RECHARGE CYCLE FUNCTI ON FOR COVBUSTI ON NAI LER RELATED
APPL|I CATI ON This application clains priority pursuant
wWO0QoBH4818C 120 based on US Serial No. 60/ 852, 0B@rfusked/ 044578
Oct ober 16, 2006. TECHNI CALFI ELD The present invention
rel ates generally to fastener-driving tools used to
drive fasteners into workpi eces, and specifically to
combusti on- powered fastener-driving tools, also
referred to as conmbustion tools or conbustion nailers.
BACKGROUND ART Conbustion nailers are known in the
art, and are described in U S. Pat. Re. No. 32,452,
and U S. Pat. Nos. 4,522,162; 4,483,473; 4,483, 474;
4,403, 722; 5,197,646; 5,263,439 and 6, 145,724, all of
whi ch are incorporated by reference herein. Simlar
tools are available commercially fromlllinois Too
Wrks of denview, Illinois. Such tools incorporate a
tool housing encl RECHARSEREY GIE FURRETRORDUST i on
engi ne or power source. The engine is powered by a
cani ster of pressurFQRICOMBUSIIONINSIIFER | ed a fuel
cell. A batterypowered el ectronic power distribution
unit produces a spark forignition, and a fan | ocated
in a conbustion chanber provides for both an efficient
conbustion within the chanber, while facilitating
processes ancillary RELAREDAPRPEICATIORE! ati on of the
device. Such ancjllary processes Include: mxing the
fuel and air wihiiapplisatienshbes priarith puesiat teB85 USC §120

' NCTERRHU BESHARES b IR Fr 0SS Ber 16 36h6.

TECHNICAL FIELD
The present invention relates generally to fastener-driving
tools used to drive fasteners into workpieces, and specifically to
5  combustion-powered fastener—driviﬁg tools, also referred to as

combustion tools or combustion nailers.

BACKGROUND ART
Combustion nailers are known in the art, and are
described in U.S. Pat. Re. No. 32,452, and U.S. Pat. Nos. 4,522,162;
4,483,473; 4,483,474; 4,403,722; 5,197,646; 5,263,439 and 6,145,724,
10 all of which are incorporated by reference herein. Similar tools are
available commercially from Illinois Tool Works of Glenview, Illinois.
Such tools incorporate a tool housing enclosing a small
internal combustion engine or power source. The engine is powered by
a canister of pressurized fuel gas, also called a fuel cell. A battery-

15 powered electronic power distribution unit produces a spark for



combustion by-products with fresh air; and cooling the

engi ne. The engine includes a reciprocating piston
waoibds/0aseoel ongated, rigid driver blade di spose8CHMUSEI0R/044578

a cylinder body. A valve sleeve is axially

reci procabl e about the cylinder and, through a

| i nkage, noves to close the combustion chanber when a

work contact element at the end of the linkage is

pressed agai nst a workpiece. This pressing action also

triggers a fuel-nmetering valve to introduce a

specified volune of fuel into the cl osed conbustion

chanmbatitiokpand ban RYEAtEGn of ¢ Bﬁéltﬁgleéheﬁ%érpﬁk%vﬁﬁegscﬁr both

causes the spark to ignite a charge of gas i
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and driyer blade is forced downward to inpact a .

posi fRGHEE fadhemembustionr opesation oft thet teviomr kPudc ancillary
returns to. it riginal or pre-firing
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positioned orientation for receiving the imnpact . .
dri veRSiBF deludps mereciprecatingh pistoowidly ahesloagated krigith driver

as t wer cycle, is conpleted, it is followed by an

exha@%ﬁgg&ﬁﬂ(’ée Wd&‘ﬁ@ﬁé&fl & b echar ge cycle. During

t he recharge cyc t ve.sleeve is t.hegpen ..

venting positi %‘n{/%?][% s?%g\éﬁ gn&f‘r@% Fqulacﬁhgs?%’gﬁge cylinder

ko nbasd, ithroughseEnMdel nidves o Rldse thecoffhelbh \‘:ﬁalt%ﬁg{ when a

repeat abl e nailer performance, it 1S necessary a

t he Vethaogtact yléreertast teeand wipitet Hakhef & préssed against a

subsequent cy;ﬁle occurs. If spent gases have not been

ent iwgﬁgplgﬁe. 1s pressing action also triggers a fuel-metering valve to
introduce a specified volume of fuel into the closed combustion
chamber.

15 Upon the pulling of a trigger switch, which causes the
spark to ignite a charge of gas in the combustion chamber of the engine,
the combined piston and driver blade is forced downward to impact a
positioned fastener and drive it into the workpiece. The piston then
returns to its original or pre-firing position, through differential gas

20  pressures created by cooling of residual combustion gases within the
combustion engine.  Fasteners are fed magazine-style into the
nosepiece, where they are held in a properly positioned orientation for
receiving the impact of the driver blade.

After the combustion cycle, also known as the power

25 cycle, is completed, it is followed by an exhaust cycle and thereafter a

recharge cycle. During the recharge cycle, the valve sleeve is in the



ntially renoved, then during the subsequent
gggffa?i :)n cy%:ll e, conbustion will not occur or will be .
wonswsfosoient . This is the result of inproper PAEIUSL®6/0445
air ratio caused by exhaust3gases diluting the fresh
air charge. Traditionally, conbustion-powered tools
have been designated as sequentially operated. In
ot her words, the tool nust be pressed against the
wor k, coll'apsing the workpiece contact el ement (WCE)
before the trigger is pulled for the tool to fire or
drive a nail. This contrasts with pneumatic tools,
LA chpcan ek pesion et KRS o, BRELL LB, EYftfucon
[ | format. In other wo , _
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nailers is that only after a valve sleeve post r
swi t eMbesinmonily notbecureor will &% iastfRvaTREr THINE TR 1t of
atrigger s 'tlch have been closed in the order .
ment ‘i“%ﬁf&B eraﬁnt? P 8H BHerfaysedby| emagutgasqm diititing gha\&esh air
cycl@abg permtted. Such an operational control,
descri b%ed in US Pat. No. 5,133,329, incorporated bly
ref erence, pr ep@aqtﬁ)ﬂémyanggﬂlblug{}{)ﬁ_g)%gve% %ottg(?lrﬁ _ teh%?fp been
feature operations, such as el ectronic el 1hj 0
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.ne cycle is conplete. It is known
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US Aafi€Béntrasts with pneumatic tools, which can be fired or activated in a

repetitive cycle operational format. In other words, the latter tools will
15 fire repeatedly by pressing the tool against the workpiece, if the trigger
is held in the depressed mode. These differences manifest themselves
in the number of fasteners that can be fired per second for each style
tool and for each mode of operation. Another aspect of sequential
operation of combustion nailers is that only after a valve sleeve position
20 switch, commonly referred to as a “chamber switch” and a trigger
switch have been closed in the order mentioned and then opened, will a
subsequent engine cycle be permitted. Such an operational control,
described in US Pat. No. 5,133,329, incorporated by reference, prevents
unwanted ignition or other tool feature operations, such as electronic

25 fuel injection (EFI), in instances when both switches remain closed

after an engine cycle is complete.



