WO 2004/ 083725 PCT/ 1B2004/001356 - 1 Methods for adjusting the power of a
gas-operated apparatus The invention relates to the adjustnent of the
power of gas-operated apparatuses conprising a first chanber of a first

vol unme cong@j Rpdesmans for igniting and 5 generating aptiras®od/ivise
conmbusti bl e gas, a second chanber of a second volune, and neans for placing

the two chanbers in conmunication, thesereans being designed to allow the
flame to pass. 10 The invention relates nore particularly to the adjustnent
of the power of Matbedal fevnpiiusingdhe gement of scgpengrappbedtus in which
a piston is propelled under the actdgyn:eftddhe exploding of a mxture of
gas and air in order, viaits rod, to strike 15 a nail; this is then a
gas-operated nail gun, or sonme other fastening device. Apparatuses with two
chanber s haverhadvantageson Welrnttas tahdrberdudtiventti st the gopeecofpr essi on

chanber whi chy, 200l oV t Dep bl Ol LAfeSl ey |1 EREsECenpmioehagher 1o be

I ncreased, the explosion sure 1n a vo in proportional to the
pressure of the Fi%kBhrevBefBRe ??R¥a¥9ﬁﬂﬁxnmﬁﬁn9mhé%*ha&@@ﬁ§lp§ t BB, because
of the explogegarabinde dirdemehamhera emoeeibuski ofap) essuLR gt hus
generated in thi firs% chanbeE@FQQByesses the unburnt m xture ich is

n

h
pushed by thec?? Tt Pont ahd passeémFHt5n} SO ENBBET "F 0 “I'Ricr ease
the pressure tvher ehambefsr einhe cexploitonioscur theaet hingavecobeginghanber .

I'f this secongegh@hberd SaPas idld flgﬁgiqbtﬁgsgo by a drive piston, then by
virtue of this preconpression, the piston has noved only very slightly
forwards at the tinme when the explosion occurs in this

10 The invention relates more particularly to the

( adjustment of the power of internal combustion gas-
operated sealing apparatus in which a piston is

propelled under the action of the exploding of a

mixture of gas and air in order, wvia its rod, to strike

15 a nail; this is then a gas-operated nail gun, or some

other fastening device,

Apparatuses with two chambers have advantages. With two
chambers, the first is a precompression chamber which
20 allows the explosion pressure in the second chamber to
be increased, the explosion pressure in a volume being
proportional to the pressure of the mixture before the
explosion. What happens i1s that, because o©of the
(N‘ explosgion in the first chamber, the combustion pressure
25 thus generated in this first chamber compresses the
unburnt mixture which is pushed by the flame front and
passes into the second chamber to increase the pressure
therein Dbefore the explosion occurs in this second
chamber. If this second chamber is partially delimited
30 by a drive piston, then by +wvirtue of this
precompression, the piston has moved only very slightly
forwards at the time when the explosion occurs in this
second chamber for propelling the piston, this allowing
the piston to derive correct benefit from the energy of

35 combustion of the gas.



second chanber for propelling the piston, this allowing the piston to
derive correct benefit fromthe energy of 35 conbustion of the gas. WO
2004/ 083725 PCT/ 1B2004/ 001356 2 \When, in addition, there is a fan in the

fl ame- geqﬁﬁghhquﬁganber, the rate of conmbustion and tphermreoeonisss pressur e
| evel in thrs cﬁanber are increased, mnmmking it possible to reduce the rise

time of this 5 pressure and therefore-t@ further limt the novenent of the
piston in its drive chanber before the explosion takes place, and therefore
making it podBidie tim faddifdon,nctbaze the powdfamf irhe thppafasus: 10 It

wi |1 be notedydhdta iRy elchaahed! aPLACGRIRr abiENdobfPust Sod0LeHt haR
significant; 1t allows the Eressure rise_ time tq be reduced by a ?actor of

the order of MALMBER NGrERTRTE nlpYESedsi FPit PORAEISUI 28pparstaesethe 15
appl i cant companyng edki zeskditsie | tocatddhiqe ovke heinef i cimk fol BRnieperator

to have availghledo MR Il o6 AN, Lhe SATR 3RRR! ALUS nogeglyenagaxi mum
power whi ch %'s able however to operate at various power PEVErs- Bel ow t hat
of maxi mum poviEs , PARBECRNIS | StHhdrivhe chagbgyplhefe ptlaposeplraions

i nventi ]g)n. Tf@}{éwerﬁaiag&k,r elaies drdrsdrovle aHaktigga mtpgas%%%eﬁgwslgi ngtthhe
power of a gas-operat.ed apparatus__conpris ; - a first chamber for e
pr econpr essi ﬁuﬁ%? ]v:rbcr?'"b%gstei %Ithf é’gg’eﬁnafgtﬂgrﬁm’%ﬁatb‘?sa flane, a second,
propul si on, chanber, and neans for placing the two chanbers in

communi cgtyl Ongy. t e ans. fei (g dasianadd R dd QW Hhee13@athagesly pass,
characterized i1 n that the power of the apparatus IS
ig more than significant; it allows the pressure rise

time to be reduced by a factor of the order of 10.

