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SHOCK HARDENED INITIATOR AND INITIATOR ASSEMBLY

CLAIM OF PRIORITY

This application claims the benefit of priority to U.S. Patent Application
Serial No, 13/022,164, {iled February 7, 2011, which is hereby incorporated by

reference o its entirety.

TECHMNICAL FIELD

Embodiments pertain to explosive iniliation. Some embodiments relate to

intiiators and initiator assemblies.,

BACKGROUND

Explosive payloads are delivered 1o a vanety of vehicles including
missiles, gun fired projectiles, bombs and the like. Targets are located within
hardened structures having impact and explosive resistant walls or structure
{e.g., overlying rock and the like}. Successtul delivery of the payload to the
target often requires penetration of the payload through the protective structure
followed by detonation within or near the target.

Impact and penctration of the delivery vehicle and explosive payload
transmits significant shock loads to the sensitive materials within the vehicle and
causes one or more of acceleration, deceleration, rebounding of materials,
movement of the material relative to other sensitive components and the like.
One sensitive feature within the delivery vehicle is the initiator used to detonate
the explosive payload. The shock loadimg and rapid deceleration of the delivery
vehicle transmits stress to the explosive charge within the inttiator. The stress
may cause the explosive charge to crack and correspondingly prevent proper

initiation of the charge resulting in failure of the explosive payload to detonate.
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SUMMARY

In accordance with some embodiments, an initiator assembly and method

for supporting an explosive charge is discussed that supports the initiator

W

components during delivery, impact and penetration and ensures reliable
inittation and corresponding detonation of the explosive payload, Other features
and advantages will become apparent from the following description of the
preferred example, which description should be taken in conjunction with the
accompanying drawings.

10

BRIEF DESCRIPTION OF THE DRAWINGS

A wore complete understanding of the present subject matter may be
derived by referring to the detailed description and claims when considered in
15 connection with the following illustrative Figures. In the following Figures, like
reference numbers refer to similar elements and steps throughout the Figares.
FIG. 1 1s a perspective view of one example of an inttiator assembly in
accordance with some embodiments;
FIG. 2 1s an exploded view of the initiator assembly shown in FIG. 1
28 accordance with some embodiments;
FIG. 3 is a cross sectional view of the initiator asserably shown in FI1G. 1
in accordance with some embodiments;
FIG. 4 1s a cross sectional view of another example of an initiator
assembly without a eircutt board or header in accordance with some
25  embodiments; and
FIG. § 1s g bottom view of the bridge substrate shown mn FIG. 4 i
accordance with some embodiments.
Elements and steps in the Figures are tllustrated for simplicity and clarity
and have not necessarily been rendered according to any particular sequence. For
36 cxample, steps that may be performed concurrently or in different order are
ittustrated in the Figures to help to improve understanding of examples of the

present subject matter.
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DETAILED DESCRIPTION

In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in which is shown by
way of tHlustration specific examples in which the subject matter may be
practiced. These examples are described mn sufficient detail to enable those
skifled in the art to practice the subject matter, and it 18 to be understood that
other examples may be utilized and that structural changes may be made without
departing from the scope of the present subject matter. Therefore, the following
detatled description is not to be taken in a limiting sense, and the scope of the

present subject matter 1s defined by the appended claims and their equivalents.

The present subject roatter may be described n terms of functional block
components and varions processing steps. Such functional blocks may be
realized by any number of techniques, techuologies, and methods configured to
perform the specified functions and achieve the various results. For example, the
present subject matter may employ various materials, actuators, electronics,
shape, airflow surfaces, reinforcing structures, explosives and the hike, which
may carry out a variety of functions. In addition, the present subject matter may
be practiced in conjunction with any number of devices, and the systems
described are merely exemplary applications.

FIG. 1 shows one example of an initiator assembly 100 for use 1 an
explosive payload delivery device, including but not limited to, a gun-fired
projectile, missile, bomb and the like. The inutiator assermbly 100 includes, as
shown in FIG. 1, an mitiator housing 102 and one or more initiator leads 128
extending from the initiator housing 102. In one example, the imitiator leads 128
are coupled with a current source, such as a capacitor. As will be described in
further detail below, transmission of current from the capacitor through the
inifiator feads 128 detonates an explosive charge within the initiator housing 102
configured to initiate and detonate an explosive payload within the explosive
delivery device.

Referring now to FIG. 2, an exploded view of the initiator assembly 100

18 shown. The inttiator assembly 100 mcludes the initiator housing 102 shown

~
2
e,
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previously in FIG. 1 along with a series of components sized and shaped to fit
within an initiator cavity 103. Referring again to FIG. 2, the nitiator assembly
100 includes an explosive charge 104 sized and shaped for reception within the
inttiator cavity 103, A barrel 106 1s positioned adjacent to the explosive charge
164, The barrel 106 includes a barrel lumen 107, A flyer plate 108 is positioned
on the opposed side of the barrel 106 relative to the explosive charge 104, As
will be described in further detail below, when the initiator assembly 100 is
activated the flyer plate 108 is projected toward the explosive charge 104 and
passes, at least in part, through the barrel lumen 107 to initiate a surface to
surface impact with the charge mounting surface 125 of the explosive charge
104, Striking of the explosive charge 104 by the flyer plate 108 initates the
explosive charge 104 and correspondingly detonates the explosive payload of the
delivery device the initiator assembly 100 1s housed within,

