WO 2004/ 082895 PCT/ |1 B2004/001314 - 1 Gas-operated apparatuses with
preconpressi on chanber and propul sion chanber The invention relates to a
gas-operated apparatus conprising a first chanber of a first volune

conpri si “ for igniting a conbustible gas and gepgbaljosidid flame, a
second Gﬁg @ﬁﬁ Sa second vol une, and nmeans 5 for placing the two chanbers

i n comuni cation, these neans being designed to allow the flanme to pass.
The invention relates. nore particularly to an internal conbustion

gas- oper at ed caRldpagatpiaappafatisddi Wit prelopbse@aibs Pharseted under the
action of the exploding of a mxture of gas and air in order, via its rod,
to strike anail; this is th nPEPEﬁEﬁ%) < ®Fai | gun, or sone other
fasteni ng device. 15 Apparatuses with two chanbers have advantages. Wth two

chanbers, t fi 1S o PLEGAIRLESSI0N Ch e | a expl osi on
pressure in the %%%%%%I%haﬁggT%Fg %E iﬁcrgggeé?g?ﬁgggxp% %%#ﬁ%%essure in a

vol une bei ngPMF a1 % dirsto dhaabsre 8§upe LTSt hEokiRe uEempeiBRg t he 20
expl osi on. jeds happengnitisdab, RALAMEEHIE LAE 6P| ASidMtihd he first
chanber, thg conbustion ﬁées§Uég thﬁs generated i.n this fjrst- chanber
conpr esses S unbuPRECRT x CHPECRRAI Of s SREORSH IR iR ¢ $3ht and

passesiﬂﬂgﬁ¢hep§ecéng ¢ﬂmmt@wotahambeeasdmﬂmwmmuninauidﬁitthﬂgén before
the expl osipm.0p Qg Ridghibheaeeandi1chamersyde i Saagpond chamber is
el y a t hen e of

partially mte rrve piston, y virt this
preconpression, the piston has noved only very slightly forwards at the

time when ttige expvost Ioh Of€ldSed. Nmbté SpaP: SACRHA e hadrben iRtepiigpel 1ing the
piston, this ﬁgl mh#g th?oﬁéStQQ t% dgnlve corrg&t bgpefl .fﬁgﬁ]the ener gy
of combust TEPPHICIFE JAETONREACCF n "SI PP o FPRATEFES 18 PRHPn R he f1 ame-
10 piston is propelled under the action of the exploding
of a mixture of gas and air in order, via its rod, to
strike a nail; this is then a gas-operated nail gun, or
some other fastening device.

15 Apparatuses with two chambers have advantages. With two
chambers, the first is a precompression chamber which -
allows the explosion pressure in the second chamber to
be increased, the explosion pressure in a volume being
proporﬁional to the pressure of the mixture before the

20 explosion. What happens 1s that, because of the
explosion in the first chamber, the combustion pressure
thus generated in this first chamber compressez the
unburnt mixture which is pushed by the flame front and
lpasses into the second chamber to increase the pressure

25 therein . before the explosion occurs in this second
chamber., If this second chamber 1s partially delimited
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

30 second chamber for propelling the piston, this allowing
the piston to derive correct benefit from the energy of
combugstion of the gas.

When, in addition, there is a fan in the flame-
35 generating chamber, the rate of combustion and the
maximum pressure level in thie chamber are increased,




35 generating chanber, the rate of conbustion and the maxi mum pressure
| evel in this chanber are increased, | WO 2004/082895 PCTI | B2004/ 001314 2
making it possible to reduce the rise tine of this pressure and therefore

to furtt\gbzbd4{25‘bgsgg he nmovenent of the piston in its ordezelentar before the
expl osi on es place, and therefore making it possible to 5 further

I ncrease the power of the apparatus- $t-will be noted that the effect of an

accelerating fan is nore than significant; it allows the pressure rise

time to be maddmgeditby posdbiler d trdeduoedetheof rife Iimdowe¥erthiand even with

et real i ForTREC TRE FLFeRERSITD EITTReY chans fehd MR The &

has reali t hat enefit o e e I on of the gas
cannot be dffeoyREPEA iRattsadwivis chamber bpafekewdden ewrkbai®nseek to

further i npames t@qacer essuge thuekrond rmdei Cmbtﬁééé)fblé“ tte second,

drive, chag%g_ hus to ncreaseﬁy$ ower t Wo- chamber appar at uses.
20 What °ha &?erlPﬁﬁ?a?ﬁe ?aﬁ%wﬁﬁ dt aPWaFﬁguﬁlrst pr econpr essi on,

chanber passes into the second, drive, chanber before all of the unburnt

mxture fromiagy i r%t%aaﬁmse Eﬁ%ﬁ@f@c@%%é@ﬁ%&i%rﬁe paSCha”ber

to increase the pressure Ses acCross
into the sedoriPrhakpar, Sf-ﬁaifzesm%m bh 8adors. the RWAaTW® Ljisken t he

relati OnShltﬁLmeP\fo—b_éoﬁédha@dtbﬂ: a 3fadther BY eHeNerdeshes 10.i ncrease the
pressu in the drive chanber, the nore the volune of the first,

preconﬁ stion, chanber needs to be increased, and this
However, and even with a precompression chamber or

combugtion prechamber, the applicant company has
realized that the full benefit of the enexrgy of
combustion of the gas cannot be enjoyed and that, as a