Being thus in possession of powerful apparatus, the
15 applicant company ©realized that it could prove

beneficial for an operator to have available to him, in

one and the same apparatus, a given maximum power which

is able however to operate at warious power levels

below that of maximum 'power, and this is what the
.20 applicant proposes in its invention.

The invention relates first of all to a wmethod for
adjusting the power of a gas-operated apparatus

comprising:
25 - a first chamber for the precompression of a
(_k combustible gas and generation of a flame,

- a second, propulsion, chamber, and
-. means for placing the two chambers in
communication, thesze means being designed to allow the
30 flame to pass,
characterized in that the power of the apparatus is
adjusted by adjusting the communication between the
chambears.

35 Adjustment can be carried out easily by operating at
least one valve connecting the two chambers,

Thus, the less mixture is passed into the propulsion
chamber, the more the pressure will be dropped and



adj usted by adjusting the comruni cati on between the chanbers. 35 Adjustnent
‘can be carried out easily by operating at |east one valve connecting the
two chanbers. Thus, the less mxture is passed into the propul sion chanber,
the nore t‘pgzw4)ﬁo§3's,5ge wi |l be dropped and WO 2004/ 0837 2 TAGTIKBRGH4/ 001356
3 therefore the nore the power of the apparatus will be reduced. In the
most common case, conbustible gas is rnpeeted 5 only into the first,

fl ame- generating, chanber via which it is therefore not possible to adjust
the power. HdwesefiorenHei® t Here ofiBasPPBRE §as the iannasddsdividdt I8® into the
two chanber s,raf:degight, for exanple, in 10 US-A-4365471, it is perfectly
possible to adjust the power of the apparatus by adjusting the vol une of
gas injected into the second, propul sion, chanber. Naturally, the power
can be adjustid ukéngdstt hcowess ¢8sef aditbsthElpie besh i) isieaged he
communi call O, GiISLhAY ENSet N CotdiRiloMeeciig, [ Efbmber  via

f | ame- gener ati_nd, éhanber IS equl ppe wthh a. fan, it is_also possible to
adj ust the pd¥EiChyt 3G FAsFedgren8oF oPatF bt e Wit (tHe PRWSTThe

invention also relates to a nethod for adjusting the power of a

gas- oper at ed rat us canpry Si f.lst e e.pr ression
of a 25 conbus e%rbei%é g"gg m]Hé%t‘g%“@ﬁ%le%ln oqa;g]ng'ﬂ%e%%{l%ﬁ%% %?rgg%?ane, - a
second, propuimionthehahwer  champeint epgediatehlt hi fdcherbapleor ithe

conpr essiign ansl AceairAat,i oy ofi ot heefdmy copnemtidgro3qdihatf ivied and
second chanbers, and . .
power of the apparatus by adjusting the volume of gas

injected into the second, propulsion, chamber.

Naturally, the power can be adjusted using both modes
15 of adjustment, Dboth adjusting the communication and
adjusting the injection.

When the first, flame-generating, chamber is equipped
with a fan, it is also possible to adjust the power by
20 varying the rotaticnal gpeed of the fan.

The invention also relates to a method for adjusting
the power of a gas-operated apparatus comprising
- a first chamber for the precompressicn of a
25 combustible gas injected thereinto and generation of a
( flame,
- a second, propulsion, chamber,
- an intermediate third chamber for the
compregsion and acceleration of the flame, connecting
30 the first and second chambers, and
- means for placing the chambers in communication
in pairs, these means being designed to allow the flame
to pass,
characterized in that the power of the apparatus is
35 adjusted by adjusting the communication between the
chambers.

As a preference, the intermediate third chamber for the
compression and acceleration of the flame is a tubular



- nmeans for placing the chanbers in conmunication in pairs, these neans

‘being designed to allow the flane to pass, characterized in that the power

of the apparatus is 35 adjusted by adjusting the comrunication between the
chanbers. &8 280 Resherence, the internmediate third chanbecrisoestohsse
conpressi on and acceleration of the flane is a tubular W 2004/ 083725

PCT/ 1 B2004/ 001356 4 chanber with a crass section roughly equal to that of
the flame generated in the first, flane-generating, chanber. 5

