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(54) THERMALLY-INITIATED VENTING SYSTEM AND METHOD OF USING SAME

(57) An apparatus (2100) includes a thermally-acti-
vated pyrotechnic train (2115); and a linear shaped
charge (2110) coupled with the pyrotechnic train (2115),
such that the pyrotechnic train (2115) comprises: a ther-
mally-activated, deflagrating charge (2120), a deflagra-

tion-to-detonation transition charge (2125) disposed
proximate the deflagrating charge, a booster (2130) dis-
posed between the transition charge and the linear
shaped charge.
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Description

BACKGROUND

1. Field of the Invention

[0001] This invention relates to a method and appara-
tus for venting containers housing energetic materials.
In particular, the invention relates to a thermally initiated
venting system and a method of using same.

2. Description of Related Art

[0002] Energetic materials, such as explosives and
propellants, are often found in confined spaces within
munitions. Under normal conditions, these materials are
unlikely to explode or burn spontaneously; however,
many are sensitive to heat and mechanical shock. For
example, when exposed to extreme heat (as from a fire)
or when impacted by bullets or fragments from other mu-
nitions, the energetic materials may be initiated, causing
the munitions in which they are disposed to inadvertently
explode prematurely.
[0003] Efforts have been made to develop "insensitive
munitions," which are munitions that are generally inca-
pable of detonation except in its intended mission to de-
stroy a target. In other words, if fragments from an ex-
plosion strike an insensitive munition, if a bullet impacts
the munition, or if the munition is in close proximity to a
target that is hit, it is less likely that the munition will det-
onate. Similarly, if the munition is exposed to extreme
temperatures, as from a fire, the munition will likely only
burn, rather than explode.
[0004] One way that munitions have been made more
insensitive is by developing new explosives and propel-
lants that are less likely to be initiated by heating and/or
inadvertent impact. Such materials, however, are typi-
cally less energetic and, thus, may be less capable of
performing their intended task. For example, a less en-
ergetic explosive may be less capable of destroying a
desired target than a more energetic explosive. As an-
other example, a less energetic propellant may produce
less thrust than a more energetic propellant, thus reduc-
ing the speed and/or the range of the munition. Addition-
ally, the cost to verify and/or qualify new explosives
and/or propellants, from inception through arena and sys-
tem-level testing, can be substantial when compared to
improving the insensitive munition compliance of existing
explosives and/or propellants.
[0005] The present invention is directed to overcom-
ing, or at least reducing, the effects of one or more of the
problems set forth above.

SUMMARY OF THE INVENTION

[0006] In one aspect of the present invention, an ap-
paratus is provided. The apparatus includes a thermally-
activated, deflagration initiation device, a deflagration-to-

detonation transition manifold, a first transfer line con-
necting the deflagration initiation device and the defla-
gration-to-detonation transition manifold, and a linear
shaped charge coupled with the first transfer line.
[0007] In another aspect of the present invention, an
apparatus is provided. The apparatus includes a heat-
to-detonation transition manifold, a heat pipe connected
to the transition manifold, a linear shaped charge, and a
transfer line connecting the heat-to-detonation transition
manifold and the linear shaped charge.
[0008] In yet another aspect of the present invention,
an apparatus is provided. The apparatus includes a ther-
mally-activated pyrotechnic train and a linear shaped
charge coupled with the pyrotechnic train.
[0009] In another aspect of the present invention, a
method is provided. The method includes initiating a de-
flagrating material at a predetermined temperature or
within a predetermined range of temperatures, initiating
a detonating material with the deflagrating material, and
initiating a linear shaped charge with the detonated ma-
terial.
[0010] Additional objectives, features and advantages
will be apparent in the written description which follows.

DESCRIPTION OF THE DRAWINGS

[0011] The novel features believed characteristic of the
invention are set forth in the appended claims. However,
the invention itself, as well as, a preferred mode of use,
and further objectives and advantages thereof, will best
be understood by reference to the following detailed de-
scription when read in conjunction with the accompany-
ing drawings, in which the leftmost significant digit(s) in
the reference numerals denote(s) the first figure in which
the respective reference numerals appear, wherein:

FIG. 1 is a stylized, elevational view of a munition
contained within a canister;
FIG. 2 is a stylized, perspective view of a portion of
a first embodiment of a thermally initiated venting
system according to the present invention;
FIG. 3 is an elevational view of a portion of the ther-
mally initiated venting system of FIG. 2;
FIG. 4 is a cross-sectional view of an initiation device
of FIG. 3 taken along the line 4-4 in FIG. 3;
FIG. 5 is cross-sectional view of a disabling initiation
device of FIG. 3 taken along the line 5-5 of FIG. 3;
FIG. 6 is cross-sectional view of a portion of one
implementation of the munition of FIG. 1;
FIG. 7 is an enlarged view of one of the release joints
of FIG. 6;
FIG. 8 is a partial, cross-sectional view of the muni-
tion of FIG. 6 taken along the line 8-8 in FIG. 6;
FIG. 9 is an enlarged, cross-sectional view of the
linear shaped charge of FIG. 8 illustrating its rela-
tionship to the munition;
FIG. 10A - FIG. 10C are cross-sectional views illus-
trating various means for mounting the linear shaped
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charge of FIG. 8;
FIG. 11 is an elevational view of the transition man-
ifold of FIG. 2;
FIG. 12 is a partial, cross-sectional view of the tran-
sition manifold of FIG. 11 taken along the line 12-12
of FIG. 11;
FIG. 13 is a stylized, perspective view of a portion
of a second embodiment of a thermally initiated vent-
ing system according to the present invention;
FIG. 14 is a plan view of a portion of the thermally
initiated venting system of FIG. 13;
FIG. 15 is an enlarged, elevational view of one im-
plementation of the transition manifold of FIG. 14;
FIG. 16 is a partial, cross-sectional view of the tran-
sition manifold of FIG. 15 taken along the line 16-16
of FIG. 15;
FIG. 17 is a stylized, perspective view of a third em-
bodiment of a portion of a thermally initiated venting
system according to the present invention;
FIG. 18 is an elevational view of one of the transition
manifolds of FIG. 17;
FIG. 19 is a partial, cross-sectional view of the tran-
sition manifold of FIG. 18 taken along the line 19-19
in FIG. 18;
FIG. 20 is a cross-sectional view of a portion of the
munition 100 and the canister illustrating the mount-
ing of the linear shaped charge;
FIG. 21 is a cross-sectional view of a fourth embod-
iment of a thermally initiated venting system accord-
ing to the present invention; and
FIG. 22 is a cross-sectional view of a fifth embodi-
ment of a thermally initiated venting system accord-
ing to the present invention.

