; €3eSNNODP: X | R6RTScl ; 0 1 APR 2003 CUSHI ONI NG CONVERSI ON MACHI NE AND METHOD
W TH STI TCHI NG ASSEMBLI ES FI ELD OF THE INVENTION This in tAP ang ates to
a cushi oni ng conversion machine and nethod and nore parti @

BACKGROUND OF THE I NVENTION ~o In the process of shipping a ne
| ocation to another, a protective packaging material is typi "Hmlﬂ IM%M I n
t he shi pping case) or box, to fill any voids and/or to cushion

during the shipping process. Sone conventional protective packagi*if"
material s are pl asti c GUSHIONNGUIGNYERSPONMACHINEDAND METKHOMi | e t hese
conventional plastic material SWA¢ESTITCHINGASSEMBLIBS per f orm as cushi oni ng
products, they are not without disadvantages. Perhaps the nobst serious
drawback of plastic bubble vvrappﬁ_q_dj OF THRAIVENTIONN peanut s is their effect
on our environment. Quite sinply, these plastic packaging materials are not
bi odegr adaldl e and T'Piﬁﬁ“"@ﬁté@n @éﬁ%lo FeushPning ¢anwersian maehine Apd sigthqd anet ' s

al ready critig FSnﬁhEH 6\%'&%mgT /&%u!%gf gﬁ@ﬂﬂ*&hbﬁty of these
zo packaging materia eco I ncreasi'ngly inpor Irn I'rght of many

I ndustri es adepchingsimetieods: ogr essi ve policies in ternms of environnental
responsibility. These and ot her di sadvantages of conventional plastic
packagi ng materi al s have nade paper protective packaging material a very
popul ar z5 alterative. PaperpghsKEGRT AN TPHE INVESYEDRD! e and conposed of a
renewabl e resource, making it _an environmentally responsibl e choice for
consci enti ®us i ndukitthe peocess pf ghippifgan itemdrpseene ocaiiabiel anobirisa bl y be used

22,2, 010 o0t KB s AR AT el ol puReBl oM EOke Lovsoyert e
dunnage produéill anyoids aotmaerosowhlorralye lnanaioﬂmgmﬂel W@yro&esmsmmal ng

conver si on machi ne/ et hod, l% iL Ag
conventional protectlve pac aging matena s are plastic foam peanuts and plastic

bubble pack. While these conventional plastic materials seem to adequately
15 perform as cushioning products, they are not without disadvantages. Perhaps
the most serious drawback of plastic bubble wrap and/or plastic foam peanuts is
their effect on our environment. Quite simply, these plastic packaging materials
are not biodegradable and thus they cannot avoid further multiplying our planet's
already critical waste disposal problems. The non-biodegradability of these
20 packaging materials has become increasingly important in light of many
industries adopting more progressive policies in terms of environmental
responsibility.
These and other disadvantages of conventional plastic packaging
materials have made paper protective packaging material a very popular
25 alterative. Paper is biodegradable, recyclable and composed of a renewable
resource, making it an environmentally responsible choice for conscientious
industries.
While paper in sheet form could possibly be used as a protective
packaging material, it is usually preferable to convert the sheets of paperinto a
30 relatively low density pad-like cushioning dunnage product. This conversion

may be accomplished by a cushioning conversion machine/method, such as
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t hose disclosed in U S. Patent Nos. 3,509,798, 3,603,216, 3,655, 500,
3,779,039, 4,026,198, 4,109,040, 4,717,613 and 4, 750, 896, apd aﬁb @

Pat ent Applications Nos. 07/533, 755, 071538, 181, 07l 592, 572 3¢ 12

071 786,573, 071840,306 and 071861, 225. In the conversion machi nes/ met hods
di scl osed in the above-identified patents and applications, the cushioning
product is produced by converting nulti-layer paper stock material into a
desired geonetry. The cushioni ng product includes pillowlike portions
formed by the | ateral edges of the stock paper being rolled inwardly to
forma pair of twn spirals. The central regions of this structure are then
conpressed, connected, and/or coined to connect the overl apped edge
portlons her )y m a ugt I Lo ssed
portion an8 FT‘%EXIIO% ermalrc’gs ?%%\6&1“8% QgOé)?é)égn%IG hzt@ 2%%§$§é§| on, Cosghectl on
and/ or co4.0261498,s4,069,040, nﬁd15361aapa|4r75@f89|6oam alag lm’e'rﬁ)é?aemmhq:aﬂlohmde a
Plarar | Lyngl drdhally odiiaand Y7 RXb 8991 BI7RESHECHIARE SF4- BrieaBRHE aheet N)

t hat rreshl ngl'y engag hai htarn the intactnéss o € cushi’'oni ng
product, @Héﬁh&ﬁtral portion of the cushioning product has al so been
"stitched" to further prevent opening up or separation of the connected
portions f)f t ha the adhedrsioh hachineemmsihadsbdisdigset 6h ane edo\vepudaﬁtmeurweitmeri ng"
Fro exanple, in U S Paten 968, 291
ber for at | S abigatiBisnii FHRioREO R PR 5 BFRee BY PRUEAR MBHPRY RAPStuct by
proj ecti ostoel«hmm‘iangwtas addediley gudkrveinyd Tme)nuéﬂltemtgearcohuctfunblbeesr plllatvlikey

nmenber s the 5,613 bs are forned
" the. coPRuRIBOTD R IR Blsra! i ablee Tk ogpeos daroler I At RRRAT  set
fromthe peadloaItWyw opitads. efiaks oehtralhegwdparfeﬂnis piragteret aenthehs pompresssdh) , are
radi al ly n e J otating
b s acg%%{e%tbﬁ Er&jdr/{}:’rué ereml apfé‘& tﬁg%%rlaﬁ)ggb %%@é %’éﬁ ong tﬁé}S%fFor%nﬁé

pr oj ect i ogsshioAlnglpoedyiet wWeaaestatbbma@sshctmmwm tw0tlaterahbtbom4|kejmrtwr_fa ed
patents apg aRhisabh ARnE46HYALSH ;¥0|Rﬁ§ W?e'?ﬂohﬂé‘d B¥8?bl'?!oﬂ%tat ng'ﬁ‘i%%éré‘g

