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ABSTRACT OF THE DHSCLOSURE 
This disclosure is directed to oil well perforating ap 

paratus having a number of perforating devices such as 
shaped charges and adapted for suspension from a cable 
having only two conductors. To detonate individual ones 
of these shaped charges, each contact on two or more 
solenoid-actuated, multi-contact selector switches is sepa 
rately connected to an electrically responsive detonator 
associated with one or more shaped charges that are to 
be detonated at one time. By means of appropriately ar 
ranged semi-c-onductor diodes and Zener diodes, the selec~ 
tor switches can be selectively actuated to successively 
connect each of the detonators into the ?ring circuit one 
at a time. Then, once a particular detonator is connected 
into the ?ring circuit, the detonator is actuated by in 
creasing the voltage applied to the ?ring circuit. 

Accordingly, as will subsequently become apparent, 
this invention relates to apparatus for detonating explo 
sives for perforating oil wells; and, more particularly, 
pertains to electrical systems for selectively detonating 
individual shaped charges in a well-perforating tool. 
The present trend in well-perforating techniques is to 

place only one or, at most, a very few perforations at each 
of carefully selected points in a well rather than indis 
criminately scattering a large number of perforations 
along a wide interval. To place such small groups or 
single perforations at various selected depths, apparatus 
carrying a number of shaped charges is lowered into a 
well to a particular depth where a perforation is to be 
placed. Then, the ?rst of these charges is detonated. 
Thereafter, the apparatus is re-positioned to another 
depth and another charge is ?red. This procedure is re 
peated until all of the desired perforations have been 
made. 

It will be realized, of course, that where a group of 
shaped charges are to be individually detonated, each of 
the charges must have separate detonating means as Well 
as be isolated from adjacent charges. Accordingly, well 
designed selectively ?red shaped charge apparatus is gen 
erally comprised of a series of tandemly mounted shaped 
charges that are suitably isolated from one another within 
a sealed carrier. Each of these charges has its own elec 
trically initiated blasting cap connected to an electrical 
control system which is arranged to connect the charges in 
a predetermined sequence to an electrical source at the 
surface of the ground. I 

A typical electrical control system for such apparatus 
quite often employs a solenoid-actuated, multi-position 
selector switch mounted within the shaped charge car 
rier that is suitably arranged to sequentially connect each 
of the blasting caps in turn to the electrical source at the 
surface. Generally, these selector switches include a group 
of ganged wafers with one of these wafers having a plu 
rality of ?xed, circumferentially spaced contacts connected 
to the shaped charges. These spaced contacts are engaged 
in turn by a rotatable contact arm that is successively 
advanced one position at a time by a solenoid-actuated 
ratchet-and-pawl mechanism. Thus, as the solenoid is al 
ternately energized and de-energized, the rotatable con 
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tact arm is successively advanced to connect the shaped 
charges into the circuit for individual :detonating as de 
sired. 
The perforating apparatus must, of course, be sus 

pended in the Well bore from a cable having‘ electrical 
conductors therein. The usual practice is to employ a so 
called “monocable” having a single electrical conductor 
enclosed within a conductive armored sheath which serves 
as the other conductor in the ?ring circuit. Heretofore, 
these systems employing a monocable have had an inher 
ent disadvantage, however, that since only a single sole 
noid-actuated selector switch could ‘be controlled, the 
number of charges within the apparatus was limited to 
the number of switch contacts that could be arranged on 
that size of switch. Since the current trend is toward 
smaller sizes of well casings, it will be readily appreciated 
that as perforating apparatus is correspondingly reduced 
in size to accommodate such smaller casings, the selector 
switches must also be reduced with a corresponding de~ 
crease in the number of available switch positions. 

Thus, heretofore, where the number of shaped charges 
to be selectively ?red was greater than the number of avail 
able switch positions, it has been necessary to employ 
multi-conductor suspension cables. Such multi-conductor 
cables are not preferred, however, since as its diameter 
increases, the total length of a cable that can be carried 
on a given size of winch is reduced. Moreover, with mul 
tiple conductors, there is always that possibility that an 
electrical short or incorrect connection may result in 
perforating at the wrong depth. 

It is, therefore, an object of the present invention to 
provide reliable mistake-proof systems for use with a 
monocable to selectively arm a plurality of shaped 
charges in a predetermined sequence. 

This and other objects of the present invention are ob 
tained where there are a plurality of electrically actu 
atable devices in a well tool by connecting one of these 
devices to a direct current source which will develop a 
voltage potential of a predetermined magnitude to actuate 
that device and connect another of these devices to a direct 
current source by means that conduct electricity to that 
other device only when the voltage potential applied is 
greater than that required to actuate the ?rst device. 
The novel features of the present invention are set 

forth with particularity in the appended claims. The pres 
ent invention, both as to its organization and manner of 
operation together with further objects and advantages 
thereof, may best be understood by way of illustration and 
example of certain embodiments when taken in conjunc 
tion with the accompanying drawings, in which: 
FIG. 1 depicts perforating apparatus employing the 

circuitry of the present invention as it will appear Within 
a well bore; 
FIG. 2 schematically illustrates shaped charge perforat 

ing apparatus employing electrical circuitry arranged in 
accordance with the principles of the present invention; 
and 

FIG. 3 shows an alternate embodiment of electrical 
circuitry also arranged in accordance with the principles 
of the present invention. 

In FIG. 1, a plurality of shaped charge carriers 1042 
are tandemly arranged to assemble perforating apparatus 
13. The apparatus 13 is dependently suspended from a 
monocable 14 within a well bore 15. The ?rst of a num 
ber of shaped charges (not shown) has just been detonated 
and has produced a perforation 16 that extends through 
the well casing 17 and cement 18 into the earth formation 
19. The apparatus 13 is now ready to be shifted to another 
depth within the well bore 15. 

