
Feb. 29, 1944. 2,343,087 M. SCHLUMBERGER 
SWITCHING MECHANISM FOR BORE HOLE APPARATUS 

2 Sheets-Sheet l Original Filed Jan. 23, 1940 

NVENTOR; 
/Je??umberger; Marce/ 

BY 

/lget, 

Ž?, §.?7?2IIIIZZEIT-IZZATIZZZZZ ??2 & 

Ø 

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  



2,343,087 M. SCHLUMBERGER. 
SWITCHING MECHANISM FOR BORE HOLE APPARATUS 

Feb. 29, 1944. 

N N 

2. Sheets-Sheet 2 

Ø 
Ø 

23, 1940 

?TS 

SizzZzZzZZZZZZZZZZ, No.ž ·?? 

z 

Original Filed Jan. 

2, LZZ ?? Ø Ø 

Z 

NVENTOR 

?c?à/máezer; /Marcel 
VZZ 

Ø 

  

  

    

  

  

  

  

  

    

    

  

  

  

  

  



Patented Feb. 29, 1944. 

UNITED STATES 
2,343,087 

2,343,087 

PATENT OFFICE 
sw?c?NG ?Ec?ANs? ??? ???E??? 

APPARATUS . 

Marcel Schlumberger, 
ronne, France; wested in 
Custodian 

st. Gaudens, Haute Ga 
the Alien. Property 

Original application January 23, 1940, serial No. 
315,157. Divided and this application July 23, 
1941, Serial No. 403,649, 
2, 1939 
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The present invention relates to apparatus for 
controlling the firing of a plurality of explosive 
charges in a body such as a well casing perfo 
rator, for example, which is adapted to be located 
in a 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 is dis 
closed well casing perforating apparatus having 
a plurality of guns, the axes of which lie in differ 
ent horizontal planes and are angularly spaced 
about the longitudinal axis of the apparatus. The 
guns are adapted to be fired by a plurality of igni 
tion 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 cir 
cuits are adapted to be energized by a source of 
electrical energy located at the surface of the 
earth, one terminal of which is grounded to earth 
and the other terminal of which is connected 
through conventional switching means to the 
conductors in the cable. 

It is an object of the present invention to pro 
vide new and improved switching means for con 
necting each of the ignition circuits in a gun per 
forator of the above character selectively to a 
single conductor in the supporting cable, whereby 
a 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 gun.in the perforator is fired. 
A further object of the invention is to provide 

new and improved switching means of the above 
character which is adapted to be actuated by the 
shock produced when one of the guns of the per 
forator is fired. . 

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

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

Fig. 2 is a cross sectional view taken along line 
2-2 of Fig. 1; ?» 

Figure 2a is a view in cross section taken along 
line 2a-2a of Figure 1 and looking in the direc 
tion of the arrows; . 

Fig. 3 is a schematic diagram of the igniting 
circuits for the gun perforator shown in Fig. 1; 
and ^ ?? 
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Figs. 4, 5 and 6 are views in longitudinal Section 
of modified forms of Switching means constructed 
according to theinvention. , - 

In Figs. 1 and 2, the switching means of this 
5 invention is shown as embodied in a gun perfo 

rator of the type disclosed in the above mentioned 
copending application. The gun perforator fo 
includes a plurality of igniting circuits ffa, b 
and lic which are grounded to the body of the 

0 perforator 0 at the points 2a, 2b and 12c (Fig. 
3). The ignition circuit Il? includes a plurality 
of igniting filaments 3a, 3a' and 3a' for firing 
the corresponding guns, in the perforator 0. 
The igniting filaments 3a, 3a and 3a' re 

15 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 
one filament has been destroyed by the firing of 
the gun corresponding thereto, as disclosed in the 

20 above mentioned copending application, so that 
the guns in the perforator O may be fired suc 
cessively by controlling the value of the curren 
flowing through the igniting circuit a. 

