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COVBUSTI ON APPARATUSHAVI NG COLLAPSI BLE VOLUME
BACKGROUND OF THE | NVENTI ON The present invention

WO ed0ate®sé 0 a gas conbusti on- power ed appar at usPCENS2004/035792
nore specifically to a gas conbusti on-powered
fastener-driving apparatus having a coll apsible
conbustion volunme for displacing a gas volune within a
conbusti on chanber. Gas conbustion devices are known
in the art. A practical application of this technol ogy
is found in conbustion-powered fastener driving tools.
One type of such tools, also known as | MPULSEDbr and
tools for use in driving fasteners into workpieces, is
described in comonly assigned patents to N kolich,
U S Pat. Re. No. 32,452, and U S. Pat. Nos.
4,522,162, 4,483,473, 4,483,474, 4,403,722, 5,197, 646,
and 5, 263,439, all of which are incorporated by
reference herein. Simlar conbustion powered nail and
staple driving tools are available comercially from

| TW Pasl ode of Vernon Hills, Illinois under the
| MPULSEDbr and. Such tools incorporate a generally
pi st ol -shaped tool housing enclosing a small internal

conbusti on engi ne. The engine is powered by a canister

pat | SONHUETQNEep RRATGS IAVAGEOT AR vortvm

uni t produces a spark for ignition, and the engine also

i ncl udes a reC| pr ocat| n iston with an el ongated,

rigid driver B QF (A IAVENIGON cy !l i nder

body. Wen a vvork cont act elenent is pressed against a

wor kpi eceThespreseat invehen rdatvatove gantombugs-gwered apparatus, and
speci fied volunme of fuel into a conbustion chanber of

o€ $pBALBALly to a gas combustion-powered fastener-driving apparatus having a

collapsible combustion volume for displacing a gas volume within a combustion
chamber.

Gas combustion devices are known in the art. A practical application of
this technology is found in combustion-powered fastener driving tools. One type of such
;cools, also known as IMPULSEI brand tools for use in driving fasteners into workpieces,

is described in commonly assigned patents to Nikolich, U.S. Pat. Re. No. 32,452, and

U.S. Pat. Nos. 4,522,162, 4,483,473, 4,483,474, 4,403,722, 5,197,646, and 5,263,439, all

of which are incorporated by reference herein. Similar combustion powered nail and
staple driving tools are available commercially from ITW-Paslode of Vefnon Hills,
Illinois under the IMPULSEI brand.

Such tools incorporate a generally pistol-shaped tool housing enclosing a
small internal combustion engine. The engine is powered by a canister of pressurizeci

fuel gas, also called a fuel cell. A battery-powered electronic power distribution unit
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Upon pulling a trigger switch, which causes the spark
toignite a charge of gas in the conbusti on chanber
wo b@spieson and the driver blade are shot downmer/dS1004/035792
i mpact a positioned fastener and drive it into a
wor kpi ece. The piston then returns to its original, or
"ready," position through differential gas pressures
within the cylinder. Fasteners are fed nagazi ne-style
into a nosepi ece, where the fasteners are held in a
properly positioned orientation for receiving the
i npact of the driver blade. The charge of gas is a
conbustible fuel/air mxture, and the conbustion in

prbf&es RAPRRIOF ,afld W&ig%{eaélk@iﬁcﬁfdeé H@emprocatmg piston with an
plston/drlver | adé assenmbly and a resulting

oBGHE BTl R ARAT LD, SR BIARLER R W8 o won
Bl et bR Dt SR oG ces
whi ch the piston nay drive the fastener. Conbustion

sppeifisd wokniefifeelsiat & ernbnstion chayiltir pf theeeniing! / ai r
m xture within the conbusti on chanber can be ignited.

The fuel Upbh piriliticud erigger bwiecl; artitistduses thoaphdrto ignitdxe charge of
nore rapidly ignited when the mxture is in a

gasUhRHL @Bkbas fha-ftlﬂfer aﬁie 1§t¥n ngrtﬁep et BIREPLAL hot downward to

processes anci ary to t IS conbustion operatl on of
he, t ool

ther Qrt. consj der at

imlghE § Pahigot e ke gand G LR FSBPEME B bisiH Hlon rotumns fo its
t heconbusti on chanber: m xi the fuel and air )

origipale 198 n5eady, a RESTHERTHT Hgh Sifersativle A ﬁ@eswswuﬁm aiae cylinder.
by- products remaining in the chanber after a

Fastarouss erieofed emegazinastplekinbova mesepiock, ofhere dhe dagitengrs hee held in a
resi dual conbustion by-products between conbustion

propély odiSoried elidntdtlodnfor Rdelving®theSamdend thgy diiser blade. The charge

performed by sending fresh air flow ng through the
Oicge[gbﬁgsdt L ERBIEO R/ RS IR ERe; CARIOMHE toBibuY SN nSthk hamber causes an
drspl ace
acceleration of the piston/driver blade assembly and a resulting penetration of the fastener
into the workpiece if the fastener is present in the nosepiece.

Combustion pressure in the chamber is an important consideration because
such pressure affects the amount of force with which the piston may drive the fastener.
Combustion pressure increases the more rapidly the fuel/air mixture within the
combustion chamber can be ignited. The fuel/air mixture in the combustion chamber
may be more rapidly ignited when the mixture is in a turbulent state. The ability to

rapidly complete processes ancillary to this combustion operation of the tool is another

important consideration. Such ancillary processes include: inserting the fuel into the
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conmbustion by-products. An exanple of dilution
scavenging i s described in conmonly assigned,
wa@opsndiong application (Attorney Docket No. 13BOBYS2004/035792
which is incorporated by reference herein. Afan is
| ocated within the conbustion chanber to create the
turbul ence for a nore rapid, higher-energy conbustion,
and also to drive fresh air through the conbustion
chanber between conbustion events. Although this
process is effective to achieve rapid, high-energy
conbustions and scavengi ng, the scavenging is not
al ways performed efficiently. Typically, a volune of :
coaibiistic hansisbr] eisipgvibegRel hed abinwitbini e dhanfhendaet semoving, or
after a conbustion event is equal to approximately two

sc%&%@?c&%ﬂsﬁ?# Bg—%g(%cﬁ%;sv hfé{fﬁn%gl thO EnLFER Uik} #Bombustion event.

cha Itse nown thod of scavengi ng,

which is nore efficjient than the dilution ]
the.di spPREafeRe melRlcef Bptelfe e, i SRhbition By-products
erfornmed by elimppating,. or _otherw se effectively .
bepvRficGORPUsOTy BYea1s i 1y bitiohe Difuton fodfeacks b peitpwsed by sending
chanber itself, thereby renmoving all air within the
frasblaimilgwing diroggnidpe chmbusiton chiambagbawatrueambustion events to displace
by- products. Exanpl es of displacenent scavengi ng are

cotlustidbBglphdtiubial exd sxddpledftdilutibh Seavading N described in commonly
4,721, 240, and to Gschwend, U S. Pat. No.

, 1 I i i | .
o e R (e e S ), i b roated by
ear |1, of t chapber .. Di.spl acenment i.s _thus
rofsditios, Figtinby A Han v RRERE BT Do GRUPHLERo SRSy greate the
t hrough the conbustion chanber in_a directjion opposite i
tugbwlenee foF ¢ BIOTS FaRifle highsi-sreray sromtustion, eande alsp fopfidyg dresh air
di spl aces the entire volune of gas fromthe conbustion
thotughtibe combustidoehamber betmeah cymbadioneevehts. vlthoughtthis process is

zero. Al though reasonably efficient, the conplexity of
effdetife €& AEHIGHY Rpid)high-energy combustions and scavenging, the scavenging is

not always performed efficiently. Typically, a volume of air required to scavenge the
combustion by-products after a combustion event is equal to approximately two and one
half times the volume of the combustion chamber itself.

Another known method of scavenging, which is more efficient than the
dilution method, is the displacement method. Displacement scavengiﬁg is performed by
eliminating, or otherwise effectively reducing to zero, the volume within the combustion
chamber itself, thereby removing all air within the volume, including thgt containing
combustion by-products. Examples of displacement scavenging are descril;ed in patents

to Cotta, U.S. Pat. No. 4,721,240, and to Gschwend, U.S. Pat. No. 5,181,495.
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greatly increases the cost of the tool. The cost and
conplexity are both significantly increased by the
woovset496d extra conmponents required for the sePCDNS2004/035792
pi ston assenbly, as well as a host additiona
el ectrical conmponents (notors, batteries, contro
circuits, etc.) to operate the conplex construction
Gschwend di spl aces the conbusti on chanber vol une by
requiring that a noveable section at the rear of the
conbusti on chanber nove toward the front of the
chanber to nostly collapse the chanber from behind,
and reduce its volume to near zero. Force from an

oper at or ¢, k}gﬁhrggftﬁkh(?r olQ&a'méﬁPVcﬁsmBV b p@ﬁ@'a% the front of the

section to to nt of the co ion ch
oSSR P A0 e BRSBTS By o et

%ghwend al so. separates the canbustion chanbg in %@f‘ﬂ .

byt fhe SpOVeIMERteolah aecond qugn aswsmily tthiow sl dhe remBystipaechgmber in a
a divider plate configured as a nultiple-vol une

dirsytiorenppardicits thenpiatoni in théeistort chander.ndihe aseondhsstem aligplaces the
of conbustion. To operate the tool as a nultiple

enMf) YoRnRY St 819 HoALER, cdaeien EhhBe, HaS daesc AttPAdteAlyetbduce the
system of collapsing guide rods thr oughout t he

Vo\i;%\f% %lz%ro?e%l'ﬂfbﬂ r}gastoﬁ‘iﬂgvéfﬂ TenP 1Al %Oﬁlgi#mgat e@ﬁs confi nguratlon

hetoo s trigger so must at a

war d os tion at ,th he, t ool . wher e
BifnSiot 98 Bl Pohedeopt & pEPIRUE S bot?l significantly
sectlon toward the front of the t ool , thereby nmak
ingraese &y the pumber ofifrbecovpenenss mabiad for hwcgnqlrmsmn %saembly, as
Cotta's tool as well, this tool is significantly
wealbagd bost addlidiondcglnqtlecsal aompezntd@adtonf batttdies,icontad] circuits, etc.) to
el ectrical and mechani cal conponents to guide the
op@fa@@merwngﬂ@wnmmﬁf t he conbusti on chanber together

and apart "at appropriate tim ngs.

Gschwend displaces the combustion chamber volume by requiring that a
moveable section at the reaf of the combustion chamber move toward the front of the
chamber to mostly collapse the chamber from behind, and reduce its volume to near zero.
Force from an operator in back of the tool moves the moveable section to toward the
front of the combustion chamber, thereby having the moveable section operate like
Cotta’s piston, but only in the reverse direction. Gschwend also separates the combustion
chamber into first volume and a second combustion volume by use of a divider plate
configured as a multiple-volume system, as is known in the art, to increase the energy of
combustion.

To operate the tool as a multiple volume system though, Gschwend requires

a complicated system of collapsing guide rods throughout the moveable section and the
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There is a need therefore for a commercially avail abl e

conbustion gas fastener-driving tool having a
waowsloufosed construction that reduces the needP€DUS2004/035792

expensi ve nmechani cal and el ectrical conmponents inits

construction. Such expensive conponents limt the

avai lability of cordless conbustion gas technology to

a range of high cost applications only. A sinplified

single or nmultiple conmbustion vol une construction,

whi ch can achi eve substantially the sanme perfornmance

as the higher cost tools, would greatly extend the

avai l ability of conbustion gas technology to nore
divﬁfﬁglgrad@tétweeﬂ hesiohaest ThppbolatiggeralsoSudvbRYGrRieHE an awkward

I NTI ON The above-listed concerns are addressed by

POS?‘E@} RF 58 2LarJGs (O RV SHepd REVRh&E R PRBsabs ositidhed to push the

ures a sinplifired solid chanber structure for
igniting a,co t bl e s, 1 i '
mo SRR e Gar e Fonut T P rtiRlsahe ol uolf qupbersome
moveabl e wal | _of a copbustion (fhggn‘o?r, .and afg iﬂniti on d
to dpsritee ApdhisinailartRCrbinel apmellyfus fopl gy sigpiticanfg complex, an
conbustion volume to drive the piston. Turbul ence )
requires @agreat déd hifradtitieneloetbetsivalomdvieehaniaab cpApPBeES t¢ (guide the

speed and energy of combustion in a single volume by

opfodifiEdirdchfedBMBgRHHbEkioh kBarBseafstieerwatl lapard at dppreprivtgtimings.
speed fuel injected into the conmbustion chanber

shortly ﬂ[(fr? lris L0ndedNihbiePile BF al SorRmeRFARM aV@laBT@Ng&Mb@tiop gas
re

hi gh spee ane jet exiting the first vol une.

specifically,. the present . inv . ' .
sdBReaby et LHBRRE AR AL A8 B8Ptr cxpensv
pi ston chanber, housing a piston and a c%sti on, "
meghanipalrandesipeitjoal GBMEPETT JP ftf SPnSiEIcHORs SUTRI FPSHTY eacomponents

cup- shaped wal | _ '
limit the -availability of cordless combustion gas technology to a range of high cost
applications only. A simplified single or multiple combustion volume construction,
which can achieve substantially the same performance as the higher cost tools, would

greatly extend the availability of combustion gas technology to more affordable, lower

cost applications.

