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5 Claims. (Cl. 102-27) 

,The present invention relates to devices which permit 
the selective ?ring from a distance of a plurality of 
charges of powder or explosive disposed at a remote'loca 
tion asin a borehole drilled intojthe earth, for example. 
Morespeci?cally, ithas to dowith selective?ring devices 
of the ,kind in which the ?ring of a primer causes the 
iipriming” of a following charge by mechanical or other 
means, and it refers more particularly to devices of the 
type in ‘which the ?ring is accomplishedelectrically. ‘ 

gIn-certain .deyices such as sample takers forlu's'e in 
wells, ,tor example, a large‘ number of sample “taking 
tools ,are required to be ejected successively," and .it is 
desired to know at each moment precisely’ which ex'i 
Plosive tool ,is ?redso as .to insure that‘ the shots will .be 
made at ,the exact well depth desired; ' Usually,.the' tools 
are connected to the. ?ring apparatus‘ in the .well .by 
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?exible cables and they are adapted to be withdrawn ' 
from theformations by pulling onthecable on which the ‘ 
?ring apparatus is suspended. In such apparatus, it (is 
of primaryimportance not to take any risk of possible 
simultane'ous?ring of the charges corresponding. to- several 
multiple-shot tools. If simultaneous ?ring were to take 
place, all ofthe ‘multiple-shot tools would be driven‘into 
the earth formations and any effort to withdraw them 
simultaneously by pulling on the supporting cable would 
involve the risk of applying excessive stresses to the latter. 

,Theprincipal object of .the present invention is to pro 
vide new and improved selective ?ring "devices which 
de?nitely make it impossible for aplurality' of charges of 
powder orexplosiveto be ‘?red simultaneously.‘ ‘ '. 

In ?ring devices of this ,typeavailable heretofore, a mis 
?re resulting inthe failure of a charge to go o?' usually 
made, it impossiblefor the subsequent charges ‘to lie-?red 
because theyucouldnotbe primed. In the ‘case of devices 
tisedinsidea borehole, such an occurrence made'it neces 
sary to pull up theentire' equipment for examination and 
rjepairr", Anotherebject of the present invention is‘. to 
ohviatepthis drawback'at' least partially, 'andto permit 
?ring of the ,.,following charges in‘spite ofthe .mis?ring 
ofpnecharge ‘ ‘ 

\L-These and other objects of the invention may be ob 
tained by connecting the different charges whose selective 
ignition is, tobe brought about to‘three or'more separate 
electric circuits which areincapableof beingffedrsimul 
ta,i_re,ously,_.each circuit controlling one series of ‘charges, 
the entire system being so arranged that onlyvone‘ charge 
in eachmseries isprimed simultaneously, the ?ring of one 
charge in a series causing the priming of ade?nite charge 
in. each of the other series, in the event that thisof these 
other de?nite charges have not‘ already been primes‘ preceding ?rings. ‘ ‘ " " " ' 1' "_ 

' According to another ‘feature of the invention, the elec? 
tric primers of the’unpr’imed'c'harg'e's" ara‘gr‘gunaestai 
their two ends so as to prevent "any‘possibility destined: 
leaks causing the premature ?ring of a charge.‘ "liif‘adldi 
tio‘nfthe charges are preferably distributed 'in'thfee' or 
mo'recircuifs so that,‘ for instance,» the c'a'sei'dflTth'ree 
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2.". 
circuits, there are always two primed chargers belonging 
ts‘ two different circuits, while two charges‘belonging to 
two different circuits are, in addition, primed in advance 
at the start of ‘shooting. I 
J lt'will be apparent, therefore, that even if one of the 
charges'fa'ils’togo off, and because of thefact that there 
are‘ always at any moment two primed charges, it is 
possible to continue shooting by causing the discharge of 
the other printed charge, because the ?ring of this other 
gangsta turn 'causes or assures the priming of at least 
vtwo other charges, and so forth. _ 
it is also possible, according to the invention, to pro 

vide a device .for continuing ‘shooting even if two suc 
cessive’charges fail to go Oil. For‘ this purpose, it ‘is 
sufficient [to arrange the system so that the discharge of 
each charge will causezthe priming of three other _'charges, 
thecharses being arranged in- fear. separate groups fed 
separately and successively by four electric circuits, ‘the 
discharge ~tone‘ charge of a group assuring the priming 
of'itli're'e located, respectively, in the other three 
groups in'question. If it seems necessary, the possibility 

. hree successive mis?rings can beprovided-for by ‘the 
‘priming of'four successive chargesdisposedin four other 

