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My invention relates to gun perforators, more 
particularly to gun perforators and control de 
vices therefor adapted for cable suspension in 
a well bore. 

Included in the objects of my invention are: 
First, to provide a gun perforator which may 

be suspended from a conventional “sand” line or 
from a single strand Wire line such as are com 
monly available for other well operations; that 
is, to provide a gun perforator which obviates 
the need of a special conductor cable and the at 
tendant surface equipment required by electrical 
ly operated gun perforators. 

Second, to provide a gun perforator which in 
corporates a novel control device which may be 
depended upon to ñre the gun perforator when 
and at the level desired, but which is particular 
ly safe to handle at the surface of the'well, there 
being series related safety elements which vir 
tually eliminate the possibility of accidental op 
eration. 

Third, to provide a gun perfo-rator which is 
divided into readily assembled sections and which 
incorporates a novel arrangement whereby a 
detonating cord or other detonating means may 
extend continuously through several sections. 
Fourth, to pro-vide a gun perforator which pro 

vides, without sacriñcing other valuable fea 
tures, the features recognized as essential in a 
gun perforator; namely, substantial barrel length 
to gun diameter ratio, high number of shots per 
unit of gun length. 

Fifth, to provide a control device for gun per 
vforators which incorporates a magnetic drive be 
tween a casing engaging wheel and an arming 
mechanism, the arming mechanism being so ar 
ranged that only by reciprocation of the gun 
perforator within the central portion of a pre 
determined length of its travel within the well 
bore can the arming mechanism be manipulated 
to> fire the gun; thus, when the gun perforator is « 
traveling continuously upward or downward in 
the well bore the control device is disarmed; fur 
thermore, the control device may incorporate 
means whereby the gun perforator cannot fire 
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in any case unless submerged beyond a predeter 
mined depth in liquid, and still further a time 
delay may be provided so that, in the unlikely 
event that all other safety elements fail, ample 
warning may be given that the gun is about to 
fire, such time delay means normally serving to 
permit movement of the gun perforator to the 
exact spot at which perforation is desired. 
With the above and other objects in view as 

may appear hereinafter, reference is directed to 
the accompanying drawings, in which: 
Figure 1 is a fragmentary partial elevational, 

partial sectional view of my gun perforator. 
Figure 2 is an enlarged fragmentary longitu 

dinal sectional view thereof, the upper portion 
being taken approximately in the plane 2A_2A 
of Figure 3, and the lower portion being taken 
approximately in the plane 2B_2B of Figure 3. 

Figure 3 is an enlarged transverse sectional 
view taken through 3_3 of Figure 2. 
Figure 4 is a fragmentary sectional view 

through 4_4 of Figure 3 showing the magnetic 
drive means. 
Figure 5 is a transverse sectional view through 

5_5 of Figure l showing the manner in which the 
gun sections are joined. 
Figure 6 is a fragmentary sectional view 

through 6_6 of Figure 5 showing the manner in 
which the detonating cord is threaded between 
gun sections. 
Figure 7 is a fragmentary sectional view taken 

through 1_1 of Figure 3. 
My gun perforator includes a series of gun sec 

tions l. Each gun section is provided with lat 
erally directed threaded gun barrel bores which 
receive gun barrels 2. The gun bores and bar 
rels are preferably arranged in three sets dis 
placed l20° from each other. At the inner end of 
each gun barrel bore there is formed a cartridge 
chamber which receives an explosive cartridge 
3. Suitable sealing means 4 covering the bore 
of the barrel 2 is clamped between the inner end 
of the barrel 2 and the socket in which it is screw 
threaded. The disk 4 seals off the cartridge 3. 
A bullet 5 is placed in each gun barrel bore. Each 
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gun perforator is provided with a longitudinally 
extending bore for each set of cartridge cham 
bers. Each bore receives a detonator cord 6. 
The gun perforator sections are connected by 

stud bolts 1 set into one end of each section. 
These extend into bores provided in the mating> 
sections, which bores are intersected by lateral 
slots 8. Nuts 9 are adapted to be inserted in 
these slots for threaded engagement with the 
bolts. 
The detonator cord bores of the several gun 

sections are disposed in axial alinement. Be 
tween the gun sections the detonator cords pass 
through pressure sealing washers III. These 
washers include radial disk portions which are 
clamped between the gun sections and axial boss 
portions which extend into Icounterbores in the 
extremities of `the detonator cord bores. The 
boss portions may be press iitted in their counter 
bores and in addition tend to expand radially un 
der internal pressure to prevent leakage when 
the detonator cord is fired. The disk portion has 
suiiicient radial thickness to withstand the in 
ternal pressure without bursting. The disk por 
tion also serves as a seal gasket against entrance 
of liquids in which the gun perforator is im 
mersed.  

