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Published June 1, 1943

Serial No. 403,649

ALIEN PROPERTY CUSTODIAN

GUN FIRING APPARATUS

Marcel Schlumberger, St. Gaudens, Haute
Garonne, France; vested In the Alien Prop-

eriy Custodlan

Application filed July 23, 1941

The present invention relates to apparatug for
controlling the firing of a plurality of explosive
charges in a body such as & well casing per-
forator, for example, which is adapted to be lo-
cated In g relatively inaccessible place,

In copending application Serial No. 315,157,
filed January 23, 1940, for Gun perforator, of
which this application is a division, there 1s dis-
closed well casing perforating apparatus having
& plurality of guns, the axes of which lie In
different horizontal planes and are angularly
spaced about the longitudinal axis of the appa-
ratus. The guns are adapted to be fired by a
plurality of lgnition circuits extending along the
perforator, which are grounded to the perforator
body at one end, and Which are connected at
the other end to corresponding conductors in
the cable supporting the apparatus in the bore
hole. The igniting circuits are adapted to be
energized by a source of electrical energy lo-
cated at the surface of the earth, one terminal
of which is grounded to earth and the other
terminal of which is connected through conven-
tional switching means to the conductors in the
cable,

It is an object of the present invention to
provide new and improved switching meang for
connecting each of the ignition circuits in a
gun perforator of the above character selectively
to a single conductor in the supporting cable,
whereby s mono-conductor cable may be used
for carrying out perforating operations in a bore
hole.

Another object of the invention is to provide

new and improved switching means of the above :

character which is adapted to be actuated when
a guh in the perforator is fired.

A further object of the invention is to provide
new and improved switching means of the ahove
character which is adapted to be actuated by the
shock produced when one of the guns of the
perforator is fired.

Additional objects of the invention will become
apparent from the following detalled description
of several embodiments taken in conjunction with
the accompanying drawings, in which:

Flg. 1 is a schematic dlagram illustrating
switching means constructed according to the
present invention in a gun perforator circuit;

Plg. 2 {s a cross sectional view taken along
line 22 of Fig. 1: .

Fig. 3 is 8 schematic diagram of the igniting
eircuits for the gun perforator shown in Fig. I;
and

Figs. 4, 5 and 6 are views in longitudinal gec-
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tlon of modifleq forms of swltching means con-
structed according to the invention.

In Figs. 1 and 2, the switching means of this
invention is shown as embodied in & gun per-
forator of the type dlsclosed in the above men-
tloned copending application. The gun perfo-
rator 18 includes a plurallty of igniting elrcuits
ff{a, 11b and Ilc which are grounded to the body
of the perforator 10 at the points 124, 12b and
I2c (Fig. 3). The ignition circult lig includes
a plurallty of igniting filaments 13a, 132’ and
13a’* for firing the corresponding gunsg (not
shown) in the perforator i@

The Igniting fAlaments 134, 13a’ and I3a’’ re-
quire different current values to bring them to
red heat and means (not shown) is provided for
grounding the free end of the next filament
when onhe filament has been destroyed by the
firing of the gun corresponding thereto, as dis-
closed In the above mentloned copending appli-
cation, so that the guns In the perforator i0
may be fired successively by controlling the value
of the current flowing through the Igniting cir-
cuit kla.

In similar fashion, the igniting circuit 11 In-
cludes a plurality of igniting filaments 13b, I3’
and 13b’’, and the {gniting circult Ilec includes
a plurality of igniting filaments 3¢, 13¢’ and
t3¢’” which may be energized successively by
controlling the values of the currents flowing
through the circuits 11b and {le, respectively.

At the surface of the earth ig disposed a source
of electrical energy 18, one terminal of which is
grounded to earth a{ the point 15 and the other
terminal of which is connected through a con-
ventlonal switch 16 and varlable resistance 7
to a conductor I8 in the cable (not shown) on
which the perforator 10 is supported in the bore
hole. By meanhs of the switching means 28 of
this Invention, the connections between the con-
ductor 18 in the cable and the igniting circults
{la, 115 and lic are changed each time a gun
is fired in the perforator 14.

