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" SELF- CONFAI NED GAS POWERED SURG CAL STAPLER'. This invention relates to _
sel f-cdnt ai ned gas powered surgical staplers, and nore particularly to a

sel frsont ai ned, surgi cal stapler which is powered by relatively | ow pressu eaJV
gag and which is therefore adaptable for nmanufacture as a disposable item

Al tH ugh the invention will be illustrated and described in its application

to skin and fascia.type surgical. 100 stapters, it will be understood that
théspr|n0|ples of the invention are appllcable to other surgical stapler

type instrunents such AS ¢l .. - w'fﬂﬂﬁfhﬂiﬁF“HStQP”%Pps in mhlch
st ap| e- I'Tke eterents adacm H “a =Y Bl DR o of .
“the instrument. 15 This Me‘nmn aelategntd el Bontdined gdapl ers are

7062, o3e; o, TEPuseS %e%@t‘*ﬁﬁef%%ﬁdr@fp@%q@a&s@ Aapl ers

include a depl &edfiriconhained sungidals ghapler gusldte.is powerdeh K9  di oxi de
or nitrogen) altreltdkiels M.JN Qﬁe‘srs‘iﬁ'%usg%s( Grflt whith A ethn p bar)) for
“powering the instrunment. he ~hi pressure gas used I n ese aplers

requires that ﬁ@@%tt%eer@‘bé‘a&“ tare, &8, g dspasable ddkemn whi ch can
sakel y accomma\atmotdgea heheh imemuroﬁﬁ WiTI0/Bee G 1B tERUs Al dd¥dribed

These | nst rumeritc 1s. SHRLATRR G s AR, 4N SaRdia Gume wmRiamly
pernmanent a68d stapdiers, Altywrid{lsaid emaergstoaid ithait lﬂlﬁnntprrﬂ!iﬁiﬂlfeﬂ;ﬂalnreg 30
o asery o LD, el SRR W AR Rl ), e
the instrunent tyBecinstramests: sych @s digatdinge ambrdﬂvizhing)n equi pnent .
The ‘trend is tiostrm@ntac iHAWHIEH st gﬁfedﬁie e R ot b AR | Over
_|n|t|al cost: tha %%Eg%%eg% pgi%rggpthe operation of the instrument.

'15' : Self-contained gas powered surgical staplers are

'__'known, as shown, -for ‘example, in U.S. patents 3,618, 842;

o 3,643, 851; 3,662, 939. 3,717,294; 3,815, 476; and

3, 837 555. Typically, these staplers include a
replaceable cylinder which supplies gas {e. g., carbon

20 dioxide or nitrogen) at relatively high pressure (e ger

- 800 p.s. i.g. (55 bar)) for powering the instrument. The
'vhigh pressure gas used in these staplers requires that
the staplers be of relatively heavy construction which
_ can safely_accommodate the high pressures involved.
25 Because of their construction, these instruments are
'relatively expensive to manufacture. These instruments
. are therefore generally intended to be relatively
‘permanent and reusable. -
. - . . Any reusable surgical 1nstrument must be cleaned
' 30 and sterilized between uses. Cleaning is time consuming
- and may require disassembly of the instrument with the
conseguent possibility of damage to the instrument.
 Sterilization requires expensive sterilization
equipment. ‘The trend is therefore increasingly toward
35 instruments which have lower initial cost than permanent
B instruments, '




are sterile when purchased, and are disposable after a single use.so that
. /eani ng and sterilization costs are avoided. It is accordingly an object
6f thi's“invention to provide a self-contained gas powered surgical stapler
whi ch can be econoir cal |y manufactured and safely handl ed as a di sposable
item Use of a relatively |ow pressure gas is advanta- geous to enable a
stapler to be nmade of | i ghter construction and | ess expensive naterlals

Thi saire - geeridel whien purchdded coand aare mdksposabdeaafiiercononi carky” ~

ghgggiﬂghﬁl “iE%?é?g% %M‘%ﬁtﬁggg%%ﬁ?QQE%nrypl ca Ir% tn%et gfapl es

. are awobaldedi.re which is partlally formed prior to use and which nust be

further formed ree i@ Mda‘?%? jécee FAGRIRS Y rRferieA ) £HY the
stapler.  To generate t he r at orqes required to formthe
st apPEOVifena selfi~conkainad 9&&”29%96? aﬁPFglF RL9%| atively |arge

pneugyRich eahuweoeco’ﬂauﬁdéuy\d@mﬂateubeaaaaa eadfelqe mridbédr nekes the
stapleréba}k§ and.dif,ficult to work with. In addition, ‘a |arge actuator:
a

unnel8s 85RdedLem o ge amount of ‘gas during the portion of actuator
noti on when retme of a Immm}.pslwepnessnreugasd;s advanita+ng t he BES

to T HEBEELS e?%?’m%ﬁ‘ga“%% 4 e a0 ?Liggﬁ‘fﬁ%s?ﬁ’@e%%ﬁZ?Sﬁed

:subsaadtlassyeﬁpeneeyawma S of Ilﬁgdsﬁéfébhﬁ(ﬁﬁs 19¥We% can be
~ perfengedoBY bRA Hakidd Thd¥ftaisl éf Seeeﬁoﬁﬂaan a;ea%eesm‘- Thi s |
. Subst ntlaII shor%&hs t he usef Ilfe oi staple the gas supply i's

not ﬁlﬁEéP S5 ou dhﬂﬂﬁ?ﬁq' able P ? generatIng #e i ¢ undesir-

~abl ysubstantéalt forivesweuimed hta\hfcrmt thegstagllpld.y rmqildmllppl aced. It
oo BERChERBIAR REE gt \ritle Vhfch Y8 bheRibT1Y Bdied gl dx cont &l ned
to use and which must be. further formed (e.g., bent around
- or crrmped agalnst an anv11) by ‘the stapler. - To generate
the relat1vely_large fbrces,requ;red to form the staples
with lowupressure,gas'would ordinérilyirequire a.relatively
large pneumatic actuator. This is undesirable because a
large actuator makes the stapler bulky and difficult to
work with. 1In addition, a large actuator unnecessarily
consumes a large amount of gas during the portion of
‘actuator motion.when relatively large fbrges are not
required, i.e., during the first part of the actuator
stroke when the staple 1s merely being advanced to the
staple forming p051t10n, The gas which is thus effectlvely
ﬁasted substantially'reduces the number of stapling opera-
tions which can be performed by the stapler before its gas
supply is exhausted. This substantially shortens the
useful life of the stapler if the gas supply is not replace-
able, and even if the gas supply is replaceable, i it undesir-
ably increases the frequency w1th which the gas supply
must be replaced. .
It is therefbre another object of thls invention
to prov1de a self-contalned gas powered stapler which
. employs low pressure gas without the necessity for a large
pneumatic actuator and which makes efficient use of the



' ¢ . ] i | | arge pneunatic
| ow pressure gas w thout the necessity for a
agPnggr andpmhlch nages efficient use of the --3- gas supply Eﬁ |n;;ea
t heMonber of stapllng oper ations which can be peLfo;neg gegerEd Sag >
he invention er
supply is exhausted.. According to the | Oed 92,
e [ tus inglyding A pneunatlc pi sto
pomered surgi cal stapling appara g f . piston and a
for advapcing a staple to Sstaple forming p
fo D ﬁgd[ Ih\e/e;t%ﬁ es“BPafﬁél '&3 %eweaew theceunbengofeqtapwngoopﬁrfagfgggggl g
staple to trmewhr¢hecimr5?rgbffftﬁ%gg?gfﬁggcéﬁ%r s%ﬁ%ﬁ§§#¥ gug
f apl e e a
nga;eﬁdthg pneunﬁ? %Q%Tgton and the staple driver for producing froma

| £g r hout
TR IR by o proty mdﬁ"%ev&‘?’é?f% fa pESPlaL QAL o
of the stapl eI{o the st%%e g an%{%'b% IPRAraALRS tircluding @y high force
required duri RS i) REston and@ stapke rdriver i foi |ﬂ?<v§ﬁ@9?€f€(rj\égln§| 28
o1l e“’fjr"‘t ST Sntdd BIEELAN Pia, dien Folning e
'?gflglef Irrgtst Zﬂeﬁ"‘“ I’w(?“gdoat F @l ¥ Howtfgnce deine requirkdl hy s@tasidec! v

&ni cal | i nkage

smal | notion ch‘het letapdiel dcorthe BYap ltéelﬂ&ﬂwifoenﬂﬁh oa%ed | engt h of the. .

actuator 9irokey %rt(ivteri? zlr}l%rgef{]el Y reég&li iU %@%tﬂgﬂne ﬁhet \ngféﬁre
Dufing the subsequent f he
“the nechani calthei MR abus comipini sing ia’ mrcHaE d Tinkals &%&ﬁcan be -
pneumat i c act ¥#e0pneematil ig%%b%th%%l¥ﬂpnabﬁ§&ﬁ é%gFrJPG Produsing
used with lOW Qﬁgﬁ;g%ﬁggmammﬁaégy gohs&antliUrpeﬁwteaneHh%nym@ﬁ ”
_ ._pneumatic piston throughout its driving stroke the
15*:re1ative1y low force. required during the advance of the
"'staple to the staple forming position and  the relatively
"high force required during forming of the ‘staple.

: During the initial staple advancing portion of the
','staple driving stroke, the mechanical linkage preferably
fzol-amplifies the motion of the pneumatic actuator so that.

| the relatively large motion required to advance the
staple can be provided by relatively small motion of the
actuator. This helps reduce the required length of the
‘actuator stroke ‘and therefore helps reduce the length of

25 the actuator. During the subsequent staple forming

hportion of the staple driving stroke, the mechanical

~ linkage preferably amplifies the force produced by the
 pneumatic actuator so that a relatively small diameter.
actuator can be used with- low pressure gas.

30 Throughout the stroke of the apparatus, the
- mechanical linkage substantially matches the force

required to the force available from the pneumatic
.actuator. Accordingly, a substantially constant force
available from the pneumatic actuator throughout its

appar at us,
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ed to the force available fromthe pneumatic actuator. Accordingly, a
Ludsyantially constant force available fromthe pneunatic actuator
throughout its stroke is converted by the nechanical |inkage.to the
substantially different forces required during the varieus portions of the
stroke of the staple driving eIenentAFThe pneumati c energy €expended during
each 5 stroke of the apparatus is ttherefore not substantially greater

than t hgepBRhankCabnyREkeacy tAE HUEhAAIERA! 13hkake tBNEnehe as supply isiy

used nore effti- clent ¥ to 1 Nncrease the nu of pling operations
~avai | abPubskantialiyed ﬁﬁﬁﬁFPFnychﬂsre?Hé‘S@aﬂPE nSftPﬁls invention is

prefera@hVisﬁatpakhednbyog Ehéuéhkbképefabhé kth@ﬂéfdQEthher simlar
control tar operati o e control a &es an operating cycle of

t he: staﬁ%ﬁ?e PchTh BrﬁﬁpragécaﬁPﬁﬁﬁylexESPF Bﬁeﬁ hout conti nued
act5at i sbroket 0f thet apparBtagedsbkherk€oseapl er perforns only one
operating cycle in response to each operation of the control regardless of
the length of time the control is operated beyond the time required to
initiate an operating cycle '~ The stapler also-cannot begi n a new operati-ng

~ cycle until the preceding cycle is conplete. In:a particularly preferred
-embodi ment of the invention, the operating cycle can be aborted after it e
‘has  begun by .anot her -oper ation of the control. Further features of the :
“invention, its nature and various advantages will- Be nore apparent fron1the

acconpanyi ng dramnng and the follow.ng detailed:- description of the
i nvention. Brief" Descrlptlon of the EXamnng Flgure lis a partly exploded
‘overall perspectlve.



view of :an iflustrative enbodi nent of the surgical stapler of *this @
“invention vmth portions of the housing cut away to reveal the interior o

t he "apparatus.~Fi'gure .2 is a perspect|ve vi ew showi ng how-t-he stapl er of
Figure 1 is hel d and operated.in use. gure 3 is a sectional view of the
stapl er- of Figure: 1'prior to the start a stapler operating cycle.
Fi.gures 4-8 are views sinmlar to Fi-gure 3 show ng the condition of the -

&tzapl er negh S sequenti p.

oo oAl SBANaNEILPIT SPARELL' Bhof! 3R pelrd 0 WagLELdhLpla

the parts sthuving rtwagLsesoBeB and Ehgugas suppdy iz asedamore|effi-
perspecti Ve Qﬂp@ xl éﬁ’?‘ Sfgoperation

. of -the appgcra us o |n rru£€éan oper chcleiﬂ?'% tapler. Figure 13
is a sectlcﬁﬁllﬂl&ﬁtm a %ﬁenh@wﬁé‘tﬁﬂﬁ%-ﬁ gure 3 and al so showing
the stapler priaor t o P& ggggiegfofntﬁﬂgr hests\vr S and 15 are

“views simlar-to re-13 he copdition of the st ler anlsm
"~ at various cﬁ&ﬁﬁ?ﬁ%’ gYa%e‘Ea‘F‘l’laffg %@F#gﬁgwr Iﬁﬁlﬂfg&) ?%m%l #brce
~di agram uammnﬁroll eNomentagy t dpepatiohi of  the aduﬂnkﬂgaaxntlatessanpler
of this iny g% l.od Y
_:'part icularlS %éze%ﬁ%%rgﬁg %?Séi ﬁ?ﬁgcﬁ ?‘%trﬁgﬁ%c“{féat%%{o ure
" 1. :-Figur e:aﬂsiy sarpleted el thowt cantmnuedngqtmumqm af3-tlge | qonrr.go e 17
s,hovm ng th R
- I'nvention %théﬁﬁﬂ% |§n}%| :fggsgg?kﬁgmfﬁiel% I on ar pa'lt'jl'g‘aé?é to gt her
gas pover eds & s%t 1§ Wﬁ%?ﬁuﬁfn@esm ’8%3 |
di vi di. ng i e lll&iﬁ‘tfhldlf time the control is operated beyond the time
reql.u.red to initiate an operatlng cycle. The stapler also
cannot begin a new operat:.ng cycle until the. preced:r.ng '
cycle is complete. In a partlcularly preferred embodlment
of the mventz.on, the operat:.ng cycle can be ‘aborted after
it has begun by another operatlon of the control.
' ' Further features of the 1nvent10n, its nature
and vanous advantages ‘will be more apparent from the
. accompanying drawing and the follow:.ng deta:.led descr:.pt:.on '
of the 1nventlon. o : : :

'BrJ.ef Descrrpt:.on of the Draw:.ng _
Flgure 1 is a partly exploded overall perspectz.ve

view of an 111ustrat1ve embodiment of the surgical stapler
of this lnwentlon with portlons of the hous;ng cut away to -
' -_reveal the 1nterror of ‘the apparatus.
F1gure 2 is a perspective view showing how the
stapler of Figure 1 is held and operated in use.
Fzgure 3 is a sectlonal view of the stapler of.
,Flgure 1 prior to the start of a stapler operating cycle.