Turning now to FIG. 2, a schematic representation is 
shown of the shaped charge perforating apparatus 13 of 
FIG. 1 and the monocable 14 which has a single inner 



3,327,791 

electrical conductor 20- and an electrically conductive outer 
armor sheath 21 as the other electrical conductor. This 
monocable 21 is, of course, suitably arranged for being 
spooled in the usual manner from a winch (not shown) 
adjacent to the well. 
A regulated and controlled DC source 22, such as pro 

vided by a battery 23 having a potentiometer 24 across 
it and in series with an ammeter 25 and control switch 26, 
is connected through a conventionally arranged reversing 
switch 27 to conductors 26’ and 21 at the upper end of 
the monocable 14. Thus, the operator may select the po 
larity and voltage potential on either conductor 20‘, 21 as 
well as regulate and control the magnitude of the current 
?ow through the conductors. 
A plurality of longitudinally spaced shaped charges 28 

are mounted within each of the carriers 10-12 that com 
prise the perforating apparatus 13. The monocable 14 is 
securely fastened to the upper end of the perforating ap 
paratus 13 and its outer conductive sheath 21 is electrically 
connected to the body of the carriers 10-12. The central 
conductor 20 of the monocable 14 enters the uppermost 
carrier 12 through a suitable ?uid-tight conductor seal 29. 
Similar conductor seals 30, 31 are also provided to ?uidly 
seal the central conductor 20 where it passes into each of 
the other carriers 11 and 10. 
A separate electrical system A-C is provided in each 

of the carriers 10-12 for selectively detonating the shaped 
charges 28 in that carrier. Each of these electrical systems 
A-C employ a conventional solenoid~actuated selector 
switch 32 that, once it has ben actuated, responds to se 
quential energizations to connect a selected number of the 
shaped charges 28 within that carrier in succession to the 
central conductor 20 of the mon-ocable 14 so that the 
charges may be sequentially detonated. These electrical 
systems A-C are also suitably arranged to be individually 
actuated as well as to be disconnected as the next suc 
cessive systems is being initially actuated. 
To accomplish these functions, the selector switch 32 

in each electrical system A-C has a solenoid-actuated 
mechanism 33 for rotating in unison separate switch con 
tact arms 34, 35 around a plurality of ganged, rotary 
switch wafers 36, 37. Although there may be other suitable 
mechanisms that could be used, the preferred mechanism 
33 has a pawl (not shown) that indexes a rotatable ratchet 
wheel (not shown) one position each time its solenoid 38 
is energized and remains in engagement therewith so long 
as the solenoid is energized. Then, when the solenoid 38 is 
de-energized, the pawl returns and engages the next tooth 
on the ratchet wheel. Thus, by successively energizing 
and re-energizing the solenoid 38, the contact arms 34 
and 35 are advanced in unison one position at a time 
around their respective switch wafers 36 and 37. 
The wafer 37 on each selector switch 32 is arranged 

to sequentially connect shaped charges 28 in turn to the 
regulated voltage source 22 for subsequent detonation as 
desired. Accordingly, although only some of the shaped 
charges 28 within the carriers 10-12 have been shown in 
FIG. 2, it will be understood that all but the last contact 
39 on the switch wafer 37 are separately connected to in 
dividual shaped charges 28 within that carrier. Thus, when 
the solenoid 33 is ?rst energized, the rotatable contact 35 
is shifted from its initial starting position (which has no 
conductor leading therefrom) as depicted in FIG. 2 to the 
?rst contact 40 and stops. An electrical circuit is thereby 
established from the rotatable contact 35 to this ?rst con 
tact 4t), and from there through a conductor 41 to one 
side of an electrical igniter 42 at the rear of the shaped 
charge 28 in that carrier that is to be ?red ?rst. Separate 
conductors 43 provide a return path from the opposite 
side of each igniter 42 through the body of the carriers 
10-12 to the monocable sheath 21. 
For reasons that will subsequently be apparent, the 

other wafer 36 of each of the switches 32 has an almost 
continuous peripheral contact 44. The rotatable contact 
34 for water 36 is arranged to be in continuous electrical 
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4 
contact with the peripheral contact 44 at all times, includ 
ing the initial starting position shown in FIG. 2, until 
the selector switch 32 has stepped the rotatable contact 
around the wafer and it is indexed into its ?nal position 
45 which is vacant. The‘ rotary contacts 34, 315 and their 
respective wafers 36, 37 are angularly related so that con 
tact 34 will reach the vacant ?nal position 45 at the same 
time that rotary contact 35 reaches vacant contact 39. 
Two oppositely oriented polarity-responsive means, such 

as semi-conductor diodes 46 and 47, are connected in 
parallel with one another to the central conductor 20. The 
opposite side of diode 46 is connected by a conductor 48 
to the rotatable contact member 34 of switch wafer 36. 
In each of the electrical systems B and C, as well as any 
subsequent system, conduct-or 48 has a voltage-responsive 
means, such as a Zener diode 49 serially connected therein. 
Although a Zener such as at 4913 or 49C could be inserted 
into conductor 48A of system A, it is preferred not to do 
so for reasons that will subsequently be apparent. The 
other diode 47 is poled oppositely to diode 46 and is con 
nected by a conductor 59 to the rotatable contact member 
35 of switch wafer 37. A conductor 51 connects the periph 
eral contact 44 to one end of the coil of solenoid 38. The 
opposite end of the coil of solenoid 38 is returned to the 
carrier by another conductor 52. A Zener diode 53 con 
nected across the coil of solenoid 38 provides a safety 
feature that will be subsequently explained as well as a 
leakage path for the back EMF induced in the coil when 
ever voltage is removed therefrom. 

Thus, it will be appreciated that the sole difference be 
tween electrical system A and systems B and C is that it 
is preferred not to have a Zener diode, such as at 49, in 
the ?rst system to be activated, system A. In all other re 
spects, however, the ?rst electrical system A as well as 
those systems, such as at B and C, in all successive car 
riers are identical and function in the same manner. 