Referring again to FIG. 2, the initiator assembly 100 further includes a
bridge substrate 110, As shown mn FIG. 2, the bridge substrate 110 is sized and
shaped to snugly fit within the initiator cavity 103. Stated another way, the
bridge substrate 110 includes a surface arca substantially corresponding to a
corresponding cross sectional surface area covered by the initiator cavity 103
and the explosive charge 104, In the example shown in FIG. 2, the initiator
assembly 100 further includes a civcuit board 124 positioned immediately
adjacent to the bridge substrate 110, As shown in FIG. 2, the circuit board 124
inclades a surface arca closely matching the surface area of the bridge substrate
110, The assembly 100 further includes one or more solder plates 126 positioned
between the bridge substrate 110 and the circuit board 124, The solder plates 126
provide an electrical intermediate between the initiator leads 12§ and the first
and second bridge contacts 112, 114 shown in FIG, 2. The initiator assembly 100
further includes, in the example shown, a beader 130 adjacent to the circuit
board 124. As shown in FIG. 2, the header 130 includes a plurality of lead
lumens 134 sized and shaped to recetve and thereby pass initiator leads 128
therethrough. The lead lumens 134 1n another example are sized and shaped to
receive insulators 136, such as glass wsulators miterposed between the mitiator
leads 128 and the header 130, The insulators 136 snugly position the initiator

leads 128 within the header 130, insulate the mitiator Ieads 128 from cach other

4
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as well as the header 130, and 1n at least one example hermetically seal the
initiator feads 128 to the header 130,

Assembly of the bridge substrate 110 and circnit board 124, in one
example, 13 accomphished with an adbesive interposed between portions of the
bridge substrate 110 and the circuit board 124. In another example, the adhesive
extends around the circutt board 124 and bridge substrate 110 to combine the
bridge substrate and circuit board 124 into a single unitary element.
Alternatively, the adhesive used to couple the cireuit board 124 with the brnidge
substrate 110 1s also used to couple the header 130 with the assembly of the
bridge substrate 116 and the circuit board 124. In one example, the adhesive
includes a non~conductive insulative adhesive that substantially prevents arcing
from the bridge substrate 110 to the header 130, In another example, the bridge
substrate 110 inchudes plated through holes 122 providing a conductive via from
the first and second bridge contacts 112, 114 to the underlying circuit board 124
and initiator leads 128, In one cxample, solder plugs are posttioned within the
plated through holes 122 to tightly seal the connections between the bridge
substrate 110 and the initiator leads 128 and provide enhanced current
conduction from the fmitiator leads 128 to the first and secound bridge contacts
112, 114, Optionally, the adhesive previously described is also used to fix one or
more of the bridge subsirate 110, the circuit board 124 or the header 130 within
the initiator cavity 103, Stated another way, the adhesive fixes one or more of
the bridge substrate, the circutt board and the header to the juterior wall of the
initiator cavity 103.

Referring again to FIG. 2, the bridge substrate 110 mcludes a substrate
base 111 with the first and second bridge contacts 112, 114 overlying the
substrate base 111, As shown in FIG. 2, each of the first and sccond bridge
contacts 112, 114 in an example are formed in a substantially ovular shape (e.g.,
a kidney shape) extending over a large portion of the surface area of the
substrate base 111 of the bridge substrate 110, The first and second bridge
contacts include contact surfaces that are substantially planar and flushto a
uniform first planar surface of the substrate base 111, An ionizing bridge 120
extends between the first and second bridge countacts 112, 114, The uniform first

planar surface 116 has a substantially tlat configuration (and in at least one
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example provides a structurally robust surface) to ensure consistent and
contimuous surface~-to~-surface contact of the bridge substrate 110 with a charge
mounting surface 125 of the explosive charge 104 (in one example, the barrel
196 and flver plate 108 are mierposed between the explosive charge and the
bridge substrate, the planar surfaces of each of the barrel 106 and flyer plate 108
ensure surface to surface coupling between the explosive charge and the bridge
substrate 116}, The first and second bridge contacts 112, 114 are formed on the
uniform first planar surface 116. In one example, the first and second bridge
contacts provide a negligible elevation to the untform f{irst planar surface 116,
for instance, 0.0001 inches relative to the surface 116, The contact surface 118
of the first and second buidge contacts 112, 114 along with the uniform first
planar surface 116 thereby provide a continuous planar mounting surface 119
having a substantially flat and planar character to ensure surface to surface
coupling with the explosive charge 104,

As shown in FIG. 2, the continuous planar mounting surface 119 formed
by the first and second bridge contacts 112, 114 and the uniform first planar
surtace 116 has an arca substantially similar to the area of the charge mounting
surface 125 of the explosive charge 104, The roatching areas of the explosive
charge 104 and the bridge substrate 110 as well as the planar nature of cach of
the corresponding roounting surfaces 119, 125 cosures the explosive charge 104
and the bridge substrate 110 are coupled together in a surface to surface manner
without localized points of contact therebetween. Stated another way, by
eunsuring consistent and uniform surface-to-surface contact across the areas of
the explosive charge 104 and the bridge substrate 110 support 1s provided by the
bridge substrate 119 to the entirety of the explosive charge 104 thereby
minimizing stress risers incident on the explosive charge 104 during rapact and
penetration of an explosive delivery device with a target. During impact and
penetration the initiator assembly 100 is exposed to rapid deceleration,
acceleration, rebounding, movement of coraponent pieces and the hike. The
bridge substrate 110 acts as a support to the explosive charge and minimizes
fracture of the explosive in this dynamic environment.

