wo 2015/169667 A2 || NNV OAT OO0 A O A

(43) International Publication Date
12 November 2015 (12.11.2015)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2015/169667 A2

(51
eay)

(22)

(25)

(26)

(30)

1

(72

74

31

International Patent Classification: Not classified

International Application Number:
PCT/EP2015/059381

International Filing Date:
29 April 2015 (29.04.2015)

Filing Language: English
Publication Language: English
Priority Data:

61/988,722 5 May 2014 (05.05.2014) US
62/050,678 15 September 2014 (15.09.2014) US

Applicant: DYNAENERGETICS GMBH & CO. KG
[DE/DE]; Kaiserstr. 3, 53840 Troisdorf (DE).

Inventor: EITSCHBERGER, Christian; Heimeranstr.
49, 80339 Miinchen (DE).

Agent: ZIMMERMANN & PARTNER PATENTAN-
WALTE MBB; Josephspitalstr. 15, 80331 Miinchen (DE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(i))

[Continued on next page]

(54) Title: INITIATOR HEAD ASSEMBLY

(57) Abstract: According to an aspect an initiator head assembly is provided

IS5
3—"]
R
3457\‘ P
Ty
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having particular application with a perforating gun assembly, in particular
for oil well drilling applications. The initiator head assembly includes a body
and an electrical contact component with the electrical contact component
embedded therein. In another aspect, the initiator head assembly with the em-
bedded electrical contact component is configured as a unitary component
and also to hold a pressure ditferential across the top and bottom parts of the
initiator head assembly. In an aspect, the method of forming the initiator head
assembly is also generally described.
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INITIATOR HEAD ASSEMBLY

Field

[0001] Described generally herein is an initiator head assembly having an
embedded electric feed-through for use with a perforating gun assembly, in
particular for oil well drilling applications.

Backdground

[0002] In exploration and extraction of hydrocarbons, such as fossil fuels (e.g. oil)
and natural gas, from underground wellbores extending deeply below the
surface, various downhole tools are inserted below the ground surface and
include sometimes complex machinery and explosive devices. Examples of the
types of equipment useful in exploration and extraction, in particular for oil well
drilling applications, include logging tools and perforation gun systems and
assemblies. It is often useful to be able to maintain a pressure across one or
more components as necessary to ensure that fluid does not leak into the gun
assembly, for instance. It is not uncommon that components such as an initiator
are components in such perforating gun assemblies that succumb to pressure
leakage. It is particularly useful that one or more of the components is able to
maintain a pressure differential even after, for instance, detonation of one or

more downstream components.

[0003] The initiator is one of many components of the perforating gun system for
which continual improvement is sought. There are at least 2 known types of

initiators - a detonator and an igniter.

[0004] Upon placement into the perforating gun assembly, one or more initiators
have traditionally required physical connection of electrical wires. The electrical
wires typically travel from the surface down to the perforating gun assembly, and
are responsible for passing along the surface signal required to initiate ignition.
The surface signal typically travels from the surface along the electrical wires that
run from the surface to one or more detonators positioned within the perforating
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gun assembly. Such initiators typically require electronic componentry and/or
wiring to pass through a body thereof, (e.g. electric feed-through), and a need
exists to provide such componentry having electric feed-through while
maintaining a differential pressure across the component. Passage of such wires
through the initiator, while maintaining a pressure differential across the
component, has proved challenging.

[0005] Assembly of a perforating gun requires assembly of multiple parts, which
typically include at least the following components: a housing or outer gun barrel
within which is positioned an electrical wire for communicating from the surface
to initiate ignition, an initiator, a detonating cord, one or more charges which are
held in an inner tube, strip or carrying device and, where necessary, one or more
boosters. Assembly typically includes threaded insertion of one component into
another by screwing or twisting the components into place, optionally by use of a
tandem adapter. Since the electrical wire must extend through much of the
perforating gun assembly, it is easily twisted and crimped during assembly. In
addition, when a wired detonator is used it must be manually connected to the
electrical wire, which has lead to multiple problems. Due to the rotating assembly
of parts, the wires can become torn, twisted and/or crimped/nicked, the wires
may be inadvertently disconnected, or even mis-connected in error during
assembly, not to mention the safety issues associated with physically and

manually wiring live explosives.

