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DUAL-ALLOY PYROTRECHNIC-ACTUATED VALVE ASSEMBLY

BACKGROUND

Field

6001}  The present disclosure relates to valves that are actuated by detonating a pyrotechnic

charge. Such valves may be used, for example, m satety systems of nuclear power plants.

Description of Related Art

3002  Conventionally. a shear-type pyrotechnic-actuated valve has an msert portion that 1s
integrally formed with a shear portion. In particular, the msert portion and the shear portion
are formed as a monolithic structure and, thus, made of the same matenal. The msert portion
may be demarcated from the shear portion by a groove or other feature designed to provide
structural vulnerability for the purpose of faciltating a proper sheanng action durning actuation.
The valve 1s designed to remam in a closed state untid actuated. Dunng actuation, a pvrotechnic
charge 1s detonated to shear off the shear portion to open the valve., The magnitude of the
detonation required to open the valve will depend on vanouas factors, such as the bore size of
the valve. In this regard, large-bore valves require more pvrotechnic charge i general for
actuation compared to small-bore valves ot the same matenal. However, a stronger detonation
also results m an increased occurrence of deformation o the msert portion and/or matenal
fragments when the shear portion is sheared oft to open the valve during actuation.
{_onseguently, the resulting flow through the opened valve may be hindered, distorted, or
otherwise disrupted by the detormation, thereby adversely affecting the mtended operation of
the valve. Furthermore, the presence of material fragments in the flow may damage or

otherwise have a detrimental impact on downstream components and structures.
SUMMARY

GG03] A pvrotechnic-actuated valve assembly may include an mnsert body having an mlet,
an outlet, and a Hlow path extending from the mlet to the outlet. The msert body 15 formed of
a first alloy. A shear structure 1s bonded to the outlet of the msert body so as to close the flow

path. The shear structure 1s formed of a second allov. 'the second alloy of the shear structure
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is bonded to the first allov of the msert bodv 50 as to torm a hermetic seal. The mnsert body

may be tapered at the outlet {o decrease a contact area with the shear structure.

163041  The msert body may have an outer diameter that i1s larger than 2 iches. the first
allov and the second alloyv have difterent crystal structures and/or different lattice constants.
The first alloy may be a 400 sernes stamless steel (or other hardenable high-strength martensitic
stainiess steel alioy). The first alloy may also be a bigh-strength low-alloy steel. The first alloy
may also be an Inconel alloy {or other high-strength nickel alloy). The second alloy 1s harder
than the first alioy. It the pyvrotechmc-actuated valve assembly will be used in a nuclear reactor
environment, then it will beneficial tor the second alloy o be free of cobalt. In addition, the
second allov may contam at least 0.5 weight percent nitrogen. The second alloy mav also be
one of the allovs identitied for the first alloy, as long as the first and second alloys are not of

the same matenal.

B005] A cladding of athud alloy may hne the tlow path of the msert body. The thard alloy
has a hagher resistance to corrosion than the first alloy and the second alloy or may be necessary
to provide a continuous corrosion-resistant miermal thud boundary consistent with the piping
system material 1 which the pyrotechnic-actuated valve assemibly 1s mstalied. The third alloy

may be a 300 senes stamnless steel.

B086] A piston 18 configured to strike and dispiace the shear structure to open the flow
path. A retamning structure mav be secured to the shear structure. The retaming structure 1s
configured to permit a displacement of the shear structure while controliing a post-actuation
motion and posttion of the shear structure. A retaining pocket or capture space mside the valve
body 1 which the shear structure 1s captured (and which permats full displacement of the shear

structure out of the fluid path) mav also be used with or mn place of a retaming structure.

6G07]  The msert body may be 1 the form of a nipple, and the shear structure mayv be 1n the
form of a shear cap. In another exampie embodunent, the msert body may inciude a first
conduit section and a second conduit sechion, and the shear structure may be in the form of a
shear plug that 1s between the first condat section and the sccond conduit section of the msert

bodv (¢.g., bonded between the mlet and outlet conduits of the insert body).