and/ or stitchi né'l %unc 1ons, there nore 1 nprovenents,
parti cul agdap inglude @ pluraiﬂpoLrad;ally npwvﬁmﬁe@dwmp@iecamwt, Isegretetimiat ons to
be perfor pRehihgly 8nddyeer . | ess pinch pressure, and/or nmore control over the
cushi oni ng product™s denS| ty. SUMVARY OF THE | NVENTI ON The present

i nvention prov. des ni,ng_conversion. machin n whi h cutti edges
used to formec aan@ ??'Ft'?e%é ggh%(é‘&ht%‘ﬂgl %ﬂd%c?’ tbﬁé:eetu rﬁ°6‘fﬂ”n‘§qg? oduct
have an ahlsrh@mlngtmddlmunas algo edegre 'stitthed'i toudlrdtrer previehieopanirgi upgoresipgesatido not
span the [ e alley t ween

adj acent §eet rErC)ﬁngc\?\%CI ?ﬁmf t‘c' 8étrﬂgel Cﬁfy lh'sl'hcé)H(:rf&)cﬁ“cyenb[e':'gtlt?‘%)f%ﬁ%? q? &
tab-cutti n@zlppel‘fr@rcelzrpne@mmen ineld. S dptem Nedu8e&1Fowed/or dh8i Petmhtl\to and/ or

allows th t [ %&/\S&ﬂc 0 Al so,
a concave$eélg!§§uF de?@ é?,BnQ %%rmégﬁ%dc on eit er? Bgtlh éu%llonﬁg cutti n% edge
to enhanc@foieﬁéo% ﬁé@ﬂﬂ'ng raé'ﬁlm Pytv\@fd fige et teiety ob Hge relatinanmembersapgodach.
Addi ti Onaér‘xéfhé}rex%b%r My s \A/ﬁ%’éc(tﬁt Nﬁ% AEER tabls B, r%fb%@ﬁurﬂh@\ébﬂsé pBrtiGN B ONni ng

, 5 conversion machine in € Ccol niLng ers nave g ections shaped
d

so that tfidhng edges ihaigea moistly w@mhagfﬁp%ér@wébﬁ ragiadly ioHter prds efdhe agigcent

Speci fi Cabt‘o}échéﬂ'ﬁ(sﬂtﬁrﬁ@@tﬂ) AR PBsitisHeldUdBfedntRe BBIBESH ipAdjé@ng BAlnsUCh an
arrangenent provides a more pronounced coining as mey be advantageous in

certain stt st PRy "é‘?fﬁtl’?rﬁs"'nﬁﬁgﬁ %’CHW%%'Pt'aH)éﬁEW 9‘%%@@%@?"? adiacaidr eover ,
these zo pejrfesy at ed backl ash” projections provide a direct, noticeable,
and predictable relation between the pad density and the pi nch pressure

bet ween the coppy hnﬁ'{ébeafs%rhgﬁers giy c@sb&’“nng{hé h?ocﬁ/@qéérﬁﬁ‘ﬁ@f Pgteﬁt'ésghﬁmi ng

product may be se ctlve ange adjusting t I nc essure
applications adequately perform their coining, connecting and/or stltchmg functions,

there is always room for more improvements, particularly
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The foregoing and other features of the invention are hereinafter fully zs
descri bed and particularly pointed out in the clains, the follow ng
description and annexed drawi ngs setting forth in detail a cerhaj ,

il lustrative enbodi ment of the invention, this enbodi nent bei ngaj Q‘J?R:QW%
however, of but one of the various ways in which the principles of the

I nvention may be enpl oyed. 30 DRAW NGS -3 ~ 1 APR 2003 Figure 1 is a side
vi ew of a cushi oni ng conversion nachine with a side panel of the nachine's
housi ng nearest the viewer renoved to permt view ng of internal machine
conponent s, tikprowedntewhithlaicly figesa fehdtibaiitaige pet@rmaldyedspdwerpiaps esses,

coi ns, and/or connects a central band of the cushjonin roduct. Figure 2A
is a side vi RINGTPESPHEANMHE RRPHRONtEEoOveR hequsPioRINgPradud ade)Sitnanel y a
femal e stitching nenber. Figure 2B is an expl oded edge view of the fenmale
stitching nmenber. Figure 2C is an assenbl ed edge view of the female
stitching menber. Figure 3A i SUMMARY GF BHEMNVENGI®Mr rot ati ng nenber of

U \Y
the stitching ~o senbly..nanely a male [ ' ' is an
expl oded eage Vi e\;q\ﬁ'(?fpr??%ft }Pgﬁgﬁ%{ﬁ’r%'ﬁgﬁa C%%@Bé @%‘%S%E%CF@%%%QS%%W ed
edge vi ew of gutng@dgessiset ehfont dumgesbs ihitgel teindd\porion of theveushioaing
representative one of the toothed flat disk _nmenbers formn gart of the
femal e sti tcmrﬁﬂuﬂ@ﬁﬁ%?“@Q?QY'G\‘?%?Htf"Pgseq’g%ePQW"”‘Q”WA"‘%F”@P%G%@ 980 Figure

OP b 5o SRLSRERIALIAS 205 S ph TR vk Sonfigel o [T

adjacent teeth) in which they are located. The concentration of the tab-cutting

10 force in a limited region reduces power requirements and/or allows the reduction
of pinch pressure between the rotating members. Also, a concave edge profile
may be provided on either side of the cutting edge to enhance the shearing
ability of the cutting edge during its approach.

Additionally or alternatively, the present invention provides a cushioning

15 conversion machine in which the coining members have projections shaped so
that there is exaggerated backlash between meshing projections.  Specifically,
the present invention includes the appreciation that such an arrangement
provides a more pronounced coining as may be advantageous in certain
situations, such as when a higher density pad is desired. Moreover, these

20 "exaggerated backlash" projections provide a direct, noticeable, and predictable
relation between the pad density and the pinch pressure between the coining
members thereby allowing the density of a cushioning product may be
selectively changed by adjusting the pinch pressure.