SUMMARY OF THE INVENTION
The above-listed concerns are addressed by the present gas combustion-
powered apparatus, which features a simplified solid chamber structure for igniting a
combustible gas to drive a piston. A combustion volume is defined between the piston
and a moveable wall of a combustion chamber, and an ignition device ignites the

combustible gas in or into the combustion volume to drive the piston. Turbulence is

5
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defining at |east one conbustion vol une therebetween.

The cup-shaped wall is noveable in relation to the
w@resomshanber, and has a generally flat portPONUS2004/035792

opposi ng, and generally parallel to, the generally

flat wall assenbly. An ignition source is in operable

relationship to the conbustion vol une, which can

ignite a conbustible gas within the conbustion vol une.

The piston forns at |east a portion of the generally

flat wall assenbly when the piston is in an undriven

state. In a gas conbustion-powered apparatus, the
~sinplified structure of the present invention is .
credté@withinethe epmipastioratolomeho dlurese tigyspeadrimiséiodgy dOcombustion in

drive a piston, and for a broader cost range of

a BiRple MhOMS dithef tiRt MeTehdMQT Rl nfb‘?@i?ﬂe? WaPNoP ggﬁdr ﬁgh speed fuel
devi ces. The present invention is also effécti

t
A0 h By B B PR ORGP g yolume by
tical sche ctional view of an
h‘%ﬁ%&ﬁﬁ@melsfre’?*ﬁ%g g\%élgéﬁw‘fo Wa% conbust i on- power ed
apparatus; FIG 2 is vertical schematic sectional view

i |1 ust r aMosg snecidiselint it potsenth énvepam aprovideh owrgas ncombustion-
FIG 1; FIG 3 is a partial sectional schematic view

poferech espappatrsaincdudds owndiiveableGpiston Foh@mbér iHousigEr @t §iston and a
an alternative configuration of the apparatus

s kot Ly L A S e vl
defining at least one combustion volume therebetween. The cup-shaped wall is moveable
in relation to the piston chamber, and has a generally flat portion opposing, and generally
parallel to, the generélly flat wall assembly. An ignition source is in operable
relationship to the combustion volume, which can ignite a combustible gas within the
combustion volume. The piston forms at least a portion of the generally flat wall
assembly when the piston is in an undriven state.

In a gas combustion-powered apparatus, the simplified structure of the
present invention is effective for generating high-energy combustion to drive a piston,
and for a broader cost range of applications than other types of combustion-powered

devices. The present invention is also effective in either single-, or multiple-volume

combustion apparatuses.
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present gas conbustion-powered apparatus; FIG 6 is

vertical schematic sectional viewillustrating an
wop@sal4sen of the apparatus shown in FIG 5; FP@/UF2008035792
an expanded partial sectional viewillustrating the

noveabl e plug structure of the enbodi ment shown in
FIG 5, FIG 8 is an alternative configuration of the
apparatus illustrated in FIG 5; FIG 9 is a vertical
schemati c sectional view of still another enbodi nent
of the present gas conbustion-powered apparatus; FIG
10 illustrates an operation of the apparatus
illustrated in FIG 9; and FIG illustrates a further

operation of BREEFEPPCRIFPION FSTHRISHAWINGS |
9. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referri ng now

to FIGS. 4¢ :a .C tion-powered apparatus is .
gener al | gﬂ%e%ilgnaatgée}teg%O%C%gﬁrg‘ﬁf ﬁgft@&l@fg%&% SM?WBﬂdlment of the
chaﬂ‘ber 12 in comunication with a piston chanber 14.
PrEY RS} FORPSOR- ReWersd 2BPHAEer abl y i ntended for use in
a conbust i onpowered tool of the type described above
and di scFBsedis vertiead sphereaticssactioml prevatladtiating ef eperation of the
herein. Both of the chanbers 12 and are preferably
appaghd shetvalin BiGliles, but may al so be forned from ot her
strong, conbustion-resistant solid nmaterials as are
known i npidhes grat b .
o1 st on ans oy PugerHISSB P RALRAD Hw 4 149Gl shwn in FIG,
1.1s preferably generally cylindrical. Wen the piston
’is in a "ready" position prior to firing, as best seen
flat surface 22 of the piston

in FI G ener al |
subst ant %‘Qﬁ\ﬂlgﬁrﬁ%ar&ﬁlﬁwﬁwnﬁg\a%@@ of the apparatus illustrated in
FIG. 1;

FIG. 5 is a vertical schematic sectional view of another embodiment of the
present gas combustion-powered apparatus;

FIG. 6 is vertical schematic sectional view illustrating an operation of the
apparatus shown in FIG. 5;

FIG. 7 is an expanded partial sectional view illustrating the moveable plug
structure of the embodiment shown in FIG. 5;

FIG. 8 is an alternative configuration of the apparatus illustrated in FIG. 5;

FIG. 9 is a vertical schematic sectional view of still another embodiment of
the present gas combustion-powered apparatus;

FIG. 10 illustrates an operation of the apparatus illustrated in I;IG. 9; and

FIG. 11 illustrates a further operation of the apparatus illustrated in FIG. 9.
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of a flanged end 26 of the piston chanber 14 to create
a substantially continuous and generally flat wall
was®snipioge 28. A piston stop 30, which is pref epeablUg2000@35792
or nore protrusions, or a continuous ring, around an
i nner surface 32 of the main body 20 of the piston
chanber 14, is preferably positioned near the fl ange
outer surface 24 agai nst which the piston 16 aligns.
Air is preferably prevented fromfl ow ng between the
pi ston and the piston chanber inner surface 32 by a
pi ston seal 34. The piston seal is preferably an
o-ring around an outer circunference 36 of the piston

16, but may ' i st ant
seal known pﬁ&%ﬁ@ﬁﬂ%@#ﬁpﬁpﬁ O&aolfﬁél glgygﬁjo”[fléﬁz 8,
together with a cup-shaped wall 38, defines the .
conbust i Referingnsay to PIGRek-dr ¢ combRBianMmowered appargtyspis generally
conmbustion chanber 12 is shown 8in a fully closed, or
desigaitécap8 eahd’ imphsies iacsombiistiors opemsbeapddinernmagcating wibs piston
a generally flat rear surface 40 that opposes, and is
ch8BP&" 8d.| YSIRA 2 laBparh@s MONR plebdratifl ihteB8ede i Wse2Bh a avoehbustion-
a continuous sl eeve body 42 joining to an outer
eri.ph 4 t t 1 ear ol T
pofiEfe P8l b1 % RSl apog8 bad W ARES 1 IR EUBLE RRRLrated by
several pieces solid j oi ned t.aget her . a i S Y
rofgranat REYR-nBRkth be clbEp 2an O HE RBERb DB g Mg podies, bu
chanber flanged end 26. A chanber seal 46 preferabl
mayr dvehe Soraied frorowitiar sprgy coBbWEER-1epistant %’&éﬂa‘”—@ﬂas 2% are known
and an internally extending portion 48 of the sleeve '
in eyt 4 Thetpasion beambe-14ttapees avaiston38 arsl dnives biladel 3§ within a main
opened position, as best seen in FIG 3. The sl eeve
bo%g%, HhichSs Bfe%’éﬁﬁl?@eﬂexﬁn& cpiidrizal,, but may be of any
S

ape to conformfo a shape of the flanged end 26, and
the flat ghedrmng lf)'isft&f: %6 #0in “ready”” position prior to firing, as best seen in

FIG. 1, a generally flat surface 22 of the piston substantially aligns with outer surface 24
of a flanged end 26 of the piston chamber 14 to create a substantially continuous and
generally flat wall assembly 28. A piston stop 30, which is preferably one or more
protrusions, or a continuous ring, around an inner surface 32 of the main body 20 of the

piston chamber 14, is preferably positioned near the flange outer surface 24 against which

the piston 16 aligns. Air is preferably prevented from flowing between the piston 16 and

the piston chamber inner surface 32 by a piston seal 34. The piston seal is preferably an
o-ring around an outer circumference 36 of the piston 16, but may also bf’ any type of
combustion-resistant seai kno§vn in the art.

The flat wall assembly 28, together with a cup-shaped wall 38, defines the

combustion chamber 12. Referring now to FIG. 1, the combustion chamber 12 is shown
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Al t hough noveabl e, the cup-shaped wall 38 is
preferably held in the fully closed position by a

wo poost4qssd 50. The first paw 50 is confi gur eBCEESWe4/035792
known in the art to be preferably located directly, or
by a Iinkage, in association wth a housing (not
shown) of the tools described above. The first pawl 50
is preferably also a beveled rod, or any solid shape
known in the art which is noveable to hold the
cup-shaped wall 38 firmy. Wen in the fully cl osed
position, the flat rear surface 40 of the cup-shaped

) 38 approaches ry near to, or, contac .the flat

in iy SLesaiiny CoRIAsl ORSMAR] MG CUTBSOaE: 38 dhndes  generally
surface 24 and the piston flat surface 22. \Wen the

flag wear shiofpeai4Qvdliat opgoses, 4l is tgenérally pavellekisd theoBak walh assembly 28,
therefore, there is preferably no effective vol une of

andia copghuansslddve bblay2 rjeiaingsuah autr $0riphsty tddeoffthaflatwht surface.
assenbly 28. Referring nowto FIG 2, a work contact

r; e :
e b F e BB T & MU Lot ey SPBbes solidly
. .The work contact..el eqent 52| 0 directly .

o Eian SRLSE SHFPEEERbERIq B fIPREADEA AR e bidiBn camber
operably linked to t%ﬁ cup-shaped wall hy a first .
flapged gd 28, A depder sond A6epreferabhe ProvERE albffiopytlgwingsbetween the

connected to a first stop 58 | ocated on the work
flangnd aod 26| andean irs@nalin dxtendieg podioard 60 thef sledve Yddyst2 when the
spring is connected to an extendi ng portion 62 of the -

cupLbepap®all BR in3Bfulllwehiivsusitivn, of bésheeedh FIGOBL dbk sleeve body
el ement 52 and the tfirst stop in the direction A

fr ' r
EQTRERSERHRGLA oy JBIATE R OB EER, of 0 hened

l.ace t firs 50. A second spring 64 is
e‘@iﬁ%‘f%f@gﬁf&r&%wﬁmen a second stop 66 and an

extendin ortion 68 of the piston chanber 14. The . .

conpr essPdiopgh mexeabhle dhe C‘élb?haﬁﬁg BV&?ln%ﬁ/ b“‘sprﬁééa% figld in the fully

contact el enent 52 back to
closed position by a first pawl 50. The first pawl 50 is configured as well known in the

art to be preferably located directly, or by a linkage, in association with a housing (not
shown) of the tools described above. The first pawl 50 is preferably also a beveled rod, or
any solid shape known in the art which is moveable to hold the cup-shaped wall 38
firmly. When in the fully closed position, the flat rear surface 40 of the cup-shaped wall
38 approaches very near to, or contacts, the flat wall assembly 28, which includes the
flange outer surface 24 and the piston flat surface 22. When the cup-shaped wall 38 is in
the fully closed position therefore, there is preferably no effective volume 6;1“ air between

the flat rear surface 40 and the flat wall assembly 28,
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its original ready position when released fromthe
wor kpi ece. The extending portion 68 al so preferably
WGae03es4986 a gui de for the noving work cont act Pet/@amni/035792
52. Referring nowto FIG 3, when a trigger (not
shown) is activated, the pawl 50 retracts in the
direction B, thereby allowing the pressure fromthe
conpressed first spring 54 to rapidly nove the
cup-shaped wall 38 in the direction Ato the fully
opened position, thereby creating a conbustion vol une
between the flat wall assenbly 28 and the open
cup-shaped wall. In this enbodi nent, fuel is

pr ef er ablyLel PN 7Q_1nt.o.4 he .
conbust i (;R/nef%/rg]{ng %ﬁ? Fé E(I)?Sdgjphél’a£ pﬁ) % Ctﬁ%?%t e(;?&]\?\#te# {grossed against a
trigger rel.eases the first pawl 50. However, fuel nay
WRFGHAEdnpl SH ing e oork CapiREIeR@IR &6 digeqtion A. The work
assenbly 28 and the rear surface 40 of the cup-shaped

coungt clameens 67 iy canpostag diapethito the enp-shabedewnll 8B, but i SiEPpreferably
gas of the type used in conbustion-powered fastener
opkrabiyrinked ad she bug-sirapyd avadiobpe fastyspoihg 4N UNDRISt 6fd 56 of the first
known conmbustible fuels practiced in the art. As the

spril SPAPeshnv@bl 1S8 ARV &Sy is8 1b&kedbt 8kt %vp& &mée?ct RS2, and a

pressure fromthe opening conbustion volune draws air

' C Sk | hamber 1 l,ong and .t hrough

SR SO B ke 108, SO BB Brot e v
and.th a{isﬁ,ﬁn chanber %%@ Thg vacuum pressure. al so )
shagest o s TR mavemest of the otk contagl element Yhandsthettast stop 58 in

stop 30. The rapid, novenent of the cup-shaped wall :
the tHon e compiesses fles St speing Sério createt pressuwy bgrinstdke cup-shaped
wi thin the conmbustion chanber 12 and the opening

well 38y whichris vl held inhtaci by the Hesttpand §0.e e second bpiil 64 is similarly
m xes the fuel and the air in the volune. Ideally,

coiprRsdel DefheRnHRBERH §BY 168 An¥ah lexRBaing oA 64 St thelpiYon chamber
opened position,

14, The compression of the second spring 64 moves the work contact element 52 back to

its original ready position when released from the workpiece. The extending portion 68

also preferably serves as a guide for the moving work contact element 52.

