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Changing the State of a Switch Through the Application of Power
Background
[0001] An oil well typically goes through a “completion” process after it is drilled. Casing is installed
in the well bore and cement is poured around the casing. This process stabilizes the well bore and
keeps it from collapsing. Part of the completion process involves perforating the casing and cement so
that fluids in the formations can flow through the cement and casing and be brought to the surface.
The perforation process is often accomplished with shaped explosive charges. These perforation
charges are often fired by applying electrical power to an initiator. Applying the power to the initiator

in the downhole environment is a challenge.

Brief Description of the Drawings

[0002] Fig. 1 illustrates a perforation system.

[0003] Fig. 2 illustrates a perforation apparatus.

[0004] Fig. 3 illustrates the perforation system after one of the perforation charges has been fired.
[0005] Fig. 4 is a block diagram of a perforation apparatus.

[0006] Figs 5-10, 12 and 13 illustrate fire clip switches.

[0007] Fig. 11 illustrates a system that includes fire clip switches.

[0008] Fig. 14 illustrates a system that includes a perforation system.

Detailed Description

[0009] The switch described herein can be used in a large number of applications. It will be described
in the context of a downhole perforating system but that description is being provided as an example

only and should not be understood to limit the application of the switch.

[0010] In one embodiment of a perforation system 100 at a drilling site, as depicted in Fig. 1, a logging
truck or skid 102 on the earth's surface 104 houses a shooting panel 106 and a winch 108 from which a
cable 110 extends through a derrick 112 into a well bore 114 drilled into a hydrocarbon-producing

formation 116. In one embodiment, the derrick 112 is replaced by a truck with a crane (not shown).

1
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The well bore is lined with casing 118 and cement 120. The cable 110 suspends a perforation

apparatus 122 within the well bore 114.

[0011] In one embodiment shown in Figs. 1 and 2, the perforation apparatus 122 includes a cable
head/rope socket 124 to which the cable 110 is coupled. In one embodiment, an apparatus to facilitate
fishing the perforation apparatus (not shown) is included above the cable head/rope socket 124. In one
embodiment, the perforation apparatus 122 includes a casing collar locator (“CCL”) 126, which
facilitates the use of magnetic fields to locate the thicker metal in the casing collars (not shown). The
information collected by the CCL can be used to locate the perforation apparatus 122 in the well bore
114. A gamma-perforator (not shown), which includes a CCL, may be included as a depth correlation

device in the perforation apparatus 122.

[0012] In one embodiment, the perforation apparatus 122 includes a top fire sub (“TFS”) 128 that
provides an electrical and control interface between the shooting panel 106 on the surface and the rest

of the equipment in the perforation apparatus 122.

[0013] In one embodiment, the perforation apparatus 122 includes a plurality of select fire subs
(“SFS”) 130, 132, 134 and a plurality of perforation charge elements (or perforating gun or “PG”) 136,
138, 140, and 142. In one embodiment, the number of select fire subs is one less than the number of

perforation charge elements.

[0014] The perforation charge elements 136, 138, and 140 are described in more detail in the
discussion of Fig. 4. It will be understood by persons of ordinary skill in the art that the number of
select fire subs and perforation charge elements shown in Figs. 1 and 2 is merely illustrative and is not
a limitation. Any number of select fire subs and sets of perforation charge elements can be included in

the perforation apparatus 122.

[0015] In one embodiment, the perforation apparatus 122 includes a bull plug (“BP”) 144 that
facilitates the downward motion of the perforation apparatus 122 in the well bore 114 and provides a
pressure barrier for protection of internal components of the perforation apparatus 122. In one
embodiment, the perforation apparatus 122 includes magnetic decentralizers (not shown) that are

magnetically drawn to the casing causing the perforation apparatus 122 to draw close to the casing as
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shown in Fig. 1. In one embodiment, a setting tool (not shown) is included to deploy and set a bridge

or frac plug in the borehole

[0016] Fig. 3 shows the result of the explosion of the lowest perforation charge element. Passages
302 (only one is labeled) have been created from the formation 116 through the concrete 120 and the
casing 118. As a result, fluids can flow out of the formation 116 to the surface 104. Further,
stimulation fluids may be pumped out of the casing 118 and into the formation 116 to serve various

purposes in producing fluids from the formation 116.

[0017] One embodiment of a perforation charge element 136, 138, 140, 142, illustrated in Fig. 4,
includes 6 perforating charges 402, 404, 406, 408, 410, 412, and 414. It will be understood that by a
person of ordinary skill in the art that each perforation charge element 136, 138, 140, 142 can include

any number of perforating charges.