Application Serial No. 11/028,450 filed January 3,

2005, US Patent Application Publication 2005/01
wo2dBAL29hi ch is incorporated by reference. TeCawmisem®ee44578

successful operation in the4repetitive cycle node, the

tool's val ve sleeve nust be automatically controlled

to maintain a correct conbustion sequence in the face

of increased firing cycles. However, in repetitive

cycl e operation, the control systemin sone cases may

aut hori ze a subsequent ignition even if there has been

i nadequate opportunity for a satisfactory recharge

cycle. Thus, wi lisel\%ﬁ\?ﬁ tﬁé :b%&iﬂls Ly cgrﬁyﬁg?({%éa%g%%ﬁﬂttp% Nser-

actual conbusti on occur, siInce

chantentrgilsé optioneof opehtion adefldt &lguegtishar Q@ﬁetﬁive cycle
repl aced. Subsequently, unwanted operation of the

i gni MR- systedh @RIrafeon oishedestnbed f imcto-posdimey US Patent

occur,, st.ing,toqQl_ resqurces and passibly shortenin
Cool ARRRAPErSTIaT Ne: 1WA ding Jagumy3302805, US Patent

di scl 0 - j un.desi gned for

of ¢ ner Aol PRSI BONSIOR ARSI A SR 5t Romotated by

| ncl welegerics. 1T schignd AR UEEN dpbrh®atid tHMBpEYTH Ecycle mode

("successive shot") operation,” is a succesglve sﬁot ’

t i methavtoddts valve rslepyermdsiupo autogmitidatly. cotte I BACRLERIMEIn a

shot tinmer allots a period of tinme Td2 after ignition

dur i RGTGA; mBusticassquences inghe facsrofiincrsased firiag. cycles.

Functions of t Lod Td2.are fqr allow ng tinme for

the piston to rolvqu\;e& JEPEHRYC & CPBF{??WHP ghq fintrol system

00 ef irf isBehePOssiet il aBffbrless sliBteRbhO MG vy

exhaust gas in thgy conbustei or? c%egg‘g}éfrw\%@agfé érvgp gcte}:lgre has

wi t hbéeresimdeiquate Toppordhpatens satcfagmiryaschdigt dycle. Thus,

ignition is pennittgdtﬁrLor,}o the expiration of Td2,

a_f aPiaig sleftrenied ymgutheszed”, ancvesnad condasspionewilheot occur,

all OLeot th%f éolmnl?usIl%%’ clhtamlbse’:rI :gél(seelsy have not been adequately
exchanged or replaced. Subsequently, unwanted operation of the

15  ignition system, EFI or other tool functions may occur, wasting tool
resources and possibly shortening tool operational life.

US Patent No. 6,783,045 discloses a combustion-powered
nail gun designed for either sequential or repetitive cycle operation.
Included in this device when in repetitive cycle (“successive shot™)

20 operation, is a successive shot timer which is triggered upon ignition.
The successive shot timer allots a period of time Td2 after ignition
during which a successive ignition is prevented. Functions of the
period Td2 are for allowing time for the piston to drive a fastener and
return to the prefiring position, and also for allowing for the exhaust gas

25 in the combustion chamber to be replaced with fresh air. The ‘045



that a user operating the tool at a rapid rate w |
lift the nailer quickly fromone site of a fastener
wappisioag®i on, openi ng the conbusti on chanber gBRCTRISFV06/044578

but insufficiently to effectsively replace the exhaust

gas wth fresh air. The user then progresses to the

next fastening site and presses the tool against the

wor kpi ece so that the conbustion chanber is seal ed for

t he next engi ne combustion cycle. Since the conmbustion
chanber was not effectively recharged with fresh air,

t he subsequent conbustion cycle and fastener drive

wi || pagenk ReddopetdsMBat 1highf féﬁ?éxhi'} { vt
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be sded, alaiednznétion alayaeadili.ng a period of time after
ignition for the recharging of combustion chanber gas

wi Il not ensur&laweyers Hespitscther giothmat tedflieme (T deit is likely
Thus ere is a need for_an i nproved control system
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unl ess, _desired conditions are. present for subsequent
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needisf Qi1d . S Qsition npnitgring 1o .
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techﬁloi 0193/ AIPOH abl e conbustion nailer

cl, battery power, and possibly spoiling the work piece. It will be

seen that merely allocating a period of time after ignition for the
recharging of combustion chamber gas will not ensure that the recharge
15  has taken place.

Thus, there is a need for an improved control system for a
combustion nailer, wherein the control system prevents tool operation
unless the recharge cycle is completed, regardless of whether the tool is
in a repetitive or a sequential operational mode. There is also a need for

20 an improved control system for a combustion nailer that conserves tool
power resources unless desired conditions are present for subsequent
engine combustion cycles. Additionally, there is a need for improved
valve sleeve position monitoring to assure the recharge cycle is

complete.



provides the user with the ability to operate in
repetitive firing node and features a control system
waehiasi4sa9pr oves battery life, increases conmponeat/usedoe/o4457s
and reduces wasted fuel. The above-identified
i mprovenents are achi eved through a control system
designed to assure a conpleted recharge cycle prior to
a subsequent combustion. This inprovement is
preferably obtained through the monitoring of
ventilation time, or the "open tinme" of the chanber
switch, which is an indicator of the tine needed for a
proper recharging of combustion chanber gases. Mre
specifically, a conmbustion nailer includes a too
housi ng, and a conbI¥BCHOSERF OF ISWENEIN al | y | ocat ed

ithin the housing,and . jnc]uding a valve sl eeve
\rMeE:ih:opocaf i ng %F%PPV%‘IISE?JE\““@QP iafgBet ﬁéﬁ&cqedﬁg bgfb the preAsent
Cl }eedy [ e co stign anber.
cycl i, 090! AByAR0 1 23R aRRL AN ETIBEL oo
connkatiedions dffwheCaurbetstteOhdangy.ne A _%rﬁbgevb hf%%s{i@{ diler
desi gnated open tine for the conbustion chamber after
a copisvddgsotheevsentwih dhbebdlity te sp&rseqﬁﬁﬂi%)e@i?mugﬁhg Bnode
.. I'n another enbodinment, a conbustion
??2“ %f‘f i%rﬁ%}PEFéeg conirgh | sypiss iwigch dnmﬁmﬁsbaﬁﬂyelh@w,nmcreases
b j lc0C d wthin the h i_ng a val ve . .
ol ooy 2pbtasy HEEIaT Aotk DB B T J?é?éfeflé‘?ntlﬁed
i . oS ’
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engi heoamletednfechangedefade priir noas tsubad REnDYonMustion. This
reciprocating npvenent of the valve sleeve. A control
syst'8HTo¥CRERbcIsatiglanphly tabsainedsithrgughd the emnmtcingd of

lg)ge;%ﬁtﬁge}%ﬁﬁ}e;\gr ilﬁeg‘r;%rn ﬁé&%’yb?tﬂg cﬂgrgqbgr gv?flstlc ,nv%%iec% is an
indicator of the time needed for a proper recharging of combustion
chamber gases.
More specifically, a combustion nailer includes a tool
housing, and a combustion engine substantially located within the
15  housing and including a valve sleeve reciprocating relative to a cylinder
head for cyclically opening and closing a combustion chamber. A
control system is associated with the housing and is connected to the
combustion engine for providing for a designated open time for the
combustion chamber after a combustion event and before a subsequent
20  combustion can occur.

