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(57) ABSTRACT

A method of sequencing a pyrotechnic system includes
1gniting at least one of a first energetic coupled to a first inlet
of a one way sequence termination arrangement, and a
second energetic coupled to a second inlet of the one way
sequence termination arrangement, fluidically coupling the
first 1nlet to an outlet of the one way sequence termination
arrangement 1n response to the second energetic being
ignited before the first energetic 1s 1gnited, and blocking
fluidic coupling between the second inlet and the outlet 1n
response to the first energetic being i1gnited before the
second energetic 1s 1gnited.
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ENERGETIC ONE WAY SEQUENCE
TERMINATION VALVEL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of, and claims priority to,
and the benefit of U.S. patent application Ser. No. 15/428,
777, filed on Feb. 9, 2017, and entitled “ENERGETIC ONE
WAY SEQUENCE T. JRMINATION VALVE” which 1s

incorporated by reference herein 1n 1ts entirety.

FIELD

The present disclosure relates generally to energetic input/
output logic devices, and more particularly, to energetic
sequence valves.

BACKGROUND

Energetic systems may be used for various applications
which use explosive energy to achieve a desired result. For
example, an energetic system may be used for aircraft seat
¢jection systems. In various applications, such as seat ejec-
tion for example, an inter-sequencing system may determine
an order 1n which various energetics detonate. In this regard,
it may be desirable to ensure that a first event occurs before
or after a second event.

SUMMARY

An energetic one way sequence termination arrangement
1s disclosed herein, in accordance with various embodi-
ments. An energetic one way sequence termination arrange-
ment may comprise a housing, a first mlet 1 operable
communication with the housing, a second inlet 1n operable
communication with the housing, and an outlet in operable
communication with the housing, the energetic one way
sequence termination arrangement being configured such
that the second inlet 1s blocked from fluidic communication
with the outlet 1n response to a first signal being received at
the first inlet before a second signal 1s received at the second
inlet, and the first inlet establishes fluidic communication
with the outlet in response to the second signal being
received at the second inlet before the first signal 1s recerved
at the first inlet.

In various embodiments, the energetic one way sequence
termination arrangement may further comprise a cavity
disposed within the housing, and a moveable shuttle dis-
posed within the cavity, wheremn the moveable shuttle 1s
moveable between a neutral position, a transierring position,
and a terminating position, wherein the moveable shuttle
moves to the terminating position 1n response to the first
signal received from the first inlet before the second signal
1s received from the second inlet, and the moveable shuttle
moves to the transierring position in response to the second
signal being received from the second inlet before the first
signal 1s recetved from the first inlet. The first inlet may be
in fluid communication with the outlet in response to the
moveable shuttle moving to the transferring position. The
moveable shuttle may prevent fluid communication between
the outlet and at least one of the first ilet and the second
inlet 1 response to the moveable shuttle moving to the
terminating position. The moveable shuttle may comprise a
recess defining a connecting channel. The first inlet may be
in fluidd commumnication with the outlet via the connecting
channel in response to the moveable shuttle being in the
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transferring position. At least one of the first signal and the
second signal may comprise a pressure capable of moving
the moveable shuttle. At least one of the first signal and the
second signal may comprise a pyrotechnic transmission
signal. The energetic one way sequence termination arrange-
ment may be made from metal.

A pyrotechnic transier arrangement 1s disclosed herein, 1n
accordance with various embodiments. A pyrotechnic trans-
fer arrangement may comprise an energetic one way
sequence termination arrangement. The energetic one way
sequence termination arrangement may comprise a housing,
a first inlet 1n operable communication with the housing, a
second inlet 1n operable communication with the housing,
and an outlet 1n operable commumnication with the housing,
the energetic one way sequence termination arrangement
being configured such that the second inlet 1s blocked from
fluidic communication with the outlet 1n response to a first
signal being recerved at the first inlet before a second signal
1s recei1ved at the second inlet, and the first inlet establishes
fluidic communication with the outlet 1n response to the
second 51gnal being received at the second inlet before the
first signal 1s received at the first inlet. The pyrotechnic
transier arrangement may further comprise a first energetic
coupled to the first inlet, a second energetic coupled to the
second 1nlet, and a third energetic coupled to the outlet.

