WO 01/ 21359 PCT/ AU0O0/ 01136 -1 POAER ACTUATED TOCOLS The present invention
relates to power actuated tool rticularly to explosively
act uat ed twols2Bs driving a f%@ﬁﬂﬂﬂﬂlﬁ Bfas a pin intoGr/Aligetsat e such
as 5 concrete or steel. Explo ed tools for driving a fastener '

such as a pin into a substrate sucH*®¥% concrete or steel conventionally -
conprise a driving piston which is drixen forwardly along the barrel of

the tool upon detonation of an explosive charge to drive i

substrate a fastener within the forward end of the barrel. mm \mlri ng
stroke has been conpl et ed, e IV W t hin t end of
the barrel and appropriate ak P@MAﬁEBLﬁ(EthtO reset the WP‘@?‘on into a
rear position within the barrel in preparation for the next driving

stroke. This m?}i saﬁhlheé&ﬁféntmaﬁs RERHEREr AGhAED tdeYs hAtE MRRE patitklarl e
net hod of nmnua T' resettin pi ston and which is widely used In

practice iemplosively aFWeteiE;OQii)gQ a‘irb’rmgd% éwar gush a5 Pl infood WHP‘? e At t he
housi ng:- o while the piston is restrained so that the piston lies
Wi t hi ngsa rgé‘!r?&etop%%f the barrel which is then retracted nanually back

i nto the housing. There have been proposals for automatic or sem -automatic
resetting of tEsplosistlpactuatedtootsdosdrivingz fastsner| suthasos pis dntp lasubsttateguch he
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15 operator drawing the barrel forwardly from the housing of the tool while the piston is

restrained so that the piston lies within a rear part of the barrel which is then retracted

manually back into the housing.

There have been proposals for automatic or semi-automatic resetting of the pistén.

20 One such proposal involves the use of the explosive gas generated on firing the tool to
drive the piston back into its rear position within the barrel after firing. Such a system can
however lead to safety problems as the ducting of the explosive gas to a piston return
mechanism can result in accumulation of unbumt explosive powder within the mechanism.
Further, the problem arising from unburnt residues may be compounded if the tool is not

25 used shortly after resetting of the piston and is subject to rough handling or vibration, for
example by being transported on the floor of a truck, whereby the previously reset piston

can move out of its predetermined rear position thereby leading to loss of power and

possible generation of increasing amounts of unburnt residue at the next firing action.

30 Alternative proposals for an automatic piston return mechanism involve the use of
spring energy which is stored during the driving stroke of the piston and is then released at

the end of that stroke to return the piston to its rear position within the barrel. This system




possi bl e generation of increasing anmounts of unburnt residue at the next
firing action. 30 Alternative proposals for an automatic piston return
mechani sm iwivel21859%t he use of spring energy which i s storRed/Al9p/dngs t he
driving stroke of the piston and is then released at the end of that
stroke to return the piston to its rear position within the barrel. This
system WO 01/ 21359 PCT/ AU00/ 01136 2 however suffers fromthe di sadvant age
that part of the driving force of the '\S‘lﬁston is used to provide the energy
for return or resetting of the piston whereby the effective power of the
tool is reduced. 5 In a conyentional explosively agctuated t.ool . of e type
under consheyevsr susters fom thegiisa YW%@%B& @éh%ﬁ%%g% oxce of 1o pistgh 1‘Se‘l§f“E mlar
to that expelideucethetyaor fuif BAfEaIRE ofthé pis@ArWRerdbyChe effeclivPpSidlofaie rifl e
and this recoil effect can be quite tiring to the operator of the tool. The
present i nehisiteshicestbeks to provide a tool in which the recoil effect is, at
|l east to 10 a significant extent, absorbed within the tool w thout passing
directly to the ha i tﬂn’etéi ' r G5 j |
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and a piston within the barrel assenbly and actuated upon firing of the
tool to drive aTkemtentinvéntion beeks orpravide @tvdl mfwhithethe reoll effecids anliasytd nt o a