In similar fashion, the igniting circuit bin 
25 cludes a plurality of igniting filaments 3b, 3b' 

and 3b', and the igniting circuit. c includes a 
plurality of igniting filaments 3c, 3c' and 3c' 
which may be energized successively by control 
ling the values of the currents flowing through 

30 the circuits b and ?c, respectively. 
At the surface of the earth is disposed a source 

of electrical energy 4, one terminal of which is 
grounded to earth at the point 5 and the other 
terminal of whichis connected through a con 

35 ventional switch f 6 and variable resistance to 
a conductor 8 in the cable (not shown) on which 
the perforator O is supported in the bore hole. 
By means of the switching means 20 of this in 
vention, the connections between the conductor 

40 8 in the cable and the igniting circuits la, II? 
and c are changed each time a gun is fired in 
the perforator f0. 
The switching means 20 comprises a connector 

element 2 formed with a shouldered portion 22 
45 on which a metallic sleeve 23 is adapted to be ro 

tatably miolunted. Within the lower portion of 
the sleeve 23 is disposed an insulating sleeve 24 in 
which is embedded a conducting ring 25. The 
conducting ring 25 is electrically connected 

50 through a conductor 26 to a conducting sector 27 . 
which is also embedded in the insulating mate 

• rial 24. ** - 
The conducting ring 25 is maintained in en 

gagement with a contact rod 28 which is elec 
56 trically connected to an axial conducting rod 29 



2 
connected at its upper extremity to the conductor 
48. The conducting rod 28 is insulated from the 
body of the perforator () by an insulating sleeve 
30 and the axial conducting rod 29 is irasulated 
in a similar manner by an analogous insulating 
sleeve 39. 
Each of the igniting circuits is electrically con 

nected to a contact member which is adapted 
to be engaged by the movable conducting sector 
27 embedded in the insulating material 23. Thus 0. 
the igniting circuit a is connected to an insu 
lated conducting rod 82a which has secured there 
to a radially extending contact rod 33a which 
is disposed within an insulating sleeve 3éa and 
which is adapted to engage the contact sector 
2 as the sleeve 23 is rotated with respect to 
the connector element 2. In similar fashion, 
the igniting circuits 8b and 6 c are confected 
through insulated conductors 32b and 32c, re 
spectively, to radially extending contact rods 33b 
and 33c, respectively, which are also adapted to 
engage the contact sector 2 when the sleeve 23 
is rotated (Fig. 2). 
The connector element 2 is provided with a 

portion 35 of reduced diameter on which is dis 
posed a coil spring 36, one end of which is se 
cured to the connector element 2 at the point 
3 and the other end of which is secured to a 
link 33 which is connected to the rotatable sleeve 
23 at the point 39. OThe rotatable sleeve 23 is 
provided with a plurality of longitudinally ex 
tending teeth (38 which are adapted to be received 
ir corresponding recesses 4 formed in a sleeve 
82 which is carried on the connector element 2 
so as to be slidable axially thereupon without ro 
tation. \ , 

The sleeve. 432 is normally urged downwardly 
by means of a coil spring (33, thereby engaging 
the teeth (3) on the sleeve 23 in the recesses $8 
provided in the sleeve (32 and locking the sleeve 
23 in position. Mounted on the sleeve (32 is a, 
ring (34 made of flexible material, such as rub 
ber, for example, and which is of substantially 
the sane diameter as the bore hole casing into 
which the perforator is to be lowered. 