[0018] In one embodiment, the perforating charges are linked together by a detonating cord 416 which
is attached to a detonator 418. In one embodiment, when the detonator 418 is detonated, the
detonating cord 416 links the explosive event to all the perforating charges 402, 404, 406, 408, 410,
412, 414, detonating them simultancously. In one embodiment, a select fire sub 130, 132, 134
containing a single fire clip switch (“FCS”) 420 is attached to the lower portion of the perforating
charge element 136, 138, 140, 142. In one embodiment, the select fire sub 130, 132, 134 defines the
polarity of the voltage required to detonate the detonator in the perforating charge element above the
select fire sub. Thus in one embodiment, referring to Fig. 2, select fire sub 130 defines the polarity of
perforating charge element 136, select fire sub 132 defines the polarity of perforating charge element
138, and select fire sub 134 defines the polarity of perforating charge element 140. In one
embodiment, the bottom-most perforating charge element 142 is not coupled to a select fire sub and

thus can be detonated by a voltage of either polarity.

[0019] In one embodiment illustrated in Fig. 5, a fire clip switch 420 includes a state-changing feature
that is actuated by dissipating power across a collapsing element. In one embodiment, heat generated
by the collapsing element triggers the state-change mechanism, causing the collapsing element to
collapse or causing another element, such as a tie-wrap or an eutectic substance, to collapse or change

physical state and to become significantly weak in a structural sense.
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[0020] In one embodiment, the switch includes a C-shaped spring 505.  In one embodiment, the
spring 505 is mechanically coupled to a first contact 510 and a second contact 515. In one
embodiment, portions of the spring, 520 and 525, adjacent to the first contact 510 and the second
contact 515 are non-conductive to electricity. In one embodiment, the spring 505 is made of an elastic
material such as steel. In one embodiment, in its non-deformed shape, the spring 505 closes more than
is shown in Fig. 5 such that the first contact 510 and second contact 515 come into contact with each

other and form a good electrical connection.

[0021] In one embodiment, the fire clip switch 420 includes two handles, or tension elements, 530 and
535. In one embodiment, the handles 530 and 535 are made of a material that is non-conductive
material to electricity, such as plastic. In one embodiment, the handles 530 and 535 are mechanically
coupled to the spring 505. In one embodiment, the handles 530, 535 are mechanically coupled to and
held in the position shown in Fig. 5 by a collapsing element 540. That is, in one embodiment, the
handles 530 and 535 are urged toward each other to the position shown in Fig. 5 and then the
collapsing element 540 is mechanically affixed to the handles 530, 535 to hold them in place, which in
turn deforms the spring 505 as shown in Fig. 1. In one embodiment, the spring 505 tends to urge the
handles 530 and 535 away from each other such that when the fire clip switch 420 is in the state shown

in Fig. 5, the collapsing element 540 is under mechanical stress.

[0022] In one embodiment, the collapsing element 540 is coupled to an “actuation” line 545 through a

diode 550 and to a ground line 555.

[0023] In one embodiment, the first contact 510 is coupled to a “actuation” line 560 through a diode
565. In one embodiment, contact 515 is coupled to a “fire” line 570 through a diode 575. In one

embodiment, diode 575 is optional but is recommended for the safety of the fire clip switch 420.

[0024] In one embodiment, an “enable” line 580 is coupled to the “actuation” line 560 of a higher
switch in the perforation apparatus 122 so that fire clip switches can be chained together, as shown in
Fig. 11. In one embodiment, the actuation line 560 of the bottommost switch is coupled to a “power”

line as shown in Fig. 11.

[0025] In one embodiment, as shown in Fig. 6, a power pgi, shown by an arrow that reflects the

polarity of the power pri;, is applied to the collapsing element 540 where power pri is sufficient to
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cause collapsing element 540 to fail, as indicated by the two broken parts in the circle designated 540

in Fig. 6.

[0026] For example, in one embodiment, the collapsing element 540 is a resistor. In one embodiment,
the collapsing element 540 is a 10 watt resistor that explodes if it is exposed to 50 watts of power. In
that case, if the voltage across the resistor collapsing element 540 is 200 volts and the current flowing
through the resistor collapsing element 540 is 250 milliamps, the resistor 540 is being exposed to 50

watts (200 volts x 250 milliamps) and the resistor 540 will fail by, for example, exploding.