[0006] According to the prior art and as shown in Fig. 1, a wired detonator 60 has
been configured such that wires must be physically, manually connected upon
configuration of the perforating gun assembly. As shown herein, the wired
detonator 60 typically has two (or more) wires, which require manual, physical
connection once the wired detonator is placed into the perforating gun assembly.
(It is possible to have one or more wires whereby one wire could also be a
contact as described in greater detail below and as found, for instance, in a
spring-contact detonator, commercially available from DynaEnergetics GmbH &
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Co. KG without the benefit of selectivity and whereby a second connection would
be through a shell or head of the detonator.) For detonators with a wired
integrated switch for selective perforating, the wires include at least a signal-in
wire 61, a signal-out wire 62 and a ground wire 63, while it is possible that only
two wires are provided and the third or ground connection is made by connecting
the third wire to the shell or head of the detonator. In a typical manual, physical
connection, the wires extending along the perforating gun are matched to the
wires of the detonator, and an inner metallic portion of one wire is twisted
together with an inner metallic portion of the matched wire using an electrical
connector cap or wire nut or a scotch-lock type connector. Although not shown,
maintenance of the pressure differential across such devices has occurred
(minimally) via usage of rubber components including o-rings, rubber stoppers
and the like.

[0007] Improvements to the way these electrical connections are accomplished
include connections and arrangements as found in commonly assigned patent
applications PCT/EP2012/056609 (in which an initiator head is adapted to easily
introduce external wires into the plug without having to strip the wires of
insulation beforehand) and DE 10 2013 109 227.6 (in which a wireless initiator is
provided), which are incorporated herein by reference in their entirety.

[0008] The assembly described herein further solves the problems associated
with prior known assemblies in that it provides, in an embodiment, an assembly
to improve manufacturing costs and assembly in the field, as described in greater
detail hereinbelow.

Brief Description

[0009] In an embodiment, an initiator head assembly includes a body and an
electrical contact component extending through the body and embedded in the
body, such that the body seals around the electrical contact component against
pressure leakage across the body to maintain a higher pressure at a first end of



WO 2015/169667 PCT/EP2015/059381

the body as compared to a second end of the body, when the body is positioned
within the downhole tool.

[0010] In an embodiment, at least the body has been formed as a unitary
component.

[0011] In an aspect, a method of forming the initiator head assembly is provided.

Brief Description of the Figures

[0012] A more particular description briefly described above will be rendered by
reference to specific embodiments thereof that are illustrated in the appended
drawings. Understanding that these drawings depict only typical embodiments
and are not therefore to be considered to be limiting of its scope, exemplary
embodiments will be described and explained with additional specificity and
detail through the use of the accompanying drawings in which:

[0013] Fig. 1 is a perspective view of a wired detonator according to the prior art;

[0014] Fig. 2 is a perspective view of a initiator head assembly according to an
aspect, showing the internal components in phantom;

[0015] Fig. 3 is a perspective view of the initiator head assembly of Fig. 2 shown
from a different angle;

[0016] Fig. 4 is a perspective view of the initiator head assembly assembled with
a shell to form an initiator for use with a perforating gun assembly according to
an aspect;

[0017] Fig. 5 is a perspective view of an alternative initiator head assembly
according to an aspect;

[0018] Fig. 6 is a perspective view of the initiator head assembly of Fig. 5 shown
from a different angle;

[0019] Fig. 7 is a perspective view of the initiator head assembly of Fig. 5 from a
different angle showing a body in phantom;
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[0020] Fig. 8 is a schematic cross-sectional side view of the initiator head
assembly taken along lines 8-8 of Fig. 5;

[0021] Fig. 9a is a schematic cross-sectional side view of the initiator head
assembly taken along lines 9-9 of Fig. 5;

[0022] Fig. 9b is an alternative schematic cross-sectional side view of the initiator
head assembly taken along lines 9-9 of Fig. 5;

[0023] Fig. 10 is a cross-sectional side view of the initiator head assembly of Fig.
5 assembled with a shell to form the initiator according to an aspect shown in
phantom; and

[0024] Fig. 11 is a side view of the initiator of Fig. 10 showing portions of the
initiator head assembly in phantom.

[0025] Various features, aspects, and advantages of the embodiments will
become more apparent from the following detailed description, along with the
accompanying figures in which like numerals represent like components
throughout the figures and text. The various described features are not
necessarily drawn to scale, but are drawn to emphasize specific features relevant
to embodiments.

Detailed Description

[0026] Reference will now be made in detail to various embodiments. Each
example is provided by way of explanation, and is not meant as a limitation and
does not constitute a definition of all possible embodiments.