Before any of the igniting circuits may be en 
ergized, the position of the sleeve 23 With respect 
to the connector elemen; 2 G must be Such that 
one of the contact rods 33d, 33b or 33c is in en 
gagement with the sector 2. If, for example, 
the conducting sector 2 is in engagement with 
the contact rod 33a, a circuit is completed from 
the ground point 5 at the surface of the earth 
through the source of electrical energy 4, the 
SWitch 6, the variable resistance 7, the Con 
ductor 8, the conducting rod 29, the contact rod 
28 engaging contact ring 25, the conductor 26, 
the conducting segment 2 engaging contact rod 
33a, the contact rod 32a and the igniting circuit 
a to the ground point 2a on the perforator 

f0, the circuit being completed through the liquid 
in the bore hole and the intervening earth for 
mations. 
In order to ignite the lowermost filament 3a', 

9 
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the teeth 40 to become disengaged from the re 
cesses 4 and permitting the sleeve, 23 to rotate 
with respect to the connector element 2. As 
soon as the energy in the gases has been dissi 
pated, the spring 43 returns the sleeve 42 to its 
normal position. The teeth 40 Slide on the Un 
recessed part of the lower face of the sleeve 42 

s 

25 

30 

and eventually snap into the recesses 4, 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 
leased to move the sector 2 out of engagement 
With the rod 33a and into engagement With the 
rod 33b in the igniting circuit b. The lower 
most filament, 3b” may then be ignited as indi 
cated above in connection With the igniting filla 
ment 3a'. In similar fashion the ignition of the 
flament. 3b' connects the source of electrical 
energy 4 to the igniting falnent 3c' which 
ray then be ignited. 

he ignition of the filament 3c' connects the 
source of energy 4 to the filament 3a'. Since 
the resistance of the latter is different from that 
of the filament 3a', the variable resistance 
Rust be adjusted to give the current value re 
quired for its ignition. Once that has been done, 
the filaments 83a, 3b' and 3c' may be ignited 
in that order, the ignition of each resulting in 
the connection of the source of electrical energy 
to the next. When these have been fired and 
the Source & is connected to the flament 3d, the 
current is again adjusted by the variable resist 
ance i, whereupon the filaments 3a, 3b and 
3c may be ignited, in that order. 
In the Imodification shown in Fig. 4, the con 

ducting rod 29, which is in electrical connection 
With the conductor 8, terminates in an enlarged 
portion 45, the lower surface of which is curved 

50 

O 

35 
the switch 6 is closed and the variable resistor . 

is adjusted to give the required current value 
to accomplish this. As indicated above, the elec 
trical characteristics of the igniting filaments 3a 
and 3d' are such that they will not ignite at this 
value of current. . . . 
The igniting of the filament, 3a' fires the gun 

corresponding thereto, and the powder gases 
issuing from the corresponding gun barrel exert 
an upward thrust on the ring 44, thereby causing 

70 
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at 36 and is in engagement with a spherical con 
ducting ball 47. The conducting ball 47 rests 
upon a cup-shaped member 48 provided with a 
tubular shaft (39 which is movable axially in a 
bushing 50 secured within a tubular member 58 
fixed to the connector element. 22, and insulated 
from the member 5A by an insulating sleeve 52. 
The tubular element 5 is provided with an 

OutWardly extending flange 53 at the lower ex 
trenity thereof which is adapted to seat a com 
pression spring 53, the upper end of which is 
seated in an annular recess 55 formed in the lower 
face of the cup-shaped member 48, thereby main 
taining the spherical ball 47 in good electrical 
contact With the enlarged portion 45 of the con 
ducting rod 29. 
At the lower end of the tubular portion 49 

On the cup-shaped member 48 is fitted a con 
tact plate 56 which is continuously engaged by 
the actuator 57 of a conventional type commutat 
ing Switch 58 such as that shown in prior Pat- . 
ent No. 2,210,125 to Raymond, for example. The 
actuator 5 is made of conductive material and 
it serves to complete the circuit from the conduct 
ing plate 56 to One element of the switch 58. The 
Switch 58 is adapted to connect the conducting 
rod 29 selectively to the conductors 32a, 32b and 
32c in the igniting circuits i fa, i Ib and ic, re 
Spectively. 

In operation, the shock produced when one 
of the guns in the perforator O is fired moves 
the spherical ball 47 transversely within the per 
forator 10, thereby moving the cup-shaped mem-, 
ber 48 axially against the force of the compres 
sion Spring 54. This action depresses the actu 
ator 5 of the switch 58, connecting the conduct 
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4. 
rent supply conductor from one of said ignition 
circuits to another one every time a gun mech 
anism is fired. 