[0027] In one embodiment, the collapsing element 540 is an electrolytic capacitor that is destroyed by
the application of power of a sufficient magnitude and a “wrong” polarity. In one embodiment, the

application of power P destroys the electrolytic capacitor.

[0028] In one embodiment, the collapsing element 540 is an electromagnetic choke with a magnetic

core that fails catastrophically upon the application of power Praj.

[0029] Persons of ordinary skill would recognize that the collapsing element 540 could be made from
other components, such as semiconductors, etc., or an arrangement thereof, that collapse under the

application of electrical power.

[0030] As mentioned above, when the fire clip switch 420 is in the state shown in Fig. 5, the
collapsing element 540 is under stress and the spring 505 is urging the handles 530 and 535 apart. In
one embodiment, when the collapsing element 540 fails, as shown in Fig. 6, the handles 530 and 535
move apart as indicated by the arrow 605 and the spring 505 moves as shown by the arrows 610. In
one embodiment, the movement of the spring 505 causes the first contact 510 to come into contact
with the second contact 515, closing a circuit between the power line 560 and the fire line 570 through

diodes 565 and 575, which allows a current ig,. to flow in the direction shown by the arrow in Fig. 6.

[0031] In one embodiment, shown in Fig. 7, the direction of current flow (or the polarity of the applied

power) can be reversed in both the actuation circuit, the circuit that includes the collapsing element

540, and the firing circuit, the circuit that includes the first contact 510 and the second contact 515. In

one embodiment, the direction of current flow in the actuation circuit can be reversed by reversing the

polarity of diode 550. In one embodiment, the direction of current flow in the firing circuit can be

changed by changing the polarity of diodes 565 and 575. Thus, in Fig. 5 the actuation circuit is
5
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activated by negative power and in Fig. 7, the actuation circuit is activated by positive power. In Fig. 5
the firing circuit is activated by positive power and in Fig. 7, the firing circuit is activated by negative
power. In both Fig. 5 and Fig. 7, the power to activate the actuation circuit has the opposite polarity of
the power to activate the firing circuit. Fig. 8, which is the same as Fig. 6 except for the polarity of igi

and igr, shows the fire clip switch 420 after the collapsing element 540 has failed.

[0032] In one embodiment, illustrated in Fig. 9, the collapsing element 540, rather than failing itself,
causes a restraining element 905 to fail. In one embodiment, the strain on the spring 505 is created by
the restraining element 905 rather than the collapsing element 540. In one embodiment, while the
collapsing element 540 is mechanically coupled to the handles 530 and 535, the mechanical coupling is
not sufficiently strong to maintain the handles 530 and 535 in the positions shown in Fig. 9. Instead,

the handles 530 and 535 are maintained in the positions shown by the restraining element 905.

[0033] In one embodiment, the restraining element 905 is an element that is predictably susceptible to
failure when it exposed to heat. In one embodiment, the restraining element 905 is a tie wrap. In one
embodiment, the restraining element is a rubber band. In one embodiment, the restraining element 905
905 is a eutectic substance, i.¢., a mixture of two or more substances with a melting point lower than

that of any of the substances in the mixture. In one embodiment, the eutectic substance is solder.

[0034] In one embodiment, the circuit in Fig. 9 operates in the same way as the circuit shown in Fig. 5
except that instead of the collapsing element 540 failing as in Fig. 5, heat from the collapsing element
540, indicated by the lightning bolt symbols adjacent the collapsing element 540 in Fig. 9, cause the
restraining element 905 to melt or otherwise change state and fail or to weaken sufficiently to allow the
spring to relax. The result, as shown in Fig. 10, is the same as in Fig. 6, except that the restraining
element 905 has failed instead of the collapsing element 540. The contacts 510 and 515 have closed

allowing the firing current ig,. to flow through the firing circuit.

[0035] In one embodiment, illustrated in Fig. 11, a plurality of fire clip switches, such as those
illustrated in Figs. 5-10, is incorporated in a gun string. In the figure, the dashed lines separate tandem
subs, denoted by the letter “T,” and perforating guns, denoted by the letter “G.” In one embodiment,
the tandem subs hold the fire clip switches and interconnect the perforating guns. In one embodiment,

the fire clip switches are installed alternately, i.c., a positive switch follows a negative switch and vice
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versa. In one embodiment, the bottommost fire clip switch is a positive fire clip switch, as shown in

Fig. 11. In one embodiment, the bottommost fire clip switch is a negative fire clip switch.

