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COMBUSTION FASTENER

CROSS REFERENCE
[0001] The present application claims priority under 35 U.S.C. §119(e) to United States
Provisional Patent Application Serial Number 60/605,479, entitled: Combustion
Fastener, filed on August 30, 2004, which is hereby incorporated by reference in its

entirety.

FIELD OF THE INVENTION
[0002] The present invention relates to the field of fasteners and particularly to a

combustion fastener, such as a combustion nailer.

BACKGROUND OF THE INVENTION
[0003] Combustion fasteners offer increased portability over pneumatic fasteners.
Combustion fasteners are particularly useful in situations in which the user does not wish
to transport a compressor/pneumatic hose for providing compressed air to the pneumatic
fastener. For instance, a pneumatic hose may be troublesome in situations in which the
pneumatic fastener device or nailer is often repositioned due to the attached pneumatic
hose. While combustion fasteners provide portability, the overall dimensions of the
combustion device may make utilization awkward due the various components required
for operation/the configuration of the device. Additionally, current devices implement
combustion events which are ignited at environmental pressure (i.e., standard pressure).
Moreover, typical component arrangement may prevent scalability of the design over a
range of combustion devices. For example, some typical combustion fastener designs are
not suitable, due to their overall size, for implementation with smaller frame fasteners
such as brad nailers, finish nailers, or the like due to the size of the included components
when compared to a pneumatically operated device. Furthermore, such devices may
generate more noise during operation (often due to the inclusion of a reed valve) which

may detract from utilization in environment in which small frame fasteners are utilized.
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[0004] In some instances, even framing combustion fasteners, such as may be utilized
when framing a building or for other rough construction, may not be suitable for various
tasks. When framing, often the fastening device may have to fit into a limited space such
as between two adjoining joists where one of the joists is doubled up with a third joist, for
sufficient rigidity and strength, or the like confined area. In other instances, a fastener
device may have to be angled to permit toe nailing of a fastener (i.e., drive a nail at an
angle other than generally ninety degrees). Typical tasks in-which the size of the device
may become an issue include toe nailing rafters and joists, attaching joist hangers,
constructing complex roof valley systems, and the like. For instance, typical combustion
fasteners require a piston with a large cross-sectional area to generate sufficient kinetic
energy to drive a selected fastener. Additionally, typical devices also generate kickback

on the handle due to the momentum of the piston.

[0005] The size of current combustion fasteners generally may be attributed to need to
generate sufficient kinetic energy in a rapid manner to drive the selected fasteners (.e.,
nails, staples) as well as the size of a reservoir required for containing fuel. Asa result,
the piston is usually disposed adjacent the end of the chamber which is opposite the nose
(the end of the combustion fastener from which the fasteners are expelled). As the
combustion event occurs, the piston is driven toward the nose of the fastener device so as
to contact the nail disposed in the path of a blade included in the piston. The piston is
then subsequently returned to the end opposite the nose, so the combustion fastener may
be reutilized. As a result, the overall dimensions of the combustion fastener may be of a

larger size compared to a pneumatically operated device for the same general purpose.

[0006] Combustion fastener maintenance may be troublesome as some combustion
fasteners may require frequent maintenance (in comparison to a pneumatically operated
device) due to fouling, the stresses imposed on various components such as a fan

disposed in a combustion chamber. Fouling may require invasive cleaning which
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necessitates the fastener device be removed from service for an extended amount of time.
Inclusion of a fan contained within the chamber in which combustion occurs may
necessitate the selection of a device having robust characteristics to ensure proper
operation, and sufficient utilization intervals between maintenance, as well as, increasing

expense.

[0007] Therefore, it would be desirable to provide a combustion fastener constructed to
implement two combustion events for providing increased driving capability while

decreasing the size of the device over typical devices.

SUMMARY OF THE INVENTION
[0008] Accordingly, the present invention is directed to a combustion fastener device
providing increased functionality and decreased size over current combustion devices

while minimizing or preventing drawbacks previously experienced.

[0009] In an aspect of the present invention, a dual combustion fastener device
implements a first combustion event, contained in a first combustion chamber portion to
compress a combustible fuel/air mixture contained in a second combustion chamber
portion, which is separated from the first combustion chamber portion by a piston
including a driver for driving a fastener disposed in the driver’s path of travel into a
workpiece, in order to generally provide rapid driving power for securing a fastener
disposed in a nose guide of the combustion fastener. Ignition of the second combustion
event may be timed so that the second combustion event substantially occurs when the
piston has achieved top dead center or the maximum compression of the combustible
material in the second combustion chamber portion. Utilization of compressed
combustible material may allow for the utilization of a piston having a small cross-
sectional area in comparison to a typical combustion device while providing equal or

greater driving force in a rapid manner.
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[0010] It is to be understood that both the forgoing general description and the following
detailed description are exemplary and explanatory only and are not restrictive of the
invention as claimed. The accompanying drawings, which are incorporated in and
constitute a part of the specification, illustrate an embodiment of the invention and

together with the general description, serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The numerous advantages of the present invention may be better understood by
those skilled in the art by reference to the accompanying figures in which:

FIG. 1 is an isometric view of a combustion fastener in accordance with an aspect
of the invention,

