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Serial No. 403,650

ALIEN PROPERTY CUSTODIAN

WELL CASING PERFORATOR

Marcel Schlumherger, St. Gaudens, Haute
Garonne, France; vested In the Allen Prop-

erty Custodian

Applieation filed July 23, 1941

This invention relates to firing devices and
mote particularly to new and improved apparatus
for perforating well casings and the like.

Copending application Serial No. 315,157, filed
January 23, 1940, for Gun perforator, of which
this application 1s a dlvision, 1s addressed to per-
forating apparatus comprising an assembly of
similar units each of which is provided with a
plurality of gun bores and cartridge chambers
therein. Each unit includes Igniting means for
cach gun therein and the apparatus is so designed
that when the units are assembled, at least one
continuous ignition path extends through the
perforator.

This application is directed to slmilar appa-
ratus in which the units are so designed that.
when assembled, the axes of the guns therein lie
along a helix about the periphery of the per-
forator.

It is an object of the inventicn, accordingly,
to provide new and improved well casing perfo-
rating apparatus comprising a plurality of assem-
bled sitnilar units in which the axes of the guns
in the respective units lie along a helix about the
perforator assembly.

Another object of the invention is to provide
new and improved means for firlng the guns in
a well casing perforator of the above character
in successive order,

A further object of the invention is to provide
new and improved well casilng apparatus of the
above character in which a given interval of time
¢lapses between the firing of each adjacent gun.

Another object of the invention is to provide
means for indicating at the surface of the earth
that a gun in the well casing perforator has been
fived.

Other features of the invention will become
apparent from the following detailed description
of several preferred embodiments taken in con-
nection with the accompanying drawings, in
which:

Fig. 1 is a view in longltudinal section, taken
aicng line |—I of Fig. 3, and looking in the di-
rection of the arrows, through a well casing per-
forator constructed according to the present
invention;

PFig. 2 is a view in longitudinal section, taken
aloug line 2—-2 of Fig. 3, looking in the direction
of the arrows and illustrating two of the per-
forating units of the well casing perforator:

Fig. 3 is a view in section taken along line 3—3
of Fig. 1, looking in the direction of the arrows;

Fig. 4 is a view in vertical section of a modified
form of the invention;
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Fig. 5 is & cross-seetional view taken alohg line
§—5 of Fig. 4, looking in the direction of the
Arrows;

Fig. 6 is a cross-sectional view taken along line
6—=6 of Fig. 4;

Fig. 7 is a view in plan of a detall of the appa-
ratus shown in Fig. 4;

Fig. 8 is a view In section of the detail shown
in Fig. 7 taken along line 8—8 thereof and look-
ing in the direction of the arrows;

Fig. 9 is a vlew In longitudinal section through
a further modification of the invention; and

Plg. 10 is a cross-sectional view taken along
line 10—10 of Fig. 9, looking In the direction of
the arrows.

Figs. 1, 2 and 3 {llustrate one form of the in-
vention in which each of the perforator units
comprises three longitudinally extending car-
tridge chambers, the axes of which form the
apices of an eguilateral triangle about the axis
of the unit, each one of which is provided with
4 laterally extending gun barrel passing through
the longitudinal axis of the unit. The units are
50 designed that when assembled to form a well
casing perforator, the axes of the guns le upon
a helix about the periphery, and the guns are
adapted to be fired by electrical igniting circuits
extending through each unit in the perforator
assembly.

Referring to Figs. 2 and 3, one of the perforator
units (0 is shown, in which are provided three
cartridge chambers ilg, 11b and {ie, the axes of
which are located parallel to the axis of the unit
10, forming the respective edges of an equilateral
prism coaxial thereto. The cartridge chambers
lia, 11b and Ilc are provided at their lower ex-
tremities with longitudinally extending condults
I2a, 12b and 12¢, which communicate with a plu-
rality of laterally extending gun barrels 13a, 135
and [3e, the axes of which are disposed at an
angle of 120° with respect to each other, In
order that the gun barrels 13a, (3% and 13¢ may
lie in different transverse planes through the per-
forator unit 19, the condults (24, 12b and f2c,
respectively, are made of ¢ifferent lengths,

Considering now Fig. 1, a cartridge 14 1s shown
in position in the cartridge chamber {(b, for
example, and it is provided with a thin walled
forward portion 15 forming a powder chamber
16 and a thicker walled rear portion {7 forming
a passage 18. The front end of the cartridge 4
is closed by a suitable closure member 19, Within
the passage 18 is disposed a hollow tubular con-
ducting member 20 which is provided with &
metal plate 21 at the upper extremity thereof, the
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outer surface of both the plate 21 and the tubular
member 20 being covered with suitable insulating
material 22.