substrate, wherein the barrel. assenbly js. f [
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novement r ghedtbMplding tHeeodowish thg rédvilepggs being nsedao povérasdystgmffor resetting absor b
recoil on firing of the tool, and a resetting nechanismfor resetting the
pi st on i nt e Pistdyy part of the barrel assenbly after firing, said
resetting mechani sm bei ng powered in response to displacenent of said nass

on recoil. 25 In a preferred enhodi nent. the resetiin chani sm conpri ses
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rearwardly, said displacenment means conprising an ) .
housing, a barrel assembly mounted within the housing, and a piston within the barrel

assembly and actuated upon firing of the tool to drive a fastener in the forward end of the
barrel assembly into a substrate, wherein the barrel assembly is mounted for axial
movement within the housing and co-operates with a mass mounted for rearwards
20 movement relative to the housing in opposition to a biasing force to absorb recoil on firing
of the tool, and a resetting mechanism for resetting the piston into a rear part of the barrel
assembly after firing, said resetting mechanism being powered in response to displacement

of said mass on recoil.

25 In a preferred embodiment the resetting mechanism comprises means for engaging
the piston in a forward position in the barrel, and means for displacing the engagement
means rearwardly to thrust the piston rearwardly, said displacement means comprising an
energy source in which energy is stored as a result of displacement of the recoil mass upon
recoil.

30

In a preferred embodiment the energy source comprises a spring in which potential

energy is stored in response to displacement of the recoil mass, said potential energy



energy source in which energy is stored as a result of displacenent of the
recoil mass upon recoil. 30 In a preferred enbodi ment the energy source
conpri ses woaprissy in which potential energy is stored rar/AEmponsce to

di spl acenent of the recoil nass, said potential energy WO 01/21359

PCT/ AUOO' 01136 -3 suddenly being rel eased to cause the piston to be
propel l ed rearwardly. The spring may be a coil spring, an elastomneric
spring, or a gas spring. In a partlcurérly preferred enbodi nent, the recoil
mass is propelled rearwardly 5 against a strong resilient bias to absorb
the recoil force and is then propelled forwardly by that_ bias, the spring
associ at ecuddenly teing released td ¢rysenibe RiginderPopriope)led Fi%éfé])w Thg SBW%WE‘Y b¢

energy inre e pt of the recoil nass. Preferably,
t he engagearﬁ‘s)tcl 81%? ﬁ‘;sag%%gﬁcgsrgm%ean?y%gﬁgrl pping the piston at its 10
forward end portion when in its forward position wthin the barrel
assenbly. Pr ef rabl LRI d alj,gf rd and
rear barrel r?;s(ticgiapls h‘%%g?dr g&bggggétnb@y,e%g?@%%rmﬁgyfﬁg rear barrel
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r ebound ofen&ﬁgsam m;&in@ento tlﬁerﬁmwardsmbmmmnsﬁth@asmt mess. as a result of the
sudden thrust used to effect resetting. . An enbodi nent of the invention
wi Il now be described, by way of exanple only, with reference to the

acconpanyi ng dpayiaels, the enbdgementZfednk guﬂhpns’ks mseaﬁs fof lpeipPihfz @hd angntautts nal

section of a tool in accordance with a g ngOdlﬁrfr'FB’ E’

i nvent i®n fOM?édF%PWB@?WBe’SWo‘anWﬁa’QrRO%{ & Parred Assgmpiy tion of

a firing she ekppihd meisCih lﬁke.fpa&tieaweohatsn&mnanaifdavemargealdnbe,fswsmfeat e and

the driving “pi'ston of the tool has been rfe% into a rear position within
erebl e e

t he barrelaswﬂ%)hﬁ@@fo%"ﬁ@anééwpwlé?‘it‘BPPHF (hetngseparpts, hanr B ely prior
to cocking of the tool; 25 Figure 2 is a section simlar to Figure 1 but
showi ng the confi guratl on when the tool |s cocked ﬁ/ pressing the forward
end of the bar Pedferably.epiespy refepsion sacans argpsavideddo retain the piston in its rearmost

15 position after resetting, said retention means acting in response to rebound of the, piston

from its rearmost position as a result of the sudden thrust used to effect resetting.