Turning now to the operation of the electrical systems 
A-C. Assume that all selector switches 32 are in their 
initial starting positions as depicted in FIG. 2 and that the 
perforating apparatus 13 is now in position Within the 
well for detonating the ?rst of the shaped charges 28A 
in carrier 10. The reversing switch 27 at the surface of the 
ground is ?rst thrown .to the right as viewed in FIG. 2 
to connect the negative terminal of the battery 24 to the 
central conductor 20 of the monocable 14. It will be ap 
preciated, of course, that whenever the central conductor 
20 is at a negative potentiahthe polarity orientation of 
diodes 47 will prevent current from ?owing to the switch 
wafers 37. Although diodes 46 are correctly oriented to 
pass current whenever the central conductor 20 is positive, 
should the reversing switch 27 be accidentally thrown to 
the left, no current can ?ow through the central conduc 
tor so long as the movable contact members 35 remain 
in their initial vacant positions depicted in FIG. 2. 

It will be understood, therefore, that with the reversing 
switch 27 thrown to the right as viewed in FIG. 2, when 
ever the control switch 26 is closed, current can initially 
?ow only through the diodes 46 connected to the solenoids 
38 of the selector switches 32. The Zener diodes 
49B and 49C will block current flow through conductors 
48B and 48C, however, so long as the voltage applied 
to conductor 2!) is no greater than the predetermined 
threshold or Zener level of each of these Zeners 49B and 
490. It will be appreciated that the potentiometer 24 
must be advanced in the direction of arrow 54 a sut?cient 
amount to raise the applied negative voltage to the respec 
tive Zener level of each of the Zener diodes 49B and 49C 
and that not until these Zener levels have been reached 
will current begin ?owing in their respective circuits. 
Thus, so long as the voltage potential applied to central 
conductor 20 is kept below the Zener levels of Zener 
diodes 49B and 43C, voltage can be applied only to the 
solenoid‘ coil 38A of selector switch 32A and selector 
switches 32B and 32C will remain in their initial inactive 
positions shown in FIG. 2. 
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The magnitude of current ?ow, of course, is directly 
related to the resistance in the circuit. Thus, since the 
combined resistance of the conductors 20, 21 of the mono 
cable 14 and coil of the solenoid 38A will always be 
known and constant, the operator will also know the 
magnitude of current that will ?ow whenever the selec 
tor switch 32A is being advanced. The ammeter 25 will, 
of course, indicate the magnitude of current ?ow at all 
times and thereby serve as a guide for the operator. 
Once the solenoid 38A has been actuated, the movable 

contacts 34A and 35A are advanced simultaneously from 
their starting positions. This, of course, brings the mov 
able contact 35A of switch wafer 37A into contact with 
switch contact 40A. The movable contact members 34A 
of the switch wafer 36A will similarly be stepped to its 
second position on the peripheral contact 44A. It will 
also be recalled that the solenoid mechanism 33A cannot 
operate to step switch 32A to the next position without 
?rst de-energizing the solenoid 33A. Thus, once the switch 
32A has been indexed to its ?rst position, the rotatable 
contacts 34A, 35A can not be further advanced until 
the voltage has been greatly reduced or interrupted. 
When the selector switch 32A has been advanced to 

its ?rst operating position, it will be seen that conductor 
50A is now connected through movable contact member 
35A to conductor 41A which is connected to the ?rst 
of the shaped charges 28A to be detonated. This shaped 
charge 28A cannot yet be detonated at this time, how 
ever, since diode 47A is poled in such a manner to con 
duct only when there is a positive polarity on central 
conductor 20. ' 

Accordingly, it will be realized that by throwing the 
reversing switch 27 to the left, the positive terminal 
of the battery 23 is then connected to the central conduc 
tor 20 of the monocable 14 with only the control switch 
26 breaking the circuit. Once this switch 26 is closed, 
current will ?ow through diode 47A and detonate the 
?rst of the shaped charges 28A. It will be appreciated 
that the solenoid 38A will be deenergized in this se 
quence to allow the solenoid mechanism 33A to return 
and be ready to index the selector switch 32A to its sec 
ond operating position when the solenoid 38A is again 
energized. 

After the ?rst of the shaped charges 28A has been 
detonated, the reversing switch 27 is again thrown to the 
right to re-apply a negative potential to the central con 
ductor 20 to actuate the solenoid mechanism 33A again 
and step the movable switch members 34A and 35A to 
their next operative positions. Then, whenever the revers 
ing switch 27 is again switched to re-apply a positive po 
tential to the central conductor 20, the second of the 
shaped charges 28A is detonated by closing switch 26. 
Thereafter, successive reversals of the reversing switch 
27 will alternately step the selector switch 32A and ?re, 
in turn, the third of the shaped charges 28A as well as the 
remaining shaped charges (not shown) connected to each 
of the contacts on switch wafer 37A. 

After the selector switch 32A has reached its next-to 
last position and the last of the shaped charges 28A has 
been detonated, the solenoid mechanism 33A is again 
actuated to index the movable contact members 34A and 
35A to their ?nal positions 45A and 39A. The rotatable 
contact 34A on wafer 36A will now be in the vacant posi 
tion 45A which breaks the electrical circuit between con 
ductors 48A and 51A leading to the solenoid 38A. Ac~ 
cordingly, it will ‘be appreciated that voltage can no longer 
be applied to energize solenoid 38A of the selector 
switch 32A. 
The shaped charges 28B in carrier 11 are the next to 

be detonated. It will be apparent from FIG. 2 that the 
operation of the electrical system B for sequentially con 
necting the shaped charges 28B into the ?ring circuit and 
subsequently detonating them will be substantially the 
same as that previously described in detail with respect 
to the operation of electrical system A. The sole dif 
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6 
ference will be that the voltage potential applied to the 
central conductor 20 of the monocable 14 must be greater 
than that previously used for electrical system A to ac 
tuate the solenoid mechanism 33B. 