15 result, there was a need to seek to further improve the
pressure level and rate of combustion in the second,
drive, chamber, and thus to increase the power of
two-chamber apparatuses. '

20 What happens is that the flame generated in thé first,
precompression, chamber passes into the second, drive,
chamber before all of the unburnt mixture from the
first chamber has been able to enter the =second chamber
to increase ths pressure therein. Now, as soon as the

25 flame passes across into the s=econd .chamber, the
explosion occurs.

In addition, given the relationship

Ez:cmmhnt
T

30 the more one wishes to increase the pressure in the
drive chamber, the more the volume of the £first,
precombustion, chamber needs to be increased, and this
ie not necessarily desirable.

35 It is therefore under these c¢ircumstances that the
applicant is proposing its invention.




IS not necessarily desirable. 35 It is therefore under these circunstances
that the applicant is proposing its invention. W 2004/ 082895
PCT/182004/001314 3 Thus, the invention relates first of all to a

gas- ope gy at us conprising - a ,first chanber ptcemsiohgoopsi@conpr essi on
of a ust gas and generation of a flame, 5 - a second, propul sion,
chanber, and - neans for placing the 4w chanbers in communication, these
means being designed to allowthe flame to pass, characterized in that
there i s 1@husan ichier nedieditd onhi rblchasberfifrer t ReE copressi oa and

apcelerati%%eog Epg%%%ﬁ£§?a£%ﬂ9f9£5 1sﬁﬁ first and second chanbers. By

virtue of ven rtarn that at 15 least all the vol une
of mixture fronrthe ifdgstredhankert tﬁqrd ehanprecpardessdnni mfo ahe second,

propul si ongomblladiPBletea érgﬂ&%§§héfg%ﬂ@heg§uEEfiQﬁéEIn the flame generated

in the first chanber pass %%F é} t et ang the outlet of the
i nt er nedi at e chanb®rSeoPR é;QQ1 8%t n¥8¥nedi ate third chanber for

the conpressi on ame€amzcelfzmat i pﬂlaoln@;he ‘WHeanetws a dhanbears chanber,

pref erabl y ﬁ%@ﬂn@glrs Sg@&%?amEQHSh£¥1§§“8L51%8e h?& ngQetBEa”E

generated i me-generatr ng, vantageously, an
acceleratlﬁéamantpsppﬁ%vlded in the first, flane-generating, chanber. 30 in

general , tQﬁaaaggéaggédo{ntgﬁhﬁrﬁﬁggé(yg\MI | be a sealing apparatus t he
second, propul sion, chapber del im tlcular pi ston for
Hﬁ%ﬁelF

driving®a fasténef® andl?ﬁ?ﬁm tF D be" der R acFSS

compresgion and acceleration of the flame, comnecting
the first and second chambers.

By wvirtue of the invention it can be certain that at
15 least all the volume of mixture from the intermediate
third chamber is driven into the second, propulsion,
chamber to increase the pressure therein, the flame
generated in the first chamber passing through the
inlet and the ocutlet of the intermediate chamber.
20
As a preference, the intermediate third chamber for the
compresgion and acceleration of the flame is a tubular
chamber, preferably with a cross section roughly equal
to that of the flame generated in the first,
25 flame-éenerating, chamber.

Advantageously, an accelerating fan is provided in the
first, flame-generating, chamber.

30 In general, the apparatus of the invention will be a
gealing apparatus, the second, 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,

35 propulsion, chamber.

By way of —comparison and to provide a good
illustration, it will be emphagized that, in a
conventional apparatus with 3just one chamber for the




of the exploding of the mxture in this second, 35 propul sion, chanber. By
way of conparison and to provide a good illustration, it will be enphasized
that, in a conventional apparatus with just one chanber for the WO

2004/ 082&,%5205%4819@2004/ 001314 4 generation of the fhapmsadeRdiopul sion of
the piston,” the piston may have been noved, at the pressure spike, by
about 2 cm for an overall travel of. gbout 10 cmm in a two-chanber
apparatus, this lost travel portion nay 5 be reduced by half, to about 1 cm
and, in thegemapariainisobf thée flamentsndn propduesdnl Wi heie byistdmctor of 3

or 4, to ab | pnvention, _as_the u volume 10
essentiallygﬁ%egiga Hggyﬁ¥%$%;§?§§e&€ﬁ%%bé$£ E%% PE%?%%EQO%&{ e first,

f | ane- generhY i #puic Farfier fean a5e ovesaddedravalt af sabbeh hascwheiradditional
advant age of t@beahhibdAChbbhAbERg, t BR1SONdELI IS VEIdgloMlicih ddie  burnt

