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"3 Claims
This invention relates to elecirical systems for

firing guns, and more particularly to systems for =

use with gun perforators in oil wells,”

I is an object of the present invention. to
provide & simple and reliable electrical circuit
for use in connection with g gun perforator hav-
ing several guns or gun units, by which an op-

erator, at the surface, can select, indicate and’

fire any gun of the perforator in a well,

A further object is to provide a selecting, in-
- dicating and firing circuit srrangement requir-
ing a cable having but one conductor so as to

reduce cable cost and bulk to ‘2 minimum—while

8t the same time restricting to a minimum, the
size, weight and cost of the cable-handling
egquipment.

The invention is characterized by the em-
ployment of a direct current source and two al-
ternating electric current sources of distinguish-
able frequencies, all arranged to supply current,
as desired, to a single conductor cable support-

ing a gun perforator in a well, togethier with:

means for causing each current to perform one,

and only one of the three functions of selecting,

indicating and firing the guns.

"Referring to the drawings which accompany
this specification:

Figure 1 is a circuit diagram illustrating the

preferred embodiment of the invention wherem»
30

a single-conductor cable is employed; -

Pigure 2 is a circuit diagram of a modified ar-
rangement utilizing a single conductor cable,

In the circuit diagram, Figure 1, which repre-
sents the preferred embodiment of the invention,
the dot-dash line 20 serves to segregate parts and

circuit connections above ground from those:
which are incorporated in the gun body which-

is situated at some point in the well hole at

which the perforating operation is to be per--
formed. The parts and connections shown above

line 20 are usually mounted in a service truck

at the well derrick, whereas the parts and con-"

nections beiow line 20 are included within the

gun body, or closely adjacent thereto—except for -

the cable conductor 21 which serves to intercon-
nect the a.bove ground and below-ground equip-
ment.

A gun perforator body is shown in dotted out-

line and identified by reference numeral 22. The -
body 22 constitutes the supporting structure and

enclosure for all the elements shown below dot~
dash line 20 including ten gun-units numbered
i to 10 inclusive.

prises a gun barrel having an explosive chamber
‘for the reception of & charge of gun powder

Each of the gun-units com-

10

- circuit arrangement of Figure. 1.

and s bore to receive and gulde a steel projecﬁ;ﬁle
which, ‘when the gun-unit is fired, punctures the
well casing and penetrates the formation-thus :
producing an aperture in the casing. through
which oil or gas cen flow. ®Each of the gun
units § to m is electricany grounded through

‘the body 22.

Three major functions are performed by the .
Thess -are:
(1) pre-selection, under control of the operator,..

* of the gun-unit next to be fired; (2) electrically:
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firing ' the ‘pre-selécted gun-unit individually;
and (3) indicating to the operator that the gun-
unit which he has selected has actually been
connected to the firing circuit in readmess for.
firing. - :
It is thought to be conducive to 8 more rea.dy
comprehension .of the circuit diagram end iis
functiofs to describe first the firing circult ar-
rangement and its mode of operation and $o fol-

. low that with a description of the gun-unit ge«:
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lecting circuit:and, thereafter -3 description of :
the indicating circuit. .

Enclosed within the body of the gun are two '
rotary. multiple-contact - switches—one  being
identified as the “A” group switch and the other .
as the “B” group switch.  These two switches
each have. a rotating contactor marked, respec-
tively, 23 ‘and 24, which are mounted on g com-
mon shaft 25, which is driven at very slow speed
by a motor 26, In practice the motor 26 is a .
stock electric clock motor designed to operate on
60 cycles A: C. and the shaft 2§ is geared to the -
motor armature shaft to rotate at one revolu-
tion per minute. s