[0012] While the invention is susceptible to various
modifications and alternative forms, specific embodi-
ments thereof have been shown by way of example in
the drawings and are herein described in detail. It should
be understood, however, that the description herein of
specific embodiments is not intended to limit the invention
to the particular forms disclosed, but on the contrary, the
intention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the in-
vention as defined by the appended claims.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0013] Illustrative embodiments of the invention are
described below. In the interest of clarity, not all features
of an actual implementation are described in this speci-
fication. It will of course be appreciated that in the devel-
opment of any such actual embodiment, numerous im-
plementation-specific decisions must be made to
achieve the developer’s specific goals, such as compli-
ance with system-related and business-related con-
straints, which will vary from one implementation to an-
other. Moreover, it will be appreciated that such a devel-

opment effort might be complex and time-consuming but
would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclo-
sure.
[0014] The present invention relates to an apparatus
for selectively venting a container in which an energetic
material is disposed at a predetermined temperature or
within a predetermined range of temperatures. For the
purpose of this disclosure, an energetic material is de-
fined as a material that, when subjected to a given
amount of stimulating energy, reacts by producing a great
deal more energy. Such materials, when confined within
a container, may explode when heated. Examples of
such energetic materials are propellants, explosives, py-
rotechnic materials, and detonation initiation substances,
although this list is neither exclusive nor exhaustive. The
present invention seeks to inhibit inadvertent detonation
or deflagration of confined energetic material as a result
of heating by venting the container in which the energetic
material is contained.
[0015] Many devices and systems incorporate ener-
getic materials. Examples of such devices include, but
are not limited to, munitions (e.g., missiles, rockets,
bombs, and ballistic rounds), oilfield explosives (e.g.,
downhole perforating charges), airbags (e.g., automobile
airbags), and containerized liquid or gelled explosives
(e.g., those used in underground and underwater mining
and/or demolition). The present invention is described
below in conjunction with a munition; however, the
present invention is not so limited. Rather, the scope of
the present invention encompasses its use in conjunction
with various devices and systems that incorporate ener-
getic material, such as those listed above. Note that this
list is exemplary, and is neither exhaustive nor exclusive.
[0016] FIG. 1 provides a stylized elevational view of a
munition 100 contained within a canister 105 (shown in
phantom). Such canisters may be used, for example, to
protect the munition 100 during shipment or to house the
munition 100 prior to launch. The type of canister 105,
however, is immaterial to the practice of the present in-
vention. Disposed within the illustrated munition 100 are
energetic materials, specifically an explosive 110 and a
propellant 115. The shapes, forms, and locations of the
energetic materials 110, 115 illustrated in FIG. 1 are
merely exemplary. The energetic materials 110, 115 may
take on any number of shapes or forms and be disposed
at various locations within the munition 100, depending
upon the design of the munition 100.
[0017] As described in more detail below, the present
invention selectively vents the munition 100 proximate
the explosive 110 and/or the propellant 115 at a prede-
termined temperature or within a predetermined range
of temperatures. The venting relieves pressure within the
munition 100, induced by heating, to inhibit inadvertent
detonation of the explosive 110 and/or the propellant 115.
[0018] FIG. 2 - FIG. 22 illustrate various embodiments
of a thermally initiated venting system, according to the
present invention. FIG. 2 - FIG. 12 illustrate a first em-
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bodiment of a thermally initiated venting system accord-
ing to the present invention, wherein thermal sensing and
venting initiation devices are attached to the canister 105
and a venting device is incorporated into the munition
100. FIG. 13 - FIG. 16 illustrate a second embodiment
of a thermally initiated venting system according to the
present invention that incorporates a heat pipe. FIG. 17
- FIG. 20 illustrate a third embodiment of a thermally in-
itiated venting system according to the present invention,
wherein the thermal sensing, venting initiation, and vent-
ing devices are attached to the canister 105. FIG. 21 -
FIG. 22 illustrate fourth and fifth embodiments, respec-
tively, of a thermally initiated venting system according
to the present invention, wherein thermally-activated in-
itiation and detonation capabilities are incorporated into
single devices.
[0019] FIG. 2 provides a perspective view of a first em-
bodiment of the present invention in conjunction with a
portion of the canister 105 proximate the propellant 115
(shown in FIG 1). In the illustrated embodiment, one or
more thermally-activated, deflagration initiation devices
205 and one or more deflagration-to-detonation transi-
tion manifolds 210 are attached to the canister 105 in two
sets 215 via brackets 220. In alternative embodiments,
however, the brackets 220 may be omitted in favor of
attaching the initiation devices 205 and the transition
manifolds 210 directly to the canister 105. In each of the
sets 215, the initiation devices 205 are connected to the
transition manifold 210 by a first transfer line 225 (e.g.,
a rapid deflagrating cord). The transition manifolds 210
are, in turn, connected by second transfer lines 230 (e.g.,
shielded mild detonating cords) to linear shaped charges
(not shown in FIG. 2) disposed in the munition 100. As
used herein, the term "linear shaped charge" includes
linear shaped charges that have straight or curved forms
and may be flexible or rigid.
[0020] For the purposes of this disclosure, the term
"deflagration" means "an explosive reaction in which the
reaction rate is less than the speed of sound in the re-
acting material." Deflagration differs from burning in that,
during deflagration, the reacting material itself supplies
oxygen required for the reaction. In burning, oxygen is
provided from another source, such as from the atmos-
phere. Further, the term "detonation" means "an explo-
sive reaction in which the reaction rate is greater than
the speed of sound in the reacting material."
[0021] Generally, when one of the initiation devices
205 is subjected to heat (e.g., from a bullet impact, a
fragment impact, a fire proximate the munition 100, etc.),
the temperature of the initiation device 205 rises. When
the temperature reaches a predetermined level, a com-
ponent thereof deflagrates, which, in turn, ignites the first
transfer line 225. The deflagration of first transfer line
225, in turn, ignites a charge of the transition manifold
210. Within the transition manifold 210, deflagration is
converted to detonation. The detonated transition man-
ifold 210 detonates the second transfer line 230 that, in
turn, detonates the linear shaped charge. The linear