As shown in FIG. 2, where the first and second bridge contacts 112, 114

include plated through holes 122, the through holes provide an intermediate

6
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conductor from the uniform first planar surface 116 to an opposed second
surface 107 of the substrate base 111 of the bridge substrate 110, The plated
through holes 122 further ensure the first and second bridge contacts 112, 114
provide a flat planar shape {¢.g., contact surface 118) that cooperates with the
uniform first planar surface 1106 to form the continuous planar mounting surface
119, The plated through holes 122 are one example of an intermediate conductor
used for connection with the circuit board 124 and initiator leads 128,

In another example, the bridge substrate 110 including the substrate base
111 is constructed with a rigid material including but not limited to cerawics,
rigid insulators, and the like. The rigid structure of the bridge substrate 110
ensures the bridge substrate 110 provides rigid support to the tonizing brdge 120
during activation of the inttiator assembly 100. For instance, when current is
delivered through the first and second bridge contacts 112, 114 the jonizing
bridge 120 is rapidly ionized and it develops a large pressure within the mitiator
cavity 103, The pressure developed by the wonizing bridge 120 1s delivered
violently to the flyer plate 108 and drives the flyer plate through the barrel 106
to strike the explosive charge 104 and nitiate detonation of the explosive
payload in the delivery device. The bridge substrate acts as a supporting plate to
minimize deflection of the substrate 110 and ensure consistent delivery of
pressure toward the explosive charge. As described above, the bridge substrate
119 also acts as a supporting plate to the explosive charge during impact and
penctration of a target through surface to surface coupling therebetween.

Optionally, the bridge substrate 110 cooperates with the circuit board 124
and the header 130 to provide additional support to the substrate base 111 and
thereby further contain and direct the pressure developed by the lonizing bridge
120 toward the explosive charge 104, Stated another way, one or more of the
bridge substrate 110, the circuit board 124 and the header 130 provides structural
support to the ionizing bridge 120 and substantially cnsures pressure developed
by the ionizing budge 120 during activation of the initiator asserably is divected
entirely toward the cxplosive charge 104 to ensure reliable initiation of the
explosive charge with neghigible deflection of the bridge substrate 110 m a

direction opposed to the explosive charge 104,
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In the example shown in FIG. 2 where the initiator assembly 100
includes a header 130 with 1osulators 136, the insulators 136 include glass.
Coupling of the msulators around the initiator leads 128 causes wicking of the
glass of the imtiator leads 128 toward the circuit board 124, To avoid stress
risers at the juncture between the insulators 136 and the circuit board 124 bevels
are forrued within the cirenit board 124 to receive the wicked glass from the
insuiators 136, in one example. In another example, chamfers are formed within
the lead lumens 134 to receive the wicked glass and thereby substantially
prevent further wicking of the glass of the initiator leads 128, Surface-to-surface
contact between the circuit board 124 and the header 130 1s thereby maintained
to cusure the intiator assembly 100 juclading the first substrate 110, the
explosive charge 104, the circuit board 124 and the header 130 couple with
surface-to-surface contact thronghout to substantially prevent stress risers
between any of the components.

Referring again to FIG. 2, the mitiator assembly in another cxample
includes an isolation sleeve 138 positioned within the initiator cavity 103 and
extending around the explosive charge 104, In one example, the isolation sleeve
138 includes at least one polymer metals, such as steel and the Hke or
combinations of polymers and metals. The isolation sleeve 138 extends around
the explosive charge 104 and provides lateral support to the explosive charge
104, The surrounding isolation sleeve 138 cnsures lateral forces transmitted to
the explosive charge 104, {or instance, during a non-perpendicular strike of the
explosive delivery device against a target, do not result in lateral deformation
and corresponding {racture of the explosive charge 104,

In some conventional initiator assemblies, the explosive charge may be
fracturcd within an initiator housing. As will be discussed in further detail
below, a conventional initiator assembly may include muitiple features
projecting in an irregular fashion between the explosive and a bridge substrate.
These projections and recesses between projections cause the fracture of the
explosive charge and failure of many conventional initiator assemblies to
initiate. In conventional initiator assemblies, the wmtiator housing may be sized
and shaped to receive the components of the initiator assembly therein. In

conventional mitiator assermblies, the nitiator housing contains an explosive

8
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charge and a barrel adjacent to the cxplosive charge. As previously described
above, the barrel includes a barrel lumen sized and shaped to pass at least a
portion of a flyer plate through to facilitate striking of the explosive charge.
Conventional initiator assernblies include means of connecting leads to the
bridge, where such means consist of multiple parts which do not uniformly
support the barrel and cxplosive.

In these conventional initiator assemblies, wires or other lead-to-bridge
conductors clectrically connect the leads to the bridge, creating a non-uniform
surface above the bridge substrate for supporting the barrel and explosive. The
zlass between the leads and header may also extend beyond the header towards
the explosive, creating another non-uniform surface for supporting the barrel and
explosive. The leads alse extend beyond the header, creating more non-uniform
surfaces for supporting the barrel and explosive. Further, the bridge subsirate has
a square configuration that overlay a portion of the cross-sectional area of the
header and the corresponding cross-sectional area of the explosive charge. Stated
another way, the bridge substrate underlies only a portion of the explosive
charge after assembly within the inttiator assembly.