FIG. 2 is an isometric view of a combustion assembly for implementation with a
combustion fastener in accordance with the present invention;

FIG. 3 is a partial cut away view of a combustion assembly for implementation
with a combustion fastener in accordance with the present invention wherein the sleeve
and piston are disposed substantially adjacent the nose guide;

FIG. 4 is a partial cut away view of a combustion assembly for implementation
with a combustion fastener in accordance with the present invention wherein the piston is
disposed in a caught position and the sleeve is disposed adjacent the nose guide;

FIG. 5 is a partial cut away view of a combustion assembly for implementation
with a combustion fastener in accordance with the present invention wherein the sleeve is
extended towards a second combustion chamber and the piston is located generally at top
dead center;

FIG. 6 is cut away illustration of a fuel metering system in accordance with an
embodiment of the present invention;

FIG. 7 is an isometric view illustrating magazine including a pneumatically
operated nailfeed assembly and a spring biased pusher;

FIG. 8A is an exploded view of the integration of a removable fuel canister into a

combustion fastener of the present invention; and
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FIG. 8B is an exploded view of a rechargeable battery assembly for utilization in

providing electrical energy to a combustion fastener of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0012] Reference will now be made in detail to the presently preferred embodiments of
the invention, examples of which are illustrated in the accompanying drawings. The
present invention is directed to a two event combustion fastener device providing
increased functionality and decreased size over current combustion devices. For
example, a combustion fastener in accordance with an embodiment of the present
invention may have an overall shorter main body portion while having increased driving
performance over current devices. Additionally, a device in accordance with the present
invention may allow for a common construction scheme so as to allow scaling to
accommodate different sized fastener devices, e.g., a framing nailer, a brad nailer, a
finish nailer, and the like. Those of skill in the art will appreciate that while the present
invention is primarily directed to a device configured to implement two combustion
events many of the principles of the present invention may be implemented in the
improvement of current combustion devices. Moreover, while the present invention is
illustrated with a stick type magazine for retaining fasteners to be secured other suitable
storage systems may be utilized including coil type magazines primarily utilized in the
securing of roofing nails (i.e, nails having a large head in comparison to the shank of the
nail). Of further note, while nail type fasteners are referenced for illustrative purposes, a
device in accordance with the present invention may secure a variety of fasteners, such as
staples, pins, nails having caps usually formed of plastic for retaining building wrapping
material or felt paper, and the like. It is the intention of the present disclosure to

encompass and include such variation.

[0013] Referring to FIG. 1, in the present embodiment of the invention, a dual
combustion event fastener device 100 is disclosed. The combustion fastener 100 includes

a main housing 102 for housing combustion assembly components and the like. A nose
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guide 104 extends generally from an end of the main housing 102. The nose guide 104
defines a channel through which fasteners are driven into a workpiece. A contact safety
106 coupled at least partially around or adjacent to the end of the nose guide. The contact
safety is configured to slide towards/away from the nose guide 104. Linkages 108 are
coupled to the contact safety for preventing or allowing actuation of the combustion
fastener device 100 depending on the position of the contact safety with respect to the

nose guide 104.

[0014] For example, the linkages 108 may be configured to physically block combustion
fastener 100 operation such as by blocking fuel injection, and the like. In further
examples, the linkage may be physically coupled to an electrical interlock switch 110
which is electrically coupled to an electronic control system for controlling various
combustion fastener device 100 functions such as fan operation, fuel injection, ignition,
and the like. Additionally, the contact safety and corresponding linkages may be utilized
to manipulate combustion fastener components with respect to the main housing/fixed
components within the combustion fastener 100. For instance, a sleeve 112, included in
the combustion assembly 132, may be coupled to the contact safety linkages 108 so as to
slidingly adjust based on movement of the contact safety 106 /linkages 108. In the
present embodiment, the sleeve may generally function as a valve for controlling the flow
of fluid/gasses. In further embodiments, an adjustment device such as a threaded
intermediate knob or nut coupled to a threaded rod portion included in a linkage may be
implemented to extend the overall length of the contact safety and linkage system thereby
adjusting the extent to which the contact safety extends along or away from the nose
guide of the combustion fastener. Preferably, the contact safety 106 is biased by a spring
into an extended position wherein the contact safety is extended to its furthest remote
position along the nose of the device and is depressed inwards toward the main housing

by a user contacting the nose guide with a workpiece.
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[0015] A magazine constructed to contain fasteners to be driven is included in the
combustion fastener device. For example, a stick or linear magazine 113 for retaining
nails arranged in a strip is included. In additional embodiments, coil magazines and the
like systems for holding fasteners to be secured may be implemented. The magazine 113
and the channel included in the nose guide are arranged to dispose a fastener (such as a
nail) into the nose guide 104 channel in the path of travel of a driver blade in order for the
driver blade to expel the fastener into a workpiece. The magazine 113 may include a
forwarding device or multiple forwarding devices for generally directing the fasteners
116 towards the nose guide. For example, a spring biased pusher 114 may be
implemented to assist in forwarding the contained fasteners towards the nose guide 104.
For example, a pusher 114 may include a coil spring and a pawl, for engaging with at
least one of the fasteners 116. As will be discussed with respect to FIG. 7, a
pneumatically operated forwarding device such as a nailfeed, may be utilized to provide

sufficiently rapid fastener forwarding in an embodiment.

