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@ Anaerobic sealing of the interfaces between ammunition parts.

@ Anaerobic sealing is used on the interfaces be-
fween ammunition parts, e.g. of initiators, squibs,
detonators, actuators, primers or other pyrotechnic
devices and explosive devices. Said interfaces can
comprise metal to metal, metal to non-metal or non-
metal to non-metal interfaces between for example
sleeve and plug, chamber and housing, insulator and
sleeve or electrical structures and insulators. Said
anaerobic sealing can comprise acrylate sealant.
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Background

The present invention is directed to a means of
sealing the interfaces in energetic devices with
anaerobic sealants. Anaerobic seals for interfaces
between like-to-like materials or dissimilar-to-dis-
similar materials in assembled devices such as
squibs, detonators, mechanical actuators, initiators,
and primers are found easier to produce commer-
cially and equivalent in service o present seals.

The present technology is aware that interfacial
seals between like materials and interfacial seals
between dissimilar materials remains a problem in
the energetic devices art. Welding and soldering
techniques are considered the benchmark technol-
ogy which is known to this art and provide substan-
tial means for sealing the troubled interfaces that
concern the present invention. These techniques,
however, do not easily lend themselves to the
rigors of commercial production. Chemical sealant
techniques have been used to seal interfaces, for
example in U.S. patent 3,971,320, incorporated
herein by reference in its entirety, potting materials
such as epoxy resins are disclosed to seal the
interfaces of squibs to insure environmentally tight
seals.

Energetic devices comprise a generic group of
assembled structures that require a chamber which
provides a common reaction forum thus enabling
explosive compositions to react. For reliable reac-
tions, the chamber and its companion structural
interfaces must be sealed against the ingress of
moisture and other contaminants often found in the
hostile environments in which these devices must
function. Anaerobic sealing techniques are gen-
erally known to those skilled in the explosive ord-
nance art such as that used with percussion prim-
ers.

The present invention is directed to the use of
anaerobic sealing techniques for interfaces in ener-
getic devices. Such use is heretofore unknown for
these devices and give significant manufacturing
advantages, such as ease of sealing these surfaces
in a fast and economic manner, thus reducing
production costs. Additionally, means may be ad-
ded to the anaerobic sealing technique to facilitate
quality assurance, an important aspect of any ener-
getic device manufacturing process. As those
skilled in this art appreciate, once manufactured it
is difficult to determine sealant presence at the
interfaces, the present invention lends itself to such
a determination.

The present invention is useful for all manner
of sealing interfaces in energetic devices, this is
especially useful in the automotive airbag business
in the production of initiators.
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SUMMARY OF THE INVENTION

A single or plurality of interfaces between com-
ponents in energetic devices comprising an an-
aerobic sealing means wherein said means com-
municates therebetween and therefrom metal-to-
metal first surfaces, metal-to-nonmetal second sur-
faces, and/or nonmetal-to-nonmetal third surfaces
wherein said first, second, and/or third surfaces are
optionally a part thereof and therein of said ener-
getic devices. The single or plurality of interfaces
can be any of the surfaces brought together of the
assembled pieces or components for the manufac-
ture of energetic devices. In particular and by way
of example, the interfaces between metal sleeves
either first or second side said first side juxtaposed
fo a plug assembly, said plug assembly a closure
means which enables a signal fransmission such as
light, by way of example a laser, electrical or
mechanical stimulation for said signalling purposes,
a metal cup or chamber means that fit juxtaposed
to a housing and/or to said first side of said sleeve,
the insulator materials that fit juxtaposed or within
said second side of said sleeve or chamber means,
component electrical structures embedded within
said insulators, and the dissimilar interfaces of the
body used to cap the top portion of an energetic
device such as a squib. The three different inter-
faces are optional in the sense that not all three are
required in any one device, although, of course, at
least one of the options must be in the device.

The energetic devices of particular benefit fo
the present invention are squibs, initiators, me-
chanical actuators, detonators, primers, pyrotechnic
devices, explosive devices, combinations thereof
and therebetween. Preferably squibs, initiators, and
mechanical actuators, most preferably squibs and
initiators are the beneficiaries of the present inven-
tion.

