which the pressure of 
said propellant gas is adapted to act to propel said pro 
jectile forwardly through said gun bore; said counterbore 
receiving the rear end of said projectile body with a close 
sliding fit such that the annular clearance space between 
the wall of said counterbore and the external surface of 
said projectile body restricts flow of said propellant gas to 
the rear of said projectile body to permit the pressure of 
said propellant gas to rise to a high value before said pro 
jectile is propelled forwardly through said gun bore by 
the pressure of said propellant gas; said protective bore 
receiving said fuse tube with a close sliding fit such that 
the annular clearance between the wall of said protective 
bore and the external surface of said fuse tube is suffi 
ciently small to prevent the propagation of flame from 
said propellant chamber to said rear fuse ignition opening 
in said fuse tube when said fuse tube is positioned in said 
protective bore; and said fuse tube extending into said 
protective bore a distance which is many times the ex 
ternal diameter of said tube, whereby said fuse tube is 
withdrawn from said protective bore to expose said fuse 
ignition opening to flame in said propellant chamber 
only after said projectile has been propelled a substantial 
distance forwardly through said gun bore. 

4. A gun perforator comprising: a gun body having a 
propellant chamber with a front wall and an opposite rear 
wall, a gun bore opening at its rear end through said 
front wall and at its forward end to the exterior of said 
gun body, and a flame propagation protective bore in said 
rear wall on the axis of said gun bore; a projectile in 
cluding a cylindrical body and a slender fuse tube extend 
ing rearwardly from said projectile body along the cen 
tral axis of the latter body, the forward end of Said 
projectile body being positioned in said gun bore in ad 
vance of said propellant chamber and said fuse tube ex 
tending into said protective bore; said projectile body 
having a chamber and said fuse tube having a passage 
opening at its forward end to said projectile chamber and 
at its rear end to the exterior of the projectile through 
a fuse ignition opening in the rear end of said fuse tube; 
said passage containing a fuse material and said projectile 
chamber containing an explosive charge and an igniter 
for said explosive charge; a propellent charge in said 
propellant chamber; means for igniting said propellent 
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charge, thereby to create a pressurized propellant gas in 
said propellant chamber; the diameter of said projectile 
body being substantially greater than the external dia 
meter of said fuse tube and said projectile body having 
a rear annular face of substantial area surrounding said 
fuse tube on which the pressure of said propellant gas 
is adapted to act to propel said projectile forwardly 
through said gun bore; a shear ring Surrounding and en 
gaging in an external groove in said projectile body and 
seating against the front wall of said propellant chamber 
to restrain said projectile against forward movement 
through said gun bore until the pressure of said propellant 
gas increases sufficiently to shear said ring; said protective 
bore receiving said fuse tube with a close sliding fit such 
that the annular clearance between the wall of said pro 
tective bore and the external surface of said fuse tube is 
sufficiently smail to prevent the propagation of flame from 
said propellant chamber to said rear fuse ignition opening 
in said fuse tube when said fuse tube is positioned in Said 
protective bore; and said fuse tube extending into said pro 
tective bore a distance which is many times the external 
diameter of said tube, whereby said fuse tube is withdrawn 
from said protective bore to expose said fuse ignition 
opening to flame in said propellant chamber only after 
said projectile has been propelled a substantial distance 
forwardly through said gun bore. 

5. A gun perforator comprising: a gun body having 
a propellant chamber with a front wall and an opposite 
rear wall, a gun bore opening at its rear end through 
said front wall and at its forward end to the exterior of 
said gun body, and a flame propagation protective bore 
in said rear wall on the axis of said gun bore; a projectile 
including a cylindrical body and a slender fuse tube ex 
tending rearwardly from said projectile body along the 
central axis of the latter body, the forward end of said 
projectile body being positioned in said gun bore in ad 
vance of said propellant chamber and said fuse tube ex 
tending into said protective bore; said projectile having a 
chamber on the central axis of the projectile body and a 
multiplicity of generally longitudinal bores radially spaced 
from and circumferentially spaced about the central axis 
of the projectile body and opening at their forward ends 
to said projectile chamber, and said fuse tube having a 
passage opening at its forward end to said projectile 
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chamber and at its rear end to the exterior of the pro 
jectile through a fuse ignition opening in the rear end of 
said fuse tube; a fuse material in said passage, explosive 
charges in said projectile bores, respectively, and an 
igniter for said explosive charges in said projectile cham 
ber; a propellent charge in Said propellant chamber; 
means for igniting said propellent charge, thereby to 
create a pressurized propellant gas in said propellant 
chamber; the diameter of said projectile body being sub 
Stantially greater than the external diameter of said fuse 
tube and said projectile body having a rear annular face 
of substantial area surrounding said fuse tube on which 
the pressure of said propellant gas is adapted to act to 
propel said projectile forwardly through said gun bore; 
said protective bore receiving said fuse tube with a close 
sliding fit such that the annular clearance between the 
wall of said protective bore and the wall of said fuse tube 
is sufficiently small to prevent the propagation of flame 
from said propellant chamber to said rear fuse ignition 
opening in said fuse tube when said fuse tube is posi 
tioned in said protective bore; and said fuse tube extend 
ing into said protective bore a distance which is many 
times the external diameter of said tube, whereby said 
fuse tube is withdrawn from said protective bore to 
expose said fuse ignition opening to flame in said pro 
pellant chamber only after said projectile has been pro 
pelled a substantial distance forwardly through said gun 
bore. 
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