[0036] The filled circles in Fig. 11 represent scaled contacts between the tandem subs and the
perforating guns. In one embodiment, a setting tool (not shown) is included and similar sealed
contacts are provided between the setting tool and the bottommost perforating gun. In one
embodiment, each of the dashed boxes represents a positive fire clip switch, such as that shown in
Figs. 5, 6, 9, and 10, or a negative fire clip switch, such as that shown in Figs. 7 and 8. The resistors in
the gun portions of Fig. 11 represent detonators that, in one embodiment, fire when sufficient current
flows through them. The tandem subs and perforating guns are arranged in a string with the bottom of
the string represented at the far right of Fig. 11 and the top of the string represented at the far left of
Fig. 11.

[0037] In one embodiment, a POWER line crosses through all the tandems and guns except for the
bottom one. In one embodiment, the “actuation” line of the bottommost fire clip switch is connected
to the “power” line, as shown in Fig. 11. In one embodiment, the “enable” line of the bottommost fire
clip switch is connected to the “actuation” line of the fire clip switch of immediately above it in the
string, as shown in Fig. 11. In one embodiment, the “actuation” line of all but the bottommost fire clip
switch is connected to the “enable” line of the fire clip switch below it in the string, as shown in Fig.

11.

[0038] In one embodiment, at installation time all switches are in an open state where the contacts do
not touch each other, such as that shown in Figs. 5, 7, and 9. In one embodiment, the wires going from
a tandem sub to a gun are hydraulically sealed, as indicated by the filled circles on Fig. 11, to prevent
fluid from entering a tandem sub after the gun immediately below is fired and borehole fluids fill the

gun body.

[0039] In one embodiment, the bottommost switch is a positive fire switch, such as that shown in Figs.
5, 6,9, and 10. In one embodiment, all switches in the string are stressed, keeping the electrical
contacts separated (i.c., the contacts associated with each switch are not in contact with each other).
The stress is held by the collapsing element 540 or by the restraining element 905. In one embodiment,
when sufficiently high negative voltage is applied to the power line in Fig. 11, which corresponds to

the actuation line 545 in Figs. 5-10, a large current flows through diode 550 and through the collapsing
7
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clement 540. In one embodiment, the current causes the collapsing element 540 or the restraining
clement 905 to fail, assisted by the force exerted by the spring 505, as discussed above. In one
embodiment, the force of the spring is also used also to enhance the quality of the grounding
connection to the gun chassis. In one embodiment, diodes 565 and 575 provide a double barrier
against accidentally firing the detonator while the switch is being actuated. In one embodiment, as the
collapsing element 540 or the restraining element 905 fails, the spring relaxes and the contacts 510 and
515 come together. This creates a path is created for positive current to flow from the power line
through diodes 565 and 575 through the detonator to the gun chassis, which, in one embodiement, is

the circuit ground.

[0040] In one embodiment, when the detonator is fired using positive voltage, the switch installed in
the gun above, which uses a switch of opposed polarity, is actuated and its contacts are shorted
(causing its associated switch to be closed). In one embodiment, the detonator in that gun (or in a

setting tool if included) can now be fired using negative voltage.

[0041] In one embodiment, all subsequent guns are fired in accordance with the procedure presented
above, until the last gun is fired. In one embodiment, the gun string is engineered so that the collapsing
clement 540 or the restraining element 905 collapses before the borehole fluid invades the fired gun

(and shorts the actuation line).

[0042] In one embodiment, the system shown in Fig. 11 presents no significant ohmic losses, which
allows it to be used with gun strings involving a very large number of perforating guns. In one
embodiment, this also means that the surface system, i.c., the firing panel 106, sees practically the

same impedance across the shooting connection.

[0043] One embodiment, illustrated in Fig. 12, includes a voltage barrier, such as spark gap 1205, to
give better assurance that the collapsing element 540 or the restraining element 905 collapses before
the explosion takes place, if, for example, the shooting voltage is ramped up instead of being applied in
a single step/“voltage dump”. In one embodiment in which the collapsing element is a resistor
installed in series with another resistor (such as the resistance represented by wireline conductors)
connecting to a power supply, the value of the resistor is chosen to be low enough that the voltage
across it under maximum power conditions is always lower than the voltage barrier provided by a

diode or set of diodes installed in series with the detonator.

8
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[0044] One embodiment, illustrated in Figs. 12 and 13, includes a resistor (Rvfy), having an
impedance much greater than the collapsing element 540, or a fuse 1305 that is used to verify through
the power line (using a resistance meter) that the switch was successfully actuated. The change in line

current that occurs when the fuse blows serves to indicate the actuation of the switch.