The foregoing and other features of the invention are hereinafter fully

25 described and particularly pointed out in the claims, the following description and
annexed drawings setting forth in detail a certain illustrative embodiment of the
invention, this embodiment being indicative, however, of but one of the various

ways in which the principles of the invention may be employed.
30 DRAWINGS
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| ine 4B-4B of Figure 2B. Figure 5Ais a view of a representative one of the
toothed flat disk 20 nenbers formng a part of the male sti f@?ﬁ er
taken fromthe |line 5A-5A of Figure 3B. Figure 5Bis a view o
representative one of the large diameter circular flat disk nenbers form ng
a part of the male stitching nmenber taken fromthe line 5B-5B of Figure 3B.
Is Figure 5Cis a view of a representative one of the smaller dianeter
circular flat disk nenbers formng a part of the nale stitching nenber
taken fromthe line 5C5C of Figure 3B. Figure 6 is a schematic
illustration of aFigusdil dd Bigepiendoricd cmwnn@ convenianahatidamsl with erside
connected by the stjtchi n assenbly. so %ure 7 1S a Cross- sectlonfal Vi ew

t aken al ong tR38¢€| 9fike maghipe'shoysing ngareshthe jgwef reipyebigRerpit yIfngol s 4
partial plan ey ffachiB cBHﬁSBH&ﬁQttﬁe Machm@ .ﬁélud@a @gtcmgba%gémb heste

conponents being shown in a'tightly neshed condition. ure9|sapart|al
pl an vi ew si reompresses g, @neloeg@rumcts@mtwgbm;u@ffth@@umryn@nmd.urst t he

tightly neshed co vi ew of
the central band g%%?‘%gl‘iigﬁ‘dglr‘:’:{eﬁb&%r %036 @gﬁﬁgﬁ%&m@l&@?@@%@%on nts shown
in Figure 9 aiaenelhsaderhaletstighimnginierhbery assenbl y. DETAI LED DESCRI PTI ON ~0
Referri ng now to the drawi ngs in detail {i@eqltlal I \é@to FI%BI’G 1) a

cushi oni ng conver SIS ?rﬁd%?’h@xﬂ%d"é’c%qﬂed'i'%o alg SUGhI MRTeRE i on i s
| I1ustrated. The pReR De |51?n 9§s°en?6led &@@ﬂé%@ﬁi@@ﬁﬂne(étﬁcm@nieﬁ{der' n Figure

1) a holder 16 for a su such as a roll or rolls) Sheet-|i ke stock
material. The st oEigmmBAns aISIdprvmveDfaaﬂoyhatmtstlm mem‘bet nftéae séitohbingi nposed

plies or Iayer ode e ecycl abl e and reusabl e thirty-pound
Kraf t pape? 5’?’?@&“’0&?@3% a rﬂala%ﬂ%mg rhémte.

Figure 3B is an exploded edge view of the male stitching member.

Figure 3C is an assembled edge view of the male stitching member.

Figure 4A is a view of a representative one of the toothed flat disk
members forming a part of the female stitching member taken from the line 4A-

15 4A of Figure 2B.

Figure 4B is a view of a representative one of the small diameter circular
flat disk members forming a part of the female stitching member taken from the
line 4B-4B of Figure 2B.

Figure 5A is a view of a representative one of the toothed flat disk

20 members forming a part of the male stitching member taken from the line 5A-5A
of Figure 3B.

Figure 5B is a view of a representative one of the large diameter circular
flat disk members forming a part of the male stitching member taken from the
line 5B-58 of Figure 3B.

25 Figure 5C is a view of a representative one of the smaller diameter
circular flat disk members forming a part of the male stitching member taken
from the line 5C-5C of Figure 3B.

Figure 6 is a schematic illustration of a cushioning product having a
cenfral band thereof connected by the stitching assembly,

30 Figure 7 is a cross-sectional view taken along the line 7-7 of Figure 6.
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hol l ow cylindrical tube. Alternatively, the stock materi al Breferably
consists of two superinposed plies of fifty-pound Kraft pap m@Rlﬁmaonto a
hol Il ow cylindrical tube. The cushi oning conversion machi ne 15 converts the
stock material into a strip having lateral pillowlike portions separated
by a central band. This strip is zo connected along its central band to
forma coined strip of cushioning product that nay be severed) as by
cutting, into sections, or pads, of a desired |length. The nmachi ne 15

i ncl udes a housing 18 having a base plate or wall 20, side plates or walls
21, and an end pl &igurei8 nmldartMpIahiv'cdw cdeb@otripoBeMsfoorhasiitdhirwre structure.

The b 1120 d | h Th
nousi ng al co TREPBRe S RoLBRPHARTE DanaaPh T o JANEr ool D AR Bace, ‘o1 de and

end wal | s, form arFigune oas dipartial pRnRasesimngr toiFuredl dx@egtshaithghobisye at the
upstream end of the housing inturned edge portions form ng a rectangul ar

bor der ar oundvessieenettap tighilomashad compeneetsat i vel y |1 arge, rectangul ar stock
| et 25. | |
i nl et opening gﬂ.'ré r1P3§ ?%Eh ﬁ@g&-se&h?ﬂ%&@%ﬁge 205l b3hE oPtheVl

ext endi ng per pendi C rom upstream edge of the

base wal | 20. cUshlommngrddtltr& ifibé edbdified conpenerds ssown psitigerard arenged downst r eant
are herein urs]tg H‘]f rel atloBIto the direction of flow of the stock materi al

through the nBERIENLSSEMBYend plate 22 extends perpendicularly froma

| ocation near, but inward from the downstreamend of the base wall 20. s

The end plate 22 is generally rectangul ar _and Planar and includes a dunnage
out| et openi ng. The housi ng (ormﬂl udes a front cover or

pl ate 26 i ch exthé?gﬁng gﬁggg%c%pﬁﬁ{ rggﬁn{j&g]lt;{h(a %ggy@,s[ qd e of the base

wal | 20. us, the en pstream and
downstream ermlshmimr@ comvesion mm”&m&mmﬂhp@tdﬂwerpren‘ent meentimist r eam end of

the housing 1 The, front Iat be a door ture V\/m ch may
e sel eat | vel flisiatb o e mabuiae 45 8o AP wpewBemimic (e e gh infatisri

cushi oni ng coR@ErSieBr HBGHHIPSULR as BNBII Bﬁ@hé 7 shéetlline Rk d\étéhéld%ea stock
supply assenbly 30, a form hg assenbly 31, a feed/connecting assenbly 32

powered by a sjwhmnteﬂgl prefesably censists okthrast superimapsedpling|as layereplect ri ¢ not or