[0016] With continued reference to FIG. 1, a closure cap may be included for enclosing a
recesses one of the main housing 102 or a handle 120 for retaining removable
components such as a replaceable fuel cartridge, for storing fuel for operating the
combustion fastener, a battery, for providing electrical energy to various electronic
controls, blowers, fans, and the like. In further instances, a recess may be included for at
least partially receiving the component. Referring to FIG. 8B or instance, a rechargeable
battery 130 may be partially or entirely received in the handle to permit electrical
coupling between contacts included in the recess and corresponding contacts on a
removable battery. Suitable closure caps include sliding enclosures, screw caps and the
like. Referring briefly to FIG. 8A, in the present example, a generally cylindrical fuel
cartridge 122 having a quick connection and valve may be received in a main housing
recess 126 in order for the connection to permit fluid connection between the cartridge
and a fuel metering system such as a shuttle valve system. An example of a fuel cartridge

system is disclosed in United States Patent Number 6,796,478 entitled: Fuel Cell Adapter
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System for Combustion Tools, which is hereby incorporated by reference in its entirety.
A sliding enclosure 124 may be implemented to secure the fuel cartridge in the
recess/ensure proper connection, as well as, preventing the ingress of dust and debris.
Suitable fuel metering systems include those described in United States Patent Numbers
6,006,704 and 6,016,946, entitled, respectively, Internal Combustion Fastener Driving
Tool Fuel Metering System and Internal Combustion Fastener Driving Tool Shuttle

Valve, both of which are hereby incorporated by reference in their entireties.

[0017] Referring to FIG. 1, a trigger 128 is mounted to at least one of the main housing
102 or the handle 120. In the present embodiment, the trigger is an enclosed trigger
(having sides) for preventing the ingress of dust and debris to an electrical switch,
operatively disposed or coupled with the trigger, for initiating ignition, fan operation, or

the like.

[0018] With reference to FIGS. 2 and 3, a combustion assembly 132 included in the
combustion fastener device 100 in accordance with an embodiment is described. Those
of skill in the art will appreciate that while the present invention implements discrete
components (e.g., a first chamber portion and a second chamber portion) the principles of
the present invention are equally applicable to a device in which the chamber portions
included in a combustion chamber are substantially unitary with appropriate porting,

valves, flow lines or tubing, and the like for permitting transfer of gases.

[0019] Those of skill in the art will additionally appreciate that in a unitary cylinder
combustion chamber system and the combustion assembly 132 of the present
embodiment, the volumetric capacity of chamber portions (e.g., the first chamber portion
the second chamber portion, and the sleeve) vary. In the present instance, the volume of
the first combustion chamber and the portion of the sleeve 112 towards the nose guide
varies as the movement of the piston 136 and the sleeve 112 adjusts with respect to the

chamber portions, due to sliding movement of the contact safety and linkages. For
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example, the extent to which the sleeve 112 and piston are extended into the first
chamber portion 134 as may be best observed in FIGS. 3 though 5. Additionally, while a
system in which a sliding, adjustable sleeve is received in the housing is referenced, a
system in which components including partial enclosures, fans, fuel injectors are adjusted

while a central chamber remains fixed is also contemplated.

[0020] In the present embodiment, the combustion assembly 132 includes a first
combustion chamber portion 134 which includes an interior recess which is configured to
receive a sleeve 112 having through apertures or ports for permitting fluid coupling
between the interior of the sleeve and the interior of the first chamber portion 134. Ina
preferred example, the interior recess of the first combustion chamber portion includes a
portion having a greater cross-sectional area than the sleeve central opening/the head
portion of the piston. In the foregoing instance, configuring a first chamber portion
having a larger interior recess may permit the inclusion of a flange 142 on the sleeve 112
to aid in alignment/movement of the sleeve with regards to the first combustion chamber
portion. Additionally, a first combustion chamber portion having a larger cross-sectional
area than the sleeve piston may allow for the escape of gasses, generated by a first
combustion event, from the first chamber portion to prevent the gasses from dampening
or resisting the movement of the piston as the piston travels to contact the fastener. The
current configuration may allow for fluid communication between the combustion
chamber components to allow for exhausting of waste gasses from the first chamber
portion, the second chamber portion, and the sleeve. For example, the sleeve may be
formed as a tube having a closed end generally away from the first chamber portion. A
series of ports 138 (one is referenced) may be formed in the sleeve adjacent first chamber
portion 134 to allow for fluid communication between the interior of the first chamber
portion 134 and the interior of the sleeve depending on the position of the sleeve 112
relative to the first chamber portion 134. For example, the ports 138 included in the
sleeve may be blocked by an outward extending flange included in the first chamber

portion depending on the position of the contact safety 106 with respect to the nose guide
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104 of the combustion fastener device 100. The ports 138 may additionally allow for a
fuel injector or sprayer to spray fuel into the sleeve/a second combustion chamber for
fueling a second combustion event which occurs on the side of the piston opposite a
driver blade 152 (FIG. 4) for driving fasteners. Passage of gasses around the sleeve may
be prevented/minimized by the inclusion of an O-ring 140 disposed in a groove formed in
the outer surface of the sleeve 112. The O-ring 140 being disposed further away from an
open end of the sleeve than the ports 138 in order to seal the sleeve and the first
combustion chamber. Additionally, in the present example, the piston 136 includes a first
O-ring and a second O-ring, each being retained at least partially in grooves formed in the
head of the piston 136, for aiding in alignment of the piston, and for preventing the

passage of gasses around the head of the piston 136.