6008] A method of fabncating a pyrotechnic-actuated valve assembly may mclude forming

an msert body of a first alloy so as to have an inlet, an ocutlet, and a flow path extending from
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the mlet to the outlet. In addition, the method may include fornung a shear structure of a second
alloy. Furthermore, the method may include bonding the shear structure to the outlet of the
insert body so as to close the {flow path. The second alloy of the shear structure 15 bonded to

the fust alioy of the msert bodvy so as to form a hermetic seal.

6009}  The formmg the shear structure and the bonding the shear structure may be
performed stmultancously. in addition, the shear structure may be formed with a powder of
the second alloy. Thus, in one example, 3D printing may be used to form the shear structure
onio the msert body. In another mstance, hot sostaiic pressing may be used to form the shear

structure onto the msert body.

(G018]  The method of fabricating may further include fornung a cladding of a thard alloy so
as to hine the flow path of the msert body. The thard alloy has a higher resistance to corrosion
than the first alloy and the second alioy. The third alloy mayv be applied uniformly to mhbit

dissymndar matenals corrosion.

3011} A method of actuating a valve assembly may mchide triggering a pyrotechnic device
in response to a control signal. In addition, the method may include stniking a shear structure
that 1s bonded to an outlet of an msert body so as displace the shear structure along a gramn
boundary between the shear structure and the msert body to open a flow path within the msert

body without defornmung the insert body.
BRIEF DESCRIPTION OF THE DRAWINGS

16312]  The vanous featurcs and advantages of the non-limiting embodiments herein may
become more apparent upon review of the detaled descniption in conjunction with the
accompanving drawimngs. The accompanving drawings are merely provided for dlustrative
purposes and should not be mierpreted to limit the scope of the claims. The accompanying
drawings arc not to be consudered as drawn 1o scale unless explicitly noted. For purposes of

clarity, various dimensions of the drawings mayv have been exaggerated.

16613 PG 1 1s a schematic view of a pyrotechnic-actuated valve assembly prior o
actuation according to an example embodument.
6014} FiG. 2 1s a schematic view of the pyrotechnic-actuated valve assembly of FiG. 1

atter actuation according to an exampie ermmbodiment,

tod
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{B015]  FIG. 318 a schematic view of another pyrotechnic-actuated valve assembly prior to

actuation accordmg to an example embodiment.

63161 FI1G. 4 15 a schematic view of the pyrotechnic~-actuated valve assembly of Fi(. 3

after actuation according to an example embodument,
DETAILED DESCRIPTION

{3017] It should be understood that when an clement or laver 1s reterred to as bemng "on,”
"connected to," "coupled t0." or “covering” another element or laver, it may be directly on,
connected to, coupled 1o, or covering the other clement or layver or mtervening clements or
lavers may be present. In contrast, when an element 1s reterred to as being "directly on.”
"directly connected to,” or "directly coupled 0" another clement or laver, there are no
micrvening clements or layers present. Like numbers refer to hke elements throughout the
spectfication. As used heremn, the term "and/or” includes anv and ali combmations of onc or

more of the associated listed stems.

{G018] It should be understood that. although the terms first, sccond. third, ¢ic. may be used
herem to descrbe vanous elements, components, regions, lavers and/or sections, these
clements, components, regions, layers, and/or sections should not be limated by these terms.
These terms are only used to distinguish one clement, component, region, laver, or section from
another region, laver, or section. Thus, a first clement, component, region, laver, or section
discussed below could be termed a second element, component, region, layer, or section
without departing from the teachings of example embodiments.