[0027] In an embodiment, the assembly provides an improved apparatus for use
with a wireless connection - that is, without the need to attach, crimp, cut or
otherwise physically and manually connect external wires to the component.
Rather, the connections are made wirelessly, by simply abutting, for instance,
electrically contactable components, of which at least a portion thereof is
positioned proximal to an external surface of the pressure barrier. As used
herein, the term “proximal” means on or near or next to or nearest or even

5
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embedded within. For the sake of clarity, the term “wireless” does not refer to a
WiFi connection, but rather to this notion of being able to transmit electrical
signals through the electrical componentry without connecting external wires to
the component. The apparatus described herein solves the problems associated
with the prior known assemblies in that it provides an assembly including the
wireless connection integrated therein, to improve manufacturing costs and

assembly in the field.

[0028] In an embodiment, an assembly is provided that is capable of being
placed into a perforating gun assembly or other downhole tool such as a setting
tool with minimal effort. Specifically, an initiator head assembly 10, as found in
Figs. 2-4, or alternatively the initiator head assembly 110 as found in Figs. 5-9, is
positioned within an initiator 100, 200 (Fig. 4, configured as a detonator, and
Figs. 10-11, configured as an igniter, respectively) for use in the perforating gun
assembly and to electrically contactably form an electrical connection without the
need of manually and physically connecting, cutting or crimping wires as required
in a wired electrical connection. In an embodiment, the initiator head assembly
10, 110 is a wirelessly-connectable selective assembly using a unitary member,
as will be discussed in greater detail below. By “unitary” what is meant is that the

component is formed as a single, one-piece member.

[0029] Turning specifically to Fig. 2 and in an embodiment, the initiator head
assembly 10 includes a body 20 and an electrical contact component 40. In an
embodiment, the body 20 is formed as a unitary component as discussed in
greater detail below. In an alternative embodiment found in Figs. 5-9, the initiator
head assembly 110 includes the body 120 and the electrical contact component
140, as described in more detail hereinbelow.

[0030] With reference again to Fig. 2 and in an embodiment, the body 20
includes a head 22 that extends from a base 30, and the entire body 20 is formed
as a unitary member or component. Methods of forming the body 20 as a unitary

member include but are not limited to injection molding and machining the
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component out of a solid block of material. In an embodiment, the injection
molded body 20 is formed into a solid material, in which typically a thermoplastic
material in a soft or pliable form is allowed to flow around the electrical contact
component 140 during the injection molding process. The head 22 includes a
first surface 24 and a second surface 26, and an insulating portion 28 extending
between the first surface 24 and the second surface 26. With reference to Fig.
2 and in an embodiment, the first surface 24 of the head 22 includes a recessed
or depressed area 25 positioned between a central portion 27 of the first surface
24 and the upper edge 29 of the insulating portion 28. Alternatively, the first
surface 24 could be a solid, uniform surface (not shown).

[0031] The base 30 of the body 20 includes a first end 32 and a second end 34.
In an embodiment, the first end 32 of the base 30 is formed integrally with the
second surface 26 of the head 22. In an embodiment, an opening 36 extends
along at least a portion of a side or outer surface of the base 30, and the opening
36 extends at least partially along a length of the base 30 between the first end
32 and the second end 34. In an alternative embodiment, it is possible to form
the head 22 separately from the base 30, and to join the components together
after formation through the use of adhesives, fasteners and the like.

[0032] The initiator head assembly 10 further includes an electrical contact
component 40 that is preferably formed from an electrically conductive material,
as would be understood by those of ordinary skill in the art. The electrical
contact component 40 includes individual elements as discussed in greater detalil
below. In an embodiment, the electrical contact component 40 is also formed as
a unitary member with electrical insulators positioned between the elements,
while in another embodiment, the individual elements of the component 40 can
be made separately and soldered or otherwise connected to form the elements of
the component 40. The individual elements of the electrical contact component
40 can be formed of any electrically conductive material and using known
methods such as wire forming, stamping, bending and the like.
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[0033] With reference to Figs. 2 and 3 and in an embodiment, the electrical
contact component 40 includes multiple components, and as shown herein
includes an electrically contactable line-in portion 42, an electrically contactable
line-out portion 44, and an electrically contactable ground portion 46. As shown,
a line-in wire 47 extends within an interior of the base 30, as does a line-out wire
48, and a ground wire 49. The line-in wire 47 extends from and connects to or is
formed integrally with the line-in portion 42, the line-out wire 48 extends from and
connects to or is formed integrally with the line-out portion 44, and the ground
wire 49 extends from and connects to or is formed integrally with the ground
portion 46. In an embodiment, the line-in wire 47, the line-out wire 48 and the
ground wire 49 are arranged essentially parallel within the base 30 of the initiator
head assembly 10. In yet a further embodiment, all of the elements forming the
electrical contact component 40 are positioned in a way that the body 20 is
formed as an integral and unitary component around the individual elements, and
thus the body 20 forms the electrical insulation between the individual elements
of the electrical contact component 40.