m xture can_escapge an nder, I ch the apparatus 15 can be coqled. it may
even be 5de2??ab¥£§‘ﬁf" stAbl | con&ﬁi&ﬁ?g“ét thE™: | | AEs ﬁncoﬁ'\‘ﬁergence of

the first cappdeatiandbfitiehdnvientdiomsdiratiaceafiiethenndyse faet@appl i cant

conpany al sg¢ élntﬁncll_% tagoglltaiorrbacgas-oper ated apparatus conprising - a
first chanmbér Tor tHe preconpresSion of a conbustible gas and generation of
a flame, - a second, propul sion, chanber, and - neans for placing the two

chanbers i ngy 25, Ga@INGEAL LAB, 1APSLLIBENS hei RfedetibaRfd (FoRkhoOW t he

e PSS L CaseD, LB ok SepolihecaRe ek S o0 1O P
conpr essi onvalunacof| ehat ifdirsaf, tfladd-gemerating, chamber can be

reduced and this then has the additional advantage of

greatly facilitating the conditions under which the

burnt mixture can escape and under which the apparatus

A

15 can be cooled.

It may even be desirable to establish conditions at the
limits of convergence of the first chamber and of the
intermediate chamber, and so the applicant company also
20 intends to claim a gas-operated apparatus comprising
- a first chamber for the precompression of a
combustible gas and generation of a flame, |
- a second, propulsion, chamber, and
- means for ©placing the two chambergs in
25 communication, these means being designed to allow the
flame to pass,
characterized in that:
- the first chamber is designed to be a chamber
for precompression, generation of a flame and for the
30 compression and acceleration of the flame.

In one case, with two chambers, or in the other, with

just one chamber upstream of the propulsion chamber, it

is preferable to provide valve means at the entry to
35 this propulsion chamber.

Advantageously, in the case of a sealing apparatus with
a piston for driving the fasteners, comprising a body
in which the piston is slidably mounted, a housing for



In one case, with two chanbers, or in the other, wwth just one chanber
upstream of the propul sion chanber, it is preferable to provide val ve neans
at the entry to 35 this propul sion chanber. Advantageously, in the case of
a seal i ¢y ﬁg gdsus with a piston for driving the festmsenmiaonprising a
body |n Ich the piston is slidably nmounted, a housing for WD 2004/ 082895
PCT/ 1 B2004/ 001314 5 accommodati ng- & f-asteners | oader and a handling and
operating handl e, the chanber or chanbers for the generating of a flane,

t he conpr esstommadialt ey eleer fasoenend {lhedérarssd ape Hamdigchg natdle handl e,
maki ng md&#@?agiﬁgs'x%ﬂ th%@D@h@&Héreaéfercmer&dU%Feg the size. The

I nvention etter understood Wth the aid ol | owm ng
descri pti oHeBETIEINY QL eMbEtRRRNt 'S FCAMRFeSHIFR ANds a6reLREAFRGRNti on, with
reference b@ the fl@maitagbedodmadi 1§ itheWhapdleli gakénd medalaehematic

depiction qgf the £8 cha ppar.at us a schematic depiction
of the g \/\gegﬁgﬁb%)% h%p%a?’%q lr}%%lnsg epf§lerFP8f}r Jéggu‘? 1%% %t%e%ftef ‘c depiction of |
a nodular alternative formof the apparatus of Figure 1. The apparatus of

Figure 1198 9ASSAPRGAL SN Hhitked Alndlidocny BathSchel 914 gematerial 2

It conprises a ont a gui and at the
bottom a ﬁaﬁdlfP%o‘aHégo‘B%‘?%‘EWf@l%rﬂﬁ arayiops (ﬁ“'{b\?élf“ﬁ@tsn‘élifl §he 4 piston

6, via ltSabpadaBusl SoffowHeed imrenglibae | withCytdfwiamee the pheton 6 has a

rod 9 he nails 1. .The body 3 conprises a housing for 25
accom‘rL‘gat Fﬁgaﬁh‘ég ?thr-? &7 of Wkél justi bl e gas intended to be injected into

a set of cenbust"'wurehhnbalﬁs baf or gchera igas dapiationi xtafre kbeignited to
propel -the pist@fred.cHioPONLrh AR cONPrises a cylinder head bearing an

- Figure 2 is a schematic depiction of the

two-chamber apparatus and
15 - Pigure 3 is a schematic depiction of a modular
alternative form of the apparatus of Figure 1.