The “A” group switch mcludes eleven ﬂxed
contacts, one of which is marked “off” and the’

others identified by reference numerals §° to
10’ inclusive, to correspond to the identiflcation: -

of the gun-units to which said fixed contacts are
individually connected. The “B” group switch
has an equal number of fixed contacts—one be-
ing marked “off"” and the others {’’to 8’ in~
clusive, in correspondence, respectively, to fixed - -
contacts: {’:to 10" of the “A” group switch and -

 alsoto correspond with the identification of the -

several gun-units. The fixed contacts of each
rotary switch are preferably arranged in & eom-

. plete circle instesd of an arc, as shown, bug: it

is more: convenient for the present purpsss to
show them-arranged in an arc. Manifestly, the -
contactors 28 ‘and 24 rotate synchronously and

alivays engage corresponding fixed comtacts.
They are snown in engagement with the 8° and

8’ fixed contacts—which is purely arbitrary.. .
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The explosive charges are fired one at a time
by means of a conductive filament which is em-
bedded in the powder and heated by the passage
therethrough of electric current. In practice a
500 cycle alternating current is employed as the
firing current, but that frequency is entirely
arbitrary—it being essential only that the firing
current frequency be such as to render it prac-
ticable to isolate the 60 cycle or other gun-unit
selecting current from that branch of the firing
circuit which includes the gun-units—thus in-
suring against the possibility: of the gun bemg
accidentally fired by the wrong current.

The firing circuit for gun-unit 5-—which has

been preselected—includes fixed contact’ 5’, con-.

tactor 23, conductor 21, secondary winding 28 of
step-down transformer 29--which secondary
winding is energized by primary winding 30,
which is connected in series with a filier 31
through conductor 32 and in series with second-

ary winding 33 of transformer 34, through con-

ductor 2, which is enclosed within the cable
supporting the gun. The cable, per. se, exclu-
sive of the enclosed and. insulated conductor 2{
preferably provides the return path for all parts
indicated as being grounded. Condenser 35 func-
tions @z a by-pass to ground for both 500 cycle
and 60 cycle current. When. 500 cycle current
is induced into secondary 33, gun-uni{ § will be
fired. .

Transformer 34 is designed. to pass both 60
cycle and 500 cycle current and an explanation
is now in order with respect to the application
of 500 cycle current to the primary 36 of trans-
former 34, Current of that frequency is sup-
plied by a generator 31, which is connected across
terminals 38 and 39, bridged by a voltmeter 40.
A main power switch 41 is shown closed and
there are two double throw switches 42 and 43,
which for the moment will be considered as be-
ing in the positions indicated in full lines. There
are also two manually operable, self-restoring
keys, or push-button switches 44 and 45, which

normally assume the conditions of operation il--

lustrated. - That is to say, the contact of key 44
is normally open while the back contact of key
45 is normally open and its front contact nor-
mally closed. It will be evident that with key
45 at normal, a closure of the contact of key 44
will connect the 500 cycle generator 37 to the
primary winding 36 of transformer 34.. It fol-
lows that an operation of key 44 will fire any
gun-unit which happens to be selected and load-

ed. Key 45 serves to operate the gun-unit se-.

lecting ecircuit and it will be observed that it
functions to break the 500 cycle circuit when-
ever it is depressed to close the 60 cycle circuit—
thus ordinarily .insuring against current of both
frequencies being applied simultaneously. Filter
31 comprises an inductance coil 46 and a con-
denser #1 in series. The values of inductance
and capacity are so chosen as to tune the firing
circuit branch path in which they are included
to resonate at about 500 cycles. Such a tuned
path offers little impedance to the 500 cycle cur-
rent while serving substantially to block 60 cycle
current. It is essential, of course, that 60 cycle
current be blocked out of the branch path which
includes filter 31 to a sufficient extent to pre-
clude all possibility of the gun being fired by
current of that frequency; but it is not neces-
sary that every trace of 60 cycle current be ex-
cluded.