[0045] In one embodiment, the wires going from the tandem to the gun are not sealed with o-rings. In
one embodiment, the seal is provided by an epoxy or another type of hydraulic sealing and non-
conductive compounds that provides a barrier that prevents the fluids invading from reaching the upper

gun and from coming in contact with the switch and shorting its contacts.

[0046] In one embodiment, the perforating system is controlled by software in the form of a computer
program on a computer readable media 1405, such as a CD or DVD, as shown in Fig. 14. In one
embodiment a computer 1410, which may be the same as or included in the firing panel 106 or may be
located with the perforation system, reads the computer program from the computer readable media
1405 through an input/output device 1415 and stores it in a memory 1420 where it is prepared for
execution through compiling and linking, if necessary, and then executed. In one embodiment, the
system accepts inputs through an input/output device 1415, such as a keyboard, and provides outputs
through an input/output device 1415, such as a monitor or printer. In one embodiment, the system
stores the results of calculations in memory 1420 or modifies such calculations that already exist in

memory 1420.

[0047] In one embodiment, the results of calculations that reside in memory 1420 are made available
through a network 1425 to a remote real time operating center 1430. In one embodiment, the remote
real time operating center 1430 makes the results of calculations available through a network 1435 to

help in the planning of oil wells 1440 or in the drilling of oil wells 1440.

[0048] While the fire clip switch has been described herein in the context of oil well perforation
operations, it should be understood that the switch described above could be used in other contexts as
well. Further, within the context of oil well perforation operations, the fire switch described herein

could be used in actuation of a setting tool.

[0049] The word “coupled” herein means a direct connection or an indirect connection.
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[0050] The text above describes one or more specific embodiments of a broader invention. The
invention also is carried out in a variety of alternate embodiments and thus is not limited to those
described here. The foregoing description of the preferred embodiment of the invention has been
presented for the purposes of illustration and description. It is not intended to be exhaustive or to limit
the invention to the precise form disclosed. Many modifications and variations are possible in light of
the above teaching. It is intended that the scope of the invention be limited not by this detailed

description, but rather by the claims appended hereto.

10
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Claims
1. A switch comprising:
a spring;
a collapsing element;
5 the spring having a first state in which it is being held in tension by a restraining element;

the spring having a second state in which it is not being held in tension because the restraining
element has failed;
the collapsing element being situated such that when sufficient power is applied to the
collapsing element heat from the collapsing element will cause the restraining element
10 to fail,;
a first contact coupled to the spring;
a second contact coupled to the spring;
the first contact and the second contact being separate from each other when the spring is in the
first state; and
15 the first contact and the second contact being electrically connected to each other when the

spring is in the second state.

2. The switch of claim 1 wherein the restraining element is selected from a group consisting of a tie-

wrap, a eutectic substance, and the collapsing element.

3. The switch of claim 1 further comprising;:
20 a tension element coupled to the spring and the restraining element such that:
when the restraining element has not failed the spring is in tension; and

when the restraining element has failed the spring is in tension.

11
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4. The switch of claim 1 wherein:

the spring is C-shaped, having a first end, a second end, and an arced element coupled to and
between the first end and the second end;

the first contact is coupled to the first end of the spring;

the second contact is coupled to the second end of the spring;

a first clongated tension element is provided that has a proximate end coupled to the first end of
the spring;

a second clongated tension element is provided that has a proximate end coupled to the second
end of the spring;

moving a distal end of the first elongated tension element toward a distal end of the second
clongated element causes the first end of the spring to separate from the second end of
the spring; and

the restraining element is coupled between the distal end of the first elongated tension element
and the distal end of the second elongated tension element such that the first end of the

spring is separated from the second end of the spring.

5. The switch of claim 4 wherein:
a portion of the first end of the spring adjacent to where the first contact is coupled is non-
conductive to electricity; and
a portion of the second end of the spring adjacent to where the second contact is coupled is

non-conductive to electricity

6. The switch of claim 1 further comprising;:

a voltage barrier coupled to the first contact.
7. The switch of claim 6 wherein the voltage barrier comprises a spark gap.

8. The switch of claim 1 further comprising:

a verification device coupled to the first contact.

9. The switch of claim 8 wherein the verification device is selected from the group consisting of a fuse
and a resistor, the resistance of the resistor being much greater than the resistance of the collapsing

element.