L Flgures 4-8 are v1ews similar to Figure 3 showing
the condltlon of the stapler mechanlsm at various sequentral
stages in 1ts normal operatrng cycle.

' Figures 9 and 10 are detailed exploded perspectrve
views of two of the parts shown in Figures 3-8.




W ch one or nore staple-like elenents are first advanced and then forned
Dop\the instrunent, the invention will be illustratively described inits
;hgullcaLLon to skin and fascia type surgical staplers. -‘Also , -al though the
iAvention is7applicable to -surgicalgstaplers having ot#er construc- tions,
‘the invention will be illustrativelY described in its application to

surgical staplers in which a_staple cartridge containing a plurality of
stapl es and including stapl e advancing and formng el enents is nounted in éﬁ’

! hol der vvh| ch i ncFigezeshdlgandsidgplare mmlf@%ﬂihﬁﬁoneHﬁd control -

el emeng 3'@35 v SHkoLieg Copasdthenei n the

staple c d%@&:ge%%rﬁgﬁgﬁtﬁﬂbﬁq nted in theIuﬂ%E? ?b%e¥g it wll be

under 5‘?50131@ kﬂp@ﬁ%t'éﬁrtﬂ 3@’535 mmwm}%@ fie hol der if
~desiregkagi@rstaple cartridge will - be assuned to be constructed as shown

in US. patent 3,650, 45 t.ent .3, 7.17.294. ruction and

operation of theF%@éB?eféa?'?r Pd&&git}ﬂ?@ Zt%f en & ‘Bﬁgsg‘hﬁ i nventi on

- and. vmlindael:i-emarindmguherm andnlal sico sl'imung dmetstbaghernpcegs‘ary to o

f aci I| %%agﬁ 8{)&?‘!:&!1 \eyglé)n e ‘Overal |- Construction and
-Cperat ical stapler 10 constructed in Ca

. accordance\Mtr1Eh@upe$n apend 36 ﬁﬁﬁsVﬁﬁﬂﬁuﬁkﬂilﬁklQ@eglﬁBFGeA312 and -

- stapl egigping %on&ﬁﬂbﬁ 4 tchedsﬁtabiéﬁ et Dith 96 Pakdensl2 in

Fi gure or arit |s nornall nounted in socket 16 in the =
fcwkuQPQ#ﬁpﬁkﬁ¥l% 3?5n5§e1%§ éyﬁ-of hol-der 12." As is o

described in gremgurdelel isbal mrcwmagrmmsmmlom efpladnimghani sm

| neh oSeh8 ibrfEidRrahR SR0RREARRS. g ihd LN OE 1R by 32:’2‘3.

orientation rel sfigereolBaisch. paruialdaxmxpdeé persnective vieM
housi ngg 20 ﬁéfﬂ@uf&hﬁ"‘ﬁhk@ﬁehare%o%&féﬁt ide R gptsftibn ¥ ehe nel udes

- handl e
- apparatus of Flgure 1.
-Figure 18 ls'a sectlonal v1ew ‘taken along the
line 18-18 in Flgure 17 show1ng the parts of Flgure 17
'assembled. - o
Detailed Descrrgt;on of the Invention |
Although the principles of the invention are
applicable to other gas powered. surglcal stapllng type
instruments such as llgatlng and ‘dividing 1nstruments in
which one or more staple—llke elements are first advanced
and then formed by the instrument, the ;nwention will be
illustratively described in its application to skin and

fascia type surgical staplers. Also, although the invention 2
is applicable to surgical staplers having other construc-
tions, the invention will be illustratively described in ¢

'its application to surgical staplers in which a staple
cartridge contalnlng a plurallty'of staples ‘and including
 staple advancing and forming elements is mounted in a
holder which includes the gas supply, the pneumatic actuator,
and control elements. In the particular embodiment shown
and described herein the staple cartridge is permanently
mounted in the holder. However, it will be understood
- that the cartridge could be removably mounted in the
holder if desired. The staple cartridge will be assumed



portion 22-and'barrel portion 24. Handle portion 22 is shaped to fit
easily into the hand as shown in Figure 2. Projecting fromhousing 20 in a
position easily reached by the thunb of the hand hol ding handle 22 is a
push button control 26. Ln use as shom in Figure=2,” staple cartridge 14 is
mounted in holder 12. Handle 22 is held in the hand with the thunb over
puih(_ button'Zéq h&‘{g:%ps;%er Is held so that the staple formng distal end
of gt apl e cart® iRRye cted aseshowndifr y.BCi § 40 sed. _
ooy ?éei_iéldsgpp%'l _ar#ﬁhéggoﬂﬁwar d.

Typical ly, thg.sWwddtdffang t staple cartri

H)altlrpldlle '2)2/"\'/\& I st‘hdnét I'so J@?ﬁ%ﬁ- dowtRaFaRF Antropératien bf

nost conveni ng:ﬁﬂil?e%rl e hfotms dnot pareNdOfthd Filds t hggg 14

close to or mmwﬁmgzt‘;ohgf apled, .push: ut_toénﬁééH ttion

momentarily gdepr gi_g’ | n yesponse, . a. s?gél gnig E9v Hhec @xtentcthiosght end
CSH35Y, o T et e TR XY CHougat. o

of. staple cartriage % : _ >
its final shape. In - -8- Figure 2, the stapler is.positioned to. provide

the next stapleig.ar ¢ t agl es 34,. 36,38 for closing skin wound 30.
The advanci ng and for B¥edand 12 eragbien i'n Figures 13-15.

At sthe start of a stapR8 §howmgmmm@a,sf@v§‘ut&15§§;§§g#§.§§sfao°'t g@fd-

G

~driver 40 i nconsttectadt $hlgee es.stapl e 427 ang _ _
2% LhHRcS LR MR s oeineipigs. ofmtmis: apl ¢ 42

stapl e formig il 44 a _ _ )
reiches anvi%@é@%hﬂﬁiﬁlﬁﬁ%hoim d214nd hetapietedrepdagal 13t apl e 42

es of wound..

R e e B RIS,
‘anvil 44 as shown Th Mgute-13498 tRals: Rermally nouritédyihosedetnd ¢ he
tissue i's 190 fihe dexyardectndipoetien b2 Hoe PWF % barrer 24 of
: - holder 12. As is described in greater dekail below o
hose 18 and portions of the mechanism instde'bérre1{24.a£
._?ot?table:about the longitudinal axis of barrel] 24 as .
1nd1c;te§ by the arrow 19 so that Stapleicartride 14 can
be rotated to any orientation relative to barrel 24
‘Holder 12 has an exterior shell or housing 20 (shdw; cut
away;tOja la;ge'extent in Figure 1), which includes handle
portion 22 gnd barrel_portion'24. 'Handle-portion 22 is
sha?ed ?o fit easily into the hahd-és'shéwn'inﬁFigure 2
i;::::t;ng from housing 20 in a position easily reached.by.'
contro:mzsff the hané_héldlng.handlc 22.is_; push hutton'.
y In use as shown in Figure 2, st e i
is mounted in holder 12. Handle 22 is heiglznc:;:r:::: H
with the thumb over push button 26. The stapler is held
s0 that the staple forming distal end of staple cartridge 14
.1s.over the wound or incision 30 to be closed. Typically
this will mean that the staple cartridge is pointing ’
downward. Handle 22 will then ‘also be ahgled doﬁnwardly
avay from barrel 24 as is most convenient for the user
With'thg distal énd of'staplé”cartridge 14 close to or.
touching the tissue 32 to be stapled, push button 26 is
homentarily depressed. In response, a staple is advanced
Fo the distal end of staple cartridge 14 and then inserted
into the tissue and formed into its final shape. In =



Re ning to Figure 1 and the general construction of stapler 10, inside
't andl e portion 22 of holder 12 is a container 50 of relatively |ow ,
ressure gas. The pressure .of the gas in container 50 during operatlon of
2 the stapler is typically less than 200 p.s.i.g. (13.9 bar), and :
'preferably in the range from abqutg 30 p.s.i.g. (2.07 bar) to about 100

p:s. (6.84 _bar sui tabl e no Ic gas an e used. Suitable = e
gases |EEFBHE RalGéGn&FéélﬁﬁdﬁﬁcRPﬁéﬁg écﬁ°aPE°H&§€o nexfom 25 - [
t enper agtapleeis. a tbwobEnataglepddd;asisgn3ssfolr alosingn skanor chl orinated
hydrocarboné gpch as Freon 152A (Freon is a Registered Trade Mark).

. Cont ai. n&PY 8penses the relatively | ow pressure gas t hrough stem 54,
“actuator 52; ‘The adwdncingcandefoxmingt of BZstapQ@ ipr&gﬁhtnkww10n stem

- 54. 5'”SLH§BLh r?géuQEshibdig bahiekh%4s%§g} BEe §' ctuator 60.

- Act uat or neunatlc Cé osed at its rear
end (oudrbvngatrphe aSFpgewe in A§“§9e|43at sttaplﬁoﬂmw@reﬂ& and a

S o s L8 Bapes BdrtPdhgk 3udbAgagell ?‘3??1* #2'and adfigncie i e 0 Pl gure
Saral) chovsrdnstapldl EAERdng, ARV Ih A8 BE £Be, Rstal epd ok ihene uni oh will
'be morecaaﬁaiagé.hew?enahtaplecml réaches as:vﬁnemratdl )stwwmlﬂrﬂ in
e Cro 1 0ON.S O ) e LT
- ?lgﬁt g?ﬂgfe iiéxﬁgeopoéygfhdgpd& oF" g}géﬁ 42 fg'r'f%lt} Lét| n Figure 3, .
plStOﬂ ﬁnelkipauennblbelByapéaﬂedntmespbc#dan @@ﬁp&ﬂ;&;h&ﬂaﬂ=0dblded :
- pol yethyl 6n8 9b th?gbtﬁﬁr m@iioﬁ' SEeﬁi‘iihfer %@1%@ i'o”%fen%% ot S“pp' red to

pneunatlc act uafl
X _ forms staple 42 around anvil 44 as shown in. Figure 15 so

. that the staple is fully formed and the tissue is
15 pulled and held together. to. close wound 30.
Returning to Figure 1 and the general construction
of stapler ‘10, inside the handle portion 22 of holder 12
. is a container 50 of relatively low pressure gas. The
pressure of the gas in container 50. quring operation of
20 the stapler is typically less than 200 p.s.i.g. (13. 9
- bar), and preferably in the range from about 30 p.s.i.g.
(2.07 bar) to about loo'p,s{i.g._(6.84 bar). Any
. suitable non-toxic gas an be used.- Suitable gases
include halogenated hydrocarbons whioh are gaseous at
room | -

25 temperature, e.g., fluorinated hydrocarbons éuch_as
Freon 12 or chlorinated hydroearbons such as Freon 152A
(Freon is a Registered Trade Merk).- Container 50
dispenses the relatively low preseure gas through stem
54, actuator 52, and conduit 56 when actuator 52 is

30 pressed down on stem 54. ' -

- Inside the rear of holder barrel 24 is a pneumatic
‘actuator 60. Actuator 60 includes a pneumatic_cylinder _
62;'which is closed at its rear end (out of sight in




~

condui t. 56 whi th admts the gas to cylinder 62 behind piston 64 to drive
pi st 64 forwardly in the cylinder. Piston 64 is connected to staple
dric/?r\ 40 in stapl€ cartridge 14 via nechanical |inkage 70, only partially
vistpl e in Figure 1 but which includes. conﬂnents 200, 210, aad 230 shown
in other flgures and described in detail bgllow. As is expl aiigd in nore

der\/ll bel ow, {a H gﬁ e 70 fat.ches the force available from
pnétinati c act ua% or 60 ) Rt tt%i fervard nend, sandl 2 pheumat{e

through the v t (b wisibbe sin okEgiife ngkebgprﬁkg%hgl e ?’a‘?ie of

~the available hﬂﬂtﬁ’mité y Y, nsiyuction and ®n of
“the Control I\/(Setch |sm ,_9 sul#%?q%%ﬁ jures)mopnted ﬁmspenser

actuator 52 i rmtalqn fin rey X irpd e @%Mm Kssion spring
100 whi ch %earbtma:uﬁnsm%iw ¥ B dé?i 53, and the bottom of actuator
52. Stem 54 igd %@% nor r]_’aal |y not depresse TRagPRS whsteh i hib gas
f1ows from cont a| ner 5% rﬁ’dﬁft@mdmxliﬁﬂmcsmri@ Brid fe v]végt or

are nornal |y $drcad aro ium:mryy WG d ssage
~actuator 52 ali%u?gt?%g%@‘ﬁ’gg‘%m%t on 26 IS noun?édq:d%%

pivot.ed about axi and
Figure 3) by spring 114. The end of Iever 110 opp05|te pi votal axis 112
‘contacts the rear end of .novabl e cam 120, shown in nore detail in Figures 9
anfd 10. Cam 120 i s mounted for reC|procaI sliding notion al ong the outer

®

-

®4hi: ch |s._

isydimad (to the right as viewed in - g

'side surface of cylinder-62 and is biased toward the rear by tension spring

»'122.  Cam 120 .can be noved forward by operation of push button 26, ‘and al so
moves forward with piston 64.as a result of cam<clip 124 which is forned
~around the side surface of cyli nder 62 and ~Wwhi.ch contacts the forward-
_surface of piston 64:at one end : :

»



,/&nd the rear surface of cam 120 at the other end.. Cam 120 oper ates on
iWoting cam fol l ower 130, also shown in nore detail in Figures 9 and 10.

and | ever 140. . When cam 120 no forward, as descri bed i nore det ai |

"f o1 ower~ 130 pivots about axis 132. Camfollower 130 is. bi ased agai nst
120 by the force of conpr es\s;l‘ggn spring 100 acting t,hrough act uat or 52

o e gt S SRR TR

bel ow, cam follower- 130 pivots_c¢ounter-cl ockvm se about axis 132. \Wen thus',w

pi vot exKkis 0 ferlinder 162. pi A5t ShowRor I SXAMBIE s c1RHBETUFEs 3axi s~142.