Combination of the leads, wires or lead-to-wire conductors, glass fillets,
and the bridge substrate in conventional inttiator assemblies provides an
undulating uneven surface configured for pont engagement with the barrel and
coupling with the explosive charge. Engagement of the explosive charge
{through the barrel) with the aneven surface of the lead, wire or lead-to-wire
conductors, glass fillets {in some desigus), and the bridge substrate provides
point loading to the cxplosive charge. During trapact of an explosive delivery
device with a target the device experiences rapid deceleration with
corresponding deccleration or acceleration of a conventional imitiator assembly,
depending on its orientation, as well as rebounding of the componeunts within the
initiator assembly and movement of components relative to each other within the
asserubly,

Damage through a dynamic environment 10 a conventional initiator
assembly may include fracturing of the explosive charge because of force
transmitted to the explosive charge at discreet locations from the leads and the

smaller bridge substrate. Because the explosive charge 1s not consistently and

9
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uniformly supported by the bridge substrate the cxplosive charge may become
cracked and will not properly initiate when the explosive delivery device
impacts and penetrates the target.

I these conventional nitiator assemblies, the bridge substrate may takes
up less than 50 percent of the total area of the corresponding surface of the
explosive charge, Stated another way, the bridge substrate would only support a
portion of the area of the explosive charge leaving the remainder of the
explosive charge free of support or supported by the uneven contact surfaces of
the leads engaged with the barrel tuterposed therebetween. Minimal support is
thereby provided to the explosive charge allowing force concentrations at
portions of the explosive charge overlying each of the leads and unsupported
portions of the explosive charge overlying arcas of the initiator assembly not
otherwise covered by the area of the bridge substrate.

FIG. 3 shows the inttiator assembly 100 in a cross-sectional assembled
view, As shown, the components of the mitiator assembly 100 are housed within
the initiator housing 102, For instance, the explosive charge 104 is positioned
within the mitiator cavity 103 with an isolation sleecve 138 extending around the
explosive charge 104. As previously described herein, the isolation sleeve 138
supports the explosive charge 104 against lateral stresses caused by non-
perpendicular impacts of an explosive delivery device with a target. Referring
again to FIG. 3, the bridge substrate 110 is installed within the initiator cavity
193 adjacent to the circuit board 124 and the header 130, As shown, the initiator
leads 128 extend through the header 130 where they are insulated by insulators
136 extending around the mitiator leads 128, The mmitiator leads 128 further
extend through the circuit board 124 and are electrically coupled with the first
and second bridge contacts 112, 114 on the bridge substrate 110 (e.g., with
solder pads 126, solder plugs and the like}. As previously described, the bridge
substrate 110 further inchudes an ionizing bridge 120 clectrically coupled
between the first and second bridge contacts 112, 114, Application of an
electrical current through the first and sccond bridge contacts 112, 114 ionizes
the 1ondzing bridge 120 creating a pressure within the imtiator assembly 100 and
forcing the flyer plate 108 through the barrel 106 to strike the explosive charge

104 and thereby initiate detonation of the explosive payload.

10
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As shown in FIG. 3, the bridge substrate 110 and filled plated through
holes provide a uniform first planar surface 116 and corresponding contact
surfaces 118 on cach of the first and second bridge contracts 112, 114, The
plated through holes can be filled with solder or other matenial, As previously
described herein, the contact surfaces 118 and the uniform first planar surface
116 of the substrate base 111 combine to form a continuous planar mounting
surface 119, As shown in FIG. 3, the continuous planar mounting surface 119
extends across the mnitiator cavity 103 and has a cocxtensive surface arca relative
to the explosive charge 104, The continuous planar mounting surface 119
provides a flat and uniform surface for coupling along the entirety of the charge
mounting surface 125 of the explosive charge 104, The explosive charge 104 1<
thereby supported along its entire surface by the bridge substrate 110. The
uniform surface of the continuous planar mounting surface 119 is thereby
continuously coupled in surface-to~surface contact across the charge mounting
surface 125 of the explosive charge 104. During rapid deceleration, acceleration,
rebounding or movement of components of the initiator assembly 100 relative to
other components in the assembly a surface-to-surface contact between the
continuous planar mounting surface 119 and the charge mounting surface 125 of
the respective bridge substrate 110 and explosive charge 104 ensures stresses are
not localized at any point along the explosive charge 104. Stated another way,
the bridge substrate 110 including the continuous planar mounting surface 119 18
coupled along the explosive charge 104 and supports the explosive charge 104
throughout dynamic loading of the explosive charge 104, The continuous surface
to surface coupling between the bridge substrate and the explosive charge 104
thereby maintains the explosive charge 104 in a unitary undamaged state at the
time of initiation despite violent contact between the explosive delivery device
and a target. Further, the bridge substrate 110 is constructed with structurally
robust materials {¢.g., ceramics) and acts as a support plate to support the
explosive charge while minimizing deflection of the bridge substrate.