(not_shoun, Bodésaiig BAREIEN Yo BMETAA, By REWSIR0 Bl S0 d O

exanpl e an“el ec shown or severing guide
assenbly 34. Hdllewsdytiedricalifapky Akeraathlely, Bk stbcicdnatbnagprafaram;s tamdistepf r y

housi ng 18- orORBeRERPSe PIEsIcy Ty RS RLK AL RRPErETEA RE SFOIRY ANdEee
form ng assen@by, 3%né §uér@&ﬂﬁg?éor%wahaanh@ﬁsbbmétsqra&sﬁ;@pmauemﬁml y 30

interiorly of the housing and functions to formthe stock material into a
conti nuous t h¥tdRhayine fesereheillowstike ?Prﬁﬁnﬁiﬁﬂ%@j@d Ay @igeptraldiande IdisoRtrip ise st ock

mat eri al er

feed/ conne\ét i %@ng@ggﬂ%%zﬁ?\trg%aﬁéd&g% ‘?éeanPd%ff%{J%e maaﬁ’rﬁjﬁdasserrbl y
31 z5 and is maUnmagzdetsavaed,tmbyeuiﬂngsnn:lesedtlohbeordmdssdfraemmreddbnytrate 22. On
t he opposite or d str am side of the do ream end plate 22

severing or cuttl cgmﬁié@glupgs ?ﬂS’GHf'BQI ﬁ¥'“9{@tetlﬂs§ pé‘i%@ °ﬁ?”@|3babl y
mounted on thﬁd@&%?ed’@'vball@%"‘@h&@ngﬁd plafe & I zizedhwcbnémbé@rf&m se
mounting plate 38 which forns part of the base wall or pla . The notors

are di sposed f@afn@pgg@u[ee The base wall 20 is generally pianar and rectangular |n shape
25 The housing also includes a top wall 23, which together with the base, side and

end walls, form an enclosure.

The base and side walls 20 and 21 have at the upstream end of the
housing inturned edge portions forming a rectangular border around a centrally
located, and relatively large, rectangular stock inlet opening 25. This border

e may be viewed as an end plate or wall extending perpendicularly from the

5.



so sides of the form ng assenbly 31. The post-cutting assenbly 34 is

| ocated -6 ~ 1 APR 2003 downstream of the severing assenb[llg gé aﬂﬁait i's
nounted on the front cover 26. Reference may be had to U. S.* Pa Rt
Application No. 08/386,355 for a severing assenbly simlar to that
illustrated, or to U S. Patent Application No. 081110, 349 for another type
of severing assenbly. The feed/connecting assenbly 32 in the illustrated
machi ne performs two functions. The feed/ connecting assenbly connects the
over | apped portions of the stock material to maintain the three-di nmensional
shape of t heupstrégm efigelahthadase Wal 20e didihouldriecnated) thed Senterms ddpstreémhct i ons

mat eral v oA A1l i e elRK P A< i oF e RV R s serol

31. These duahatéritleiroogistharmadhvid 1 RATIIENDplate ZBbxtends perbahdiogasy i t chi ng
menbers and particul arly gear-1ike nenbers 40 and 41 described in greater
detai | bel ow!rom?2 {ogation near; buliaward fissn ithedewnsiregm end ehibe fre’ wall 2Pnvent i on

is exenplifi ] i i ﬁﬁ?%haft 43
rotatably %Ir ?ggr?g E)e? Iétiﬁezé1?%gﬁl{yjoﬂﬁE%gwmﬁgﬁggléﬁ%ﬂe&ggﬁgPagég%?p ?i e nmenber 41
is an idler csatletiapgning. a floating shaft 44. The driven gear-like nmenber 40
rotates about an is fixe i.th spect ,to t ro | at 2 ereas the
other is carried ﬁﬁé ﬁ?'u.ésu]aq goé\féﬁﬁﬁ‘&)éﬁg 'U\‘/H'I"&? "{]@mﬁ;&ﬁ"géﬁ&b@a‘g&%ﬁ%}r ots in
gui des 45 f okexpadgbbgenticansy bntbe dowAsSRHM boy@ottha haseway 20r amushe driven
shaft 43. The floating shaft, and thus the floati n& gear-like zo nenber) is
resiliently Bie@rtiPiBle 22 and franf Riate 8P bound Kreiiram and dpwastreasmends efd ng neans
towards t [ sd i r i r \Y; {usted to
vary the dubgs Ry chERied o BHE donRaoaRioh IS I i Fpriher, D ¢

st ock mat eri alatpas mayde ddoedikewtractufe which Imayfler sdledively opebéd ta accebe
severing assenbly. zs ln operation t he machi ne 15. the sto supply
Zesenbly 30 SateASerByRRo i ofing AREPRER AR ROOREITIS T The f or mi ng
assenbly 31 cause¥hé maghie Mo fliitig irlfiesRPgbEI0s Pyt A3 eRbBESO, ld flsAming OCK
material to form|ateral pillowike portions of a continuous strip of

cushi oni ng. PEEEPRI¥A c@fRRSGANABCIRIASEIMDIY F2 RNeIPR BY, arstitchinggpRMAek er i al

t hrough th i : I ]

conneat ed HuRegmes o oA UERAE b (37 SRR &se¥8 SaH T o111
travel s downpoweend by setemniog insolr, fwexemplieran elsstsoiiojordRet showng.eandrd ng

assenbly 33 severs.or cuts.the .dunna SLrip into sections r ,pads, of a
oot red’ | ngereCamionsey e suds PRI e hine Mol AERHY Bigam b

post - sever i NghoRamey® konstdnt ehir§ rétRe B6 BAd SBpadtdre Bra-Bas, id efuntdaed ans
generally the same as the nmachi ne described in greater detail in U S