shaped charges are used to vent the munition 100 as will
be more fully described below.
[0022] As illustrated in FIG. 2, one or more of the sets
215 may also include one or more disabling, thermally-
activated, deflagration initiation devices 235 in embodi-
ments wherein the canister 105 comprises a launch can-
ister. Some embodiments of the present invention (e.g.,
those used with storage canisters) may alternatively omit
the disabling initiation devices 235. The disabling initia-
tion devices 235 are also connected to the transition man-
ifolds 210 via the first transfer line 225. The disabling
initiation devices 235 operate similarly to the initiation
devices 205. However, they are placed proximate an aft
end of the munition 100, such that exhaust gases from
the launching munition 100 activate the disabling initia-
tion devices 235. This action activates, and thus disables,
the initiation devices 205, the transition manifolds 210,
and the first and second transfer lines 225, 230 upon
launch of the munition 100, as will be described in greater
detail below.
[0023] FIG. 3 illustrates an elevational view of one of
the sets 215 of FIG 2. FIG. 4 provides a cross-sectional
view of the initiation devices 205 taken along the line 4-4
of FIG. 3. As shown in FIG. 4, the initiation device 205
comprises a thermally-activated, deflagrating charge 405
disposed within a housing 410. In the illustrated embod-
iment, the deflagrating charge 405 comprises a combi-
nation of rapid deflagrating material and a material that,
as it reacts, exhibits an increasing reaction rate, causing
the reaction to propagate until the material is consumed.
Examples of such combinations include, but are not lim-
ited to, Cs2B12H12/BKNO3, lead azide, hexanitrostilbene
(HNS), and ammonium perchlorate. The first transfer line
225 extends through the housing 410 and is in contact
with the deflagrating charge 405. In the illustrated em-
bodiment, the first transfer line 225 comprises a rapid
deflagrating cord. When activated by heat, the deflagrat-
ing charge 405 ignites and, in turn, ignites the first transfer
line 225.
[0024] Generally, the deflagration charge 405 is inac-
tive below a predetermined propellant safety tempera-
ture and is activated above the propellant safety temper-
ature or within a range of temperatures above the pro-
pellant safety temperature. In other words, a material is
chosen for the deflagrating charge 405 that will sponta-
neously activate at or above the propellant safety tem-
perature or within a range of temperatures at or above
the propellant safety temperature. The propellant safety
temperature is a temperature below that at which the
propellant 115 will spontaneously ignite and explode (i.e.,
the "propellant auto-ignition temperature").
[0025] For example, if the propellant auto-ignition tem-
perature of the propellant 115 is about 132°C, the pro-
pellant safety temperature may be about 93°C. Thus, in
this example, the deflagration charge 405, and thus, the
initiation device 205, is activated at a temperature above
about 93°C. Alternatively, the deflagration charge 405
may be activated within a range of temperatures, e.g.,
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between the propellant safety temperature and a tem-
perature between the propellant safety temperature and
the propellant auto-ignition temperature. For example,
the deflagration charge 405 and, thus, the initiation de-
vice 205, may become active between about 93°C and
about 121°C.
[0026] FIG. 5 provides a cross-sectional view of the
disabling initiation device 235 taken along the line 5-5 of
FIG. 3. The disabling initiation device 235 comprises a
thermally-activated, deflagrating charge 505 disposed
within a housing 510. In various embodiments, the de-
flagrating charge 505 may comprise one of the materials
used for the deflagrating charge 405 (shown in FIG. 4).
The first transfer line 225 extends through the housing
510. In embodiments wherein the canister 105 comprises
a launch canister, the disabling initiation device 235 is
used to disable the initiation devices 205 and the transi-
tion manifolds 210 upon launching the munition 100. In
this way, the canister 105 is rendered inert after launch
of the munition 100, as the deflagrating and detonating
materials of the initiation devices 205, the transition man-
ifolds 210, and the first and second transfer lines 225,
230 are activated and spent.
[0027] In the illustrated embodiment, a pyrotechnic de-
laying portion 515 is disposed within the housing and
between the deflagrating charge 505 and the first transfer
line 225. The pyrotechnic delaying portion 515 may, in
various embodiments, comprise materials such as tung-
sten or other such slow-burning reaction material. When
the deflagrating charge 505 is activated, the pyrotechnic
delaying portion 515 delays the activation of the first
transfer line 225 by the burning deflagrating charge 505.
In this way, the linear shaped charges (not shown in FIG.
5) may become disconnected from the initiating devices
205, 235 (as will be discussed in greater detail below)
and the munition 100 may be launched from the canister
105 prior to the initiation devices 205, the transition man-
ifolds 210, and the first and second transfer lines 225,
230 being disabled. Premature activation of the disabling
initiation devices 235 would initiate the linear shaped
charges, thus venting the munition 100 and rendering it
unusable.
[0028] Generally, the deflagrating charge 505 is inac-
tive below a predetermined temperature below a mini-
mum munition exhaust temperature and is activated
above the predetermined temperature or within a range
of temperatures below the minimum munition exhaust
temperature. In other words, a material is chosen for the
deflagrating charge 505 that will spontaneously activate
above the predetermined temperature (i.e., below the
minimum munition exhaust temperature) or within a
range of temperatures below the minimum munition ex-
haust temperature. The minimum munition exhaust tem-
perature is the lowest temperature produced by the mu-
nition 100’s exhaust when launched and is highly de-
pendent upon the configuration of the munition 100.
[0029] For example, the munition 100’s minimum ex-
haust temperature may be about 2500°C. However, the