[0034] In an embodiment, the electrical contact component 40 is integrally formed
with the body 20 such that the line-in portion 42 of the electrical contact
component 40 is positioned proximal to the first surface 24 of the head 22 of the
body 20 and the line-out portion 44 of the electrical contact component 40 is
positioned proximal to the second surface 26, and the ground portion 46 of the
electrical contact component 40 is positioned proximal to the opening 36 of the
base 30 of the body 20. In an embodiment, the opening 36 is configured to allow
at least a portion of the ground portion 46 to extend at least partially beyond an
outer surface of the base 30. With reference to Fig. 2 and in an embodiment, the
recessed or depressed area 25 of the first surface 24 of the body 20 extends
around an outer periphery of the line-in portion 42, between the outer periphery
of the line-in portion 42 and the upper edge 29 of the insulating portion 28. As
shown, a top surface of the line-in portion 42 extends slightly beyond the upper
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edge 29, while it is possible that the top surface is below or coplanar with the
upper edge 29 (not shown).

[0035] In an embodiment, the ground portion 46 in combination with the line-in
portion 42 and the line-out portion 44 are configured to complete a wireless
electrical connection by the electrical contact component 40 merely by contact,
without using a wired electrical connection, when configured as depicted herein

and positioned within the perforating gun assembly (not shown).

[0036] As depicted in Fig. 2 and in an embodiment, each of the line-in portion 42
and line-out portion 44 are formed of a flattened, semi-disc shaped electrically
conductive material, for which gaps 41 and 43 respectively are present. The line-
in gap 41 of line-in portion 42, and the line-out gap 43 of line-out portion 44, are
configured to prevent the respective portions from sliding out of place during
injection molding of the body 20. The gaps 41 and 43, respectively, thus serve
as an anchor within the injection mold.

[0037] In yet a further embodiment and as seen in Fig. 4, an initiator 100 is
provided, in the form of a detonator. The initiator 100 is configured for being
electrically contactably received within a perforating gun assembly without using
the wired electrical connection as discussed above. The initiator 100 includes a
shell or housing or casing 50, and at least a portion of the shell 50 includes an
electrically conductive portion that is a ground portion 52. In an embodiment, the
initiator 100 includes an initiator head assembly 10 that is a wirelessly-
connectable and selective assembly. In assembled form, at least a portion of the
base 30 of the body 20 is slidably arranged within one end of the shell 50, while
the head 22 extends beyond the shell 50. Once the base 30 is positioned within
the shell 50, the ground portion 46 of the electrical contact component 40, is
positioned to effect the electrical contact with the ground portion 52 of the shell
50.

[0038] In an embodiment the ground portion 46 is flexible and extends through
the opening 36 slightly beyond an external surface of the base 30. In this way,

9
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once the base 30 is seated or otherwise positioned within the shell 50, the
ground portion 46 is placed in electrically contacting position with the ground
portion 52 of the shell 50. That is, the electrical contact is made without using a

wired electrical connection.

[0039] With reference to Figs. 5-9 and in an alternative embodiment, the initiator
head assembly 110 includes the body 120 and the electrical contact component
140. In this embodiment, the electrical contact component 140 includes the
electrically contactable line-in portion 142 (Fig. 5) and the electrically contactable
ground portion 144 (Fig. 6), whereby showing an alternative ground contact to
the shell 150, as compared to including a separate ground portion 46 found in the
embodiment described hereinabove (see, for instance, Fig. 3). As shown, the
line-in wire 147 extends within the interior of the base 130, as does the ground
wire 148. The line-in wire 147 extends from and connecits to or is formed
integrally with the line-in portion 142 and the ground wire 148 extends from and
connects to or is formed integrally with the ground portion 144. In an
embodiment, the line-in wire 147 and the ground wire 148 are arranged
essentially parallel within the base 130 of the body 120. In yet a further
embodiment, all of the elements forming the electrical contact component 140
are positioned in a way that the body 120 is formed as an integral and unitary
component around the individual elements, and thus the body 120 forms the
electrical insulation between the individual elements of the electrical contact
component 140.