Pat ent No. 5 Upsteatpsidg i theshqusingcld erayongarticylarydhe vestieam g plakg O'det ai | s

of the gener a %rﬁq] i & r, it is
not ed tha?@t ﬁ\}ea”i Whgst ratabz%s or Afggfsgé%égér%ﬁéwé%%as of htgﬁtec’c?%ggylgescri bed in
pendi ng U. S. apserebly 3fpmikiicrit ofdine housiiBargBingtishs talfaro) thestadkemdteriali ng

assenbly is provided with a ide.ra A7 .t.0o whi ch a shapin ute 48 i s
rountod t he TR GelimeSsia R B bf tini s Ty Ratalt ot G

ext endi ng ermckhﬁatdeﬂWU%fQﬁebbﬁtréﬂﬂ@g?bmftﬁblﬁrﬁJ.!Tﬁe,O close proximty
to the gear-1like nenbers 40 and 41. Referring now additionally to Figures 2

and 3, the steadigpngctnanansembiy’2is legatedidoversireamniine foraingassembly Sleen in
Figures 2A:2 : I i L0Q.: Lreunt erence
thareof a o1 Gral ToUHE o (i onefeaRdAREE adindr oA bR 2. O]

pref erably i mppbstef ardowrktrearetsite of lehdagndtieem ¢ndislates? 2 thespaveriggar t eet h
around its cirgcunf eren@e. The teeth_ 220 cﬁre di vi ded bnt O‘fg enttral segnent
222 and out eFUBNG SSeeMR $3dnMmouned. N6 Inipis Are PERIREbYMIYEed OB the\e axj al
segnent s 220 basg wall20avicH May be pResRR Withta BaRS\RFSDMBultig Sxtersatwhiskl | y

di sposed with respect to the center plane of the fenmale nmenber 40. The

ot her sti t chifef§srarbefithe bage wall ar later2thi The metereareslispasae cad@gositecent r al
segnent 230) i i i nh S o side zs
Seqment s 955 st BAAGIRLe AR, THODASERRRL Secertly 346 BLAEE 21 67252
The central segnent 230 and outer side segnents 233 have around the
circunference thereof a plurality of ragé'_al |y outwardly extending

proj ections 234, preferably teeth such as the illustrated spur gear teeth
for meshing with the teeth 220 of the central segnent 222 and outer side
segnents 224 of the fenale



so stitching gear 40 (Figures 2A-C). The space between the teeth 234 of the

g ~ 1 App 2~~3 central segment 230 and/or the outer side g
may be viewed as valleys 235. As is best seen in Figure 3A, nsg Aﬁﬂ?ﬁuil de

segnents 232, also called cutting wheels, each have portions 236 that are
aligned with the valleys 235 s between the teeth 234 of the central segnment
230 and/or the outer side segnents 232. The valley-aligned portions 236
each include a cutting edge 237 and reliefs 238 on each side of the cutting
edge 237. Wile the valleyaligned portions 236 span the circunferenti al
space bet weerdmtmetrpamjoémd mrlﬂ@ésseirﬂrbdy Bfmbtm'i itdgs mdgeted DN thadroat cover
circunferenti,gl an | ess th

nf t t
adj acent pr oj ct| ?"E%H‘ayﬁeg?a@rta(g{? P%ltﬁ %plﬁ%q?qr}bl%j?aq@g&c%g %Vﬁffpng edge

237 is a ci r%vémfzﬁgéemblyeglgﬁaﬂeriﬁeﬂntdstratew bhotlNs. PaRht AppifdaBo®Not he teeth
234. The reliefs 238 are in the shape of sem -circular cut-outs extending

from one radi®¥1 '€ for anotbertupe Phegvedpeas®mily, at | east the radial end of

the vall eysal | nenBOsdd @ielifl asklnbl & HHA Risydled MEAYS RABADHEY || o 1o

surrounds” &ach radi al e Cu I n each 'val al i gned
portion 236. fﬁ]untlong ﬂ'beé&eddnmnoécttrigeassémbh]mongemtﬂmmmrléﬁpmldomdms bihe
val | eys 235

recei ve the 'Etg chf@tt?ﬂa' EQ?E'%F‘EZVE% tbf @W@Hﬂgﬁ%%égghg%@g%?es 2A-C) .

Consequent |y, du‘i\Hégé‘ng?é’fereGFcﬁhhéHiln@fas§éTﬁbl§tals’ocfbhé%ng‘?@%ﬁsstm Radri4l, the
val | ey-aligned portions 236 of cutting wheels nove past the

synchr onous| yhiebgh i meelnlne s h}’n@”fmﬁhﬁi ét0§l< ma@nahgogtatae Smkaﬁﬂdp'b'he cutting
cges 257 51 & SERUEThioloh BEElHflo! By 37 $has€ Aol FAERgBfe LN cULti ng

wheel s 237°has % ness an the w € fespective
grooves 226 icariducoutdyal @ugcefabtaﬂﬁg &tnt&tm@meh’ftms%nd:péﬂtucmlgrlysdgashk%? do not

span the C|rcum‘erent|al ent. of. the valle | i gne ons (such as is
di scl osed i n fraPes0AN %éﬁqcﬁlé‘?‘{ gigreger Qﬁ#’%@g? tﬂeﬁh‘é 'E@Btl ng force is
concentrat ed drmba¥irhbm .ae%lmasénhwv@%m@@uéﬂn EficROVRE of BaljeariRNt S
and/or allowi ng the reduction of pinch pressure etween the stitchi ng

menbers 40 arfdembersA0gs masntadou shafedhstatpely davsen by thefeed materct |y so
i nvol ved i t i ide is
o) e . SeyEhd SASERR e SHRERABA S RAREIBRRYLS7 |
edge 237 duriThe driven gepr-kikkahembéotd mtéeam adZxis fiked withvieepedt twtheed
segnent 222 of the f mal e ear 40 ures %C t he center toothed
segnent 230 dfont Rigt rs“ﬁm{‘ﬂ( E‘?dé?,& té% %ﬁgp %‘%@ ch isidad ve
centrally | oqgtgﬂﬁlj@aawlﬁpuiaé%s?& p%3a9|eaﬂaéiws?a4lﬁagtnhaten?ér@ tWdrdRRd aWalyh one
anot her and ual wi dth. _
from the driven shaft 43. The floating shaft, and thus the floating gear-like
20 member, is resiliently biased by a spring 46 or other suitable resilient biasing
means towards the driven gear-like member. The spring force may be adjusted
to vary the squeeze force applied by the gear-like members to the strip of stock
material passing therebetween from the forming assembly to the severing
assembly.
25 In operation of the machine 15, the stock supply assembly 30 supplies
stock material to the forming assembly 31. The forming assembly 31 causes
inward rolling and shaping of the sheet-like stock material to form lateral pillow-
like portions of a continuous strip of cushioning. The feed/connecting assembly
32 advances the stock material through the machine and also connects the