The apparatus of Figure 1 is a gas-operated nail gun
for driving nails 1 into a material 2. It comprises a
20 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 piston 6, via its head 8, is mounted to
glide in a cylinder 7. The piston 6 has a rod 9 for
pushing the nails 1. The body 3 comprises a housing for
25 accommodating a cartridge of a combustible gas intended
to be injected intoc a set of combustion chambers before
the gas and air mixture is ignited to propel the piston
6. The body 3 also comprises a cylinder head bearing an
igniter plug 10 for igniting the mixture.
30
Here, in the body 3, there is a first chamber 11, with
a gas inlet orifice 12 into which the igniter plug 10
protrudes, which chamber is a chamber £for the
precompression of the gas-air mixture and for
35 generating a flame. The fan 13 of a motor-fan unit is
mounted in this first chamber 11, The chamber 11
communicates with the entrance to a tubular
intermediate chamber 14 which 18 a chamber for
compression and acceleration of the flame. The tubular



igniter plug 10 for igniting the m xture. 30 Here, in the body 3, there is a
first chanber 11, with a gas inlet orifice 12 into which the igniter plug
10 protrudes, which chanber is a chanber for the preconpression of the
gas- ai rvﬁgiﬁwc[s’fs gnd for 35 generating a flanme. The f@arrsloaboB1anot or - fan
unit isYORUNEAd in this first chamber 11. The chamber 11 conmunicates with
the entrance to a tubular internedi gte chanmber 14 which is a chanber for
conpression and accel eration of the flame. The tubular WO 2004/ 082895

PCT/ | B2004{ Q0d:3dctii at b chahBeredisat eofiaiiReiteld CongUNiGAat gz1at a its outl et

and via a nunber_of orifices_16 that ¢ | osed off . b valve 17, with
a last chafer i, 2 BIFRET oot ﬁrlgg??s @6 ﬁ%%i%?’%nbﬁeﬁﬁo%?gvﬁh is a
propul si onby 5achemiber . LThewiah ian WhstthchawbappabSat udeliorik=dni it now be

expl ai ned. Afg.er e pr sigon, . eh@berg 13 h . £l osed and
gas has.be%%gﬁnj ctgggin §§%%% first ?ﬁa %r llﬁj;t%é g?ﬁ€8§€l§§|| Create a
spark Whicﬁh@Wb?rignite the mxture of gas and air in the chanber 11, the
burning of which mxture will cause the pressure in this 15 chanber to

ri se. Bec e of the_incyease j.n pressur t he .unbur,nt. m xture fromthe
first chaﬁﬁé? PPand™ eg{}égﬁalt'r%/efP@ﬁafﬁgt’i;nt%‘?%i ek uBfFarPhanber 14
will, via ekelainddces 16, pass into the last, propulsion, chanber 15 and

t hus conpress the m xture 20 therein. The conbustion flane, generated in the
first chanber 11, on arrival in the tubular chanmber 14, will be

accel ekt BT ar nbRe &RBbNeREPRLLFIODy ShAThRF of5 thee PRSR FhoPrdssure

downst r eanand NgkBe HAOe &t Ong8atder indd. tRas Fingd hélpudbert her same orifices

16, the flgﬁg plug 10 will create a spark which will ignite the
mixture of gas and air in the chamber 11, the burning

of which mixture will cause the presgsure in this
15 chamber to rise. Because of the increase in pressure,
the wunburnt mixture from the Ffirst chamber 11 and
especially from the intermediate tubular chamber 14
will, +wvia the orifices 16, pass into the last,
propuleion, chamber 15 and thus compress the mixture
20 therein. The combustion flame, generated in the first
chamber 11, on arrival in the tubular chamber 14, will
be accelerated (almost exponentially) by virtue of the
rige in pressure downstream, in the propulsion chamber
15. Passing through the same orifices 16, the flame
25 will ignite the mixture in the last chamber 15, here
then according to a “multipoint” ignition strategy.

The pressure in this last chamber will rise to a level
above that of the two upstream chambers 14 and 11, and
30 in a shorter space of time., The orifices 16 for
communication between the last two chambers 14, 15
generate sonic flows, that is to say that the speed of
the mixture and of the flame becomes higher than the
speed of sound, by virtue of which the rate of
35 combustion in the last, propulsion, chamber 15 will be
very high. This being the case, there is practically no
longer any need to hold the piston 6 still to prevent
it from moving right at the start of the pressure rise.
The rate of combustion 18 such that the waximum




25 will ignite the mxture in the |last chanber 15, here then according to a
"multipoint” ignition strategy. The pressure in this |last chanber wll rise
to a level above that of the two upstream chanbers 14 and 11, and 30 in a
shorter wBagRedsod i Ne. The orifices 16 for comuni catACaTBE NI t he | ast
two chanbers 14, 15 generate sonic flows, that is to say that the speed of
the m xture and of the flane becones higher than the speed of sound, by
virtue of which the rate of 35 conbustion in the |ast, propulsion, chanber
15 wi | | be prgsspng §is. regichegebggorpetikaskistorre has hatttbios 6P no | onger
any need t Gyl d fhecRist pareisuilhl HAsPABYEN! thik TIdyP MWDt ght at the
start of the pressure rige.. The ratg of conbustion is such that the maxi num
WO 2004/08?ébgeﬁéﬁPFB§803F551§1§ew?EEE* ‘is reached before the piston 6
has had time to nove. in this particular instance, this |ost novenent is
reduced_to just.a f L L ) [t A Qt e hat. t he "mul ti point"
comuni Cat i]!otn W;bgll mg)\egnr?é%%ér%g%égﬁi r%:%tehl sﬂlnésﬁﬁéﬁé{(} t hgcl: Vet s 4 and 15,
encour ages datevesyi tchiEmierst, tine Hia umstiemoehdheprdmmbsivzen Idhamder 15 before
the flame afgivegdcohPadbs “ale/eagityed Mes JF ogkéNGnfdurddhe; gommdni cation
orifices may be _used a essure limters d open gnly at a predeterm ned
pressure s@HEPYEIRCE E¥s i PEf‘P’E‘%vF%?}ﬁ‘?ﬁP@gévteﬁe rate of combustion