exhaust is present within the canister 105 only for a short
amount of time when the munition 100 is launched. As a
result, the temperature of the disabling initiation device
235 may likely not reach the minimum exhaust temper-
ature but, rather, will increase to a temperature below
the minimum exhaust temperature. Thus, in this exam-
ple, the deflagration charge 505, and thus, the disabling
initiation device 235, is activated at a temperature above
about 95°C. Alternatively, the deflagration charge 505
may be activated within a range of temperatures, e.g.,
between the minimum munition exhaust temperature and
a maximum munition exhaust temperature. For example,
the deflagration charge 505 and, thus, the disabling ini-
tiation device 235, may become active between about
95°C and about 200°C.
[0030] FIG. 6 provides a cross-sectional view of a por-
tion of an embodiment of the munition 100 according to
the present invention. In the illustrated embodiment, lin-
ear shaped charges 605 are disposed within a wireway
610 proximate the propellant 115 and mounted to a case
612 surrounding the propellant 115. Release joints 615
interconnect the second transfer lines 230 and the linear
shaped charges 605. When the second transfer lines 230
are detonated by the transition manifolds 210, the deto-
nation propagates through the second transfer lines 230
to the release joints 615. The detonation is further prop-
agated through the release joints 615 to the linear shaped
charges 605.
[0031] FIG. 7 provides an enlarged view of one of the
release joints 615 of FIG. 6. In the illustrated embodiment,
the release joint 615 comprises an inner portion 705 and
an outer portion 710. The second transfer line 230 is re-
ceived in the inner portion 705 and contacts a detonating
cord booster 715, which is disposed in the male portion
705. In various embodiments, the booster 715 may com-
prise materials such as, but not limited to, CH-6 explo-
sive, which is a mixture of cyclotrimethylene trinitramine
(RDX), graphite, calcium stearate and polyisobutylene.
An acceptor 720 is disposed within the male portion 705
and proximate the booster 715. In various embodiments,
the acceptor 720 may comprise materials such as, but
not limited to, CH-6 (e.g., a higher density form of CH-6
than that of the booster 715) and HNS. The acceptor 702
contacts the linear shaped charge 605.
[0032] In the illustrated embodiment, the booster 715
comprises a more energetic material than the second
transfer line 230, and the acceptor 720 comprises a more
energetic material than the booster 715. Thus, the deto-
nation wave produced by the detonated second transfer
line 230 is amplified by the booster 715, and further am-
plified by the acceptor 720. In this way, a detonation wave
of sufficient amplitude to detonate the linear shaped
charge 605 is generated.
[0033] Still referring to FIG. 7, the male portion 705 of
the release joint 615 slides into the outer portion 710 and
is retained therein by a retainer 730. In the illustrated
embodiment, the retainer 730 comprises a ball and spring
disposed in a bore (not labeled for clarity) of the outer
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portion 710. The spring urges the ball into engagement
with a corresponding indentation or groove (also not la-
beled for clarity) in the inner portion 705. However, when
the munition 100 is launched, sufficient force is generated
to overcome the engagement of the retainer 730 and the
inner portion 705. Thus, as the munition 100 is launched,
the inner portion 705 is removed from the outer portion
710.
[0034] Once the inner portion 705 has been completely
removed from the outer portion 710, a door 735, attached
to the outer portion 710, closes over the opening to the
outer portion 710. The door 735 is biased toward a closed
position and is held open only by the presence of the
inner portion 705. Thus, with the inner portion 705 re-
moved, the door automatically closes over the opening
into the outer portion 710 to inhibit inadvertent detonation
of the linear shaped charge 605. While the door 735 is
present in the illustrated embodiment, it may be omitted
from other embodiments. Further, in some embodiments,
the release joint 615 may be omitted, such that the sec-
ond transfer line 230 is connected directly to the linear
shaped charge 605.
[0035] FIG. 8 provides a partial cross-sectional view
of the munition 100 taken along the line 8-8 of FIG. 6.
FIG. 9 is an enlarged view of the linear shaped charge
605 and its relationship to the casing 612 surrounding
the propellant 115. In the illustrated embodiment, the lin-
ear shaped charge 605 comprises a PBXN5 explosive
905 enveloped by a copper sheath 910. The "coreload"
of the explosive 905 is about 50 grains per foot. The "core-
load" is the explosive core of the linear shaped charge
605, expressed as the weight in grains of explosive per
foot. Other explosive materials and sheaths, however,
may be used and are encompassed by the present in-
vention. The linear shaped charge 605 is disposed within
a cavity 805 such that, when detonated, the jet formed
by the detonated charge 605 may travel substantially un-
impeded to the case 612. In the embodiment illustrated
in FIG. 8, an insulation layer 820 is disposed between
the case 612 and the propellant 115.
[0036] Referring in particular to the embodiment of
FIG. 9, for a case 612 thickness within a range from about
0.14 inches to about 0.23 inches, the overall height (h)
of the linear shaped charge 605 is about 0.16 inches and
its width (W) is about 0.22 inches. In this example, the
leg height (H) of the linear shaped charge 605 is about
0.06 inches. The standoff from the linear shaped charge
605 to the case 612 is about 0.18 inches. The present
invention, however, is not limited to this configuration.
Rather, the particular dimensions of the linear shaped
charge 605 and the standoff between the linear shaped
charge 605 and the case 612 will be determined based
upon at least the particular explosive 905, the sheath
material 910, the material of the case 612, and the thick-
ness of the case 612, as will be appreciated by one of
ordinary skill in the art having the benefit of this disclo-
sure.
[0037] Referring again to FIG. 8, the linear shaped