Referring now to FIG. 3, when a trigger (not shown) is activated, the pawl

50 retracts in the direction B, thereby allowing the pressure from the compressed first

spring 54 to rapidly move the cup-shaped wall 38 in the direction A to the fully opened

position, thereby creating a combustion volume between the flat wall assembly 28 and
the open cup-shaped wall. In this embodiment, fuel is preferably injected from a fuel line
70 into the combustion volume through a fuel port 72 when the trigger releases the first
pawl 50. However, fuel may also be injected at any time while the flat wall assembly 28

and the rear surface 40 of the cup-shaped wall are still moving apart. A suitable fuel is
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but before the turbulence with the volune subsides, an
ignition source 76 (which is preferably a spark plug)
WO gouste®sée he turbul ent air/fuel mxture w thi nPCH@EsS2004/035792
conmbusti on chanber 12. The turbul ence within the
conmbustion chanber 12 al so increases the speed at
which the air/fuel mxture ignites, thereby also
i ncreasi ng the conbustion pressure. The rapid increase
i n conbustion pressure drives the piston 16 in the
direction C, which in turn drives the driver blade to
drive the fastener into the workpi ece. Excess
conmbustion pressure in the piston chanber 14 is

Mgisgials &t tﬁ@é{ﬁg gﬁecﬂh ESHBSbon %WereziSEast@H& drign 0@&0%‘150 Bul fhay also
to

op agal nst a resilient nenber 80 aftér
t he st on pa S the ort ' dlrec
be, g ROTHE S ACP PR e o0 Prackifd PGpF afi”PA B, ip-shaped
as a brake for the piston 16, air pressure between t
wall 38 omowendinathgefispciionyA ¢ P OESHUIB NRFeEI G 1o 40, OB RS combustion
chanber 14 may al so be utilized to provide a 1lbraking

vohane adrfws dithéntpi the crombidtion ichambery 12 wHeng tand through an unsealed
cup-shaped wall 38 reaches its fully opened position,

eﬁ%}h@ry' ’74‘16&%e1’{"tﬁéchph§1ab&9 wall Bgsadi0tha esto chgaber( 1Mot The vacuum
simlar to that of the first paw 50, a second
t

R e

opened p ItIQ and thu | so f xed| l,in

pi ston c%g fIP%Yﬁﬁ%EH‘t @2 8“?8 g ‘xﬂf 3? tBYV%}{ 8 fully opened

extendi ng sl eeve portjion 48 at the chanbeL seal 4
pasiinnd watatesa suthiieneen Witleinc Biep gembusiican shaaper) 125348 ﬁhs opening

pi ston chanber 14 cools, a vacuum devel ops in the
coniaustion srolushié dereihosBe turbulbnee B6tuoy exixeshtheefuchasd the air in the

port 78, and draws the piston back to the initia
va16RLY 18030t wabn &d @pldhdpdd fbvingavdll 3 @Rches its fully opened position,
but before the turbulence with the volume subsides, an ignition source 76 (which is
preferably a spark plug) ignites the turbulent air/fuel mixture within the combustion
chamber 12. The turbulence within the combustion chamber 12 also increases the speed
at which the air/fuel mixture ignites, thereby also increasing the combustion pressure.
The rapid increase in combustion pressure drives the piston 16 in the direction C, which
in turn drives the driver blade 18 to drive the fastener into the workpiece.

Excess combustion pressure in the piston chamber 14 is expelled through

an exhaust port 78, and the piston 16 comes to a stop against a resilient member 30 after
the piston passes the exhaust port in the direction C. Although the resilient member 80 is

preferred to act as a brake for the piston 16, air pressure between the piston and a

generally closed end 82 of the piston chamber 14 may also be utilized to provide a

11
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outer surface 24 (FIG 1). Wen the trigger is
rel eased, the second pawl 84 retracts in the direction
w@2o0slemeby al |l owi ng the vacuumto al so pul | tPET/US2004/035792
cup-shaped wall 38 toward its initial fully cl osed
position. As the cup-shaped wall 38 closes, the volune
Wi thin the conbustion chanber 12 is effectively
reduced to zero, and all of the residual combustion
gases fromthe volunme are expelled through the
unseal ed periphery 74 (FIG 1). Additionally, force
fromthe conpressed second spring 64 causes a catch 88
on an end 90 of the work cont %ct element 52 to %ull _ :
braleng frpe &o7dBe @isien. | Addtiopallys Whem ghe qiprshaped wall 38 cpasdigyits fully
position after the second paw 84 retracts, and after
opeel pesitior; bytaditkagd witkite fosl hawingeadftriggart(het shown) similar to that
wor kpi ece. Referring nowto FIG 4, an alternative

of €@ fitsy Fé w50 stkohdBavltiiamatdsSin 36k disection D edodeact the cup-shaped
wi t hout the fi rst paw 50. This alternative

wﬁf)ﬁrﬁ g%%gl&l Igdr]]d g nf’&l%%}’i‘&sogeh&ﬁﬂéélce pta‘h? hiie ﬁlso fixedly sealing the

pl% :f%xafnﬁlgp g] a&&ngtﬁegglﬂippler{t%ga@y g‘ﬂq&gl%g %:et Roption 48 at the

Accor di ng@}t o this configuration, the turbulence in the
chg chanber 12 is created by injecting the fuel

into the conbustion volunme as a high-speed fuel jet.

The pr esdstresidwa paomsthivathe cdirbostier edintbeatl 2 antlélre piston chamber
properly, configured within the conbustion volune, the -

14né g, sPeRAumU@ivel @b itMtel cHaRberss WhidhCd164tk aeR8ved86 boer the exhaust
create the necessary turbul ence to produce a rapid,

olilt! A0 288 %529%’%&19 :ﬁ?éfoc’ﬁ 18 B?,ck-% ‘?{1@ #ﬁ%ral Jrﬁatdyfpto§%|0fl gEﬂﬁég w1th the flange

serVes as

‘Fﬂsb1 ' ﬁe ?zﬁﬁ Q!w]kjh gi aﬁ@gwglé? {}’:ﬁ%%‘tr {g%l%gsg %Iggtg)& pgﬁfggé ae]tracts in the

wal | 38 is pushed open. Mxing occurs as the air |s
direction B, thereby allowing the vacuum to also pull the cup-shaped wall 38 toward its

initial fully closed position. As the cup-shaped wall 38 closes, the volume within the
combuétion chamber 12 is effectively reduced to zero, and all of the residual combustion
gases from the volume are expelled through the unsealed periphery 74 (FIG. 1).
Additionally, force from the compressed second spring 64 causes a catch 88 on an e'nd 90

of the work contact element 52 to pull the cup-shaped wall 38 toward the initial fully

~ closed position after the second pawl 84 retracts, and after the work contact element is

removed from the workpiece.
Referring now to FIG. 4, an alternative configuration of the ai)paratus 10 is
configured without the first pawl 50. This alternative configuration is otherwise identical

to the configuration shown in FIG. 1, except for the positioning of the fuel line 70 and

12
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entrained into the jet as the jet courses through the
open conbustion chanber 12. To nmaxi m ze the m xing
webdsoi49s¢ he fuel line 70 and fuel port 72 shopdTiUBE04/035792
positioned at the flanged end 26 of the piston chanber
14 to fire the jet of fuel in a direction E toward the
flat rear surface 40 of opened cup-shaped wall 38, and
nore preferably toward a center point 92 of the flat
rear surface. The ignition source 76 should al so be
| ocated ideally on the flanged end 26, and generally
in the sane plane as the fuel port 72 and the piston
surface 22, but at a maxi mrum di stance fromthe fue

fird iortal D atbrighthe! flazee dn@Nth oBYnd PistorPERingtdredy, .Accor#]iérég to this |

configuration, the Tuel jet travels a maxi num di sta
7 t 2 of .
oSITRAAS, INCheBREkcTR OURLIIR GRRBSEA3s ool SBkcing
L e AR B Yoluedsls NEbHDE Riehssih el ASse irentors have

volunme. Al'so according to this configuration, the
disgqveredsppt, fdes pronsripreonBgurbd within Wievambustiemybluine, the high-speed
cup-shaped wall can be directly fixed to the work

fuebjet adll heve swfficiehBbibrgy hecresty thondoegsatwhirbdehdd foyproduce a rapid,
opened position directly when the work contact el enent

high-cRbAGRnRIRAS { TR R VRE ﬁﬁlﬁﬁﬁ% :rsTgo-Fgé:s effgcﬁé nfi6ae e[)b&%enl? or the fuel

I'nj ectéd when the conbustion ch opens,

' i R i.ntreoduced into.the al dy-.open
o L L S Mt R B ST P e 1 BV rpnscaled

the trigger_ is acgiv ted, the second pawl 84 noves in o
P?fwzleafu :”géitsi%ﬁ cppshanedcwall 38 is upsherh pren. wAIKiIEROgGHrpas the air is

the fully opened position, as described above (FIG
emdgainqdtatofthejet petheijet doujsss theoughrtho opérecambstisnichamber 12.

vol une, and the ignition source 76 ignites the

resul t antTof meditmie theinikingeeffett)ehd grel 1iheM0@UTEE ptBt 7B should be

positioned at the flanged end 26 of the piston chamber 14 to fire the jet of fuel in a
direction E toward the flat rear surface 40 of opened cup-shaped wall 38, and more
preferably toward a center point 92 of the flat rear surface. The ignition source 76 should
also be located ideally on the flanged end 26, and generally in the same plane as the fuel
bort 72 and the piston surface 52, but at a maximum distance from the fuel port along the
flanged end. By this preferred configuration, the fuel jet travels a maximum distance
from the fuel port 72 toward the center 92 of the rear surface 40, and then toward the
ignition source 76 before igniting. This extended distance allows for better mixing of the
fuel with air in the combustion volume, |

Also according to this configuration, the first spring 54 is preferably

eliminated, and the cup-shaped wall 38 can be directly fixed to the work contact element

13
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preferably tinmed to allow the fuel jet sufficient tine
to travel across the conbustion volune before ignition
W@e@ans195dhe renmai ni ng sequence of operation fPBCT/URL084/035792
alternative configuration is as descri bed above for
FIGS. 1-3. According to these enbodi nents of the
present invention, a conbustion volune is created from
a sinplified construction of an expandi ng col | apsi bl e
chanber by noving apart two generally opposing walls
of the chanber. Turbulence for a rapid conbustion is
thus created by one of two nethods descri bed above.
According to the first nethod, components of the

t
52? EIZ%?%F m'(W t@ﬁﬁé futl wangsél o Elir&ftlyt WhéD et % JoB&ct element

ture, e conbustion vol une.
. turbul ence, created. b i onen
s il e %&ﬁr A, i B B RERY BB e e p—
practlcal togl if ignjtion qQccurs -ea enough.
chaghsr d2 rpens tubdhsieadoisapraisrahby int msiaa# {0 g %mrmwhamber
creates the turbulence, and also is the m xi ng el enent

whenevenBriag is desided. UdeallyBhem whenbhe tipger iyastvaied,dhe second pawl 84
nmet hods produce adequate fuel/air mxtures for rapid,

mbl & meReaByctaMPUSTotR ife cubdRap&s wilhgs iawtiefullly Gpendt Gosition, as
a corrbustl on- power ed apparatus is generally designated

dé'sgﬂbecp ng @r 8% tRE géé%% piﬁj'e\%etﬁiin 01@1 ol bRtiSn tvbﬁlme, and the

o deécrl reference to
2,4 areld tJfledb th a nuner | cal 1 0
lg?ﬁémaﬁ?}%‘{?eatg {gnit§i g ﬁ%ﬁuﬁaﬁ RERE TR o 18R Q?ﬁ f@ﬁm 76 is
in conmunication with a ston chapber 104, and |

pefrally tipednie elpy| the fgclies piTisiant 46eR & WaVH %Cégiﬁe@*(e qgubustion
the apparatus 10. The piston chanber 104 is preferably
valyhierisbfore dgnitiamdcéwss.| Fbatremaining sequence of operation for this alternative

configuration is as described above for FIGS. 1-3.