o

Lever phidl:ddiegy dppr é&ﬁaes&uaw s@%w@ufd ey PikdEH b2eByJgasked logv from -

contai'ner 50.t rou con ult 5671 ﬁ i nder 62_behi nd |%ton 64. The far

end ofo¥ ARk SPGd"Fo weiGAR 4IFPERS

I mpr ovsortiei et Beeisf s

O/ ovi ded to

pliedt toprie xmai::itc) sd:m'dommaenﬂlaw et the return

-32&??%%%%%%5%? frﬁa“a%ne A oSk SRl ol 1y

" provi mmm(ﬁﬁ)lm&pmnan.stoat ﬁékd:'oﬁwamﬂxammr‘bhescyhlnésp'onse to only.

 nonent ary oper at have to he. -
hel d down _thr oug %‘E&{;he s roébhﬂglcﬁ%ad tlon :{'ﬁe contr % ani,sm
provi GERRkE CArifAge bt via: mechanicads Jenkage &choa?axr atamaéflypush

. buttom%txﬂ@riﬁ Wéhr Buthwhahporifmg& hedup ékwﬂtbo?ger tha? Ibs
reqU| r (0] neum C S oKe n che canno egl n
unti | 23’( ad?‘gée%‘?r%%‘ﬁgr%ﬁ eaé?ifc‘iﬁﬁ) % a& ®he nor mal -

: sequerdaa:fl Gl o J orAsflshexpmau.mld mlm:msrdetalllhelomed in Figures

-'gegnagﬁpresse%ﬁ\gyffrﬁlgg re?gfgrkapg%ne ms%dr}"l#:néeg#;&#%gféhl VO golne\zlgrhﬁo _.

count &neymatide sa;cmmraﬁ()stglzhenﬁqrmet |rzﬁg§nre;1mmamﬁeu sttaplecam 120

and CEPiGidyd W%réﬁaﬁaﬁx%waﬂﬁgia ?Wfﬁrdis C&ﬁ‘i@é'@ﬁf&kg”@or' des down

drivi msurface_160 (see also

t.he i ncl,i ned port}
Fi gur &ake &!ﬂa‘pﬂ_(ﬁ J&ﬂ-ﬂlﬁl Pﬁﬁ/eP 1?391 §Vg"|}| € rRQﬁ‘HMWﬁge lergy .

' 'II. Construction and Normal Operat:.on
- of the Control Mech.am.sm

‘As shown, for example. in Flgure 3, dispenser

‘actuator 52 is normally held off the top of stem 54 by
compression spring 100 which bears against the top of
container 50 and the bottom of actuator 52. Stem 54 is

- therefore normally not depressed by actuator 52 and no gas

- flows from container 50. In addition, conduit 56 and
pneumatic actuator 60 are normally vented to the atmosphere
through the enlarged passageway in actuator 52 around

. stem 54._. :

, Push button 26 is mounted on lever_llo which is
pivoted about axis 112 and normally held outward (to the
right as viewed in Figure 3) by spring 114. The end of

 lever 110 opposite pivotal axis 112 contacts the rear end

~of movable cam 120, shown in more detail in Figures 9 and
10. cCam 120 is mounted for rec1procal slldzng motion

~ along the outer side surface of cylinder 62 and is biased

- toward the rear by tension spring 122. Cam 120 can be
moved forward by operation of push button 26, and also

' moves .forward with piston 64 as a result of cam clip 124
which is formed around the side surface of cylinder 62 and

¥
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stroke cam sutface 160 by cooperation of beveled |ead-in surfage 134 on ca'
follower 130 and raised rail 164 on cam 120. As camfollower 130 rides -

down inclined surface 162, it pivots counterclockw-Se around axis 132.

This i.n turn pIVOtS | ever 140 cl ockwi.se about axi's“142 and depresses

actuator 52. As actuator 52 is depresshh, it first conpresses spring 100,
t hereby contacting the top of stem 54 and closing off the vent passageway

areund the shith Hﬁ%ﬁ %?Hw rom cont al ner 5%1'5%19%3 5 étﬁa% an e

al | ows pressurlze r ug con urt 56 Into
cyl i nder 62ap@ thﬁtl&?@ ﬁ@ﬁﬁQQ9lﬁﬁ|Qﬁmc# %l%?Oﬁhﬁ4°thG§hQR§¢cw126 need

only be operated | Ongcgﬂpg_gi@ o?eﬁt;‘éé)rb!@ i\?ot hchﬁefbg.i'dwléin 130 which
it cooperat cam,clip 12 reve cam 1 fram& backvvard
S ha en driven

hough to shlew ERewE) i more ettt A
forward far fohbowert 230opliseits abortl a::fz.salazl i pcaﬁ4foAu.owlezs 130 nts cam

ol eaced noiabfa RURIREY Bah 420 B NP, Roro@ HePlapoReRRIbA0 000
fol | ower 13sprmng|hoesapanuathxpughLﬁntnatarvsa andelievex l4Q.coWhenyty,
pi.ston 64 caghl 19§SmbYe8P ¥R ’Eéﬁéﬁhqﬁérlhtmﬁﬁg‘élQa119%3f6%|0“5r

130 renmmins pivated counter-cl,oc vmse as ‘It ortion of

driving st rGR@ fatdeWerada0. pivons §%%¥T%¥P%W%ﬁ8 éﬁﬁ%%%dﬁz nues
uMil cam fwhéﬁv\enué%weteaes daie ﬂﬁarowad 30 dpivoﬂs ibw::e lapm sur f ace

100,20 shovy L 94! Snus TR Uil 2 PR {00 R ol 120
surface 160actmatort&2n eausla.a¢qmessﬁmzed6@asstshﬁmpm Exémure 7 (see. -
ur f ace 1occontalAst "o FAEDEATCd L o6 EhEs 6y SR, Ba i o
t hereby relBiSten 6f:uaThe far epd of diaxer s140 ckssgonnectesdh$a he flow of
sliding weight 150 whzch is prov1ded to 1mprove the balance
of the lnstrument and to slow down and qulet the return
-motion of lever 140 at the end of the pneumatlc stroke as
described in more detail below. ‘
‘The trlgger or control mechanlsm Just descrlbed
normally provides a complete pneumatac stroke of the =
apparatus in response to only momentary operat;on ‘'of push .
button 26. Push button 26 does not have to be held down
~ throughout the stroke. In addition, the control mechanism
provides only one pneumatic stroke in response to each
operation of push button 26 even though the push button
may be held down longer than is required to initiate a
- pneumatic stroke. An operating cycle cannot begin until
the preceding operating cycle has been completed. The
. normal sequence of operation of the control mechanism is
- illustrated in Fzgures 4-8 and will now be described in
~detail.- : :

- In Figure 4 push button 26 has been depressed by
the operator of the instrument. This pivots lever 110
counter-clockwise about axis 112 and initiates forward
motion of cam 120 and cam clip 124. As cam 120 moves
forward, cam follower 130 rides down the inclined .
‘portion 162 of driving stroke cam surface 160 (see also
Figures 9 and 10). Cam follower 130 is gquided into dr1v1ng




s fromcontainer 50. It also vents cylinder 62 through the passageway in
it uat or 52 around stem 54. Piston 64 therefore begins its return stroke
power-ed..by.return spri ngs 180 and 182, described bel ow. Thi s repositioning
3 of camfollower 130, |eéveér 14¥R and actuator 52 at the end of the
driving stroke i s slowed sonewhat by the effect of mass 150 on the notion
of | ever 140. Th| s tends to quiet_the nmechani smduring what woul d ot herw se-

be faiyly, abru | t t f -
D8 LY SO SURYRIE" B 0%hyP A A 48 o PUELRIILHC ety <L oke of
64 unsierfade 1&4Iunncamofoﬂdmner1kan aqﬂ]ﬁﬁlsedhnaiblﬂéﬂenn&30 bypasses

i Vi g 4 £6K° £8TLAN' EBI0MED. A (Y dduma6h ReTLhale st peg, 166 as

ares tooperation. Of ‘I'ead-Tn surtaces o ower 130
‘and ciitn pReots ccpuntever}ockwise: anound Axiseld2t ur Fhisr dke TR al so

Fi gurgfvﬁ%‘:ﬁvenéeié 149 L-Psc&%s@ AUt s PAPOKRA Quphaddeds2 has been

conpl and a parts of the aratys are bac in their initial
p05|t¢GH% E9B P2+ n Asgartugt °rT§gz%ﬂx§%é¥é§$§ actbr gy % %egin
_'SQOt rﬂﬂ@%ﬁ%ﬂﬂgthérebyl&obtﬂ@tihgttheﬂtﬁﬁeofostemtsenamarnwh buttonh :
. 26. . us 0 sa tiate the -
drivi k%ggfgﬁﬁ gﬁb%' Bgﬁd? ge[% sﬁ%‘%‘ﬁhﬁﬁgﬁﬁé #g%lﬂf except that
. cam mm«:mofoaptaaton $2r depressrs stemi 54 wb,z.{:hb@tltlanG is )
“‘rele S CRaHs ~ a cam]20'
[ opPffsidifed qlf oo F1blic £ Yol ute. %ﬁ??;ﬁ%ﬁ?%&ﬂ?% S Vhen

push %ﬂﬁ@dﬁ?- “ﬁ%rségsgﬁuéﬁﬂﬁ}ﬁtﬁ(ﬁﬁRﬂPI4FRPF%?Brﬂ nBFFGﬁnbﬁ4ban1120
'resumﬁmhﬁmlzé ﬁeéar amtyovet opeYdtad mﬁgteﬁeughomn n Figure 3.

_ ggtg: Irp%a,g% gér]rég%u to |t |n|t|al‘g&%ﬁtlen¢°g£%r% I_er can not
- with cam. c11p-124 to prevent cam 120" frcm movxng backward
. enough to allow the system to vent.
- In Fxgure 5 piston 64 has been drlven fbrward
far enough to contact the end of cam clip 124.- At this
point, cam 120 continues to move forward with piston 64,
and push button 26 can be released as shown. Gas continues
to flow into cylinder 62 because cam follower 130 continues
to depress - actuator 52 via lever 140.  Accordingly, piston 64
_'continues.tonove forward, moving with it cam 120. Cam
- follower 130 remains pivoted counter-clockwise as it
follows the flat portion of driving stroke cam surface 160. °
f This operation of the apparatus continues until
cam follower 130 reaches the rear end of driving stroke
- cam surface 160 as shown in Figure 6. Thereafter, further -
forward motion of cam 120 allows cam follower 130 to drop )
off the rear end of driving stroke cam surface 160 onto A
return stroke cam surfece 166 as:shbwn in Figure 7 (see
also Figures 9 and 10). When cam follower 130 drops onto
return stroke cam surface 166, cam follower 130 allows
lever 140 to pivot counter-clockw1se, ‘thereby releaszng
actuator 52. This releases. stem 54 and stops the flow of
gas from contaiﬁer 50. . It also vents cylinder 62 through
the passageway in actuator 52 around stem 54. Piston 64
therefore beglns its return stroke powered by return
springs 180 and 182, described below. This rep051t10ning

™~




~stapler perforns only one operating cycle in response to each oeperati-on zﬁéi;/
push button 26, regardl ess of how [ong. the push button is held down bey{q
the time required; to initiate an operating cycle as described above. Once
an operating. cycle has .been initiated, the stapler is prevented from

. begi nni ng anot her operating cycle. unt|I d&h button 26 has been rel eased
and the first operating cycle.is conplete. III Construction and

Cper ation OBfLPSmA?ﬁllOWEQh?.@OS m]_@%ea;dﬁid 0 g{ﬂ&ﬁogf S h qg,H Ung

mechani sm ena 0 i'nterrupt ng s

a stroke haefbthendriving istrekeorns |Sﬂk@t§¢)ﬁ@%@héhdbyp§hst eﬁfesft puﬁsh
but t.on 26 %aé?VISO”Bnd‘&henﬁo%l‘&! Wf‘&é}éﬂkﬂ?’f p:l'ﬁi% 10: %J(}
and 70 1S nmount on

. purpose (see, for exa ures

lever 110 th?hﬁﬁch?néﬁﬂeﬁH§1PG'&ﬁ&i Q%dt?ﬁh%?%ésﬁfbéaﬁﬁ#§ﬂﬂbﬁ@ﬂﬂﬂﬁa

opposi te r ambvémdnts 5gng§9eruue agﬁgfollomer 130 is on. driving stroke cam
surface 160. Near th§ end: of f|n I 170 qﬂbfo I mer 130 i ncl udes. a pro-

“trusion 138 positione §6n?h§Pﬁz n?QE§§QH$§qM§ﬁrUS|on
when push bshown 5 Fsgﬁresa.opamﬂm t‘hravels dbackwardpwethr plistprstédke,

- byt "also p S e f st p j
"push buttog&g%é?gegee?%Fﬁgéggglﬁ whi: e¥g§¥§3{#£§;§§%30 ?gm ?&&lﬁyé¥1lfo
count er - c| RYXRASSLS | d§1V1M B&roke fcam smyfacw 160 candr foldgws medammum -

surface 160gtFbKe ' €hit bYLERLE ms@n%sofa &régdw'&f dsép é?gttibﬂ @ of finger

"1 F gur o5 SOMTR SUFgageR.Loh pRd J6H ol S fohiover 30 M w th
Figure 12) ¢amil2@pdeespectivelyr,l pt d:hel lstdrtitef t the regurhe strdiee '
LVETLLon [age!¥Eareddf-aTol WBT OO P IS SRS CoBorhRTLanadeT 170

button 26 istrekeaseylinder 62 has been completely vented and all

 parts of the apparatus are back in their 1n1t1a1 positions
shown in Figure 3. The apparatus is accordlngly ready to
begin another operating cycle in response to another
operataon of push button 26. :

R U If push button 26 is held down longer than .
- necessary to 1n1t1ate the dravzng stroke of the apparatus,
the stapler performs normally except that cam 120 does not
complete its return motion until push button 26 is released.