Filter 31 need not be of the type shown but
may be of any well known type.
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The next step in the description deals with pre.
selection of the gun-units under control of the
operator. The selecting is accomplished by mov-~
ing contactor 23 into engagement with the ap-
propriate fixed contact of the “A” group switch,
and this is brought about by energizing the 60
cycle motor 26 which drives shaft 25 at a slow
speed. Current of 60 cycle frequency is provided
by a generator 48 connected to terminals 49 and
50. Depressing key 45 closes its back contact and
completes a circuit for the 60 cycle current to the
primary 36 of transformer 3§—while at the same
time opening its front contact and breaking the
500 cycle path. The secondary 60 cycle path in~.
cludes condenser 35, secondary winding 33, cable

. conductor 21, the winding of motor 26 and con-

.20 to 60 cycles.

denser 5{ in series. The latter is provided mainly
to block the flow of direct current but may ad-
vantageously be selected to tune the motor path
If the motor does not provide suf-
ficient reactance to the 500 cycle current, ad-
ditional inductance should be inserted in series
therewith. )

As long as the operator continues {c hold down

25 key 4B, motor 26 ‘will run and the contactors 23

and 24 will continue to sweep over their fixed
contacts; but in the absence of some suitable in-
dication, the operator would not be informed as
to whether the contactors were making contact

36 or with which pair of contacts, if any, they hap-
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pened to be . engaged. And without such provi-
sion the operator could -not select the gun-units
. at will, but would be limited to firing them either
at random or in sequence.

It is the function of the “B” group switch,
in conjunction with other instruments and con-
nections about to be described, {o indicate to the
operator at all times which fixed contact of the
“A” group switch is engaged by contactor 23
and, in consequence, which of the individual
gun-units is connected to the firing circuit. The
indication as to which gun-unit is ready for fir-
ing is given by an electro-responsive instrument
52, which may conveniently be a milliammeter
having a dial specially calibrated to show the
number of the gun-unit ready for firing, and,
additionally, as a matter of preference, an indicia
corresponding to. the “off” contact of the “A”
group switch. The “off” contact of the “A”
switch’ serves as a safe-guard against the possi-
bility of inadvertent firing; and the “off” contact
of the “B” switch serves, as will presently ap-
pear, to afford a positive indication that the “A”
switch is on the “off”” contact. In other words,
the system does not rely upon the absence of
deflection of the indicator needle to show that
the gun is safe, because total absence of needle
deflection might result from a break in the in-
dicator circuit or a dead battery.

The circuit of indicating instrument 52 in-
cludes grounded contactor 24 and all or & portion
of the series-connected resistance elements 53—
depending upon the position of contactor 24.
When the latter engages the “off” contact of the
“B” group, all the resistance elements 53 are con-
nected in, but when it engages contact 10’ all
the resistances are.cut out of circuit. It will be
plain that the path .extending from resistance
elements 53 to indicating instrument 52 em-
braces a chcke coil 54, the cable conductor 21,
transformer secondary winding 33, choke coil §5,
rheostat 56 and battery 8§1. The other side of
the instrument 52 is grounded through a switch
58 which is kept open when the instrument is
not in use, in order to conserve battery B57.
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Bridged across indicating instrument 82 are s

battery 59, rheostat 60 .and switch §i—the latter -

being kept open when the instrument is not in
59. - When the
device is in use, switches 58 and B{ are kept -
closed. The circuit just described is a direct:

use in order to conserve battery 59

current path having two choke coils 54 and §%
functioning to impede the 60 cycle and 500 cycle
alternating current and thus confine those cur<
rents to their proper paths. Manifestly, the
needle of indicator 52 will respond {0 current
from battery 57 flowing through the. -path just
described, and it will be appareént that the de-

fiection of the needle will be in conformity with -

the amount of resistance 53 included in circuit.
Hence, it will be seen that indicator 52 is capable
of showing by the deflection of its needle with
which of the fixed contacts the- contactors. 23
and 24 are engaged. And it follows that the
indicator will show which gun-unit is ready for
firing. - It will be observed that the indications
are positive in that they do not occur until the
switching operation at the gun itself has ac-
tually taken place. This is what is known as a
“fiash back” signal—the term being derived from
the fact that the signal is dependent upon the
selecting operation actually having been per-
formed.