An embodiment of the invention will now be described, by way of example only,
with reference to the accompanying drawings in which:-

20 Figure 1 is a schematic longitudinal section of a tool in accordance with a preferred
embodiment of the invention, the tool being shown in an at rest position after completion
of a firing stroke in which a fastener has been driven into the substrate and the driving
piston of the tool has been reset into a rear position within the barrel assembly, the
configuration of Figure 1 being immediately prior to cocking of the tool;

25 Figure 2 is a section similar to Figure 1 but showing the configuration when the
tool is cocked by pressing the forward end of the barrel assembly against a substrate
preparatory to firing;

Figure 3 is a section similar to Figure 1 but showing the configuration immediately
after firing in which the piston is in the forward end of the barrel assembly and a recoil

30 mass is in its rear position relative to the housing of the tool;



preparatory to firing; Figure 3 is a section simlar to Figure 1 but
showi ng the configuration imediately after firing in which the piston is
in the forweooiasd of the barrel assenbly and a recoil 3QmBSRboigei N its
rear pasition relative to the housing of the tool; WD 01/21359

PCT/ AO0O/ 01136 4 Figure 4 is a section simlar to Figure 1 but show ng the
configuration shortly after that of Figure 3 in which the recoil mass and
barrel assenbly have returned to a forward position; and Figure 5is a
section simlar to Figure but show ng the configuration shortly after 5
that of Figure 4 in which resetting of the piston has commenced. As shown
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barrel 8. The rear end of the barrel 8 co-operates in conventional manner
wth a strip 12 containing a nunber of explosive charges arranged seriatim

al ong the stri pas dievibarth€hccOmpiviig diewings 4 eplosBRBL dchfatedTod FondHiviky a
projects faorwardly from the housing and a separate rear, section 8b. The
front and fasieasr Syeh fsch PIBARIP A SPRSITATY SUGHES SPRETQES R SIGRL AOMPEISTS Grmain M t-R¥G errent

relative tQoldify I HgNOhadledNdith B&idods Qfich @b-op&ates With aSfring8Rechiufis Par at ed

by a piston retention and resetting mechanism 12 which is also nounted for
axi al nidverenventignghnanncke Abaresl §gnountedipathiptherhonsiag21carmies @ drivedritona 10
passage al | obQlIdaErRRAIS afhg A L p A i an RREIBGY L ges 8a,
8b \Ahereby%ggsp g%’%ln 10 can?gxtgr]d_from the reagﬁﬁt?gr?%I s%%%%ﬁgél ?(lpnto
the front dive intd the sebsitrais agfastones within the doravardsend1of therhasreb &r (T r@ariend of
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tool to enetpdlesi@xhhiges apnged sariatim adng thostupr dhebadredB compriseaarfmint &ction be
press edl 5ag§,‘il Qvtgutch E:po?ec%‘%%a{ralg'q'ro%)ﬂlte Iﬂgﬁsug]a%d a separate rear section 8b. The front and
rear barrel sections 8a, 8b are each mounted for axial movement relative to the housing 2
and the two barrel sections 8a, 8b are separated by a piston retention and resetting
mechanism 12 which is also mounted for axial movement within the housing 2. The
mechanism 12 has a central passage aligned with the bore of the front and rear barrel
20 sections 8a, 8b whereby the piston 10 can extend from the rear barrel section 8b into the

front barrel section 8a via the mechanism 12.