In various embodiments, the pyrotechnic transier arrange-
ment may further comprise a cavity disposed within the
housing, and a moveable shuttle disposed within the cavity,
wherein the moveable shuttle 1s moveable between a neutral
position, a transferring position, and a terminating position,
wherein the moveable shuttle moves to the terminating
position 1n response to the first signal recerved from the first
inlet before the second signal 1s received from the second
inlet, and the moveable shuttle moves to the transferring
position in response to the second signal being recerved
from the second 1nlet before the first signal 1s received from
the first inlet. The first inlet may be 1n fluid commumnication
with the outlet 1n response to the moveable shuttle moving
to the transferring position. The moveable shuttle may
prevent tluid communication between the outlet and at least
one of the first inlet and the second inlet 1 response to the
moveable shuttle moving to the terminating position. The
first 1inlet may be 1n fluid communication with the outlet 1n
response to the moveable shuttle being in the transferring
position. At least one of the first signal and the second si1gnal
may comprise a pressure capable of moving the moveable
shuttle. At least one of the first signal and the second signal
may comprise a pyrotechnic transmission signal. The first
signal may be generated by the first energetic and the third
energetic may be configured to 1gnite in response to the first
signal being received by the third energetic. The second
signal may be generated by the second energetic and the
moveable shuttle may be configured to prevent the third
energetic from 1gniting in response to the second signal
being received before the first signal. At least one of the first
energetic, the second energetic, and the third energetic may
comprises a pyrotechnic transmission line.

A method of sequencing a pyrotechnic system 1s disclosed
herein. A method of sequencing a pyrotechnic system may
comprise 1gniting at least one of a first energetic coupled to
a {irst inlet of a one way sequence termination arrangement
and a second energetic coupled to a second inlet of the one
way sequence termination arrangement, fluidically coupling
the first ilet to an outlet of the one way sequence termina-
tion arrangement in response to the second energetic being
ignited before the first energetic 1s 1gnited, and blocking
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fluidic coupling between the second inlet and the outlet 1n
response to the first energetic being ignited before the
second energetic 1s 1gnited.

In various embodiments, the method may further com-
prise moving, by a moveable shuttle, from a neutral position
to at least one of a transferring position and a terminating,
position, coupling the first inlet 1n fluid communication with
the outlet of the one way sequence termination arrangement
in response to the moveable shuttle moving to the transier-
ring position, and 1gniting a third energetic coupled to the
outlet 1 response to the first energetic being 1gnited,
wherein the moveable shuttle moves to the transierring
position 1n response to the second energetic 1gniting before
the first energetic. The method may further comprise pre-
venting the outlet of the one way sequence termination
arrangement from fluid communication with at least one of
the first inlet and the second inlet 1n response to the
moveable shuttle moving to the terminating position,
wherein the moveable shuttle moves to the terminating
position 1n response to the first energetic 1gniting before the
second energetic.

The foregoing features and elements may be combined in
various combinations without exclusivity, unless expressly
indicated otherwise. These features and elements as well as
the operation thereot will become more apparent 1n light of
the following description and the accompanying drawings. It
should be understood, however, the following description
and drawings are intended to be exemplary in nature and
non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the present disclosure 1s particularly
pointed out and distinctly claimed 1n the concluding portion
of the specification. A more complete understanding of the
present disclosure, however, may best be obtained by refer-
ring to the detailed description and claims when considered
in connection with the drawing figures.

FIG. 1 illustrates a block diagram of an energetic one way
sequence termination arrangement with a shuttle 1n a neutral
position, 1 accordance with various embodiments;

FIGS. 2A and 2B illustrate a block diagram of the
energetic one way sequence termination arrangement with
the shuttle 1n a transferring position, 1 accordance with
various embodiments;

FIGS. 3A and 3B illustrate a block diagram of the
energetic one way sequence termination arrangement with
the shuttle 1n a terminating position, in accordance with
various embodiments; and

FIG. 4 1llustrates a method of sequencing a pyrotechnic
system, 1n accordance with various embodiments.