According to these embodiments of the present invention, a combustion
volume is created from a simplified construction of an expanding collapsible chamber by
moving apart two generally opposing walls of the chamber. Turbulence for a rapid
combustion is thus created by one of two methods described above. According to the
first method, components of the chamber move apart immediately prior to igniting the
fuel/air mixture, to expand the combustion volume. The turbulence created by the
moving components is adequate to produce the rapid combustion needed for a practical
tool if ignition occurs early enough. According to the second method though, a fuel jet
both creates the turbulence, and also is the mixing element for the air and fuel. Both
turbulence generation methods produce adequate fuel/air mixtures for rapid, high-energy

combustions.
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partially within the conbustion chanber 102, which is

al so preferably cylindrical and has a | arger outer
waelc@amiose t han t he pi ston chanber, however, PCT/US2004/035792

non-cylindrical shapes are also contenplated. A

noveabl e plug 106 is |ocated wthin the conbustion

chanber 102. In this enbodi nent, the conbustion

chanber 102 is preferably a rigid structure, and does

not nove relative to the piston chanber 104. The

noveabl e plug 106 includes a generally flat base

portion 108, which preferably is shaped as a round

~di sk having an outer ri phery 10, which generally . :
cor r espoRESTHRE BOV ity EE(SS 8 a?"B%“W%"B‘b‘ﬁ%ﬁ@lapﬁﬁa%s is generally
chanber 102. Connected to the base portion 108 is a )

degjgnatedl 109, buinfsamiespefthespbaratus, 108hiheh ateatie samprag theseedescribed
wal | 116 that preferably corresponds to an outer wall

abdiSwith réfeendt s PIGS: harberiddiifieddydh@sdmegumetical desdgrations.
120 that generally corresponds to the inner wall 2 of

th nb [ d . i C
he Combag SR LSRR8, 1 oo
o SO AREOBAE She 0 BB B v

conmbustion chanber 102. In this,. enbadi nent,, the flaé_
the, appatgist | n Hiwspisten ehaanber s jsa prsderallly| oxdindggal; gaq is located
preferably forma cup shape simlar to the cup-shaped
pattiallyl WitBif thé cerhleustippahamber 108, whidBSs also @;eferahg' cylindrical and has
cup-shaped portion 108, 114 of the plug 106 therefore

a TaHts oA YianWtdrthire e gidtod Ghanitfer Pl dver) nbaZytihditidut shapes are also
pi ston chanber 104, simlarly to the function of the

) odh | ” ' . _ _
ST 18l TRRRL o8 Bopbet i 0. o
th%g%lel?%ﬁlrnte}lt? rt]helc%;ﬂlbuasﬁgn Wadvs! P(?Z %szlf'ref)efrabtl}b% lj?geiﬁ estruc’rure, and does

not move relative to the piston chamber 104.

The moveable plug 106 includes a generally flat base portion 108, which
preferably is shaped as a round disk having an outer periphery 110, which generally
corresponds to an inner wall 112 of the combustion chamber 102. Connected to the base
portion 108 is a generally ring-shaped wall 114, which has a ring inner wall 116 that

preferably corresponds to an outer wall 118 of the piston chamber 104, and a ring outer

~ wall 120 that generally corresponds to the inner wall 112 of the combustion chamber 102.

As best seen in FIG. 7, the ring-shaped wall 114 has a height H that preferably
corresponds to a length L of a portion 122 of the piston chamber 104 which is located
within the combustion chamber 102. In this embodiment, the flat base portion 108 and

the ring-shaped wall 114 together preferai)ly form a cup shape similar to the cup-shaped
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opposite to the ring-shaped wall 114, is a stem
portion 126. The stem portion 126 is preferably
wa@enseneds rel ati ve to the base portion 108, aneBCT/US2004/035792
preferably generally aligns with the driver blade of
the piston 16. The stem portion preferably extends
t hrough an opening 128 in a rear wall 130 of the
conmbusti on chanber 102, and is fixedly attached to an
attachi ng nmenber 32, which in turn is operably |inked
to the work contact elenment 52 directly, by spring
tensi on, or other |inking nethods known in the art.
Al t hough the noveable plug 106 is preferably forned .
¢ / I i . tion
wg% 98'¢tane aaf,@raaegggchgg }%gﬁh@% s%l%ﬁe}ﬁsggasnﬁeé, | @of the plug

, the rinhg-sh ] an m portion
26 ar re..preferably fo d toget as .a singl
léoﬁ}eaefg{eggt&chgﬂ% \g*tﬁl ég%)gptafq < PHign hlezr2 8P it p1spo% ghamber 104,
_contiusti on-resi stant materials_as are known in the
sigylarly 1o, thepfyaetionet the sun-obargd valhid with gespeeipedheuistonghamber 14
have a cup-1ike shape, and nove and function in

ofitk¢ appavatus 60 (FKSPilsd)on chanber 104 similarly to the
way the cupshaped wall noves and functions in relation

to the piCohaecteh TR baeé pbiiRnaIIBARAd W alfide 394 of the base portion
descri bed above. As best seen in FIG 5, the noveabl e

opﬁJo 19%d ﬁné—isﬁ e 4 i? fgr’glwcrﬁéfn GhBSOfhe &%%1 o;po(%rtrion 126 is

eady, positron by a paw I s assocl a

| Lnked with a ol ,hqusin not own) sim.lar to the, .
gl e bhtefia ol 10 e BalOntMoh ORI nRbiiRientstely Signs wit
when the noveabl e plug 106 is fully closed, a single
theideivieg blage UPeolthe; rista flon e d heistam potting prsfasedy iestends through an
chanber 102 between the side 124 of the base portion
orkddigal i intrerearwnll A0 lof fi@Goafbustien dmnthes i 02 rand hafikedly attached to
Al other volune of air within the conmbusti on chanber

anl@fhchgtmeib& 132, Ghidhhe neth iR &S lifked fdhEW6HNEbNtact element 52
volune Vm is

directly, by spring tension, or other linking methods known in the art. Although the

moveable plug 106 is preferably formed from separate and/or hollow pieces, the base

portion 108, the ring-shaped'wall 114, and the stem portion 126 are more preferably

formed together as a single, solid piece, and of generally rigid, combustion-resistant

materials as are known in the art.

The base portion 108 and the ring-shaped wall 114 have a cup-like shape,
and move and function in relation to the piston chamber 104 similarly to the way the cup-
shaped wall 38 moves and functions in relation to the piston chamber 14 of the apparatus
10, as described above. As best seen in FIG. 5, the moveable plug 106 is fllxedly held in

the fully closed, or ready, position by a pawl 134, which is associated or linked with a

tool housing (not shown) similar to the pawls. 50, 84 described above. In this
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effectively reduced to zero. As the work contact
el ement 52 is pushed agai nst the workpiece, a first
W@ poosng9i@6, whi ch connects the attachi ng nmenbeeT/USR04/a35792
the work contact elenent at a first spring stop 138,
is stretched to create a pulling tension against the
attaching nenber in the direction A Referring nowto
FIG 6, activation of the trigger rel eases the paw
134 in the direction B, and the pulling tension from
the first spring 136 rapidly noves the plug 106 in the
A direction toward the rear wall 130 of the conbustion
chanber 102. This novenent of the plug 106 is
epbedireat) wheh ehdrinoate WhGN 061e fiyi8odedda @fng%é‘&tﬁliq)gﬁ?g?lrlme Vi is
ully

portion 108 contacts a resilient stop 140

dSmRA h : I.Lion.to act] as a .
R SRRk e hOME i L2 b3 UL 27 LR o rtion 108
140 | eferably_a hollow cylinder, which also .
ot R e g B0 oscthg Zolbsi oot n Aliksraiolnres Of RS within the
stem portion 126 through the hollow cylinder, as well
copbuystion shamben HiY byboafsideadt ticrdimensionst of theemixing nglume Vi, is
vol ume Vm t hrough the opening 128. \When the noveabl e

effiéatiyelyOB dnemsic tre geriot s Alsuthleyworkecorasi dlérasnt $Das Purhdaagainst the
volume Vmpartially collapses, and first and second

wotkpiies! h Fitstv e 36/ winipd cyﬁnécﬁsgﬁcﬁa?ﬂg‘ﬁ% RERLEL €% €8 the work

wi thi n the conmbusti on chanber 10 now cont al ns
istinct vol upes. .17Wen. .
offtact Seblont L F B BRARELERAN, Bl B 10 GieRC phf Wiion against
cO stion yolunes M and V2 together contain
thgﬁg%gwgwﬁ‘?gﬁ\éﬁr?ﬁgegmwp‘%f vol ume by whi ch the nixing
volume Vmis reduced. In other words, the distinct
vol unes Wiefasiing ppw te diou 6t adsivatibmabthe triggeprebiasesabt pawl 134 in

general |y satisfy the equation VI +V2+Vm = Vnk,
the direction B, and the pulling tension from the first spring 136 rapidly moves the plug

106 in the A direction toward the rear wall 130 of the combustion chamber 102. This
movement of the plug 106 is preferably terminated when the side 124 of the base portion
108 contacts a resilient stop 140 at the fully open position of the plug. In addition to
acting as a brake for the movement of the plug 106, the resilient stop 140 is preferably a
hollow cylinder, which also preferably serves as a guide for the movement of the stem
portion 126 through the hollow cylinder, as well as a seal against potential airflow into
the mixing volume Vm through the opening 128. When the moveable plug 106 reaches
its fully open position, the mixing volume Vm partially collapses, and first and second
combustion volumes V1 and V2 réspectively are created within the combu;;tion chamber

102, which now contains at least three separate and distinct volumes.
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Al t hough the m xing volune Vmis not entirely

collapsed in this configuration, the present inventors
wa@oeonsempdbat e t hat t he noveabl e plug 106 and cheab®s®04/035792

102, 104 are configurable so that the resilient stop

140 is alternatively renoved, and the base portion 108

then will open all of the way to the rear wall 130 of
t he conmbusti on chanmber 102. The fornul a descri bed
above would then still be satisfied as becones equal

to zero. The first conbustion volume VM is preferably
annul ar, and the second conbustion volunme V2 is
cylindrical. A dianeter of the cylindrical volune V2 .
wi ||t heWVisnghe phg 1060 fulbp epsd, r’%ﬁt Bitsy ardyseaiond gomhustion volumes
i nner di aneter of the annular volume VI. The

ViEwhi Vi tagathey obntain dfpradimatelyd ! dnyouro of @olend By iwiich the mixing
shape of the cylindrical portion 122 of the piston

votivasten $04dbeaat B owet Rididd, e Qﬁ’s!i‘?i’k!@ R/b%ﬂlcﬁ hﬁﬁmﬁrthé cE%mbustlon

The m xing volume Vmis basically cy i ndri cal

, c el

o 2 PRIV IS FoRRNL 3 Isvf?.l ﬁv{z%gng%m Vil

rtiop 126 .thro h e .m xin Iu Vm One, skil] ed

Aﬁ]ﬁo e PEIRS W VR 198 5é cgﬁggseqlrdq dhisneongtguration, the -
the plug 106 may |nstead be operably linked to the

PrRgSPE AieNtass comemplat thad theotovestderphtg 539 and chuubers 162, 104 are
i nclusion of the stemportion 126, through many ot her

confiighmble svethhoths rksibewt stop t4tisaliernativ-élhaeihotiehand ltlﬁkgbase portlon
fromthe present invention. 18As best seen in FIG

108@6n AR Opeh El%ﬁhé‘@sﬁayQBQH@ Rar %11' P3(P5iet?1§‘§,‘3l s &ﬁ{:hamber 102.

the workpiece, fuel 1S preferably |nJecte
THD K 0 e I 00 AP R A PRI vl 1

voI ume.
Zero

The first combustion volume V1 is preferably annular, and the second
combustion volume V2 is cylindrical. A diameter of the cylindrical volume V2 will then
preferably be approximately equal to an inner diameter of the annular volume V1. The
cylindrical volume V2 also ideally conforms to the shape of the cylindrical portion 122 of
the piston chamber 104 located within the combustion chamber 102. The mixing volume

Vm is basically cylindrical, but can also be considered annular when movement of the

. plug 106 is effected by the central inclusion of the stem portion 126 through the mixing

volume Vm. One skilled in the art, however, will be aware that movement of the plug
106 may instead be operably linked to the movement of the work contact element 52,
without the inclusion of the stem portion 126, through many other linkage methods

known in the art, without departing from the present invention.
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Al t hough fuel is preferably injected at this tine, it
can also be injected at any tinme prior to novenent of

wo b@sopweabl e pl ug, such as in coordinati on w POT/ER2004/035792
activation of the trigger. As described above, the
trigger activation will also preferably nove the paw
134 in the direction B to release the attachi ng nenber
132 to begin a rapid novenent of the noveable plug in
the direction A. Referring nowto FIG 6, as the first
conbustion volune VI and the second conbustion vol une
V2 begin to open and expand, the fuel/air mxture in
the m xing volume Vmis drawn into the conbustion :
vol ume VA% bsbergh ia FiGe], whshke work ¢atact elbnient $his tressed against
portion 108, and then fromthe conbustion vol une V2

thenwarkpteee clibisgireforablsoinjevted it tghnRing @HGeONA of the combustion
conmbustion port 146 |ocated in the ring-shaped wall

cHakdber T2 tishoty @l H&t Fi4 gﬁ glr ! @5 ahlx witn Ei?qnvtz\ﬂhi\’tgﬁdng volume.

but may be any type of v hown I'n the art

- myni.cati on fromthe m xi ng. vol u V| )
AR AT BT TG SR B8k ot s e e e A B Bt prior
is ideally.located on the ring-shaped wall 114 at a
19 GioYEigRt Dhthe PevesblfaRlomy SV % i eordinatine vilh A 4cRvagion of the
the ignition source 76. Vacuum pressure, caused by the
triggsn nAgB descoibed hloveoi triggen actiitionesll \dlsogmefessbly miok¢ the pawl 134
then fill the two conbustion volunmes with the fuel/air

irnibe tdieetion Beto \releasdthabgachiy Se@bPANS Rbepin b Phid movement of the
conbustion volunmes VI and V2 will also create a .