8. A gun apparatus which comprises, in com 
bination, at least two series of gun mechanisms 
having powder charges therein, an electric ig 
nition circuit for each of said series, a conductor 
adapted to supply electric current to said elec 
tric ignition circuits, and means rendered opera 
tive by expansion of the powder gases from any 
of said gun mechanisms after the firing thereof, 
for Switching the connection of said current sup 
ply conductor from - one of said ignition circuits 
to another one, every time one of said gun mech 
anisms is fired. 

9. A gun apparatus, which comprises, in colm 
bination, at least two series of gun mechanisms, 

f 

an electric ignition circuit for each of said se 
ries, a conductor adapted to supply electric cur 
rent to Said ignition circuits, and means ren 
dered operative by the shock. produced by the 
firing of any of Said gun mechanisms, for switch 
ing the connection of said current supply con 
ductor from one of said ignition circuits to an 
other one, every time one of said gun mechanisms 
is fired. 

10. A gun casing perforator which comprises, 
in combination, a plurality of units detachably 
aSSembled in consecutive series in a longitudinal 
direction, each unit being provided with gun 
mechanisms including at least two longitudinal 
powder chambers therein and at least one gun 
barrel for each chamber, electric igniting means 
for each of Said chambers, the igniting means 
for one chamber in one unit being adapted to be 
connected automatically to the igniting means 
for the corresponding chamber of the next unit 
So as to form at least two ignition circuits ex 
tending through said series of units, an elec 
trical conductor associated with said perforator, 
and means responsive to the firing of each of 
said guin mechanisms for connecting said con 
ductor Selectively to said ignition circuits. 

11. A gun casing perforator which comprises, 
in combination, a plurality of units detachably 
assembled in consecutive series in a longitudinal 
direction, each unit being provided with at least 
two longitudinal powder chambers and at least 
one gun barrel for each chamber, electric ignit 
ing means for each of said chambers, the igniting 
means for one chamber in one unit being adapted 
to be connected automatically to the igniting 
means for the corresponding chamber of the 
next unit so as to form at least two ignition cir 
cuits extending through said series of units, an 
electrical conductor for supplying current to said 
circuits, and means rendered operative automat 
ically by shocks produced by the successive firing 
of each of said chambers in each unit, for con- , 
necting said conductor-, álternately to said igni 
tion circuits. 

12. A gun casing perforator which comprises, 
in combination, a plurality of units detachably 
assembled in consecutive series in a longitudinal 
direction, each unit being provided with at least 
two longitudinal powder chambers and at least 
One gun barrel for each chamber, electric ignit 
ing means for each of said chambers, the igniting 
means for one chamber in one unit being adapt 
ed to be connected automatically to the igniting 
means for the corresponding chamber of the next 
unit So as to form at least two distinct ignition 
circuits extending through said series of as 
Sembled units, an electrical conductor associated 
with said perforator, a switch having two posi 

2,343,087 
tions for connecting said conductor alternately to 
each of said ignition circuits, and inertia opera 
tive means adapted to be actuated by the Suc 
cessive firing of said powder chambers in each . 
unit for controlling the position of said Switch. 

13. A gun apparatus which comprises, in Com 
bination, at least two series of gun mechanisms, 
an electric ignition circuit for each of said series 
of gun mechanisms, a current Supply conductor 

0 mounted in Said apparatus, a Switch having an 
input terminal connected to said current supply 
conductor and at least two output terminals con 
nected to said respective ignition circuits, an 
actuator for said Switch, and Eneans rendered op 

is erative by the shocks produced by the firing of 
said gun mechanisms for manipulating said 
Switch actuator every time a shot is fired. 