. In another embodiment, a combustion nailer includes a
tool housing, a combustion engine substantially located within the
housing, a valve sleeve reciprocating relative to a cylinder head for
cyclically opening and closing a combustion chamber, and a chamber

25  switch associated with the combustion engine and configured for being



after a conbustion event and before a subsequent

conbustion can occur. In still another enbodi nent, a
woandsugs29on nail er includes a tool housing, a PCT/US2006/044578

conmbustion engi ne substantially |located within the

housi ng and including a val ve sl eeve reciprocating

relative to a cylinder head for cyclically opening and

cl osing a conbustion chanmber. A chanber switch is

associated with the conbustion engine and is

configured for being activated by the reciprocating

nmovenent of the valve sleeve. A supplenental chanber

st at ustie@Bg 0% ths r@cﬁﬁﬁfciaﬁhgqnwe&ﬁeﬂtfkﬁtﬁ@ TR o, £n ch)t%trol

and is disposed relative To the valve sleeve 10 de

open SgHdmsisalssaciptedi withrihe Gbusing @M UsinineBedN8BE ‘chamber
| PTION OF THE DRAWNGS FIG | i1s a front

BRI EF _ _ : i
pers B@gFEﬁ 8r PitdBe far adlesigmateshopea time fontloe phambemngwitch
t he n ntrol system, Fl 2 is a fragnmentary.

vert ?@gﬂs e‘H: %8@?“&@ ieé%/‘?nixfanfihgegé%l a spbggqyeny comalustion can

the pesir. position; FIG 3 is a control systemtimng
chart illustrating the nailer operational phases of

the trigger swid still anbshebemboditeh, af d@hbidtgnhifehfYiudes
ignition, chanber |ockout, engine cycle, conbustion

chanbdPohbsiiingn aaermblesivar geging rmibstantiallf alst:euearwghin the

nai | Lncorporating the present contrql systemand

ised §UT %@W‘ﬁ}l@l@gﬁ Yfﬁﬁg slegygsredpiogaiang seletive te g sybimder

ti mRehC Evd s rational phases of

t he charrb?%fr }s’%kétag.lﬁ,t 6? %I]iu{glgeér&{sav%(?s?hg % ﬁ%llnb Gt ¢ F%W,r- A

liogni ¢hiammberc baitbhr id Q@Mﬁtedeﬁgﬂhn%hé:yﬁn%us‘?ﬁﬁb%ﬁgin%n and is

chanmber_position and recharge tinmer in a fastengr

nai | @nfigveed for deinggacthated byethic reciprocating movement of the
valve sleeve. A supplemental chamber status sensor 1s associated with
the combustion engine and is disposed relative to the valve sleeve to

detect open and sealed positions of the combustion chamber.

BRIEF DESCRIPTION OF THE DRAWINGS
15 FIG. 1 is a front perspective view of a combustion nailer
incorporating the present control system;
FIG. 2 is a fragmentary vertical cross-section of the tool
of FIG. 1 shown in the rest position;
FIG. 3 is a control system timing chart illustrating the
20  nailer operational phases of the trigger switch, chamber switch, fuel
mixing delay, ignition, chamber lockout, engine cycle, combustion
chamber position and recharge timer in a fastener nailer incorporating
the present control system and used for repetitive firing;
FIG. 4 is a control system timing chart illustrating the

25  operational phases of the chamber switch, trigger switch, fuel mixing



control system and used for sequential firing; and

FIG 5 is a control systemtimng chart for an
wabhowroag®ve enbodi nent illustrating the operati 8aalUS2006/044578

phases of the val ve sl eeve,8conbusti on chanber,

chanber switch, supplenental switch or sensor and fan

notor current. BEST MODE OF CARRYI NG OUT THE | NVENTI ON

Referring nowto FIGs. 1 and 2, a conbusti on-powered

fastener-driving tool incorporating the present

invention is generally designated 10 and preferably is

of the general type described in detail in the patents

list and f ce jh the

or es el AaRT R (RGP NCCRAR, Vgl {12 BalbuifSn chamber

encl psesion Gl fech@taim@dni NfBfchat nﬂ%ﬁ%g@@%‘g&tﬁlglﬁle present

. In

(FIG 2) wthin a housing main chanber

conv épnirehsysterpmindstsed fort seojusntial Herigmvaeyd source 14 is
power ed by int al conbust%)gn and includes a

conbustion cha gr AE RIFANRO FrsisIE dresgvghant for an alternate

cyli ol reciprocal |y dispased w.t hi

the Sofiosilenc it itahe el BReRERRAL iy BERBETALS Slecve,
dri veombuatien 2hanber SERMbNsWHG, ip ?&néﬁﬂ@?%v&}ikﬂ] dﬁgr Ofnsor
the reciprocal travel of the piston 22 i1s referred to

as aapd darf moteigcyromitt i on, whi ch occurs just prior to
firing, or the ignition of the conbusti on gases which
initiates the dowward driving of the driver blade 24

wor kbt ace. - TR BRR SFQARBTHYp GBrtt Vgl ik °

actuation of aRefa3g 86wcot FIGIET a2, ci coRPusBf Ydwered
the terns trigger and trigger switch are used

i nt efaskanegslabiiyg toal deerponating ethe cpreberstt imentioh his ngenerally
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the patents listed above and incorporated by reference in the present

application. A housing 12 of the tool 10 encloses a self-contained

internal power source 14 (FIG. 2) within a housing main chamber 16.

As in conventional combustion tools, the power source 14 is powered

15 by internal combustion and includes a combustion chamber 18 that

communicates with a cylinder 20. A piston 22 reciprocally disposed

within the cylinder 20 is connected to the upper end of a driver blade

24. As shown in FIG. 2, an upper limit of the reciprocal travel of the

piston 22 is referred to as a pre-firing position, which occurs just prior

20 to firing, or the ignition of the combustion gases which initiates the

downward driving of the driver blade 24 to impact a fastener (not
shown) to drive it into a workpiece.