‘Rheostats 56 and 68 serve to adjust the indi-
cator 52 to compensate for differences in cable
resistance. With contactor 2& on its “off” con-
tact, rheostat 56 is adjusted to.bring the indi-
cator needle into registration with the “off” read-
ing on the dial. Then motor 26 is put in motion
until & maximum reading is observed—which
necessarily corresponds to & setting of contactor
28 on contact 10’’. Then rheostat 60 is adjusted
to bring the needle . into registration with the
No. 10 indicia—it being noted that battery §9 is
a bucking battery conneeted to oppose battery
§7. When the two rheostats 56 and 60 have
been adjusted so that the needle correctly reg-
isters at both ends of the scale, it will read cor-
rectly at all other points because the dial is cali-
brated in consonance with the values of resist-
ance elements 53.

Whenever all the gun-units are to be fired and

3.

The firing: clrcult branch path and selector switch
arrangement 'are substantially the same as shown

-in‘Figure 1, differing therefrom only in that the
“filter 87 is of the parallel, tank circuit type in- .
-stead of the series resonant type of Figure 1.

The. indicator -circuit branch path at the gun is

. identical with-that of Figure 1, except for the .

10

‘inclusion of a 'tank circuit 62, which is tuned to -
_the ‘higher frequency, and a blocking condenser

63 which .serves to prevent the: flow of direct .
current in that path. Motor 64 corresponds in

" function: to motor 26 of Figure 1-but is a direct

15

current motor. Connected in series with motor .
84 is a choke coil 86 which serves to block the
flow of alternating current in the motor branch .
path:

At the remote-control station indxca.ted above

* line 20 are three branch paths, the first of which
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the order of fire is immaterial, they may be fired .

in sequence and no selection is necessary. In
such event, switches 42 and 43 are thrown to
the positions indicated by dotted lines and the key
44 is held down long encugh to complete the firing
of all gun-units. Key 45 then performs no func-
tion and it is left in its normal position, as shown,
with its front contact closed. Current from both
the 60 cycle generator and the 500 cycle gener-
ator {8 conducted at the same time through key
44 to the primary 38 of transformer 34. Motor
26 is then set in motion and as contactor 23
engages its fixed contacts in succession, the cor-
responding gun-units are fired by the 500 cycle
current. One revolution of shaft 25 serves to
fire all the gun-units. With switches 42 and
43 in their dotted positions, the path of the 60
cycle current includes the 500 cycle generator in
gerles with key 44 and primary 36.

In Figure 2 there is illustrated a modified ar-
rangement utilizing a single conductor cable and
in which direct current is employed to operate
the selector switch motor, while alternating cur-
rent of low and high frequencies, respectively,
are employed to energize the indicator and firing
circuits. As in Figure 1, the conductor cable in-
terconnecting the gun with the remote-control
station is identifled by reference numeral 21,
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numbered- 87 includes the indicator 88 in series
with a 60 cycle or other low frequency source 88
and s tank circuit 88 which is preferably tuned
to 500 cycles in order to exclude the latter fre-
quency from- the indicator branch path. The
branch path 87 is grounded at 9f and may in-
clude & switch, not shown, for opening the eir-
cuit.