[0040] In this embodiment, the body 120 includes the head 122 that extends from
the base 130, and the entire body 120 is formed as a unitary member or
component. Methods of forming the body 120 as a unitary member are as set
forth above.

[0041] With reference particularly to Figs. 8 and 9, the head 122 includes the first
surface 124 and the second surface 126, and the insulating portion 128
extending between the first surface 124 and the second surface 126. Inan

10
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embodiment, it is also possible to have a raised portion 121 extending from the
first surface 124, which forms an elevated platform for receiving and positioning
the line-in portion 142. This sort of arrangement may facilitate better positioning
and electrical contactability. While not shown, it is also contemplated that the
line-in portion 142 is positioned on the first surface 124 as described above with
reference to Figs. 2-4, and it is also possible for the embodiment depicted in
Figs. 2-4 to include a raised portion (not shown).

[0042] The base 130 of the body 120 includes a first end 132 and a second end
134. In an embodiment, the first end 132 of the base 130 is formed integrally
with the second surface 126 of the head 122. In an alternative embodiment, it is
possible to form the head 122 separately from the base 30, and to join the
components together after formation through the use of adhesives, fasteners and
the like. As depicted herein, the base 130 includes one or more (two shown)
indentations or notched or recessed areas 131, which are configured for sealing
the initiator head assembly 110 when positioned with an end of the shell 150
(see, for instance, Figs. 10-11). As shown and in an embodiment, the
indentation(s) 131 are configured to receive one or more head retaining
member(s) 153 formed in the shell 150 to thus seal and hold in place the
components. Thus, once the base 130 of the initiator head assembly 110 is
positioned within the end of the shell 150, then the head retaining members 153
can be formed or pressed into the indentions 131 to form the seal. Alternatively,
the indentation 131 could be configured to receive a sealing member, like an o-
ring, such that when the base 130 is positioned within the end of the shell 150, a
seal is made (not shown).

[0043] With particular reference to Figs. 8-9 and in an embodiment, a retaining
member 165, depicted in Fig. 9a as a bend and in Fig. 9b as a flattened portion
may be formed in the line-in wire 147, such that the retaining member 165
remains positioned within the body 120. In particular, the retaining member 165
is positioned somewhat centrally within the insulating portion 128 of the body

11
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120. The retaining member 165 is thus configured and functions to further
prevent the electrical contact component 140, or portions thereof, from sliding out
of place during injection molding of the body 120 and when pressure differential
is applied between or across surfaces 124 and 126. In this way, and as
described above for gaps 41 (including gap 141) and 43 (including gap 143), the
retaining member 165 thus serves as an anchor within the injection mold. In an
embodiment, the retaining member 165 takes any shape sufficient to help hold
the electrical contact component 140 in place during the injection molding
process and when the pressure differential is seen between surfaces 124 and
126, and advantageously may be U-shaped or V-shaped if formed into a bend,
and may be a straight member having a flattened portion or portion having a
wider width than the wire itself.

[0044] Another way to describe the differential pressure experienced by the
initiatory head assembly 110 found in Figs. 5-11 is with reference to placement of
the assembled initiator, when placed within, for instance, a perforating gun
assembly. In short the initiator head assembly 110 must be capable of
maintaining the pressure differential that may be experienced, for instance, upon
detonation. Although it is difficult to represent figuratively, Fig. 10 attempts to
show that the initiator head assembly 110 has an ability to hold a pressure
differential between an outer surface 154 of the initiatory head assembly 110,
(i.e. the surface positioned upstream of the detonation) and an inner surface 155
of the initiatory head assembly 110, (i.e. the surface positioned downstream - or
near the detonation), and thus avoid pressure leakage through the wires or
electrical connections. By forming the initiator head assembly 110 as a unitary
member, in an embodiment through injection molding the body 120 around the
electrical contact component 140, such points of pressure leakage can be
eliminated. In particular, it is believed that providing the line-in gap 141 in the
line-in portion 142 and/or the gap 143 in the ground portion 144 and/or providing
the retaining member 165 in the line-in wire 147, provides opportunity for molten
material during the injection molding to flow around and thus secure the electrical

12
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contact component 140 in place upon solidification. In other words, the initiator
head assembly 110 thus formed is essentially self-sealing.