Y ESIS hRBLIn 1M Hfd2Hb£ACE Wi thin both of the conbustion
vol unmes and V2 to provide a rapid, highenergy

combust | SRR TG 6ok Sy g second
c&h&%ﬁ%ﬂ%&?&m%i begin to open and expand, the fuel/air mixture in the mixing
volume Vm is drawn into the combustion volume V2 through a fuel valve 144 located in
the base portion 108, and then from the combustion volume V2 into the combustion
volume V1 through at least one combustion port 146 located in the ring-shaped wall 114,
The fuel valve 144 is preferably a reed valve, but may be any type of valve known in the
art which allows one-way communication from the mixing volume Vm into the
combustion volume V2. The combustion port 146 is ideally located on the ring-shaped
wall 114 at a location that is a maximum distance on the wall 114 from the ignition
source 76. Vgcuum pressure, caused by the expansion of the combustion volumes V1
and V2, will then fill the two combustion volumes with the fuel/air mixture, The vacuum

and rapid expansion of the combustion volumes V1 and V2 will also create a sufficient
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114 are configurable to allow even greater airflow
bet ween the several volumes wthin the conbustion
wa@b@siernset o provide additional filling, m Xi NBCT/ARZNN4/035792
turbul ent properties to the several volunes. The
ring-shaped wall 114 is preferably fornmed to include
an extending portion 148 on the ring inner wall 6
whi ch approaches, but does not contact, the portion
122 of the piston chanber 104 inside the conmbustion
chanber 102. h this preferred configuration, when the
pl ug 106 reaches the fully opened position, the
extending portion 148 will contact a combustion sea

tuitailence ReitiaR ooste aF itH&ccﬁﬁﬁt%{i&WvQﬁhi’é@e\ﬂl ?%tfviz‘r’]@ provide a rapid, high- |

conmbustion volunmes VI and V2, except

i t S conbustion.,seal 0 is
°p§§B§%§§ﬁ9°§§&§?ﬁﬁ%ﬁwV%§3?% ToIP S dan out er nost
peri pher 52 of the piston chanmher portion 122, but
oy bo: aRete0Re g GoRhgs Pischeeties: L 198 @nd o singishaped wall
the art. The air/fuel m xture in the second combusti on
ldnasisenfigerablecte dllowsven gieatdr eirfowdrebuedn ihe sseatl 4@0mes within
and across the ring inner wall 116 into the first

the cotnbasticanchahmehas pMviddaddeidoaBfitingImb8Re | 51dTRbuRG: "
but is bl ocked when the plug reacr?gg thegful 'y openléré)pe 1es 10

th8 AirérPRolubillsS 1TRE! 35 Gl ! L 8RS o ;
PO O moluie®, [IHCT A2 Bip8d MAPHLE L SiElerb I EFARGto include an
' dgnibi To turther .increase the turbul ence

ofilefie Reibd b pRilhe B oot A 146 A amyrargep g daigiot contact,
a recess. 154 is preferably provjided on the inner wall

th§ pOTHin 1 ¥7e 0% BieiSion sHamher ingigp the gernbestianediamher K2, In this
vicinity of the ring-shaped wall 4 when 20the plug 106

preferied eandightation, ovlese theppbigt 1061.redthes rike efally 1Gpkntdymsition, the
all ows additional airflow between the conbustion

extdndirtye poitivne 148vaill Td@aand doAdueHEE el 50, 130reBl {difing airflow
ri ngshaped

between the two combustion volumes V1 and V2, except for the combustion port 146.

The combustion seal 150 is preferably an o-ring located around an outermost periphery

152 of the piston chamber portion 122, but may be any type of combustion-resistant seal

known in the art. The ait/fuel mixture in the second combustion chamber V2 then flows

around the combustion seal 150 and across the ring inner wall 116 into the first

combustion chamber ,Vl while the plug 106 is moving, but is blocked when the plug

\

reaches the fully opened position. This inéreased airflow further increases turbulence in
the first combustion volume V1 shortly prior to ignition.

To further increase the turbulence in V1 caused by the str‘ucturG of the
moving plug 106, a recess 154 is preferably provided on the inner wall 112 of the

combustion chamber 102, and located in the vicinity of the ring-shaped wall 114 when
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wal | 114. A first ring seal 156 is preferably |ocated
on the ring outer wall 120 opposite to the extendi ng
W@eoosionresd48 of the ring inner wall 116. Airf| P@I/US2004/035792
then seal ed between the ring outer wall and the
conbustion chanber inner wall 112 when the first ring
seal 156 noves past the recess 154 and the plug 106
reaches the fully opened position. Before the first
ring seal 156 passes the vicinity of the recess 154,
however* the ring outer wall 120 and the conbustion
chanber inner wall 2 are configurable to all ow
addi tional airflow between the m xing vol une Vm and

tHehftug 10657 i QIETURY CRBed BbsiiEh. Vl‘hé"f%ibés@ 158 éig)h“ésoa‘aditﬁmal airflow

novi ng, but before first ring seal contacts

' ' £ owall ec ri S 5 ,
oG e SRR Shalh AT i, 1753680k oplef w20 2 ghe ring:
near the base portion 108, to prevent any direct
SHEPPY Il vk R Hrali 186 i araimebivriossial oahe Fiogtouter wall 120
conbustion vol unme VI by having the second ring seal be
ORIOfME & the extendimgtpomiion 14$ of teningsinnenweh diberAirfiovets then sealed
wal | 112" away fromthe recess 154, and regardl ess of

bettveerhtire fipeoyibuyall Gfdi the icBmbligionWHanbeP anRe valll 114l fMen the first
cl osed positions. The present inventors contenplate

riAd1@ball 156 BYGvEE BhdtaRL "reé:efé? BB, ’g%ﬂlgitﬁ% aﬂﬁe&]a&? P@g"ﬁﬂty opened

irect airflowinto the first co on vorune

pcfsﬁt?cﬂ?the m xi ng volume Vm Referring nowto FIG 6,
activation of the trigger causes the pawl 134 to nove

in the directio allowi ng the plug 106 to

r}_B, ,therebg .n

rapidly © e firslring scakd G nasaes thpaichwity efthe reagssi b8t however,
reduces the m Xxi n‘g vol ume Vm and opens first and

thg gngrenteriedhb® and they combmssion ntarBer inapewhli 1éD yare Thefigurable to
fuel/air mxture in the m xing vol une

allow additional airflow between the mixing volume Vm and the first combustion volume

V1 while the plug 106 is moving, but before first ring seal contacts the combustion

chamber inner wall. A second ring seal 158 is optionally included on the ring outer wall

120, and near the base portion 108, to prevent any direct airflow between the mixing

volume Vi and the first combustion volume V1 by having the second ring seal be

always in contact with the combustion chamber inner wall 112 away from the recess 154,

and regardless of whether the plug 106 is in the fully opened or fully closed positions.

The present inventors contemplate that it may desirable in some circumstances to prevent

direct airflow into the first combustion volume V1 from the mixing volume Vm,
Referring now to FIG. 6, activation of the trigger causes thc;, pawl 134 to

move in the direction B, thereby allowing the plug 106 to rapidly move in the direction

A. The moving plug 106 reduces the mixing volume Vm and opens first and second
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Vm flows into conmbustion volunes VI and V2, and a
spark fromthe ignition source 76 ignites the fuel/air
woRoosoumsé n the first conbustion volunme VI, anBCT/US2004/035792
preferably when the plug 106 reaches the fully opened
position and turbul ence within the conbustion vol une
VI still exists fromthe novenent of the plug. A flane
front of the ignited fuel/air m xture then progresses
t hrough dual arcs of the annular conbustion volune VI,
until reaching conmbustion port 126. The noving flane
front passes through the conbustion port 126 and into
t he second conbustion volume V2 as an ignited gas jet, ‘
CemBrioy volumes Yhavd Vg resrectivaly. dhe fiel/air aristunk iththe noréng volume
vol unme V2. The ignited gas jet also creates turbul ence
Viom flobve iniol aontbuston eoldmien Vadalidt Vorenda $pagk frombihk egiﬁﬁon source 76
caused by nmovenent of the plug 106. As the air/fuel
ighiites tHeLfdellait RExHES ﬁﬂ&eqﬂﬁpé&%t{%ﬁoﬂ %Mﬁ?e V2, i gﬁpusﬁg 'when the

the increased pressure in the volume V2 rapi

€108 rhHes ﬁﬂ:dfug?#? %o@ﬁ nﬁ%dq%%)gf %%]g/ht{u&t gner phill@ volume

€ WOr Kpl ece.

p atu 0d scrlbed xce pressure |n
5 V3- St iR e7e 5 Ghovebicaf o 64 el oGS et ol denited faclain
port 78 as and after the piston passes the exhaust
mgipre theg progressas threwgh dialprod ofithe anhelapicebnstiomavdieme V1, until
104 and conbustion volunmes VI and V2 cools, a vacuum

. recieliel; mpmbokiicvhpat i 26.t Thpuhdving €lapieSte ﬂamk througi éhe combustion
initial ready position. Wien the tool 100 is renoved .

pdit ATGtIAE MR theisBsRd ctoﬂﬁ)u‘éﬁdirk v6RRIeAGs a8l ggﬂlted% Bét thereby also

returned to its original ready position

GO S5 B2, 0 D o st
10 mrgﬁgttlc%dmotﬂe voﬁxmve\n{/E, and1 In a&dition to the turbulence caused by movement of
the plug 106,

As the ait/fuel mixture in the second combustion volume V2 is ignited, the
increased pressure in the volume V2 rapidly pushes the piston 16 and driver blade 18 to
drive the fastener into the workpiece. Similarly to the operation of the apparatus 10

15  described above, excess pressure in the piston chamber 104 is exhausted through the
exhaust port 78 as and after the piston 16 passes the exhaust port. As the gas remaining

‘ Wit.hin the piston chamber 104 and combustion volumes V1 and V2 cools, a vacuum
develops which acts to pull the piston 16 back to the initial re%ldy position. When the tool

100 is removed from the workpiece, the work contact element 52 is réturned to its

20  original ready position as well by compression force of a second spring 160, which is
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el ement 52, and either of the conbustion chanber 102
or the piston chanber 104. The conbi nati on of the
wo edosnmosovenent of the work contact el enent S5PCT/OS2004035792
ready position, together with the vacuumcreated in
the conbustion volunmes VI and V2 fromthe cooling gas,
causes the plug 106 to nove to its original closed
position, thereby collapsing both of the conbustion
volumes VI and V2, while also effectively scavengi ng
t he remai ni ng conbusti on gases from both conbusti on
volunmes as well. The novenent of the plug 106 to its
fully closed position also reduces the pressure in the ,
I : . A r int
dEbMY NGiREIER bYvethd Glcddy E;%g eg@@vwgqi\‘/ 2&%&? by, thé"sPork contact

t he vol une Vm through an air

164 r af er.abl r val ve, b an
ol B S Bt bl QoMb ey 7 ot Beinan Rhsigert ™
the art. ,ﬁ%en he trigger is released, the pawm 134
noves i n tI&OH 1&219{18%%@ KR srayepient of the stark gontaststgment 52 to
132 near the conbustion chanmber 102 (FIG 5), in
ity readsmasition, fogethar withtthe vabust ceafetliinitgcayblstion volumes V1 and
Because the m xing volume Vmis not utilized in the

Vacfrol the @oblisg igas) dabifes the Hhigi€d6 M Xidietol il bHENNIOLIBER position,
Vmis not ignited), it is not an inportan

t
RS tfaBlin® BoltP bt ARCHIIA RULAARCT1 LRV S RUREE Al Stectively

entrre v Vm or scavenge 1ts unigni
resent inventors do cont | ate, howeyer, that
sch Y FraBh Bl SRS el Soes TR BBicp RS ot as wel, The
coqglet%#%@displage t he, m xi ng_vol ume Vm (FI GS. 9-11, _
mgEergRyt. ofrihe phved 8hio it aly stased positien relsonstiuces thearessere in the
may be preferable in sone circunstances to inject the .
mixjag viohiee Ve which rig tahadroes héshair inhe shet votemet Vingdeosugh an air
rel ease), which will also be in preparation for the
chieektvabyeCl®. The air check valve 164 is preferably a reed valve, but can be any
combustion-resistant one-way valve as is known in the art. When the trigger is released,
the pawl 134 moves in the direction D to lock the attaching member 132 near the
combustion chamber 102 (FIG. 5), in preparation for a next combustion/firing cycle.
Because the mixing volume Vm is not utilized in the actual combustion (the
air/fuel mixture in the volume Vm is not ignited), it is not an important consideration for
combustion purposes to displace the entire volume Vm, or scavenge its unignited
contents, The present inventors do contemplate, however, that other considerations may
make it desirable to completely displace the mixing volume Vm (FIGS. 9-11, below).
The present inventors also contemplate that it may be preferable in some circumstances

to inject the fuel into the mixing chamber Vm at this time (trigger release), which will

also be in preparation for the next cycle.
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23Referring nowto FIG 8, an alternative
configuration of the apparatus 100 uses a fuel jet,