The switching means 20 comprises a connector
element 21 formed with a shouldered portion 22
on which a metallic sleeve 23 is adapted to be
rotatably mounted. Within the lower portlon of
the sleeve 23 is disposed an insulating sleeve 24
in which 15 embedded a conducting ring 25. The
conducting ring 28 Is electrically connected
through a conductor 20 to a conducting sector
21 which 1s also embedded in the insulating ma-
terial 24,

The conducting ring 25 is maintained in en-
gagement with a contact rod 28 which is electri-



cally connected to an axial conducting rod 29
connected to its upper extremity to the conduc-
tor 18. The conducting rod 28 is insulated from
the body of the perforator I8 by an insulating
sleeve 30 and the axial conducting rod 29 is in-
sulated In a similar manner by an analogous
insulating sleeve 31.

REach of the igniting circuits is electrically con-
nected to a contact member which 1s adapted to
be moved into engagement with the conducting
sector 21 embedded in the insulating material 24.
Thus the lgniting ciroult 'lie is connhected to an
insulated conducting rod 32e¢ which has secured
thereto a radially extending contact rod 33a
which 1s disposed within an Insulating sleeve 34a
and which is adapted to engage the contact sec-
tor 27 as the sleeve 23 is rotatexd with respect to
the connector element 21. In similar fashion, the
igniting circults 11y and ll¢ are connected

through insulated conductors 32b and 32¢, re- -

spectively, to radlally extending contact rods 33b
and 33c, respectively, which are also adapted to
engage the contact sector 21 when the sleeve
23 'is rofated (Fig. 2),

The connecdtor element 21 {s provided with a
portion 35 of reduced diameter on “which is dis-
posed a coll spring 96, one end of ‘which -is se-
cured to the connector element 21 at the point
87 and the other end of which 15 secured to a

lInk #8 which is-cannected to the rotatable sleeve -

23 at.the point 39. The rotatable sleeve 23 is pro-
vided with a plurality of longitudinally extend-
ing teeth 40 which are adapted to be recelved In
corresponding recesses 41 formed In a Sleeve 42
which 1s carflad on the connector element 21 so
ag to be slidable axinlly thereupon without ro-
tation.

‘The sleeve 42 15 normally urged downwardly
by means of a ‘coil spring %3, thereby engaging
the teeth 40 on the sleeve 23 in the recesses 4!
provided fn the sleeve 42 and locking the sleeve
23 In position. Mbunted on the sleéve 42 is a
ring 44 made of flexible material, such as Tubber,
for example, and which is of substantially the
same diameter as‘the bore hole casing Into which
‘the perfordtor 0 is'to be lowered,

Before any of the leniting circults may be en-
ergized, the posttion of the sleeve 23 with respect
to ‘the eonnector element 21 must be such that
one of the contact rods 33a, 385 or 33c is in en-
gagement with ‘the sector 21. Tf, for example,
the eonducting sector 27T is in engagement with
the eontact rod 33a, a circult is completed from
the ground point (5§ st the surface of the earth
through ‘the source of electrical energy 14, the
swité¢h #6, the variable resistance 11, the con-
duttor 8, the conducting rod 79, the contact
rod 78 éngaging contact ring 26, the conductor
28, the . conducting segment 27 engaging contact
rod 38a, the contact rod 32z and the igniting
circuit 11a to the ground point F2q on the per-
forator 19, the circuit being completed through
the Iiquid {n the bore hole and the Intervening
earth formations.

In order to fgnite the lowermost filament 13a’’,
the switch % -is closed and the varialile resistor
17 Is sidjusted .to give the required current value
to:accommplish this. As indicated above, the elec-
trieal charmcteristics of the igniting filaments
182 :.and (3a’ .are such that they will not jgnite
.at this value of current.

Thre igniting of the fllament {3e’’ fires the gun
corresponiding thereto, and the powder gases 1ssu-
ing fram "the corresponding gun ‘barrel ‘exert an
upward thrust on tlre ring ‘44, thereby causing
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the teeth 49 to become disengaged from the re-
cesses 41 and permitting the sleeve 23 to rotate
with respect to the connector element 21, As
soon as the cnergy in the gases has been dis-
sipated, the spring 43 returns the sleeve 42 to its
normal position, engaging the teeth 40 in the
recesses 41 and again holding the sleeve 23 In
fixed position.

The tensions in the springs 36 and 43 are so
adjusted as to permit the sleeve 23 to rotate
through a sufficient angle after it has been re-
leaged to move the sector 27 out of engagement
wlth the rod 833c and Into engagement with the
rod 33% in the igniting circuit (lb. The lower-
most filament 13%°" may then be ignited as indi-
cated above in connection with the igniting fila-
ment f3a”’ and by continuing the operations in
this fashion the guns in the perforator may be
fired suceessively.