in the propulsion chanber 15. 15 it is also possible to envisage nechani cal

or electri SSi ' i ISt r, within 1t limt to
whi ch te'@e v@?évegggggm)éfns%%}'eér&t %kﬂ?aﬁ{ﬁ%r ocir?gtrg ggse%‘h‘gk%ceas%%rn e level in
the first cIwfices] mayhde2maeduSsaPEesPRre hblpt bpue siwh eemisarlyl5. The

fl ame- genergt i R0 pkbaabdritt 8R! Yr¥RsliPeChd s s LB Yadt®frage sonic
flow and i1ncrease the rate of coubusgstion in the

=

propulsion chamber 15.
15
It is also possible to envisage mechanical or
electrical precompression in the first chamber, within
the limit to which the valves open, in order to further
increase the pressgure level in the first chamber 11 and
20 thus also in the ©propulsion chamber  15. The
flame-generating 11 and propulsion 15 chambers may have
a very small volume, making it possible to use less gas
and thus improve the efficiency of the apparatus.

25 By way of indication, whereas the efficiency of a
gas-operated nail gun of the prior art does not exceed
6§ to 8%, it is possible, with the apparatus of the
invention, to envisage practically twice this
efficiency, of the order of 13 to 14%. Likewise, the

30 number of shots per gas cartridge, with apparatus of
the prioxr art, was of the order of 750 and with the
apparatus of the invention this can be extended to 1500
or even 2000. As to the number of shots per charge of
the battery with which the apparatus is equipped, for

35 operating the motor-fan unit and the igniter piug, this
is about 900 in a conventional apparatus and may exceed
2000 or even 3000 in the apparatus of the invention.



a very small volunme, making it possible to use |l ess gas and thus inprove
the efficiency of the apparatus. 25 By way of indication, whereas the
efficiency of a gas-operated nail gun of the prior art does not exceed 6
to 8% it is possible, wth the apparatus of the invgit{g envi sage
practicawpfo?%siségthi s efficiency, of the order of 13 to%%gllg/g@llfi kew se, the
30 nunber of shots per gas cartridge, gwi_ith apparatus of the prior art, was
of the order of 750 and with the apparatus of the invention this can be

ext ended t ords0@; st , €¥@AME08Onerist £y hendmidierm®f BSHOLSiReLa&har ge of the
battery With.V\%i EF the a arﬁus .S e%%thé)iped , for 3 oger ting, the notor-fan
unit and t hEHFYnEFEEr c&ﬂﬂg’%rt ¥ §ie g F-9h FLoAVERIPEREI O ppar at us
and may excefdth0fHDame, eseesl800D furttes apgacet bbheoprebsutraveide on. WO

2004/ 082895 / 4/ (o first, flanme-generating, chanber may
N

be coi nci den cHanber for the conpression and accel eration of the
flame, s as to further reduce the pressure rise tine in the propul sion

chanber. 5 Wth refer&Nese £® FHEIMe 22, i wiiiceh «2LRERDLS 2888 s to those
of Figure 1 are.refere ceg.wlth he same nurrbeég, t, %maggara us has j ust

two chanber 50 tH®E% i &1 , FpPUBnISi &S cAEABEFRY 8 d¥WStream on
10 t he sanensmderas ttle c\dppaderud, byst hipugh st 6chanbeas:fitlse chanber

18, with muktjiple ' of 1, PEECORRI €SSH AN n ' e f1ane,

conpr essi onkyﬁ%' a%%%?@éjf%{%'n o e ;{Féne%?i\%ﬁl%ﬁglahggggﬁggﬁélghd% he igniter
pl ug 1010t hkBefpame idebes s parligdesbdl-aPy1shanniebamufi ca®dmy with the
propul si on ehagber ditanthedr @ 10, Ur akit¥ Oofm@rdfdiees ¥onemdofne osf nore val ves
17. For the_remai nder, the vva§ I n, whi gpl t enbodi nent of, Fi gure 2 of the
appar at us oPTPRIRTRVANToN GBPRETAY Che flame,compression

acceleration of the flame, with the fan 13 and the
igniter plug 10, this first chamber 18 being tubular
15 and communicating with the propulsion chamber 15 via a

plurality of orifices 16 and one or more valves 17. 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.
20
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 space occupied. It is alsc possible to envisage a
modular design of the apparatus, as in the embodiment
of Figure 3.