DETAILED DESCRIPTION

The detailed description of various embodiments herein
makes reference to the accompanying drawings, which show
various embodiments by way of illustration. While these
various embodiments are described in suflicient detail to
enable those skilled 1n the art to practice the disclosure, 1t
should be understood that other embodiments may be real-
1zed and that logical, chemical, and mechanical changes may
be made without departing from the scope of the disclosure.
Thus, the detailed description herein 1s presented for pur-
poses of illustration only and not of limitation. For example,
the steps recited 1n any of the method or process descriptions
may be executed 1n any order and are not necessarily limited
to the order presented.
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Furthermore, any reference to singular includes plural
embodiments, and any reference to more than one compo-
nent or step may include a singular embodiment or step.
Also, any reference to attached, fixed, connected, or the like
may include permanent, removable, temporary, partial, full,
and/or any other possible attachment option. Additionally,
any reference to without contact (or similar phrases) may
also mclude reduced contact or minimal contact.

As disclosed herein, a sequence termination arrangement
(also referred to herein as a valve) may comprise an input/
output device that either stops or passes on an energetic
signal based upon a sequence of energetic events. In various
embodiments, a first pyrotechnic signal may be transmitted
from a first mlet to an outlet n response to a second
pyrotechnic signal being received by a second inlet before
the first pyrotechnic signal 1s received. In this regard,
sequence termination valves, as disclosed herein provide
sequencing termination capabilities. Sequence termination
valves, as disclosed herein, may reduce part count 1n ener-
getic systems. Sequence termination valves, as disclosed
herein, may increase reliability of an energetic system.
Sequence valves, as disclosed herein, may reduce the num-
ber of energetics 1n a system.

Referring to FIG. 1, a block diagram of a pyrotechnic
transier arrangement 192 1s illustrated. Pyrotechnic transier
arrangement 192 may include an energetic one way
sequence termination arrangement 100 (also referred to
herein as an energetic one way sequence termination valve
(STV)), a first energetic 131, a second energetic 132, and a
third energetic 133. STV 100 may comprise a housing 102
defining a cavity 104. A moveable shuttle 110 may be
disposed within housing 102. In various embodiments,
moveable shuttle 110 may comprise a recess 112. Housing
102 and/or moveable shuttle 110 may be metallic. STV 100
may comprise a first inlet 122, a second inlet 124, and an
outlet 126. First inlet 122, second inlet 124, and outlet 126
may be in operable communication with the housing 102.
First inlet 122, second inlet 124, and outlet 126 may be 1n
fluid communication with cavity 104. FIG. 1 depicts move-
able shuttle 110 1n a neutral position 190 with first inlet 122
in fluid communication with a first end 114 of moveable
shuttle 110 and second inlet 124 1n fluid communication
with a second end 116 of moveable shuttle 110. In this
regard, 1n the neutral position 190, moveable shuttle 110
may define a first chamber 106 of cavity 104 and a second
chamber 108 of cavity 104.

STV 100 may be coupled to the three energetics (1.e., first
energetic 131, second energetic 132, and third energetic
133), via first inlet 122, second inlet 124, and outlet 126,
respectively. The first energetic 131, second energetic 132,
and third energetic 133 may comprise pyrotechnic transmis-
s10on lines.

A pyrotechnic transmission line may include a reactive
material. The pyrotechnic transmission lines may be made,
for example, of a matenal called “TLX” (trademark, Explo-
sive Technology, Inc. of Fairfield, Calif.). However, 1t 1s
contemplated herein that the energetics may comprise any
suitable pyrotechnic transmission line.

When the pyrotechnic transmission line 1gnites, the reac-
tive material burns. The flame may propagate along the
transmission line. In the case of first energetic 131 and
second energetic 132, when the first energetic 131 and/or
second energetic 132 1ignite, the flame may propagate along
the transmission line towards STV 100. A pressurized fluid
or gas may be propagated into an inlet (e.g., first inlet 122
and/or second inlet 124) which may build pressure within
cavity 104. When the pressurized flmid or gas 1s propagated
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imto STV 100, the STV 100 actuates. Thus, STV 100
actuates 1n response to 1gnition of the pyrotechnic transmis-
sion lines (1.e., first energetic 131 and/or second energetic
132).