Advant ageous| ghamrermcester at ionpsarsdct ionovictadhlivn ¢dusl fEosthat of

flane-generating, rahabegenkBagefersl . thle APPaE at us He tpeJMRkhagd, of the
i nvention will be a sealing apparatus, the second, 10 propul sion; chanber

bei ng deIinit%%PT@?ﬁmuticular by a piston for driving a fastener and
i ntended to be propelled under the action of the exploding of the mxture

in this secon ' o ) | e;ca t wp- nmber
apparatus?ﬁitﬁggéﬁéég%éﬁﬁ}ﬁy ﬁ%gggg%%}%¥$é§ﬁ ﬁgg?cﬁ%n%g?gg%%%ra ugﬂgo adj ust
t he power sepétegtel g gensmatiag . oghbyberadj usti ng the vol une of gas

injected into the propulsion chanber, 20 - double adjustnent of both
the T1rst, f1ro-SEREFELI ng PR naRBRrEFe ta P bpehit t TCORS. 98 AE Ehe usef dl
volune |ies essemiibtywidlthbe a sealing apparatus, the second,
10 propulsion, chamber being delimited in particular by a
piston' for driving a fastener and intended to be
. propelled under the action of the exploding of the
(; mixture in this second, propulsion, chamber.

15 As in the case of a two-chamber apparatus, it is
perfectly possible in a three-chanber apparatus to
adjust the power separately or in combination by

- adjusting the volume of gas injected into the
propulsion chamber,

20 - double adjustment of beoth communiecatien and
injection,

- adjusting the rotational speed of the fan when
the first, flame-generating, chamber is equipped with
one.

25

(: Ag the wuseful volume lies esgsentially in- the
intermediate chamber, the volume of the first,
flame-generating, chamber can be reduced, this
affording the additional advantage -of greatly

30 facilitating the conditions under which the burnt
mixture escapes and also the cooling of the apparatus.

It may even be desirable to establish conditions at the
limits of the convergence of the £irst chamber and
35 intermediate chamber, and so the applicant company also
intends to claim a method for adjusting the power of a
gas-operated apparatus comprising
- a first chamber for the precompression of a
combustible gas and generation of a flawe,



internmedi ate chanber, the volume of the first, flame-generating, chanber
can be reduced, this affording the additional advantage of greatly 30
facilitating the conditions under which the burnt mxture escapes and al so

t he cooli f pparatus. It may even be desirabl eptpresisbisssh
conditionrs1g’<%1)?2()?'{'%Jey‘?72 imts of the convergence of the first chanber and 35

I nt er medi at e chanber, and so the applicant- conpany also intends to claima
nmet hod for adjusting the power of a gas-operated apparatus conprising a
first chanber for the preacowpr assiporiedpna chombest i @ gas and generation of

a flame, WO 2004/ 083 %o RCT/ EB%OOA%@Q&%@ Phe argsCcONchadyHRul siqn,
chanber, and - nmeans for placing the two chanbgrs, in commEi cation, these

means bei ng deSPHHEF G N oW TR MR e PSS igred R AL4QY ERGnber

bei ng desi gnefil4me bes gragshanber for preconpression, generation of a flane

and for the conpressi C l.on.af. _the characierized in
that the é(;wer of th(saﬂlfgé]ppg%%g ﬁésﬂr%t&rgstb%&ngy f%ls?gggﬁus?%ngijgheévol une of
gas inj ected Fhanbehefopr ppECoTEHCERARDer SeBPrall 0Bt ofg & hElawemaRfcati on

between the twer chardeiSredtion Gl 22dcUs-EENEN 0Lt fige COMGM cati on and of
the 15 injectjon rotational _.speed of a fan with which

the first, f|a%¥%%§%¢iaﬁacﬂ{#%ih%%?% FeSpedt  TRe TYREMRTEH WFI1 be
better undersédpaswed o he aid of 20 the foll owi ng description of various
enbodi ments of the. ;gjusting the volume of gas injected into the
propulsion chamber, or '
N - adjusting the communication between the two
( chambers, oxr
- dual adjustment of the communication and of the
15 injection, or
- adjusting the rotatiocnal speed of a fan with
which the first, flame-generating, chamber is equipped.

The invention will be better understood with the aid of

20 the following description of various embodiments of the
method of the invention and of various embodiments of
the apparatus the power of which is to be adjusted,
with reference to the attached drawing in which

- Figure 1 is a schematic depiction of a

) 25 three-chamber sealing apparatus, and
Qi - Figure 2 is a schematic depiction of a two-chamber
apparatus.

The apparatus of Figure 1 is a gas-operated nail gun
30 for driving nails 1 into a material 2. It comprises a
body 3 with, at ‘the front, a tip guide 4 and, at the
bottom, a handling and operating handle 5. To drive the
nails '1, a pilston 6, via its head 8, is wmounted to
glide in a cylinder 7. The piston 6 has a rod 98 for
35 pushing the nails 1. The body 3 comprises a housing for
accommodating a cartridge of a combustible gas intended
to be injected into a set of combustion chambers before
the gas and air mixture is ignited to propel fhe piston



nethod of the invention and of various enbodi ments of the apparatus the
power of which is to be adjusted, wth reference to the attached drawing in
which Figure 1 is a schematic depiction of a 25 three-chanber sealing

appar at us,W@nngIﬁjsgﬂge 2 is a schematic depiction of a twoFHIAMMNeT356
apparatus. The apparatus of Figure 1 is a gas-operated nail gun 30 for
driving nails 1 into a material 2. It caprises a body 3 with, at the
front, a tip guide 4 and, at the bottom a handling and operating handle S.
To drive the 6naFihe kodwn Ppialten OMNFEEss & Haddgen hopsuMmeeding a28lide in a

cylinder 7. Thenpist o by hes @or ¢l thel 3heptshitiget he nails 1. The body 3
conprises a housing for accomodating a cartridge of a conbustible gas

intended to be injected into a set of combustion chanbers before the gas
and air m xtuieres ignthedbodypBopéhetrkeipi st dirvd 20640883725 with