The apparatus of Figure 3 has three modules. A first,
30 Dbody, module 20 esgsentially comprises a cylinder 21,
with its piston 22 and, at the rear behind the
cylinder, the final, propulsion, chamber 23, the body
being extended at the front by the buffer-guide 24. '

35 Fixed under the body medule 20 is a second, handle,
module 25 with four compartments arranged roughly in a
square: the compartment 26, containing the Efirst,
flame-generating, chamber 27, with ites motor-fan unit
28, and the tubular chamber 29 for the compression and




simlar to the operation of the enbodinment of Figure 1. 20 In both cases,
the preconpression and final conpression pressure level in the final |ast
propul sion chanber 15 depends on the |l ength and vol une of the tubul ar
chanber 14, 18. The tube may be coiled on itself to, Eﬂﬁ&mﬁ 425 space
occupi edVO PYO4PRBYY S0 possibl e to envisage a nodul ar FaESTgN

apparatus, as in the enbodi nent of_Fijgure 3. The apparatus of Flgure 3 has
three nodules. A first, 30 body, nodule 20 essentially conprises a cylinder

21, with if$icshedcd? apdcal ff@mé eabeﬁehlcggg{ i ta@/' 'f(§‘6’f~‘r 1fo&he f' nal ,

propuIS|on chanper 23, the body _being exte ront b
buf f er - gui &@t?$313§°lﬂ|n>‘?é’&lﬁﬁdEP Ehe BHER noRRRILHIGTYy Fheaked 2 handl e,
modul e 25 i f@.llbngOﬁBhét nesdys @0 angedséougal ycdmfp@a:trﬁauﬁras,the

conpartnment_ 26 on e fir SENsr atin r 27, with
its notor- 55#%%%& Eggﬂ ﬁéﬁhéa%ug%Far nﬁ% I§© ?Srq?wi essi on and
WO 200450828@@tP@ﬁ7ﬂ82®0h¢@ﬁlaﬂ4 i thcblaraﬁﬁomaatrﬂﬁgefBan@anbent

downst r eamg(30), ﬁgéd '%h%al 1@9n%%taonaé ofbhe écsrﬁ?éctlﬁﬁppt'&wt% chanber 23
runs al ong the % second conpartnent rou orthogonal to the

conpart mentf E@tunﬂ%?m?ﬁﬁ 37 rif% SRSt He dag 2@? FﬁmRHPEH 4eg&Bcartridge 31
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whi ch a fast®endtt (nEhe) Fﬁ’éH’é?'g%%n to' ' the 'midlie 'oF ° the
compartment 26 of the tubular chamber 29. Finally, the

third module 37 in which a fastener (nail) loader can
15 be aligned runs under the tip guide 24 and along the
compartment 36 of the module 25.

Communication between. the two chambers 29, 23 can here
also be achieved wvia valve-controlled orifices 38.

20 However, it may be noted at this point that it is
possible to envisage dispensing with a +wvalve to
simplify the apparatus, depending on the degired
operation and efficiency of the apparatus.

25 The way in which the apparatus of PFigure 3 works is
obviously perfectly similar to the operation of the
other two embodiments already deacribed.

The modular design of the apparatus allows the

30 sgensitive components, such as the motor-fan unit 28,
not to be subjected to the knocks and vibrations
generated in the body module 20 of the cylinder 21 and
the final propulsion chamber 23, Because of the reduced
size of the first, flame-generating, chamber 27, it is

35 possible to use just a small motor-fan unit 28 which
will be of reasonable cost and will consume little
energy, increasing the benefit of the apparatus from
the battery power supply capacity point of view.




15 be aligned runs under the tip guide 24 and along the conpartnent 36 of
t he nodul e 25. conmuni cati on between the two chanbers 29, 23 can here also
be achi eved via valve-controlled orifices 38. 20 However, it nay be noted
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appar at us simlar to an pneunatric paratus

A modular apparatus designed on the principle of three

15 chambers of the type of those in the embodiment of
Figure 1 has just been described. Such a modular design
is also entirely conceivable for the principle of the
embodiment of Figure 2 with two chambers.




A nodul ar appar atus designed on the principle of three 15 chanbers of the
type of those in the enbodinent of Figure 1 has just been described. Such a
nodul ar design is also entirely conceivable for the principle of the :
enbodi ment of Figure 2 with two chanbﬁ CLAIMS 1. Gas-operated apparatus
conprising - a first preconpression chanber for the operational .
preconpression of a conbustible gas and ignition of said gas to generate a
flame (1la;a1dd); - a second propul sion chanber (15; 23)adapted and
configured for propelling a piston; and - valved conmuni cation nmeans (16;

38) for pl h cation to allow the flane to
pass; agdagégg égfeF%ég?éP g?ﬁ??dcg é%gnyn 14; 29) for the conpression and
acceleration of the flane, connecting the first and second chanbers (11, 15
. 27,23). 2. ApParstiit alESCIMRE o658 1hai Fhamber FREC RS eoPPREERRALat
third chRABEPMPEESHEGRpGHat ad GAMMSHP ke rg8s HshbéeniBioppmi asaid

accor di ngasotel genetatenawfilahet hél inEédpediate third chanber (14; 18; 29)
is a tubular chanber of a cross section roughly equal to that of the

generated fl amre.a4.spad atgiso f\.c o ngHambie qfl 561 a2y alap®ed, hAal udi ng
K 8go

an accelggﬁfkggré@nf&§3pr3§gl segivtbhinahhe first preconpression,
chamber (1; 1 Appar at us accordlng to one of Clalns to 4, wherein

1
the second progg %%3” g{ 4€% ggklnb% a%f% I9 tﬁg 22)
OPntfhe

f d h f
the ei'péiag?o hgfbERd ] BE'FPHQ;CS Fbub 5 baSsAgnarat e

accordlnan o one of Clains 1 to 5 in which the sald connunlcatlon nmeans
(16; 38) conprise a nunber of
- an intermediate third chamber (14; 29) for the
compression and acceleration of the flame, connecting the
first and second chambers (11,15 ; 27,23).