In contrast, the upwardly projecting leads clevated relative to the bridge
substrate and the minivoal surface area of the bridge substrate of many
conventional initiator assemblies ensure the explosive charge experiences

dynamic loading at localized positions around the explosive charge.

i1
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Transmission of dynamic forces between the bridge substrate and the leads to the
explosive charge (e.g., with the barre] therebetween) in these conventional
initiator assemblies fractures the explosive charge and frustrates initiation of the
explosive charge or causes the inifiator assembly to fail entirely. The initiator
assembly 100, as shown in FIG. 3, addresses this non-planar non-uniform
contact between an explosive charge and a bridge substrate with the use of
planar first and second bridge contacts 112, 114 substantially flush with the
rernainder of the uniform first planar surface 116 to form the continuous planar
mounting surface 119 for surface-to-surface contact across the explosive charge
104, The bridge substrate 110 thereby supports the explosive charge 104 across
substantially all of the charge mounting surface 125 thereby substantially
preventing fracture of the explosive charge 104

v addition to the uniform planar characteristics of the bridge substrate
110 the bridge substrate is constructed with structurally robust materials
including one or more of ceramies, hard insulators, and the like, The materials of
the bridge substrate 110 further support the explosive charge 104 and cooperate
with the continuous planar mounting surface 119 to substantially ensure the
explosive charge 104 1s supported throughout dynamic changes to the intiator
assembly 100 during impact and penctration of the explosive delivery device
with a target, Stated another way, the bridge substrate 110 acts as a support plate
to maintain a rigid support structure for the explosive charge and prevent
fracture. Further, the exaraple shows the civcuit board 124 and the header 130
further cooperating with the bridge substrate 110 to provide additional support to
the substrate as well as the explosive charge 104, Engagement between the
components of the initiator assembly 100 inchuding the header 130, the circuit
board 124, the bridge substrate 110 and the explosive charge 104 ensures the
explosive charge is stacked when held in the initiator assembly 100 and
supported throughout dynamic changes to the assembly thereby substantially
munimzing the risk of fractare of the explosive charge 104 even during impact
and penetration of an explosive delivery device through a target. Further, the
support provided by one or more of the bridge substrate 110 in combination with
the circuit board 124 and the header 130 provides a rigid support to the bridge

substrate 110 and the overlying 1onizing bridge 120. Activation of the ionizing
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bridge 120 through the introduction of current across the first and second bridge
contacts 112, 114 cusures the ionizing bridge 120 develops a pressure within the
initiator cavity 103 that is fully directed toward the explosive 104 and the flyer
plate 108. Reliable initiation of the explosive charge 104 1s thereby attained. The
isolation sleave 138 further ensures the explosive charge 104 remains in an intact
untractured state during delivery of the explosive dehivery device including the
initiator assembly 100,

FIG. 4 shows another exaraple of an initiator asserably 700, As with the
previcusly described initiator assembly 100 the initiator assembly 700 inclodes
an inttiator housing 102, an isolation sleeve 138 and an explosive charge 104,
The wsolation sleeve 138 extends around the explosive charge 104, As shown in
FI1G. 4, the initiator assembly 700 further includes a barrel 106 and a flyer plate
108 adjacent to one another and positioned within a cavity within the mitiator
housing 102,

The inttiator assembly 700 turther includes a bridge subsirate 700, The
bridge substrate 700 is similar in some regards to the bridge substrate 110
previously described herein. For example, the bridge substrate 700 includes first
and secoud bridge contacts 112, 114 and an ionizing budge 120. The first and
second bridging contacts 112, 114 include corresponding contact surfaces 118
that form a continuous planar mounting surface 119 with the uniform fivst planar
surface 116, As described herein, the continuous planar mounting surface 119 is
coupled along a corresponding portion of the explosive charge 104 to eusure a
continuous surface-to-surface contact therebetween.

The bridge substrate 700 shown in FIG. 4 further includes one or more
wrap around conductors 702, In one example the bridge substrate 700 inchides a
single wrap around conductor 702 coupled with one of the bridge contacts 112,
114, Optionally, the wrap around conductor 702 is electrically engaged with the
initiator housing 102 and the mitiator housing 102 serves a similar role to one of
the ntiator leads 128 shown in FIGs. 1 and 2. By using the imtiator housing 102
as one of the initiator leads manufacturing and assembly of the initiator assembly
700 1s facihuated by removing a componeunt (i.e., one of the initiator leads) from
the manufacturing and assembly process. In another example, the initiator

asserably 700 includes a plurality of wrap around conductors 702, Each of the

i3



WO 2012/108931

W

10

15

wrap around conductors is coupled with one of the bridge contacts 112, 114. In
such an example, one of the wrap around conductors 702 1s coupled with the
initiator housing 102 as previously described and the remaining wrap around
conductor 702 wraps around the perimeter of the bridge substrate 700 and
engages with a corresponding backside conductor on the second surface 117 of
the bridge substrate. Use of the wrap around conductor 702 i this manner
eliminates the need for plated through holes such as the plated through holes 122
shown tn FIG. 2. An initiator lead 128 couples with the backside conductor and
therehy electrically conuects with one of the bridge contacts 112, 114 through
the wrap around conductor 702.