PCT/ 1 B2004 00%3395 i etdortia ROty 3.als Aeonp! ERES  angybENgenghegd bearing
an igniter plug 10_for igniting the m xture. re,, 1N the body™3, there is
a first chanb@¥ouqudgistn WhighgaLhaysr orifi cé 1XHHRE™Ni ERTt héhﬁgni ter
plhug 10 pr Otpﬁéwnpﬁ&@fcbwhamer tRea th’is]lcmrr fomikh?repr em:]gpr &sgi on ]gf
the gas-air mxture and fo gnerati a.flame. T n.13 of .a notor-fan
unit is nnun?%%ejf%tjtrféjsaf &%gﬁe“cr@ﬁbg%rﬁlﬁ T%n% %hglﬁ%‘ér% ﬁ 1Bn%gn%ﬁni cates
with the entrapeeted almublliar Simsér rebeaberchdhberThal wHiastbeixs alchanber

for conpressiom@nfefcse! ergddwn ofd he ddamk,celhe taubular  dpfeppedi ate
chamber 14 comunicates, via its outlet v&{ld via a nunbehﬁgia orifjices 16
that can be cPHseHe?Fats pFra™PeFve1t7, AR a 1hstch§ e¥5 T8&linited

in compression and acceleration of the flame. The tubular
(  intermediate chamber 14 communicates, wvia its outlet
and via a number of orifices 16 that can be closed off
15 by a wvalve 17, with a last chamber 15, delimited in
part by the piston head 8, which 1is a propuleion

chamber which also has a gas inlet orifice 42.

The way in which the apparatus works will nrow be
20 explained.

After the last, propulsion, chamber 15 has been closged

and gas has been injected into the first chamber 11 and

the propulsion chamber 15 via the respective orifices

25 12 and 42, the plug 10 will create a spark which will

(' ignite the mixture of gas and air in the chawmber 11,

the burning of which mixture will cause the pressure in

this chamber to rise. Because of the increase in

pressure, the unburnt mixture from the first chamber 11

30 and especially from the intermediate tubular chamber 14

will, wvia the orifices 16, pass into the 1last,

propulsion, chamber 15 and thus compress the mixture

therein. The combustion flame, generated in the first

chamber 11, on arrival in the tubular chamber 14, will

35 be accelerated (almost exponentially) by virtue of the

rise in pressure downstream, in the propulsion chamber

15. Passing through the same orifices 16, the flame

will ignite the wmixture in the last chamber 15, here
then according to a “multipoint” ignition strateégy.



part- by the piston head 8, which is a propul sion chanber which also has a
‘gas inlet orifice 42. The way in which the apparatus works will now be 20
expl ai ned. After the |ast, propul sion, chanber 15 has been closed and gas
has been iQh65iads~EHt0 the first chamber 11 and the preguisi@mocharber 15
via the respective orifices 25 12 and 42, the plug 10 will create a spark
which will ignite the mxture of gas-afid-air in the chanber 11, the
burni ng of which mxture will cause the pressure in this chanmber to rise.
Because of the increase in pressure, the unburnt mxture fromthe first

chanbﬁr 11 ?%mdp@@m@ﬁalin/ ﬁmmr? If@; im@ﬁwadivlaﬂﬂ t_tttbléhaﬁo chankes] é4 hwi I,
via the orifices 16 ass_into e | ast r apul.si.on, anber_ 15 a t hus
conpress the %??Y?w%ﬁéﬁrﬁﬁeg%? ﬁ%% RRABTR? céﬁgT%ﬁﬁf %%n%? tiﬁ'iﬁn he first
chanber 11, oimarai \londten hepeabul af chimber The winlilfi8%sbeldccEber at ed

(al most expongntduatd e vk VhEtHEA! {8 15is3e wopr@mé%:éiowa%trf$m in the
propul si on chanmber 15. RaSS|n%rthr%§ﬁg the sane orifices 16, the flane
will ignite tR\FFG0rFPHI tHePUSsttBanfertassanerat ( Hes g8 dPhg to a