Accordingly, when the potentiometer 24 is advanced in 
the direction of arrow 54, the voltage potential on cen 
tral conductor 20 will be proportionately increased, but 
no current will ?ow through Zener diode 459B, however, 
until the voltage potential has reached the Zener level of 
that diode. Then, once this predetermined voltage level 
has been reached, further advancement of potentiometer 
24 in the direction of arrow 54 will result in applying a 
voltage potential to solenoid 38B as current begins to flow 
through Zener diode 49B. Because of the well~known in 
herent characteristics of Zener diodes, however, the volt 
age present at any moment on the coil of the solenoid 
38B will be equal to only the difference between the 
total voltage applied to central conductor 20 less the pre 
determined Zener level of Zener diode 49B. This, by 
way of example, should the solenoid 38B require an 
actuating voltage of 30 volts and the Zener level of 
Zener diode 49B be 25 volts, a potential of 55 volts must 
be applied to central conductor 20 in order to obtain the 
requisite 30 volts for actuating solenoid 38B. 

It will be realized, of course, that by selecting Zener 
diodes 49B and 490 so that the Zener level of Zener 49C 
is substantially higher than that of Zener 49B, Zener 49B 
will conduct before Zener 49C. Thus, although a nega 
tive voltage is simultaneously applied to both Zeners 
49B and 49C, the solenoid 38B of selector switch 32B will 
be energized before the applied voltage on conductor 
20 has reached the Zener level of Zener 49C. 

Inasmuch as Zener diodes have a characteristically 
low internal resistance once they begin con-ducting, the 
magiitude of current ?ow through the circuit as the sole 
noid 38B is being actuated will be substantially the same 
as that ?owing when solenoid 38A was being actuated. 
Thus, the operator may again use the ammeter 25 as a 
guide to determine that the solenoid 38B is being actuated. 

In the same manner as previously described, once sole 
noid 383 has been initially actuated, the rotative switch 
contact 35B will be indexed to its ?rst operative position 
40B in preparation for detonation of the shaped charge 
283 to be ?rst detonated. Then, in the same ‘manner as 
already described, reversal of the reversing switch 27 
to the left will allow the operator to detonate the ?rst 
of the shaped charges 28B to be detonated upon closing 
of switch 26. Then, by again throwing the reversing switch 
27 to the right as viewed in FIG. 2, the solenoid 38B 
will again be actuated to index the rotatable switch con 
tact 32B to its next position. This operation will continue 
until all of the charges 28B have been detonated and ro 
tatable contact 35B has advanced around wafer 37B and 
has ?nally reached the ?nal vacant position 39B. Then, 
with all of these shaped charges 28B being detonated, 
it will now be possible to detonate shaped charges 28C in 
carrier 12. 

Here again, the sole difference‘ between electrical sys~ 
tern C and electrical system B is that Zener diode 49C 
has a high Zener level, being more than that of Zener 
diode 49B. Accordingly, this will merely require further 
advancement of the potentiometer 24 in the direction of 
arrow 54 in order to raise the voltage potential on 
central conductor 20 to a su?'iciently high magnitude to 
exceed the predetermined Zener level of Zener diode 49C 
and apply su?icient voltage to actuate solenoid 38C. The 
operation of electrical system C is otherwise the same 
as that already described and is believed therefore un 
necessary to devote further attention to such a descrip 
tion. 
Although it is unnecessary to change the position of 

the potentiometer 24 once it has been suflieiently ad 
vanced to actuate a particular solenoid 38 and to merely 
reverse switch 27 and, if desired, to open and close 
switch 26, the potentiometer can also be returned to its 
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original starting position each time. If this is done, the 
potentiometer 24- must then be advanced in the direction 
of arrow 54 every time it is desired to actuate a sole 
noid 38 as well as to detonate shaped charge 28. More 
over, a voltmeter (not shown) can alsov'be included in 
the circuit to provide a further indication for the bene?t 
of the operator. 
The Zener diodes 53 across the coils of the solenoids 

38 have a predetermined Zener level of only a few volts 
greater than the voltage necessary to actuate the sole 
noids 38. This is an added safety ‘feature which pre-. 
vents the application of excessive voltage acrossv the 
coils of the solenoids 38 that might otherwise damage 
or destroy the coil windings. Thus, should the poten 
tiometer 24 be inadvertently moved too far in the di 
rection of arrow 54‘, the voltage on conductors 51 will 
not appreciably exceed the Zener level of Zener diodes 
53 without an excessive current. Thus, a positive indica 
tion will be provided on meter 25 and those solenoids 28 
that are still unactuated will not be prematurely indexed. 

Turning now to FIG. 3, perforating apparatus 13' em 
ploying an alternate embodiment of electrical circuitry 
in accordance with the principles of the present inven 
tion is shown. Inasmuch as the electrical systems D and 
E shown in FIG. 3 have many common characteristics 
with the electrical ‘systems A-C shown in FIG. 2-, it is 
believed necessary only to describe the ditterences there 
between. The common features are believed to be ap 
parent by comparing FIG. 3 with FIG. 2 and such com 
mon features are identi?ed by the same reference nu 
merals with only a prime added or by a suf?x D‘ or E. 

It will be seen from FIG. 3 that the selector switches 
60 differ only from those shown at 32 in FIG. 2 in that 
switches 60 have only a “charge-selector" Wafer 61. 
Semi-conductor diodes 62 are reversely oriented and con 
nected to the central conductor 20' with one diode be 
ing disposed in each of the two carriers 63, 64. Zener 
diodes 65 are separately connected between each of the 
diodes 62 and the rotatable contact members 70 of each 
of the switch wafers 61. The common junction of the 
diodes 62 and Zeners 64 are joined by a conductor 67 
to the coil of the solenoid 68 of their respective selector 
switch 60. 