W@ Rowsloa95¢ o t hat descri bed above for the tool ROT/OF10G4/035792
4), to generate turbul ence in the conbustion volune Vi
i medi ately prior to ignition. The present inventors
have di scovered that, for this configuration, only a
noder at e amount of turbulence is required in the first
conbustion volunme VI to rapidly and sufficiently
ignite the air/fuel mxture drawn into the volunme. A
second fuel port 166 is preferably |ocated al ong the
conmbustign_chanber 102, to al]ow a high-speed fuel jet ,
to be i n%@’éﬁtﬂéﬂg depeteris. 8 an aligraative eanfigyiasion of ghe apparatus 100
volunme VI. The second fuel port 166 is preferably

use® cafustl jen strhidarcionthat tdesonibed abbes faOthei tool N6 FAGE4), to generate
pl ane as, but at a maxi mum di stance from the ignition

tustleree ifGhe toontdusByn dofiRad WUMnAiBdNelyOhrish ¥ Nhit¥n, 2The present
and gas throughout the volune VI before the fuel/air

ey r e Lo r . t _for .fh

b, BV PR Eert A Tl OF° SR Biole 86 ookt amount of
| i,m nation. of.the W 134.and . the_spring 136, this L

roffd R 2 el i g Sk mb SRl 3019 e sicently ignite
that shown in FIGS. 5-7. For this configuration, the

the pirduel mixtyre dsewn imp the velumae dt sevond fesd post 166 is hesfevably located
contact elenent 52, thereby opening the first and

alewg: thedcoothwisticn chamber| l0Ap® dlow haidghuwdpeyd Gpd netdo pedhfetted directly -
when the work contact elenment 52 is pressed agai nst .

intohe WREHGINER R0 YO lunid §1PAMHe! et Y fuePPEk 366 & pBerbtlS Nocated on
the fuel jet is preferably injected upon activation o‘?

8 BEpbGARACn0 10% HELSRREN 56, 1 bR B om, e
o O T e TS o o gt i
votlQn?e c\(/g{‘rb b%%(grie otrllle pf?lg}/ai% 4n?ix];urrg Te;cggs ft}ixeg Si’énition source. Except for the
addition of the second fuel port 166, and the elimination of the pawl 134 and the spring
136, this alternative conﬁguration is preferably the same as that shown in FIGS. 5-7.

For this configuration, the attaching member 132 is connected directly to
the work contact element 52, thereby opening the first and second combustion volumes to
the fully opened position when the work contact element 52 is pressed against the
workpiece. For this particular configuration then, the fuel jet is preferably injected upon
activation of the trigger, and the ignition source 76 is timed to spark after a brief delay to

allow the air and fuel to fill and mix in both combustion volumes. The ait/fuel mixture

enters the second combustion volume V2 through the combustion port 146 from the first
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24conbustion volunme VI, or through the fuel valve 144
fromthe m xing volune Vm or both. Wen the m xing
wo odoameiosen i s used as an air/fuel m xture sourPBeT/U81004/035792
t he second conbustion volune V2, fuel is preferably
injected into the mxing volunme Vmthrough the first
fuel port 142, when the work contact el enment 52 opens
the plug 106 to the fully opened position. The present
i nventors al so contenpl ate, however, that because no
fuel is actually required in the m xi ng chanber Vm for
conbustion, the first fuel port 142 may be entirely
elimnated fromthe structure, |eaving the m xing

ool YOS Flr ek Qb AR OB P ipdlEyqrome Vin, o

66 as the only fuel source for the three volunes. In
bq3is configuration, it is also preferable to elimnate
the second ring seal 158 fromthe structure in order
to al | owWdiendbe miking|volirhe Mue énusel @s mindirvifpel olixiee spwrce for the
and the first conbustion volume VI while the

© secomtbushingtion oloiutee W2, ifgel éx pasteliably. infeeted it the mixing volume Vm

configuration, the first conbustion volune VI, into

o P il ophach o it et e o 106

1 and an _opposi reqion 170 of. t co stion

thg %@%@ﬁniggpg%% ?E%Preégﬁt;{néeﬁ&f% glsp E&b‘?@gg?% ?ggvever, that because
general ly parallel to both the base portion 1 n

nq Hel spshily gequitpddn the mixigg aﬂqtre‘eqt\@a fehcgﬁﬂmnoﬁ%e&ﬁg fuel port
ri ng-shaped wall 4 opposite to the base portion 108.

14Phemayp hp estiredy chgiimted] ffomathe stipeufe dedying thefmizéeg volyme Vm as a
plane in which the ignition source 76 and the fuel

souedet foit Giesiane oplefms dd yorhiagtibedolubie VDVE2bdm the atcond fuel port

portion 168 thus perforns,

166 as the only fuel source for the three volumes, In this configuration, it is also
preferable to eliminate the second ring seal 158 from the structure in order to allow direct
airflow between the mixing volume Vm and the first combustion volume V1 while the
combustion volume V1 is expanding.

For this configuration, the first combustion volume V1, into which the fuel
is injected, is defined between a preferably flat portion 168 of the ring-shaped wall 114
and an opposing region 170 of the combustion chamber 102. The ﬂat portion 168 is
preferably generally parallel to both the base portion 108 and the opposing region 170,
and located on an end of the ring-shaped wall 114 opposite to the base portion 108. The
opposing region 170 also preferably defines the plane in which the ignition ‘sourcel7 6 and

the fuel port 166 are preferably located. The moveable flat portion 168 thus performs,

with respect to the opposing region 170, similarly to how the flat rear surface 40 (FIG. 4)
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with respect to the opposing region 170, simlarly to
how the flat rear surface 40 (FIG 4) 25perfornmed with

WO empeetdsé o the flat wall assenbly 28 of the apEBUSL00$035792

10. Turbulence is created in the conbustion vol une VI
by the unignited fuel jet, in a manner simlar to the
configuration shown in FIG 4. Once the air/fue

m xture in the first conbustion volume VM is ignited,
the flame front travels rapidly across the annul ar
volume VI and into the second conbustion vol une V2

t hrough the conbustion port 146 as a high-energy flane
jet. Directing a separate, unignited fuel jet into the

PSAGA FATRGUD NCLMIT V9550 AEREITES 19, picce i
SR TS EI MR E—

copbustion in the volunme V2, which then resultantly
confpmgationshgwain f1Get. For the second conbustion vol une

V2 therefore, the ignited high-energy flane jet

per f or ms Qutve therivifhe migtiire i tHeoMrsOforiliRLbN vORSH fig Rinited, the
jet into the first conbustion volume VI. The rest of

flhhe HRPEEalél9 Papidly tabioss GRMahGF %ﬂuﬁfét\gf g{xclc‘g%o gi}bf%%x{&?@&mbusﬁon

is as descri bed above wth respect
i t fuel .jet _as the turbuyl ence .

vl 00y s 4R cBlnbhetfn M3} L6 'ag Wyhiniay Mk 36 Divecting o

conbust i.on- power ed . ratus is generally designated
Sepagic, Bﬁlgq@atiﬁﬁe?g &gg Rﬁ% S%ﬁS’BQrC&F%E}StW‘OV@ﬁ@? Y&t és pefean important

same as those descri bed above with reference to FIGS.
copsglegation; hesaserthe bighyenergy Hame jotdtvelf ifma thteSiisy nambestivn volume

The apparatus 170 includes a conbustion chanber 172 in
Vi dsnmsnificentsoume toff thibalents to et ambaeqidd highheRhStdthbustion in

chanber of the apparatus 170 is preferably the
the volume V2, which then resultantly fires the piston 16. For the second combustion
volume V2 therefore, the ignited high-energy flame jet performs the turbulence function
of the unignited fuel jet into the first combustion volume V1, The rest of the operation of
this configuration of this embodiment is as described above with respect to FIGS. 5-7

(without the use of the fuel jet as the turbulence source).

Referring now to FIGS. 9-11, a combustion-powered apparatus is generally

designated 170, but features of the apparatus 170 that are the same as those described

above with reference to FIGS. 1-8 are identified by the same numerical designations.

The apparatus 170 includes a combustion chamber 172 in communication
with the piston chamber 104. The piston chamber of the apparatus 170 is ;referably the
same as that of the apparatus 100, described above (FIGS. 5-8). Preferably, no portion of

the piston chamber 104 is located within the combustion chamber 172, and the flat
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same as that of the apparatus 100, described above
(FIGS. 5-8). Preferably, no portion of the piston

wa@ basiersd04 is | ocated within the conmbusti on POBIBEN4/035792
172, and the flat 26surface 22 of the pistonis
preferably in the general plane of an annular wall 174
of the conbustion chanber when in the ready position.
The conbustion chanber 172 is preferably cylindrica
and does not nove relative to the piston chanmber 104.
A noveabl e cup 176 noves relative to both the
conbustion chanber 172 and the piston chanber 104. The
noveabl e cup includes a generally flat plate 178 and a

surititg 20edflthd Sidtaat teas pﬁé%e&&%/gh {?}aﬁ gk%f% gﬁné LPRY a@ﬂﬁ%%al} 174 of the |

entire edge 182 of the ri rrng wa
r ab ,..and has _a cylindrical di aneter ;
ooy ittt i e N0 h o 76 b REop, Spaher 172 is
chanber 104. The flat plate 178 is generally parall el
Pt efﬁnﬁa! cafftical Suiecspe mox gelating todaspiston ghemberr 104,
portion 184 that extends fromthe ring wall 180 toward

an i nner Avardveaigls cop lf7hencastraltiveto bbthnthe combastichhehamber 172
inner wall 186 is also preferably a tube, and the

amhthigl pastop ohdrhber 1084 The eV thbBWuB dndleddiayEenrhli9Ulae blate 178 and a
periphery 188 slightly smaller than a dianmeter of "the

ri'g% et 149! dﬁacl&d%ﬁaﬂgoﬁi%ﬂ!aloh%%ne‘@ﬁh&'%digé 182 ﬁg\jﬁ\}feﬁmgk The ring

ustion-resistant o-ring, preventsc-air
. r.i phe 1 of the.flat.plate 17 nd the
L T R AT TR e T -
rﬁg?g g sition, a volunme of air between the flat plate
we Q t)lt?di, isfop kRaabgi J04r Theiflat plale HiSds epeerpispasallsliiathe annular
surface 22 is practically zero. The m xing vol une Vm
wil 1{7heanskipelodercdn smmglanipottion 18dehatoabanss fiom theaingewall TR0 toward
between the flat plate 178 and a rear wall 192 of the
ar mbtis/ll A8 6 aifaldesmbustion chamber 172. The inner wall 186 is also preferably
a tube, and the annular portion 184 is configured to have an outer periphery 188 slightly
smaller than a diameter of the inner wall. A mixing seal 190, which is preferably a
combustion-resistant o-riﬂg, prevents airflow between the outer periphery 188 of the flat
plate 178 and the inner wall 186.

As best seen in FIG. 9, when in the ready position, a volume of air between
the flat plate 178 and both the annular wall 174 and the piston flat surface 22 is
practically zero. The mixing volume Vm is therefore defined within the combustion
chamber 172 between the flat plate 178 and a rear wall 192 of the combustion chamber.
The rear wall 192 is preferably generally flat, and also generally parallel to both the
annular wall 174 and the plate 178. The moveable cup 176 is preferably held in the ready

position by a spring 194 attached to both a fixed portion 196 of the apparatus 170 and an
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The rear wall 192 is preferably generally flat, and
al so generally parallel to both the annular wall 174

Wap@sohosel ate 178. The noveable cup 176 is pre¢BUSINY035792

held in the ready position by a spring 194 attached to
both a fixed portion 196 of the apparatus 170 and an
27extension 198 of the ring wall 180. The ring wall
extension 198 is preferably also a tube forned
together with, or attached to, the ring wall 180, but
may al so be a single rod, or a plurality of rods. Wen
in the ready position, fuel is preferably injected
into the nixing vol unme Vmt hrough a f uel valve 200

ocat the innegr 186 of. the ¢
exefiihars Do ug R 6T wharpemil SRy i b offtgraply siso @ tibe
volume Vmthrough a first air intake port 202. A first
forgped texrééw Wi ait@qheértew@ﬁwgb’aaém%m RAY @&ﬁ berpesinglp rod, or a
i ntake port 202. . Referring nowto FIG 10, when a
plurality of oordsact el ement 206 is pressed agai nst the
wor kpi ece, the work contact el enent pushes the ring

wal | extwnsh di th8&eady bOsticH, M et i@preferaﬁl?efnﬁﬁ%dﬁﬁm e mixing
the noveable cup 176 toward the rear wal [ 192 of the :

VOﬁl%{g)Vﬁ] 'tﬁ}guél'b 3er M@Q% v\ﬁenf&cme 1?1{1%’ YR'?ly Y&k the combustion

I Ng Vol I'n the opene

ch I t | rylllfgw;q%el /t%é{ﬁpg%g% uegﬁlg}%é) mthe Wi“ﬁhﬂ%’&ﬁ 2. fitst air intake

second a| r intake port 208 and a_one-way second, air
podR88k A/Ersy air zheck vakve 20t rreyands baskBay throwsh she ahinjakegert 202.

