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ELECTRICAL DEVICE WITH SHUNT, AND RECEPTACLE

FIELD OF THE INVENTION
[0001] The invention is in the field of electrical devices, in particular to making

electrical connections with electrical devices having shunts.

DESCRIPTION OF THE RELATED ART
[0002] Shunted electrical devices, such as thrusters for a divert attitude control
systems, are installed with blind connections. Such devices are generally installed
by removing the shunt, and then installing the device, with the electrical connections

being hand wired.

SUMMARY OF THE INVENTION
[0003] A shunted electrical device is installed by inserting it into a receptacle that
includes a cutter to deactivate the shunt.
[0004] According to an aspect of the invention, an installation includes: an
electrical device; and a receptacle that receives and electrically connects with the
electrical device. The electrical device includes: a pair of device electrical contacts;
and a shunt electrically connecting the pair of device electrical contacts. The
receptacle includes: a pair of receptacle electrical contacts; and a cutter. When the
electrical device is inserted into the receptacle, the cutter severs the shunt, breaking
the electrical connection between the device electrical contacts, and allowing
electrical connection between the device electrical contacts and the receptacle
electrical contacts.
[0005] According to an embodiment of any paragraph(s) of this summary, the
cutter is a protrusion from the receptacle, between the receptacle electrical contacts.
[0006] According to an embodiment of any paragraph(s) of this summary, the
cutter protrudes further than the receptacle electrical contacts from a surface of the
receptacle.
[0007] According to an embodiment of any paragraph(s) of this summary, the
electrical device is an energetic device that includes an energetic material that is

electrically actuated by applying electricity to the device electrical contacts.
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[0008] According to an embodiment of any paragraph(s) of this summary, the
energetic materials includes a booster and a propellant.
[0009] According to an embodiment of any paragraph(s) of this summary, the
device electrical contacts are operatively coupled to the booster to activate the
booster.
[0010] According to an embodiment of any paragraph(s) of this summary, the
booster is operatively coupled to the propellant to activate the propellant.
[0011] According to an embodiment of any paragraph(s) of this summary, the
energetic device is a thruster.
[0012] According to an embodiment of any paragraph(s) of this summary, the
receptacle electrical contacts are on a circuit card assembly.
[0013] According to an embodiment of any paragraph(s) of this summary, the
installation includes solder balls on some or all of the electrical contacts.
[0014] According to an embodiment of any paragraph(s) of this summary, the
receptacle includes channels for directing hot air to the solder balls, to solder the
device electrical contacts to respective of the receptacle electrical contacts.
[0015] According to an embodiment of any paragraph(s) of this summary, the
device electrical contacts and the shunt are parts of a connector of the electrical
device that protrudes from a main body of the electrical device, and enters into a
recess at a bottom of the receptacle.
[0016] According to an embodiment of any paragraph(s) of this summary, the
shunt covers a recess between the device electrical contacts; and
[0017] According to an embodiment of any paragraph(s) of this summary, the
curter passes through the shunt and into the recess between the device electrical
contacts, when the electrical device is engaged with the receptacle.
[0018] According to an embodiment of any paragraph(s) of this summary, the
electrical device makes a blind connection with the receptacle.
[0019] According to an embodiment of any paragraph(s) of this summary, the
shunt has a thickness of 0.254-0.762 mm (0.010-0.030 inches).
[0020] According to an embodiment of any paragraph(s) of this summary, the
receptacle electrical contacts are part of a circuit card assembly.
[0021] According to an embodiment of any paragraph(s) of this summary, the
cutter is also part of the circuit card assembly.
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[0022] According to an embodiment of any paragraph(s) of this summary, the
electrical device is a thruster; and

[0023] According to an embodiment of any paragraph(s) of this summary, the
thruster is part of a divert attitude control system of a flying vehicle.

[0024] According to an embodiment of any paragraph(s) of this summary, the
installation is in combination with other parts of the flying vehicle.

[0025] According to an embodiment of any paragraph(s) of this summary, the
flying vehicle is an unpowered projectile.