FIGS. 2A and 2B depict exemplary embodiments of a
sequencing event of STV 100 1n response to second ener-
getic 132 1gniting before first energetic 131, as explained
below.

With reference to FIG. 2A, moveable shuttle 110 1s
illustrated in the transferring position 290. A second signal
202 may be received 1nto cavity 104 in response to second
energetic 132 being 1gnited before first energetic 131. The
second signal 202 may move or translate moveable shuttle
110 relative to housing 102. In response thereto, second
chamber 108 may increase in volume and first chamber 106
(see FIG. 1) may decrease 1n volume.

With reference to FIG. 2B, i response to moveable
shuttle 110 moving to the transferring position 290, first inlet
122 may be 1n fluid communication with outlet 126. Stated
differently, first inlet 122 may establish fluidic communica-
tion with outlet 126 1n response to the second signal 202
being recerved at the second inlet 124 before the first signal
201 1s received at the first inlet 122. In this regard, recess 112
may define a connecting channel 204 through which first
signal 201 may travel. First signal 201 may comprise a
temperature and a pressure. Third energetic 133 may ignite
in response to third energetic 133 receiving first signal 201.

In various embodiments, the output energy from first
energetic 131 may comprise heat, expanding gases, a shock
wave, and/or any other energy capable of actuating and/or
igniting third energetic 133.

FIGS. 3A and 3B depict exemplary embodiments of a
sequencing event of STV 100 1n response to second ener-

getic 132 1gniting after first energetic 131, as explained
below.

With reference to FIG. 3A, moveable shuttle 110 1s
illustrated 1n the terminating position 390. A first signal 301
may be received into cavity 104 in response to first energetic
131 being 1gnited before second energetic 132. The first
signal 301 may move or translate moveable shuttle 110
relative to housing 102. In response thereto, first chamber
106 may increase 1n volume and second chamber 108 (see
FIG. 1) may decrease 1n volume.

With reference to FIG. 3B, m response to moveable
shuttle 110 moving to the terminating position 390, {irst inlet
122 may be prevented from tluid commumnication with outlet
126. Furthermore, in response to moveable shuttle 110
moving to the terminating position 390, second inlet 124
may be prevented from fluid communication with outlet
126. In this regard, third energetic 133 may be prevented
from 1gniting 1n response to {first energetic 131 1gniting
betore second energetic 132.

With reference to FIG. 4, a method 400 for sequencing a
pyrotechnic system 1s depicted, 1n accordance with various
embodiments. Method 400 includes 1gniting a first energetic
(step 410). Method 400 includes 1gniting a second energetic
(step 420). Method 400 may include coupling a first inlet to
an outlet (step 440). Method 400 may include 1gniting a third
energetic (step 450). Method 400 may include preventing
coupling of the first inlet to the outlet (step 460).

With reference to FIG. 1, FIG. 2A, FIG. 3A, and FIG. 4,
step 410 may include 1gniting first energetic 131. Step 420
may include 1gniting second energetic 132. First energetic
131 and second energetic 132 may be i1gnited via any
suitable means. In various embodiments, method 400 may
include only step 410, only step 420, or both step 410 and
step 420. Step 440 may include coupling the first mnlet 122
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in fluid communication with outlet 126 1n response to the
moveable shuttle 110 moving to the transferring position
290. Stated differently, step 440 may include coupling the
first 1nlet 122 1n fluud communication with outlet 126 1n
response to second energetic 132 1gniting before first ener-
getic 131. Step 450 may include 1gniting third energetic 133.
Third energetic 133 may be 1gnited via first signal 201. Step
460 may include preventing first inlet 122 from fluid com-
munication with outlet 126 1n response to the moveable
shuttle 110 moving to the terminating position 390. Stated
differently, step 460 may include preventing outlet 126 from
fluild communication with first ilet 122 and second inlet
124, 1n response to first energetic 131 1gniting before second
energetic 132. In various embodiments, the fluidic coupling
or blocking thereof of step 440 and step 460 may include
moving moveable shuttle 110. Moveable shuttle 110 may be
moved Irom neutral position 190 to eirther transierring
position 290 or terminating position 390.