charge 605 may be mounted in the wireway 610 by var-
ious means. Examples of various mounting means are
illustrated in FIG. 10A - FIG. 10C. As illustrated in FIG.
10A, the cavity 805 may be merely formed, machined,
etc. into the wireway 610, such that the wireway 610 com-
prises a single piece. Alternatively, as illustrated in FIG.
10B, the wireway 610 may comprise two (or more) por-
tions 610a, 610b, with one of the portions (e.g., portion
610b) defining the cavity 805. In this implementation, the
portion 610a is attached to the portion 610b by a fastener
1005. In another alternative implementation, as illustrat-
ed in FIG. 10C, the portion 610b, which defines the cavity
805, is adhesively bonded to the portion 610a and, in
certain embodiments, to the case 612.
[0038] FIG. 11 is an elevational view of the transition
manifold 210. FIG. 12 is a partial, cross-sectional view
of the transition manifold 210 taken along the line 12-12
of FIG. 11. The transition manifold 210 comprises a first
booster 1205 and a second booster 1210. The first boost-
er 1205 is disposed between the first transfer line 225
and the second booster 1210. The second booster 1210
is disposed between the first booster 1205 and the sec-
ond transfer line 230. The first booster 1205 and the sec-
ond booster 1210 may comprise materials such as CH-
6 explosive or other high explosives. Generally, the first
booster 1205 comprises a material that is more energetic
than the material of the first transfer line 225 (e.g., rapid
deflagration cord). The second booster 1210 comprises
a material that is more energetic than the material of the
first booster 1205. In embodiments wherein the boosters
1205, 1210 comprise the same material, the material of
the second booster 1210 may be more firmly packed and,
thus, have a higher density, than that of the first booster
1205. Thus, the deflagration or burning of the first transfer
line 225 is transitioned to a detonation of the second
transfer line 230 (e.g., shielded mild detonating cord).
While the transition manifold 210 is described herein as
having a particular construction, the scope of the present
invention includes variations to the described construc-
tion depending upon the other components of the ther-
mally initiated venting system.
[0039] FIG. 13 illustrates a second embodiment of the
present invention in conjunction with a portion of the can-
ister 105 proximate the propellant 115. In the illustrated
embodiment, one or more heat pipes 1305 replace the
initiation devices 205, the disabling initiation devices 235,
and the first transfer line 225 of the first embodiment
(shown in FIG. 2 - FIG. 12). The one or more heat pipes
1305 and one or more heat-to-detonation transition man-
ifolds 1310 are attached to the canister 105 in two sets
1315 via brackets 1320. In alternative embodiments,
however, the brackets 1320 may be omitted in favor of
attaching the heat pipes 1305 and the transition mani-
folds 1310 directly to the canister 105. In each of the sets
1315, the heat pipes 1305 are connected directly to the
transition manifold 1310. The transition manifolds 1310
are, in turn, connected by transfer lines 1330 (e.g., shield-
ed mild detonating cords) to linear shaped charges (e.g.,
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the linear shaped charge 605 of FIG. 6 - FIG. 9) disposed
in the munition 100.
[0040] Generally, heat pipes are devices that transfer
heat from one point to another. In many embodiments,
a heat pipe, e.g., the heat pipe 1305, comprises a sealed
tube made from a material exhibiting high thermal con-
ductivity, such as copper or aluminum. A wick is disposed
on the inner surface of the tube. The wick often comprises
a foam or felt made from materials such as steel, alumi-
num, nickel, copper, ceramics, and carbon. Alternatively,
the wick may comprise a sintered powder, a screen
mesh, or merely grooves defined by the inner surface of
the tube. A "working fluid", such as ammonia, acetone,
methanol, ethanol, water, toluene, or mercury, is dis-
posed within the tube.
[0041] In operation, the working fluid, under its own
pressure, enters the pores of the wick and wets the inte-
rior surfaces of the pores. Applying heat at a point along
the surface of the heat pipe causes the liquid at that point
to boil and enter a vapor state, picking up the latent heat
of vaporization. The gas, which then has a higher pres-
sure, moves inside the sealed tube to a colder location
where it condenses. In the embodiment of FIG. 13, the
transition manifold 1310 acts as a heat sink; thus, the
gas condenses within the tube proximate the transition
manifold 1310. As it condenses, the gas gives up the
latent heat of vaporization and moves heat from the input
(i.e., the point at which heat is applied to the heat pipe
1305) to the output end (i.e., the end of the heat pipe
1305 proximate the transition manifold 1310).
[0042] Thus, as the temperature rises proximate the
munition 100, some of the heat is absorbed into the heat
pipe 1305. The heat is then transferred to the transition
manifold 1310. When enough heat has been transferred
to raise the temperature of the transition manifold 1310
to its activation temperature, a charge of the transition
manifold 1310 will detonate and initiate the transfer line
1330. The transfer line 1330 detonates the linear shaped
charge (e.g., the linear shaped charge 605 of FIG. 6 -
FIG. 9), as described above in relation to the first em-
bodiment.
[0043] FIG. 14 provides a plan view of one of the sets
1315. In the illustrated embodiment, the heat pipe 1305
is attached to the bracket 1320 by hangers 1405. The
heat pipe 1305 extends into the transition manifold 1310.
[0044] FIG. 15 is an enlarged, elevational view of one
implementation of the transition manifold 1310. FIG. 16
is a partial cross-sectional view of the transition manifold
1310 taken along the line 16-16 of FIG. 15. The transition
manifold 1310 comprises a first booster 1605 and a sec-
ond booster 1610. The first booster 1605 is disposed
between the heat pipe 1305 and the second booster
1610. The second booster 1610 is disposed between the
first booster 1605 and the transfer line 1330. The first
booster 1605 may comprise materials such as
Cs2B12H12/BKNO3, lead azide, hexanitrostilbene (HNS),
and ammonium perchlorate. The second booster 1610
may comprise materials such as CH-6 or other such ex-