This is because the end of lever 110 adjacent the rear of
cam 120 stops the return motion. of cam 120 before that
~motion is complete. When push button 26 is subsequently
released, the return motion of cam 120 resumes and cam 120
returns to its initial posztaon shown in Figure 3. Until
cam 120 has retnrned to its initial position, the stapler
can not began another operating cycle. Accordingly, the
stapler performs only one operating cycle in response to
each operation of push button 26, regardless of how long .
the push button is held down beyond the time required to
~initiate an operatlng cycle as described above. Once an
operat;ng cycle has been znltaated, the stapler is prevented

~ from beglnnlng another operatzng cycle until push button 26

has been released and the flrst operating cycle is complete.



s operated again during the staple driving stroke, the end of finger

O fiTnty-contacts protrusion 138, thereby forcing camfollower 130 to
junp over rail 164 as shown in FHHLre 12 fromdriving stroke cam surface
160 to return stroke cam surface 166. This i mediately stops the staple

driving stroke by releasing actuat 52.and venting cylinder 62. Wth cam. -
foll owgr 13855 8F #’?FSE @@E?Fi& 66, thegap%ar atus perforitg as
much of ‘a return turn the apparatus to its x
initial conditi of  harmed by

t hus aborting aaglt M%?@ﬁ% 3f"idtf1? 8§ﬁ%?8 use lgad%rn sinply by
re-depnablesi thepusierbhia dntarrupt Lostaplet dua vimg me on of the

Stapl v d%ﬂ é?ﬁﬂ t apke are best -
seen :iﬁf tgﬁ?g? St&? %%1 l+ Tltr]gltégt ggt geck)’p ratl ng s qaéennce of this

. mechaReSARAASPERafiom, of push bRtEeR 2Qanb any: fime SWrENG (& ng mechani sm.
i ncl ugesvingokerake W?:L@tcﬁf' 641.e fpwatﬂzsu tizposef Iﬁe‘é ONEdyd. At its.

f d o Kk tively
des! gRSFBALE e?ﬁ@%&ﬁiﬁa@q@é gRE et 26585° gﬁ&n%ef%%icLeiPefh'eXE Yo
surfaﬂ:evernnodso hiatr 4it Eortends 2&6 atpoimteon m:het Isdideoloef caimm surface
porti ?gi%gggggigop &%rsi f&%?f'tféli Sgéo aﬂeiﬂ | ¥ant © the central axis ~

-of cy cent o portlon eac é e cam surface includes a=
. seconﬁobbﬁweﬁnl,?OBanODhmg(ﬂ cam. sunfacer 1§9s pdeamns 208 are

~syncl tRal ehll- 8f £iRger19%0 m@.@dnﬂ ﬁﬂé@é‘ihf o! gn&&ﬁd@sr %&iz‘i‘ﬁ- of the rear

Che’ abFusien ;,gg;’pg;lmn i dhat tae (RRAUPE FIRGRE: 198 1o a four bar
: | i nkagtssesi that pgogrusion WH&! iPiusk hwttone26UiBefizét operated
' to 1n1t1ate a staple dr1v1ng stroke, but also posztloned '
so that the end of finger 170 hlts the protrus:on if push
.'button 26 is operated agaln while cam follower 130 is
plvoted counter-clockwise, i.e., vhile cam follower 130 is
~ oh driving stroke cam surface 160.' The relative positions -
- of protruslon 138 and the end of finger 170 while cam
follower 130 is on dr1v1ng stroke cam surface 160 are
shown in Figures 5 and 6, and especlally in Figure 11,
which (together w1th Fzgure 12) is intended partlcularly
to illustrate this feature of the invention.
Protruslon 138 and finger 170 are deszgned so
that finger 170 will: pass over protruszon 138 w1thout
dlsturblng cam follower 130 when push button 26 is released
after a staple driving stroke has been 1n1t1ated. If, ' .
however, push button 26 is operated again durlng the : -®
staple driving stroke, the end of finger 170 firmly contacts T
protrusion 138, thereby forclng cam follower 130 to jump :
over rail 164 as shown in Flgure 12 from drlvang stroke
canm surface 160 to return stroke cam surface 166. This
"1mmed1ately stops the staple driving stroke by releasing
-actuator 52 ‘and venting cy11nder 62. With cam follower 130
on return stroke cam surface 166, the apparatns ‘perfoxms
as much of a return stroke as is regulred to return the
apparatus to its initial condition. In most instances,

@r a staple dri vi ng'st'roke has been initiated. 1f, however, push button




at their adjacent ends by hinge or pin connectlons 222, 224, 226, and 228
(e.g., the adjacent ends of bars 212 and 214 are J0|ned by hinge or pin
connection 222; the adjacent ends of bars 214 and 216 are joined by hinge
or pin connection 224; and so on arouddﬂ i nkage 210). Bars 212 and 214 are
bot h of the sane Iength and bars 216 and 218 are al so bot'’h of the sane

| @pgt h, vhich may be the sanme as or sonewhat different fromthe | ength of .
bars 212 anthel4pparatuxals arofharmedoby thus?aBortinigead stapie udi nal |y

relative to el Se p ahls I -
Central axi SEAPIRS oK Snd O (o RS dipg”hERIREibRIY By Tdickids:
~.and 228 aresnnsepmshnbn;tqnmﬁ&udunally rel ative to cylinder 62. Attached
to pin 226 is a push rod 230 (see, also, Figure 3). Push rod 230 is
slidably mounted rel ative to cyllnder 62 so that it can reciprocate _
parallel to the axVs Op‘irﬁﬂﬂﬁ#l .and @pe 6ratden in Figure 3, main return

- spring 180 is a conpre&&igs : BotimetBleRd rear end of push rod
T anti8a e ane: hor Hethils of nﬁg%reﬁégagﬁ 150, BB R A ek
. push.rod 23Geend1nhixbmmnswizﬂl5;umhréhpalSonzﬁAusftathomhecbpethtinqush
he roar cngbiitote 9D dlinirdn) | Re?olBi e H%IES LGP0 2 D0
210, push rsuamp@e.armeramie;ﬂn@.nsmacbaansmnamlé&%emrwﬁy o
_Cy| indrical poaftedddnb e ard FherEgse ofngﬁton%me X0 iggrotatably
Nose. port ! %%%%%'apziég%%Qfee “%i&a&hae PoFYBRE LI R CaR SuERACeS,,
. portio 0 +F ge
250 is ret araepecmlvaeIdeié&gnawwmyathengeheﬂauwa-ecﬂetendenﬁmts p20252
-and 204. -Each of these cam surfaces includes a first '
- portion 206 at the end of the yoke. Cam surface portions 206
are preferably substantzally perpendlcular ‘to the central
axis of cylinder 62. Adjacent to portions 206, each yoke'r
cam surface 1ncludes a second portion 208 in the cleft of '
 yoke 200. Cam surface portlons 208 are syncllnal (i.e.,
“inclined toward one another in the direction of the rear -
of yoke 200), and each portzon 208 preferably fbrms an
_obtuse angle with the adjacent portion 206. _
o Mounted forwardly of cylinder 62 is a four bar
linkage designated generally by the reference number 210.
- Four bar llnkage 210 1nc1udes bars 212, 214, 216, and 218_
which are joined at their adjacent ends by hinge or pin

Four bar |inkage 210 includes bars 212, 214, 216, and 218 which are JOlne<z§§D

p | connections 222, 224, 226, and 228 (e.qg., the adjacent
_— ends of bars'212 and 214 are joined by hinge or pin
'+ connection 222; the adjacent ends of bars 214 and 216 are

joined by h;nge or pin connectzon 224; and so on around
linkage 210). Bars 212 and 214 are both of the same

length ‘and bars 216 and 218 are also both of the same -
length, ‘which may be the same as or somewhat different .

from the length of bars 212 and 214. The 1ocatlon of
rearmost pin 222 is fixed longltudlnally relative to

'cyllnder 62 (see also Flgure 3), preferably in line with

‘the central axis of cylinder 62 and yoke 200. The remaining



age 250 and inwardly extending portions 28 on barrel.24. Pin 222 is

D
ed | ongi tudinally by being nmounted in a rear portion of .cage 250.. The
Apear..portion..of cage 250 al so includes two |ongitudinally extending slots

“.254 t hrough-which the portions of four bar |inkage 210, adj acent ‘pi ns 224
and 228 extend outward, at |east en the stapler is init$ initial
condition (see Figure 13) The forward portions of yoke 200 extend

longitudinally into slots 254- d four bar |inkage 210 _to contacty that \_d
| i nkRERS28dsce2BedaPR dBaArendESR QR BAYS 991 U4gangddYand t herefore

~push fe;daﬁ;we £eu mﬁhdlgrnlsgge 210 yoke 200, and piston.64 all rotate with-
staple cartridg 0se .18. 14 nder and.t ntrol mechani sm da
‘not rotate. h‘gté?'ﬁﬁPg aﬁ”f’h&g r%'féd W?hggf)agﬁg Seartri dge 14 at

- any ralsoj) cfibgupei 8)t at Pushr elost mse ucs téhda%whyrniennh&dt relahisrent us.

- -In t | o] 0 0 Fi gure 13
(1o o SyLifbet RS ELORnAL S il Bebiipdodte BEDATIET YalbRe | o) "

' .returﬁﬁ%ﬁ)r¢ﬁg¢l§mﬁ§¥d§2pusﬂsr b&SZS(FQinX% Figuresd, pwain on (see al so. .

Fi gurfetirn $p fngoﬂ8§39.s ac Compreysien ﬁ’éﬁuoﬁﬂﬁé&sbte@:e@if ticons of

four har 1linkKa cent S 224 ang 228 t rear ese portions

of theR® kfFahaFRE @ a§&ﬁe§8\§c% o3RG, & YR ?ﬂ%bBPt P&n 6 of yoke
: ,_clzgrzn scade 250 Zﬁscfﬂléedt beielwy pmmwtmtlﬁmwpﬁﬁngr &ra:z @tgrgnzprl n.gv _
i oriiier Xolp UERi b Boritg Bhutithd Hiriodh LHE ERaR R D1T -

li nkpRrskznd 2230 endhthebiomm%ussmfa@l ofVpistens6éri z8hegas is - .

admi t4 éﬂi%&“@fr ﬁg Ebat 2306 n@l‘ﬁ%é ‘H"’ﬁéﬂg@ﬁ%?feeﬁpg@eﬁ driving

stroke egins., purin I‘IVI ng str orward “noti on of

. Pi st JRLBL 3 WAFIRT(E Fi ﬂﬁt & c¥eap end ofc nechanical |
i nkmpmldndimyMe]_ﬁOBtaimer wmﬁzw and push rod 230. Thi.s,

. mechani cal . ‘Four bar . -linkage 210, push rod 230, and return
spring 180 are all mounted in a generally cylzndrzcal
cage 250 best'seen in Figures 1 and 3. Cage 250 is rotatably
mounted 1n barrel 24 concentric w1th the long1tnd1nal axis
of cylinder 62. Nose portlon 18 of barrel 24 is fixed on
the forward end of cage 250. Cage 250 is retained in
barrel 24 by cooperatlcn of outwardly extending lips 252
on cage 250 and 1nward1y extendlng portions 28 on barrel 24.
- Pin 222 is flxed,longltudlnally by being mpun;ed_ln a rear

- portion of cage 250. The rear portion of cage 250 also
includes two longitudinally extending slots 254 through
which the portions of four bar linkage 210 adjacent pins 224
‘and 228 extend outward,. at least when the stapler is in
its initial condition (see Figure 13).. The.forward portions
of yoke 200 extend longitudinally into slots 254 behind -

- four bar linkage 210 to contact that linkage as described
in detail below. Accordingly, cage'250 and therefore push
rod 230, four bar llnkage 210, yoke 200, and piston 64 all
rotate w1th staple cartridge 14 and nose 18. Cylinder 62

" and the control. mechanism do not rotate._ The stapler can

~ thus be operated with staple cartrldge 14 at any rotational

orientation relative to the,remelnder of the apparatus. 3




| i nkage has'ess‘entially two nodes of operation with signifi- cantly

di fferent mechani cal advantage characteristics.

During the first Portion of

the staple driving stroke when the staple is being .advanced fromthe

-di r&Ction substantially Parallel

initial

Position shown inm Figure 13 to tt]el

staple form ng Position shown in

Figure 14, the end portions 206 of yoke cam surfaces 202 and 204 push on
the portions of four bar |inkage 210 adjacent pins 224 and 228 in a

to the direction of notion of piston 64.

Accordingly, during tH % the timitidl t deng i trake four, bar
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yoke 200
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Piston 64 moves forward and the staple driving stroke '

During the first pdrtion of the staple driving

- stroke wi j ;
e when the staple is ‘being advanced from the initial

position i ]
chown 10 :i“.”’n n Figure 13 to the staple forming position
surfaces 2 S end portions 206 of yoke cam

® 202 and 204 push on' the portions of four bar

of o b _ _
larp::t?n 64, push rod 230 moves forward a substantiall
ger increment. as 3 concomit_ant of this amplificatiZn |

. . : _
e::;:: aple.ecli_ to push rod 230 as compareq tq the force
ed by biston 64. The output foréé of foui' bar |

linka is, ' |
| ge 210 is, however, sufficient to overcome the return

(



shlinward on four bar |inkage pin connections 224 and 228. This ,

Je-1i ke action of yoke 200 on four bar |inkage 210 substantially

fies the force of piston 64 as applied to push-rod 230. Accordingly,
icient force is applied tqggush rod 230 to supply the relatively large
force required to form-stapl e around anvil 44, as well .as to continue to
over come the return springiforce. This anpllflcatlon of forceis - . -
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pins 224 and 228. Accord;ngly, as- piston 64 and yoke 200
advance, inclined yoke cam surfaces 208 act as wedges to
push inward on four bar linkage pin connections 224 and
228. This wedge-llke action of yoke 200 on four bar -

',11nkage 210 substant;ally amplifies the force of piston 64
as applied to push rod 230. Accordingly, su£f1c1ent force
is applied to push rod 230 tolsupply the relatively large
force required to form staple 42 around anvil 44, as well
as to continue to oVercome-the.return'spring_force. This
amplification of force is accompanied by a reduction in
motion. - Thus during this portion of the staple driving
stroke, each increment of motion of piston 64 produces a

' substantially smaller increment of motion of push rod 230
‘and staple'driver_40. It should also be noted that during
this second portion of the staple driving stroke secondary
return spring 182 is gradually compressed. '

After completlon of the staple driving stroke
when cylinder 62_beglns to be vented, secondary return
spring 182 pushes piston 64 back to initiate the 'spring
powered return stroke of the apparatus. The initial
backward thrust on piston 64 provided by return spring 182
relleves the wedglng or pinching effect of cam surfaces 208
on four bar linkage 210.  This facilitates movement of the
portions of four bar linkage 210 adjacent pins 224 and 228