"mul tipoint" tigai ieouser ahdgyef Whe 0844083 p220RES/ R4/ OEHa56thd The
pressure in thi ast..ch Wi [ls 0 | eyel . ab t of the two
upstrean1chaﬁﬁ%%%£14%%n ‘ ?{%uuﬁJi HH%%S or?ér s%%gg o?ﬁgingg??heoérifices
16 for 5 comueiledstom bt welem last| aBropwksanbdranlier 1% wibhebate sonic

flows, that i§e$‘3ﬁ BEYh | et d hesispReetheOfuasihe tiiexturg ardcef chheyfhame
becones hlghe{ t han 1he sg eg o%ﬁa u&gﬁb3¥ virtu Of.ﬂ@lgh the rate of
conbusti on i n~PREST a8Y BF gulgi *Cc LSO 9 | Byt 0t 9 ePYERPER. This
bei ng the castt fhemendwipy actgidaldty the start of the pressure rise.
(w The rate of combustion is such that the maximum
pressure 1ls reached before the piston 6 has had time to
15 move., In thig particular instance, this lost movement
. iz reduced to just a few millimetres.

It will be noted that the “multipoint” communication

between chambers, in this instance the chambers 14 and
20 15, encourages the agitation of the wmixture in the -

propulsion chamber 15 before the flame arrives.

The. valve or wvalves blocking off the communication

orifices may be used as pressure limiters and open only

25 at a predetermined pressure so as to encourage sonic

( _ flow and increase the rate of combustion in the
n propulsion chamber 15.

It i1is also possible to envisage mechanical or

30 electrical precompression in the first chamber, within
the limit to which the valves open, in order tec further
increase the pressure level in the first chamber 11 and
thus also in the ©propulsion chamber  15. The
flame-generating 11 and propulsion 15 chambers may have

35 a very small volume, making it possible to use less gas
and thus improve the efficiency of the apparatus.

The first, flame-generating, chamber may be coincident
with the chamber for the compresgion and acceleration



longer any need to hold the piston 6 still to prevent it fromnoving right
at the start of the pressure rise. The rate of conbustion is such that the -
maxi num pressure i s reached before the piston 6 has had tinme to 15 nove. In
this part i%IﬁM(jsgﬁ%ance, this | ost novenment is reducegcis2punnizas f ew
mllimetres. 1t wll be noted that the "multipoint"” comunication between
chanbers, in this instance the chanbers d4 and 20 15, encourages the
agitation of the mxture in the propulsion chanber 15 before the fl ane
arrives. The 9&l veeoflsmtvesobhackdnfuofier heedommithe apdareucs ifisees may be
used as pressyffel i {8 SRR 0P WHakbeD at a predeterm ned pressure so
as to encourage sonic flow and increase the rate of conbustion in the

propul sion chanber 15. it is also possible to envisage nechanical or 30

el ectrical prwtonpressreance ntd hRidiurst2 chbamrbeiichwi édenentdeaddidouso whi ch

t he val ves. open, | der: t Q. her _J.ncr r re \Y; i.n the
first cha er€§1 %ﬁ&égtﬁﬁ% gﬁéggénﬁth%i%rggﬁﬁgﬁgﬁéghaﬁggg i%&gT%%me

f | ame- gener at PHHPSLS andtp? o RIBHGTF IS dR&nbarst maywaavehasoersser \henal |

v]9I ;J[lre maki ngihkl gg@f?@hgﬁi@ws&é@& g@s; &élﬁir&imn%i idmﬁr%’cg%éaf&@_ ehf ijci tency
o e appar atus. e filrs anme- generating,, C er, e coinciden
with the charr%g‘F F%?‘etﬁ%é%o%r‘é%%i%ﬁf“aﬁ?fiﬁ]e’éc@e|k@’rg§?%r?3\l%a‘§bc§4/ 588735

PCT/ 1B2004/ 00£358t - @amdfex he fd,anewisk asmtudbtipieherfwmehims he ofr essure
rise ti in L.on o N e ce ' re 2, an whi ch
eIenentsqg%al8g§§gﬂégg%%§?ﬁbsgggggéﬁéﬁ¥ikgm%réfée brg%@ggéggéﬁntﬁgHSane
numbers, the &Bp&tarakitmas gfusthewdiamerberstht rée fEaal 13pr dpdl Siben,
chanber 15, debh#itéedpdognsio eaghi®n first chamber 18 being tubular

( and communicating with the propulsion chamber 15 via a
plurality of orifices 16 and one or more valves 17, the
15 two chambers having their respective gas inlet orifices
12 and 42. For the remainder, the way in which the
embodiment of Figure 2 of the apparatus of the
invention works is similar to the operation of the
embodiment of Figure 1.

b3
L]

In both cases, the precompression and final compression

pressure level in the final last propulsion chamber 15

depends on the length and volume of the tubular chamber

14, 18. The tube may be coiled on itself to reduce the
25 gpace occupled.

The method of the invention also applies to a

conventional apparatus provided with just two chambers,

the first being for precompresgsion and generation of a
30 flame, the sgecond being for propulsgion.

There 18 no need to depict in the drawing such an

apparatus which is identical to the apparatus of

Figure 1 except that it would have no intexmediate
35 chamber for compression and acceleration of the flame.