[0045] In an embodiment, the body 120 is injection molded and configured as a
sealed unit to maintain the differential pressure between the outer surface 154
and the inner surface 155. Turning again to Fig. 1, the wires 61, 62 and 63 pass
directly through an upper surface 64 of the detonator 60, while using o-rings or
other sealing means to try to seal the individual openings through which the wires
pass. Thus, maintaining a pressure differential is difficult at best in the initiator
assemblies that are currently available. Providing the initiator head assembly
110 as described herein cures the defects of the prior art.

[0046] In an embodiment, a method of making an initiator head assembly 10,110
includes the steps of forming the electrical contact component 40, 140 and the
body 20, 120. As contemplated and as discussed above, it is possible to form
the body 20, 120 as a unitary component around the electrical contact
component 40, 140. In an embodiment, the method of making the initiator head
assembly 10, 110, includes embedding the electrical contact component 40, 140
within the body 20, 120, and in particular embedding the electrical contact
component 40, 140 within the body 20 during formation of the body 20.

[0047] In an embodiment, the initiator 100, 200 including the initiator head
assembly 10, 110 described in detail herein is configured for being electrically
contactably received within a perforating gun assembly without using a wired
electrical connection.

[0048] In an embodiment, the line-in portion 42, 142, and the line-out portion 44,
with or without the ground portion 46, 144 are configured to replace the wired
connection of the prior art wired detonator 60 and to complete the electrical
connection merely by contact with other electrical contacting components. In this
way, the line-in portion 42, 142 of the assembly 10, 110 replaces the signal-in
wire 61 of the wired detonator 60, and the line-out portion 44, replaces the signal-
out wire 62 and the ground portion 46, 144 replaces the ground wire 63. Thus,

13
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when placed within the perforating gun assembly, the line-in portion 42, 142, and
the line-out portion 44, with or without the ground portion 46, 144 make an
electrical connection by merely making contact with corresponding electrical
contacting components provided within the gun assembly. That is, the initiator
head assembly 10, 110 is wirelessly connectable only by making and maintaining
electrical contact of the electrical contacting components to replace the wired

electrical connection and without using a wired electrical connection.

[0049] In an embodiment, the initiator 100, 200 is configured to wirelessly and
selectively receive an ignition signal, (typically a digital code unigquely configured
for a specific detonator), to fire the perforating gun assembly. By “selective” what
is meant is that the initiator is configured to receive one or more specific digital
sequence(s), which differs from a digital sequence that might be used to arm
and/or detonate another initiator in a different, adjacent perforating gun
assembly, for instance, a train of perforating gun assemblies. So, detonation of
the various assemblies does not necessarily have to occur in a specified
seguence. Any specific assembly can be selectively detonated. In an
embodiment, the detonation occurs in a top-down or bottom-up sequence.

[0050] In an embodiment, the initiator 100, 200 may be fluid disabled. “Fluid
disabled” means that if the perforating gun has a leak and fluid enters the gun
system then the detonator is disabled by the presence of the fluid and hence the
explosive train is interrupted. This prevents a perforating gun from splitting open
inside a well if it has a leak and plugging the wellbore, as the hardware would
burst open. In an embodiment, the initiator 100, 200 is a selective fluid disabled
electronic (SFDE) assembly.

[0051] The initiator 100, 200 according to an aspect can be either an electric or
an electronic detonator. In an electric detonator, a direct wire from the surface is
electrically contactingly connected to a detonator assembly and power is
increased to directly initiate a fuse head. In an electronic detonator assembly,
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circuitry of an electronic circuit board within the detonator assembly is used to
initiate the fuse head.

[0052] In an embodiment, the initiator 100, 200 may be immune to stray current
or voltage and/or radiofrequency (RF) signals or induced currents to avoid
inadvertent firing of the perforating gun or setting tool or any other downhole tool.
Thus, in this embodiment, the initiator 100, 200 is provided with means for
ensuring immunity to stray current or voltage and/or RF signals, such that the
initiator 100, 200 is not initiated through random radio frequency signals, stray
voltage or stray current. In other words, the initiator 100, 200 is configured to

avoid unintended initiation.