Benefits, other advantages, and solutions to problems
have been described herein with regard to specific embodi-
ments. Furthermore, the connecting lines shown in the
various ligures contained herein are intended to represent
exemplary functional relationships and/or physical cou-
plings between the various elements. It should be noted that
many alternative or additional functional relationships or
physical connections may be present 1n a practical system.
However, the benefits, advantages, solutions to problems,
and any elements that may cause any benefit, advantage, or
solution to occur or become more pronounced are not to be
construed as critical, required, or essential features or ele-
ments of the disclosure. The scope of the disclosure 1s
accordingly to be limited by nothing other than the appended
claims, in which reference to an element in the singular 1s
not intended to mean “one and only one” unless explicitly so
stated, but rather “one or more.” Moreover, where a phrase
similar to ““at least one of A, B, or C” 1s used 1n the claims,
it 1s intended that the phrase be interpreted to mean that A
alone may be present 1n an embodiment, B alone may be
present 1n an embodiment, C alone may be present in an
embodiment, or that any combination of the elements A, B
and C may be present 1n a single embodiment; for example,
A and B, A and C, B and C, or A and B and C. Diflerent
cross-hatching 1s used throughout the figures to denote
different parts but not necessarily to denote the same or
different matenials.

Systems, methods and apparatus are provided herein. In
the detailed description herein, references to “one embodi-
ment”’, “an embodiment”, ‘“various embodiments”, etc., indi-
cate that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment
may not necessarily include the particular feature, structure,
or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular
feature, structure, or characteristic 1s described 1n connection
with an embodiment, 1t 1s submitted that it 1s within the
knowledge of one skilled in the art to affect such feature,
structure, or characteristic i1n connection with other embodi-
ments whether or not explicitly described. After reading the
description, it will be apparent to one skilled 1n the relevant
art(s) how to implement the disclosure 1n alternative
embodiments.

Furthermore, no element, component, or method step 1n
the present disclosure 1s mntended to be dedicated to the
public regardless of whether the element, component, or
method step 1s explicitly recited 1n the claims. No claim
clement herein 1s to invoke 35 U.S.C. 112(1) unless the

clement 1s expressly recited using the phrase “means for.” As




US 10,385,981 B2

22 4

used herein, the terms “comprises™, “comprising’, or any
other variation thereof, are intended to cover a non-exclusive

inclusion, such that a process, method, article, or apparatus
that comprises a list of elements does not include only those

clements but may include other elements not expressly listed 5

or mherent to such process, method, article, or apparatus.

What 1s claimed 1s:
1. A method of sequencing a pyrotechnic system, com-
prising:
igniting at least one of:
a first energetic coupled to a first mlet of a one way
sequence termination arrangement; and
a second energetic coupled to a second inlet of the one
way sequence termination arrangement;
fluidically coupling the first inlet to an outlet of the one
way sequence termination arrangement in response to
the second energetic being ignited belfore the first
energetic 1s 1gnited; and
blocking tluidic coupling between the second inlet and the
outlet 1n response to the {first energetic being 1gnited
betore the second energetic 1s 1gnited.
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2. The method of claim 1, further comprising;:

moving, by a moveable shuttle, from a neutral position to
at least one of a transferring position and a terminating
position;

coupling the first inlet in fliud communication with the
outlet of the one way sequence termination arrange-
ment 1in response to the moveable shuttle moving to the
transierring position; and

1gniting a third energetic coupled to the outlet 1n response
to the first energetic being 1gnited,

wherein the moveable shuttle moves to the transferring
position 1n response to the second energetic 1gmiting
betfore the first energetic.

3. The method of claim 2, further comprising:

preventing the outlet of the one way sequence termination
arrangement from flmd communication with at least
one of the first inlet and the second inlet 1n response to
the moveable shuttle moving to the terminating posi-
tion,

wherein the moveable shuttle moves to the terminating
position in response to the first energetic 1gniting before
the second energetic.

G ex x = e
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