Through depression of a trigger 26 and actuation of an

associated trigger switch (not shown, the terms trigger and trigger

25  switch are used interchangeably), a user induces combustion within the



driven downward through a nosepiece 28 (FIG 1). The

nosepi ece 28 guides the driver blade 24 to strike a
woasisgag94t hat had been delivered into the nosepTAGE006/044578

via a fastener magazine 30.91ncluded in the nosepiece

28 is a workpi ece contact elenment 32, which is

connected, through a |inkage or upper probe 34 to a

reci procating val ve sl eeve 36, which partially defines

the conbustion charmber 18. Depression of the too

housi ng 12 agai nst a workpi ece (not shown) in a

downward direction as seen in FIG 1 (other

oper abiddioR 'chembRt I 1&) %aﬁﬁi& g Ictg(@: é«ﬁg{)@g?@g?e gﬁeﬂo{e ﬁ? k@ggg}ully

in the art), causes thé wor

mov e drigkatdowenwardt theotgiob dusesiesd 282 HIGOM) A TS hosepiece 28
position to a firing position. This novenent overc mes
t he %ﬁ}ﬁlth9 iR RardE B deetrike meastanenhabfhadhieeen delivered

' tact el nt 32 caused_hy a spring 38
(shoHB BB R eriad Tplonp mhgigenBBapl at 6d {hat the
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oo cation, i fach n e mOsted, A 3\ 4 ob Sfimisse gantact
nos epleatsat 38, aticlenvicinesrd, tEBLIE il e'drgiﬁgg pigogjre 34 to

the workpi ece contact el enment 327is connect .
i n cantaprooaiing vadvaisleers pbowhidhypartiulls deifinks thd€ombustion
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s! eef\{oeus:;’gg tlg Hggll Elorresti ]ggsigggitgiao%iﬁg% p(l)s?ti(grrl].e This movement

overcomes the normally downward biased orientation of the workpiece

contact element 32 caused by a spring 38 (shown hidden in FIG. D. It

15  1s contemplated that the location of the spring 38 may vary to suit the

application, and locations displaced farther from the nosepiece 28 are
envisioned.

Through the linkage 34, the workpiece contact element 32

is connected to, or in contact with, and reciprocally moves with, the

20 valve sleeve 36. In the rest position (FIG. 2), the combustion chamber

18 1s not sealed, since there is an annular gap 40 including an upper gap

40U separating the valve sleeve 36 and a cylinder head 42, which

accommodates a spark plug 46, and a lower gap 40L separating the

valve sleeve and the cylinder 20. A chamber switch 44 is located in

25  proximity to the valve sleeve 36 to monitor its positioning. In the

present tool 10, the cylinder head 42 also is the mounting point for a



present tool 10, the cylinder head 42 also is the

mounting point for acooling fan 48 and a fan nmotor 49
woausrusy4 t he cooling fan. In the rest positi ORCT/US2006/044578

depicted in FIG 2, the toab 10 is disabled from

firing because the conbustion chanber 18 is not seal ed

at the top with the cylinder head 42, and the chanber

switch 44 is open. Under sequential operation, firing

i s enabl ed when a user presses the nosepiece 28 and

the workpiece contact el enment 32 against a workpiece.

The sliding action of the workpiece contact el enent 32

r el atbuling Gart 48 2% h%@m%%@%%&ﬂ{g o QR11ePBh "9 the rest
force of %he spri nge%& causes the aﬁive&slle_g\a/% 32 tla
nov e Paphii@ndlapédted i &1Go 2t s tool2iong diZabled IR Firldiebecause
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This operation also induces a measured amount of fuel to be released

15 ito the combustion chamber 18 from a fuel canister 50 (shown in
fragment), or optionally through an electronically controlled fuel valve.

Upon pulling the trigger 26, the spark plug 46 is

energized, igniting the fuel and air mixture in the combustion chamber

18 and sending the piston 22 and the driver blade 24 downward toward

20 the waiting fastener for entry into the workpiece. As the piston 22
travels down the cylinder, it pushes a rush of air which is exhausted
through at least one petal or check valve 52 and at least one vent hole

53 located beyond piston displacement (FIG. 2). At the bottom of the
piston stroke or the maximum piston travel distance, the piston 22

25  impacts a resilient bumper 54 as is known in the art. With the piston 22

beyond the exhaust check valve 52, high pressure gasses vent from the



[ a resilient bunper 54 as is known in the art.

by?ﬁciﬁe pi ston 22 beygﬁd the exhaust check valve 52,
woizgis/msmssur e gasses vent fromthecylinder 20PamiiSk006/044578

near atnospheric pressure canditions are obtained and

the check valve 52 closes. Due to internal pressure

differentials in the cylinder 20, the piston 22 is

returned to the pre-firing position shown in FIG 2.

As described above, one of the issues confronting

desi gners of conbustion-powered tools of this type is

the need for a rapid return of the piston 22 to
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Referring now to FIG. 2, to accommodate these design
15 concerns, the present tool 10 preferably incorporates a chamber lockout
device, generally designated 60 and configured for preventing the
reciprocation of the valve sleeve 36 from the closed or firing position
until the piston 22 returns to the pre-firing position. While discussed
generally below, the lockout device 60 is disclosed in greater detail in
20 co-pending US application No. 11/028,432, filed January 3, 2005, US
Patent Application Publication 2005/0173484A 1 which is incorporated
by reference. This holding, delaying or locking function of the lockout
device 60 is operational for a specified period of time required for the
piston 22 to return to the pre-firing position. Thus, the user using the

25 tool 10 in a repetitive cycle mode can Lift the too] from the workpiece



[ n 22 to return to the pre-firing position. Thus,

|tmh:t Sser using the tool 10 in a repetitive cycle node .
woamslug4t he tool fromthe workpi ecewhere a faerms];am6/04

was just driven, and begin 2o reposition the tool olr

the next firing cycle. Due to the shorter firing cycle

times inherent with repetitive cycle operation, the

| ockout device 60 ensures that the conmbustion chanber

18 will remain sealed, and the differential gas

pressures maintained so that the piston 22 wll be

returned before a prenmature openi ng of the chanber

t k)
whi cWhatut thsteararaldsyjusndevenipidtics iR hotiifm 100 1%% the
prlegent ockout. device 60, the piston return an d1

subs’é?fif H’t’n%ﬁ%ﬂ?ng of the conbustion chanber 18 can

i h O i beln nmoved toward t he next
\%?Egi \g?:lel Ieoizaf) 90 I\%‘le Sg 1réng | gy clandmehi inheottienvith

| ated _and are
o) Serpegho %%*%@ﬁ%. s Ag%f oA GrENG mioss tasathe
ISncorqobattien biamBEENSNGEl EhEIE%ENR ara}lldI il‘féegel?tbq] gas

devi ce 60 includes an el ectronmagnet con

ref Enain d:amthat thet phitdd zmhwm B ?é’rﬁﬁi%ﬁsﬁéﬁére a
sggdg]refgl es relag%ﬁ o val ve sl eeve 36 for
pr e ﬁﬁ (H’é’niﬁﬁ/% Cl@ﬁmbﬂel&;aﬁmehswfe@ldmcﬁﬁa‘lm inderrupt

od is
iﬁﬁ??%*??&%“?"&%ﬁ%ﬁ%@n? St Fpeleraitng fégpadoptum
( FI Gndlsubssthnshi © eﬂn‘ﬂ %fctﬁé"bf)g'lb ﬁ gﬁﬁlln%% §j§ can Vecur while

control nmodul e 6 omn h yprca

Ri cibptandd9ss rbeh@mested towwardahe hexmbkmecéﬁﬁ)cﬁf bxk@n on) 1)