“



Figure 16. The force required to advance and.then forma staple is
typically represented as a function of staple driver displacenent by the
‘curve |abelled "force required” .in Figyce 16: As shown by this curve, the
force required to ddvance the stéaple t&% he staple form ng position (the
portion of the staple driving stroke | abelled "advance staple" in Figure
16). is relatively low. The force required to formthe staple, however, is

rel atively hi.gh.e ThiLs i ' [0 epgt [ [ARVART: r | ed
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. _ illustrated in Figure 16. o - B _
| The force required to advance and then form a’
staple is typically represented as a'fﬁnction of staple-'
~ driver di5p1a¢ement by the curve'labelled "force réquired“ |
~ in Figure 16. * As shown by this curve, the force required
to advance the staple to the staple forming position (the
portion of the staple driving stroke labelled “advance
staple"-in_Figure-IG)'is-relatively-low. The force required
~ to form thefstaple, however, is relatively high. This is
the portion of the staple driving stroke labelled "form
~ staple" in Figure 16. o - | |

its gas supply. These features of the stapler are further illustrated in (gi/

_ ~ * The force available from the mechanical linkage
~ in the stapler of this invention is typically represented
* by the curve labelled "force available" in Figure 16.
- . This force closely matches the force required to advance
'~ and then form the staple during the various portions of
the staple driving stroke. In particular, throughout the
- staple driving stroke the force available is always at
. least equal to but not substantially greater than the
force required. This variable available force is produced
by the mechanical linkage from a substantially constant
fbrée'exeite&_by-piston 64 throughout its driving stroke,
This mechanical linkage has a first relatively low and
preferably substantially constant value of mechanical ,
. advantage during the first or staple advancing portion of



neumati ¢ energy expended during each increnental advance of. piston 64
n by the expression PdV, where P is the pressure of the gas supplied
gas-supply 50 and dV is the corresponding increnental change in the
-vot-une encl osed by cylinder 6 nd piston 64) is approximately equal to the
-mechani cal work performed dur¥g the corre- sponding increnental advance of
staple driver 40 (given by .the expression Fdx, where F is the force
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- neet XI mumr torce require ssure gas-were used, this
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requiyedt ithdd el %&P&tﬁewl a;Pdve'akw reqmaswn ot oarvainabmer ve of force
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enor &P e 5y mc?aﬁréié%giﬁti%%a&r SU) 18 P Se RSkl Phe Thapter
of traqumwmm me‘cmmbﬂ% wbrk performed during the corre- .
' sponding mcremental advance of staple driver 40 (given by
the express1on Fdx, " where F is the force requlred to
advance staple driver 40 and dx is the correspondmg _
' mcremental advance of the. staple dr:.ver) Accordlngly, _
substant:.ally all of the pneumat:.c energy expended in each
_ stroke is converted to required mechanical work, and the
available pnemnat:.c energy is- us.ed very ef_f::.c:.ently.
. By way of contrast, if a direct pneumatic drive-
were used to advance staple driver 40, the pneumatic
. actuator would have to be sized to provide the inaximum
~ required force ‘throughout its entire ‘stroke in order to
meet that maximum force reqtu.rement. If low pressure gas
were used, this would necessitate a pneumat;.c ‘actuator of .
much larger diameter than is required in the stapler of
this invention. In addition, the curve of force available : .
for such a stapler would be represented by the broken line '
in Figure 16, and an amount of pneumat:.c energy proportz.onal'
to the area between this line and the curve 1abe11ed
“force available" would be wasted (as compared to the .
stapler of this invention) durmg each staple dr:.v:.ng _
. stroke. Similarly, if an indirect drive with a constant
value of mechanlcal advantage were used to make poss:Lble
 the use of a - -smaller- d:l.ameter pneumat:.c actuator, the
pneumat:.c actuator would-have to be made much longer than




produci ng the relatively large forces required to formone or noré staples
with a relatively small pneumatic actuator supplied with relatively |ow: HY
pressure gas;-while at the sane tine naking efficient use.of the gas
(supply Al t hough. the foll owing-paranmeters nmay vary-for different types of
tyuments and are specified here for purposes of illustra- tion only, the
s ressure is ypically as nentlonsq above, the piston area is typlcally
| ess than 2 square inches (12.9 3q%*€M (preferably in_the rang& from.
1E§quar e i n'éhe(BIQSPBtGaSt!a‘ét%'rrﬁﬂd Fhie SN (ARANE0f RDBUBAZACS| 5
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remai ni ng p&HPB liedi witheredativelyxdow ms;rumec@r iviablenat: fhepossibl e -
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made of plastic.
Ctapler | s Eher EbLboying) Garamsters: maY SO SR é#’ $3E; FEPEBSPEned 1o
keep it steinstrumentslandsameeé peCifisd ere i for pukrposes sofglidlustyiasal
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“enbodi nent , angecothelpbsten azegr dsi dapidally\dkessrihanr2 square neans
et (RO LEL LSR5 A MOEUERAAETY A A MR SO, BT
_threshold | gyeare ingh f%f%sh@| -$es@t ¢m)), and the’ stroke of the "
piston is typlcally less than 2 times the displacement of
the staple (preferably in. the range from 1 to 2 tlmes the r
- staple dlsplacement). ' o : ' '
v. Other Features .
 as will be apparent from the fore901ng, the
'stapler of this 1nventeon can be readlly manufactured as a
'relat;vely low cost dlsposable item because of the use of"
relatively low pressure gas. Thus container 50 and

cylinder 62 can be of relatlvely thin lzghtwerght metal

such as aluminum. Most of the remaining parts (with the

obvious except;on of the springs and the possible exception

of a few relat;vely high stress elements such as push

rod 230 which may be metal) can be made of plastic. As a
| dispbsable item, the stapler is preferably sold in a

- sterile condition in packaging designed to keep it sterile

= until it is used. The stapler'is used in a single surgical
procedure and then discarded. The user thereby avoids all
labor and expense assoczated w1th clean;ng and sterilizing e
the instrument. S . :

In a preferred embod;ment, gas contalner S0 is
provzded with over-pressure relref means. for automatically
‘releasing the’ pneumat;c fluid from container 50 in the
event .that the pressure of the pneumat;c fluid exceeds a
predetermined threshold level. - This threshold level is




o'n to be bel ow the pressure at which container 50 woul d burst or
. edp{dde. The instrument is thereby made safer, especially when di sp'osed of
_'u ..... hi.gh tenperatures (e.g., by inci nerat|on) Al-though .any of a wi de
vari ety of over-pressure reI i ef nmeans stch -as "pressur® relref~valves' can be
‘used, a particularly preferrgﬂpressure relief nmeans i-s ill{ustrated in
Figures 17. and 18 and described in: detail below. As shown in Figures 17 and
18, container 50 is made with a bottomwall portion 280 which is cunved '
i Nwarshgsdn €0  bé bEebuw) the bressemecat Wirigier¢qtainet 50nt ai ner -bottom |

nsertouh ek FrieRpipaben. it dnstrihedl 15" Plogely BaBRL ") "H o

290 isafariec edpecimllyi uhenhdabposedubﬁ axsmmglmghruenpenetgmsnger t han
. cont anply | um num_ '
di skagé&? %%ﬁégﬁeggeg?g cent rE‘?rt | oné)g‘g%&?f 839:"%%380 is partly.

punclf MIWWQSEQ%%QQ peARs such: r?(ﬁ cﬁﬁ%ﬁsﬁiﬁetﬁﬁlﬁﬁﬁne of disk 290 -
S0 t Rpdlvés. redtie teseay ah aeeaeele:u éixé@ nbBéssurRot tom 280. The
end of hed out,.pog .S ,sha rti n 292 is

SccoR LAt Heans 18 i SEEREais iR B iurss 12} ﬁ #888005 The end of

pi ercdesd?ﬁbe&)rimldqtdm:sbembwr.ouch concave' cont ai ner ‘bott om 280. However, *

if the.pressur [%égﬂﬁa%ﬂef%agﬁggcggew&%ss%&%ﬁégt ﬁocggt ai ner 50. 'S |

desi gned so tha normal— gas p’ressure I'n e cont ai ner a

caus @ads Wit lmttem vadli poasionn26s \Hiud:f( iis curved inwexddst or

becong @V Rond@¢&y eiROtha! BehtEe, eX e 9re 'focaﬁi:hiﬁb%&) is thus
forc into contact. wth piercer. 292, and b,ecau cer. 292 Is relatively
shar %%ﬁ%& HPBHB B o (DAEIBBAZAN BOKTIOR RF GLEE 29980, pi er cer 297

pi ermmmmlizerh@mtﬁmﬁﬁacet begr eh;ea-jﬂ mmyﬁi&hgﬂﬁsnmmt ainer 50 to
o BRE SN 28 fhef SIMCEBSE, PR seETHll 207 e
made of a material which is substantially harder and '
_stronger than conta:.ner bottom 280. ' For example, if
container bottom 280 :.s alum.num, dz.sk 290 may be iron or
steel. o . o . |
A central portion 292 of dlsk 290 is partly
punched out and bent substantlally perpend:.cular to the
plane of disk 290 so that it points toward the concave .
"portion of container bottom 280. The end of punched out
portion 292 is sharply pointed. Pomon 292 is accordingly
referred to for convem.ence herein as piercer 292.
: The end of pJ.ercer 292 normally does not touch
concave container bottom 280. However, :.f ‘the pressure in

container 50 becomes excesss:.vely h:Lgh, conta:.ner 50 is .
designed so that the: h:.gher than normal gas pressure in Ly
the container causes container bottom 280 to deform outward T s

(i.e., to flatten out or beconme convex) before contalner 50
explodes. COntalner bottom 280 is thus forced into contact
with piercer 292, and because piercer 292 is relatlvely
sharp and both stronger and harder than container bottom 280,
piercer 292 pierces contalner bottom 280, therehy allow1ng
the gas in container 50 to escape harmlessly. _

Many . other’ arrangements of. plerc1ng element 292
are possible. For example, Piercing element 292 could be
a separate element mounted on disk 290 by welding, soleerlng;



a separate el.ement nounted on disk 290 by wel ding, soldering, * or the - (g@;)
~lI'tke.” Piercing el enent 292 could alternatively be nounted on a structure ;
as a strap, harness, or cage attached to the sides of container 50.
i?thbugh t he stapl er of this i nvention i preferably conpletely
dMsposabl e, the hotder could alternativ be nmadé as a pernmanent
instrunent having a repl aceabl e gas_supply and accepting di sposabl e staple

cartridges. b ekl lbﬁeundﬁiéfr@iﬁgt e2lemene mae&euna hat@&haltnvbfi .
|IIustrat|ve of the inven &éneed not have the

‘particul ar o?@r&PP“58HfP§uPaP 5H°§H6ﬁnsgﬁh E@s@r?% £ReSFut Ofay have
“any ot her sheagecamtenhedttbOthbhsiﬂesrofnc&ﬁt&iﬂb@né@d application. Also,
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to the stapleaie555533905|t|on and a relatlvely hi gh force being' required
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_the staple to form posSi |on
and described herein, but may have any other shape =

convenient for the user in any intended application.
- Also, although the stapler shown and described herein is
15 intended. for stapling skin and fascia, the stapler could
be designed for other. surglcal procedures such as
-ligating and dividing._-_.: '



|red durlngformng of the staple. 15 2. Appar.at us_ as
“c\ai y lit“ lﬂllt the work performed by the pneunatic pressure
: app |ed t iston d g each increnent of notion of the
piston is at east equal to but not substantially greater than the work

required to cause the a5500|atgd 20 increnental advance or’increnental

form ng of the staple. . 3. Aggeiiﬁys as clainmed in-claim1l1 or 2, wherein __
t he nmechani ca d _ h f a first et
value i3 a sci8fghd %?? bilgad prap1ifl, abpaRdRas I0eTRARET 0 1S S
stapl e aspaebmaaﬁc|pﬁByOOOnpﬂeaeS&noleOﬁnnngrofO:hedmaqaiagl@ about to '

_ begin. étag%eAEBaﬁaE'ﬁiﬁl caFB? TR pBettibi andl thenERiRlifg! theTeChan cal

advant age e Imec as a first substantlally const ant

val 8e dﬁﬁﬂﬁgeadﬁaﬁeéaéﬁvﬁﬂg éewsﬁgﬁps bgdng §688469§u$§taﬁﬁiﬂq%/chfferent
but subﬁhenbta*:u eenshanhtaphuefdwmq beenﬁbnohnaha staple. 5.

t Wh h | at t :
Nlancer ahatigelyl Raob! ShrBe he thAc FERRLERD FoLTARRL S0 ATRRIE ‘compr | ses: a
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the sta rve oSi e secon nge connectlon |xe a point on

an &Qnsfrqmoagaubntantig lyungas&enme@prss proxided by tthe translatlonal -

axi-s. a%&épggsﬂbhvthroﬁgﬁohﬂ'&Qsaaéi¥Qngf%%&bheh%mﬁﬁ connections R
on _opposi es’ o e axis through the first and

respectlve spac '
- second ﬁPﬁ@éigﬁﬁHeéPWoﬁchﬁnHeS&ﬁFﬁéaﬁgréBHné@FeédFG“Fﬁe°Ehé@ﬁat|c pi ston’
and havgeaiiereb ¢he seapled Forming' poeition addpatie telatdselaiing on the

third apdofodbtae kg5 kea 48R3R5" kBRshg B Rnk"gebyid and fourth hinge
15 2. Apparatus as c1a1med in claim 1 wherein the work -

performed by the pneumatzc pressure applied to the
pneumatic piston during_each increment of motion of the -
pistbn is'at least equal to but not'substantially .
. greater than the work required to cause the associated
20 incremental advance or incremental forming of the
staple. _ _
3. Apparatus as claimed in ¢laim 1 or 2, wherein the
mechanical advantage of the mechanical linkage changes
from a first value'to_a second substantially different .
25 valﬁe when advance of the staple is substantially
- complete and forming of the staple is about to begin.
4.  Apparatus as claimed in claim 1 or 2, wherein the
mechanical advantage of the mechanical linkage has a
first substantially constant value during advance of the
30 staple and a second substantially different but
substantlally constant value during forming of the
staple.