V2 through a third air intake port and a one-way third
ai r checRefeaingen@i4o A |18ngeheR 16 wiosk Icontatiedementt A6 is pressed
ring wall 180 between the ring wall and the ring wall

ag?ilﬁgﬁ]ri? kr?zgﬂmcﬂ;al&l%, t}%[}tdo%g?gﬁgﬂsélb’méﬁﬁfu%éﬁhé fing halishaReiodll198 in the
direction A, thereby moving the moveable cup 176 toward the rear wall 192 of the
combustion chamber 172, and effectively reducing to zero the mixing volume Vm when
in the fully opened position. The fuel/air mixture from the mixing volume Vm enters the
first combustion volume V1 through a second air intake port 208 and a one-way second
air check valve 210, and into the second combustion volume V2 through a third air intake
port 212 and a one-way third air check valve 214.

A flange 216 is located on the ring wall 180 between the ring wall and the
ring wall extension 198, and generally conforms to the shape of the.ring wall, but extends ‘
outward from either side of the ring wall. When the moveable cup 176 is in the fully
opened position, the flange 216 contacts a first purging seal 218 and a second purging

seal 220, to close airflow through a first purging opening 222 between the annular wall

174 of the combustion chamber 172 and the ring wall 180, and through a second purging
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outward fromeither side of the ring wall. When the
nmoveabl e cup 176 is i the fully opened position, the

wo b@®e2d 6 contacts a first purging seal 218 POTUS2004/035792
second purging seal 220, to close airflow through a
first purging opening 222 between the annular wall 174
of the conbustion chanber 172 and the ring wall 180,
and through a second purgi ng 28openi hg 224 between the
ring wall and the outer wall 118 of the piston chanber
104, respectively. The first and second purging seals
218, 220 are preferably constructed simlarly to the
seal s descri bed above. In this enbodi nent, when the

I | 8.0 0 £l p L
opEBtE 3D chiiBerl el find Wl dhl' dhe RRASHIPOPE e U plsflfh chamber 104,

usti on cha ed into

re R -virfhes Bt oo D el AL e ey consiructed

_enbodi nent, the annul ar first conmbustion vol une Vi

sitpatetodbe seali doseubessatione. cyl i ndrical second combustion
volume V2 instead of the piston chanber 104, and both
conbust i nthisambremenhti ghemthengotdablercupds prethici \ikty pparedposition,
borders parallel to the annular wall 174 and the rear

th¥V8bhbddidn Ghatiber GOMRKRHIING (HR2ERR%ivd E3mbARTbrE¥AEREs KAl and V2,

this different structural placenent, the conbustion

ang %éj{fx‘flgierglxéﬁgcgyvﬁdet xli]ﬁ'é \é'}"fg&%vfew;&% | ﬁgtetdh %1%6 ﬁt@%ﬁpbodiment, the

escri respec € appar
en Ln the ful.ly opened_position, activatign of_ a_ .
D SOt (GOSN OTCRE Y RrSaNy FYEHIR e Heg Rtidsigal sccond
source 76 to ignite the fuel/air mxture in the first

cogbplien Ydnme i diinstel of Heeistgmichanber dOdr ol bagh combustion volumes

preferably |l ocated on the annular wall 174 of the
aligo rdbarspt their respenties plhddr borters ipgrlieb e fHeaammufar avdll 174 and the rear

travel s through the first
wall 192. of the combustion chamber 172, And except for this different structural
placement, the combustion volumes V1 and V2 otherwise function the same as described
above with respect to the apparatus 100.

When in the fully opened position, activation of a trigger (not shown)
causes a spark from the ignition source 76 to ignite the fuel/air mixture in the first
combustion volume V1. The ignition source is preferably located on the annular wall
174 of the combustion chamber 172, The ignited flame front travels through the first
combustidn volume V1 until reaching, and exiting through, a combustion port 226. The
combustion port 226 may be located on the ring wall 180 to directly connect the first and
second combustion volumes V1 and V2, bﬁt more preferably the comb'ustion port is
located on the annular portion 184 of the flat plate 178 facing the rear wall 192 of the

4

combustion chamber 172. The present inventors further contemplate that, for some
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conbustion volunme until reaching, and exiting through,
a conbustion port 226. The conbustion port 226 may be
wo cwanesdseon the ring wall 180 to directly conneCt/US1084/035792
first and second conbustion volunmes VI and V2, but
nore preferably the conmbustion port is |located on the
annul ar portion 184 of the flat plate 178 facing the
rear wall 192 of the conbustion chanber 172. The
present inventors further contenplate that, for sone
29ci rcunstances, it may al so be preferable to inject
fuel directly into the first conbustion volunme VI from
the fuel valve 200, and particularly if and when there

s a significan el a en.th nt_.of. t he .

citelpRiaBel T Blso e T B ice! BudRRERY buf i it combustion
activation of the trig er. Wien the conbustion port . .

vopumge Vd frepyiheduglvalye yrid pariignlar Yol apg4whep there 1s a significant
conbustion recess 228 is preferably forned in the rear

delwyl betwdeh tife thbrecroentindishé oovedtderbay tolthe fuilly opeestdepasition, and the
path for the high-energy flane jet to travel. The

actiPatich G¥ithe irilgdke port 212 is therefore preferably
| ocated near the conbustion recess 228 and the

conmbust | ?‘Qmﬂ%@ RAfbuSIG] p%lg ?%]ZGt ﬁqotgﬂg@#ﬁtthé’ rhnfnt?l%ite gﬁrtion 184, a

can provide a continuous for ane | e

travel from firs usti.on yol une 0 t he .
LGB TP hORE 1SR Lo Mot 1 Wil L % e ‘fibustion
and then fromthe conbustion recess 228 through the = .
chepiber 1 43 o ¢rartarapalo far the bighranergyr{tamesieb trjtravshh dbe thyrd air intake
volune V2 to ignite that volume as well. To allow for
paat 1PARi isuthedefoteapeefefably titmatdd ase fheondmbustionaveskess 228 and the
is preferable that the conbustion port 226, the

cd%x‘iﬂéﬂ@tg& F@ﬁ MEGREE A Ghe asHbisHSN trbdetdca prolvitleak Coidibus path for
e located at a distance farthest away fromthe

thk kel i8N oSPHeF RrofPihe HIS RfbRSiin {OMBBNP farough the combustion port
226 into the combustion recess é28 , and then from the combustion recess 228 through the
third air intake port 212 intd the second combustion volume V2 to ignite that volume as
well. To allow for a maximum distance for the flame front to travel, it is preferable that
the combustion port 226, the combustion recess 228, and the third air intake port 212 be
located at a distance farthest away from the ignition source 76. The present inventors
also contemplate that it can be advantageous to locate the second air intake port 208,
where the most airflow turbulence is created, on the annular portion 184 nearest the
ignition source 76, and to located the first air check valve 204 within the combustion
recess 228 to allow a maximum displacement of the mixing volume Vm.

Similar to with the apparatus 100, described above, the flame jet into the

second combustion volume V2 provides both the desired turbulence and ignition of the
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al so contenplate that it can be advantageous to | ocate
the second air intake port 208, where the nost airflow
WO asohedsee i s created, on the annul ar porti onPABAS2004/035792
nearest the ignition source 76, and to |ocated the
first air check valve 204 within the conbustion recess
228 to all ow a maxi num di spl acenent of the m xing
volunme Vm Simlar to with the apparatus 100,
descri bed above, the flame jet into the second
conmbustion vol unme V2 provides both the desired
turbul ence and ignition of the 30air/fuel mxture
within that volume to create a high-energy conbustion.

aif/fhél nGiRARS HithBthfvdlhRe 36 6RAE LORPRUSLED @ofﬁ%éfﬂiglé;’@lié combustion |

then drives the piston in the difection C, as

P8BS g, o 1 M o R . o o

exha é ort 78, and the conbustion by-products within
Sfieﬂénﬁf ton chanber and the combustion vol umes VI and

V2 cool. The cooling gases within the apparatus 170

creat e aRefkrtingnenf odtIG. Hat expgbd ignited gan etitsrthbaiskon chamber 104
toward the conmbustion chanber 172. The relative

thraighnths eahaushponi78t and efecsvaeiusiOi bpeoduds WRERNEe piston chamber
conbustion volunme V2 are preferably configured so as

- af PR dotBushin VBN T LRE A Qodluling Jo%iiﬁé %algé%e\%ﬁttggfpparatus

to the original, ready position (best se
' t i ri rat chanj cal tensjon on the
SR I T LA IR T —-
om t he workpi ece, tension fromthe spring 194 noves
1 e rEatiee B ishoslonchapber 1k apihs sohoadggmbustion volume
Vgosi tion as well (best seen in FIG 9) for the next
Grbprstarany evefiguredes hulioalllowdhd uswivoneffyet pr fudlyaetsrn the piston 16
within the two conbustion volunes are purged through
tot tiee foripgftal, ;eady position (best seen in FIG. 10) without requiring separate,
mechanical tension on the piston. As the work contact element 206 is removed from the:
workpiece, tension from the spring 194 moves the moveable cup 176 back to its original,
ready position as well (best seen in FIG. 9) for the next combustion event. Residual
combustion by-products within the two combustion volumes are purged through the first
and second purging openings 222 and 224 that reappear as the flange 216 moves in the
direction C,
According to this embodiment of the present invention, the need for pawls
can be entirely eliminated, and the need for springs reduced to a minimum. This

embodiment provides a “cup within a cup” (moveable cup within a combustion chamber)

configuration which gives all of the advantages described above for multiple-volume
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and second purgi ng openi ngs 222 and 224 that reappear
as the flange 216 noves in the direction . According
wo eooshi®senbodi nent of the present invention, peEUREed035792
for pawls can be entirely elimnated, and the need for
springs reduced to a mninmum This enbodi nent provides
a "cup within a cup" (noveable cup within a conbustion
chanber) configuration which gives all of the
advant ages descri bed above for nultiple-vol une
3lapparatuses, but at the sane tinme also allows for
the significantly nore conpact geonetry closer to that
of single volune apparatuses. Utilization of noveabl e
apphtigseantuont ¢hg-saheptcevalké sliohsr fiothe, sighifiountly more compact
conmbusti on- powered tools according to the present

| gégﬁ%?x'r'}"fdl@é%r {PthadeRdind1B eolﬁlﬁie%b%ﬁﬁeg enerati on net hods,

bed above for  a single-vol une conbustion

Rt AP G B B S o,

| ower- and hi gher -ener usti on-

cqESHARPOETEA 9\ AGORTS 18  Ine B ERR ﬁlﬁf?%t}%m AgRHhe arbulence
present invention has been described in relation to

gegierngion- methesls, desmibed r ahoive - foo| ursinglonblyste epmbustion chamber, to
appar atuses, those skilled in the art will know that

mubtpleasiuegne rbBtiph @pphiutdie ThHeemestnt imearion oan tay Heeadapted to
utilized in conbustlon appar at uses enpl oyi ng any

b Hm?%ﬁe ag! 1 eﬂergpe'cbm%{ﬁtﬂﬁtwv‘?ered’“ Héteﬁ@péﬁ%hgg operatlons

romt present 1 nvention. Those skilled in the art

e, e BBEI SR R BRI st

dwxla{‘lr-p la?l%etgpienvo?énqg rco(rjn%\élst?oisapvf)ha}atlllqses, those skilled in the art will know that

the basic principles of the present invention may be utilized in combustion apparatuses

employing any number of volumes in their structure, with departing from the present
invention.