AL A

6019] Spatially relative terms (¢.g., "beneath,” "below,” "lower,” "above,” "upper,” and the
hke) may be used heremn for case of description to describe one element or teature's relationship
to another clement(s) or feature(s}) as tllustrated in the figures. It should be understood that the
spatiaily relative terms are mtended to encompass diffcrent oricntations of the device 1n use or
operation m addition to the orentation depicted 1n the figures. For example, it the device m
the figures 15 turned over, clements descnibed as "below” or "beneath™ other clements or
fecatures would then be onicnted "above” the other elements or features. Thus, the term "below”
may encompass both an orientation of above and below. The device may be otherwise onented
{rotated Y0 degrees or at other ortentations) and the spatially relative descriptors used hercin

mterpreted accordingly.



CA 030483959 2015-06-25

WO 2018/125442 PCT/US2017/062940

{3020]  The termunology used herem s for the purpose of describing vanous embodunents
only and 18 not micnded to be hnuting of example embodiments. As used heren, the singular

8¢ §§

forms "a,” "an,” and "the" arc mitended to mchude the plural forms as well, unless the context

clearly indicates otherwise. it will be further understood that the terms “mcludes,” “mncluding,”

{

"comprises,” and/or "comprising,” when used in this specification, specity the presence of
stated features, mntegers, steps, operations, clements, and/or components, but do not preciude
the presence or addition of one or more other features, mtegers, steps, operations, eclements,

components, and/or groups thereot.

3021} Example embodiments are descrnibed herein with reference fo c¢ross-sectional
ihustrations that are schematic illustrations of idealized cmbodiments (and mtcrmediate
structures) of example embodiments. As such, vanations from the shapes of the iHlustrations
as a result, for example, of manufactunng technigues and/or tolerances, arc to be expected.
Thus, example ecmbodiments should not be construed as himited to the shapes of regions
thustrated hercin but are to include deviations in shapes that result, for example, from

manufacturng.

130221 Unless otherwise defined, all terms (including technical and scientific termis) used
herem have the same meaning as commonly understood by one of ordinary skill i the art to
which example embodiments belong. It will be further understood that terms, meluding those
defined 1n commonly used dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art and will not be mierpreted 1t an

wdeahized or overly formal sense unless expressly so defined herem.

66231 FIG. 1 1s a schematic view of a pyrotechnic-actuated valve assemibly prior 1o
actuation according to an example embodiment. The pyrotechnic~-actuated valve assembly 100
may be applied o a safety system of a nuclear power plant. However, it should be understood
that the pyrotechnic-actuated valve assembly 100 mayv also be used i other situations and
enviromments. Referning fo FIG. 1, the pyrotechmic-actuated vaive assembly 100 mnchides an
msert body 102 having an mlet, an outlet, and a flow path 104 extending from the mlet to the
outlet. The msert body 102 15 formed of a first alloy. A shear structure 108 1s bonded to the
outlet ot the wsert body 102 so as to close the Hlow path 104, The shear structure 108 1s formed

-

of a second allov. The second allov of the shear structure 108 15 bonded to the first alloy of the

(A
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msert body 102 so as to torm a hermetic seal. The msert body 102 may be i the form of a

primary conduit or a mpple, and the shear structure 108 may be m the torm of a shear cap.

16324 Whale the principles hercin may be apphied a vanety of pyrotechmic-actuated valves,
the teachings are particularly beneficial for large-bore valves, wherein valves with outer
diameters of more than 2 mches are understood by those of ordinary skill in the art to be large-
bore valves. In this regard. the msert body 102 has an outer diameter (non-flange portion) that
is larger than 2 inches according to an example embodiment. In another mstance, the outer

diameter of the msert body 102 may be larger than 6 mches, & mches, or even 14 mches.