The power of all these apparatuses can be adjusted by
three different means that can be used separately or in
combination., The first means consists of adjusting the



the same side as the cylinder -7, by the piston 6, and a first chanber 18,
with multiple functions of 10 preconpression, generating the flane,
conpression and acceleration of the flame, with the fan 13 and the igniter
plug 10, t{ichobddssizschanber 18 being tubular and conmmueccasiomgoviss h t he
propul sion chanber 15 via a plurality of orifices 16 and one or nore valves
17, the 15 two chanbers having their respective gas inlet orifices 12 and
42. For the remai nder, the way in which the enbodinment of Figure 2 of the
appar at us of thamuhhgehitnn hedmeen stise nichambeyst herigpekhei orridfidelse

enbodi ment of 1§i guge il p20+ck Bubatna84888ind Nawd " KOAMHL S Q1380 chignal
conpression pressure_léevel in the final |last propul sion chanber 15 depends
on the | engt hVa@h¥eFofdnBPBR-t he tubul ar chanber 14, 18. The tube may be
coiled on itself to reduce the 25 space occupied. The nethod of the

| nvention gl $9,8PRKLBRA hBnL UNENUANAL, APAYALYS REQViIGGL Wt Jaust two
chanbers, “thé Tirst being Tor preconpreéssi on an eneration of “a "30 fl ane,
the second bethg fdrepEopnlscoAonThEr ga# simbe nbeel bnalepipronu adva, dr awi ng
such an appacakwbewhiishcheohgBNthé drimiddhazapparatus of Figure 1 except
that it would have no internedi ate 35 chanber for conpression and
acceleration of the flane. The power of all these apparatuses can be

adj usted by Theeehdicfif ereemts neams. stisatofc andjbetisgd thepapatee] wiorthen
conbinatng. %%g fhrst nmeans consists of adjusting the WO 2004/083725

PCT/ 1B20047 00 6 g _ conmunication between the chanbers, via the orifices
16, by in particular adjusting the setting at which the

It will be noted that the wvolume of gas in the final,
( propulgion, chamber is also metered by the setting at
which the valves 17 open.
15



val ves 17 open. 5 The second neans consists in adjusting the netering of

the direct injection of gas into the final, propulsion, chanber 15 through
the orifice 42. The third means consists of adj usting the speed of the 10
fan 13. It Wwll be noted that the volune of gas in the final, propulsion,.
chanber is also netered by the setting at which the val ves 17 open. 15 -/10
- CLAIM5 1 Method for adjusting the power of a gas-operated. apparatus i
conprising a first chamber (11) for the _5 preconpression of a conbustible
gas (12) injected thereinto and generation of a flanme, and' a second,
propul si on, chanber (15), and neans (16,cdXimgor placing the two chanbers

i n comruni cation, these neans ' being designed to allow the flanme to pass, 10
characterized in that the power of the apparatus is adjusted by adjusting
(17) the comunikati dfetBerdeber aHRUSWNE hihBerowerl, cf5h. gas-ppeksted -

according to d aéltsgaa’lraﬂﬁgw Ita.@@mng15acoffi&|§i Caélhaﬁﬁ'béls a@inqst&@rbythe
operating at |ea one. valve (17 conne%%;n% #g chjgggrs %%1 .
Met hod for . éh,u%¥??ﬁﬁﬁ¥ﬁ?%%Mkr & g&STShEraPed gﬁﬁar cd FFE? g a
first chanber (l1i)efe@initdeand) peoocipresspbn @f faserbushidbla gascofd?)

i njected therei er anme nd co P ul n,
chanber (15), g%pﬁggﬁg 16, 4%% fgi qéFQC|nSn? e“?ﬁ%gc zr}(%ersﬁ'?P 2of

communi cati on, tREREI R Bﬁ?nﬁhaﬁg?ﬁ%eﬂntSOQWPB%F?ﬁé°FPaHEeﬁﬁ PB88%s in
whi ch 25 nethod oSt iddei gl | Stbnj ealbewdi riged | y fixdnee t heo  passe,

10 - characterized in that the power of the apparatus is
adjusted by adjusting (17) the communication between
the two chambers (11, 15).

2, Method according to Claim 1, 4in which the
15 communication is adjusted by operating at least one
valve {17) connecting the two chambers (11, 15).