I on in the housing 12, as is wel
|OL ? Lge;rt OC\E/IWP’@ sReiticslly e remdt iveike astherc agpenmid ftieskout

Lgutg:églé:g§ p%{?t ﬂ n%rb oge}t?r:;g Ieugﬁlt Hreeﬁz 1§$}t@rﬁggﬁg{] e{l}ngzca»g@ldmg
of &pplication No. 11/028,432 incorporated by reference, the exemplary
lockout device 60 includes an electromagnet 62 configured for

15 engaging a sliding cam or latch 64 which transversely reciprocates
relative to valve sleeve 36 for preventing the movement of the valve
sleeve 36 for a specified amount of time. This time period is controlled

by a control circuit, system or program 66 (FIG. 1) embodied in a
central processing unit or control module 67 (shown hidden), typically a

20 microprocessor housed in a handle portion 68 (FIG. 1) or other location
in the housing 12, as is well known in the art. While other orientations

are contemplated, in the depicted embodiment, the electromagnet 62 is

- coupled with the sliding latch 64 such that the axis of the
electromagnet’s coil and the latch is transverse to the driving motion of

25 the tool 10. The lockout device 60 is mounted in operational

relationship to an upper portion 70 of the cylinder 20 so that sliding



romagnet’'s coil and the latch is transverse to

?L:Cgr?vigg motion of the tool 10. The | ockout device
w6 Qois4szount ed in operational relationship to BOTAWSP®G/044578

portion 70 of the cylinder 130 so that slidinglegs or
cams 72 of the latch 64 having angled ends 74 pass
through apertures 76 in a nmounting bracket 78 and the
housing 12 to engage a recess or shoulder 80 in the
val ve sl eeve 36 once it has reached the firing
position. The latch 64 is biased to the |ocked
position by a spring 82 and is retained by the

| ect oarhs 62 bOthé 18BR W4 heGinbl AR 1N R ¥ pEQ throuh
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latch 64 is held in position, thereby preventing the chamber 18 from

15 opening. The period of time of energization of the electromagnet 62

would be such that enough dwell is provided to satisfy all operating

conditions for full piston return. This period may vary to suit the
application.

The control system 66 is configured so that once the

20  piston 22 has returned to the pre-firing position; the electromagnet 62 is

de-energized and via sliding latch 64, the spring 38 will overcome the

force of the spring 82, and any residual force of the electromagnet 62,

and will cause the valve sleeve 36 to move to the rest or extended

position, opening up the combustion chamber 18 and the gaps 40U,

25 40L. This movement is facilitated by the shoulder 80 of the valve

sleeve 36 acting on the cammed surfaces 74 of the legs 72, thereby



and. will cause the valve sleeve 36 to nove to the

rest or extended position, opening up the conbustion
woheosines2948 and t he gaps 40U, 4CL. Thi s novemeRCTiUS2006/044578

facilitated by the shoul dert480 of the val ve sl eeve 36

acting on the canmed surfaces 74 of the legs 72,

therebyretracting the sliding latch 64. As is known,

the valve sleeve 36 nmust be noved away fromthe fan 48

to open the chanber 18 for exchanging gases in the

conbusti on chanber and preparing for the next

conbustion. Referring nowto FIG 3, which represents

a schapmine e i i4ten @ReT AL ii%’ gﬁ}hg@f gl{f'eﬁ@%]ﬁ/gas%eve 36 must
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firi fﬁ%@,%g risgeonh and heasaediated swiclbradesedniand fastener-

cyor ik eqHBL IR Sh8H 2 gRRERLHL P atperion Of the Chamber
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10 is then placed agal nst the workpiece unti e

val vhustiery ers36ffroWdmnuhearse: fieddat tovditoa theset!ih '}@gétiﬁve
head 42, eventual ly cl osing the conmbustion chanmber 18
at tyAamade; Fhﬁatoei{ J0ds pinked uphthecraseleciswhe cepetidivatcycle

t3. nﬂgﬁe%%ﬁ s%%tsgc?uee%ﬂtyzclgge% tthg trigger switch 26 at tl to initiate the
engine cycle. As is indicated in FIG. 3, the trigger 26 remains pulled
15  through repetitive firings, as is known in the art as customary with
repetitive cycle operation. According to the control system 66, the fan

48 is then energized for circulating air in the combustion chamber 18.
The tool 10 is then placed against the workpiece until the
valve sleeve 36 moves upward relative to the cylinder head 42,
20 eventually closing the combustion chamber 18 at t2 and ultimately
closing the chamber switch 44 at t3. The gap between t2 and t3
represents the over travel of the valve sleeve 36 relative to the cylinder
head 42. More specifically, as the workpiece contact element 32 moves
relative to the nosepiece 28, an upper edge 56 of the valve sleeve 36
25 sealingly contacts the combustion chamber seal 36a and a

corresponding lower edge 83 of the valve sleeve 36 contacts seal 36b



represents the over travel of the valve sleeve 36
relative to the cylinder head 42. Mre specifically,
wagodashasaor kpi ece contact el enment 32 noves rel BCTAUS2106/044578

t he nosepi ece 28, an upper 18dge 56 of the val ve sl eeve

36 sealingly contacts the conbustion chanber seal 36a

and a correspondi ng | ower edge 83 of the valve sleeve

36 contacts seal 36bprior to the actuation of the

chanmber switch 44. Thus, the valve sl eeve 36 continues

to nove relative to the cylinder head 42 after the
conbustion chanber 18 is sealed, and before the too
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18 remmins sed\ett, 2B, fiecRFE sompletestheppiesigpb g

englcrg)erznbllf'sti%%nghatrnhge%u% It will be seen that the Mixing Delay of t3

continues until t5 to provide sufficient time for the air/fuel mixture to

15  fully disperse within the combustion chamber 18. Also at t5, the
control system 66 initiates the ignition cycle and energizes the spark
plug 46 and thus initiates combustion at t6. The trigger switch 26, and
the chamber switch 44 remain closed during this period, and the
combustion chamber 18 remains sealed.

20 Between t6 and t7 the combustion engine 14 runs through
its cycle of driving a fastener, exhausting the exhaust gas through the
petal valve 52 and returning the piston 22 to the prefiring position (FIG.
2). Due to the inherent over travel of the tool, at t8, as the user lifts the
tool 10 from the workpiece, there is a certain amount of slidable play in

25 the valve sleeve 36 relative to the cylinder head 42 allowed by the
lockout device 60. Thus, the chamber switch 44 opens between t7 and



its cycle of driving a fastener, exhausting the
exhaust gas through the petal valve 52 and returning
woheospuson 22 to the prefiring position (Fl G PRY/USEN6/044578

to the inherent over travelieof the tool, at t8, as the
user lifts the tool 10 fromthe workpiece, there is a
certain anmount of slidable play in the valve sleeve 36
relative to the cylinder head 42 all owed by the

| ockout device 60. Thus, the chanber switch 44 opens
between t7 andt8, prior to the release of the | ockout
device 60 and the ultinmate opening of the conbustion
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In some tool operating scenarios the combustion chamber
15 18 open position is detected by the opening of the chamber swiich 44,
but in the current tool operating scenario in FIG. 3, the lockout device
60 is used since it is possible for the chamber switch 44 to be open
while the combustion chamber 18 is still sealed by the lockout device.
This can occur during tool recoil or rapid positioning of the tool 10 by
20 the user. In such situations, the chamber switch 44 is not a clear
indicator of the open status of the combustion chamber 18. Thus, the
minimum monitoring period, or designated open time, begins after the
chamber switch 44 is open and the lockout device 60 is released, or
optionally whichever occurs later.