' ‘ Other: objects and characteristics of the invention will 
appear in the course ofthe following detailed description 
of "a representative embodiment, taken in“ conjunction 
withthe 'attacheddrawings, in which: ' ' 

Fig. l‘ is "aschematic diagram of athree-circuitqelec 
trio ‘?ring device caastructed .a?cordingto ‘the invention 
and intended, for instance, for ?ring chargesin a multiple 
shot device lowered in a borehole; ' ' ’ 
' ‘,Figs. 2 and 3 illustrate schematicallythe state of the 

havebeen ?red; . 
,?ring device of Fig. 1 after the ?rst and second shots 

' ' Fig. 4 is aview in side elevation of part 
‘shot device provided with a ?ring device according to 
‘theinventionj and ' _ : ' 

‘ Fig. 5 is a view in longitudinal section taken alongline 
5+5 of Fig. 4. ' ' ' , 

' In the illustrative embodiment of the invention de 
scribedbelow, the ?ringv device comprises priming mecha 
nism mounted separately in three electric circuits, the 
discharge of each igniter in one ofthe circuits assuring 
the priming of the two following igniters arrangedQ-ré 
spectively,in the other circuits. qln' Fig. 1, the‘igniters 
(are shown diagrammatically by small-electric resistors 
_R1-1, >R2—1,-‘Rs—1, R1-2,,R2~2, Ra-‘z, R1-3, Rz-s and R34 
formed by ?laments which cause the ?rin‘g‘byfthe fact 
that they are brought to incandescence by .the passage of 
the current. Although only nine resistors areshown ‘in 
Fig. 1, obviously a greater or lesser number may be ‘used 
and, in practice, the successive and's‘elective' ?ring of 
thirty charges or more may ‘be readily provided for ac 
cording to the invention. Resistors'R2—3 and‘R's-ls are not 
shown in Figs. 2 and 3, since they are ‘not immediately 
affected by the exemplary operation described hereinafter. 
As ‘stated, the igniters are distributed in three groups 

which are adapted to be energized by three ‘different 
electric circuits, the igniters of the ?rst group being de 
noted by the designation R1, those of the second group 
by ‘R2, and those of the third group. by R3. ' ' ‘ v 

The three groups of igniters are fed separately by means 
of three electric conductors, ll, 12, andi13, running from 
the apparatus in the borehole to the ‘surface of the earth 
wherethey are connected to the ?xed contacts. 14, 15 and ’ 
16, respectively, of a distributor 1.7, for instance, the 
rnovablecontact 13 of which is connected in series with 
suitable source or" current 19 and a conventional switch 
Z?l'to‘, ground asshown. 'Thelditferent igniters belonging 

‘ to'ea‘ch ofthe ‘groups are adaptedtoibe connected be-, 
tween ‘the corresponding conductor, on the one hand, and 

of a multiple-7 
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a ground formed by the body of the apparatus and desig 
nated by the reference character 21 in Figs. l-3, inclusive 
as will be described in greater detail hereinafter. 
Two of the igniters, i. e. the two lower igniters Rl-l 

and R24, are connected, before the apparatus is lowered 
into the borehole, directly between the conductors 11 and 
12 and the ground 21 so that they are primed before the 
start of the operations. On the other hand, the other 
igniters are not initially primed but their two ends are 
both connected to ground, as shown. Priming, which 
may, for instance, be effected in the manner described 
hereafter concerning more speci?cally the m-ulti-shot ap 
paratus proper, or in any other manner, will consist in 
disconnecting one of the terminals of an unprimed igniter 
from ground and connecting it to the corresponding con 
ductor 11, 12 or 13. 

After the apparatus has been prepared, as outlined 
above, it will function in the following manner: the ?rst 
charge is ?red :by supplying electric current to the con 
ductor 11 thereby energizing the ?rst primed igniter R1-1. 
The ?ring of the shot corresponding to the igniter R1-1, 
primes the igniter R3_1, so that the ?ring circuit is then 
in the condition shown in Fig. 2, i. e., the two igniters 
R2~1 and R3-1 alone being primed. Thereupon current 
is passed into the conductor 12 and the ?ring of the shot 
corresponding to the igniter RZ-l primes the igniter R1-z, 
‘so that the ?ring circuit is then in the state shown in 
Fig. 3. In this state, the igniter Rs-i can be ignited by 
causing ‘a current to be passed into the conductor 13 and 
the ?ring of the shot corresponding thereto will prime 
the igniter Rz-z and so forth. 

Hence, it ‘will be seen that, in normal operation of 
the system described above, two igniters will always be 
primed but that, with a single source connected succes 
sively to each line, only one shot can be ?red at a time. 