2. Apparatus according to claim 1, in which the
intermediate third chamber is incorporated with the first
chamber.

3. Apparatus accoeording to claim 1, in which the

intermediate third chamber (14; 18; 29) 1s a tubular
chamber of a cross section roughly equal to that of the
generated flame.

4. Apparatus according to one of Claims 1 to 3, including
an accelerating fan (13; 28) disposed within the first
precompression, chamber (1; 18; 27).

5. Apparatus according to one of Claims 1 to 4, wherein the
second propulsion chamber (15; 23) is delimited by a piston
(6; 22) for driving a fastener (1) and intended to be
propelled under the action of the expansion of the
combusting gas in the propulsion chamber.

6. Apparatus according to one of Claims 1 to 5, in which
the said communication means (16; 38) comprise a number of

valved orifices.

7. Apparatus according to one of Claims 4 to 6, including



val ved orifices. 7. Apparatus according to one of Clains 4 to 6, including
12 . a body (20) conprising a cylinder (21) in which the piston (22) is
slidably mounted; - a housing (37) for acconmobdating a fasteners | oader;

and - a handling handle (25) in which  the internediate third chanmber (29)
for the conpression and acceleration 6f the flane is disposed. 8. Apparatus-
according to Caim7, in which the first preconpression chanber (27) is

di dinth 8) - ; i ither .of i 7
and 8, in “%gg‘ggﬁg Q%ﬁ?ssigqﬁpr%%? %@ﬁi%pﬁ?ﬁ?%?%%%?ht A eEar s The

t
body (20), é'l"t e cylinder paratus according to one of
Clains 7 to 9, which is | ar and conpri.ses - a bhody nodul 20)
i ncl udi ng at Féé%thWEQQ%ggﬂﬁ) E?BpGFEPgﬁogﬂﬁthraa Gs¥ﬁ€eﬁﬁs§€%per’a | oader

housi ng nodul &%B7) including at |east the fasteners |oader; - and a handl e
nodul e (25) including at least the handle, the first ignition chanber, and
the third pressarilzidomghasnele 1125 Gas+opehatkd GEppadathesrmeaiiartiesi ng a
first ignitiorhdhanbercradapied f 29} he operattheal cogpireiseioand and
preconpr essi 0 cQfe 1 reATHStd HIthJ I aaed ilshelisgeieidgat i on of a flame front (Il

, 27) in said gas, - a second propul sion chanber (15; 23)adapted and
combusti g cAPBIRAAre aacotdbhanets AR ?Ese"”iﬂé‘%‘égfa[,?gfé”%ﬁ%? "

pl aci ng éEC% [ %s Ssclhoan‘oer"’dnalbn s(ezc—)f}nggéha{L e :&ng%lo?ﬁ%u%ni catl bensgmst)h' each

other to allowthe flanme front to pass fromthe first preconpression
chanber t%o tRBP3EREHE ATRISHYH SRanpefher of Claims 7 and 8, in

which the propulsion chamber (23) is formed at the rear of
the body (20}, behind the cylinder (21}.

10. Apparatus according to one of Claims 7 to 8, which is
modular and comprises

- a body module (20} including at least the second
propulsion chamber and the piston;

- a loader housing module (37) including at least the
fasteners loader;

- and a handle module (25) including at least the
handle, the first ignition chamber, and the third
pressurization chamber.

11, Gas-operated apparatus comprising

- a first ignition chamber adapted for the operational
ignition and precompression of a combustible gas and the
generation of a flame front(ll ; 27) in said gas,

- a second propulsion chamber (15; 23)adapted and
configured for operationally propelling a piston under
pressure of the combusting combustible gas, and