3. Method for adjusting the power of a gas-operated
apparatus comprising a f£irst chamber (11) for the
20 précompressipn of a combustible gas (12) injected
thereintce and generation of a flame, and a second,
propulsion, chamber (15), and means (16, 17) for
pla‘cing the two chambers in communication, these means
being designed to allow the flame to pass, in which
25 method combustible gas is injected dixectly into the
p"ropulsion chamber (15), characterized in that the
power of the apparatus is adjusted by adjusting the
‘volume of gas directly injected (42) inte the
propulsion chamber (15),
30 ' .
4. Method according to Claim 3, in which the power of
the apparatus is adjusted by adjusting (17) the
communication between the two chambers (11, 15).



propul sion chanber (15), characterized in that the power of the apparatus
I s adjusted by adjusting the volunme of gas directly injected (42) into the
propul si on chanber (15). 30 4. Method according to Claim3, in which the
power of the apparatus is adjusted by agjusting (17) the comunication
bet ween the two chanbers (11, 15). 5. Method for adjusting the ' power of a

gas-operated appar qfdiS 0y Sécﬂ.‘;g.l@:ifﬂgf Séhérb"dm d4 1) fg@s—hB@rated
preconpression of a conbustl bl e gas |nJ %Q h{x?ﬁ%nto Jgtr}d %ener tion of
flame, a secondfPHFSTISsi G ERARBer® ( %fSt df RFr d*hanber
(14) for corrprrasmqwgbmlacc@lferaaww@?wshebieaarBS donmeteidngheneintd rst and
second chanber s;{{ | ,gé@xa%ri@nneams el6f1e1rza 53 f ecRhaGi Ngxb ﬁlgb@mers in

comuni cation i Irs hese, ein Si aII flame to
pass, charact éil}ia@%’ |n“f$?a‘t ?’ﬁelﬁ‘ F“egi’aif%egg ﬁg ?‘5’5‘% %)us T by

adj usting (17) adwpusemringi ead md@éteméhngthleecﬁhMr sc(nlmectpﬂ)g e 6,

Met hod accordl NG Asd Gl r@&mﬂm aﬁumﬂshqllqommnlazﬁ b @pb usipd by

operating at L%[rt one val \E% 7% ecJ'El n thg1 cQa ers #}4 15 7.
Vet hod for &dj ds¥i nBLERE™ pdhsr ' i or gas ~op P&“f“eal 3 %?a ising a
first chanber (thepef meatﬂﬁ?eb%ﬁéq@l@ﬁﬂ@@@ﬁohooﬁlho‘éomsﬂéﬁh% igfaspaﬁﬁ:ect ed
thereinto and &ﬁ&%@teh:aaeaf 1&11‘{:19.-&@ tﬁesgﬁﬁ.ﬂa& Pf ORHES IHparathar tay (15),

ari intermedi ate, thir é io conpressi.ng .and ccel eratl ng the
flame, connect |E‘%§ PlE 4 Cb)? Séu ése oné'7 fifSer 50 TTTT’:L B a]ﬁ Shs (16,
'17) for placithg chevbrafbér$: i¥5kommuni cation in pairs, these means bei ng
designed tqgqallow the -flame to pass, i

6. Method accoxding to  Claim 5, in which the

communication is adjusted by operating at least one

valve (17) connecting the chambers (14, 15).

15 7. Method for adjusting. the power':" cf a gas-operated
apparatus cor'nprising a first chamber (11) fox the
pregompresgion of a combustible gas injected thereinto
and generation of a flame, a sec_ond, propulsion,

. chamber (15), an inteymediate third chafber (13) for

20 compres.'51ng and accelerating the flame, connecting the
first and gecond chambers (11, 15) and means (16, 17)
for placing the chambers ‘ih communicdtion in pairs,
these means b;eing depsigned to allow the ‘flame to pass,
in whick method combustible gas is injected directly

25 into the propulsion chamber (15), characterized in that
the pov&er of the apparatus is adjusted by adjusting the
volume of gas directly injected (42) intoc the
propulsion chamber (15).

30
g. Method according to Claim 7, in which the power

of the apparatus is adjusted by adjusting. (17) the
communication between the chambers (14, 15).

35



I n whicka' nethod conbustible gas is Injected "dire'ctly 25 into the
propul si on chanber (15), characterized in that the power of the apparatus
Is adjusted by adjusting the volume of gas directly injected (42) into the
propul si on chanber (15). 30 8, Method aggording to Claim 7, in which the
‘power of the apparatus is adjusted by adjusting. (17) the comunication
bet ween the chanbers (14, 15). 35 -12- g, nethod for adjusting the power of
a gas-operated apparatus conprising a first chanber (18) for

preconpression, -generation, of a flanme and for the 5 conpregsion and
acceleration of a flame, a second, propulsion, chanber (15), and neans (16,
17) for placing -the two chanbers in comruni cation, these neans being

designed to all ow{ hgethage 4 p@éﬁstﬁﬁrgﬁéebbﬁggr ¥ thakakbepesuesg of the
apparatus is i 0 adjusted by thust%%% (I7) %he conqﬁ$| ation beﬁmeﬁg- t he
two chanbers (18PPESFRFUF0. " FETHOH HeZor di ng™+558) ai BSE, WHBR t hEeT
communi cati on i pradiouptredsiiynopegenengtidnl east son€lat® vahde €&¥) the
connecting the LR CHRUBERS 408 dodlelckhe el NOE Ior e?%%é;gag Logompyer of