plosives. Generally, the first booster 1605 comprises a
material that is capable of deflagrating at the predeter-
mined temperature or within the predetermined range of
temperatures, as discussed above concerning the first
embodiment. For example, the first booster 1605 may
comprise a material that is initiated at or above the pro-
pellant safety temperature or within a range of tempera-
tures at or above the propellant safety temperature.
[0045] The second booster 1610 comprises a material
that is more energetic than the material of the first booster
1605. Thus, heat transferred from the heat pipe 1305 to
the transition manifold 1310 results in a detonation of the
transfer line 1330 (e.g., shielded mild detonating cord).
The heat pipe 1305 may also be used to transfer heat
produced by launching the munition 100 to the transition
manifold 1310, thus initiating the transfer line 1330. In
this way, the canister 105 is rendered inert after launch
of the munition 100, as the detonating materials of the
transition manifolds 1310 and the first and second trans-
fer lines 225, 230 are activated and spent, as discussed
above concerning the first embodiment.
[0046] In some embodiments, initiation of the second
booster 1610 may be delayed or retarded by spacing the
first booster 1605 away from the second booster 1610,
as shown in FIG. 16 to give the munition 100 time to clear
the canister 105. In other embodiments, a material, such
as a metal/metal oxide, may be disposed between the
boosters 1605, 1610 to slow initiation of the second
booster 1610.
[0047] FIG. 17 provides a perspective view of a third
embodiment of the present invention in conjunction with
a portion of the canister 105 proximate the propellant 115
(shown in FIG 1). In the illustrated embodiment, a linear
shaped charge assembly 1705 is attached to the canister
105, rather than the linear shaped charge 605 being at-
tached to the munition 100 (as shown in FIG. 6 - FIG. 9).
In this embodiment, the linear shaped charge (not shown
in FIG. 17) extends directly into a deflagration-to-deto-
nation transition manifold 1710, rather than, as in the first
embodiment, being connected to the transition manifold
210 by the second transfer line 230. Other aspects of this
embodiment correspond to those of the first embodiment.
[0048] FIG. 18 provides an elevational view of one of
the transition manifolds 1710 connected to the linear
shaped charge assembly 1705 and the transfer line 205.
FIG. 19 provides a partial, cross-sectional view of the
linear shaped charge assembly 1705 and the transition
manifold 1710 taken along the line 18-18 of FIG. 18. A
linear shaped charge 1902 extends from a holder 1904
and into the transition manifold 1710. The transition man-
ifold 1710 comprises a booster 1905 and an acceptor
1910. The booster 1905 is disposed between the transfer
line 205 and the acceptor 1910. The acceptor 1910 is
disposed between the booster 1905 and the linear
shaped charge 1902. In various embodiments, the boost-
er 1905 and the acceptor 1910 may comprise materials
such as, but not limited to, CH-6 or other such explosives.
In embodiments wherein the booster 1905 and the ac-
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ceptor 1910 comprise the same material, the material of
the acceptor 1910 may be more firmly packed and, thus,
have a higher density, than that of the booster 1905.
[0049] Referring again to FIG. 17, the transfer line 225
begins deflagrating upon initiation of at least one of the
initiation devices 205, 235. Referring now to FIG. 19, the
burning transfer line 225 initiates the booster 1905,
which, in turn, initiates the acceptor 1910. The acceptor
1910 detonates the linear shaped charge assembly
1705. In one embodiment, the booster 1905 comprises
a more energetic material than the transfer line 225, and
the acceptor 1910 comprises a more energetic material
than the booster 1905. Thus, the deflagration produced
by the deflagrating transfer line 225 is amplified by the
booster 1905, and is further amplified by the acceptor
1910. In this way, a detonation wave of sufficient ampli-
tude to detonate the linear shaped charge 1902 is gen-
erated.
[0050] FIG. 20 provides a cross-sectional view of a por-
tion of the munition 100 and the canister 105. In the il-
lustrated embodiment, the holder 1904 is mounted to the
case 105 via the bracket 205. The linear shaped charge
1902 is positioned at a desired standoff from the munition,
as discussed above in relation to FIG. 8.
[0051] FIG. 21 provides a cross-sectional view of a
fourth embodiment of the present invention. In this em-
bodiment, the thermally-activated initiation and detona-
tion capabilities of each of the first three embodiments
are incorporated into a single device. A venting device
2100, in the illustrated embodiment, comprises an initi-
ation device 2105 coupled with a linear shaped charge
2110. The initiation device 2105 comprises a pyrotechnic
train 2115, disposed within a housing 2117, that is adapt-
ed to initiate at a desired temperature or within a range
of desired temperatures to detonate the linear shaped
charge 2110.
[0052] In the illustrated embodiment, the pyrotechnic
train 2115 comprises a heat-sensitive deflagration
charge 2120 that is inactive below the predetermined pro-
pellant safety temperature and is activated above the pro-
pellant safety temperature or within a range of tempera-
tures above the propellant safety temperature. Alterna-
tively, the deflagration charge 2120 may be inactive be-
low a predetermined minimum munition exhaust temper-
ature and is activated above the minimum munition ex-
haust temperature or within a range of temperatures
above the minimum munition exhaust temperature. In
various embodiments, the deflagration charge 2120 may
comprise materials such as, but not limited to,
Cs2B12H12/BKNO3, lead azide, hexanitrostilbene (HNS),
and ammonium perchlorate.
[0053] The initiation device 2105 further comprises a
deflagration-to-detonation transition charge 2125, which
may comprise materials such as, but not limited to,
Cs2B12H12/BKNO3, lead azide, hexanitrostilbene (HNS),
and ammonium perchlorate, which may have a higher
density than the deflagration charge 2120. The transition
charge 2125 amplifies the deflagration produced by the