[0021] Additionally, the first chamber portion 134 may include a concentric extension
directed 146 towards the nose guide 104 in order to form a cup to allow extension of the
piston 136 towards the nose. A bumper 148 formed of deformable material may be
included for preventing damage to the piston/prevent the piston from bottoming out
against the first chamber portion 134/the nose guide 104. Additionally, a seal or O-ring
150 may be disposed on the bumper 148 adjacent the nose guide to prevent the escape of
gasses through the nose. Preferably, the bumper 148 includes a through aperture for
allowing a driver blade 152 (as may be observed in FIG. 4) included in the piston for
driving a fastener disposed in the path of the driver blade 152 in the nose guide. Those of
skill in the art will appreciate the seal or O-ring may include an insert for accommodating
a driver blade which is semicircular, which is utilized for driving clipped head or semi-

circular headed nails.

[0022] In the present embodiment, a second combustion chamber portion 154 is formed
generally as a cap having an interior recess for receiving at least a portion of the sleeve
112. The combustion chamber may include a passage or aperture for allowing fluid

communication with a fan 152 such as a centripetal fan disposed exterior to the
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combustion chamber/combustion chamber portions. In this fashion, the fan or impeller
may have limited exposure to vibrations and combustion residues formed during
combustion events. In the current embodiment, the fan 152 is configured to exhaust
waste gasses/draw air via venting 168 in an end cap 170 included in the main housing

102 (FIG. 8A) included generally at the rear of the combustion fastener.

[0023] The fan 152 may be isolated from the interior of the second combustion chamber
portion 154/the sleeve 112 during combustion by a shuttle valve, or the like. In the
present embodiment, fluid communication between the second combustion chamber
portion 154/the sleeve 112 and the fan 156 may be prevented or enabled by the position
of the sleeve (and a sleeve ports 144 (one is referenced) disposed adjacent the end of the
sleeve 112 received in the second combustion chamber portion) with respect to the
interior of the second chamber portion. In the foregoing manner, fluid communication
between the fan and the second combustion chamber/the sleeve may be prevented when
the sleeve is aligned with the wall of the second chamber portion 154. Fluid
communication may be permitted when the sleeve ports 144 are aligned with an enlarged
portion of the interior recess, a passage, or the like for providing fluid communication.
Enabling fluid communication may permit exhausting of waste gasses and/or the mixing
of air and fuel from the second combustion chamber portion, the sleeve, the first
combustion chamber portion, or a combination thereof. In further embodiments, a
separate air tube or passage may be included for coupling the fan 156 and the first
combustion chamber portion. The passage may be isolated by a valve. A first O-ring
158 and a second O-ring 160 may be included in grooves on the exterior surface of the

sleeve such that the ports 144 are disposed between O-rings 158 and 160.

[0024] With reference to FIGS. 2 and 3, an ignition assembly is included in the
combustion fastener 100. The ignition assembly may be integrated into an electronic
control system which is integrated as part of a printed circuit board 176 for controlling

electronics included in the combustion fastener 100. The ignition assembly is coupled to
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an electrical switch 162 configured to be actuated by a trigger 128. The ignition
assembly may permit ignition of a first combustion event occurring in the first
combustion chamber 134 by a first ignition source 164 (or multiple sources as
contemplated by one of ordinary skill in the art) and a subsequent ignition of a second
combustion event in the second combustion chamber portion154/sleeve 112 subsequent
to the occurrence of the first combustion event. For example, the second combustion
triggered by a second ignition source 166 (or multiple sources as contemplated by one of
ordinary skill in the art) event may be timed to occur when the piston has substantially
reached its maximum extension towards the second combustion chamber (top dead center
or the point at which the pistons momentum is substantially neutral) or the piston’s
maximum extension away from the nose guide 104. Those of skill in the art will
appreciate that ignition may be configured to lead the combustion event. For example,
the combustion fastener device 100 is configured to ignite the second combustion event
by approximately 2 ms (two milliseconds). In further embodiments, other
methodologies may be implemented to trigger the second combustion event. Other
systems include pressure trigger systems, movable electrical contacts, and the like. In the
foregoing instance, the pressure of fuel/air, or combustion material, within the second
combustion chamber portion and the sleeve (bounded by the piston head) may be at its
substantially maximum pressure at ignition. Multiple ignition sources may be preferable
for generating increased pressure and turbulence. Suitable ignition devices include
sparkplug type devices, Tesla coil type devices, and the like. In embodiments, an ignition
source disposed on an end wall of the sleeve may be coupled to the ignition assembly via
wiring or via an electrical contact which is directed toward a contact included on the
second chamber portion wherein the contacts are in electrical connection when the sleeve

has traveled sufficiently towards the second combustion chamber.