14. A gun apparatus which comprises, in con 
bination, at least two series of gun mechanisms, 
an electric ignition circuit for each of Said Se 
ries of gun mechanisms, a conductor connected 
to a contact member mounted in said apparatus, 
a Switch having an input terminal and at least 
tWo output terminals connected to said respec 

25 tive ignition circuits, an actuator for said switch, 
said actuator being made of conducting mate 
rial and being connected to the input terminal of 
Said Switch, a conducting cup-shaped member 
mounted on said switch actuator, a conducting 

30 ball mounted between said cup-shaped member 
and said contact member, and means for main 
taining Said ball and cup-shaped member in 
yielding engagement with said contact member, 
whereby said Switch will be actuated every time 

35 one of said gun mechanisms is fired to change 
the connection of said conductor from one igni 
tion circuit to another. 

15. A gun apparatus which comprises, in con 
bination, at least two series of gun mechanisms, 

0 an electric ignition circuit for each of said series 
of gun mechanisms, a conductor in said appa 
ratus, a laterally yieldable conducting mass sus 
pended on Said conductor and having a conical 
recess formed in the lower face thereof, a switch 
having an input terminal and two output termi 
nals connected to said respective ignition cir 
cuits, and an actuator for said switch, extending 
into the recess in the conducting mass and en 
gaging the Wall thereof, said actuator being made 
of conducting material and being connected to 
the input terminal of said switch, whereby said 
SWitch will be actuated every time one of said 
gun mechanisms is fired to change the connec 
tion of said conductor from one ignition circuit to 
another. 

16. A gun apparatus which comprises, in com 
bination, at least two series of gun mechanisms, 
an electric ignition circuit for each of said series 
of gun mechanisms, a conductor associated with 
said apparatus, a rotatable member on said ap 
paratus for successively connecting said conduc 
tor to said respective ignition circuits, elastic 
means for constantly tending to rotate said ro 
tatable member about said apparatus, locking 
means for retaining said rotatable member in 
fixed position with respect to said apparatus, and 
means rendered operative by the firing of any 
of said gun mechanisms for rendering said lock 
ing means temporarily ineffective every time a 
gun mechanism is fired, whereby said rotatable 
member may rotate a sufficient distance to 
change the connection of said conductor from 
One ignition circuit to another. 

-17. A gun apparatus which comprises, it com 
76 bination, at least two series of gun mechanisms, 

70 
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an electric ignition circuit for each of said series 
of gun mechanisms, a main conductor mounted 
in central position at the upper end of Said ap 
paratus, an annular member rotatably mounted 
on said end of the apparatus for successively con 
necting said main conductor to said respective 
ignition circuits, elastic means for constantly 
tending to rotate said annular member about said 
main conductor, locking means for normally re 
taining said annular member in fixed position 
with respect to said main conductor, and means 
rendered operative by the shock produced by the 
firing of any of said gun mechanisms for render 
ing said locking means temporarily ineffective 
every time a gun mechanism is fired, whereby the 
connection of said main conductor may be 
switched from one ignition circuit to another. 

18. A gun apparatus which comprises, in COm 
bination, at least two series of gun mechanisms, 
each having a powder charge therein, an electric 
ignition Circuit for each of said Series Of gun 
mechanisms, a main conductor mounted in Cen 
tral position at the upper end of Said apparatus, 
an annular member rotatably mounted on said 
end of the apparatus for successively connecting 
said main conductor to said respective ignition 
circuits, elastic means for constantly tending to 
rotate said annular member about Said main con 
ductor, locking means for normally retaining said 
annular member in fixed position with respect to 
said main conductor, and means rendered Oper 
ative by the expansion of the powder gases pro 
duced by the ignition of a powder charge in any 
of said gun mechanisms for rendering said lock 
ing means temporarily ineffective every time a 
gun mechanism is fired, whereby the connection 
of said main conductor may be switched from one 
ignition circuit to another. 