In the example shown in FIG, 4, the initiator assembly 700 includes a
bridge substrate 700 but does not include a circuit board or header as described
in previous examples. The bridge substrate 700 provides a robust support {e.g.. a
support plate) engaged with the initiator housing 102, for instance, by adhesive
coupling of the bridge substrate 700 within the mitiator housing 102 and
supports the explosive charge 104 axially without needing the circuit board or
header. In one example, the bridge substrate 100, for instance, the substrate base
111 s thicker and constructed with more robust materials to ensure the bridge
substrate 700 properly supports the explosive charge 104 during dynamic
loading of the mitiator assembly 700 (e.g., during striking and penetration of the
target}). By removing the circuit board and header assembly manufacturing steps
including the assembly of vaultiple initiator leads through plated through holes
one or more of circuit boards and headers is avoided as the initiator leads are
directly coupled with the bridge substrate 700,

As described herein, the bridge substrate 700 generally has a circular
configuration matched to the cross-sectional arca of the initiator housing 102.
The bridge substrate 700 further includes an area fully underlying the explosive
charge 104 to ensure continuous surface to surface coupling between the
explosive charge 104 and the bridge substrate 700, Tn other examples, the brnidge
substrate 700 {or 110} includes other shapes sized and shaped to fit within the
inttiator housing 102, For instance, the bridge substrate includes, but is not
limited to, a star shaped, a triangular shape, a square shape or other

confliguration. Bridge substrates 700 with non-circular shapes are engaged with
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correspondingly shaped explosive charges 104. The bridge substrates thereby
provide continuous surface-~to-surface coutact with similarly shaped explosive
charges 104. In other examples, bridge substrates 700 with non-circular shapes
overlie a portion of an explosive charge 104. For instance, where the bridge
substrate 700 has a star shape one or more points of the star shaped support the
perimeter portions of the explosive charge 104 thereby mmnimizing cracking of
the explosive charge 104 during dynamic loading of the initiator assembly 700.
That is to say, the bridge substrates 700 contine to provide a continuous planar
rmounting surface 119 sized and shaped for coupling along corresponding
surfaces of the explosive charge 104, In stil another example, the bridge
contacts 112, 114 1nclude other shapes beyound the ovular or kidney shapes
provided in FIG. 2 and FIG. 4. For instance, the contact shapes 112, 114 are
semi~circular in shape and thereby extend over a majority of the voiform first
planar surface 116 of the bridge substrate 700. The bridge contacts 112, 114 with
such a shape continue to provide structural support to the explosive charge 104
in combination with the uniforn first planar surface 116. In yet another example,
the bridge contacts 112, 114 have shapes including but not limited to squares,
cireles, lues, spiral configurations and the hike,

FIG. 5 shows the bridge substrates 700 from the bottom relative to the
view in FIG. 4. The second surtace 117 1s exposed with backside conductors 800
positioned along the sccond surface 117, In one example, the backside
conductors 800 include plated through holes 802 extending through the bridge
substrate 700 to the corresponding bridge contacts 112, 114 on the uniform first
planar surface 116 (sce FIG, 4). The plated through holes 802 clectrically
connect the first and second bridge contacts 112 with the backside conductors
800 to facilitate coupling of the contacts 112, 114 with the initiator leads 128
previously described and shown for instance in FIG. 3. In another example, the
bridge substrate 700 includes one or more wrap around conductors 702 as
previously shown in FIG. 4. In the exarople shown i FIG. 5 one or more of the
wrap around conductors 702 extends around the perimeter of the bridge substrate
700 and is thereby electrically coupled between oue backside conductor 800 and
one of the bridge contacts 112, 114. Where the initiator assembly 700 inchudes

initiator leads 128 one or more of the mitiator leads 128 are coupled with the
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corresponding backside conductor 800 to thereby electrically couple the bridge
contact 112 or 114 with the mitiator leads 128, Optionally, oue of the wrap
around conductors 702 1s coupled with the mitiator housing 102, As described
above, where the faitiator housing 102 1s constructed with an electrically
conductive material, such as steel, the initiator housing 102 acts as a conductor
and thereby eliminates the need for one of the mnitiator leads 128 shown m FIG,
1. Use of the wrap around conductors 702 eliminates one or more of the inttiator
icads 128 and thereby facilitates casicr manufacturing and assembly of the
inttiator assembly 700,

In yet another example, the second surface 117 of the bridge substrate
700 includes one or more pins exiending frova the secound surface 117, State
another way, instead of providing backside conductors 800 the bridge substrate
700 provides one ot more pins extending away from the second surface 117 for
coupling with corresponding electronic components, such as a capacitor used for
inittating the mitiator assembly 700. Alternatively, the backside conductors 800
are used for coupling of the first and second bridge contacts 112, 114 witha
circuit board, such as circuit board 124 through solder pads 126 shown in FIG. 2.
In other exaraples, the backside conductors 800 {acilitate electrical coupling with
electronic components outside the nitiator assembly 700 by coupling with flex
cables, rigid conpections, other circuits and the like. Optionally, the backside
conductors arc adapted for coupling with bulls eye connector pins, bulls eye
connector screws, bulls eye spanuer nuis and one or more spring contacts or
other similar features. Alternatively, conductive epoxy is applied along the
backside conductors 800 for coupling with the circuit board or other leads, such
as the initiator leads 128 described herein.