30 central band to form a connected dunnage strip. As the connected dunnage
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For ease in fabrication, the gears 40 and 41 preferably are fornmed by a
stack of axially juxtaposed di sk nenbers preferably having a thickness that
enabl es the disk nembers to be economically formed, for exaldl APRy2088anpi ng
~0 or laser cutting fromsheets or plates, typically of steel although
other suitable materials (typically netal) may be enpl oyed as desired. The
preferred gears illustrated in Figures 2 and 3 are conposed of essentially
five different fiat disk nmenbers 243-247 all preferably having about the
sanme uni formthickness, except for slight variations necessary to
accommodat e reip tgyel sdwriseer flor theXBdd/gommicting bsdantisiy 30 thks savdringr S.

However, a different nunber di sk nenbers, whjch nay be of S|9n|f|cantly

di fferent thiaSRe/ERYSS ,Sengrp %é”ﬁs‘ﬁ@d”?’&ﬁge&%ﬂr‘m%secéﬂogf’ rﬂjlpédﬁ agssirgg

menber may b d btk O 52 e axi al
segnent) if k@lﬁéh@sﬂlé&fgﬁéu&eﬁn@%&@gzﬂ an[jdmgﬂﬁéhg(\)/e teheﬂf:br%;ssmggjctl on of
a spur gear &4 20 shown in Figures 4A and 5A, the teeth 260 and 261 t her eof

1 ount or chti ai |y iR R % 45 % BBFGHed St nifn BR84S o o

have one or medchinededsriBéd/inayicatebdatail BIUPSCPateat Mo. 5,023,689 806 refagnpe Ns and a
center hole 269 and 270, respectively, for nounti ng to a shaft. As shown,

the di sk mentieay Bhad thefete fordurthes dgiaih of theganera) gHRNARINERUANGIPPEEORe dr i ven
gear. has NIgAGHAL CHBALIG LI GAPHEVBIRRRSIANGIINGALEmAPS 10 the hub

264 thereof for the connecting pins a center hole has a key
sl ot 273 for ohtheopp®desdribgd in k@nﬂlrth;S tatent Application Noe 08/386,358i Alsonenber

i amot ri a1 e snESe Rl Bl fH ol B 21 SRS e ictwra ¢ o

driven as in 48heniduhted| that idedraeiptidvirg anaaéndwrguudéémmefmﬂmrim -10 ~1

APR 2003 connecti ng hol es and center haol es) the disk nenbers preferably are

ot herwi se i déiending fom the davinsyramend of e $hapingratwRinio dase arXimilydo have
circular sha I, 247 has a generally circular shape with
a scal |l oped gﬁggﬁglkggﬁﬁ%ﬁg@%ﬁﬁgl ng edges 237 and the notches 238. The
di sk menbers 245 Refterdbnew edditieiady &bFigurss 2 s &athestihcamgtmmlamd4@referabl y
a di aneter_equal,,the dianmeter, of the hub_.264/ he projections
or teeth éﬁo%féf%ﬁretsﬁgwﬁi"k%wgn@‘érsge%&':@ﬁ% é% é‘al?]?zg%élfals}) Blewar di'y. The
di sk menber ZMemipsrefosizasdrgumbheairdipfepérse theveors plui’éiify bihvadidipoeiardpf the
di sk menbers 245 and 246. The ~o di sk nmenber 245 ed to formthe femal e
gear 202, ha$XeHHREAIPIREHIANS %29 pzﬁsra&wdnah%@y@&f(%'ﬁ eﬁuchéﬁéh@'ﬂgstrat% the

t oot hed di sk ﬂggg A0 ed to form
the mal e gearIEE et%eéﬁr%@tn:@r{g’%rwmfér%gc I' Zg'ie %%Hpgé%g%t erlaﬁ nédl§86l 287 1i ke
in the toot hegntlalslegmenb222 addioutEr grigide segrerds 224 ky aontier recess®s28. f our
smal | di anet Cll’ ular di ~5 e 245 are senpl together to form
the femal & gae asgrgﬁ%a%%"ﬁ%?%@g?%fegﬁ FS AR Ao sk
menmbers 243 (shimpstecalilispbsed ittt kesfedtag tidentar pldnd dfahe éhdle infeensenf al i gned
with one another to formeach outer side segnent 224. The center segnent
222 is formedd by two smaller circular disk nenbers 245 sandw ched bet ween
two toothed di sk fg lﬁ?e%m Vi 1480 ed with
one another and w tﬁBﬂLesﬁgg{lﬁ 0 B%etﬁgﬁ%éé Qﬁc't“ g%grﬁrrﬁt}ﬁtg ngl&ldb% e smal | er
circul ar di slcemfaﬂmgmemlz?:&mtaﬂy adjecemmneedldgesagmﬁntﬂﬁ% aldbumpande and t hus

formthe annul ar ¢ r groov bet Eac. nt 224 is
spaced 11 g SRameBR S redbdtiiey Sutva)Y SRR AinaE Sle Sap TR RS, 243

whi ch t her ebyrheQeftral tgnhb BB@Bnd b@RY §ide seGheME 238have @fRIHd tR46 bet ween the
center and outer segnents. The di sk nenbers are held together by connecting

menbers 290) C!’fﬁ'érﬁfe&%nqeltb@'[e@fQPI%@I%Oféﬁg@MPWaM’W Bﬁﬁﬂd'ﬂﬂ@m%@@ﬁs 2891278 in
the disk memtieedfHeatrothiasindiBstatbd bhit diaf Rk Andshfifl with e
connecting rivets er suit neans nay be errp oye t0 secure the disk
menbers t ogettaeth 22Baf tha@amrlaésegnmarm P8R and pbter &dB@egmpnt@éMfdbejfetrw@t her
and/or to a sy Qrtin 1 APR 2003 di sk nenbers
244, 1o SR Rerasp 40 Pl 204G o Pheatnse rEVkRs A g% B o et o
di sk menbers 247 are assenbled together to formthe mal e gear 41 as shown
in Figure 5. Three toothed di sk nenbers 244 are stacked together with the
teeth thereof aligned with one s anot her8to form each outer side segnent
233. The center segnment 230 is fornmed by two smaller circular di sk nenbers
246 sandw ched between two toothed di sk nmenbers 244 that have the teeth
thereof aligned wth one another and with the teeth of the outer disk

segnents 233. The smaller circul ar disk nmenbers 246 space the toothed gear
menbers 244 apart and thus formthe