deflagration charge 2120 to a detonation wave. The tran-
sition charge 2125 comprises a material that is more en-
ergetic than the deflagration charge 2120, such as, but
not limited to, Cs2B12H12/BKNO3, lead azide, hexani-
trostilbene (HNS), and ammonium perchlorate, which
may have a higher density than the transition charge
2125. The initiation device 2105 further comprises a
booster 2130 that amplifies the detonation wave pro-
duced by the detonated transition charge 2125 to a level
sufficient to detonate the linear shaped charge 2110. The
munition 100 is thus vented by the detonated linear
shaped charge 2110, as described above concerning the
previous embodiments.
[0054] While the pyrotechnic train 2115 illustrated in
FIG. 21 comprises three pyrotechnic components (i.e.,
the deflagration charge 2120, the transition charge 2125,
and the booster 2130), the present invention is not so
limited. Rather, the pyrotechnic train 2115 may comprise
fewer pyrotechnic components or more pyrotechnic com-
ponents than illustrated in FIG. 21, depending upon the
pyrotechnic materials chosen for the pyrotechnic train
2115 and the explosive material used in the linear shaped
charge 2110.
[0055] FIG. 22 provides a cross-sectional view of a fifth
embodiment of the present invention. A venting device
2200, in the illustrated embodiment, comprises an initi-
ation device 2203 coupled with a linear shaped charge
2210. The initiation device 2203 comprises a heat-sen-
sitive propelling charge 2205 disposed within a cavity
2210 of a housing 2215. The material comprising the
propelling charge 2205 is chosen to be inactive below
the predetermined propellant safety temperature and is
activated above the propellant safety temperature or
within a range of temperatures above the propellant safe-
ty temperature. Alternatively, the propelling charge 2205
may be inactive below a predetermined minimum muni-
tion exhaust temperature and is activated above the min-
imum munition exhaust temperature or within a range of
temperatures above the minimum munition exhaust tem-
perature. In various embodiments, the propelling charge
2205 may comprise materials such as
Cs2B12H12/BKNO3, lead azide, hexanitrostilbene (HNS),
and ammonium perchlorate.
[0056] Also disposed in the cavity 2210 is a firing pin
2220 held in place by a shear pin 2225, a cartridge 2230,
a deflagration-to-detonation transition charge 2235, and
a booster 2240. In operation, gases produced by the ac-
tivated propelling charge 2120 urge the firing pin 2220
toward the cartridge 2230 with sufficient force to fail the
shear pin 2225. The firing pin 2220 then impacts and
initiates an energetic material within the cartridge 2230.
The deflagrating cartridge 2230 initiates the transition
charge 2235, producing a detonation wave that, in turn,
detonates the booster 2240. The detonated booster 2240
produces a detonation wave of sufficient intensity to det-
onate the linear shaped charge 2210. The munition 100
is thus vented by the detonated linear shaped charge
2110, as described above concerning the previous em-
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bodiments.
[0057] Generally, the booster 2240 comprises a more
energetic material than the transition charge 2235, which
comprises a more energetic material than that of the car-
tridge 2230. In various embodiments, the cartridge 2230
and the transition charge 2235 may comprise a material
such as Cs2B12H12/BKNO3, lead azide, hexanitrostil-
bene (HNS), and ammonium perchlorate. Particular ma-
terials may be chosen based on their relative energetic
properties. Alternatively, the same material may be cho-
sen for each of the cartridge 2230 and the transition
charge, such that the density of the transition charge
2235 is greater than that of the energetic material of the
cartridge 2230. Further, the booster 2240 may comprise
a material such as CH-6 or other such explosive.
[0058] While the initiating device 2203 illustrated in
FIG. 22 comprises four pyrotechnic components (i.e., the
propelling charge 2205, the cartridge 2230, the transition
charge 2235, and the booster 2240), the present inven-
tion is not so limited. Rather, the initiating device 2203
may comprise fewer pyrotechnic components or more
pyrotechnic components than illustrated in FIG. 22, de-
pending upon the pyrotechnic materials chosen and the
explosive material used in the linear shaped charge
2210.
[0059] The particular embodiments disclosed above
are illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent
to those skilled in the art having the benefit of the teach-
ings herein. Furthermore, no limitations are intended to
the details of construction or design herein shown, other
than as described in the claims below. It is therefore ev-
ident that the particular embodiments disclosed above
may be altered or modified and all such variations are
considered within the scope and spirit of the invention.
Accordingly, the protection sought herein is as set forth
in the claims below. It is apparent that an invention with
significant advantages has been described and illustrat-
ed. Although the present invention is shown in a limited
number of forms, it is not limited to just these forms, but
is amenable to various changes and modifications with-
out departing from the spirit thereof.
[0060] The invention may be defined according to the
following numbered aspects.