[0026] According to another aspect of the invention, a method of making a blind
electrical connection includes the steps of: inserting an electrical device into a
receptacle, wherein the inserting includes a cutter of the receptacle breaking a shunt
of the electrical device that electrically couples together device electrical contacts of
the electrical device; and electrically coupling the device electrical contacts to
respective receptacle electrical contacts of the receptacle.

[0027] To the accomplishment of the foregoing and related ends, the invention
comprises the features hereinafter fully described and particularly pointed out in the
claims. The following description and the annexed drawings set forth in detail certain
illustrative embodiments of the invention. These embodiments are indicative,
however, of but a few of the various ways in which the principles of the invention
may be employed. Other objects, advantages and novel features of the invention
will become apparent from the following detailed description of the invention when

considered in conjunction with the drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0028] The annexed drawings, which are not necessarily to scale, show various
aspects of the invention.
[0029] Fig. 1 is an oblique view of a projectile that includes electrical devices
(thrusters), in accordance with an embodiment of the invention.
[0030] Fig. 2 is a side sectional view of a thruster of the projectile of Fig. 1.
[0031] Fig. 3 is a detailed view of part of the thruster of Fig. 2.
[0032] Fig. 4 is a side view of a receptacle for receiving the thruster of Fig. 2.

[0033] Fig. 5 is a detailed view of part of the receptacle of Fig. 4.
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[0034] Fig. 6 shows a first step in the installation of the thruster of Fig. 2 into the
receptacle of Fig. 4.

[0035] Fig. 7 is shows a second step in the installation process.

[0036] Fig. 8 schematically shows an electrical installation with an electrical
device engaging a receptacle, in accordance with another embodiment of the

invention.

DETAILED DESCRIPTION
[0037] An electrical device has device electrical contacts that are initially shunted
together, to prevent accidental triggering or damage to the device, such as by
electrostatic forces. The device is configured to be inserted into a receptacle, with
parts of the receptacle disengaging the shunt and making electrical connection within
the receptacle. The receptacle may have a mechanism for disengaging the shunt,
such as a shunt cutter that protrudes from an inside surface of the receptacle, with
the cutter cutting or otherwise disengaging the shunt as the electrical device is
inserted into the receptacle. The receptacle may also include a pair of receptacle
electrical contacts the electrically connect to the device electrical contacts. The
configuration, where the shunt is only cut as part of the installation process, enables
safer handling of initially-shunted devices, and can also facilitate making blind
electrical connections, since some or all of the electrical contacts may have solder
balls or other soft metal on them for making a blind electrical connection when the
electrical device is inserted into the receptacle (with heat being perhaps applied).
Making blind connection directly with parts of the receptacle also avoids the need to
thread wires through the electrical receptacle and make electrical connections in
another way. This can help reduce installation time and avoid errors in making
electrical connections. The blind shunt disengagement and electrical connection
may be used in a variety of circumstances, including in thrusts for flight vehicles,
such as multi-thruster divert attitude control systems used for changing attitude
and/or steering and/or translating the flight vehicle.
[0038] Fig. 1 shows an example of a flight vehicle, a projectile 10 that is launched
toward a target, such as by being launched from a rail gun. The projectile 10
includes a controls system 12, that includes of a series of thrusters 14 in receptacles
16 that define recesses or spaces 18 at various locations along and around a