16323]  Dunog actuation, an energy impulsc 1s used 1o shear the shear structure 108 from
the msert body 102 so as to open the pyrotechmce-actuated valve assembly 100, To facilitate a
clean shear during actuation, the matenals used to form the msert body 102 and the shear
structure 108 should be suthiciently hard to permit the energy impulse to be transmitted around
the intended fracture miertace i a near mstantancous manner and with munumal absorption. In
such an mstance, the energy smpulse will cause an abmost simultancous separation of the
interfacial surfaces of the wnsert body 102 and the shear structure 108, Otherwise, the longer
the amount of time spannmg from the mitiation and complietion of the shearing action (¢.g.. the
siower the propagation of the fracture following the energyv mmpulse), the more maitenal
deformation and macroscopic tearing that 1s likely to occur. While the above conseguence may
not be of particular 1ssue for smali-bore valves, the eftect will be more pronounced for large-
bore valves duc to the increased distance from the point of impact of the encrgy impuise to the
extremitics of the micrtace between the msert body 102 and the shear structure 108,

16026]  To overcome the above drawbacks, a dual~-alloy approach 1s used 1o connection with
the pvrotechnic~-actuated valve assembly 100, Notably, the insert body 102 18 formed of a first
allov, while the shear stractare 108 15 formed of a different second alloy. The first alloy and
the second alloy are relatively hard matenials that are also sufficiently distinct from each other
{¢.g., bv crystal structure geometry and/or latiice dimensions) to facilitate the generation of a
relatively clean fracture plane at or immediatelv adjacent to the mtertace of the msert body 102
and the shear structure 108 dunng actuation. In addition, to help focus the energy impulse on
the shear zone, the outer surtace of the msert body 102 at its outlet may be tapered to decrease

a contact arca with the shear structure 108,
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30271 In anon-limiting embodiment, the first allov may have a body-centered cubic (BUC)
crystal structure. For example, the first alloy may be a ferntic or martensitic iron-bascd alloy,
such as 400 series stainless steel {or other hardenable high-strength martensitic stainless steel
atloy}. The first allov may also be a high-strength low-alloy steel. In another mstance, the first
alloy may be an austenific nickel-chromum-based alloy, such as an Inconel alloy {or other

high-strength nickel alloy).

(3028]  The second alloy 1s harder than the first alloy. In a non-hnuting embodiment, the
second allov may have a face-ceniered cubic (FCU} erystal structure. When the pyrotechmece-
actuated valve assembly 100 1s used in a nuclear reactor environment, 1t 1S beneticial for the
second alloy 1o be free of cobalt 1 order 1o reduce or avoid exposure concerns. The second
alloy may be an austenific iron-based alloy containing at least 0.5 weight percent mitrogen. To
obtain the second alloy, an austenitic wron-based alloy may be used as a base material and super
saturated with nitrogen. For example, tor the second alloy, NiroMaxx by Electrical Power
Fescarch Institute (EPRI) mav be used. The sccond allov may also be one of the matenals
disclosed supra for the first allov, provided that the first alloy and the second alloy are not

tormed of the same material.

16029  Asaresult of the first alloy bemg tused to the second alloy, the mterface of the msert
body 102 with shear structure 108 will either be weaker {due to musalignment of the crystal
structure} or stronger {(duc to symbiotic strengthening ) than the adjacent alloy. In the former
situation, a natural fracture plane will be present, and the sheanng will occur at the micriace
during actuation. In the latter sttuation, a very thin strengthened section will be present at the
interface, and the shearing will occur immediately adjacent to the micrface durmg actuation.

Thus, in erther situation, a relatively clean shear can be achieved during actuation.

6038] A cladding 106 of a thurd alloy lines the flow path 104 of the msert body 102, The
third alloy is not as hard as the first alloy and the second alloy but has a higher resistance to
corrosion than the first allov and the second allov. The thuird aliov mayv be an austenitic won-

based allov, such as 300 senes stamless stecl (e.g., 308 B, 316 5§},

G631 A piston 116 1s configured to stnike and displace the shear structure 108 to open the
flow path 104, The piston 116 1s contigured to be set in motion by a pyrotechnic device 118,
which can be triggered manually by an mdividual or automatically {and remotely} by a control

system. To mitigate or provent the possibility of obstructing the flow path 104, a stopper may
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be provided fo lunit the distance that the piston 116 will protrude after detonation of the
pyvrotechnic device 118, In hieu of or in addition to the stopper, a spring may also be provided
to bias the piston 116 away from the flow path 104 aficr striking the shear structure 108, For
cxampic, when mstalied, the lower ram portion ot the piston 116 may extend through the spring
with the head portion of the piston 116 resting on the spring. As a result, upon detonation of
the pyvrotechnic device 118, the piston 116 will be driven to strike the shear structure 108 and
simultancously compress the sprning. Immediately after, the piston 116 will be lifted up and

away from the flow path 104 by the decompression of the spring.