1. An apparatus, comprising:

a thermally-activated, deflagration initiation de-
vice;
a deflagration-to-detonation transition manifold;
a first transfer line connecting the deflagration
initiation device and the deflagration-to-detona-
tion transition manifold; and
a linear shaped charge coupled with the first
transfer line.

2. An apparatus, according to aspect 1, wherein the
first transfer line comprises:

a rapid deflagrating cord.

3. An apparatus, according to aspect 1, further com-
prising:

a second transfer line connecting the deflagra-
tion-to-detonation transition manifold and the
linear shaped charge.

4. An apparatus, according to aspect 2, wherein the
second transfer line comprises:

a shielded mild detonating cord.

5. An apparatus, according to aspect 2, further com-
prising:

a release joint disposed between the second
transfer line and the linear shaped charge.

6. An apparatus, according to aspect 5, wherein the
release joint comprises:

a detonating cord booster disposed proximate
the second transfer line and an acceptor dis-
posed between the booster and the linear
shaped charge.

7. An apparatus, according to aspect 5, wherein the
release joint comprises:

an outer portion and an inner portion slidingly
engaged with the outer portion, such that the
outer portion and the inner portion may be en-
gaged or disengaged via an applied load.

8. An apparatus, according to aspect 1, further com-
prising:

a disabling, thermally-activated, deflagration in-
itiation device connected to the deflagration-to-
detonation transition manifold via the first trans-
fer line.

9. An apparatus, according to aspect 8, wherein the
disabling initiation device further comprises:

a deflagrating charge and a pyrotechnic delay-
ing portion disposed between the deflagrating
charge and the first transfer line.

10. An apparatus, according to aspect 1, wherein
the transition manifold comprises: a first booster
comprising a material that is more energetic than
that of the first transfer line and a second booster
comprising a material that is more energetic than
that of the first booster.
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11. An apparatus, according to aspect 1, further com-
prising:

a canister; and
a munition disposed in the canister, wherein:

the thermally-activated, deflagration initia-
tion device is operably associated with the
canister; and
the linear shaped charge is operably asso-
ciated with the munition.

12. An apparatus, comprising:

a heat-to-detonation transition manifold;
a heat pipe connected to the transition manifold;
a linear shaped charge; and
a transfer line connecting the heat-to-detonation
transition manifold and the linear shaped
charge.

13. An apparatus, according to aspect 12, wherein
the transfer line comprises:

a shielded mild detonating cord.

14. An apparatus, according to aspect 12, further
comprising:

a release joint disposed between the transfer
line and the linear shaped charge.

15. An apparatus, according to aspect 14, wherein
the release joint comprises:

a detonating cord booster disposed proximate
the second transfer line and an acceptor dis-
posed between the booster and the linear
shaped charge.

16. An apparatus, according to aspect 14, wherein
the release joint comprises:

an outer portion and an inner portion slidingly
engaged with the outer portion, such that the
outer portion and the inner portion may be en-
gaged or disengaged via an applied load.

17. An apparatus, according to aspect 12, wherein
the transition manifold comprises:

a first booster comprising a thermally-activated,
deflagrating material and a second booster com-
prising a material that is more energetic than
that of the first booster.

18. An apparatus, according to aspect 12, further
comprising:

a canister; and
a munition disposed in the canister, wherein:

the heat-to-detonation transition manifold is
operably associated with the canister; and
the linear shaped charge is operably asso-
ciated with the munition.

19. An apparatus, comprising:

a thermally-activated pyrotechnic train; and
a linear shaped charge coupled with the pyro-
technic train.

20. An apparatus, according to aspect 19, wherein
the pyrotechnic train comprises:

a thermally-activated, deflagrating charge, a de-
flagration-to-detonation charge disposed proxi-
mate the deflagrating charge, a booster dis-
posed between the transition charge and the lin-
ear shaped charge.

21. An apparatus, according to aspect 19, further
comprising:

a munition, such that the linear shaped charge
is operably associated with the munition.

22. A method, comprising:

initiating a deflagrating material at a predeter-
mined temperature or within a predetermined
range of temperatures;
initiating a detonating material with the defla-
grating material; and
initiating a linear shaped charge with the deto-
nated material.

23. An apparatus, comprising:

a thermally-activated pyrotechnic train; and
a linear shaped charge coupled with the pyro-
technic train, such that the pyrotechnic train
comprises:

a thermally-activated, deflagrating charge,
a deflagration-to-detonation transition
charge disposed proximate the deflagrating
charge, a booster disposed between the
transition charge and the linear shaped
charge.

24. An apparatus, according to aspect 23, further
comprising:

a munition, such that the linear shaped charge
is operably associated with the munition.
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25. A method, comprising:

initiating a deflagrating material at a predeter-
mined temperature or within a predetermined
range of temperatures;
initiating a first detonating material with the de-
flagrating material;
initiating a second detonating material with the
first detonating material; and
initiating a linear shaped charge with the second
detonating material.

Claims

1. An apparatus, comprising:

a thermally-activated pyrotechnic train; and
a linear shaped charge coupled with the pyro-
technic train, such that the pyrotechnic train
comprises:

a thermally-activated, deflagrating charge,
a deflagration-to-detonation transition
charge disposed proximate the deflagrating
charge, a booster disposed between the
transition charge and the linear shaped
charge.

2. An apparatus, according to claim 1, further compris-
ing:

a munition, such that the linear shaped charge
is operably associated with the munition.

3. A method, comprising:

initiating a deflagrating material at a predeter-
mined temperature or within a predetermined
range of temperatures;
initiating a first detonating material with the de-
flagrating material;
initiating a second detonating material with the
first detonating material; and
initiating a linear shaped charge with the second
detonating material.
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