In case an igniter mis?res for one reason or another, 
it is still possible to continue ?ring. For example, if the 
igniter Rs_1 were to mis?re, ?ring could be continued by 
passing current through the conductor to energize the 
igniter R1_-2 (Fig. 2). The ?ring of the shot correspond 
ing to this igniter simultaneously primes the igniters Rz-z 
and R3_z as will be described in greater detail below. 
From this moment on, by causing the current to pass 
successively into the conductors 12 and 13 the ?ring of 
the shots corresponding to the igniters R24 and R3-: 
can be assured, which, in turn, will result in priming the 
igniters R1-3 and R24, and so forth; hence, a mis?re by 
itgnedigniter will not prevent the following shots from being 
re . . 

As stated above, Figs. 4 and 5, respectively, show part 
of a sample taking device for use in wells which is 
equipped with mechanism constructed according to the 
invention. The sample taker is similar to those used at 
the present time in that it consists of an elongated cylin 
drical body in which there have been provided trans 
versely extending recesses forming gun barrels (there may 
be as many as thirty gun barrels formed along the body, 
or even more). In Figs. 4 and 5, only a portion of a 
sample taker having three guns is shown for purposes of 
illustration. ‘Inside the gun barrels are ‘disposed pro 
jectiles‘ such as sample taking tools which may be formed 
by, tubes which are adapted to be projected into the 
ground by the explosion of a charge of powder. Each 
of the sample taking tools is connected to the body of 
the apparatus by a ?exible cable so that it can be pulled 
up with the body of the apparatus. Apparatus of this 
general character is shown in prior Patent No. 2,055,506 
to Marcel Schlumberger. 

In Figs. 4 and 5 the body of the apparatus 22 has 
formed therein a plurality of recesses 24-1, 24-2, 
24-3 which‘form powder chambers. In front of these 
powder ‘chambers are disposed a plurality of sample 
taking tools 29-1, 29-2, 29-3 which are connected 
to the body ‘of the apparatus by the cables 30-1, 30-2, 
30-3, respectively. The powder in the powder chambers 
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24——1, 24-2, 24-3, is adapted tobe ignited by a plu 
rality of igniting means which are connected, respectively, 
to the three conductors 11, 12 and 13 (in Fig. 5 only 
the conductor 13 is seen). The igniting devices are 
preferably of the type disclosed in the copending applica 
tion Serial No. 128,323, ?led November 19, 1949, by 
Marcel Schlumberger, for “Electrical Igniters,” now Pat 
ent No. 2,681,701, issued June 22, 1954. 
At the end of a metallic hollow tube 23-3, outwardly 

connected to the ground, is connected the ?lament Ra_1 
which goes into the powder chamber 24-3. One end 
of the ?lament Rs~1 is connected to the tube 23-3 and, 
therefore, to the ground and its other end is connected 
by means of an insulated conductor 25-3 inside the tube 
23-3 to a small blade 26-3 carried by an elastic ele 
ment 27-3 which forms a spring. Normally, this blade 
26-3 (Fig. 5) rests on a metal short-circuiting wire 
28-3 which keeps it away from an insulated contact 
31-3 carried by the conductor 13 and which, at‘ the 
same time connects this blade to the ground. The wire 
28-3, which is associated with the sample taker tool 
29-3 which is adapted to be ejected by the combustion 
of the charge in the chamber 24-3 passes (Fig. 4) 
through the cable 30-2which connects the tool 29-2 
to the apparatus and is attached to the cable 30-1 which 
connects the tool 29-1 to the apparatus. 

In Fig.5, the igniter R3~1 is shown in the unprimed 
condition,‘ while the igniter R2-1 is primed. In the 
primed position, the short-circuiting wire is missing, and 
the blade 26-2, because of the elasticity of the element 
27-2,‘ will make contact with the contact 31-2. ‘In 
this position, the igniter R2_1 is connected between ground 
and the corresponding conductor 12. Assume now that 
the igniter R1—1 is also primed and that the correspond 
ing sample taking tool is to be ?red. The sample tak 
ing tool 29-1 is projected into the adjacent earth 
formation (not shown) and carries with it the cable 
30-1‘ and the wire 28-3 attached to the latter. When 
the wire 28-3 is pulled out, the blade 26-3 will en 
gage the contact 31-3 thereby priming the igniter R3-1. 