The uppermost gun perforator section is pro 
vided with an axially disposed detonator socket 
I3 of small diameter communicating by suitable 
passages I4 with the detonator cord bores. The 
upper end of the uppermost gun perforator unit 
is externally threaded for connection to a tubular 
connector member I6. The connector member 
forms a chamber I1 and its upper end is internal 
ly threaded for attachment to a controller body 
I8. The controller body is, in turn, joined to 
a cable head I8, shown fragmentarily, suspended 
from a cable, not shown. The cable may be a 
conventional “sand” line or a conventional single 
strand line, known in the oil industry as a “Hal 
liburton” line. 
The body I8 is provided with a longitudinally 

extending bore 2I which is oiiset from the axis 
of the body I8 and receives a firing bar 22. Ac 
tion of the firing bar is restrained by devices to 
be described hereinafter. The lower end of the 
firing bar, when released, engages a lever 23 set 
into a slot 24 provided in the lower extremity of 
the body I8. The lever 23 is provided with a ñr 
ing pin 25 located in approximately the axial cen 
ter of the body I8. 
Mounted within the chamber I1 of the con 

nector member I6 is a time delay unit 26 which 
incorporates a time delay fuse 21. The time de 
lay unit may include a spool 28 on which is wound 
the fuse 21, one end of the fuse being connected 
to an ignitor 28a set in the upper end of the spool 
for engagement by the pin 25. The spool 28 
may be encased in a shell 29 having a depend 
ing tubular stem 30 adapted to receive an end of 
the fuse 21. The stem 30 is reduced in part and 
provided with a seal ring to iit within the detona 
tor chamber I3. The fuse 21 actuates a suitable 
detonator 3I placed within the detonator cham 
ber I3 and operatively associated with the ex 
tremities of the detonator cords 
In the event that the seal between the stem 

30 and the detonator chamber I3 should fail, a 
blowout disk 32 is provided in a relief passage 
way in the gun body I communicating with the 
chamber I1. 
The controller body is provided with a ver 

tical and diametrically extending slot 33 inter 
sected by a transverse bore. The tranSvel‘S@ DOI’G 
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is counterbored at one side of the slot 33 and 
reduced at the opposite side of the slot to re 
ceive a liner 34 having an enlarged hollow or 
cupped journal shell 35 ñtted within the slot 33. 
An externally threaded cup shaped housing 36 
is ñtted in the counterbore. Its inner end 
through an intervening gasket 31 bears against 
the extended edge of the shell 35 to hold the 
shell in place. A sealing ring 38 may surround 
the liner 34 adjacent the shell 35. The extremity 
-of the bore containing the liner 34 is closed by 
a cap 39. 
The liner 34 is provided with a slot extending 

therethrough which receives a slide bar 4I) flat 
tened on its upper and lower sides. A portion 
of the slide bar extends into the chamber formed 
by the shell 35 and housing 36 and the edges of 
the bar are provided with screw threads. A ro 
tor 4I having an internally threaded bore ñts 
the bar 4I) to move the bar longitudinally in the 
liner 34 as the rotor is rotated. 
The rotor is provided with inserts 42 in the 

form of permanent magnets the extremities of 
which confront the inner cylindrical surface of 
the shell 35. A drive wheel 43 having corre 
sponding magnetic inserts 44 is journalled on the 
shell 35 within the slot 33. The axis of the shell 
and liner is displaced from the axis of the con 
troller body I8 to enable one edge of the drive 
wheel 43 to protrude for engagement with the 
interior of a well casing. Springs 45 set into the 
opposite side of the body I8 bear against the op 
posite wall of the well casing to maintain the 
wheel 43 in contact. 
The body I8 is provided with displaced ver 

tical bores 46 and 41 which intersect the liner 
34 and confront opposite sides of the slide bar 
40. The slide bar is p-rovided with a hole 48 
which, when the slide bar is reciprocated in the 
central portionìof its travel, may be caused to 
register alternately with the bores 46 and v41. 
The upper bore 46 receives a plurality of counter 
balls 46 backed by a pusher pin 50 and a spring 
5I. A reduced end of the pin 50 protrudes from 
the upper end of the body I8. A removable plate 
52 holds the spring in place. 
The body I8 is provided with a lateral bore 

communicating between the bore 46 and the bore 
2 I in which the ñring bar 22 is mounted. Mount 
ed in this lateral bore is a key ball 53 which ñts 
a channel 54 provided in the ñring bar and is 
held therein by the counter balls 48. 