The barrel 8 is subjected to a spring bias which causes the forward end of the barrel

to project forwardly of the housing 2 as shown in Figure 1. Cocking of the tool to enable

25 firing requires the forward end of the barrel 8 to be pressed against the substrate so that the
barre] is retracted into the housing 2 against the spring bias. This is a safety feature which

is conventional in explosively actuated tools of this type to ensure that firing can only take
place when the forward end of the barrel is pressed firmly against the substrate, This
condition is illustrated in Figure 2. In its rearmost position as shown in Figure 2, the rear

30 end of the barrel 8 co-operates with a breach block assembly 14 which includes the firing

pin 16 and other components of the firing mechanism. In a conventional explosively



barrel is retracted into the housing 2 against the spring bias. This is a
safety feature which 1is conventional in explosively actuated tools of this
type to enworoe2tseat firing can only take place when thePGTAEMEOBIENd of the
barrel is pressed firmy against the substrate. This condition is
illustrated in Figure 2. In its rearnost position as shown in Figure 2, the
rear 30 end of the barrel 8 co- operateg with a breach bl ock assenbly 14

whi ch includes the firing pin 16 and ofher conponents of the firing
mechani sm In a conventional explosively WO 01/21359 PCT/AU00/01136 5
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18 in opposition to the force applied on cocking.

In the tool of the invention, the breach block assembly 14 thus forms a "floating”

20 mass in the housing 2 and subject to a forward spring bias, in contrast to conventional
arrangements in which the breach block assembly forms a fixed mass within the housing.
Accordingly, upon firing of the tool, the recoil force which is applied in a rearwards
direction to the breach block assembly 14 as a reactive force to that which drives the piston

10 forwardly through the barrel 8, instead of being translated into a sudden rearwards force

25  applied to the tool housing as occurs when the breach block assembly is fixed relative to
the tool housing, the recoil force is translated into a rearwards displacement of the breach
block assembly 14 relative to the housing against the bias of the compression spring(s) 18.

Tt is estimated that the recoil force is a very high accelerative force (typically 200 to 300 g)
generated within fractions of a millisecond and the dissipation of this force by the

30 rearwards displacement of the mass of the breach block assembly 14 against the spring

bias rather than the direct translation of the force into the tool housing tends to isolate the



direction to the breach block assenbly 14 as a reactive force to that which
drives the piston 10 forwardly through the barrel 8, instead of being

transl at ed wobpziasesudden rearwards force 25 applied to thg, sing as
occurs when the breach block assenbly is fixed relative to '?lﬂigmpggl

housing, the recoil force is translated into a rearwards di spl acenent of
the breach block assenbly 14 relative to the housi ng against the bias of
the conpression spring(s) 18. It is esétnmated that the recoil force is a
very high accelerative force (typically 200 to 300 g) generated within
fractions of a mllisecond and the dissipation of this force by the 30
rearwar ds Hospigdeatthetremil effeet. PBseilldk appusertd itdaofcontse eksential el khe mabs afjai nst

the spring, bjas.rather th he direct translation.of, the force into the
ool hous, T btrts Dot astsrie 16 e 4% Poposiah orde-protidsd b e SRERRIG 1 rom
the recoi |l sifngesls isAachnbd tb abldevephigleffedt. it is of course essential that the

mass of the breach bl ock assenbly 14 and t he opposing force provided by
the conpression spring(s) 18 is such as to achieve this effect. 5 1t is

i mportast to nok e ikpeitantiehott Bt WhePGb bRaGEHoasSEMMIY 14 disPiasRd refardly
rearwardly under the effect of the recoil fqorce, the rear barre|l section
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forwardly and this rearwards novenent of the rear barrel section 8b i1s used
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coni call0i nfieng suwillawev bealeseribdd.on t he axis of the barrel. A secondary body
23 of the mnmechanism 12 carries an array of caged balls 24 (only one of

which is shown in the 15 drawi ngs), each ball being interposed for radial
novenent bet weeThet figors tatdngior and reséting mestasismpls@imygistsha magpbadip @2 vdthhani sm