[0053] The components and methods illustrated are not limited to the specific
embodiments described herein, but rather, features illustrated or described as
part of one embodiment can be used on or in conjunction with other
embodiments to yield yet a further embodiment. Such modifications and
variations are intended to be included. Further, steps described in the method
may be utilized independently and separately from other steps described herein.

[0054] While the apparatus and method have been described with reference to
preferred embodiments, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements thereof
without departing from the scope. In addition, many modifications may be made to
adapt a particular situation or material to the teachings without departing from the
essential scope thereof. In the interest of brevity and clarity, and without the need
to repeat all such features, it will be understood that any feature relating to one
embodiment described herein in detail, may also be present in an alternative
embodiment. As an example, it would be understood by one of ordinary skill in the
art that if the electrical contact component 40 of one embodiment is described as
being formed of an electrically conductive material, that the electrical contact
component 140 described in the alternative embodiment is also formed of an
electrically conductive material, without the need to repeat all such features.
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[0055] In this specification and the claims that follow, reference will be made to a

number of terms that have the following meanings. The singular forms "a," "an"
and "the" include plural referents unless the context clearly dictates otherwise.
Furthermore, references to “one embodiment” are not intended to be interpreted
as excluding the existence of additional embodiments that also incorporate the
recited features. Terms such as "first," "second," etc. are used to identify one
element from another, and unless otherwise specified are not meant to refer to a

particular order or number of elements.

[0056] As used herein, the terms "may" and "may be" indicate a possibility of an
occurrence within a set of circumstances; a possession of a specified property,
characteristic or function; and/or qualify another verb by expressing one or more of
an ability, capability, or possibility associated with the qualified verb. Accordingly,
usage of "may" and "may be" indicates that a modified term is apparently
appropriate, capable, or suitable for an indicated capacity, function, or usage, while
taking into account that in some circumstances the modified term may sometimes
not be appropriate, capable, or suitable. For example, in some circumstances an
event or capacity can be expected, while in other circumstances the event or
capacity cannot occur--this distinction is captured by the terms "may" and "may
be."

[0057] As used in the claims, the word "comprises" and its grammatical variants
logically also subtend and include phrases of varying and differing extent such as
for example, but not limited thereto, "consisting essentially of" and "consisting of."

[0058] Advances in science and technology may make equivalents and
substitutions possible that are not now contemplated by reason of the imprecision
of language; these variations should be covered by the appended claims. This
written description uses examples, including the best mode, and also to enable
any person of ordinary skill in the art to practice, including making and using any
devices or systems and performing any incorporated methods. The patentable
scope is defined by the claims, and may include other examples that occur to
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those of ordinary skill in the art. Such other examples are intended to be within the
scope of the claims if they have structural elements that do not differ from the
literal language of the claims, or if they include equivalent structural elements with
insubstantial differences from the literal languages of the claims.
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WHAT IS CLAIMED IS:
1. An initiator head assembly (10, 110), comprising:

a body (20, 120) including a head (22, 122) extending from a base (30,
130), the head (22, 122) including a first surface (24, 124), a second surface (26,
126), and an insulating portion (28, 128) extending therebetween, the base (30,
130) including a first end (32, 132) and a second end (34, 134); and

an electrical contact component (40, 140) comprising an electrically
contactable line-in portion (42, 142), and an electrically contactable ground
portion (46, 144),

wherein the electrical contact component (40, 140) is integrally formed
with the body (20, 120) such that the line-in portion (42, 142) of the electrical
contact component (40, 140) is positioned proximal to the first surface (24, 124)
of the head (22, 122) of the body (20, 120) and the ground portion (46, 144) of
the electrical contact component (40, 140) is positioned proximal to the second
surface (26, 126).

2. The initiator head assembly (10, 110) of Claim 1, wherein the body
(20, 120) being formed as a unitary component around the electrical contact
component (40, 140).

3. The initiator head assembly (10) of Claims 1 or 2, the electrical
contact component (40) further comprising an electrically contactable line-out
portion (44).

4. The initiator head assembly (10) of Claim 3, further comprising an
opening (36) extending at least partially along a length of the base (30), the
opening (36) configured to allow at least a portion of the ground portion (46) to
extend beyond an outer surface of the base (30).

5. The initiator head assembly (10, 110) of Claims 1 or 2, wherein the
line-in portion (42, 142) and the ground portion (46, 144) are configured to
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complete a wireless electrical connection by the electrical contact component
(40, 140) merely by contact, without using a wired electrical connection.