4
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fuselage 20 of the projectile 10. The combination of the thrusters 14 inserted into the
recesses 18 defined by the receptacles 16 produces a series of thruster installations
22 around the fuselage 20. The thrusters 14 are connected to a central control
system (not shown) of the projectile 10, which is used to trigger the firing of the
thrusters 14 as desired. The thrusters 14 may be fired individually or in groups,
simultaneously or at different times, in order to maneuver the projectile 10 during
flight. The maneuvers may involve changes in attitude or translations, or some
combination of the two, in order to steer or direct the projectile on an intended course
or to an intended destination.
[0039] The projectile 10 may have other components, such as fins 24 as well as
other components that are not shown (such as a payload, a sensor system, a
guidance system, and a communication system), that may be similar to those used
in prior projectiles. Details regarding such components are not included herein.
[0040] The projectile 10 may be a projectile launched from a railgun launcher.
Alternatively the projectile may be other sorts of projectiles. More broadly, such
thrusters and systems may be usable in a wide variety of flight vehicles, either
powered or unpowered.
[0041] The thrusters 14 may have various operating times and/or amounts of
thrust. For example, some of the thrusters 4 may have a 1-2 millisecond duration.
[0042] Turning now to Figs. 2-5, some details of the thruster 14 and the
receptacle 16 will now be discussed. The thruster 14 is produced separately as a
self-contained unit, that is to be placed in the receptacle 16, to form the combination
22 (Fig. 1), for use as part of the guidance system of the projectile 10. The thruster
14 has a pair of device electrical contacts 32 and 34 that are used for making
electrical connection with other contacts in the receptacle 16. The electrical
connection is a blind connection, in that the connection is made in a location within
the receptacle 16, externally inaccessible to the installer. In the illustrated
embodiment the connection is made at the bottom end of the thruster 14, where the
thruster 14 engages the bottom of the receptacle 16.
[0043] The thruster 14 includes a booster 38 that is operatively coupled to the
device electrical contacts 32 and 34, and a propellant 40. Power is applied to the
device contacts 32 and 34 to provide power to a bridge wire 41, to initiate
combustion (or detonation) in the booster 38, which in turn initiates combustion in the
5
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propellant 40. A casing 42 of the thruster 14 encloses and protects the propellant 40
and other components.

[0044] A shunt 44 initially electrically couples the device electrical contacts 32
and 34, to prevent initiation of the booster 38 (and the thruster 14 as a whole) prior to
installation of the thruster 14 in the receptacle 16. It will be appreciated that
premature detonation (or other initiation) of the thruster 14 could cause serious harm
to personnel, as well as other problems, and that safety concerns place a premium
on avoiding premature detonation of the thruster 14. Some devices, such as the
thruster 14, are sensitive to electrostatic charges, such that the shunt 44 is used
during handling and transportation, before installation of the thruster 14 in the
receptacle 16. While in the case of the thruster 14 the danger of electrostatic
charges is primarily a safety concern, for other sorts of devices there may be other
disadvantages to electrostatic charges or other possible effects of having the device
unshunted, such as damage to the device itself.

[0045] The shunt 44 electrically couples the device contacts 32 and 34 together,
such that electrostatic forces cannot trigger the booster 38. By electrically coupling
the device contacts 32 and 34 together, any electrostatic force on one of the
contacts 32 and 34 is substantially immediately communicated to the other of the
contacts 32 and 34, preventing a potential difference between the contacts 32 and
34 that could result in current flowing through the bridge wire 41, and possibly
triggering the booster 38.

[0046] It is advantageous for the shunt 44 to remain place as long as possible
until the thruster 14 is fully installed in the receptacle 16. To that end, and with
reference to Figs. 4 and 5, the receptacle 16 has a cutter 50 on a bottom surface 51.
The cutter 50 is configured to sever the shunt 44 or otherwise break the connection
of the shunt 44 between the device electrical contacts 32 and 34, in the process
illustrated in Figs. 6 and 7. The cutter 50 may be located between receptacle
electrical contacts 52 and 54 that are electrically connected to the respective device
32 and 34, when the thruster 14 is fully installed in the receptacle 16. The cutter 50
may be a protrusion, protruding out from the bottom surface 51 of the receptacle 16.
The cutter 50 may be located between the receptacle electrical contacts 52 and 54,
and/or may protrude farther from the bottom surface 51 than do the receptacle