- communication passages (16; 38) for placing the
first chamber and second chamber in communication with each
other to allow the flame front to pass from the first
precompression chamber to the second propulsion chamber;
and



and 13 a third pressurization chanber (14; 29) disposed between the first
and-second chambers (11, 15; 27,23), for accelerating the speed of the
flame front and increasing the pressure of unconbusted gasses directly
ahead of the flanme front, wherein saig third chanber has an el ongate
configuration. 12. Apparatus according to claim1ll, wherein the el ongate
third chanber is incorporated with the first chanber. 13. Apparatus

according to Claiam Lhirih Eéquszé@f'&ﬁh cq{amﬂéle tfmrd EQ?SS&'{éﬁ@ééc@n

chanber s ﬂctﬁgt QS%B oW the IﬁP Ha ho thezh :
operat i onéal él]t e C@g e grat;l% Oqa e ﬁg %@ %(? t e ae{jf&i sound

or higher & as a | ai m
11, '32 ortH3, FFRSHEY ?ﬁ %f Qﬁ%szea% s
t ubul ar oty cy §§e§8ct~°t rG %o Bf ? gaf

front gene?REEEREFCIPR- first ignition chanber 15. Appar at us accor di ng to

any one of Clains 11 to 14, including an accelerating fan (13; 28) for

oper ati onkt | yAppacetasi rag:qmetimg etandleambullencehatrefhe tHeaneldmgate 16.
Appar at ustlacedrchagodn bnyinaerpdriad meitll tloe 161 rswheti@nipet he third
pressuri zati on chanber is of a coiled configuration. 17. Apparatus

accordi nglf‘l 9 aQQﬁqu aClRirtB nl teP dfaim WHES etJHeEQQnS%%ndléHd)d}W &f on
Rl rasgg Ebﬁk&@gtf.g ehghﬁgen 166514 Aneldd! g, fard ener
(1) and In gn of t gvgior f € %ﬁa Aﬁﬂp 9 ératl ﬁéont f the

conmbustin t 0 any one

of d ai ms¥94 % %rqge %ﬁ %%io?héyséP@r8§ﬁWﬁﬁ98§tl epﬁ??ﬁé
conpri se ar bt Qﬂ%ﬁl?? Bﬁeaﬁ%m@%?%%a R BR3EEI®19. Apparat us accordlng to

Clains 17 or 18, including a body (20) conprising a cylinder (21) in which
t he pistohd. Apparatus according to claim 11, 12 or 13, in which the

third pressurization chamber (14; 18; 29) is a tubular
chamber of a cross section roughly equal to that of the
flame front generated in the first ignition chamber.

15. Apparatus according to any one of Claims 11 to 14,
including an accelerating fan (13; 28) for operationally
increasing pressure and turbulence at the flame front.

16. Apparatus according to any one of Claims 11 to 15,
wherein the third pressurization chamber is of a coiled
configuration.

17. Apparatus according to any one of Claims 11 to 16,
wherein the second propulsion chamber (15; 23) is delimited
by a piston (6; 22) for driving a fastener (1) and intended
to be propelled under the action of the expansion of the
combusting gas in the propulsion chamber.

18. Apparatus according to any one of Claims 11 to 17, in
which the said communication passages (16; 38) comprise a
plurality of apertures in a plate.

19. Apparatus according to Claims 17 or 18, including a
body (20) comprising a cylinder (21) in which the piston
(22} is slidably mounted, a housing (37) for accommodating
a fasteners loader and a handling handle (25).



(22) is slidably nounted, a housing (37) for accomnmodating a fasteners

| oader ‘and a handling handle (25). 14 20. Apparatus according to Claim19, .
in which the third pressurization chanber (29) is disposed at |east partly
within the handle (25). 21. Apparatuslgccording to daim19 or 20, in which
the first ignition chanber (27) is di'sposed at |east partly wthin the
handl e (25). 22. Apparatus according to any one of Clalns 11 to 21, which

i s nodul an body Ayl e 20) de nodul e
(37) for%R % tHoﬂrgﬁﬁi Eb Wﬁg eqﬁggﬁ§_§ Jgangg A EPQ gie 23.
Apparatu ereln tHe ul'e conp |sesyat | east
t he secoﬁa %ﬁgp h?lgﬁ §hb r and t he piston. 24 Appar atus according to
Claim 22, wherein the handl e  nodule includes at |east the handle, the first
i gni tion2lchaARRATatine @IFCONHNG piesSddifat  8n Ohatder 1mswhachodenodul e
for a gasiapér atedibppar athanesn t dB7¢ fbe dimpmagcdnatnt beawt apmeartdtvus as

cl ai med iwitdniyn ahet henddreed@dilng cl ai ns, including at |east the second
propul sion chanber and the piston. 26. A handle nodule for a gas-operated
appar at uposui AgphLathor ddiserdi kBt Ca@p apRAr aFUTASimd ailmedebn Zany of the
precedi ng gl M W Ueh Nndt wheas! dhpAand & bhgy fhbahiel qBidhi on
Cha”ber’I%%%eEhehbn% ﬂgprﬁﬁaﬂibzaﬁqu CP&Pbeﬁou81ng a plurality of

fasteners and a handle module (25).

23. Apparatus according to Claim 22, wherein the body
module comprises at least the second propulsion chamber and
the piston.

24. Apparatus according to Claim 22, wherein the handle
module includes at 1least the handle, the first ignition
chamber, and the third pressurization chamber.

25. A body module for a gas—-operated apparatus suitable for
insertion into an apparatus as claimed in any of the
preceding claims, including at least the second propulsion
chamber and the piston.

26. A handle module for a gas-operated apparatus suitable
for insertion into an apparatus as claimed in any of the
preceding claims, including at least the handle, the first
ignition chamber, and the third pressurization chamber.