Next below the branch path 87 is the firlng
circuit branch path identified by reference nu-
meral 92. This path includes a 500 cycle, or .
other.high-frequency source 83 and a tank circuit
84, which is preferably funed to 60 c¢ycles or
whatever may be the frequency of the source 89.
A key 95 functions upon being manually depressed
to close & contact 96 which -establishes ground
at 97 through the upper contact 98 of a second
key 718—the- latter being included in the motor .
actuating branch path 79. The last mentioned.
branch path includes a source of direct current
80 in series with choke coil 81 which latter func-
tions to suppress alternating -current of both the
low and high frequencies and thus to prevent the
same from being grounded at 82. Upon depress-
ing Key 18, a circuit is established from ground
82 through contact 83, contact 84, of key 14,
battery 80, choke coil 81, cable conductor 21,
choke coil 86 and motor 64, to ground &t 88.
Motor 64, which may be a series wound motor,
is thus set into motion to operate the two rotary
switches. The firing circuit is energized in the -
manner previously described and the indicating
circuit operates as before, except that the indi- -
cating instrument 88 is designed to respond to
alternating current instead of direct current.
While only two embodiments of the .invention
have been shown and described herein, it 13 ob-
vious that various changes may be meade with-
out departing from the spirit of. the invention )
or the scope of the annexed claims i

I claim: :

1. An_ electrical system for use w1th a single
conductor cable and a multiple gun perforator in
an oil well, comprising three. separate and distin-
guishable sources of- current located at the sur-
face of the earth and there grounded, means for
causing current from any of said sources to flow
through the single conductor of the cable to the
perforator in the well and thence to the ground,
means including a group switch connected to cne |
of said sources of current for selecting one of
the guns of the perforator for firing, means in-
cluding a second group switch driven in synchro-
nism with said first mentioned group switch and
connected to an indicator and to another of said
sources of current for indicating which gun has
been selected by said selecting means, means op-



4.
erable in response to current from the third of
said sources for firing the gun selected by said

selecting means and indicated by said indicating
means and means for ¢ontrolling the flow of cur-

rent from each of said sources to cause it solely-

to perform its particular, intended function in-
dependently of current from the other sources.

2. An electrical system for use with a single
conductor cable and a multiple gun perforator
-in an oil well comprising three separate and dis-
tinguishable sources of current located at the
surface of the earth and there grounded, one of
said sources being direct, another alternating at
sixty cycle frequency and the third alternating

at & predetermined different frequency, means for:

causing current from any of said sources {o flow
through the single conductor of the cable to the
perforator in the well and thence to the ground,
means including a group switch connected to one
of the first two mentioned sources of current for
selecting one of the guns of the perforator for
firing, means including a second group switch

driven in syunchronism with said first mentioned

group switch and connected to an indicator and
to the other of said first two mentiicned sources
of current for indicating which gun has been
selected by said selecting means,-means operable
in response to current from said third mentioned
source for firing the gun selected by said select-
ing means and indicated by said indicating means
and means for controlling the flow of current
from each of said sources to cause it solely io
perform its particular, intended function inde-
- pendently of current from the other sources.

3. An electrical system for use with a single
conductor cable and a muliipie gun perforaior
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in an oil well, romprising three separate and dis-~
tinguishable sources of current located at the
surface of the earth and there grounded, means
for causing current from any of said sources to
flow through the single conductor of the cable
to the perforator in the well and thence to the
ground, selective means associated with the per- .
forator im the well and energized by one of said
sources for individually connecting the guns.

‘thereof to another of said . sources to fire the

guns, said selective means including a multiple
switch the fixed contacts of which are individual-_
ly connected to the guns and. the movable con-

tact.of which is connected to the conductor of
the cable, indicating means for informing the op~
erator as to. which of the guns has been selec-

tively connected to said firing source, said indi-

cating means utilizing the third of said sources

and having a portion associated withi the per-

forator and a portion located at the surface of .
the earth, the portion associated with the per--
forator including a resistor and multiple switch

connected in series between the conducter of ihe

cable and the ground, the fixed contacts of the

switch of the indicating means being connected
at spaced points along sald resistor and the mov-

able contact of the switch of the indicating means

completing the resistor circuit, the portion of said

indicating means located at the surface of the

earth including & device responsive to variations
in resistance of the resistor circuit depending

upon the position of the movable contact of the

switch of said indicating means, and means for

driving the movable contacts of both of said mul-

tiple switches in synchronisin.

FINLEY T. ROBIDOUX,