Opposite the edge of the slide bar 48, the body 
I8 and liner 34 form another lateral bore which 
receives a key ball 55 adapted to ñt a channel 
56 provided in the firing bar below channel 54. 
The corresponding edge of the slide bar 4I) is 
provided in the region of the hole 48 with a notch 
51 which permits the key ball 55 to withdraw 
from the channel 56. 
The upper end of the ñring bar 22 is provided 

with a stem 58 which protrudes from the upper 
end of the body I8. A removable ported plate 
53 slidably receives the stem 58 and overlies the 
bore 2I. A spring 60 surrounds the stem 58 and 
urges -the firing bar downwardly when unre 
strained by the key balls 53 and 55. 
Below the slot 33, the body I8 is provided with 

a transverse bore 6I in a diametrícal axis passing 
through the axis of the ñring bar bore 2|. The 
bore 6I is larger than the bore 2l and receives a 
plunger 62 having a hole 63 therein through 
which extends the firing bar 22. The ñring bar 
is reduced to form a shoulder 64 which is adapt 
ed -to engage a margin of the hole 63 to hold the 
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bar 22 from descending. The plunger 62 is held 
in an outward, locking position by a spring 65. 
The outer end of the bore 6l is counterbored to 

receive a cupped piston 66 having a sealing ring 
to isolate the interior of the piston from external 
fluids. The piston 66 is responsive to external 
pressures suiiicient to overcome spring 65 to move 
the plunger 62 clear of the firing rod. 
Operation of my gun perforator and its con 

trol mechanism is as follows: 
The gun is loaded and the control device is 

set as shown in the drawings; that is, the ñring 
bar is restrained by: (1) key ball 53, (2) key ball 
55 and (3) plunger 62. The slide bar 40 is pre 
set in the extreme position to which it tends to 
move under urge of the magnetic drive coupling 
between the wheel 43 and the rotor 4l as the gun 
perforator is moved downwardly within a well 
casing. A size of the controller is, of course, 
selected which is appropriate for the size of cas 
ing or liner in which the gun is to be ñred, even 
though the casing may have a larger diameter 
section above the region to be perforated. _ 
A “gear” ratio between the drive wheel 43 and 

the slide bar 40 is selected sc that a substantial 
vertical travel of the gun perforator is required 
to move the slide bar its full stroke; for example, 
the vertical travel may be as much as thirty feet. 
When the gun perforator is reciprocated in the 
central zone of its travel for a distance of ñve 
to ten feet, the hole 48 is moved back and forth 
between the bores 4S and 41 causing the counter 
balls 49 to move one at a time from bore 46 to 
bore 41. The bore 41 extends to the bottom 
end of the body I8 and may be closed by a screw 
plug, not shown, so that after use the counter 
balls may be retrieved. 
When the gun perforator is lowered to the ap 

proximate depth at which the perforations are 
desired the gun perforator is raised suiiiciently 
to place the slide bar 40 in its central zone of 
travel and reciprocated a number of times cor 
responding to the number of counter balls 49 
above the key ball 53. This releases key ball 
53. The notch 51 is opposite the key ball 55 when 
the slide bar is in its central zone of travel so 
that both key balls are free and permit the firing 
bar 22 to drive downward and fire the time delay 
unit 26. A time delay is pre-selected which is 
suiñcient to account for any uncertainty in the 
interval required to release the key ball 53 and 
to permit the gun perforator to be raised or 
lowered to the exact level at which perforation 
is desired. 

It should be observed that in most cases gun 
perforating is performed below the surface of 
the liquid within a well bore. However, if the 
liquid level is below the desired perforation level, 
water or other liquid may be added. By reason 
of the plunger 62 and the submergence pressure 
responsive piston 66, the >gun perforator cannot 
be operated unless submerged below a predeter 
mined distance in liquid. Thus, even though it 
should be possible to manipulate the drive wheel 
when the gun is at the surface of the well until 
the key balls release the firing rod, the gun will 
not ñre. Still further, should, in spite of the 
safety features provided, the time delay fuse be 
set oiî, a muñied explosion will be heard to warn 
that the gun is about to fire. 

After the gun has been lowered to the proper 
depth, and manipulated to ñre, and then started 
on its return trip from the well, the slide bar 
is moved to an extreme position at which the 
control mechanism is disarmed, that is, either 
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or both key balls 53 or 55 prevent operation of 
the firing bar should it have failed to have pre 
viously functioned. As the gun perforator 
reaches the surface of theliquid the vplunger 
62 tends to relock the ñring bar. 
Having thus described a certain embodiment 

of my invention,-I do not desire to be limited 
thereto, but intend to claim all novelty inherent 
in the appended claims. 