electrical contacts 52 and 54.
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[0047] The shunt 44 may be made of any of a variety of suitable materials, such
as a suitable electrically-conductive metal, for example copper or tin. The shunt 44
may have a suitable thickness, such as a thickness of 0.254-0.762 mm (0.010-0.030
inches), or may be pre-perforated to allow it be severed by the cutter 50.
[0048] The cutter 50 has a sharp point or edge 60 that is used to sever the shunt
44. The cutter 50 may be made of any non-electrically-conductive strong material,
such as plastic, fiberglass, or glass.
[0049] The shunt 44 and the device electrical contacts 32 and 34 may be in a
connector 62 of the thruster 14 that protrudes out from the bottom surface of a main
body 64 of the thruster 14. When the thruster 14 is inserted into the receptacle 16
the connector 62 enters a recess 66 at the bottom of the receptacle 16. In the
receptacle recess 66 the shunt 44 is engaged by the cutter 50 and the contacts 32
and 34 engage the contacts 52 and 54.
[0060] The connector 62 may have a connector recess 70 that is at least partially
covered over by the shunt 44. The cutter 50 may pierce or sever the shunt 44 and
enter into the connector recess 70 when the thruster 14 is inserted into the
receptacle 16, as shown in Figs. 6 and 7.
[00561] The cutter 50 and the receptacle electrical contacts 52 and 54 may be
parts of a circuit card assembly (CCA) 80. Traces 82 on the CCA 80 may be hooked
up to a controller that sends signals controlling the firing of the thruster 14. A seal 86
may be used to seal the connection between the CCA 80 and the other parts of the
receptacle 16.
[0052] The device electrical contacts 32 and 34 and/or the receptacle electrical
contacts 52 and 54 may have solder balls 90 on their ends, to aid in making
electrical connection between the two pairs of electrical contacts. The solder balls 90
may be made of traditional tin-based solder alloys. The receptacle 16 may have
channels 92 and 94 that may be used to direct hot air the vicinity of the solder balls
90 after insertion of the thruster 14 into the receptacle 16, in order to melt the solder
of the solder balls 90, which then re-solidifies to make a solid electrical connection
between the contacts 32 and 52, and the contacts 34 and 54. The thruster 14 may
have a mechanical key feature to ensure that it is properly inserted into the
receptacle 16. The channels 92 and 94 may be formed in additive manufacturing
process for making the receptacle 16, either separately from or as part of a process
7
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for making a larger part of the fuselage 20 (Fig. 1). Hot air (or another hot gas) for
the soldering process may be provided for a suitable external source.
[00563] Additive manufacturing or three-dimensional printing methods that may be
used for producing the receptacle 16 (including the channels 92 and 94 include
processes, other layerwise deposition processes, and methods, such as, but not
limited to: Selective Laser Sintering (SLS), Stereolithography (SLA), micro-
stereolithography, Laminated Object Manufacturing (LOM), Fused Deposition
Modeling (FDM), MultiJet Modeling (MJM), aerosol jet, direct-write, inkjet fabrication,
and micro-dispense. Areas of overlap can exist between many of these methods,
which can be chosen as needed based on the materials, tolerances, size, quantity,
accuracy, cost structure, critical dimensions, and other parameters defined by the
requirements of the object or objects to be made.
[00564] Many alternatives are possible for materials, configurations, and
manufacturing methods. For example, soft metal connections and or mechanical
engagements may be usable in place of the solder balls 90. As another alternative,
the channels 92 and 94 may have a different configuration than that shown, and/or
may be made by a different process than an additive manufacturing process.
[00565] It will be appreciated that the thruster 14 is part of a larger group of
energetic devices that are actuated to set off a reaction. For example other sorts of
energetic devices include pressurized-gas-producing devices such as air bag
inflators, and devices that involve detonation of an explosive or initiation of a
combustion reaction, such as squibs.
[0066] With reference now in addition to Fig. 8, blind connection is made between
an electrical device 210 and a receptacle 212 that receives the device 210, the two
together making an installation 220. The thruster 14 (Fig. 2) described above is just
one example of the electrical device 210, a device that has contacts shunted prior to
installation, and for which electrical connection is made and the shunt is severed or
otherwise disabled, as described above for the installation 22 (Fig. 1). Details of the
connection for the installation 220 may be similar to those described above for the
installation 22.
[00567] It may also be advantageous to use installations such as described above
for integrated circuits and circuit card assemblies, for the purpose of avoiding
unintended power application or dissipation to the integrated circuits and circuit card
8
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assemblies. One such example of why this would be advantageous would be to
reduce or mitigate the risk of electro-static discharge (ESD) to sensitive hardware,
components, or circuits within the integrated circuits and circuit card assemblies.
[0068] The various combinations described above provide safety advantages by
keeping a shunt in place until it is automatically removed during the installation
process. The safety may involve protecting the device to be installed and/or
protecting personnel and/or other equipment. The combination also provides for
easier installation, for example avoiding hand wiring of connections. Further, there is
a less of an opportunity for mis-wiring connections, for example avoiding undesired
firing of the wrong thrusters.