The mitiator assemblies 100, 700 described herein are constructed with a
plurality of components as described above. In one example, the bridge substrate
is formed with a plurality of similar substrates along a frame {(e.g., a sheet)
where the bridge substrates 100, 700 are counected with the frame by tabs, The
individual bridge substrates 100, 700 are thereafter separated from the sheets for
use in separate initiator assemblhies 100, 700, As shown in FIG, 2 and FIG. 4, the
initiator assemiblies 700 are formed by sequential loading of the various

components within the mitiator cavity of the mnitiator housing 102, After
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assembly of the components within the nitiator housing 102 the initiator
housing s closed, for instance, with an end cap and thereafter compressed to
tightly engage cach of the components and minimize movement of the
components relative to each other when exposed to a dynamic environment, for
instance, striking of a target and penetration through into the target.
Alternatively, as previously described above, assembly of the mitiator
assemiblies 100, 700 inchudes adhering one or more of the components, for
instance, the bridge substrates, circutt boards and headers together prior (o
assembly within the initiator housing 102, Optionally, ove or more of these
components as well as the isolation sleeve 138, the explosive charge 104 and the
barrel 106 1s adhered within the initiator bousing 102, for instance, by adbesives
applied along the housing inner wall and the corresponding components of the

inttiator assembly.

CONCLUSION

The 1nitiator assemblics described herein provide rehable axial and
iateral support for the explosive charge and thereby prevent fracture of the
explosive charge during dynamic loading through impact and penetration of an
explosive delivery device with a targel. A robust bridge substrate described
herein provides structural support through surface-to-surface contact coupling
between the brdge substrate and the explosive charge. Mechanical loads are
spread over a large area of the bridge substrate mated to a corresponding area of
the explosive charge. Because the bridge substrate presents a continuous planar
mounting surface comprising the surface of the bridge subsirate as well as the
bridge contacts the explosive charge 1s reliably supported across its surface arca
to substantially prevent point loads at any location on the explosive charge.
Rapid deceleration or acceleration of the initiator assembly with corresponding
dyvamic loading between the explosive charge and the bridge subsirate is
transmitied across the surface-to-surface contact between the two components
aund thereby substantially avoids auny localized stresses at any point on the

explosive charge.
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Similarly, the isolation slecve coupled around the explosive charge
substantially prevents lateral stresses from fracturing the explosive charge where
the explosive delivery device impacts and penetrates a target at a non-
perpendicular angle. The explosive charge is thereby supported tn axially and
lateral directions throughout dynamic loading (e.g., for instance impact,
penetration and the like) and 1s mamtained in unitary unfractured state. Reliable
and consistent initiation of the initiator assembly is thereby maximized while
partial or entive failures of the nitiator assembly to mnttiate are substantially
rimmized.

In the foregoing description, the subject matter has been described with
reference to specific exemplary examples. However, it will be appreciated that
various medifications and changes may be made without departing from the
scope of the present subject matter as set forth herein. The description and
figures are to be regarded in an illustrative manner, rather than a restrictive one
and all such modifications are intended to be included within the scope of the
present subject matter. Accordingly, the scope of the subject matter should be
determined by the gencric examples described herein and their legal equivalents
rather thaw by merely the specific examples described above. For example, the
steps recited in any method or process example may be executed in any order
and are not timited to the explicit order presented in the specific examples.
Additionally, the components and/or ciements recited in any apparatus example
riay be asserubled or otherwise operationally configured 1 a vaniety of
pernuutations 1o produce substantially the same result as the present subject
muatter and are accordingly not hmited to the specific configuration recited in the
specific examples.

Benetits, other advantages and solutions to probiems have been described
above with regard to particular examples; however, any benefit, advantage,
solution to problems or any clement that may cause any particular benefit,
advaniage or solution to occur ot to become more pronounced are not to be
construed as critical, required or essential features or components.

As used herein, the terms “comprises”, “comprising”, or any vanation
thereof, are intended to reference a non-exclusive inclusion, such that a process,

method, article, composition or apparatus that comprises a list of clements does
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not include only those elements recited, but may also inchude other elements not
expressly listed or inherent to such process, wethod, article, composition or
apparatus. Other combinations and/or modifications of the above-described
structures, arrangemeuts, applicatious, proportious, elewents, materials or
components used tn the practice of the present subject matter, in addition to
those not specifically recited, may be varied or otherwise particularly adapted to
specific environments, manufacturing specifications, design parameters or other
operating requirerncnis without departing from the general principles of the
same.

The present subject matter has been described above with reference to
examples. However, changes and modifications may be made to the examples
without departing from the scope of the present subject matter. These and other
changes or modifications are intended to be included within the scope of the
present subject matter, as expressed in the following claims.

It 1s to be understood that the above description is intended to be
ithustrative, and not restrictive. Many other examples will be apparent to those of
skill in the art upon reading and understanding the above description. It should
be noted that examples discussed in different portions of the description or
referred to in different drawings can be combined to form additional examples of
the present application. The scope of the subject matter should, therefore, be
determined with reference to the appended claims, along with the full scope of

equivalents to which such claims are entitled.
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CLAIMS

What i1s claimed is:

W

1. An nitiator support assembly comprising:
a bridge substrate positioned within an initiator cavity, the bridge
substrate comprising:
a substrate base mcluding a uniform first planar surface and an
opposed second surface,
10 a first bridge contact extending over the substrate base, the first
bridge countact is substantially flush with the fivst planar surface, and
a second bridge contact extending over the substrate base, the
second bridge contact is substantially flush with the first planar surface;
and
15 wherein the first and second bridge contacts and the uniform {irst planar

surface form a continuous planar mounting surface for an explosive charge.