[0025] A burn screen 172, or plate perforated with through apertures, may be included
for increasing the turbulence and correspondingly the power of the combustion event. In

the present invention, the burn screen is mounted in the sleeve between the ignition
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source and the piston head. In further embodiments, the screen may be mounted to the
piston head in a spaced apart relationship. In an embodiment, the burn screen 172 has
approximately a 30% (thirty percent) open area. With apertures having a sufficiently
narrow opening to permit through apertures being disposed across the substantial entirety
of the burn screen. For example, the screen includes openings having 0.066" (sixty-six
hundredths of an inch) diameter apertures. A burn screen having this level of perforation
may provide for increased turbulence and provide for efficient combustion of the
combustible material between the screen and the piston head thus, increasing the overall
pressure achieved by the second combustion event utilized to drive the driver blade into
contact with the fastener. Additionally, the screen may be positioned substantially

adjacent the piston’s top dead center.

[0026] In additional embodiments, one of the sleeve 112 or the second combustion
chamber 154 may be formed with a cup-type projection or a central enclosed projection
which extends towards the piston, wherein the piston includes a corresponding structure.
Correspondingly, the piston may include a central projection to be received by the cup-
type projection. In the forgoing manner, the ignition source may be disposed in the
interior recess of the cup so that the flames are ejected through apertures in the side of the
cup like projection into remaining portion of the sleeve/second combustion chamber to

ignite the remaining combustible material.

[0027] Referring now to FIGS. 3 through 5, an exemplary combustion fastener
implementing a dual combustion event system is discussed. Additional, an exemplary
method of operating a combustion fastener utilizing two combustion events is discussed.
With particular reference to FIG. 3, in an initial state the piston 136 is disposed such that
the driver blade 152 (best observed in FIG. 4) is positioned substantially in the nose guide
104. In this position, the driver blade is disposed generally in the path of the fasteners
116 to be forwarded into the nose guide 104. Additionally, the sleeve 112 may be

disposed substantially adjacent the nose guide 104 so the first combustion chamber
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portion has effectively “collapsed” to allow for refreshing the first chamber portion with
air (after a preceding combustion sequence). Disposing the piston in this fashion may
reduce the overall size necessary for the combustion device (e.g., a smaller diameter
piston and a smaller second combustion chamber (due to compression of the combustion
material) over a typical device in-which the piston is disposed away from the nose of the
device and the fastener is pre-aligned with the securing mechanism. In the previous
instance, the combustion fastener of the present embodiment, while having decreased

size, may generate driving power equal to or greater than current devices.

[0028] If a previous fastener was driven, the piston may have previously bounced or
retracted slightly away from the nose guide 104 as the piston has bottomed out and
returned to a “caught” position in-which an O-ring 174 included on the head of the piston
is captured in a groove formed in the interior recess of the sleeve 112. (Two O-rings are
illustrated for additionally preventing the passage of gasses around the piston head.) For
example, in a previous sequence the piston may have bottomed out and been directed into
the caught position by the bumper 148. In this initial position, the sleeve 112 and sleeve
flange 142 are positioned generally adjacent the nose guide by operation of the contact
safety (e.g., the safety is extended away from the nose guide). In the current
embodiment, the sleeve ports 138 are positioned with respect to the first chamber portion

to allow for the exhausting of waste gasses via fan 156 and providing air to the chambers.

[0029] Referring to FIG. 4, upon depression of the contact safety 106 towards the nose
guide 104 the sleeve 112 may be slid towards the second combustion chamber portion so
the sleeve 112 and second chamber portion 154 are in fluid communication, while the
first chamber portion 134 is isolated. Additionally, the configuration of the first
combustion chamber portion may provide a closing force for directing the sleeve 112
toward the second combustion chamber, thus aiding in isolating the first combustion

chamber.
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[0030] Referring briefly to FIG. 6, fuel may be injected into, respectively, the first
combustion chamber portion 134 and the second combustion chamber portion 154 /the
sleeve 112 by the fuel metering system 176. Actuation of the fuel metering system may
be mechanically controlled based on manipulation of the contact safety linkages. A
shuttle valve or the like may be included in the metering system 178 to provide the
desired amount of fuel for the first and second combustion events. Fuel may be sprayed
by a spring biased valve or nozzle, (nozzle 180 spraying into the sleeve 112 and second
combustion chamber portion 154 while another spring biased valve or nozzle 182 sprays
into the first combustion chamber portion). In the foregoing instances, fuel may be
sprayed in an indirect manner (e.g. sprayed on a driver blade or toward a component
other than the ignition source) so the spray will deflect and aid in fuel air mixing. In
further instances, the fuel may be directed towards the ignition source, while providing
sufficient mix without having to accommodate additional time required for fuel diffusion.
Those of skill in the art will appreciate a wide variety of fuels and/or fuel combinations
may be utilized. In additional examples, additives such as lubricants, anti-fouling agents
and the like may be included in the fuel. In an additional example, a user adjustable
controller may be utilized to allow a user to manually adjust the amount of fuel to be
implemented in a combustion sequence to control the amount of energy/pressure
generated by the combustion event sequence and in-particular, the second combustion

event.