If for some reason or another, the igniter R1-1 mis 
?res and that, therefore, the sample taking tool 29-1 
has remained in place, the ?ring can, nevertheless, be 
continued. Since the igniter Rz~1 is primed, by causing 
current to pass into this igniter from the conductor 12, 
the tool 29-2 can be ejected, and the cable 30-2, 
through which the wire 28-3 passes, will pull out the 
latter wire so that the igniter Ra-r will be primed. 
At the same time, since the cable 30-2 is also con 
nected to the end of a wire 28-4 associated with the 
immediately following igniter R1-z (Fig. 1), ejection of 
the sample taker tool 29-2 will prime the following 
igniter R1-z so that, in all cases, after ?ring this shot, 
there will still be two primed igniters. 
From the foregoing, it will be understood that the 

invention provides novel and highly effective ?ring mech 
anism for setting oif a plurality of explosive charges 
from a distance. By providing a single energizing con 
ductor for each of a plurality of groups of charges and 
maintaining the majority of the igniters normally short 
circuited, possible simultaneous ?ring of all of the charges 
is avoided. Further, by causing the ?ring of any one 
charge to prime at least ‘one charge in each of at least 
two. other groups of charges, it is possible to continue 
with the ?ring operations ‘even if a mis?re takes place. 

Obviously, the speci?c embodiment described above 
may be modi?ed within the scope of the invention. Thus, 
as stated above, provision can be made for the priming 
of more than two igniters so as to be able to continue 
?ring operations even in the case of two consecutive mis 
?res. The invention, therefore, is not to be limited save 
as de?ned in the following claims. - 

I claim: 
1. In apparatus for ?ring a plurality of explosive 

charges from a distance, the combination of at least two 
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electrical igniter means for said charges, means for 
short-circuiting one of said igniter means, a ?ring circuit 
including the other of said igniter means, and means re 
sponsive to ignition of said last-named igniter means for 
rendering said short-circuiting means ine?ective. 

2. In apparatus for ?ring a plurality of explosive 
charges from a distance, the combination of at least two 
electrical igniter means for said charges, means for 
short-circuiting at least one of said igniter means, a ?rst 
?ring circuit including a primed igniter means, a second 
?ring circuit, means for rendering said short~circuiting 
means ineffective and for connecting the igniter means 
corresponding thereto in ‘said second ?ring circuit thereby 
priming said corresponding igniter means, and means 
actuated upon ignition of said ?rst ?ring circuit igniter 
means for operating said connecting means. 

3. In apparatus for ?ring a plurality of explosive 
charges from a distance, the combination of at least 
two electrical igniter means for said charges, means for 
short-circuiting one of said igniter means, a ?rst ?ring 
circuit including the other of said igniter means, a second 
?ring circuit, means responsive to ignition of said last 
named igniter means for rendering said short-circuiting 
means ine?ective and for connecting said one of said 
igniter means in said second ?ring circuit, a source of 
electrical energy, and means for connecting said source 
selectively to said ?rst and second ?ring circuits. 

4. In apparatus for ?ring a plurality of explosive 
charges from a distance, the combination of a plurality 
of short-circuited electrical igniter means and at least 
two primed electrical igniter means for said charges, a 
?rst ?ring circuit including one of said primed igniter 
means, a second ?ring circuit including another of said 
primed electrical igniter means, a third ?ring circuit, 
a plurality of means for rendering the short-circuiting of 
said short-circuited electrical igniter means ineffective 
and for connecting them in said ?rst, second and third 
?ring circuits, and means actuated upon ignition of the 
igniter means in one of said ?rst and second ?ring cir 
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cuits for operating at least one of said rendering and 
connecting means. 

5. In sample taking apparatus including a body adapted 
to be lowered into a well and having a plurality of 
laterally directed, longitudinally spaced apart gun bar 
rels formed therein, a sample taking projectile in each 
of said gun barrels, and powder chamber means for each 
of said gun barrels each having electrical igniter means 
therefor, the combination of a plurality of means for 
short-circuiting all but at least two of said igniter means, 
a ?rst ?ring circuit including one of said two igniter 
means, a second ?ring circuit including the other of 
said two igniter means, a third ?ring circuit, means 
actuated by ejection of the projectile corresponding to 
one of said two igniter means for rendering one of said 
short-circuiting means for a third igniter means ineffec 
tive and connecting said third igniter means in said third 
?ring circuit, means connected to each projectile other 
than said projectile corresponding to said one of said 
two igniter means for rendering ineffective said short 
circuiting means for the igniter means in two adjacent 
powder chambers and for connecting them in two di?ferent 
ones of said three ?ring circuits, respectively, a source of 
electrical energy at the surface, and switching means 
for connecting said source selectively to said ?rst, sec 
ond, and third ?ring circuits. 
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