I claim: 
l. A gun perforator adapted to be lowered on 

a cable into a well casing and comprising: a se 
ries of gun units; a firing means for said gun 
units; a primary arming means having an ini 
tially unarmed position and caused to arm by 
predetermined repeated reciprocation in said cas 
ing; a second arming means associated with said 
primary arming means and having unarmed posi 
tions at the extreme zones of reciprocation of 
said primary arming means and an armed posi 
tion at the central zone thereof; said arming 
means individually restraining said ñring means 
,when in their unarmed positions. 

2. A gun perforator adapted to be lowered 
on a cable into a well casing and comprising: 
a series of gun units; a firing means for said 
gun units; a primary arming means having an 
initially unarmed position and caused to arm 
by predetermined repeated reciprocation in said 
casing; a second arming means associated with 
said primary arming means and having unarmed 
positions at the extreme zones of reciprocation 
of said primary arming means and an armed 
position at the central zone thereof; a tertiary 

' arming means responsive to submergence pres 
sure of a liquid in said casing to move between 
an unarmed and an armed position; said arming 
means individually restraining said ñring means 
when in their unarmed positions, whereby said 
ñring means is restrained until all said arming 
means assume armed positions. 

3. A gun perforator adapted to be lowered on 
a cable into a well casing and comprising: a se 
ries of gun units; a ñring means for said gun 
units; a primary arming means having an ini 
tially unarmed position and caused to arm by 
predetermined repeated reciprocation in said cas 
ing; a second arming means associated with said 
primary arming means and having unarmed posi 
tions at the extreme zones of reciprocation of said 
primary arming means and an armed position at 
the central zone thereof; a tertiary arming means 
responsive to submergence pressure of a liquid 
in said casing to move between an unarmed and 
an armed position; said arming means individ 
ually restraining said firing means when in their 
unarmed positions, whereby said firing means is 
restrained until all said arming means assume 
armed positions; and a time delay means inter 
posed between said ñring means and said gun 
units. 

4. A gun perforator ñre control, comprising: a 
firing member; a key restraining said member; a 
series of retainer elements holding said key in 
restraining position; a dispenser for removing 
said retainer elements in sequence until said key 
releases said firing member; and means includ 
ing a member engageable with a surrounding well 
casing to actuate said dispenser upon reciproca 
tion of said member along said casing. 

5. A gun perforator adapted to be suspended 
from a cable within a well bore, comprising: a 
plurality of gun units; an ignitor for said gun 
units; a firing member for said ignitor; a series 
of retainer elements operable to restrain said 
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ñring member; a dispenser for removing said re 
tainer elements in sequence until said ñring mem 
ber is released; a wheel rotatable on the interior 
of a surrounding casing; and a drive means be 
tween said wheel and dispenser for actuating said 
dispenser, said wheel being responsive to pre 
determined repeated reciprocation of said cable 
in said‘casing. 

6. A gun perforator adapted to be suspended 
from a cable within a well bore, comprising: a 
plurality of gun units; an ignitor for said gun 
units; a firing member for said ignitor; a series 
of retainer elements operable to restrain said fir 
ing member; a dispenser for removing said re 
tainer elements in sequence until said ñring mem 
ber is released; a wheel rotatable on the interior 
of a surrounding casing; and a magnetic drive 
between said wheel and dispenser for actuating 
said dispenser when wheel is rolled back and 
forth within said casing a predetermined dis; 
tance, said magnetic drive adapted to permit 
overtravel of said wheel. 

7. A control means adapted for cable suspen 
sion with a gun perforator, comprising: a firing 
member adapted to actuate a gun perforator; a 
retaining means therefor including a series of 
retainer elements; a reciprocable dispenser for 
removing said retainer elements in sequence until 
said ñring member is released, said dispenser hav 
ing a predetermined overtravel and arranged to 
dispense said elements in the central zone of its 
travel; and a drive means for said dispenser in 
cluding a member engageable with a surrounding 
well casing and adapted when reciprocated there 

` in to effect reciprocation of said dispenser. 
8. A control means adapted for cable sus 

pension with a gun perforator, comprising: a 
ñring member adapted to actuate a gun perfo 
rator; a retaining means therefor including a 
series of retainer elements; a reciprocable dis 
penser for removing said retainer elements in 
sequence until said firing member is released, 
said dispenser having a predetermined overtravel 
and arranged to dispense said elements in the 
central zone of its travel; a drive means for said 
dispenser including a member engageable with 
a surrounding Well casing and adapted when re 
ciprocated therein to effect reciprocation of said 
dispenser; and a secondary retaining means for 
said firing member adapted to secure said firing 
member when said dispenser is in the end zones 
of its travel and release said firing member when 
said dispenser is in the central Zone of its travel. 