[0031] A first combustion event may be ignited by a first ignition source 164 upon
actuation of the trigger 128. Upon ignition the piston is driven towards the second
combustion chamber 154 until the maximum compression of the combustible material is
achieved (i.e., the piston has achieved top dead center). Upon the driver blade 152
clearing the nose guide a fastener may be forwarded into the path of the driver blade. In
an embodiment, a fastener is at least partially directed into the path of the driver by a
pneumatically operated forwarding assembly discussed with respect to FIG. 7. In the

present case “pneumatic” refers to combustion gasses rather than a source of compressed
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air. In the current example, first combustion event gasses are directed through
appropriate porting to actuate the fastener forwarding assembly. In further embodiments,
gasses may be trapped in a reservoir from a previous combustion sequence for utilization.
In other embodiments, an electrically operated solenoid, or the like may be utilized for
forwarding the fasteners or assisting in forwarding as will be discussed with respect to

FIG. 7.

[0032] In the present instance, ignition of the second combustion event in the sleeve 112
(bounded by the piston head) and the second combustion chamber by the second ignition
source 166 is triggered as a timed event by the printed circuit board relative to the first
combustion event. In the present example, the ignition of the second combustion event is
timed to correspond to the projected time at which the piston will substantially achieve
top dead center. For example, it may be desirable to ignite the combustion event slightly
before the piston reaches top dead center so that the burn may promulgate through the
burn screen when top dead center is achieved. In further embodiments, the occurrence of
the second combustion event may be triggered based on the position of the piston, the
occurrence of a pre-selected pressure level, or the like. While the second combustion
event is required to generate sufficient energy to drive the selected fastener to the selected
depth, the first combustion event is of a smaller extent or generates less energy as only
compression of the combustible material within the sleeve/second combustion chamber

portion is required.

[0033] Referring to FIG. 5, upon the occurrence of the second combustion event the
piston 136 is driven towards the nose guide of the combustion fastener 100 such that the
fastener disposed in the path of the driver blade is driven into the workpiece. Upon the
piston contacting the bumper the piston may be returned to a captured position for
subsequent reuse. Further, it is understood that the specific order or hierarchy of steps in

the methods disclosed are examples of exemplary approaches. Based upon design
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preferences, it is understood that the specific order or hierarchy of steps in the method

can be rearranged while remaining within the scope of the present invention.

[0034] Referring to FIG. 7, an exemplary fastener forwarding device is described. Those
of skill in the art will appreciate the principles of the present embodiment are generally
applicable for utilization in directing other types of fasteners such as staples. A nailfeed
assembly 184, in accordance with the present embodiment, may be utilized to forward
nails to be secured towards the nose guide such that a nail is disposed in the path of travel
of the driver blade. In the present embodiment, the nailfeed assembly 184 is constructed
to operate utilizing gasses generated during the first combustion event to forward the
nails or nail. A pneumatically operated cylinder assembly is fluidly coupled to the first
chamber portion so a portion of the gasses generated in the first combustion event are
utilized to drive (in the instant case) the stick of nails forward. A valve may be included
for controlling the flow of gasses from the first chamber portion to the nailfeed. In a
further example, the sleeve 112 may be utilized for the substantially similar purpose. A
cleat 188 is configured to pivotally couple by a pivot pin 190 to the pneumatic cylinder
186 to allow nails to pass by the cleat 188. In the present example, a curved surface of
the cleat directed away from the nose guide allows nails to pass by the cleat 188 prior to
engagement by the cleat. In a further embodiment, a deformable tab having a generally
wedge shape may be utilized. The nailfeed of the present invention may permit rapid
forwarding of the nail to be secured such that the nail may be disposed in the path of the
driver blade prior to the driver blade entering the nose guide. Those of skill in the art will
appreciate a spring biased pusher assembly 114 may be utilized to forward the nails
towards the nailfeed assembly. For instance, a coil spring 192 may be utilized for

forwarding the nails so that they may be engaged by the nailfeed assembly.

[0035] It is believed that the present invention and many of its attendant advantages will
be understood by the forgoing description. It is also believed that it will be apparent that

various changes may be made in the form, construction and arrangement of the
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components thereof without departing from the scope and spirit of the invention or
without sacrificing all of its material advantages. The form herein before described being
merely an explanatory embodiment thereof. It is the intention of the following claims to

encompass and include such changes.
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CLAIMS

What is claimed is:

1. A dual combustion event fastener device, comprising:

a combustion chamber;

a reciprocal piston disposed in the combustion chamber, the reciprocal piston
generally separating the combustion chamber into a first chamber portion and
a second chamber portion, the first and second chamber portions being
defined by reciprocal operation of the piston, the reciprocal piston including a
driver blade, directed towards the first chamber portion, configured for
contacting a fastener disposed in the driver blade’s path of travel; and

an ignition assembly configured to ignite a first combustion event in the first chamber
portion and ignite a second combustion event in the second chamber portion,

wherein the dual combustion event fastener device is configured such that the first
combustion event is utilized to drive the piston such that combustible material

within the second chamber portion is compressed.