It will be appreciated, therefore, that by selecting 
Zener diodes 65 with a Zener level that is greater than 
the voltage potential required to actuate the solenoids 
68, selector switches 60- can be actuated before the volt 
age applied to central conductor 20" has reached the 
Zener level of Zeners 65. Furthermore, since, as already 
described, the indexing mechanisms '69 of selector 
switches 60 do not return until the solenoids 68 have 
been de-energized, a continued application of voltage to 
a solenoid will not cause its selector switch to index 
to another position so long as the voltage is not reduced. 
It will be realized also that with the diodes 62 ‘being re 
versely oriented with respect to one another, when a nega 
tive potential is applied to the central conductor 29’, 
only diode 621) will conduct. Similarly, diode 62E will 
not conduct until a positive potential is applied to the 
central conductor 20’. 

Accordingly, to operate the perforating apparatus 13' 
shown in FIG. 3, the reversing switch 27’ is ?rst thrown 
to the right, for example, where it will remain until all 
charges 28D in the lowermost carrier 63 have been 
separately detonated. Then, with selector switch 60D 
still being in its initial starting position as depicted in 
FIG. 3, the control switch 26’ is closed and the poten 
tiorneter 24' is slowly advanced in the direction of arrow 
54’ to increase the negative voltage applied to the cen 
tral conductor 20’ to a level su?icient to actuate the 
solenoid mechanism 69D of the selector switch 69D. 
Once the ‘selector switch 60D has been actuated, the 

rotatable contact 70D is stepped from the position shown 
in FIG. 3 to the ?rst contact 71D of switch wafer 61D. A 
conductor 72D leads from contact 71D to the igniter 42D 

CH, 

10 

15 

25 

30 

35 

4:0 

45 

50 

55 

60 

65 

70 

8 
of the shaped charge 28D to be detonated ?rst. ‘The shaped 
charge 28D connected to contact 71D will not be im 
mediately detonated, however, since so long as the voltage 
on the central conductor 20’ is less than the Zener level 
of Zener 65D, current can not ?ow through the Zener to 
the igniter 42D of the shaped charge.’ It will be recalled 
as well that the selector switch 60D can not be indexed 
again until the voltage has been ?rst reduced.’ Thus, if he 
desires, the operator can stop the potentiometer 24’ at this 
intermediate position to delay detonation of the shaped 
charge 28D. 

Once potentiometer 24’ is advanced further in the direc 
tion of arrow 54’, however, the voltage on the central 
conductor 20' of the monocable 14' will subsequently 
reach a potential equal to the Zener level of Zener diode 
65D. Then, by continuing to increase the applied voltage 
on the central conductor 29' to a magnitude greater than 
the Zener level of Zener diode 65D, the shaped charge 
28D connected to contact 71D of switch wafer 61D will 
?nally be detonated. 
Upon returning the potentiometer 24’ to its initial posi 

tion, the solenoid 68D will be de-energized when the volt 
age drops to a particular minimum to return the index 
ing mechanism of selector switch 69D to its initial posi 
tion. Then, by again advancing the potentiometer 24' in 
the direction of arrow 54’ the rotatable contact 70D will 
be indexed to its second operative position 73D and con 
nect the next shaped charge 28D into the circuit. A-s al 
ready descri'bed, the further advance of potentiometer 24' 
will again raise the voltage on the central conductor 20’ 
to a level su?icient to again exceed the Zener level of 
Zener diode 65D and then detonate the second shaped 
charge 28D. 

Thus, it will be appreciated that as'the potentiometer 
24’ is successively advanced and restored, each of the 
shaped charges 28D will be sequentially connected into 
the ?ring circuit one at a time and then detonated as 
desired. 
When all of the shaped charges 28D in the lowermost 

carrier 63 have been detonated, it is necessary only for 
the operator to throw the reversing switch 27 ' to the left 
so as to reverse the polarity on the central conductor 20' 
of the monocable 14’. Then, by again successively advanc 
ing and‘ returning the potentiometer 24', the shaped 
charges 28E in carrier 64 will be ?red in the same manner 
as already described. 
With the electrical systems D and E as shown in FIG. 

3, after a particular shaped charge 289 or 2813. has been 
detonated, the operator must return the potentiometer 24, 
to its initial position each time before the selector switch 
60 can be indexed to its next position. Thus, by observing 
the ammeter 25', the operator will be able to watch the 
current rise as the potentiometer 24' is advanced in the 
direction of arrow 54'. Initially, the current will rise at a 
fairly constant rate until the solenoid mechanism 69 in 
dexes the selector switch 60. At the instant this solenoid 
mechanism 69 is actuated, there will be a momentary but 
detectable deflection of the pointer of meter 25', which 
de?ection indicates that the solenoid mechanism has 
operated. Then, as the potentiometer 24' is advanced still 
further to ‘bring the voltage applied to the central conduc 
tor 20' in excess of the Zener level of Zener '65, the cur 
rent will again rise at, a fairly constant rate. When a 
shaped charge 28D or 28E detonates however, the am 
meter 25' will again de?ect and then drop-off sharply. 
This sudden drop-off is, of course, the result of the igniter 
42]) opening so that the only resistance remaining in the 
particular electrical system D or B will 'be that of the coil 
of the solenoid 68. The current will naturally drop to 
whatever is being drawn by the coil of the solenoid 68 as 
it holds the solenoid mechanism 69 engaged in the manner 
previously described. 