25 The vent time is based on air flow of cubic feet per

minute (CFM) and combustion chamber size. The higher the air flow



the user. In such situations, the chanber switch 44 is

not a clear indicator of the open status of the
woanisugs29on chanmber 18. Thus, the nmi ni num noni POTUSZN06/044578

period, or designated open winme, begins after the _

chanber switch 44 is open and the | ockout device 60 is

rel eased, or optionally whichever occurs later. The

vent time is based on air flow of cubic feet per

m nute (CFM and conbusti on chanber size. The higher

the air flowate, the less tinme to vent and recharge

t he conbustion chanber 18. The snaller the cpanbeg 18,
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vari abl e recharge cycle is pretera rcase

CFM This ddnubt uefiaed iag nCFMVC anthlity +L0YNSf QRNAhAPRAIRE, which
the tool 10. This can occur if the notor 49 operates

at dfar be dwrthezprlated to BPM of dyfs, mbtsetd, simceithe RPM value

i Ng. I . In this case,. the
?ggrhgésbagguggtdlgﬂ%néehgn tC%?\/I ]Foan motor RPM 1s typically represented

as current drawn or back electromotive force (emf) of the motor 49.

15 A variable recharge cycle is preferable for cases where
CFM can fluctuate significantly during operation of the tool 10. This
can occur if the motor 49 operates at different RPM levels or ranges,
based on the operating mode of the tool 10. In this case, the recharge
time is associated with either the motor’s RPM or the firing mode.

20  Additionally, variable CFM can occur in nailers where the motor’s
RPM changes in accordance with the battery’s voltage. In this case, the
control system 66 continually monitors the tool battery voltage or motor
current, and applies minimum recharge .cycle times based on
predetermined values stored in the control system 66. The control

25  system 66 monitors a specified period, known as the designated open

time, in which the combustion chamber 18 is open and both the lockout



time is associated with either the motor's RPMor the

firing node. Additionally, variable CFMcan occur in
waabismasonher e the notor's RPM changes i n accoPdamse06/044578

with the battery's voltage.18ln this case, the control

system 66 continually nmonitors the tool battery

vol tage or motor current, and applies mnimmrecharge

xycle tines based on predetermnined values stored in

the control system 66. The control system 66 nonitors

a specified period, known as the designated open tine,

i n which the conbustion chanber 18 is openhazi bot hff
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actually open for a length of time “b” extending longer than that of “a”.
It is contemplated that the combustion chamber 18 will be open for a

15  time equal to or longer than the duration of the recharge timer to
achieve repeatable tool performance.

Beginning at t9, the tool 10 is in preparation for the
second fastener driving combustion cycle. In FIG. 3, this second
sequence depicts a situation causing an insufficient purge time of the

20 combustion chamber 18. Just prior to t10, the combustion chamber 44
is sealed, as at t2. Note that the trigger 26 remains pulled the entire
time. At t10, the chamber switch 44 is closed, the fuel is injected, the
lockout 60 is actuated and the mixing delay timer is initiated.

Between t10 and t11, a combustion cycle occurs similarly

25  to that described above between t3 and t8. However, at t12, it will be

seen that the combustion chamber 18 has been kept closed longer than



second fastener driving combustion cycle. In FIG 3,

this second sequence depicts a situation causing an
wonswsfoisoient purge time of the conmbustion chaROEUS1B6/044578

Just prior to tl O the confugstion chanber 44 is

sealed, as at t2. Note that the trigger 26 renains

pulled the entire tine. At t1Q the chanber swtch 44

is closed, the fuel is injected, the |ockout 60 is

actuated and the mxing delay tiner is initiated.

Between t1Oand t | 1, a conbustion cycle occurs

simlarly to that descri bed above between t3 and t8.
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user chahbsr IdeRohOS0 i reiastdne wor k surface, whi ch first
opens chanber switch 44, thereby initiating the

recharge ti mer Atahg, tthhnemhﬁmﬂﬁfmel Grombtiet work Sh#Rekwhich
at tl.3. I—Iovvevgﬁngt tl 4, the conbustion chanber 18 is

r es e FEPPeRAC &1 §¥7iicle 4fH @erﬂhngﬁtatmgdbﬁ rgharpe tinsey and
Pra 2ol BhéndBe Codlipllite, SRunbdh fet1a) 5 Hawrelogh 14, the
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another. By the relatively s ur ation

per i 6 uset ptematutdl$-présbing thevibbl aéb@nﬁ&ﬁé‘vdo‘i‘l?r%leéélﬁnd closmg
rec\r:\ﬁ@ge has been inconplete. Since the chanber swtch

ehasalaer %)Wlt@lii 4oat tle. cdis ean @wcof lwlhaa meving gepidly
t
t B off oRE Wor?(srce to (anoaletr! G%y tﬁg erel@?l(/gﬁ/ sho?t duration of the

period “c” from t13-t14, it will be seen that the recharge has been

15 incomplete. Since the chamber switch 44 was closed prior to the
completion of the recharge timer at period “a” (t12-t16), the normal tool
functions of fuel injection, spark initiation, etc. will not be permitted by
the control system 66. Thus, no combustion will occur until the purge
or recharge of combustion gases has been complete. At t17, it is noted

20  that the user releases the trigger 26, thereby discontinuing the repetitive
firing mode. Thus, if the chamber open time is less than the recharge
time, control system 66 is programmed such that the subsequent cycle
1s prevented and the user must initiate another operation, thereby
opening the combustion chamber switch 44.