12 a0 eSO Sk SYELA°GR DITUR SN s8R, TGsRERE HRLRPINEY
body 22 bemegtmnism [Dsartienan ey of cagdiaballs isw(onlynotd gfiwbich is rshudi dh thdre
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not t her ef gikten PadsthgdBAiugh the MechahiSmOIR 44 thaREnidal surface on the main body 22.
The secondary body 23 carrying the balls 24 is capable of slight axial movement relative to
the body 22 between a position such as that shown in Figure 1 in which the secondary
body 23 abuts firmly against the main body 22 whereby the balls 24 are within a wider part
20 of the conical surface of the body 22 and do not therefore grip against the piston 10, and a
position in which the secondary body 23 is displaced slightly more forwardly relative to
the main body 22 whereby the engagement between the balls 24 and the narrower part of
the conical surface forces the balls into tight gripping engagement with the piston 10. The
bodies 22 and 23, and the balls 24 form primary components of the resetting function of

25 the mechanism 12 which act to reset the piston after firing as will be described.

The mechanism 12 also has a retention function which acts to retain the piston 10

in its reset position. This function is principally assumed by an array of gripping pads 26
which lie within a conical spring 28 which abuts against the rear end of the front barrel

30 section 8a. The pads 26 under the effect of radial pressure exerted by the spring 28 exerts
a light gripping pressure on the piston. A compression spring 29 is interposed between the



position in which the secondary body 23 is displaced slightly nore .
forwardly relative to the main body 22 whereby the engagenent between the
bal | s 24 ambaiizassparrower part of the conical surface fBEVAYIVHE6hal | s
into tight gripping engagenent with the piston 10. The bodies 22 and 23,
and the balls 24 formprimry conponents of the resetting function of 25

t he mechani sm 12 which act to reset th% piston after firing as will be
descri bed. The nechanism 12 al so has a retention function which acts to
retain the piston 10 in its reset position. This function is principally

assunmed by an array aof grippin ads 26 jch lie.wthin a conical. spring
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Figure 2. Upon firin . ) e
mechanism displace rearwardly relative to the housing 2, a rear stop position is defined for

the resetting mechanism by interaction between the main body 22 of the resetting
mechanism and the interior surface of the housing 2 as shown in Figure 2. Upon firing of
the tool, the rear barrel section 8b and breach block assembly 14 displace rearwardly under
20 the effect of the recoil force against the bias of the main compression spring(s) 18 (see
Figure 3). However, rearwards movement of the main body 22 of the resetting mechanism
is prevented due to the interaction with the interior surface of the housing 2 as just
described and hence the rearwards movement of the rear barrel section 8b relative to the
body 22 of the resetting mechanism results in compression of the compression spring 32 of
25 the resetting mechanism, As the rear barrel section 8b reaches its rearmost position on
recoil, a pivotal latch 40 (Figure 3) carried by the rear barrel section 8b is displaced
outwardly by a suitable bias such as a spring bias or a bias provided by the exhaust gases
of the tool to lie behind the abutment 30a and thereby to releasably lock the rear barrel
section 8b and the body 22 of the resetting mechanism in relative positions in which the

30 forward end of the rear barrel section 8b is maintained rearwardly of the main body 22 of



the tool, the rear barrel section 8b and breach bl ock assenbly 14 displ ace
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of the main body 22 of the resetting nmechanism is prevented due to the
interaction with the interior surface of the housing 2 as just described
and hence the rearwards novenent of the rear barrel section 8b relative to
the body 22 of the resetting nmechani sBtesults in conpression of the
conpression spring 32 of 25 the resetting nmechanism As the rear barrel
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enables the compression spring 32 linking the body 22 to the rear barrel section 8b to

suddenly unload whereby the body 22 is moved rearwardly towards the front end of the
rear barrel section 8b. This rearwards movement of the body 22 under the sudden
20 unloading of the compression spring 32 causes the body 22 to displace slightly axially
rearwardly relative to the secondary body 23 carrying the balls 24 whereby the balls 24 are
forced by the narrower part of the conical surface into tight gripping engagement with the
piston 10 which is in its forward-most position at that point whereby the piston 10 is also
propelled rearwardly with a sudden force. When the body 22 meets the forward end of the
25 rear barrel section 8b and can move rearwardly no further, the rearwards momentum
previously applied to the piston 10 enables the rearwards movement of the piston 10 to
continue, the movement of the piston 10 displacing the balls 24 into the wider part of the
cone within the body 22 to ensure that the balls do not impede this movement. The
momentum ensures that the piston 10 is returned into its rearmost position in the rear barrel