a gas-operated apparatus conprising a_fjrst chanber r
pxeconpr essi on, Pr§EHeFaPRon SPEPEEandLSt or RS npPe3RF on{d®r and”hcc%r ati on

of a flanme, a seqerdngpreRuliSionchantfarbein (dSymantbatEians, (Hitesd Mednd

pl aci ng the two hanbers _i mrupj cat j th me ei ng_desj. d to
al l ow t he flanebﬁgnﬁassaéﬁ%aﬁéﬁch ﬁ%thd%e%dﬂbug%ﬁ%leéﬂégg isg?njéé ed
directly into tlshayreperieed chanbBrL25lg spowehacdct B¢ z aphiayathat ishe

power of thgpappahak¥sd by adjusting (17) the communication between
| * the two chambexrs (18, 15). :

10. Method according to Claim 92, in which the
_ communication is adjusted by operating at least one
15  wvalve {(17) connecting the two chambers (18, 15). '

11. Method for adjusting the power of a gas-operated
apparatus comprising a first chamber _(18)‘ for
' precompressicn, generatien of a flame for ééﬁpression

20 and aci::elera?:ion of a flame, a second, propulsion,
chamber (15} and means (16, 17) for placing the two
chambers in communication, these means being designed
to allow the flame to pass, in which method combustible
gas is injected directly into the propulsion chamber

25 {(15) , characterized in that the power of the apparatus
is adjusted by adjusting the volume of gas directly
injected (42) into the propulsion chamber (15).

12. Method according to ‘Claim 11, in which the power
30 of the apparatus is adjusti'“ed' by adjusting (17) the
communication between the two thambers (18, 15).

13. Method Ffor adjusting the power of a gas-operated
apparatus comprising a first chamber (18) -for
35 precompression, generation rof a fl‘ame for "cémpréssion
and acceleration of a flame, a éecond, propulsion,
chamber (15) and means (16, 17) for placing the two
chambers -in communication, these means being designed
to allow the flame to pass, the Ffirst chamber (18)



i s adjusted by adjusting the volume of gas directly injected (42) into the
propul si on chanber (15). 12. Method according to Claim1l, in which the
power 30 of the apparatus is adjusted by adjusting (17) the conmunication
bet ween the two Chanbers (18, i5) 13. Mgghod for adjusting the power of a
gas-operated apparatus conprising a first chanber (18) -for 35
preconpression, generation of a flame for 'conpression and acceleration of a
flame, a second, propul sion, chanber (15) and nmeans (16, 17) for placing
the two chanbers -in conmunication., these neans being designed to allow
the flame to pass, the first chanmber (18) -13- being equipped with an

accelerating fan_(13), the power  .of the apparat.us heing justed by
adj usting the rS%éF%oﬁgPlgﬁﬁigwﬂ?ltﬂ% ?%ﬁé??ﬁ?an@hg?ﬁbtQgSZe&'enFFWEF t he
Emt/ver oftth het appaﬁawsaei Sa?gjaﬂéﬁl)&ﬂ biye et} ?ﬁidj’tgadé&?é_bﬁi _adﬁaltstqmi@unitﬁat}on
etween the two ¢ ers : : o] or ustin e ,power of a
gas- oper at ed 10r8gﬁté?%? ' %%erfe]pafl%q %eal\%’}s?l%wan%ér ’;@I%FSB i th_%.at
]Ejlreconpresm oga gﬁ@epawfreﬁnobftleehfd@mafceé ﬁen’gﬁﬁﬁsté@ byanﬁldjs\séiﬁl) f r@ret:lr?o)n of a
ame, a secohd, propul sion, ..chagber (1 and neans. (16, 17 r placing
the two chanber%geiEOTTHﬁﬁﬁﬁE&EFig%??eémgéﬁaﬁ@ﬁhgﬁﬁgpgﬁsdééggﬁﬁﬁ'15 to al |l ow
the flame to pass, the first chanber (18) being equipped with an

accelerating fan (13),- the power. of the apparatus being adjusted by
adjusting the rotational speed of the fan (13) and conbusti ble gas being

i njected directlyJMntoMégﬁb¢wgw&H§a§ubgﬂﬁ§ﬁgﬁg(g&@er shapaGiRi-icbedatadt hat
direotly i nj bt ed PRas 0 o SPRETBF Bl shon CHiber prapst” (fFe)! 885
precompression, generation of a flame for compression
and acceleraficn of a  Elame, a second, progulsion,
chamber (15} and wmeans {16, 17) for placing the two
chambers ‘in communication, these méans being designed
15 to allow the flame to pass, the f£first chamber (18)
being equipped with'an.accelerating fan (13}, - the power
" of the apparatus being adjusted by adjusting the
rotational speed of the fan (13) and combustible gas
being injected directly into the propulsion chamber (15},
characterized in that the power of the apparatus ig
adjusted by adjusting the volume of gas directly injected

(42) into the propulsion chamber (15).