Those skilled in the art are further apprised that combustion apparatuses,

such as in the present invention, may also be effectively employed in other devices which

drive a piston, or devices that may be powered by combustion in general. While

particular embodiments of the combustion-powered apparatus of the present invention

" have been shown and described, it will also be appreciated by those skilled in the art that

changes and modifications may be made thereto without departing from the invention in

its broader aspects, and as set forth in the following claims.
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drive a piston, or devices that my be powered by
conbustion in general. Wiile particular enbodi nents of
WO b@soebast i on- power ed appar at us of the presePtT/US2004/035792
i nvention have been shown and described, it will also
be appreciated by those skilled in the art that
changes and nodificati ons may be nmade thereto w t hout
departing fromthe invention in its broader aspects,
and as set forth in the follow ng clainms. 32COVBUSTI ON
TOOL HAVI NGCOLLAPSI BLE VOLUME CLAI MS: 1. A gas
conbusti on powered apparatus, conprising: a piston
chanber __hqusing.a . driveabl e pi ston: conbusti on
3D L) N LOOL HAYVING COLLAPSIBEY YOI
cup-shaped wal|l defining at | east one conbustion
vol une t herebetween, said cupshaped wall noveable in
relation to said piston chanber and having a generally
flat portion opposing, and generally parallel to, said
generally flat wall assenbly; an ignition source in
opgedRie relationship to said at | east one conbustion
volune, to ignite a conbustible gas within said at
| east one conbustion vol upe; said. piston form npg at
| east a porti on“bf¥<R u@@ﬂbP%W??dgmﬁFmﬂéﬁpnﬁ§§ ly
when said piston js in an undriven state, and said
dri veabl e [ Rifton chambertwysiag aslrivaatle pistoti;ven st ate by
vacuum pressure within said conbustion chanber
a combustion chamber having a generally flat wall assembly and a

cup-shaped wall defining at least one combustion volume therebetween, said cup-
shaped wall moveable in relation to said piston chamber and having a generally
flat pqrtion opposing, and generally pérallel to, said generally flat wall assembly;

an ignition source in operable relationship to said at least one
combustion volume, to ignite a combustible gas within said at least one
combustion volume;

said piston forming at least a portion of said generally flat wall
assembly when said piston is in an undriven state, and

said driveable piston returnable to said undriven state by vacuum

pressure within said combustion chamber,

2. The apparatus of claim 1, wherein said moveable cilp-shaped
wall has a fully closed position and a fully opened position, said at least one
combustion volume being reduced to approximately zero in said fully closed

position,
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2. The apparatus of claim1, wherein said noveable
cup-shaped wall has a fully closed position and a

wo mosp49pened position, said at | east one conbRST/USIV04/035792
vol une being reduced to approximtely zero in said
fully closed position, 333. The apparatus of claim 2,
wherein at | east a second portion of said generally
flat portion of said cup-shaped wall contacts at | east
a portion of said generally fiat wall assenbly whenin
said fully closed position. 4. The apparatus of claim
2, wherein a novenent of said noveabl e cup-shaped wall
fromsaid fully closed position to said fully opened
position generates an air turbulence within said at
| east one conbustion volune. 5. The apparatus of claim

2, Wwhereinsan aTﬁ@al]Sifara?t@é &k G8RLY Abhotedn! A lealPs bdcdfd Pbrtion of
sai d cup-shaped wall Is approxi mately equal to an area

of .sai d neral Ly. fl | | : :

oreid Baiortsy Bofponfioh' ot v AL Ml edlipel i RRRY Bboton of

contact el epent for engagi ng a workpiece;, and said '
generall tlatayall %%b‘m"ghe@dbs%l clpsgd Peséicgyer abl y

linked to a novenent of said work contact elenment. 7.

The apparatus of claim®6, wherein said cup-shaped wal l

is fixed to nove directly with said novenent of said

work contacf el $EBNippadfil. off aidPRANEIN0h Bbo¢Hent of said
wherein turbulence iS created in a

moveable cup-shaped wall from said fully closed position to said fully opened

position generates an air turbulence within said at least one combustion volume,

5. The apparatus of claim 2, wherein an area of said generally
flat portion of said cup-shaped wall is approximately equal to an area of said

generally flat wall assembly.

6. The apparatus of claim 2, further comprising:
a moveable work contact element for engaging a workpiece; and
said movement of said moveable cup-shaped wall is operably linked

to a movement of said work contact element.

7. The apparatus of claim 6, wherein said cup-shaped wall is

fixed to move directly with said movement of said work contact element.
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vicinity of said ignition source by an injected

hi gh-speed fuel jet. 9. The apparatus of claim8,
wob@seidasecai d fuel jet is injected through a feet/upmoi/03s5792
| ocated on a wall of said conbustion chanber, said

fuel port and said ignition source being generally
configured in a plane of said generally fiat wall
assenbly. 10. The apparatus of claim9, wherein said

fuel port and said ignition source are |ocated at
opposi ng positions along said flat wall assenbly, wth
respect to a center of said flat wall assenbly. 11.

The apparatgls ofrpglppipakid of WAMET NyREbit tﬁﬂﬁﬁaﬂc@tls bitated in a
injected into said conbustion chanber in a direction

R A B SRR PR 20

wal | assenbly. 12. The apparatus of claim6, wherein

sai d cup-shaped wall is operably connected to said

wor k contact elenment by a spring tension. 13. The

appar at us df. cl dihe dpparatusr oh elaim dypwhexeingsaich félrjst is injected
noveabl e pawl capabl e of |ocking said cup-shaped wal |

| throadtta fiiéll porf L RERE dROS WlallUT; sarkbedhblisiBY %ﬁaﬁbexofsala Fuél port
wor k contact el enment creating a tension in said

B S8 0SS0 B AR YR s

aI I ?lasseqmg‘lal d Spl‘l ng tension to nove said cup- shaped

10. The apparatus of claim 9, wherein said fuel port and said
ignition source are located at opposing positions along said flat wall assembly,

with respect to a center of said flat wall assembly.

11,  The apparatus of claim 10, wherein said fuel jet is injected
into said combustion chamber in a direction toward a center of said generally flat

portion of said cup-shaped wall opposite to said center of said flat wall assembly.

12,  The apparatus of claim 6, wherein said cup-shaped wall is

operably connected to said work contact element by a spring tension.

13.  The apparatus of claim 12, further comprising:
a first moveable pawl capable of locking said cup-shaped wall in

said fully closed position;
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wall to said fully opened position. 14. The apparatus

of claim 13, further conprising a second pawl capable
wobkoosoedosang sai d cup-shaped wall in said full ypopesamd4/035792

position. 15. The apparatus of claim2, wherein said

cup-shaped wall forns a portion of said conmbustion

chanber structure, and said conbustion chanber opens

when said conmbustion volunme is in said fully open

position and cl oses when said conbustion volunme is in

said fully closed position. 16. The apparatus of claim

2, wherein said cup-shaped wall is a noveabl e plug

| ocat ed w tdj int.erd ot ' ' : R

17 " the appahrReiBhicot Gid Fork SpitacORBiEh Blail? T Ehsion in

per.i.phery of. said noveable plug generally conforns to

aﬁuﬁﬁﬂﬂﬁg: F1 of said conbustion chanber. 18. The

apparatus of claim 17, wherein a position of said

nmoveabl e plagveliiathofn trigeer carsbu saifl dinstarairise makef tormdock said

single m xing volume in 36said conmbusti on chanber when

| ours-shapel¥ walt;| theretly pdisividgosnid aptng édsimstoatnokeaaid @up-shaped

first conbustion volunme and a second conbustion vol une

Wasfallith sﬁ@ifﬁlwgﬁméﬂgioﬁﬁoﬁ.ha”ber when in said fully

opened position. 19. The apparatus of claim 18,

wherein said first conbustion volune is represented by

VI, said second comnbustion volunme is represented by

V2, said m xjng volune is represented by Vm _ and a

formula is Q@mgr’lgqq aypgrgquﬁi ciad% r4‘111’therycompr1smg a second pawl

capable of locking said cup-shaped wall in said fully opened position.

15.  The apparatus of claim 2, wherein said cup-shaped wall forms
a portion of said combustion chamber structure, and said combustion chamber
opens when said combustion volume is in said fully open position and closes when

said combustion volume is in said fully closed position.

16.  The apparatus of claim 2, wherein said cup-shaped wall is a

moveable plug located within an interior of said combustion chamber.

17.  The apparatus of claim 16, wherein an outer periphery of said

moveable plug generally conforms to an inner wall of said combustion chamber.

18.  The apparatus of claim 17, wherein a position of said

moveable plug within said combustion chamber defines a single mixing volume in
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Vn(fully closed position) Vmnot fully closed

position) + VI + V2. 20. The apparatus of claim 18,
wob@seidaseai d second conbustion vol ume i s subspPenUBZN04/Y35792

equal to volume within said conbustion chanber

di spl aced by a location within said conbustion chanber

of at least a portion of said piston chanber. 21. The

apparatus of claim 20, wherein said first conbustion

volume is annul ar, and said second conbustion vol une

Is cylindrical. 22. The apparatus of claim2 , wherein

an inner dianeter of said annular first comnbustion

v §4id ¥BmbBstiordeHanitiel hby irf i@ FullyPciBsedPbstiond had BéfRies Ok least a
said cylindrical second conbust’ion volune. 372 . The

la?ips@ rcgéx"éﬁst%n &Jélﬁ‘ﬁl@ang %:ﬁ%épiﬁ?{cggrﬁﬂpﬁg r1<'t>ﬁ°‘ {/&gfgfe%gigtlﬂglsaiaoJoEnbustidn'

ocat on sai d gene I on
moyveabl e pl ug, d _al | owi,ng comuni cation from said
nFQmﬁBﬂV@ﬁﬁﬁgSP Bl gpencd BsHiAc onbust i on Vol Une when
not in said fully closed position; and a conbustion

port |l ocated on a ring-shaped portion of said noveable
pl ug, and allowi ng comruni cati on between said first

and second HOMHUEHe! gipartdis GE S1ae 18 Nohetein S@iddfitsy| dombustion
cl osed position. 24. The apparatus of claim 23,

B BB £ 97 ] WA BBSARPTART, rpresnted by
¢ % lé'z‘i’ltd' n%(ing volume is represented by Vm, and a formula is generally satisfied
when

Vm(fully closed position) = Vm(not fully closed position) + V1 +

V2,

20.  The apparatus of claim 18, wherein said second combustion
volume is substantially equal to a volume within said combustion chamber
displaced by a location within said combustion chamber of at least a portion of

said piston chamber.

21. The apparatus of claim 20, wherein said first combustion

volume is annular, and said second combustion volume is cylindrical.

22,  The apparatus of claim 21, wherein an inner diameter of said
annular first combustion volume is substantially equal to an outer diameter of said

cylindrical second combustion volume.,
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vol unes t hrough an openi ng between sai d conbusti on

vol unmes which is different fromsaid conbustion port,
w@pasaiass ow i s bl ocked between said first conbCBEUSING035792

vol une and said m xi ng volume. 25. The apparatus of

cl aim 23, wherein when not in said fully opened

position, airflowis allowable between said first and

second combustion vol umes through an openi ng bet ween

sai d combustion volunes which is different from said

conmbustion port, and airflow is all owabl e between said

first conbustion 38vol une and said m xi ng vol une

t hrough an openi ng between sai'd m xing and first

conbustion volunes. 26. The apparatus of claim 23,

wherein said fuel port and said conbustion port are

the only airflow comuni cati on nmeans between the

m xi ng, first conbustion, and second conbustion

vol unmes. 27. The apparatus of claim®6, further

conprising: a noveable work contact el enent for

engagi ng a rkpiece: and stemporfion attached to

sai d novealit’e pﬁh@a@ﬁﬁggi?éﬂﬁWhg&t SRR EEeni ng i n
sai d conbust.jon chanber for operable |inkage with said
wor k cont act fug] powb decatesigon saigagenersilly fiatinortiqroa fad moveable
apparatus, conprising: a conbustion chanber; said
cphigu shd atlowfigrioemniunidation rfgpma shid stixing| olwne intos said rsdcond
wal |

combustion volume when not in said fully closed position; and

=0

a combustion port located on a ring-shaped portion of said moveable
plug, and allowing communication between said first and second combustion

volumes when not in said fully closed position.

24. The apparatus of claim 23, wherein when not in said fully
opened position, airflow is allowable between said first and second combustion
volumes through an opening between said combustion volumes which is different
from said combustion port, and airflow is blocked between said first combustion

volume and said mixing volume.

25.  The apparatus of claim 23, wherein when not in said fully
opened position, airflow is allowable between said first and second combustion
volumes through an opening between said combustion volumes which is different

from said combustion port, and airflow is allowable between said first combustion
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noveable with respect to said first wall between a

first, collapsed position and a second, expanded
w@omisiene defi ni ng a vol ume between said firstPenuds2004/035792

second walls; an ignition source in operable

rel ationship to said conbustion chanber for causing an

ignition of a conbustible gas within said vol une; and

39a fueling apparatus constructed and arranged for

injecting a pressurized fuel into said volunme prior to

said ignition and at sufficient pressure to create

turbul ence in said volune w thout nmechanica

25 §luitle M d%nid Bixing volume through an opening between said mixing and first

combustion volumes,

26.  The apparatus of claim 23, wherein said fuel port and said
combustion port are the only airflow communication means between the mixing,

first combustion, and second combustion volumes.,

27. The apparatus of claim 16, further comprising:

a moveable work contact element for engaging a workpiece; and

a stem portion attached to said moveable plug and extending through
an opening in said combustion chamber for operable linkage with said work

contact element,

28. A gas combustion-powered apparatus, comprising:
_a combustion chamber;
said combustion chamber including a first wall and a second wall
moveable with respect to said first wall between a first, collapsed position and a
second, equpded position defining a volume between said first and second walls;
an ignition source in operable relationship to said cambustion

chamber for causing an ignition of a combustible gas within said volume; and
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a fueling apparatus constructed and arranged for injecting a
pressurized fuel into said volume prior to said ignition and at sufficient pressure to

create turbulence in said volume without mechanical assistance.
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