~0 annul ar center groove 239 therebetween. Each side segnent 233 is spaced
fromthe center segnent 230 by a |large dianeter disk nEnberU§4Ammem
thereby forms the punching segnent 232 between the center an er
segnents. The di sk nenbers are held together by connecting nenbers 293,
such as rivets or pins, extending through the holes in the disk nenbers
which ~s are aligned to receive the connecting rivets. Again) other

sui tabl e means may be enployed to secure the di sk nmenbers together) for
exanpl e wel ding. A bushing 294 may extend through the center holes

270/ 286/ 287 akentrélsedneit 280rbed/sr the ositer\sitle skgnentsu232 mawbbevienaddent , t he
gears 40 and 4 viéé rotate synchronously 20 because of the neshed central
and outer sed L t he gears. The meshing gears pull the overl apped

lateral edge portixyig bkt $deR is FRitke BRAS irer tiaesefmenrerBaa/oWallde doi ng so
will formdents or indentations 1n the stock material and thus thereby coin

(mechani cal | yeuBiaandiests, eachibavs pyrtiense236 thakarawlignedwith fhe valleysade tine, the
tti d ' i : dj t
Coot hed seps ellderip kb 3ol of neEhitalion®fs o8y EhiE: dRloer 3diF 2k 20T,

gear 40. At tsegmenis 282.t ke galkyslighdtepdrtiems 2ickeaghdseldde atdutting eeldges and
femal e gear teeth wll se adj acen ortions, of the, stock terial to
nove i ngoppos%%?eanGirPQeéf ?gﬁgn\ﬁﬁf"}' &' f’ﬁgtr@tﬁuﬁii'\ggedé’ﬁg?@? S’X@'if‘e&ﬁt"g‘ﬁ?yé create a
shearing act igignédporiogs 23655pan thb cReLERfersHEibI e Bbtvidtd tAu @rdjeqtipas | ayers at

each -12 0 1 APR 2003 side of a thus forned snooth-edged tab portion
bei ng punched3dytherattingradeeZ3giesta crgumfarantial spamless gn thacl udi ng cutting

the slits jo r . i oW S , ushi oni ng
pr oduct ac1§:orcgc{?wg*e:r%ﬁ{a?]%ﬁv@%&%ﬂéq}%@gﬁ?ﬁég@&% ?f/ iFﬁ %s r' dtagg a%t 375. The
cushi oni ng prilagtrateds thepouttingsedyed37lieasircumiarentidl gdgef conabhtyic Withelee mrot nor e

| ayers (plies) 377-379 of _ sheet-||ke terjal, these |layers preferably
compr st g biUBBGH Renel 27 e slin'e 23R ard e Shabe aem GUPHR! SRR ayer s
377-379 have éxﬁén@fn?' fr9Re P:SHiéI'e@lgé of ﬂ\%rc%ﬁfngfé?igéQ@ﬂ% Qf IdaBethegadiSrenROr ti ons
and interleaved and/or overlapped as seen at 382. The overl apped and

i nterl eaved sbthe alley-alignest portienst236edinttbigenanner.a eangare edge eretfileal seam or
band 383. ,TJh j i +SE i i ifacl udes a
contral ity SI0UR A B! SGROPRBRYRR ebto 2HE rEpadVUIBH MG I U207
di rected dent286389. The central row of dents is bounded at each side

thereof by a row 390 of tabs 391. The tabs, which, are, defjne y laterally
spaced apart sli tg)_"'g@%f‘ft%?cg‘ fdhe EQ}C'BPQ Bl‘?ﬁ%?ésd‘“# PB‘?nﬁﬂ h@elvéb%\fs st ock
material in yBetve@hRSidetRRPORAL hitid ScHIRY RlembtRl Y1 RdbhRthe 48Rk 200 the
central row. The disk nmenbers that nmake up the gears 40 and 41 may be

assenbl ed i n cfite femala stiehing membes 40dsigures @8sEx eGonsgaugnByrdurioal ar

appl i catiqp. LSl t he, st )| conposed
of"a o ngre roafplt e flbed eSS 2o A bRl ke CTPPET
wi dt h sti t chithgcutfiogmwaesiel2a2 wilbmohe pastithe syrehrdnoaslgenbuingsicetresiitee S may be

i ncreased to provide a w der, _se nt or segnepts. Simlar t he nunber of
spacer di sk BMBErSCting SRAeR 0D Huite FEHRa T re SaR el feckyaAM
different feafsybgssstopst tharcﬁ%ﬂiﬁeadﬂthtin'ﬁtvUHéélé)ﬁBZ?m HKngss Blighfyesel a
specific preferred exanple, two of the toothed di sk nenbers 244 coul d be

st acked t ogetthan thgi witithtafdhe easpective@reayes 226 inthe famele geardle Sinseltbe to form

h i de. db
Do snal | &7 CORrgREIoRR 207 38 B Shdr e Rl er RIS bt el e o ™
t oot hed di sk poetidper(suchies ik liisicidsad i U IS Patit Appivatien NoaD8GOZBOW, the one

another and with the teeth of the outer disk se nts, 233. Additionally or
al ternativel ﬁ”h{“ﬁéo'&fer‘%lﬁ%%ﬁ?teeﬁ" ?ME"%@ P?@Wﬁ@gggﬁﬁ%dr‘@'“ﬂwwrand 41