[00569] Although the invention has been shown and described with respect to a
certain preferred embodiment or embodiments, it is obvious that equivalent
alterations and modifications will occur to others skilled in the art upon the reading
and understanding of this specification and the annexed drawings. In particular
regard to the various functions performed by the above described elements
(components, assemblies, devices, compositions, etc.), the terms (including a
reference to a "means") used to describe such elements are intended to correspond,
unless otherwise indicated, to any element which performs the specified function of
the described element (i.e., that is functionally equivalent), even though not
structurally equivalent to the disclosed structure which performs the function in the
herein illustrated exemplary embodiment or embodiments of the invention. In
addition, while a particular feature of the invention may have been described above
with respect to only one or more of several illustrated embodiments, such feature
may be combined with one or more other features of the other embodiments, as may

be desired and advantageous for any given or particular application.
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CLAIMS

What is claimed is:

1. Aninstallation, comprising:
an electrical device; and
a receptacle that receives and electrically connects with the electrical device;
wherein the electrical device includes:
a pair of device electrical contacts; and
a shunt electrically connecting the pair of device electrical contacts;
wherein the receptacle includes:
a pair of receptacle electrical contacts; and
a cutter; and
wherein, when the electrical device is inserted into the receptacle, the cutter
severs the shunt, breaking the electrical connection between the device electrical
contacts, and allowing electrical connection between the device electrical contacts

and the receptacle electrical contacts.

2. The installation of claim 1, wherein the cutter is a protrusion from the

receptacle, between the receptacle electrical contacts.

3. The installation of claim 2, wherein the cutter protrudes further than the

receptacle electrical contacts from a surface of the receptacle.

4. The installation of any of claims 1 to 3, wherein the electrical device is an
energetic device that includes an energetic material that is electrically actuated by

applying electricity to the device electrical contacts.

5. The installation of claim 4,
wherein the energetic materials includes a booster and a propellant;
wherein the device electrical contacts are operatively coupled to the booster
to activate the booster; and
wherein the booster is operatively coupled to the propellant to activate the
propellant.
10
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6. The installation of claim 4 or claim 5, wherein the energetic device is a

thruster.

7. The installation of any of claims 1 to 6, wherein the receptacle electrical

contacts are on a circuit card assembly.

8. The installation of any of claims 1 to 7, further comprising solder balls on

some or all of the electrical contacts.

9. The installation of claim 8, wherein the receptacle includes channels for
directing hot air to the solder balls, to solder the device electrical contacts to

respective of the receptacle electrical contacts.

10. The installation of any of claims 1 to 9, wherein the device electrical
contacts and the shunt are parts of a connector of the electrical device that protrudes
from a main body of the electrical device, and enters into a recess at a bottom of the

receptacle.

11. The installation of any of claims 1 to 10,
wherein the shunt covers a recess between the device electrical contacts; and
wherein the curter passes through the shunt and into the recess between the

device electrical contacts, when the electrical device is engaged with the receptacle.

12. The installation of any of claims 1 to 11, wherein the electrical device

makes a blind connection with the receptacle.

13. The installation of any of claims 1 to 12, wherein the shunt has a
thickness of 0.254-0.762 mm (0.010-0.030 inches).

14. The installation of any of claim 1 to 13, wherein the receptacle electrical

contacts are part of a circuit card assembly.

11
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15. The installation of claim 14, wherein the cutter is also part of the circuit

card assembly.

16. The installation of any of claims 1 to 15,
wherein the electrical device is a thruster; and
wherein the thruster is part of a divert attitude control system of a flying

vehicle.

17. The installation of claim 16, in combination with other parts of the flying

vehicle.

18. The combination of claim 17, wherein the flying vehicle is an unpowered

projectile.

19. A method of making a blind electrical connection, the method comprising:

inserting an electrical device into a receptacle, wherein the inserting includes
a cutter of the receptacle breaking a shunt of the electrical device that electrically
couples together device electrical contacts of the electrical device; and

electrically coupling the device electrical contacts to respective receptacle

electrical contacts of the receptacle.

12
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