25 Referring now to FIG. 4, an alternate embodiment of the

control system depicted in FIG. 3 is presented, in which the tool 10 is



functions of fuel injection, spark initiation, etc.

will not be permtted by the control system 66. Thus,
waaomsoagest i on will occur until the purge or rechnaSy®e6/044578

of conbustion gases has beew conplete. At tl7, it is

noted that the user releases the trigger 26, thereby

di scontinuing the repetitive firing node. Thus, if the

chanber open time is less than the recharge tine,

control system 66 is progranmed such that the

subsequent cycle is prevented and the user nust

initiate anot her operation, thereby openi ng the
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before the trigger 26 is pulled, and the control
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at mospheric conditions. Thus, at tO as before, the
tool 10 is at s, ata0, as befaret the toobll 016 at segbr efstsd as the

rk ece, vaI e sl eeve 36 makes
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r h er
L6, SRS WA (B0 ST AP o, Sl LA Shpuscion
act ughftlberABR.i Ne\ﬁlﬁhi: tK Wﬁhdrﬁbérrbﬁvﬁfﬂ 44 4 O19584) 1ﬁfhc‘éﬁﬁg the
chanber switch 44 initiates other tool functions such

as t tolelergfidbt aomatsid. t he amelt&nown actheoartpbldsirgd of the

and t nitiati nofthe m Xi delay. At t3, the
mi xi ﬁ@%@ﬂ@”l@% 4 saitigey othe tf)@]gfumﬁlon%&mh aotheianergizgtion

U4, YPR fan 48, injection of fuel and the initiation of the mixing delay. At
15 13, the mixing delay expires and the tool is ready to fire. At t4, upon
pulling the trigger 26, the spark plug 46 is energized, as is the lockout
device 60. While the automatic lockout is referenced, as an alternative,

it is well known in the art to employ alternative mechanical lockouts.
Closing the ftrigger switch 26 initiates an engine
20  combustion cycle between t5-t6, including combustion, driving the
piston 22, exhaust and piston return. At t7, the chamber switch 44
opens, indicating that the tool 10 has been removed from the workpiece.
At t8, the trigger 26 is released, the lockout is released, the combustion
chamber 18 opens and the recharge timer starts. From t8-t9, the
25  recharge timer, a programmed function of the control system 66, must

meet a minimum required duration preset into the control system 66.



pulling the trigger 26, the spark plug 46 is

energi zed, as is the |ockout device 60. Wile the .
wauvmrmaszoe | ockout is referenced, as an alt er nRCTAUS2006044578

is well known in the art teienploy alternative

mechani cal | ockouts. Closing the trigger switch 26

initiates an engi ne conbustion cycle between t5-16,

i ncluding conmbustion, driving the piston 22, exhaust

and piston return. At t7, the chanber swi tch 44 opens,

i ndicating that the tool 10 has been renoved fromthe

wor kpi ece. At t8, the trigger 26 is r(re]leased,1 t he

| ock i [ € on chanber . open
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switch 44, the supplemental switch 84 is connected to the control

15 system 606, and the time the switch 84 is open or closed may also be
monitored. The supplemental switch 84 thus becomes a chamber
sealing status sensor, and the chamber switch 44 remains as a
conventionally considered indicator of the valve sleeve 36 as fully
actuated.

20 As seen in FIG. 5, various tool functions are compared as
to their indication of the distance or vertical displacement of the valve
sleeve 36, for an indication of the status of the gases in the combustion
chamber 18. First, the valve sleeve 36.is shown at d0 in a rest position
as seen in FIG. 2. At dl, the valve sleeve 36 begins movement with

25  tool actuation. Next, at d2, the valve sleeve 36 contacts the seals 36a

and 36b to seal the combustion chamber 18. At d3, the valve sleeve 36



system 66, and the tine the switch 84 is open or

cl osed may al so be nonitored. The suppl enental swtch
wal4odaslus29beconmes a chanber seal i ng status sensBCT/USRM6/044578

t he chanber switch 44 remaims as a conventionally

consi dered indicator of the valve sleeve 36 as fully

actuated. As seen in FIG 5, various tool functions

are conpared as to their indication of the distance or

vertical displacenent of the valve sleeve 36, for an

i ndication of the status of the gases in the _

conbustion chanber 18. First, the valve sleeve 36 |s
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the seals 36a and 36b to seal the conbustion
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th tch 44 is turned on or closed. At d4,
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chanmgai pssigibn36a is broken and the chamber 18 is open
to at rmsphere Lastly, at b, the valve sleeve 36 is

agai n at the réswilpdsideiearthat thevduppldigemab pwitbRt84 heturned
suppl enental switch 84 is turned on or closed at d2
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Chanariih gesey ﬁl@@&@ﬁﬁ%ﬁﬁﬂ?ﬁ%ﬂ%&f@ﬁ fheg gompustion chamber.
vt | QAL e BRAbIERTeAR] IWil AR LR BnaflY $h &M HE4 b9 tht Wntrol
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Alternatively, the control system66 is optionally

etermine Whether a proper discharge has occurred.

Alternatively, the control system 66 is optionally

provided with a supplemental chamber status sensor in the form of a
15 detector mechanism based on monitoring the current drawn by the fan

motor 49 (“Motor Current” in FIG. 5). Typically, when the motor 49 is

performing work such as moving air when the combustion chamber 18

is in the open position, the loads are greater and more current is drawn.

Thus, the current draw is greater when the chamber 18 is open than
20 when it is closed.

It will be seen that motor current is relatively high at d0-
d2, after which time the current drops, indicating the combustion
chamber 18 is.closed. Later, at d5 and d6, once the chamber 18
reopens, the current resumes its former higher level. By monitoring the

25  current draw of the motor 49, the control system 66 also monitors the

open condition, and recharge status of the combustion chamber 18.



provided with a supplenental chamber status sensor in

the formof a detector nechani sm based on nonitoring
wohesgus29ent drawn by the fan notor 49 (" Mt or PCUUS2ING/044578

in FIG 5). Typically, wheresthe motor 49 is performng

wor k such as noving air when the conbustion chanber 18

is in the open position, the |oads are greater and

nmore current is drawn. Thus, the current drawis

greater when the chanber 18 is open than when it is

closed. It will be seen that notor current is

relatively high at dg- d2, after which tinme the
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By nonitoring the current draw of the notor 49, the
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presyasages. It will be seen that the control system 66
prevents a It will be seen that the control system 66 prevents a
subsequent nailer combustion-oriented operation before the combustion
chamber gases have been adequately recharged. In addition, the system
15 66 can alternatively or in parallel disable at least one of the major tool
functions, including but not limited to ignition, fuel metering or solid
state switch drive circuits. Among other advantages, the present control
system 66 with its recharge cycle function allows for effective nailer
operation by preventing poor performance due to an msufficiently
20  recharged combustion chamber. As such, tool resources, such as fuel,
battery power and the chamber lockout apparatus are conserved. In one
aspect, the tool’s recharge cycle function begins when the chamber
switch 44 and/or the chamber lockout 60 is off, or whichever occurs
later. When provided, the supplemental switch 84 provides an accurate