6. The initiator head assembly (10) of Claim 3, wherein the electrically
contactable ground portion (46), in combination with the line-in portion (42) and
the line-out portion (44), are configured to complete a wireless electrical
connection by the electrical contact component (40) merely by contact, without

using a wired electrical connection.

7. The initiator head assembly (110) of Claims 1, 2 or 4, wherein the
body (120) is injection molded and configured as a sealed unit to maintain a
differential pressure between an outer surface (154) and an inner surface (155).

8. The initiator head assembly (10, 110) of any of the preceding
Claims, wherein the line-in portion (42, 142) includes a line-in gap (41, 141).

9. The initiator head assembly (10, 110) of Claims 3, 4 or 6, wherein
the line-out portion (44,) and/or the ground portion (144) includes a gap (43,
143).

10.  The initiator head assembly (110) of Claims 1, 4 or 6, wherein a
line-in wire (47, 147) extends from the line-in portion (42, 142) along a length of
the body (120) and forms a retaining member (165).

11.  Aninitiator (100) configured for being electrically contactably
received within a perforating gun assembly without using a wired electrical
connection, comprising:

a shell (50) comprising a ground portion (52); and

a wirelessly-connectable selective initiator head assembly (10),
comprising:

a body (20) including a head (22) extending from a base (30), the
head (22) including a first surface (24) and a second surface (26), and an
insulating portion (28) extending therebetween, the base (30) including a
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first end (32) and a second end (34), and an opening (36) extending at
least partially therebetween, wherein the body (20) is configured as a
unitary component; and

an electrical contact component (40) comprising an electrically
contactable line-in portion (42), an electrically contactable line-out portion
(44), and an electrically contactable ground portion (46),

wherein the line-in portion (42) of the electrical contact component
(40) is positioned proximal to the first surface (24) of the head (22) of the
body (20) and the line-out portion (44) of the electrical contact component
(40) is positioned proximal to the second surface (26), and the ground
portion (46) of the electrical contact component (40) is positioned proximal
to the opening (36) of the base (30) of the body (20),

wherein the ground portion (46) of the electrical contact component (40) is
positioned in electrical contact with the ground portion (52) of the shell (50).

12.  Aninitiator (200) configured for being electrically contactably
received within a perforating gun assembly without using a wired electrical
connection, comprising:

a shell (150); and
a wirelessly-connectable initiator head assembly (110), comprising:

a body (120) including a head (122) extending from a base (130),
the head (122) including a first surface (124) and a second surface (126),
and an insulating portion (128) extending therebetween, the base (130)
including a first end (132) and a second end (134), wherein the body (120)
is configured as a unitary component; and

an electrical contact component (140) comprising an electrically
contactable line-in portion (142), and an electrically contactable ground
portion (144),
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wherein the line-in portion (142) of the electrical contact component
(140) is positioned proximal to the first surface (124) of the head (122) of
the body (120) and the ground portion (144) of the electrical contact
component (140) is positioned proximal to the second surface (126).

13. A method of making an initiator head assembly (10, 110),
comprising:

forming an electrical contact component (40, 140), wherein the electrical
contact component (40, 140) comprising an electrically contactable line-in portion
(42, 142), and an electrically contactable ground portion (46, 144);

forming a body (20, 120) as a unitary component around the electrical
contact component (40, 140), wherein the body (20, 120) including a head (22,
122) extending from a base (30, 130), the head (22, 122) including a first surface
(24, 124) and a second surface (26, 126), and an insulating portion (28, 128)
extending therebetween, the base (30, 130) including a first end (32, 132) and a
second end (34, 134), and further wherein the forming of the body (20, 120)
includes positioning the line-in portion (42, 142) of the electrical contact
component (40, 140) proximal to the first surface (24, 124) of the head (22, 122)
of the body (20, 120), and the ground portion (46, 144) of the electrical contact
component (40, 140) proximal to the second surface (26).

14.  The method of making an initiator head assembly (10, 110) of
Claim 13, wherein the forming of the electrical contact component (40, 140)
further comprising an electrically contactable line-out portion (44).

15.  The method of making an initiator head assembly (10, 110) of
Claims 13 or 14, wherein the forming of the body (20, 120) comprises injection

molding or machining from a solid material.

16.  The method of making an initiator head assembly (10, 110) of
Claims 13, 14 or 15, wherein the forming of the initiator head assembly (10, 110)
includes embedding the electrical contact component (40, 140) therein.
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