In the modificaticn shown in PFig. 4, the con-
ducting rod 289, which is in electrical connection
with the conductor (g, terminates in an enlarged
portion 4%, the lower surface of which is curved
at 46 and is in engagement with a spherical con-
ducting ball 47. The conducting ball 47 rests
upen a cup-shaped member 48 provided with a
tubular shaft 49 which 1s movable axially in a
bushing 58 secured within a tubular member Bli
fixed to the connector element 24, and insulated
from the member §l by an insulating sleeve '52.

The tubular element §1 is provided with an out-
wardly extending flange 53 at the lower extremity
thereof which i1s adapted to seat a compression
spring 54, the upper end of which i seated in an
annular recess 55 formed in the lower face of the
cup-shaped member 48, thereby maintaining the
spherical ball 4T In good electrical contact with
the enlarged portion 45 of the conducting rod 29.

At the lower-end of the tubular portion 48 on
the cup-sheped member 48 is fitted a contact
plate 58 which is continuously engaged by the ac-
tuator 57 of a comventional type commutating
switch §58. The actuator ‘67 is made of condue-
tive material and it serves to complete the eireuit
from the conducting plate 56 to one element of
the switch §8. The switch 58 is adapted to con-
nect the conducting rod 29 selectively to the con-
ductors 32a, 32b and 32¢ in the gniting cirenits
lia, rib-and I ic, respectively.

‘In operation, the shock produced when one of
the guns in the perforator 0 is fired moves the
spherical ball 47 transversely within the perfo-
rator (0, thereby moving the cup-shaped member
43 axially against the force of the compression
spring 58. This action depresses the actuator §7
of the switch 68, connecting the conducting rod 29
to the next igniting circuit which is to be ener-
gized.

The modification illustrated in Ptg. 5 is similar
to that shown in Pig. 4, execept that the spherical
ball 4T is replaced by a cylindrical eonducting
mass 89 which is elastically suspended in the con-
nedtor element 21 by suitable supports 60 made
of resillent material, such as rubber, for example.

5 In thls modification, the switeh 68 is provided

with an extended actuator 61 which projects into
& conical recess §2 formed In the lower face of the
cylindrical mass 89. As in the previous case,
when one of the guns In the perforator 0 is fired,
the latter is moved laterally with respect to the
mass 59 and the inclined surface of the conical
recess §2 therein depresses the switch actuator
61, thereby disconnecting the conducting rod 29
from one igniting circuit and connecting it to a
different tgniting circuit.
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The modification shown in Fig. 6 is similar to
that shown in Fig. 1. In this embodiment, how-
ever, the sleeve 23 is adapted to be rotated with
respect to the connector element 21 by means of
a coil spring 63 which is secured on the connector
element 21 at the point 64. The Interior wall of
the sleeve 23 is provided with a plurality of spaced
recesses 65, within which a transversely extending
rod 86 is adapted to be received for the purpose
of holding thc sleeve 23 in fixed positlon. The
rod 68 is continuously urged into engagement with
the recess 65 by means of a compression spring
67, one end of which is seated within an annular
recess 68 formed in the wsll of the connector ele-
ment 21 and the other end of which is seated
against a disc 69 secured to the rod 66.

A large mass T is suspended within the con-
nector element 21 on a flexible cable Tl and it is
connected at its lower end by means of a fiexible
cable 12 to one arm 13 of a bell crank mechanism
714 which is pivoted at 15. The other arm 76 of
the bell crank mechanism 74 is provided with a
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slot 1T within which a pin 76 on the rod 68 is
adapted to be received. The conducting rod 28
which supplies current to the igniting circuits is
connecfed by means of a conductor 79 to an in-
sulated conducting rod 68 which 1s maintained in
engagement with the conducting ring 25 in the
sleeve 24.

When one of the guns in the gun perforator 10
is fired, the shock imparted to the perforator as-
sembly causes the latter to move laterally with
respect to the masg T0, turning the bell crank
mechanism 74 about the pivot point 15 and dis-
engaging the rod 68 from the recess 65. This
permits the sleeve 23 to rotate under the infiuence
of the spring 63 through a sufficient angle to bring
the conducting sector 27 into engagement with
the conducting rod 32b corresponding to the next
igniting circuit 11b. By this time the mass 79 has
returned to its normal position and the rod 66 is
again moved into engagement with one of the re-
cesses 65 by means of the compression spring 67.

MARCEL SCHLUMBERGER.