9. A control means adapted for cable sus 
pension with a gun perforator, comprising: a fir 
ing member adapted to actuate a gun perfo 
rator; a retaining means therefor including a 
series of retainer elements; a reciprocable dis 
penser for removing said retainer elements in 
sequence until said firing member is released, said 
dispenser having a predetermined overtravel and 
arranged to dispense said elements in the central 
zone of its travel; a drive means for said dis 
penser; a wheel rotatable on the interior of a 
surrounding casing; and a magnetic connection 
between said drive means and wheel, said wheel 
adapted upon reciprocation in said casing to re 
ciprocate said dispenser, said magnetic connec 
tion permitting overtravel of said wheel. 

10. A gun perforator, comprising: a pluralitßr 
of gun units adapted to be lowered in a well 
bore; a nring means disposed in proximity to said 
gun units and including an ignitor, and a firing 
bar engageable with said ignitor; a latch nor 
mally engaging and restraining said firing bar in 
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an unarmed condition; a piston continuously ex 
posed to submergence pressure of a surrounding 
liquid and operable in response to a predeter 
mined submergence pressure to engage said latch 
and urge said latch free of said firing bar there 
by to arm said firing bar; and means for actuat 
ing said firing bar if and when released from 
said latch. 

11. A control means for gun perforators, com 
prising: a body structure having means at its 
lower end for attachment to a gun perforator 
and means at its upper end for attachment to 
a suspension cable; a firing means for said gun 
perforator contained in said body structure; an 
arming device for said firing means having an 
armed position permitting operation of said firing 
means and at least one disarmed position prevent 
ing operation of said firing means; and means 
engageable with a surrounding casing and op 
eratively connected with said arming device to 
cause said arming device to move to and from 
said armed position on reciprocation cf said body 
structure in said casing, whereby said arming 
device occupies an unarmed position in the ex- ‘ 
treme Zones of said reciprocation and an armed4 
position in the central zone thereof. 

12. A control means for gun perforators, com 
prising: a body structure having means at its 
lower end for attachment to a gun perforator 
and means at its upper end for attachment to a 
suspension cable; a firing means for said gun 
perforator contained in said body structure; an 
arming device for said firing means having an 
armed position permitting operation of said fir 
ing means and at least one disarmed position 
preventing operation of said firing means; a drive 
wheel carried by said body structure and engage 
able with a surrounding casing; and a magnetic 
coupling operatively connecting said arming de 
vice and drive wheel to cause said drive wheel 
to move said arming device to and from its armed 
position upon reciprocation of said body struc 
ture in a well casing whereby said arming de 
vice occupies a disarmed position in the extreme 
zones of said reciprocation and an armed posi 
tion in the central zone thereof. 

13. A control means for gun perforators, com, 
prising: a body structure having means at its 
lower end for attachment to a gun perforator, 
and means at its upper end for attachment to 
a suspension cable; a iiring means for said gun 
perforator extending longitudinally in said body 
structure; an arming device for said ñring means 
extending transversely of said body structure and 
reciprocable between an armed position permit 
ting operation of Isaid firing means and a dis 
armed position preventing operation of said ñr 
ing means; and means engageable with a sur 
rounding casing and operatively connected with 
said arming device to cause said arming device 
to move to and from said armed position on re 
ciprocation of said body structure in said casing, 
whereby said arming device occupies an unarmed 
position in the extreme zones of said reciproca 
tion and an armed position in the central zone 
thereof. 

14. A control means for gun perforators, com 
prising: a body structure having means at its 
lower end for attachment to a gun perforator, and 
means at its upper end for attachment to a sus 
pension cable; a firing means for said gun perfo 
rator extending longitudinally in said body struc 
ture; an arming device for said firing means ex 
tending transversely of said body structure and 
reciprocable between an armed position permit 



2,655,993 

ting operation of said ñrîng means and a dis 
armed position preventing operation of said fir~ 
ing means; a drive Wheel carried by said body 
structure and engageable with a surrounding cas 
ing; and a magnetic coupling operatively con 
necting said arming device and drive wheel to 
cause said drive wheel to move said arming de 
vice to and from its armed position upon re 
ciprocation of said body structure in a weil cas 
ing whereby said arming device occupies a dis 
armed position in the extreme zones of said re 
ciprocation and an armed position in the central 
zone thereof. 
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