30321 A retamning struchure 110 may be secured to the shear structure 108 1 order to control
a post-actuation motion and position of the shear structure 108, The retamnmg structure 110
may mcelude a slot 112 that s engaged with a pin 114, The pin 114 may be mounted 1o the
vicimity of the msert body 102 and 18 configured to remain stationary, while the retaming
structure 110 {(to which the shear structure 108 is secured) 1s contigured to have some axial and

angular mobility about the pin 114 via the slot 112 afier actuation.

13033}  The retamung structure 110 may optionally be secured to the msert body 102 as well
as the shear structure 108, In such a non-limiting embodiment, the retaming structure 110 15
contigured to pernut a displacement of the shear structure 108 while mamtamming a connection
to the msert body 102, Alternatively, the retaming structure 110 may be onutted, and a recess

or pocket may be provided to receive the shearimg structure 108 after actuation.

{3034] FIG. 2 15 a schematic view of the pyrotechmic-actuated valve assembly of Fils, 1
after actuation according to an cxampie embodiment. Refernng to FIG. 2, the detonation of
the pyrotechnic device |18 drnives the piston 116 to strike the shear structure 108, As a result,
the shear structure 108 will be sheared from the msert body 102 at or immediately adjacent to
the mnterface of the first allov and the scoond alloy, thereby breaking the intergranular metallic
bonds therebetween in the process. In this regard, any tearng will be himited to those on a

microscopic scale {as opposed to those on a macroscopic scale as m the conventional art).

{3035]  The slot 112 m the retaning structure 110 permuts an axaal motion by the shear
structure 108 to facilitate the sheanng action. The stot 112 also pernuts an angular motion such
that the retavnng structure 10 (to whach the shear structure 103 1s secured) will swing down
to open the tlow path 104 once the shear structure 108 1s separated from the insert body 102,

As aresult, a flow can occur through the msert body 102 from the miet 104a to the outlet 104b
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{(e.g., for depressunization}. As shown i Fi. 2, the pyrotechnic-actuated valve assembly 100
may be configured such that, after actuation, the piston 116 and the shear structure 108 will not
protrude mto the tlow path 104, In particular, the lower surface of the piston 116 may be at or
above the level of the upper bounds of the flow path 104 defined by the msert body 102,
Additionally, the upper surtace of the shear structure 108 (F1G. 2) may be at or below the level

of the ower bounds of the flow path 104 defined by the msert body 102,

{3036]  FIG. 315 a schematic view of another pyrotechnic-actuated valve assembly prior 1o
actuation according to an exampic embodiment. Referring to FIG. 3, the pyvrotechmic-actuated
valve assembly 300 includes an msert body mchuding a first conduit section 302 {¢.g., inlet
nozzic) and a second conduit section 3403 {c.g., outict nozzic). The shear structure 308 15 a
shear plug that 1s between the first conduit section 302 and the second conduit section 303 of
the msert body so as to close the flow path. In particular, the shear structure 308 may be
regarded as bemg bonded/fused to the outlet of the first conduit section 302 and bonded/tused
to the milct of the second conduit section 303, The tirst condut section 302 and the sccond
condut section 303 of the mmsert body are formed of a first alloy, while the shear structure 3038
is formed of a different second alloy. The second alloy of the shear structure 308 1s bonded to
the first alloy of the first conduit section 302 and the sccond conduit section 303 of the msert
body so as to form a hermetic scal. The first allovy, the second alloy, and thew bonding/fusion

to cach other are as descnbed supra 1n connection with FIGS. 1-2.