Thus, it will be appreciated that these electrical systems 
D and E depicted in FIG. 3 further serve to give positive 
indications each time a. solenoid mechanism 69 is actuated 
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as well as each time that a shaped charge 28D or 28B is 
detonated. As previously described, it is necessary for the 
potentiometer 24 to be returned to its original position 
each time to restore the solenoid-actuated mechanism 69 
so it may index the selector switch 60 to its next opera 
tive position. The same cycle will, of course, occur each 
time the potentiometer 24' is advanced to ?rst index the 
selector switch 60 to its next position and then detonate 
the particular shaped charge 28D or 28E. It will be further 
appreciated that with the electrical systems D and E the 
operator has also the option of either actuating control 
switch 26' each time a shaped charge 28D or 28E is to 
be detonated or else leaving the switch 26' closed. In the 
latter event, the only operative manipulations which need 
be made are the alternate advancements and retrogres 
sions of the potentiometer 24’. Thus, if it is desired to per 
forate a particular formation interval at the ‘same longi— 
tudinal spacing of the shaped charges 28D or 28E, the 
operator need only position the perforating apparatus 13' 
at the correct depth and then alternately advance and 
return the potentiometer 24' until the desired number of 
shaped charges 28D or 28E have been detonated. 

Accordingly, it will be appreciated that the present in 
vention has provided new and improved means for selec 
tively arming and detonating a plurality of shaped charges 
in a predetermined sequence. Moreover, although the elec 
trical systems disclosed herein are suitable for use with a 
monocable, the number of shaped charges that can be 
selectively controlled has been greatly increased to at 
least twice the number of switch contacts on a particular 
selector switch. 

While particular embodiments of the present invention 
have been shown and described, it is apparent that 
changes and modi?cations may be made without departing 
from this invention in its broader aspects, and therefore, 
the aim of the appended claims is to cover all such changes 
and modi?cations as fall within the true spirit and scope 
of this invention. 
What is claimed in: 
1. In a Well tool including a carrier and a plurality 

of electrically-actuatable means in said carrier, means 
for selectively actuating each electrically actuatable means 
in a predetermined manner comprising: source means 
for selectively developing direct current voltage between 
a ?rst potential and a second greater potential; means 
for connecting said source means to one of said elec 
trically-actuatable means; and means conductive only in 
response to a predetermined voltage potential for con 
necting said source means to another of said electrically 
actuatable means, said predetermined voltage potential 
being intermediate of said ?rst and second source po 
tentials. 

2. In a well tool including a carrier adapted for sus 
pension in a well bore by a cable having a pair of elec 
trical conductors and a plurality of electrically-actuatable 
means in said carrier, means for selectively actuating said 
electrically-actuatable means in a predetermined manner 
comprising: surface-located source means connected to 
said electrical conductors for selectively developing direct 
current voltage between a ?rst potential and a second 
greater potential; means in said carrier for connecting 
said electrical conductors to one of said electrically 
actuatable means; and means in said carrier and con 
ductive only in response to a predetermined voltage po 
tential for connecting said electrical conductors to another 
of said electrically-actuatable means, said predetermined 
voltage potential being intermediate of said ?rst and sec 
ond source potentials. 

3. In a Well tool including a carrier and a plurality of 
electrically-actuatable means in said carrier, means for 
selectively actuating said electrically-actuatable means 
in a predetermined manner comprising: source means 
for selectively developing direct current voltage between 
a ?rst potential and a second greater potential; ?rst means 
conductive only in response to a ?rst predetermined 
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voltage potential for connecting said source means to 
one of said electrically-actuatable means; and second 
means conductive only in response to a second prede 
termined voltage potential for connecting said source 
means to another of said electrically-actuatable means, 
said predetermined voltage potentials being intermediate 
of said ?rst and second source potentials. 

4. In a well tool including a carrier adapted for sus 
pension in a well here by a cable having a pair of elec 
trical conductors and a plurality of electrically-deto 
natable explosive charge means in said carrier, means for 
selectively detonating said explosive charge means in a 
predetermined manner comprising: surface~located source 
means connected to said electrical conductors for se 
lectively developing direct current voltage between a 
?rst potential and a second greater potential; ?rst means 
in said carrier and conductive only in response to a ?rst 
predetermined voltage potential for connecting said elec 
trical conductors to one of said explosive charge means; 
and second means in said carrier and conductive only in 
response to a second predetermined voltage potential for 
connecting said electrical conductors to another of said 
explosive charge means, said predetermined voltage po 
tentials being intermediate of said first and second source 
potentials. 

5. In a well tool including a carrier and a plurality 
of electrically-actuatable means in said carrier, means 
for selectively actuating said electrically-actuatable 
means in a predetermined manner comprising: source 
means for selectively developing direct current voltage 
between a ?rst potential and a second greater potential; 
means for connecting said source means to a ?rst one 
of said electrically-actuatable means; ?rst means con 
ductive only in response to a ?rst predetermined voltage 
potential intermediate of said ?rst and second source po 
tentials for connecting said source means to a second one 
of said electrically-actuatable means; and second means 
conductive only in response to a second predetermined 
voltage potential intermediate of said ?rst and second 
source potentials for connecting said source means to a 
third one of said electrically-actuatable means, said sec 
ond predetermined voltage potential being greater than 
said ?rst predetermined voltage potential. 

6. In a well tool including a carrier adapted for sus 
pension in a well bore by a cable having a pair of elec 
trical conductors, and ?rst, second and third groups 
of electzically-actuatable means in said carrier, means 
for selectively actuating said electrically-actuatable means 
in a predetermined manner comprising: surface-located 
source means connected to said electrical conductors 
for selectively developing direct current voltage between 
a ?rst potential and a second greater potential; ?rst, sec 
ond and third means in said carrier for respectively 
connecting individual ones of said ?rst, second and third 
groups of electrically-actuata'ble means in sequence to 
said conductors, each of said connecting means including 
multiple-position switching means having a common con 
tact movable from a normal disconnected position to a 
plurality of operative positions connected to separate 
ones of said electrically-actuatable means and electrically 
responsive actuating means for sequentially indexing said 
movable contact to- individual ones of said operative 
positions in response to successive energizations thereof; 
?rst means for connecting said ?rst actuating means to 
said conductors; second means conductive only in response 
to a predetermined voltage potential intermediate of said 
?rst and second source potentials for connecting said 
second actuating means to said conductors; and third 
means conductive only in response to a predetermined 
voltage potential intermediate said ?rst and second source 
potentials for connecting said third actuating means to 
said conductors. 