"



connections substantially parallel to the translatlon apl e
driver *during a first portion of the driving stroke ﬂg"mrnu |ston
correspondlng to the advance of the stgglgfand to push*t uhlm an -

fqﬁgth hi nge connections toward one-an r during the renai nder of the

drl\/ i ng stroke of the pneumat.i c plston corresponding to form ng the staple.

Apparatus. as clainmed in clai-m-5-wherein each of the first and

séeénd cam sfd ace ApPPAMAtER AR ¢laimedsin petaimnl s Mheegin cthe
per pendi cul arsﬂ%f%%ii@é?'ﬂéﬁﬁt@é'& Oéd‘f]%?céti’tm efSkh Ve f@i?]ﬂpér ating

on the associ at |nge connect1.on durlgf t first portion of the driving

stroke of theAnthathegein pkhe jrechanicak $R% 1 i dnfopr chars
inclined rel dineade mpémtiﬁrﬁ|ﬂaﬁ]8¢amﬁepfu§ hg,ét apl e driver for

he ot o ortrans a%aiefm" i f e SeH, ‘O cStanln HELTE e REelie P ortace

: fornin? an(ﬂtirstzhtﬁgevuﬁﬁnédtianhattanhédren thutstup%éSGrYVer, an ded'a -
Ty ons hSTee | fedda AREE Eohiadtiln 1yl &L Ta LRSLS, 3o PURY o 2
the nmanual Iy @tﬁdﬂl@mwhﬁ tusmd:irmqetycmmh@om eapableditte theton to
perform one acﬂr%eturn Stx?éofeé’% £ OPhé a&t ”&H@éf‘g Qné”tf{if‘é’ §ﬁ oke

foll oned b returns e pirstonto 1ts 1nit
“coaditiont08. our%ﬂa#tes%sc%n%%#m w\sm%iﬂerlymgﬁ %eoma%te |

responsive t g{HeE £ thé NPk B | OrSigh henheepipst Yardd sé’@@ﬁ@bhfnﬁémt rol
“includes. neans for preventi % anot her cycha(ﬁEﬁieratlon from begi nni ng

until the marRRAMSEHRRSH 1T LA JReINR " eRRREGEed ko (the PreRmatiCeding
cycle of operpiswnfumuewﬁ.mg)nﬁﬂsedan& secoda)p@amtmrﬁaceé afoed in cl a| m

_77 or 8 “hereréhpectively operating on the third and fourth hinge
- 15 'connections to push the third and fourth ‘hinge
'.connections substantially parallel to the translational
axis of the staple driver during a first portion of the
driving stroke of the pneumatic piston correspond1ng to
_ ‘the advanqe of the staple and to_push the third and
- 20 fourth hinge connecridns.toward_oné'another during the
" remainder of the_driving stroke of the pneumatic_piston
corresponding to forming the staple.
6. = Apparatus as claimed in claim 5, wherein each of
the first and second cam surfaces comprises a first
25 - portion substantially perpendicular to the translational
axis of the staple driver for operating on the '
associated hinge connection during the first portion of
the driving stroke of the pneumatic piston and an
_ adjacent second portion which is inclined relative to
30 the translational axis of the staple driver for
- operating on the associated hinge cohnection during the
h second portion of the stroke of the pneumatic piston,
the second port1on of each cam surface forming an obtuse
angle with the adjacent f1rst portion. '
5 7. . Apparatus as claimed in any precedxng claim,

i



ans nsive to operation of the manually operable

ohﬂr I ng stroke of the pneumatic piston for interrupting
I‘IVI y!ﬁ"ﬂgﬁl m ﬁsing tRepiston to return to its initial
c ition. atus a aimed in claim?7, 8 or 9, wherein the
means. responsive to nonentary operation of the manually operable control
conprises: a novable cam nenber nounted so that it normally travels with
the pneuaa&ua ah&&enianszbﬂaea a i@hulaMyswéltebqweWtfmq 25 and a
return séro e camsurface; % cam fol |l ower faor nornaﬁéﬁﬁngaglng the driving
st r oke3® n?EﬁPFaEﬁsHBPFﬁﬁea 8r ROPSRtar ¥ RPESRLINR B i'c piston and the

returnmahual&ycepesabneceodtrbngfarrFbumalayrehasdhgthmeplston and for I _
causin | S a | mat i.c i ston ony '
whiTo EnBUBHETL! B1BERR°NbC pef r8Fa"BRe Ehnbl ekl vty PRI G BLSLOM OTY
inBti aopegatﬁonomnciudliagrrsvdbli&iosrrsuntor fod lowed byeacam fol | over

| engagefew?ndégfbﬂﬂ whig er@%ﬁ‘{ﬁﬂr ftﬁ%p 8tbRSRENIEst 0 operation of the

‘manual Ty operabl e .contro aratus as clained in claim 10,
wher ei AidikdakegABAitdpBnsi ve to nonentary operation of the manually

oper abgg conAppbrauushas eqsnfneaean &naaaa 791 wheeedp! ithe Wean®vabl e cam
nmenber fron1r§tur 8 its initial i&ﬁ:on durln the return stroke
of the"BRRARELYE 5Ps 8ﬂePFaFHe°P§ﬁa§FP? 8% is still being - «

7opbﬁateperabbeebpnpreleﬂncﬂgdeslmeahsoioufpmevehtdngy@hbtmbroperat|on untile - -

Che mayatLyoRPERaRNE AT E R BE51RETR RRRIICEA dahiigAgECedi g CYCl € of

oper at | een co din claim10,
mhereunpqsah%eacenprotnbes beeponeneessd epdrahﬁoptsheﬂHQQWanualIy operabl e’

contro# dyei 8¢ EP@eri&h”ﬂa%tbﬁﬁﬁ ggmbﬁ@t@aeunatlc pi ston for causing the

cam fo Yower
° Apparatus as claimed in claim 7 or 8, wherein

15 means are provided responsive to operation.of the
manually“operable_centrol*during>theVdriving stroke of
the pneumatic piston for interrupting the driving stroke
and causing the piston to return to its initial
condition. ' e _ ' _

© 20 10. Apparatus=aScclaiuediin'claim=7, 8 or 9, wherein
' the means responsive to momentary operation of the
manually eperable control comprises: a movable cam
member mounted so that-it:normally travels with the
pneumatic piston and having a driving stroke cam surface
25 and a return stroke cam surface?'a cam follouer for
" normally engaging the driving stroke cam surface during
a driving stroke of the pneumatic piston and the return
. stroke cam surface during a return stroke of the piston
_ and for causing pneumatic pressure to be applied to the
30 pneumatic piston only while engaged with the driving
'stroke cam surface; and means: for initiating motion of
the movable cam member so that the cam'follbwer engages
the driving stroke cam surface in response to operation'

H

v

of the manually operable control.



15 the driving stroke cam surface and engage the return stroke cam surface

to
to i errupt the driving stroke and cau he pis im"mm mE
i ni fum conditi.on. 13..  Apparatus as c?g;ied in cl ﬂrLﬂyrg cam
fol{omer causes pneumati € pressure to be vented friomtheé 20 ‘bnéu

plston when not engaged with the driving stroke cam surface and wherein the

' L he AppRrE n means.
rlzt@ nGZLrBES\e?Edt gﬁr I cal ts;palg: ﬁ%tgl%ggﬁgr&% %%(?F&(H né'%af ﬁﬁéhr}'&% C piston
and a stapl e dMeFBe Fgﬁpg il‘f@i %9 Momentarypoperatdon af d:hfeomamm.qel tion

and. then forni operablet zphtrol Ferdhere compiises O iedhC oy i ver

' ed to-advance the stap Ie to e s apl e

formng pogi 11 SHE-ASUEBA" LR abe; &F°FFDFF&‘PI&FlnEhé'—°st1&|§I dndtiedr ot

reIatlvely5h|gHOQQtiQOrdurﬂegngheeqetutd sQrbReﬁbEth%tgP%gmg %{ﬁens?aple
d e neuna

driver for prodasransHBehe aanBEINEoBopdSpRR BARErA 43 Eadidbeing « ne )

pneunat i c plstBReFﬂgﬁggh§bﬁer¥ prevengingrdhetﬁbeibnloEunnb!h%% f?%Pgﬁed

450 7 L ook L B g, RAEABTeL a5 |

a8y form
by st he rel ati vgl motion.at relatlrve
t%e stapl e. E znA@ﬁiPﬁFﬁ@ §§chBPnEEeFﬁdénﬁ|nY¢le ‘oficopenationvhak 5

'péfforned b9 theepneumpleﬁeaLston durlng the course of its driving stroke

formthe staple. - =
1 s¥appr oxi mat e§ ¥ he work.required to-advance and
'l6 I'opApparatu% as c?é?%83£Vﬁ E?a?%?iﬂedmiﬁrﬁiﬂ iphiOpewheneinl meankage

~anplifies the aseiprovidedcresponaive €6 opesaeioflUsENEhs NRal héilypart of

dyanc f . the .staple an ifies: thé'_i.
force of (e mobtrarrs EoRERt Wt nd HRE Er by 1nd o8t Ske cofr Eheny st r oke

: correspondlng pneumatiggpbstqmefor causing the cam follower to leave
+ 15 the. driving stroke cam" surface and engage the return
' -_fstroke cam’ surface to interrupt the driving stroke and
cause the piston to return to its initial condition.
13. Apparatus as claimed in claim 10, wherein the cam
o follower causes pneumatic pressure to. be vented from the -
- 20 pneumatic piston when not- engaged with the dr1v1ng
' stroke cam surface and wherein the return stroke of the
pneumatic pPiston. is powered by return spring means.,
14, - Gas powered surgical stapling apparatus including
a pneumatic piston and a staple driver for advancing a
25 ~staple to ‘a staple forming position and then forming the - -
staple, a relatively large motion of the staple driver
at relatively low force being required to advance the

- . staple to the staple forming position and a relatively _
4 small motion of the staple driver at relatively high
w 30 force being required to form the staple, wherein a

‘mechanical linkage is provided between the pneumatic N
‘piston and the staple driver for producing from a
substantially constant force provided by the pneumatic
piston throughout its driving stroke the relatively

35 1large motion at relatively low force required to
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. pi st orF ey drrmuarﬂywer AN fprm the (3kap |
claimg.in gppdfalths W Cidind® rraramﬁ oT£S WKL otie YOke connected to
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sta Apparatus—as clained in claim14, wherein the:staple

'drig r>tra ta the axis of the pneumatic piston to advance
and ﬂmmml"lu re| n mechani cal |inkage conprises: a four

bar nkage*d|5pose | ane aLIeI to the axis of the 20 pneumatic

¥ and plston having a first hlnge connection attached to the stapl e driver,
an opposite second hinge connection fixed at a point on an-axis through the

first alamﬁ:ecm@ﬁmdoarﬂiﬂed“ Cb%hs.@&éwéwé@y PEgaTRt i ¢ piston, “and

~third_an ourth qt on t|g€
si-des M§ 1FH% 4Eiﬂé}¥ hé? ey

.surfaqaspmuummted to t he: pneunati ¢ pi‘st on for-operating on the third.and

bt Bl ORGP Sy, 1 ST YA LARHAT Bepsrec 00 20

espectivel aced on opposite
%"b&ﬁfii n%%"@o?m’ectlons and cam

fi% st pemfiarmed by tthelrpneéumatic gdston r@spin@utlgetcomtseadﬂance of the

st apl TN @{,ﬁ 0{1{5@ s toward one '

anot hg'r&(;(l?rﬁ% e ren’%ésﬁldée:u%%t %%ﬂ\,’/ﬁl rﬁbgf%%!’?g?(& C&?ﬂ'ghe pneunati c
@ple. 18. - Apparatus as

adios qfisthm @hatimgy i thepi fiirst fpar ¢ aspeits \/clan‘i/vnpgerstraigeon the third and

the pREMIARESTRIRE £ Mptiliod of KFhe uﬁ#ﬁ%r%@nﬁ%ﬁﬁ%ﬁ bigng troke of

or espe(ﬁqm Piad}h@:@nettmifd! pkston duningl thel temainder fof respectively

- oper atiel d¥1viify t&f&@%éﬂ&é&ﬂ@%&%ﬁﬁiﬂé’rﬁf%éng the remai nder

- staple. -

15 17. Apparatus as claimed in claim 14, wherein the

staple driver translates parallel to the axis of the
: pneumatic piston to advance and form the staple and
wherein the mechanical linkage comprises. a four bar
'linkage disposed 1n a plane parallel to the axis of the

20 pneumatic and piston having a first hinge connection

attached to the staple driver, an opposite second h1nge

- connection fixed at a point on an axis through the first |
hinge connection parallel. to. the axis of the pneumatic

" piston, and third and fourth hinge connections
- 25 respectively spaced on opposite sides of the axis

- through the first and second hinge,connections;_and cam
sur faces connected to the pneumatic piston for
operating on the third and fourth hinge connections to
push the third and fourth hinge connections:

30 substantially parallel to the axis of the pneumatic'

- piston during a first portion of its driving stroke

 corresponding to the advance of the staple and to
-fsqueeze the third and fourth hinge connections toward
one another during the remainder of the driving stroke
35 of the pneumatic piston corresponding to forming



of the driving.stroke of the pneumatic piston. alned
in clai'm 14, wherein there 15 are provided a nanuall tro
and ans responsive to nonentary operatlagaof the @

con’rdi for normally causing the pneumati i ston eonplete
cycle of operation i ncl udi ng. a driving.stroke follomed by a return 20
stroke which returns the ston to its_initial condition. 20. Appar at us
_asaatalned in d?g ﬂbﬂ. ®®in.the means responsive to nomentary operation
of the manual | y1®per a@pammsod.sumuﬂea i®acbainr1?; owketé i €Ot 8gm 25

: h I bl e ‘coptrol has
e ol cobet f SEreacel SOl Iud'% Whke SAS0BECE o GRS Bnednstltl 0 57
‘Appar at us as clﬁmlwdﬂ@eﬂtm toward ntheafmuarhaprbﬂmkbglqesponyanﬁ tof
operation of eyByckivaeSandRELBIE 688" 50k QUE) abDERELTY oLk ©

‘the pneumatic piston for stoppin e drivin e an he piston

(5

to.return to i tRETRARGIgulan £qithe axiggof the eneunatic pi&tmdfon claim

19, wherei n thamrwwaﬁaemmr%ﬁéymm%&nf {f{ggga"y
-operable contrcﬂo rd ses:.a Jiov nlnnunted so [ hat |t nor

travel s with tHhe 78 dhicing, rst Rerkion #f by driviag cam
surface and a rsitmke stfcﬂrecpnematfmepimtdmrmid)ltmﬂﬁl ind FourEh |y

- t f i
Sﬁgﬁ‘%{‘?ct{ﬂ??ﬂ‘fﬁﬁ Ve A0S F A AT Safldad T AiSed Tand T o1

of the: -pi st on sgRendrend aunfpces #nremp@ctpimlswrctpérabmgimnlﬂﬁieto the .
e oans For {ohid jend | {uraoaitad dhd i fbhy | Ak fid Nife AMSLIdErT over

engages the dri%A P& GoEing ftaake Qs ithe ensumatie Riftend on of the

manual |y 19, Apparatus as claimed in. claim 14, wherein there
SRS 15 are provided a manually operable control, and means
- '_responsive to momentary operation of the manually _
operable control for normally causing the pneumatic
'piston to perform one complete cycle of operation
_ '.including a driving stroke followed by a return
20 stroke which returns the piston to. its initial
“condition. : . _ .
20. ~ Apparatus as claimed in claim 19, wherein the
. means responsive to momentary operation of the manually
_'operable control 1ncludes means for preventing another
25 cycle of operation from beginning until the manually
' operable control has been released and the preceding
cycle of operation has been completed..