(GG37] A cladding 306 of a third aliov lines the flow path defmed bv the first conduit section
302 and the second conduit section 303 of the msert body. The thard allov s as descnbed supra

in connection with FiGs. 1-2.

6038] A piston 316 18 configured to strike and displace the shear structure 308 to open the
flow path. The piston 3161s configured to be set in motion by a pyrotechnic device 3138, which
can be triggered manually by an mdividual or automatically (and remotelv} by a control system.
To mitigate or prevent the possibility of obstructing the fiow path, the length of the ram portion
ot the piston 316 mayv be adjusted to himut the distance that the piston 316 will protrude after

detonation of the pvrotechmce device 318,
6039] FIG 4 15 a schematic view of the pyrotechnic-actuated valve assembly of Fi{. 3
atter actuation according to an example embodiment. Referring to FIG. 4, the detonation of

the pyrotechnic device 318 drives the piston 316 to strike the shear structure 308. As a result,

\{&
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the shear structure 308 will be sheared from the msert body at or immmediatelyv adjacent to the
mterface of the first alloy and the second alloy, thereby breaking the atomic bonds
therebetween 1n the process. As a result, a flow can occur through the first condutt section 302

and the second condutt section 303 of the insert body.

6044}  The example embodiment shown i FIGS. 1-2 may be regarded as a depressurization
vaive {DPV}) with a shear cap pressure boundary and external pyvrotechnic actuation. Un the
other hand, the example embodiment shown m FIGS. 3-4 may be regarded as a pvrotechmc
block valve (PBV) with a shear plog mner body and sealed pyrotechnie actuation for flud

boundary integrity.

60411 A method of fabricating a pyrotechnic-actuated valve assembly includes forming an
msert body of a first allov 50 as to have an inlet, an outlet, and a flow path extending from the
miet to the outlet. In addition, the method cludes formung a shear structure of a second alloy.
Furthermore, the method includes bonding the shear structure to the outlet of the msert body
so as to close the tlow path. The sccond alloy of the shear structure 1s bonded to the first alloy
of the msert body 50 as to form a hermetic seal. The hermetic seal i1s capable of withstanding
at least 1,500 pounds per square mnch {ps1) of normal operating pressure and may be designed

for greater operating pressures.

3042} The formng the shear structure and the bonding the shear structure may be
performed simultancously. in addition, the shear structure mayv be formed with a powder of
the second allov. A laser may be used to melt the powder so as to create the shear structure
faver bv laver on the msert body. Heat and pressure may also be used to fuse the powder to
form the shear structure on the msert body. Thus, 1 one cxamplie, 31 printing {or additive
manufacturing) mayv be used to form the shear structure onto the msert body. In another

mstance, hot 1sostatic pressing may be ased to form the shear stracture onto the insert body.

(3343]  The method may further inchude forming a cladding of a third alloy so as to line the
flow path of the msert body, wherem the third alloy has a lagher resistance {0 corrosion than
the first alloy and the sccond alloy. The cladding may be formed prior {o or after the {formation

of the shear structure.

16044} A method of actuating a valve assembly may mcloade triggenng a pyrotechnic device

i response to a control signal. In addition, the method mayv mclude striking a shear structure

10
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that 1s bonded to an outlet of an mmsert body s0 as displace the shear structure along a gramn
boundary between the shear structure and the insert body to open a flow path withun the msert

body without detorming the msert body.

16045]  'The dual-alloy approach discussed heremn provides a relatively clean flow path atier
the sheanng action to open the pyrotechnic-actuated valve assembly. Conscgquently, there 1s a
negligible mmpact on the loss coefhicient. Furthermore, the dual-alloy approach allows the

encrgy level of the impulse needed for actuation to be more predictable.