7. In a well tool including a carrier adapted for sus 
pension in a well bore by a cable having a pair of elec 
trical conductors and ?rst, second and third groups of 
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electrically-actuatable means in said carrier, means for 
selectively actuating said electrically-actuatable means in 
a predetermined manner comprising: surface-located 
source means connected to said electrical conductors for 
selectively developing direct current voltage of opposite 
polarities between a ?rst potential and a second greater 
potential; ?rst, second and third means in said carrier 
for respectively connecting individual ones of said ?rst, 
second and third groups of electrically-actuatable means 
in sequence to said conductors, each of said connecting 
means including multiple-position switching means hav 
ing a common contact movable from a normal discon 
nected position to a plurality of operative positions con 
nected to separate ones of said electrically-actuatable 
means, electrically-responsive actuating means for se 
quentially indexing said movable contact to individual 
ones of said operative positions in response to successive 
energizations thereof and a ?rst unidirectional conduc 
tor means connecting said common contact to said con 
ductors and poled in a ?rst direction for applying voltage 
of one polarity to said common contact; a plurality of 
second unidirectional conductor means respectively con 
nected to each of said actuating means and poled in a 
second direction for applying voltage of the opposite 
polarity to said switch-actuating means; ?rst means for 
connecting said second unidirectional conductor means 
of said ?rst actuating means to said conductors; second 
means conductive only in response to a predetermined 
voltage potential intermediate of said ?rst and second 
source potentials for connecting said second unidirec 
tional conductor means of said second actuating means to 
said conductors; and third means conductive only in re 
sponse to a predetermined voltage potential intermediate 
of said ?rst and second source potentials for connecting 
said second unidirectional conductor means of said third 
actuating means to said conductors. 

8. In a well tool including a carrier adapted for sus 
pension in a well bore by a cable having a pair of electri 
cal conductors and ?rst, second and third groups of 
electrically detonatable explosive charge means‘ in said 
carrier, means for selectively detonating said explosive 
charge means in a predetermined manner comprising: 
surface-located source means connected to said electrical 
conductors for selectively developing direct current volt 
age of opposite polarities between a ?rst potential and 
a second greater potential; ?rst and second unidirectional 
conductor means connected to one of said conductors 
and poled in opposite directions; ?rst, second and third 
means in said carrier for respectively connecting to said 
?rst unidirectional conductor means individual ones of 

7 said ?rst, second and third groups of explosive charge 
means in sequence, each of said connecting means includ 
ing multiple-position switching means having a common 
contact connected to said ?rst unidirectional conductor 
means and movable from a normal disconnected posi 
tion to a plurality of operative positions connected to 
separate ones of said explosive charge means and electri 
cally-responsive actuating means for sequentially indexf 
ing said movable contact to individual ones of said op 
erative positions in response to successive energizations 
thereof; ?rst means for connecting said unidirectional 
conductor means to said ?rst actuating means; second 
means conductive only in response to a predetermined 
voltage potential intermediate of said ?rst and second 
source potentials for connecting said second unidirec 
tional conductor means to said second actuating means; 
and third means conductive only in response to a prede 
termined voltage potential intermediate of said ?rst and 
second source potentials for connecting said second uni 
directional conductor means to said third actuating 
means. 

9. In a well tool including a carrier adapted for sus 
pension in a well bore by a cable having a pair of electri 
cal conductors and ?rst, second and third groups of 
electricallyide-tonatable explosive charge means in said 
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carrier, means for selectively detonating said explosive 
charge means in a predetermined manner comprising: 
surface-located source means connected to said electrical 
conductors for selectively developing direct current volt 
age of opposite polarities between a ?rst potential and a 
second greater potential; ?rst and second unidirectional 
conductor means connected to one of said conductors 
and poled in opposite directions; ?rst, second and third 
means in said carrier for respectively connecting to 
said ?rst unidirectional conductor means individual ones 
of said ?rst, second and third groups of explosive charge 
means in sequence, each of said connecting means in 
cluding multiple-position switching means having a ?rst 
common contact connected to said ?rst unidirectional 
conductor means and movable from a normal discon 
nected initial position to a plurality of spaced operative 
positions connected to separate ones of said explosive 
charge means, a second common contact movable from 
a plurality of interconnected positions to a ?nal discon 
nected position and electrically-responsive actuating 
means for sequentially indexing said movable contacts 
in unison to their respective positions in response to suc 
cessive energizations thereof, said actuating means be 
ing connected to said interconnected switch positions; 
?rst means for connecting said second unidirectional con 
ductor means to said second common contact of said 
?rst switching means; second means conductive only in 
response to a ?rst predetermined voltage potential inter 
mediate of said ?rst and second source potentials for 
connecting said second unidirectional conductor means 
to said second common contact of said second switching 
means; and third means conductive only in response to 
a second predetermined voltage potential diiierent from 
said ?rst predetermined voltage potential and intermedi 
ate of said ?rst and second source potentials for connect 
ing said second unidirectional conductor means to said 
common contact of said third switching means. 

10. As a subcombination: a housing sub having a plu 
rality of electrically-detonatable explosive charge means 
therein; means for connecting individual ones of said 
explosive charge means in a predetermined sequence in 
cluding multiple-position switching means having a com 
mon contact movable from a normal disconnected posi 
tion to a plurality of operative positions; electrically 
responsive actuating means for sequentially indexing said 
movable common contact to individual ones of said op 
erative positions in response to successive energizations 
thereof; and diode means connected to said actuating 
means and conductive only in response to direct current 
voltage in excess of a predetermined potential for ener 
gizing said actuating means. 