Disposed within the tubular member 20 and
concentric therewlth is a conducting rod 23 which
extends for a short distance beyond the tubular
member 20 into the chamber 18 in the cartridge
14. The conducting rod 23 is provided at its up-
per extremity with a metal plate 24, the surface
of both being encased in suitable insulating ma-
terial 25. A wire filament 26 for igniting the
powder charge within the chamber 6 is connected
at one end to the tubular member 20 and at its
other end to the conducting rod 23 and the ener-
gizing clreult therefor is traced through the con-
ducting plate 24, the conducting rod 23, the wire
filament 26, the tubular conducting member 20
and the plate 21.

Within the perforator unit 10 are provided
three longitudinally extending bores 21, the axes
of which are disposed substantially at the apices
of an equilateral triangle, and each of which is
adapted to accommodate a conducting rod 28.
The rods 28 are provided with pointed ends which
project slightly beyond the upper and lower faces
of the perforator unit 10 and they are Insulated
therefrom hy sleeves of sultable insulating mea-
tertal 29.

As shown in greater detail in Pig. 3, each of the
conducting plates 24 is provided with a laterally
extending portion 30 and each conducting plate
21 15 provided with a similar projecting portion 31.
The cartridge (4 is so assembled that the projec-
tion 30 on the plate 24 15 disposed substantially
180° away from the projection 31 on the plate 21
and 1t Is inserted Into the cartridge chamber |ib
in such fashion that the projection 31 on the plate
21 15 disposed adjacent the pointed end of one of
the rods 28.

The perforator units are so designed that when
the unit 10, for example, is threadedly secured to
the unit 10’, the pointed end of the conducling rod
28 of the perforator unit 10 pierces the insulat-
ing layer 28’ covering the prolection 30’ of the
conducting plate 24’ while the pointed end of a
similar conducting rod in the perforator unit 10’
makes an anslogous connection with the con-
ducting plate 21°.

It will be apparent, therefore, that, in operation,
current will flow through the conducting plate 24,
the conducting rod 23, the filament 26, the tubu-
1ar conducting member 20 and the conducting rod
28 In the perforator unit 10 to the contact plate
24’ of the next lower perforator unit 18°. In this
fashion current is supplied to each series of car-
tridges 14 in the assembled perforator,

It will be noted further that in this emmbodiment
of the iInvention the current path is not along a
line parallel to the axis of the assembled perfo-
rator. On the contrary, the current flows along
a line parallel to the axils of the perforator unit
10, then along a llne located at an angle of ap-
proximately 115° away and parallel to the aXis of
the next succeeding perforator unit 10” and so on
through the respective units of the assembled ap-
paratus.

In order that the cartridges 14 may be readily
ingerted within the respective cartridge chambers
in the perforator unit 10, the internally threaded
skirt portion 32 thereof may be sultably notched
as at 33, for example.

The well casing perforator is made up by
serewing together a plurality of units 10, 10’ etc.,
the number depending upon the number of shots
which are to be fired into the casing. The top-
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most unit 10 is then screwed to & connector unit
34 by means of which the respective igniting eir-
cuits In the perforator apparatus may be elec-
trically connected to corresponding conductors in
the supporting cable (not shown),

The connector unit 34 is of a special type which
is adapted to break an leniting cireuit each time
that & gun is fired, thereby indicating to the oper-
ator at the surface of the earth that the firing
operation has been successful. Circuit breaking
means of this character (s used in each of the
three ignlting circults in the well casing perfo-
rator. For the sake of slmplicity, however, only
one lgniting circult and the clreuit breaking
means therefor are shown in Fig. 1.

Referring again to Plg. 1, the conductor 38 in
the supporting cable is secured by means of a con-
ventional tap screw 36 within a recess 37 formed
in g conducting block 38, The block 38 is in-
sulated from the connector unit 38 by means of
sultable insulating material 39. The tap screw
86 is electrically connected through a wire 40 to
one contact element &1 of a conventlonal type
mercury switch 42 which is vertically disposed
within a sleeve 43 made of flexible material such
as rubber, for example, and which contains just
enough mercury to remain In contact with the
contact element 41 when the connector unit 34
1s at rest.

The other contact element 44 of the switch 42
is connected by means of a conhductor 45 to a
conducting block 46, The block 46 is connected
by means of the conductors 4T and 48 to an in-
sulated conducting rod 49 which is adapted to
engage the projection 30 on the conducting plate
24 in the first perforator unit 10.

When the assembled perforator is at rest, the
contact element 41 dips into the mercury in the
switch 42 so that electric current fiows normally
therethrough to the firing circult. However,
when g shot is fired, the entire perforator assem-
bly sustains a violent shock which displaces the
mercury and temporarlly breaks the electrical
firing circuit. The break In the eircuit may be
readily indlcated in any suitable manner, as, for
example, by listening to a telephone receiver con-
nected in the circuit at the surface of the earth.
In this fashion, it 1s possible to check the firing
of the shots by noting the break produced In the
electrical circult by the shock sustalned when g
gun is fired.