133846]  While a number of example embodiments have been disclosed herein, it should be
understood that other vanations may be possibie. dSuch vanations are not to be regarded as a
departure from the spint and scope of the present disclosure, and all such modifications as
would be obvious to one skilled 1n the art are mtended to be mcluded within the scope of the

following claims.

b
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CLAIMDS

i, A pyrotechnic~-actuated valve assembly, comprising:

an 1nsert body having an wnict, an outlet, and a flow path extending from the mlet to the
outlet, the msert body formed of a first allov; and

a shear structure bonded to the outlet of the msert body s0 as to close the flow path, the
shear structure formed of a second alloy, the second alloy of the shear structure being bonded
to the first alloy of the msert body so as to form a hermetic seal.

2. the pyrotechnic-actuated valve assembly of claim 1, wherein the insert bodyv s
tapered at the outlet to decrease a contact arca with the shear structure.

3. The pyrotechnic-actuated valve assembly of claim 1, wherein the msert body
has an outer diameter that 1s larger than 2 imches.

4. ‘the pyrotechnic-actuated valve assembly of claim 1, wherem the first alioy and

the second alloy have ditterent crystal structures.

5. The pyrotechnic-actuated valve assembly of claim 1, wherein the first allov and
the second alloy have different lattice constants.

O. The pyrotechnic-actuated valve assembly of ¢laim |, whercin the second alloy

1s harder than the first allov.

7 The pyrotechnic-actuated valve assembly of claim 1, wherein the second alloy

18 free of cobalt.

8. The pyrotechnic-actuated valve assembly of claim 1, wherein the second alloy

contains at least U.3 weight percent nitrogen.
9. ‘The pyrotechnic-actuated valve assembly of claim 1, further compnsing:

a claddmg of a thard alloy lining the tlow path of the insert body, the thurd alloy

having a higher resistance to corrosion than the first alloy and the second alloy.
10, 'the pyrotechnic-actuated valve assembly of claim |, further comprising:

a piston configured 1o strike and displace the shear structure to open the flow

path.
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1B ¢ pyrotechnic-actuated valve assembly of claim |, further compnsing:

a retaunng structure secured to the shear structure, the refaming structure
configured to permut a displacement of the shear structure while controliing a post-actuation
motion and posifion of the shear structure.

12, 'The pyrotechnic-actuated valve assembly of clamm 1, wherein the 1nsert bodvy 1s
m a torm of a nipple, and the shear structure 15 mn a torm of a shear cap.

13.  "The pyrotechnic-actuated valve assembly of claim 1, wherein the msert body
includes a first conduit section and a second condut section, and the shear structure 1s m a form
of a shear plug that 1s between the first conduit section and the second conduit section of the

msert body.
14, A method of {abricating a pvrotechnic~actuated valve assembly, comprising:

torming an msert body of a first alloy s0 as to have an inlet, an outiet, and a tlow path

extending from the mict to the outlet;
forming a shear structure of a second alloy; and

bonding the shear structure to the outlet of the msert body s0 as to close the flow path,
the second alloy of the shear structure being bonded to the first alloy of the mmsert bodv 50 as to

form a hermetic seal.

15, The method of claim 14, wheren the forming a shear structure and the bonding
the shear structure are performed simultancously.

16, the method of claum |4, wherem the forming a shear structure 1s performed

with a powder of the second allov.

7. the method of claim 14, wherein the bonding i1s performed bv 3D printing the

shear structure onto the msert bodv.

18. tThe method of claim 14, wheremn the bonding 1s performed by hot isostatic

pressing the shear structure onto the wmsert body.
19, The method of claxm 14, further comprising:

torming a cladding of a third aliov so as to hine the tlow path of the msert body, the

third alloy having a higher resistance to corrosion than the first alloy and the second alloy.

13
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24, A method of actuating a valve assembly, compnising:
triggering a pyrotechnic device 1n response to a control signal; and

striking a shear structure that 1s bonded to an outlet of an msert body so as displace the
shear structore along a grain boundary between the shear structure and the msert body to open

a How path within the msert body without deforming the msert body.
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