2. The dual combustion event fastener device of claim 1, further comprising a fuel
metering system for providing fuel to the first chamber portion and the second

chamber portion.

3. The dual combustion event fastener device of claim 1, wherein the first

combustion event generates less energy than the second combustion event.
4, The dual combustion event fastener device of claim 1, wherein the second

combustion event is utilized to drive the fastener disposed in the driver blade’s

path of travel.
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10.

The dual combustion event fastener device of claim 1, further comprising a plate
defining a plurality of through apertures, the plate being disposed within the
second chamber portion between the point at which ignition is configured to oceur
and the piston, the plate being generally configured to cause turbulence in

expanding gasses caused by the second combustion event.

The dual combustion event fastener device of claim 1, further comprising a fan
disposed exterior to the combustion chamber, the fan being constructed so as to be
in fluid communication with the first chamber portion and the second chamber

portion.

The dual combustion event fastener device of claim 6, wherein the fan is
configured to at least one of expel waste gasses or mix fuel and air in at least one
of the first chamber portion or the second chamber portion subsequent to the

driving of a fastener.

The dual combustion event fastener device of claim 6, further comprising an
electronic fan control system for variably controlling operation of the fan based

on at least one dual combustion event fastener device condition.

The dual combustion event fastener device of claim 8, wherein at least one dual
combustion event fastener device condition is selected from the group consisting

of device temperature and the occurrence of a combustion event.

The dual combustion event fastener device of claim 1, further comprising a
fastener forwarding assembly in fluid communication with the first chamber
portion, wherein the first chamber portion includes porting for providing at least a
portion of the combustion gasses from the first combustion event for utilization in

forwarding a fastener into the path of the driver blade.
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11.

12.

13.

14.

15.

16.

17.

The dual combustion event fastener device of claim 1, wherein dual combustion
event fastener device is configured such that the driver blade is generally disposed
in a nose of the dual combustion event fastener device, through which fasteners

are expelled, prior to occurrence of the first combustion event.

The dual combustion event fastener device of claim 1, wherein the ignition

assembly includes more than one ignition point in the second chamber portion.

The dual combustion event fastener device of claim 1, wherein at least one of the
reciprocal piston and combustion chamber define an annular groove for catching a
corresponding O-ring so as to position the reciprocal piston in a generally fixed

position along the combustion chamber prior to the first combustion event.

The dual combustion event fastener device of claim 1, wherein the ignition
assembly is configured to ignite the second combustion event, substantially, when
the reciprocal piston is positioned so as to achieve substantially maximum

compression of the combustible material within the second chamber portion.

The dual combustion event fastener device of claim 1, further comprising a fuel
metering system in which fuel to be consumed in the first combustion event is not

sprayed towards a point of ignition for the first combustion event.

The dual combustion event fastener device of claim 1, wherein at least a portion
of the first chamber portion has a cross-sectional area which is greater than the

maximum cross-sectional area of the reciprocal piston.

The dual combustion event fastener device of claim 1, further comprising a sleeve

at least partially surrounding the combustion chamber, the sleeve being coupled to
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a contact safety, the outer sleeve being constructed for sliding covering of the

combustion chamber including ports defined within the combustion chamber

depending on movement of the contact safety.
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18. A combustion fastener device, comprising:

a combustion chamber;

a nose guide axially aligned with the combustion chamber, the nose guide defining a

channel for expelling fasteners;

a piston disposed in the combustion chamber, the piston generally separating the

combustion chamber into a first chamber portion and a second chamber
portion, the first and second chamber portions being defined by operation of
the piston, the piston including a driver blade, directed towards the nose
guide, configured for contacting a fastener disposed in the nose guide channel;

and

an ignition assembly configured to ignite a first combustion event in the first chamber

portion and ignite a second combustion event in the second chamber portion,

wherein the combustion event fastener device is configured such that the first

combustion event is utilized to drive the piston so combustible material,
including fuel and air, within the second chamber portion is compressed, to a
pressure greater than the pressure of the combustible material within the
second chamber, prior to the first combustion event, during the second
combustion event, the combustion fastener device being constructed so driver
blade is at least partially disposed within the nose guide prior to the first

combustion event.

19.  The combustion fastener device of claim 18, further comprising a fuel metering

system for providing fuel to the first chamber portion and the second chamber

portion.

20.  The combustion fastener device of claim 18, wherein the first combustion event

generates less energy than the second combustion event.
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21.

22.

23.

24.

25.

26.

27.

The combustion fastener device of claim 18, wherein the second combustion
event is utilized to drive the fastener disposed in the nose guide subsequent to the

occurrence of the first combustion event.

The combustion fastener device of claim 18, further comprising a plate defining a
plurality of through apertures, the plate being disposed within the second chamber
portion between the point at which ignition is configured to occur and the piston,
the plate being generally configured to cause turbulence in expanding gasses

caused by the second combustion event.

The combustion fastener device of claim 18, further comprising a fan disposed
exterior to the combustion chamber, the fan being constructed so as to be in fluid

communication the first chamber portion and the second chamber portion.

The combustion fastener device of claim 23, wherein the fan is configured to at
least one of expel waste gasses or mix fuel and air in at least one of the first
chamber portion or the second chamber portion subsequent to the driver of a

fastener.