19. A gun apparatus for use in a bore hole cas 
ing which comprises, in combination, at least two 

5 
paratus, an annular member rotatably mounted 
On Said end of the apparatus for successively 

- Connecting said 'main conductor to said respec 

O 
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40 
series of gun mechanisms, each having a charge 
of powder therein, an electric ignition circuit for 
each of said series of gun mechanisms, a main 
conductor mounted in central position at the 
upper end of said apparatus, an annular member 
rotatably mounted on said end of the apparatus 
for successively connecting said main conductor 
to said respective ignition circuits, elastic means 
for constantly tending to rotate said annular 
member about said main conductor, a sleeve 
mounted for axially slidable movement with re 
spect to said apparatus, locking means carried 
by said sleeve for retaining said annular member 
in fixed position with respect to said main con 
ductor and a flexible ring on said sleeWe and 
adapted to fit snugly in said casing, said ring 
being adapted to be moved axially by the pres 
sure of the powder gases released by the firing 
of a powder charge in any of said gun mech 
anisms for rendering said locking means ten 
porarily ineffective every time a gun mechanism 
is fired, whereby the connection of said main con 
ductor may be switched from one ignition circuit 
to another. 

20. A gun apparatus which comprises, in con 
bination, at least two series. of gun mechanisms, 
an electric ignition circuit for each of said Series 
of gun mechanisms, a main conductor mounted 
in central position at the upper end of said ap 
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tive ignition circuits, said annular member being 
provided with at least one recess therein, elas 
tic means for constantly tending to rotate said 
annular member about said main conductor, a 
transverse locking bar adapted to be received in 
said recess for normally retaining said annular 
member in fixed position with respect to said 
main conductor, spring means for urging said 
bar toward Said recess, and inertia operative 
means actuated by the shock produced by the 
firing of any of said gun elements for temporarily 
withdrawing said locking bar from said recess 
every time a gun mechanism is fired, whereby 
the connection of said main conductor may be 
SWitched from One ignition circuit to another, 

21. In apparatus for use in a bore hole drilled 
into the earth, which apparatus includes an ex 
plosive charge, circuit means to fire said ex 
plosive charge, at least one electrical circuit and 
means actuated by said circuit, the combination 
of switching means responsive to the firing of 
said explosive charge for controlling automati 
cally said electrical circuit. 

22. Apparatus for use in bore holes dried 
into the earth, comprising a support adapted to 
be lowered into the bore hole and having a plu 
rality of electrical circuits associated therewith, 
each having electrical means therein, an enel 
gizing circuit for energizing said plurality of 
electrical circuits, an explosive charge mounted 
on said support, circuit means to fire said ex 
plosive charge, and switching means responsive 
to the firing of said explosive charge for control 
ling automatically the connections between said 
electrical circuits and the energizing circuit. . 

23. Gun apparatus comprising a body adapted 
to be lowered into a bore hole and having a 
plurality of gun mechanisms therein, a plurality . 
of ignition circuits for Said gun mechanisms, an 
energizing circuit, switching means for control 
ling the connections between said energizing cir 
cuit and said respective ignition circuits, resil 
ierit means for urging said switching means in 
the direction to break one connection and make 
another connection, and locking means for re 
taining said switching means in fixed position, 
said locking means being adapted to be rendered 
ineffective each time one of said gun mecha 
nisms is fired, to permit the resilient means to 
actuate the switching means, thereby discon 
necting the energizing circuit from one ignition 
circuit and connecting it to another ignition cir 
Suit. 

24. Gun apparatus comprising a body adapted 
to be lowered into a bore hole and having a plu 

60 

65. 

rality of gun mechanisms therein, a plurality of 
ignition circuits for said gun mechanisms, an 
energizing circuit, switching means for control 
ling the connections between said energizing 
circuit and said respective ignition circuits, and 
inertia means, rendered operative by the firing 
of one of said gun mechanisms, for controlling 
automatically said switching means to discon 
nect the energizing circuit from one ignition cir 
cuit and to connect it to another ignition circuit. 

MARCEL, sCHLUMBERGER. 