- -'__ 21. Apparatus as claimed in claim 19; wherein means
o are prov1ded respons1ve to operation of the manually
o 30 'operable control during the driving stroke of the

- pneumatic piston for stopping the driving stroke and
causing the piston to return to 1ts in1tia1 condition.



. fromt

operabl e control. 23 Apparatus as. claimed in claim 22, wherein'the
Sive to nonentary operation of the manually operabl e control

her for nting the movable camfromreturning to
S |n|t| ﬂmml“““mnm dur i §6he return stroke of the pneumatic piston
I f the manual oper%lbl e control is still' being operated; thereby
pr.eventing ini t I ation of another cycle of operation until the manually

oper ahe COR bFﬁJrab;%% @e R 1a3hRE g% aﬂfiﬁnhqso,r aaﬁeiumamée of operation Hag
. been 25 conple arat us as. cl a.l cl ai.m Zéﬂ wher ei n means
are pRERNGcdeSPORSLY, |evé:°t8‘ tATY, PRGT 3410 ;ﬁq ¥ control

?UH ngpeiable \Gontryl @omprfiges: Enmovaible p:am modnted:asn;l ng the cam .
- fol lLoger to rd the return -

’ strokg‘f‘l it Ma ?%vt(?rﬁt itt\%%(frltén ng. s %ei t‘facﬁfhge'ﬁipl ston and cause
i 5 tohmﬁmgnadnﬁvslnmusumke:mmmace awl a W‘htw%e clained in
o el alfi¥atd) AP BIIIC d RATANY Brgdg Ripemg € L0 be vent ed

e pneuna I'c "pi st on en- not - engaged. W e drivin st roke' cam
“sur f ads iyiagnstiroke wam surface durdnga tQ*Fe""‘S{] 9 FHRKR | p| ston is
Pom[}%ﬁgbh{e%ad ticS ilgtb RIS - th%ﬁdrettﬁrseﬁrac&lt@mwhm@om?red hol der

or haolding and actuating.a.cartr.i cont ai sur stapl es to cause®
a-stafuE @erﬁ%&f‘%*eaég ?ﬂ‘hga'bé)gﬁ? aq‘é\%#q hen forned into a
" cqmp! @kﬁtﬂlﬁﬁw pressifte e He \&pQAieﬁN torite t:mewnaﬁ;mlpmcm advance t he,
- staple e.sta t t I force being -
requi % ri"f e?ﬁeaéﬁ prqﬂg‘ %rﬁ%@waﬁ%ﬁ%e‘&ﬁ %‘?%fs%l zed pneunmmtic.
1 ui d;and pumaatﬁqr dplitietingimotkon 2F they mestalle t@AR RO source 15 of

| PreSSUHge L g}é[mtfd;ﬂr Tdudrery died "BHd QPLPLRY SBLEkE ARy T eci procal
j surface in response to operation of the manually
o 15"operab1e control. '
- .23. Apparatus as claimed in claim 22,ewherein the -
~ means responsive to momentary operation of the manually
- operable ‘control further comprises: means for preyenting
 the movable cam from returning to its initial condition
20 during the return'stroke of the pnenmatic piston'if the
' manually operable control is still‘being'operated.
thereby preventing initiation of another cycle_of'
operation until the manually_operable control has been
. released and the preceding cycle"of"operation:has'been'
25'-comp1eted.- o '
24, Apparatus as claimed in claim 22, wherein ‘means
are provided respon51ve to operation of the manually
. operable control during the driving stroke of the
pneumatic piston for causing the cam follower to Jump

¥ o N

30 from the driving stroke cam surface to the return stroke
~cam surface to stop the driving stroke of the piston and
‘cause it to return to its initial condition.
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mechani cal |inkage bet ween t he pneumati c piston and the actuatable part of

the cartridge for producing froma substantiall |“ﬁ“ﬂﬂﬁ“ﬂ “r“ provi ded by
?f\pneunatlc 20 . pi ston throughout its dr|V|*u atively | ow
or. e\reqU|red to cause the cartridge Pl advance t Ke 5tah Ie to the staple

for g position and then the relatlvely high force required to cause the
“cartridge to.formthe conpleted staple. 25 27. A holder as clained in

chaim 26, whersl n igpd el £ cld fHAUSL oIk 2) WAl end O?%‘bne 28,
B rolaer Cas) oK TaneT Fyss s BRI o B S4RASR Corhd, FARGRd | £40 "

“conprises: a gﬁmwmmc Iptﬂ(ﬁge witet Nt engadged iwbth mmammm:t I on COUD' ed

to the act uat art of - t car osite secon hi nge .
sconnecti on, a*tf? r‘i?"érﬂ}'? 'ﬁf r@%%%ﬁ'he@ﬁ)&%tqre%p%ﬁ? ?/P t'p!é%ed on
opposi te Esl depnenima tic pd stab is paesred Hﬂfretslrrarsplshmg)rmieansnge

FITet and s cAmiu s e ARF SEE ddulyis MO Gof MBIAET, (7000

fourth hinge anshragtuaking mmtﬂdse mqretmnq)mmm estapkrgttons
substanti al | yeduse Fk’ﬂé\lé Ble (& B #Vanded otwha tdeaplé Sfoﬂm@econd hi nge.

~connecti ons when tB elftlvely Iom“%o ceisre red,and to push the third

agd fourth hiRRf LA Hrem \"FQI"I% 3RYe¢ idely high |
force i's rmqmemivlély Aow fdt&@luiﬂn@s::edﬁm to adwaned 6eHeir t her '

g S L Y e b T
pneumati c pi dtigh tfoyme fheingeequinddt o clotm die (mmp)leon including a
driving Stfok&n?&iéﬁ&éﬂ%dswr@e "6¢ Presdbt Fed piludSLE "F1 i, PASTON to
: pneumatic cylinder pneumatically connected to the source
15 of pressurized pneumatic fluid; a pneumatic piston
mounted for reciprocal motion in' the cylinder- and a
-mechanicalilinkage-between the'pneumatic piston and the’
factuatablejpart of the cartridge for producing from a _;
| substantially constant force provided by the pneumatic
120 piston throughout its driving stroke the relatively low
force required'to cause the cartridge to advance the
.staple to the staple forming position and then the -
'arelatively high force required to cause the cartridge to
form the completed staple. ' '
25 27. A holder as claimed in claim 26, wherein ‘the
" mechanical linkage is rotatable relative to the
pneumatic cylinder about the reciprocal axis of the
pneumatic piston. )
= "~ 28. A holder as claimed in. claim 26, wherein the
30 mechanical linkage comprises- a four bar linkage havxng
- a first hinge connection coupled to the actuatable part
' of the cartridge, an opposite second fixed hinge
connection;'and ‘third and fourth hinge connections
- respectively spaced on opposite sides of the axis
35 'through the first and second hinge connections, and
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ry operation of the manual |y opera_bl e control
m@yﬁm ng ano®¥kr 20 cycle of operation from beginning
0P control - has been rel eased and the preceding
cycle of - operatlon has been conpleted. 31. A hol der as ctainmed in claim
29, further conprising: neans respensive to operation of the 25 nmanually __

. oper abloan aretarc ahnneq:edweto:lrthe rmemnmkin@istmpmmntngu ston for - 'u—

:thtelrgl condl%rl?n %c&id’%a}ﬁh er ascﬁﬁz: ﬁtﬁéﬁ%ﬁ%&é\ﬁﬂf Pnt?hetgo

source off thekhird and i fourkh hirge conpections te|pushnthes for
, aut ogatﬁ!ﬁqld hd@'ﬁtﬁ‘tﬂﬁ ﬂ prmf gt%gf&@rgmt éﬁ{éﬁu from t he pnteumat ic
sour e pressure o mat i c ui neumat i c
tﬁ ﬁﬁﬁé&& dg'eaﬂ:ﬁ e‘i‘é‘?‘?ﬂ%ou?g éﬁ?ﬁ AR Wmoﬂr‘[‘% 35 pressure
alt whi @bﬂdamsmms V\%nfﬁhe chmtrh Drelwulolw forde bis sieqifred A h?: de(r]I as .
cl ai ne im e ) t he, spurc ressurized, pneunatic uidis a - -
" cont ai htaR/laqibs 2'f/%?l Bt | %‘?Fv&#: &%%%??V%%ﬁ%‘g%% i nward and whi ch
5 defumwaa:d)tnmaraﬂqthmerwhéxe the sailativelnchigieufarce isuid in the

cont al @gﬁds t he predeterm ned threshold value, and wherein the R
urther conprises fl ercer’ neans dlggosed -adj acent the normally . &,
«

coddav@%nnart hadder e clkaimedrin glabm 16 Fuervhex eomprisingai ner wal |
portiory m&afl.l%ﬂ%g&ém REGHEPS 1 £ 5ﬂd"ﬂemnré§§oﬁ‘@i$e pestion deforns -

cont ai ned- gas owered suraqtlacal staplin apparat us for

- outwardly.
ad_v.ancﬂ%“e&‘tﬁ‘é'pl‘{?ﬁ@%i%'feﬁﬁet & BAiplly operable control for

normally causing the pneumatic_piston.to_perform one
complete cycle of operetidn including . a dtiVing stroke
- 15 followed by a return stroke which returns the piston to
' its initial condition. S S
30. A holder as claimed in claim 29, wherein the ‘means’
responsive to momentary operation of the manually :
'_operable control includes means fot preventing another
20 cycle of operation from beginning until the manually
operable control has been released and the preceding
cycle of operation has ‘been completed._ .
31.. A holder as claimed in claim 29, further
comprising: means responsive to operation of the
.25 manually operable control during the driVing stroke of
. the pneumatic piston for inte:rupting the driving stroke
and causing the piston to return to its initial
condition. : - : .
32. A holder as claimed in claim 16, wherein the
30 source of pneumatic fluid includes over-pressure relief
- ' means for automatically releasing the pressurized
' pneumatic fluid from the pneumatichluid'sou:ce when the
pressure of the pneumatic fluid in the pneumatic fluid
source exceeds a predetermined threshold value below the
35 pressure at which the pneumatic fluid source would

IB'-.?-, A



position and then forming the staple, a relatively

required to advance the staple to the staple formn Lt nd a
C’&slvely high force being required to formthe stgmgﬂu ”ﬁ |[u a . Q/L
of pressurized gas in the stapler; 3E3pneunat|c ding a

cyllnger and a piston reciprocally mounted 20 in the cylinder; gas conduit
nmeans i ncl udi ng val ve nmeans for selectively conducting gas fromthe source
ofi_gas to thehnngunatlc actuator to drive t'he p|ston in a driving. stroke;

and a staple ver d to the .pisfo vanci.n le to the . |
_staple forni nér gosi £ ?Ll ’dnﬁ Qf cg'tﬁ #&h%'ﬁr&& P L TDke of
't he pi st on andf (pre‘mnimyd mnenmmih: dili idy i e coonkgimner dvaving rm R
~driving strokg.gh

" staple driver e%erﬁbﬁt éamnt%isglw consi) oér Eﬁ“‘g‘l’ﬁ he plqﬂ} onhin -
opposi ti o t o deforms qméimllut whﬁn:ettm mmsqmrﬁ &f ttheoppeomatie driving
stroke of- the AP n théﬁ:ontﬁ‘ﬂ&r Htedds And %d&éﬂﬂd@@‘l wher ei n

“the staple driver: |s rotatable relative to at least" a portion of the

‘pneumat i ¢ act (Frsshodd valqe s and,wherain khe ARRAKAtIR fuethek ap|ing 5
apparatus for aﬁm@m P ericud Qnéaﬁns’i asis;sdad c&dwjmwsulié beﬁwu;hen

formng the s a reIa ve Q bei ired, to ce the

stapl e to the % Hé’fatilo 371{11 r% g# ]?ﬂ r]’bet'a ng 10

reguired tld fmanttdmeai a\pﬂel pmnxirarslatg! m]&asing (ﬁhqormmmatzmi fjasid n t he

stapler; a pngjymy tg‘ t%oﬁm %Jﬂ:ﬂné:ydd d%d a piston -
ed 1n they ul

reC|procaIIy nount er; gas- con ans |nclud|hg val ve
nmeans for .sel &4 velSelfneantding mmw&%@wmﬁl Htapl ingur ce of gas

to the pneumaligpnAGEtin For %&Véﬂ(ﬁrid”'% F%tﬁ;flré 't"b % @ﬁé@l@ forpleRy a st apl e
dri ver for advan I&%n amif rhrgnngfotrqgulsgta Iee sta rrec. arnelcaaéively low
C 15 force beingﬂrequ;red.to-advance_the.staple to the staple
" forming position and a relatively high force being
| required to form the'staple§,comprising= a source. of
pressurized gas in the stapler: a pneumatic actuator
. including a cylinder and a piston- reclptocally mounted
20-_1n the cylinder, gas condu1t means includ;ng valve means .
for selectively conducting_gas_f:om the source of gas to-
the pneumatic actuator to drive the piston in a driving
“stroke; and a-staple.d:ive:-conpled to the piston for
advancing a staple to thefstaple forming position during |
25 a firstlportion'of:the driving stroke of the piston .and -
for fo:ming;the'staple_du:ing_a'second portion of the
dtiving stroke of the biston, the coupling between the
. piston and the staple driver exerting a substantlally
¥ constant force on the piston in opposxtion to the