The combustion fastener device of claim 23, further comprising an electronic fan
control system for variably controlling operation of the fan based on at least one

combustion fastener device condition.

The combustion fastener device of claim 25, wherein at least one combustion
fastener device condition is selected from the group consisting of device

temperature and the occurrence of a combustion event.

The combustion fastener device of claim 18, further comprising a fastener

forwarding assembly in fluid communication with the first chamber portion,
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28.

29.

30.

31.

32.

33.

wherein the first chamber portion includes porting for providing at least a portion
of the combustion gasses from the first combustion event for utilization in

forwarding a fastener into the nose guide channel.

The combustion fastener device of claim 18, wherein the ignition assembly

includes more than one ignition point in the second chamber portion.

The combustion fastener device of claim 18, wherein at least one of the piston and
combustion chamber define an annular groove for catching a corresponding O-
ring so as to position the piston in a generally fixed position along the combustion

chamber prior to the first combustion event.

The combustion fastener device of claim 18, wherein the ignition assembly is
configured to ignite the second combustion event substantially when the piston

has achieved the piston’ maximum position away from the nose guide.

The combustion fastener device of claim 18, further comprising a fuel metering
system in which fuel to be consumed in the first combustion event is not sprayed

towards a point of ignition for the first combustion event.

The combustion fastener device of claim 18, wherein at least a portion of the first
chamber portion has a cross-sectional area which is greater than the maximum

cross-sectional area of the piston.

The combustion fastener device of claim 18, further comprising a sleeve at least
partially surrounding the combustion chamber, the sleeve being coupled to a
contact safety, the sleeve being constructed for sliding covering of the combustion
chamber including ports defined within the combustion chamber, depending on

movement of the contact safety.
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34. A combustion fastener device, comprising:

a combustion chamber assembly; the combustion chamber assembly including:

a first combustion chamber portion defining an interior recess;

a second combustion chamber portion in alignment with the first combustion
chamber portion, the second chamber portion defining an interior recess;
and

a sleeve configured to extend at least partially into the interior recess of the
first combustion chamber portion and to extend at least partially into the
interior recess of the second combustion chamber portion, the sleeve
defining porting for controlling fluid communication between the first
combustion chamber and the second combustion chamber, the sleeve
being coupled to a contact safety to permit sliding adjustment depending
on the position of the contact safety with respect to the first combustion
chamber;

a nose guide axially aligned with the first combustion chamber portion, the nose
guide defining a channel for expelling fasteners, the channel being in
communication with the first combustion chamber portion;

a piston generally disposed to travel in the sliding sleeve, the piston generally
separating the first and the second combustion chamber portions defined by
operation of the piston, the piston including a driver blade, directed towards
the nose guide, configured for contacting a fastener disposed in the nose guide
channel; and

an ignition assembly configured to ignite a first combustion event in the first chamber
portion and ignite a second combustion event in the sleeve on the side of the
piston opposite the driver blade,

wherein the combustion event fastener device is configured such that the first
combustion event is utilized to drive the piston so combustible material,
including fuel and air, within the sleeve on the side of the piston opposite the

driver blade is compressed, to a pressure greater than the pressure of the
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35.

36.

37.

38.

39.

combustible material within the sleeve on the side of the piston opposite the
driver blade, prior to the first combustion event, during the second combustion
event, the combustion fastener device being constructed so driver blade is at
least partially disposed within the nose guide prior to the first combustion

event.

The combustion fastener device of claim 34, further comprising a fuel metering
system for providing fuel to the first chamber portion and the sleeve adjacent

second chamber portion.

The combustion fastener device of claim 34, further comprising a plate defining a
plurality of through apertures, the plate being disposed within the sleeve between
the point at which ignition is configured to occur and the piston, the plate being
generally configured to cause turbulence in expanding gasses caused by the

second combustion event.

The combustion fastener device of claim 34, further comprising a fan disposed
exterior to the combustion chamber, the fan being constructed so as to be capable
of being in fluid communication the first chamber portion and the second chamber

portion depending on the position of the sleeve.

The combustion fastener device of claim 37, further comprising an electronic fan
control system for variably controlling operation of the fan based on at least one

combustion fastener device condition.
The combustion fastener device of claim 34, further comprising a fastener

forwarding assembly in fluid communication with the first chamber portion,

wherein the first chamber portion includes porting for providing at least a portion
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40.

41.

42.

43.

of the combustion gasses from the first combustion event for utilization in

forwarding a fastener into the nose guide channel.

The combustion fastener device of claim 34, wherein the ignition assembly

includes more than one ignition point in the second chamber portion.

The combustion fastener device of claim 34, wherein at least one of the piston and
combustion chamber define an annular groove for catching a corresponding O-
ring so as to position the piston in a generally fixed position along the combustion

chamber prior to the first combustion event.

The combustion fastener device of claim 34, wherein the ignition assembly is
configured to ignite the second combustion event substantially when the piston

has achieved the piston’ maximum position away from the nose guide.
The combustion fastener device of claim 34, wherein at least a portion of the first

chamber portion has a cross-sectional area which is greater than the cross-

sectional area of the sleeve.
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