12



WO 2012/166143 PCT/US2011/038900

10. A method comprising:
coupling a first switch to a power line, the switch comprising:
a spring;
a collapsing element;
5 the spring having a first state in which it is being held in tension by a restraining
clement;
the spring having a second state in which it is not being held in tension because the
restraining element has failed;
the collapsing element being situated such that, when sufficient current of a first
10 polarity is applied to the switch, heat from the collapsing element will cause the
restraining element to fail;
a first contact coupled to the spring;
a second contact coupled to the spring;
the first contact and the second contact being separate from each other when the spring
15 is in the first state;
the first contact and the second contact being electrically connected to each other when
the spring is in the second state;
the first contact coupled to a first switch actuation line;
the first switch actuation line coupled to the power line; and
20 applying sufficient power of the first polarity through the power line to the first switch
actuation line, such that the restraining element fails and the spring moves from the first

state to the second state.

13
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11. The method of claim 10 further comprising:

coupling the second contact to a second switch actuation line on a second switch; and

after applying sufficient power of the first polarity through the power line to the first switch
actuation line, directing current of a second polarity opposite the first polarity through
the first contact and the second contact to:
a perforating gun; and
the second switch actuation line, the second switch being constructed the same as the

first switch except that the second switch requires sufficient power of the second

polarity to cause the second switch to change from a first state to a second state.

12. The method of claim 10 further comprising:
coupling the second contact to a second switch actuation line on a second switch; and
after applying sufficient power of the first polarity through the power line to the first switch
actuation line, directing current of a second polarity opposite the first polarity through
the first contact and the second contact to:
an explosive initiator in a setting tool; and
the second switch actuation line, the second switch being constructed the same as the
first switch except that the second switch requires sufficient power of the second

polarity to cause the second switch to change from a first state to a second state.

13. The method of claim 10 wherein:
the first switch further comprises:
a verification device coupled to the first contact; and
the method further comprises:
verifying that the restraining element has failed after applying sufficient power of the
first polarity to the power line by detecting the presence of the verification

device.

14. The method of claim 13 wherein detecting the presence of the verification device comprises
measuring an impedance between the power line and a ground and comparing it to a known impedance

of the verification device.

14
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15. One or more non-transitory computer-readable media storing computer-executable instructions
which, when executed on a computer system, perform a method comprising:
coupling a first switch to a power line, the switch comprising:
a spring;
a collapsing element;
the spring having a first state in which it is being held in tension by a restraining
clement;
the spring having a second state in which it is not being held in tension because the
restraining element has failed;
the collapsing element being situated such that, when sufficient current of a first
polarity is applied to the switch, heat from the collapsing element will cause the
restraining element to fail;
a first contact coupled to the spring;
a second contact coupled to the spring;
the first contact and the second contact being separate from each other when the spring
is in the first state;
the first contact and the second contact being electrically connected to each other when
the spring is in the second state;
the first contact coupled to a first switch actuation line;
the first switch actuation line coupled to the power line; and
applying sufficient power of the first polarity through the power line to the first switch
actuation line, such that the restraining element fails and the spring moves from the first

state to the second state.
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16. The computer-readable media of claim 15 wherein the method further comprises:

coupling the second contact to a second switch actuation line on a second switch; and

after applying sufficient power of the first polarity through the power line to the first switch
actuation line, directing current of a second polarity opposite the first polarity through
the first contact and the second contact to:
a perforating gun; and
the second switch actuation line, the second switch being constructed the same as the

first switch except that the second switch requires sufficient power of the second

polarity to cause the second switch to change from a first state to a second state.

17. The computer-readable media of claim 15 wherein the method further comprises:

coupling the second contact to a second switch actuation line on a second switch; and

after applying sufficient power of the first polarity through the power line to the first switch
actuation line, directing current of a second polarity opposite the first polarity through
the first contact and the second contact to:
a explosive initiator in a setting tool; and
the second switch actuation line, the second switch being constructed the same as the

first switch except that the second switch requires sufficient power of the second

polarity to cause the second switch to change from a first state to a second state.

18. The computer-readable media of claim 15 wherein:
the first switch further comprises:
a verification device coupled to the first contact; and
the method further comprises:
verifying that the restraining element has failed after applying sufficient power of the
first polarity to the power line by detecting the presence of the verification

device.

19. The computer-readable media of claim 18 wherein detecting the presence of the verification
device comprises measuring an impedance between the power line and a ground and comparing it to a

known impedance of the verification device.

16
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