The metal-to-metal interfaces commonly used
in energetic devices may be selected from the first,
second or third transition series, alloys thereof and
combinations thereof from the Periodic Chart. Pref-
erably, aluminum, copper, carbon steel, stainless
steel, iron, zinc, nickel, tin, titanium, alloys and
combinations thereof, most preferably aluminum,
copper, stainless steel, alloys, combinations thereof
and therebetween. The metal-to-metal interfaces
may be combinations of either the same metal
interfaces or dissimilar metal interfaces.

The metal-to-nonmetal interfaces include all of
the metals recited hereinabove, and nonmetal ma-
terials comprising, glasses, ceramics, glass-ceram-
ics, insulators such as thermoplastic and thermo-
setting materials and blends thereof. Examples of
glasses are soda-lime silicate, borosilicate, quartz,
aluminosilicate, mixtures of alkali and alkaline earth
silicates, ferrosilicates. Ceramic materials such as
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borates, zirconates, aluminates, lanthanates,
titanates, and combinations thereof are used as
insulators. Thermoplastics such as the nylons, (Ny-
lon 66 and 6, for example), polypropylenes, poly-
styrenes, ABS, polyesters, polysethersufones (PES),
polyetherethersulfones (PEES), polyetherether-
ketones (PEEK), polyetherketones (PEK),
polyetherimides (PEIl), polycarbonates, polyvinyls,
polyacetates, acetals, polyethylenes, and combina-
tions thereof. Thermosetting materials such as ep-
oxies, methacrylates, acrylics, cyanates,
isocyanates, phenolics, phthalates, and combina-
tions thereof. The above recited nonmetals may be
sealed with other nonmetals as recited above in
any combination using the same sealant tech-
niques disclosed herein.

Communication may be defined as its ordinary
meaning indicating that through and as a result of
the anaerobic sealant means, the interfaces are
brought together forming a combined unitary func-
tional assembly that is environmentally stable to,
by way of example, moisture, solvents, electrical
charges, pressure and temperature variations. The
anaerobic sealant means has been found to with-
stand the same environmental stresses as the
welding and soldering techniques resulting in
equivalent interfacial seal integrity.

The anaerobic sealant, such as Loctite 290
(obtained from the Loctite Corporation, Newington,
Connecticut) the preferred sealant, for sealing met-
al-to-metal interfaces, applies through a wicking
action after the assembly has been combined. Of
course, application may be applied prior to assem-
bly, however, it is preferred for purposes of com-
mercial production, to wick the sealant to, through,
between, and/or on the interfaces after assembly.
Due to its lower viscosity (as compared to the
soldering and welding techniques), the anaerobic
sealant runs into and thereafter remains on and
between the interfaces. It is believed that the inter-
facial surface energies may be relaxed by sealant
presence thereon and therebetween said inter-
faces, thereby enabling the above-referenced com-
munication.

An important consideration in this sealant tech-
nique is the methodology of its application, touched
on hereinabove. The production method most fa-
miliar to those in this art are the solder and/or
welding techniques. These techniques employ be-
fore-assembly and/or after-assembly methods
which decrease the economies available to mass
production assembly that after-assembly methods
using anaerobic sealants promote. Due to the wic-
king and solvent characteristics of these anaerobic
sealants an ultraviolet reflecting or absorbing
means may be mixed with the sealant. Thereafter,
an ultraviolet detection means may be employed
on-line in a production line to quality check and
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thus assure that the sealant found its way to the
interface, in fact. The solder and welding tech-
niques do not lend themselves to such a sophisti-
cated detection means, requiring an operator as-
sisted observation. The economies therefrom of the
present invention reduce labor intensity, increase
speed of assembly, increase reliability of product
quality and assurance thereof, and the economies
that flow therefrom.

For sealing metal-to-nonmetal interfaces Flex-
seal XT, (obtained from the Loctite Corporation,
Newington, Connecticut) is the preferred sealant.
This sealant is applied in a dry vacuum environ-
ment whereby the assembly is introduced into a
vacuum chamber with sealant, the partial pressure
of air above the sealant removed, then the sealant
is impregnated into the assembly under pressure.
Similar equivalency in sealed interfaces with ease
of manufacture is experienced with this sealant, as
well. It has also been conveniently found that wet
vacuum and/or pressure techniques may be uti-
lized for operational species, as well, dependent
upon manufacturing requirements.