30 section 8a in preparation for the next firing (see Figure 1).



enabl es the conpression spring 32 linking the body 22 to the rear barrel
section 8b to suddenly unload whereby the body 22 is noved rearwardly
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piston to a sufficient extent as to displace the piston fully into its rearmost position within

the barrel. This final resetting motion not only overcomes the problem of slight forwards
20 rebound of the piston after primary resetting but also addresses a similar effect which may
occur if the tool is not used for a long period of time after the previous firing and is subject
to intense vibration, for example on the floor of a truck, whereby the piston "creeps"
forwardly from its previously reset position. It is to be noted that although when the piston
10 is driven forwardly during the firing stroke the pads 26 will exert a gripping force on
25 the piston, this force is of restricted extent and will be negligible in comparison with the

kinetic energy of the piston on firing and hence will result in negligible power reduction.

In the tool particularly described it will then be appreciated that resetting of the
piston after firing occurs automatically under the effect of the recoil forces. This not only
30 results in no diminution of the driving power applied to the piston but, in the embodiment

described, also provides effective isolation of the recoil forces from the operator.



piston 10 in its fully reset position, at the comencenent of cocking of
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piston to a sufficient extent as to displace the piston fully into its
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overcones the problemof slight forwards 20 rebound of the piston after
primary resetting but also addresses a simlar effect which may occur if
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The reference to any prior art in this specification is not, and should not be taken
as, an acknowledgment or any form of suggestion that that prior art forms part of the
common general knowledge in Australia.

20



otherwi se, the word "conprise", and variations such as "conprises" or.
"conprising", will be understood to inply the inclusion of a stated

i nt eger orwgnorps®f integers or steps but not 15 the exBCUAVONIBGE any

ot her integer or group of integers. The reference to any prior art in this
specification is not, and should not be taken as, an acknow edgnent O any
form of suggestion that that prior art _fornms part of the comon general
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15 engagement means rearwardly to thrust the piston rearwardly, said displacement means
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comprising an energy source in which energy is stored as a result of displacement of the

recoil mass upon recoil.

3. A tool according to claim 2, wherein the energy source comprises a spring in which
20 potential energy is stored in response to displacement of the recoil mass, said potential

energy suddenly being released to cause the piston to be propelled rearwardly.

4. A tool according to claim 3, wherein the recoil mass is propelled rearwardly against
a strong resilient bias to absorb the recoil force and is then propelled forwardly by that
25 bias, the spring associated with the resetting mechanism being charged with potential

energy in response to the forwards movement of the recoil mass.

5. A tool according to any one of claims 2 to 4, wherein the engagement means

comprises means for gripping the piston at its forward end portion when in its forward

30 position within the barrel assembly.




25 bias, the spring associated with the resetting nechani sm bei ng charged
wth potentlal .energy in response to the forwards novenent of the recoil
mass. 5. Aw‘(ﬂmnggcordl ng to any one of clainms 2 to 4, weperQudodiR
engagenent means conprises nmeans for gripping the piston at its forward
end portion when in its forward 30 position within the barrel assenbly. WO
01/21359 -12 PCT/ AU0O0/ 01136 6. A tool _according to claim5, wherein the
gripping nmeans is interposed between ‘126rward and rear barrel sections of
the barrel assenbly. 7. A tool according to claim5 or claim®6, wherein the
gri ppi ng nmeans conprise balls 5 arranged around the axis of %Be piston to
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pi ston retention
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the piston upon rearwards movement of the gripping means relative to the piston.

8. A tool according to any one of claims 1 to 7, further comprising piston retention
10 means to retain the piston in its rearmost position after resetting, said retention means

acting in response to rebound of the piston from its rearmost position as a result of the

sudden thrust used to effect resetting.

9. A tool according to claim 8, wherein the retention means comprise pads adapted to

15 frictionally engage the piston.