_ 30 pneumatic force on. the ‘piston throughout the driving
- stroke of the piston. '



|ng_neans—beemeeﬂ—%he—plston and the staple driver for convertlng
ubst ant | t force 20 available fromthe piston to the :
atlvel wlm redtosi*ancethe staple to the staple formng
position Jortion o he driving stroke of the piston and to
t he relatlvely hi gh force required to formthe staple durlhg a second
portion of the-driving 25 stsoke of the piston. 37. Apparatus as cl ai med,

in cl ajgn 36, aeﬂ& tJLe &%aﬂg?ed xr\é@:ailﬁ ﬁ? :?Qé&ﬁeé ive to at | east aJ

porti on ‘of t pneunatc ac us- as |ned in claim36

Wher eigtapgie :ﬁli\e&!apﬂ% mtmblem@laﬁ&NesﬁQ oahdlmb and formthe staple

and WQ£J f{&l g&ans- conprises; . a-four bar I'i nkage
di spose (ﬁn ar@ﬁ ane %%e to t‘l[’}garem procal axis of t he staple driver:

3 and|liﬁtuhrﬁfkaQQQﬁaiﬂ?ﬂﬁ9Q§N9RXRWQﬂ1%H%Q&?Eh 8EAPLING5 staple driver, a

~driveP® Qi

S &L ONGide® #91d Ié)r\séa Bl to @tseappe "EoR@iA§ axis through the

first hln,eco negct.ion gtaﬂral tot e r poca:‘eg of ,the staple '
% 'Pﬁn'@féec% ?1d?1§? %b%?h'/e}? ¥spaced on

opposificrcs dﬁﬁﬁd rtéqa.xiaueds tdnralmd:életlie rstaﬁle emdtbecstapbenge

 CotonFdeie, WREERE SNRGReL) S PtLor BRfbEY S LTS B

_hilfye regwiaad dns formxche stapls, ocmmmsqu ansoroveetdfhi nge connecti onssg-
Subst?%ﬁ.@awd Yd#!in A ééblérec'i”ﬁ?@ﬁmﬁio? Q%tﬁé‘éoftap' e driver <

“durin

I rst portion e -ariving strok

f or cest UG 1B r‘éYJa#ﬂFﬂ)Lﬁ'!‘?] %lﬂb%t%nﬁ?@‘éﬁ’ﬁ?%a§%
per peridi GHerrcyPidder § @a@rw@duwmesﬁsttmm@m@ dﬂvermduﬁsng the second

|ston and to exert

_ P(rjlrtc: (;ﬁ]qﬁogf]e?&éf%efé' V‘Eﬁfﬂt‘_ r?gkepgeségreigeétgas Erom ghEPAratus as clal msd |

15 source of gas to the pneumatic actuator to drive the
- piston in a driving stroke. a staple driver for .
'_advancing and forming the staple, and mechanical
-coupling means between the piston and the staple driver
for converting the substantially constant force
20 available from the piston to the relatively low force
required to advance the staple to the staple forming
position during a first'portion'of'the'driving'Strbke of
the piston and to the relatively high force required to
- form the staple during a- second portion ‘of the drrving '
25 stroke of the piston. ' -
- 37. Apparatus as claimed in claim 36, wherein the -
N _staple driver is rotatable relative to at’ least a
portion of the pneumatic actuator.
38. Apparatus as claimed in claim 36 wherein the
30 staple driver reciprocates to advance and form the
staple and wherein the mechanical coupllng means
comprises: a four bar'linkage disposed in a plane
parallel to the reciprocal axis of the staple driver and
) including a first hinge connectlon attached to the

£ ca“-, H A l

35 staple driver, a second opposite hinge connection fixed



the first and second cam surfaces conprises a first portrom substantially g:zg>

perpendlcular to the reciprocal axis of the”stap!e " I ng on
associ at ed "hi nge connection during §he f|r " "H dr|V|n
str ké of the plston and. an adj acent second portion lcChul Smi

rel ative to the reciprocal .axis of the. staple driver for operatlng on t he

associ ated hinge connectiion. during the second portion 25 of the driving

‘st heke of the pastdnpoik onAﬂmaiﬁi#Stﬁﬁoﬁ+ﬁJ€ﬁ@ £ Qtahfhfﬁ c&@ﬁ%@tfohhe
pneunatlc act uat or cyTi nder erein

|
‘is.rotatabl e adtth® ﬂ[%sf Og‘?wgétf%a Z u%??‘;%l raxi8 ik %@t%@%@ﬁi?%’-’act uat or -
‘cyli'nder, and 3nd viteisd mnmefommmnﬁelcmtmtf@s éeivellyi ver '

h theg t.u cla1 din cI m 36, further
e & m‘%a%f %?P”%?e o FHRE 68 e SR ook e
oper ati on & t %M@wﬂimsfoand)mmtmms mm«eemews to
supply preSSU“tzlfej laaseto% arid® HAWidY SEIPLE Carfif L4 i Y | s Faddg V100

stroke of the piston.is conplete and then venting e pneunat|
and return spr.iARPRREFY&IhRRAIAL NS (o thethird andifourthy hingeiston to

itg. initial Colmi:nnel:tir:hgl ﬁ&@%%ﬂeﬁéﬁgﬁnﬁéﬁrﬁ%ﬁﬁﬁ oﬁlrzmment ary
QBE?;?T (L)If] gfs fy@ﬁ%&ﬁ‘ﬂ?% Isé"vﬁ:%'fﬁmbira qrallel, tR, &8 ¢ cam nount ed
so<«t hat it for mediprnocalelaxid tdf tihe Etdple M@gm?ﬂ?f Pg;iclggg gkga?nam
Fol l ower for W%ﬁ%‘ o She Aty g Kredifd U M BT AN B Tonft
driving stroke qeﬁe qn- shen & @nd [fourth dvingeapnnedtionset ur n' st roke
cam surface, tubEEdAldIe peElidifiar to the reciprocal axis of
the staple driver during the second portion of the
15 driv1ng stroke of the piston. ' . '
:39 Apparatus as’ claimed in claim 38, wherein each of
the first and second cam surfaces comprises a first
- portion ‘substantially perpendicular to the reciprocal
. “_axis of the staple driver for operating on the :
20 associated . hinge- connection during the first portion of
the driving stroke of the piston and an ‘adjacent second
portion which_is”inclinedwrelative to'the reciprocal
axis of-the'staple driver for operating on the
‘associated hinge connection: during the second portion :
25 of the driving stroke of- the piston.
40. Apparatus as claimed in claim 39, wherein the
pneumatic actuator piston is a circular cylinder,
'~ wherein the piston is rotatable about its longitudinal
 axis relative to the pneumatic actuator cylinder, and
30 wherein the mechanical linkage and the staple driver
- -_rotate with the piston.
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‘val ve neans to suppry—pressurrzed gas to the 20 pneumatic actuator

n eng ving stroke cam-ssurface and venting the pneumati'c

ac uatorTmn”mnm WIM"h:-the re stroke cam surface; and nmeans for . -
tiating notion 0 novabl e c nber so that the camfol I ower

engages the driving stroke camsurface 25 in response to operation of the

manual | y operabl e control. 43’ Apparatus as clained in claim42, wherein=

t he rre[das r edppariatus asTolained mperlfiimorsﬁ),f fidethemual | y operabl e \o
contro [..CO g the movabl e cam from
r et ur nic ﬂﬁ‘gttg‘lﬁf‘g %phailﬁgé&g}é?&%&ﬁ%&fo ri ng%}tdln’ etﬁnﬁgost roke of the :
pneunariesponsiye mb mmmentanﬂquaqatign(pﬁxnhawmanuakiyl| bei ng oper at ed,

t her eb;sggp%qrgt s eyt i h%&faﬁq@ eas e‘% ﬁr@g | il the

manual I'y operabl e contro been e precedi'ng cycle of
oper at P5@88NE 1588, 98| et ed.  44. Apparatus as clainmed in claima42,
fust heioC emRr palemwieara%mﬁ?dwsmﬁn Ghep Ardiviity Htrdke of manual |y

bl I k f h car
PPl oadie; Bl 1, chefl st A Srd ey e A o0t £ 108 R
st r oke actuatorijaand eduriny sprrrimg mﬁans;] ddlmetrted i sthieoke of the piston
. and ca i's't%n o&orrg:ttﬂ'rn'in%) thte if'yt'H L mﬁztbsc At}ﬁn oo%i .h°| der or

appar a us as claine one ©0 SR Source of bPe
pr essumbead thes premplatde @etuahomdsmenheds Iess than 200 p.s.i.g. (13.78§

; banlp 132, 4 ara%dsog‘l’;rclgi airrﬁtél%ﬁé £l Ak d ih 1 Mélns Wherein the

source of - préssuri ze as suppl res gas avrn pressure I n the range from 30 .
p s.i. §esponsiyey to momentary; apers chgrb;gq the manually

operable control comprises: a movable cam mounted s0
that it normally travels with the piston ‘and having a .
driving stroke cam surface and a substantially parallel
15 return stroke cam surface, a cam follower for normally _
' engaging the driving stroke cam surface during a driving
pstroke of the piston and for thereafter engaging the
return stroke cam surface, the cam follower operating
 the valve means to supply pressurized gas to the
20 pneumatic actuator when engaged with the driving stroke
- cam surface and venting the pneumatic actuator_when
engaged with the return stroke cam surface; and means.
for initiating motiOn-of the movable cam member so'that_
_ the cam follower engages the driving stroke cam surface
25 in response to operation of the manually"” operable
-'control. . ' - '
43. Apparatus as claimed in claim 42, wherein the
means responsive to momentary operation of the manually
operable control further. comprise5° means for preventing
30 the movable cam from returning to its initial condition
during the return stroke of the pneumatic piston if the
manually operable control is still being operated, '
thereby preventing initiation of another cycle of
operation until the manually operable control has been

7. \‘\ .
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47. Apparatus as clained in claim36, wherei

‘pressuri zed gas includes over-pressure relief caIIy :

rel(ehm ng the pressurized gas fromthe surrﬁmm mqﬂ en the

prassyre of the gas in the pressurlzed gas source excae $ aspredetern1ned

t hr &hol d val ue bel ow the pressure at' 25 which the pressurized gas source
woukd burst. aratus as clai ned--in.claim47, wherein the source of
pressuri zed gﬁl@%£@ﬂ%|% pregeding aycle f iqperation ihasihern | v
concave_lnwaerm§1 -deforns outwardly when-the. pressure of the gas in

- the 30 contaiper eeds the reqeter;H ed thresh and wherein = -
the apparat us rthép rf'slﬁ'% cﬁl nt the - .
"nolr Imal I yt concmprrﬂnirmbac:m&ameres@dnsm tto)rolperaq:icm ohhde cont ai ner
wal I portigon n

-outv\'/ardl_y50 m%ﬁly%ﬂgﬁppara swa{',?é Arﬁ#\‘{/ﬁg}e%g ?al _

‘wherein the priston £qn tausing thewsran rﬁplalq;eemfta degave drthe Mmi:mg-’ B
i nches (12,9 Sfrdkd caif) surfiRA i & ggaa eLHd MR Serdheddy the S5

or n- the rande -

pneumati ¢ act uat as an area | rom.5 to | square inch (3.2

to 6.5 sq. cmpurfacenkheraby intencupking rﬁ%)ﬂ'pir‘eb&hﬁfg“& @ik therein

't hé stroke of i@td?ﬂ%ﬂditdahéirfgt At o el ed vl Adivia t he
~displ ace t (ﬁ édi tapl e being 10 driven. 52. Apparatus as clained in:
erS8

-clai'm 51, %ﬂroke of the pneumati ¢ actuator piston is in the
range from1l t45.2 tiAndolider drs@dppayatus s (diaived| in mynopnk iofen. 15

e anleS) P B 6 GEOSIIGE M RO e P fea gas
. supplies gas having pressure less than 200 p S. i.g.
'(13.78 bar). o o _

15 46. A holder or apparatus as claimed in claim 45,.

'“wherein the source of pressurized gas supplies gas
having pressure in the range from 30 p.s. i.g. to 100

P. s.i.g._(z 07 to 6. 89 bar). o :
~47._j Apparatus as claimed in claim 36, wherein the

20 source of pressurized gas includes over-pressure relief
means for- automatically releasing the pressurized gas
from the pressurized gas source when the pressure of the
gas in the pressurized gas .source exceeds a - _
predetermined ‘threshold value below the pressure at

25 _which the pressurized gas source would burst._

- 48. Apparatus as claimed in claim 47, wherein the
source of pressurized gas is a container having a wall
portion which is normally'conoave inward and which
deforms outwardly'when'the pressure”of_the gas in the

30 container exceeds the predetermined threshold value, and
- . wherein the apparatus further comprises piercer means
disposed adjacent the normally concave inward container

wall portion for piercing the container wall portion and

- releasing the gas when the wall portion deforms

35" outwardly. '
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"and as ilTustrated in the acconpanyi ng draw ngs. The text of the

eC|f|ca roduced by photocopying the applicants original
t pescrip lmm"mmﬁmlun a few anendments which are difficult to read. {
he origindl Eypesctipt containing these amendment s nay be i nspected on the

pren1ses of the Patent CIflce
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15

38 -~ =
49. - Apparatus as claimed in any preceding claim, o - K!E
wherein the pneumatic piston has a working area of less
than 2 square inches {12.9 .sqg. cm)._: '

- 50. Apparatus as claimed in claim 49, wherein the

pneumatic actuator has an area in the range from .5 to 1
square inch (3.2 to 6.5 sg. cm).: _

51. Apparatus as claimed in any preceding claim,
wherein the stroke of . the pneumatic piston is not more
than 2 times the displacement of the staple being
driven. - : _

52. Apparatus as claimed in claim’ 51, ‘wherein the
stroke of the pneumatic actuator piston is in the range
from 1 to 2 times the displacement of the staple being
driven. _ . o _

53. A gas powered stapler constructed ‘and - arranged to
operate substantially as herein described with reference
and as illustrated in the accompanying drawings.

m'tctottho-mﬁ.a hnbon:cpsodnood mmgth ts agml
typescript. . It may contain a few sasndamnts uhichbz:e difficult to. ::o:.pmmho :zisl.nﬂ

wpuc:ipt oontd.ﬂ.nc thou samnduents llv‘boiupomdontho u-ius of the Patent Offioe
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