2. The initiator support assembly of claim 1 wherein the initiator cavity 1s
configured to accept the explosive charge,

20 wherein the explosive charge has a charge mounting surface to be
continuously coupled in surface-to-surface contact across the continuous planar
mounting surface, and

wherein the continuous planar mounting surface and the charge mounting
surface extend continuously across the mnifiator cavity and the surfaces are

25 continuously coupled in surface-~to-surface contact across the initiator cavity.

3. The initiator support assembly of claim 1, wherein the first and second
bridge contacts are elevated around 8.0015 inches or less relative to the first

planar surface,

4. The initiator support assembly of claim 1, wherein one or more of the
first and second bridge contacts inchade plated through holes, and the plated

through holes are recessed relative to at least the first planar surface.
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5. The initiator support assembly of claim 1 further comprising:

a flver plate positioned within the 1nitiator cavity and adjacent to the
explosive charge; and

a barrel interposed between the explosive charge and the flyer plate, the

5 barrel including a barrel lumen.

6. The initiator support assembly of claim 1 further comprising an
ionizing bridge clectrically coupled between the first and second bridge contacts,
wherein the bridge substrate fnclades a plate, and
10 wherein the plate supports the bridge substrate and directs a pressure
within the mitiator cavity developed by ionization of the toumzing bridge entively

toward the explosive and a flyer plate.

7. The initiator support assembly of claim 6, wherein the bridge substrate

15 1§ COTanc,

8. The initiator support assembly of claim 1 further comprising a flyer
plate positioned within the fnitiator cavity and adjacent to the explosive charge,
wherein the bridge substrate, the explosive charge and the flyer plate are

20 axially coraopressed within an initiator housing.

9. The mitiator support assembly of claim 1, wherein the bridge substrate
continuously spreads mechanical loads across the explosive charge through

surface-to-surface contact with the continuous planar mounting surface.
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10. An imitiator assembly comprising:
a initiator housing including an initiator cavity configured to accept an
explosive charge having a charge mounting surface; and
a bridge substrate positioned within the initiator cavity, the bridge
substrate comprising:
a substrate base including a uniform first planar surface and an
opposed second surface,
a first bridge contact exiending over the substrate base, the first
bridge contact is substantially flush with the first planar surface,
a second bridge contact extending over the substirate base, the
second bridge contact is substantially flush with the first planar surface,
wherein the {irst and secoud bridge contacts and the uniform first
planar surface forn a continuous planar mounting surface, and
wherein the charge mounting surface is configured to be
continuously coupled in surface-to-surface contact across the continuous

planar mounting surface.

11. The mitial assembly of claim 10 further comprising:

an isolation sleeve exiending around the explosive charge, the isolation
siceve being interposed between the explosive charge and the initiator housing;
and

a flyer plate positioned within the initiator cavity and adjacent to the
explosive charge,

wherein the charge mounting surface is continuously coupled in surface-

to-surtace contact across the continmuous planar mounting surface.

12. The mitiator assembly of claim 11, wherein the bridge substrate
includes a wrap around conductor electrically coupled with one of the first and
second bridge contacts, and the wrap around conductor is coupled with the

inttiator housing where the nitiator housing is conductive,

]
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13. The mitiator assembly of claim 10 comprising:

a circuit board adjacent to the opposed second surtace of the bridge
substrate:

a header adjacent to the circutt board; and

wherein the opposed second surface 18 in continuous surface-to-surface
contact with the circuit board, and

wherein the cireuit board 18 in continuous surface-to-surface contact with

the header,

14, The mitiator assembly of claim 13, wherein the header includes

msulator lumens, the insulator lumens are chamfered.

15. The imutiator assembly of claim 14 comprising:

one or more initiator leads each extending through a corresponding
insulator lumen; and

glass insulators positioned within the insulator fumens, the glass

insulators wick into the chamtered portions of the lumens.

16. The mitiator assembly of claim 10, wherein the bridge substrate
includes an ionizing bridge clectnically coupled between the first and second
bridge contacts, and the ionizing bridge i1s configured to ionize and develop a

pressure toward the explosive charge and a flyer plate,

17.  An imtiator assembly comprising:

an explosive charge having a charge mounting surface; and

a bridge substrate positioned within an intiator cavity, the bridge
substrate having first and second bridge contacts and a substrate base including a
uniform first planar surface and an opposed second surface,

wherein the fivst and second bridge coutacts and the uniform {irst planar
surface form a continuous planar mounting surface, and

wherein a charge mounting surface of an explosive charge 18 configured
to be continuously coupled in surface-to-surface contact across the continuous

planar mouunting surface.
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18. The mitiator assembly of claim 17 wherein the first bridge contact
extends over the substrate base and the first bridge contact 1s substantially flush
with the first planar surface, and

wherein the second bridge contact extends over the substrate base and the

second bridge contact is substantially flush with the first planar surface.

19, The mnitiator assembly of clainy 18 further comprising a flyer plate

positioned within the mitiator cavity and adjacent to the explosive charge.

20. The mitiator assembly of claim 19, wherein the bridge substrate
includes an ionizing bridge clectnically coupled between the first and second
bridge contacts, and the ionizing bridge i1s configured to ionize and develop a

pressure toward the explosive charge and the flyer plate.
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