25  indication of whether or not the combustion chamber 18 is sealed, and

can also initiate the recharge cycle function. Another feature of the



subsequent nail er conbustion-oriented operation before

t he conbusti on chanber gases have been adequately
woeoalsaugmd. | n addition, the system 66 can PCT/US2006/044578

alternatively or in parall e disable at | east one of

the major tool functions, including but not limted to

ignition, fuel netering or solid state switch drive

circuits. Anong ot her advantages, the present contro

system 66 with its recharge cycle function allows for

effective nailer operation by preventing poor

performance due to an insufficiently recharged
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or the back enf of the fan notor 49 are used
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sealﬁd. I n such_ cases, the supplenmental switch 84 is
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val ve_sl.eeve .3 such. f an tor operti.es can pe used
Vo | Frbi R Do BB R ind R i iShmgan in its broader
PRI t b Mo arfRod 159 EEE recharge cycle
funct%%% f%r conbustléﬁaﬁgﬁmgyﬁﬁgé heen descri bed

herein, it will be appreciated by those skilled in the
art that changes and nodifications may be nmade thereto

wi t hout departing fromthe invention in its broader

aspects and as set forth in the follow ng clains. WHAT
IS CLAIMED | S: 1. A conbustion nailer, conprising:




a tool housing; a conbustion engine substantially

| ocated within said housing and including a val ve
welemyas2eci procating relative to a cylinder head/uSee6/044578

cyclically opening and cl os2sng a conbusti on chanber

and a control system associated with said housing and

connected to said conbustion engine for providing for

a designated open tinme for said conbustion chanber

after a conbustion event and before a subsequent

conbustion can occur. 2. The nailer of claim1 wherein

said control systemis configured for adding said

desi gvHAED 190 INIME B& a delay factor in a tool
operational cycle, postponing subsequent conbustion

events. 3. The nailer of claim1 further including a
chanber switch associated with said conbustion engine
and confi guredlfor Petomgbustion/eaibu, bympesing:

reci procating moy nt.of said valve sleeve, and said
control systenfi’8° iYfred for adding said

desi gnat ed ope j ratq | | e of the. .
tool as & timer soBBucdf bORE Subfifially dafady vifin seia
4. Theusiaglaed indluding avAlveRReek ReSBidtadgsi ;
time is between 50 1%Inc! 1%,0 rrseec.%.ﬁThé1 ﬁ%irlg%?ibg O%I H%der
15 f uheatbforioyeligaliyn grenepant efossvg 4 chmbastom chathbee fand
switch connected to said control system so that .
ignition i s obfafABEOL pEteER oassagiastd boith saidd hausigerand

SW t ' itch, 6. The nailepr of claim
e Gt o i Bk
rel apparetinge £ shid Aowdusties \Bah®eF8FRE W ESmbustion event and

before a subsequent combustion can occur.

2. The nailer of claim 1 wherein said control system
is configured for adding said designated open time as a delay factor in a

tool operational cycle, postponing subsequent combustion events.

3. The nailer of claim 1 further including a chamber
switch associated with said combustion engine and configured for being
activated by said reciprocating movement of said valve sleeve, and said
control system is configured for adding said designated open time to an

5 operational cycle of the tool as a timer associated with said chamber

switch.

4. The nailer of claim 1 wherein said designated open

time is between 50 and 150 msec.



whet her sai d conbustion chanber is open or closed. 7.

The nailer of claiml further including a |ockout
waorelsans®m associ ated with said conbusti on engPae/UuS206/044578

periodically retaining sai @éval ve sl eeve cl osed, and

connected to said control systemfor remaining closed

a preset period of tinme, and wherein said designated

open tine begins after a rel ease of said | ockout

mechanism 8. The nailer of claim1l1 wherein said

designated open tine is variable and is based on at

| east one of fan notor rpm battery voltage, notor

current draw, and t ely’ 9. The nailer

of Gl aim 1 here n ahed A aRRy CRERer b Fidgmber

10.  AwstoRbusdiOfigedrl Stitclt Ridctd % s@idt SOhtrOIOMREAE: sAthat

conbustion engi ne substantially |located wthin 'said

housiigmjtiands iabtdindd npoa dasing o bethesaié diipgocatitoly and said

relatjve to a cylinder head for cyclically opening and

cIosPh@n5658NE@§tion chanber; a chanber switch

associated with said conbustion engine and confi gured

for being activated by said reciprocati ng novenent of

sai d val ve sl egve; ongJ; St8m assoCt j :

sai d housi ng a% co?r%%c?ﬁe%}%roq%faicgmgﬂaﬁbgﬁﬂg%gt %élpglrng a
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switch after a conbustion event and before a

subs &dsthar sashenmbugiprcelipnaeasas opar or Fiesedai | er of

cl aim 10 wherein said designated open tine is based on

at |l east one of fan notor rpm battery voltage,

7. The nailer of claim 1 further including a lockout
mechanism associated with said combustion engine for periodically
retaining said valve sleeve closed, and connected to said control system
for remaining closed a preset period of time, and wherein said

5 designated open time begins after a release of said lockout mechanism.

8. The nailer of claim 1 wherein said designated open

time is variable and is based on at least one of fan motor rpm, battery

voltage, motor current draw, and tool operational mode.

9. The nailer of claim 1 wherein said designated open

time 1is fixed.

10. A combustion nailer, comprising:

a tool housing;

a combustion engine substantially located within said
housing and including a valve sleeve reciprocating relative to a cylinder

5  head for cyclically opening and closing a combustion chamber;



notor current draw, and tool operational node. 12. The

nailer of claim11l wherein said open tine is variable.
wa3oosiagomai | er of claim 10 further includi ng BCT/US2006/044578

suppl enental switch disposed relative to said val ve

sl eeve to determ ne whether said conmbustion chanber is

open or closed. 14. A conbustion nailer, conprising: a

tool housing; a conmbustion engine substantially

| ocated within said housing and including a val ve

sl eeve reciprocating relative to a cylinder head for

cyclically opening and cl osing a conbustion chanber; W

28 a chanber swichembas sesicatagsh M @l 6higo ks -

engi ne_and configured for be?%g&%%{ii@gltl gﬁabwsggﬂ cengine

reci prd @Qnﬁggredcﬁ%edeg attisated byadai@ rédipRIating movement of

suppl e niyal chanber status sensor associated wth

sai dsaig%@ Brtiedvican engi ne and di sposed relative to

said valve sle Ve et ect ogsesn and, seal ed positions

[ 15
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sensor is a control system and the status of sal
co PHHIE RambEstipR cprpeewent ed by a change in fan.
notor current draw.
11. The nailer of claim 10 wherein said designated
open time is based on at least one of fan motor rpm, battery voltage,

motor current draw, and tool operational mode.

12. The nailer of claim 11 wherein said open time is

variable.

13. The nailer of claim 10 further including a
supplemental switch disposed relative to said valve sleeve to determine

whether said combustion chamber is open or closed.

14. A combustion nailer, comprising:

a tool housing;

a combustion engine substantially located within said
housing and including a valve sleeve reciprocating relative to a cylinder

5  head for cyclically opening and closing a combustion chamber:;
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a chamber switch associated with said combustion engine
and configured for being activated by said reciprocating movement of
said valve sleeve;

a supplemental chamber status sensor associated with said
combustion engine and disposed relative to said valve sleeve to detect

open and sealed positions of said combustion chamber.

15. The nailer of claim 14, wherein said supplemental

sensor is a switch activated through movement of said valve sleeve.

16.  The nailer of claim 15, wherein said supplemental
sensor is a control system and the status of said combustion chamber is

represented by a change in fan motor current draw.