In operation, the filaments in the cartridges
in each igniting cireult are ignited successively
by adiusting the value of the current fAowing
therethrough. To this end, the lgniting fila-
ments of different electrical characteristics are
used, the lowermost one in the perforator being
designed to be lgnited first. When any fila-
ment has been ignlted, for example, the filament
28, the force of the explosion destroys the insu-
lating material 22 and 2§, thereby grounding the
rod 23 to the perforator body, so that the {gnit-
ing circult remains closed. The fiow of conduct-
ing hore hole liquid into the powder chamber
{15 through the gun bore 13b after the projec-
tile therein has been fired also tends to ground
the conducting rod 23, In which case the igniting
circuit is completed directly through the conduct-
ing bore hole liquid.

In the embodiment shown in Fig. 4, a disc 50
is secured to the bottom of the perforator unit
10 by means of a conventional tap screw B5i.
The disc 50 is provided with internally threaded
recesses 52 therein within which are secured the
cartridges for firing the guns. Each threaded
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recess 52 communicates through a narrow pas-
sage 54 with a larger sector-shaped recess 5§
formed in the upper face of the disc 50, within
which is disposed a metallic plate 56 of approxi-
mately the same shape, which Is enclosed in
sultable insulating material 57,

As shown In greater detail in Figs. 7 and 8,
a small portion of the insulation is removed from
the upper face of the plate 56, forming a slot
58 therein and part of the insulation is removed
from the lower face of the plate 58 fo form =
small hole 59 therein which is adapted to regis-
ter with the narrow passage 58 in the disc 590.
The connector element 34 is provided with a
similar disc 30a and corresponding parts have
been designated with corresponding reference nu-
merals with the subscript a.

The cartridge 53 is provided with an upper
closure member 60 having a passage 61 therein,
within which is disposed an insulating sleeve 62
having a contact rod 63 thereln. The cartridge
$3 also hag a lower closure member 64 made of
suitable insulating material, in which is inserted
a conducting rod 65. The conducting rod 65 is
enclosed In a sleeve 66 of insulating material
within a passage 61 in the perforator unit 10
and it is provided with a pointed end which is
adapted to project through one of the slots 58
into engagement with one of the plates 56 in the
disec 50. A wire filament 68 is connected between
the contact rod 63 and the contact rod 65, which
filament serves to ignite the powder in the car-
tridge 53.

When the perforator units 0, 10’, ete., are as-
sembled as shown in Fig. 4, it will be noted that
the contact rods 65 on the cartridges 53 In the
perforator 10 extend through the upper slots 58
in the insulation 57 into engagement with the
contact plates 56. Also, the contact rods 63 of
the cartridges 53 In the perforator unit {9 pro-
Ject through the passages S4c in the disc 50a
into engagement with the contact plates 562 as
shown in Fig. 5. Similar connections obtain
between the perforator units 10 and 10’ as illus-
trated in Fig. 6 so that three contlnuous firlng
circuits are produced in the assembled perfo-
rator.

It will be apparent that in this modification
the successive cartridges 53 through which the
firing current passes are located in different ra-
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dial planes, the angle between any two successive
radial plahes being approximately egual to the
angle subtended by the contact plate 56.

Figs. 9 and 10 illustrate enother embodiment
of the invention in which ignition is transmitted
automatically from one cartridge to another car-
tridee located along & different generatrix of the
perforator. In this embodiment, each cartridge
69 is provided with & lower closure portion 10
having a very narrow bore Tl formed therein.
The bore T1l is adapted to register with a narrow
inclined passage 12 formed in the perforator unit
10 which extends to the cartridge 69’ in the
next perforator unit 10" which is located on a
different generatrix.

In this embodiment, the guns in the upper-
most perforator unit {0 are preferably fired elec-
trically and to this end the cartridge 69 is pro-
vided with an ignlting filament T4 grounded at
one end to the metallic cartridge case 15 and
connected by means of an insulated conductor
16 to the contact rod 49 which is connected to
the conductor 3% In the supporting cable.

When the cartridge 69 is fired by passing elec-
trical current through the igniting filament 14,
the powder gases pass through the narrow hore
11 in the lower closure member 10 of the car-
tridge 69 to the inclined passage T2, where they
are allowed to expand. The expanded gases then
pass to the upper end of the cartridge 69’ in the
next perforator unit 10° where they flow through
a restricted aperture 1T’ and through a passage
18’ to the charge of powder contalned within the
cartridge 69°, which is ignited thereby.

The passage through the restricted bore Ti
and the subsequent expansion in the inclined
passage 12" produce a delay in the transmission
of Ignition so that a certain interval of time
elapses between the firing of the successive car-
tridges.

From the foregoing, it will be apparent that
the Inventlon provides new and improved well
casing perforating apparatus which i1s charac-
terized by simplicity and increased safety of oper-
atlon. Moreover, the applicant’s novel circuit
breaking means provides an indication at the
surface of the earth each time that a gun is
fired, thus enabling the operator to ascertain
if the apparatus §s functioning properly.

MARCEL SCHLUMBERGER.