Other anaerobic sealants contemplated as op-
erable hereunder are derived from the family of
anaerobic sealants which may include thermoset-
ting sealants and the generic acrylates which are
not necessarily completely anaerobic in their curing
properties and may include thermally and/or ul-
traviolet (UV) initiated polymerized sealants.

Anaerobicity, even if only partial, is an impor-
tant part of this sealant mechanism since oxygen
curing of the sealant may be an impractical and
therefore not preferred, although operable, means
of curing within the interfaces.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

By way of example of how the above recited
invention may be practiced, the following descrip-
tion is offered, not intending to limit the scope
thereof.

Three hundred squid energetic devices were
prepared wherein 100 of each squib were prepared
whereby the chamber means was inserted into the
housing means and mechanically crimped by a
360 degrees perimeter crimp. Said crimp was posi-
tioned such that the housing means and chamber
means were crimped simultaneously and therefore
together. A similar sample subset was crimped and
sealed with solder, and a third subset was crimped
and sealed with the anaerobic sealant, Loctite 290.
The samples were then subjected to an acceler-
ated environmental test where for a thirty-six week
time period the squibs from each subset were
subjected to a humidity chamber at 25 to 60 de-
grees centigrade cycling over a 24 hour period.
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Each squib assembly was placed in a pres-
sure/time test bomb. The squib is initiated and the
time from application of firing current to peak out-
put pressure was measured. This test provides a
measure of moisture contamination. The more
moisture ingress into the sample the longer the test
times. This test is known by those skilled in the art
as MIL-STD-810C, Method 507.1. The squib as-
sembly which is the subject of the present inven-
tion, is the same assembly as disclosed in U.S.
patent 3,971,320, the structure and description of
which are incorporated herein by reference in its
entirety.

The crimped only subset exhibited multiple fail-
ure modes whereas the solder and anaerobic seal-
ant subsets performed equally well with no failures
for either method and no substantial degradation.

Claims

1. A single or plurality of interfaces between com-
ponents in energetic devices comprising an
anaerobic sealing means wherein said means
enables communication therebetween and
therefrom metal-to-metal first surfaces, metal-
to-nonmetal second surfaces, and/or nonmetal-
fo-nonmetal third surfaces wherein said first,
second, and/or third surfaces are optionally a
part thereof and therein of said energetic de-
vices.

2. The interfaces of claim 1 wherein said inter-
face between components comprise a sleeve
and a plug assembly .

3. The interfaces of claim 1 wherein said inter-
face between components comprise a cham-
ber and a housing.

4. The interfaces of claim 1 wherein said inter-
face between components comprise insulator
materials and sleeve.

5. The interfaces of claim 1 wherein said inter-
face between components comprise electrical
structures and insulators.

6. The interfaces of claim 1 wherein said inter-
face between components are combined to
form a squib.

7. The interfaces of claim 1 wherein said inter-
face between components are combined to
form an initiator.

8. The interfaces of claim 1 wherein said inter-
face between components comprise metals se-
lected from the group consisting of aluminum,
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10.

11.

12,

13.

14.

15.

16.

17.

copper, stainless steels, alloys thereof, and
combinations thereof and therebetween.

The interfaces of claim 1 wherein said inter-
face between components comprise nonmetals
selected from the group consisting of glasses,
ceramics, glass-ceramics, thermoplastics, ther-
mosets, and combinations thereof and there-
between.

The interfaces of claim 1 wherein said commu-
nication provides a unitary assembly.
The interfaces of claim 1 wherein said an-
aerobic sealant is Loctite 290.

The interfaces of claim 1 wherein said an-
aerobic sealant is Flexseal XT.

The interfaces of claim 1 wherein said an-
aerobic sealant is a wicking sealant.

The interfaces of claim 1 wherein said an-
aerobic sealant is combined with a detection
means to provide on-line quality assurance.

The interfaces of claim 1 wherein said sealant
consists of an acrylate.

The interfaces of claim 1 wherein said sealant
is thermosetting.

The anaerobic sealant of claim 1 wherein said
sealant is partially anaerobic.
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