11. As a subcombination: a housing sub having a plu 
rality of electrically-detonatable explosive charge means 
therein; means for connecting individual ones of said 
explosive charge means in a predetermined sequence in 
cluding multiple-position switching means having a com 
mon contact movable from a normal disconnected posi 
tion to a plurality of operative positions; electrically 
responsive actuating means for sequentially indexing said 
movable common contact to individual ones of said op 
erative positions in response to successive energizations 
thereof; ?rst unidirectional conductor means connected 
to said common contact, said ?rst unidirectional con 
ductor means being poled in one direction and adapted 
for connection to a source of direct current; means con 
nected to said actuating means and conductive only in 
response to direct current voltage in excess of a prede 
termined potential for energizing said actuating means; 
and second unidirectional conductormeans connected to 
said voltage-responsive means, said second unidirectional 
conductor means being poled in the opposite direction 
from said ?rst unidirectional conductor means and 
adapted for connection to a source of direct current. 

12. As a subcombination: a housing having a plurality 
of electrically-detonatable explosive charge means therein; 
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?rst and second unidirectional conductor means poled in 
opposite directions and adapted for connection to a source 
of direct current; means for connecting to said ?rst uni 
directional conductor means individual ones of said ex 
plosive charge means in sequence including multiple 
position switching means having a ?rst common contact 
connected to said ?rst unidirectional conductor means 
and movable across a plurality of spaced switch positions 
connected to separate ones of said explosive charge 
means, a second common contact movable across a plu 
rality of interconected switch positions and electrically— 
responsive actuating means for sequentially indexing said 
movable contacts in unison to their respective positions in 
response to successive energizations thereof, said actuat 
ing means being connected to said interconnected switch 
positions; and means conductive only in response to direct 
current voltage in excess of a predetermined potential for 
connecting said second unidirectional conductor means to 
said second common contact. 

13. In a well tool including a carrier and a plurality 
of electrically-actuatable means in said carrier, means for 
selectively actuating said electrically-actuatable means in 
a predetermined manner comprising: source means for 
selectively developing direct current voltage between a 
?rst potential and a second greater voltage potential; ?rst 
means conductive only in response to a ?rst predetermined 
voltage of one polarity and having a potential intermedi 
ate of said ?rst and second source potentials for connect 
ing said source means to another of said electrically 
actuatable means; and second means conductive only in 
response to a second predetermined voltage of the op 
posite polarity and having a potential intermediate of said 
?rst and second source potentials for connecting said 
source means to another of said electrically-actuatable 
means, said predetermined voltage potentials being sub 
stantially equal. 

14. In a well tool including a carrier adapted for sus 
pension in a well bore by a cable having a pair of elec 
trical conductors and ?rst and second groups of elec 
trically-actuatable means in said carrier, means for selec 
tively actuating said electrically-actuatable means in a pre 
determined manner comprising: surface-located source 
means connected to said electrical conductors for selec 
tively developing direct current voltage between a ?rst 
potential and a second greater potential; ?rst and second 
means in said carrier for respectively connecting indi 
vidual ones of said ?rst and second groups of electrically 
actuatable means in sequence to said conductors, each 
of said connecting means including multiple-position 
switching means having a common contact movable from 
a normal disconnected position to a plurality of operative 
positions connected to separate ones of said electrically 
actuatable means and electrically-responsive actuating 
means for sequentially indexing said movable contact to 
individual ones of said operative positions in response to 
successive energizations thereof; ?rst and second means 
conductive only in response to a predetermined voltage 
potential intermediate of said ?rst and second source po 
tentials for connecting said common contacts to one of 
said conductors; and means in said carrier for connecting 
said actuating means to said conductors. 

15. In a well tool including a carrier adapted for sus 
pension in a Well bore by a cable having a pair of elec 
trical conductors and ?rst and second groups of elec 
trically-actuatabe means in said carrier, means for selec 
tively actuating said electrically-actuatable means in a 

10 

20 

25 

30 

35 

45 

60 

65 

14 
predetermined manner comprising; surface-located source 
means connected to said electrical conductors for selec 
tively developing direct current voltage of opposite polari 
ties between a ?rst potential and a second greater poten 
tial; ?rst and second unidirectional conductor means con 
nected to one of said conductors and poled in opposite 
directions; and ?rst and second means in said carrier for 
respectively connecting to said uniconductor means indi 
vidual ones of said ?rst and second groups of electrically 
actuatable means in sequence, each of said connecting 
means including multiple-position switching means hav 
ing a common contact movable from a normal discon 
nected position to a plurality of operative positions, con 
nected to separate ones of said electrically-actuatable 
means, electrically-responsive actuating means for se 
quentially indexing said movable contact to individual 
ones of said operative positions in response to successive 
energizations thereof, means conductive only in response 
to a predetermined voltage potential intermediate of said 
?rst and second source potentials connecting said com— 
mon contact to the respective one of said uniconductor 
means, and conductor means for connecting said actuat 
ing means to the respective one of said uniconductor 
means. 

16. As a subcombination: a housing sub having a plu 
rality of electrically-detonatable explosive charge means 
therein; means for connecting individual ones of said ex 
plosive charge means in a predetermined sequence in 
cluding multiple-position switching means having a com 
mon contact movable from a normal disconnected posi 
tion to a plurality of operative positions; electrically 
responsive actuating means for sequentially indexing said 
movable common contact to individual ones of said op 
erative positions in response to successive energizations 
thereof; and diode means connected to said common con 
tact and conductive only in response to direct current 
voltage in excess of a predetermined potential. 

17. As a subcombination: a housing sub having a plu 
rality of electrically-detonatable explosive charge means 
therein; means for connecting individual ones of said ex~ 
plosive charge means in a predetermined sequence in 
cluding multiple-position switching means having a com 
mon contact movable from a normal disconnected posi 
tion to a plurality of operative positions; electrically 
responsive actuating means for sequentially indexing said 
movable common contact to individual ones of said op 
erative positions in response to successive energizations 
thereof; means connected to said common contact and 
conductive only in response to direct current voltage in 
excess of a predetermined potential; and unidirectional 
conductor means connected to said voltage-responsive 
means and said actuating means and adapted for con 
nection to a source of direct current. 
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