rel ative to tBguifdtsdt® BhdYer AlcMiktFihe T84 HoR 8f PREh bicRduielbatpessaary or - 13
~ 1 APR 2003 desired. In the illustrated enbodi nent, the female stitching

menber 40 di rsditahing membarst4d andet by clsa@iibaughithemeiched @38 aagpoidireche st ock
terial | 77 t iect | t hi
Srde (¢ he Tog T e plife PlYeds the @havi odd BloRlnar bRRIE i nblelL T L

of a specific preferred exanple, 5 the stitching nmenbers 40 and 41 could be
reversed (wWith appropriate -



nodi fications to accormmodate the drive/idle arrangenent of the shafts 43
and 44) or the orientation of the form ng assenbly 31 coul,d, be inverted.
Wth such a reversal or inversion, the nale stitching mer’r@ei( APR 2843 o
directly contact the overl apped edges of the stock nmaterial |ayers and the
tabs 391 would project ~o outwardly fromthe opposite side (the bottom side
in Figure 6) of the cushioning product. Additionally or alternatively, the
shape and/or size of the disk nenbers that nake of the stitching nenbers 40
and 41 may be nodified. Wth particular reference to the cutting disk 247
of the mal e sbienhbancegthemsibarngldbilitpbf the duttimgedpei28@ dukieglits 282roath tnite
stitching nenper 41 i g.made in a different manner), its dianeter could be
chosen to no ?F(ﬁ?@zggpth of the tab slits and/or to change the pinch
pressure between trihg cehicr tHthel seymmt 224 0f Maderfidle g¥ap 20 (Riguisrapupger ent i al
span of the cutting edges 237 may be nodified and/or the shape of the

reliefs 238 iy the centghtpathedzeeomenh 232 ot the umale gear 4l ériguses 8At34a Mayot hed
and 234 1t HE S PRehig ol EaRnuRla] oraEE2 00 B LU B Gldrl” P80 |
t he nunber ofwithr oneeahathersariR2éf dquaiddidihoul d be i ncreased/ decreased. The ’
illustrated stitching mepbers 40141 each include el even projections 2201 234
wher eby the di sks@?ﬂgf'sﬁl'ﬂ’ f@é’?:q?t'?'l’r&%‘ﬁg_@arf§oeﬁ”§’v Pe é"[’tﬁyf%bfgjfﬁﬁé l’B? way of a
speci fic prefgadest ﬁmgﬁll&pd%_@@ ifsk FRErhISERS prFetaBly PR VIR EEthiERnbdtthat he
stitching nmenbers 40141 each included ten projections 2201 234. This
nodi fi cati on enablasdhediskeeembers tabe eeenarically femesh far sxamplechl stampingi | ar
nodi fi catigns_t [ e r ' ' :
Addi ti onal Py %rigsaqﬁr{&@}tﬁgtf%o\bgﬁe%ﬁljeolétéér}gﬂgélﬁﬁqgfétgﬁ aftibu h¥ffer50fetle g 234 o
C(i)zl d be chgnggtérig@)(tym_ Ilphewl)a'g%bé ngplzmgicﬁ esﬁegrwiﬁ'mﬂ prefarive @Iaaepg of the
- n ~ aPR 2o0a roj.ections an e. n to proyide "nore
slop” or "exdldiaiacen RS 4aRd 3%?%@90%%{%%@3&% Aomeent Fa s
Eg”Ve”t i onal rﬁ@n%be%@@@%mrﬁferéﬂq RaihP BSEUt Yheathél uRRSrmP@icRh&seT T ed.

wever, the present invention includes the appreciation that such an
arrangenent pexeepties slightuariationp necassatdd aseommadatasnating disk mewhaisageous i n
certain situatj igh Sl Iy ' iLred. Moreover,
the " exagg@r gédgooé}ég%%@%wgé%p%ﬁ@ceﬁgogﬁ% ﬁé\’(‘)’w bé Q*g?e?’ggk ?‘bgg@%‘éeabl e, and
predi ct abl e rabmbe@nwhizhweaynbé bisigificantig differeht thickasslsdshmayibealsegr €ssur e

between the stitching nenber 40 and 41. Since the coini rofiJe of io the
cushi oni ng prE@RRie.E3ing!e Juskes disk merabelanry g usedqp pgeé:ﬁsqr}?w.ﬁq)cﬁe diskushi oni ng

product may BeeHBLRGHINALY SHANISES dynifl, Wdsiey.t he pinch pressure bet ween
the stitching nenbers 40 and "41. For “exanpl e, the cushi oni ng conversion

machi ne 15 may be Thedlisk mambersi 248 ande24d hayathetropgeeetionip spyesedslas
connected to CcOi-l . i I : lectively
vary oot R e e 2R 3hasno erigef88 50 281 ERERLREnd R BT
mechani sm coubuiwanily fiota redppctivxiansl 264 s 265ce Sembtircumdereatiallyspacete of t he

housi ng for enabling easy .gperator adjustnent_ of the density o hi oni ng

product) suchPR&t F?"§J%§E‘?”Sf- oy{)erf;'?ﬁhmf’ e %Waﬁ“ﬁ%ﬁ"@rﬂ“e,%ﬂ?%é‘f’kér%%ﬁlo.

PCT/ US96/ 1080 irdd MY ' re of the
o S RRAY, SR e Ry 200Bre 27

stitching ne control y a mcroprocessor. In
ei t her event ,respectinglybfor proahitingitol aeshaft. rAspshawe, theadisk menibey24hused to

arrangenent. s i i,gure with.the r i X at ent
Aopl | cat 1 oft NGO RIS E6S 4. Wplel s 1B, LGB BETRES LEPTERNS A i nch
pressure bet wvegrally Bpadeidparisholés 26Tdn4te hdth26pthefaaf fardhe osieridetieg pindj fi cati on
to the shape of, the projections 220

2s an 4 wll be explained in the
context of r ePId@ cRrfer i e&_@ﬁ#“ﬁii“@ﬁ@ kfmﬁ’éﬁaggmcewg@ @t"'éfaﬁﬂ A" fhe gear
di sks 1243 anghivk2dfans iPWbthdt didkdHERbdr 24409 BY&Ed o bR the1naleNfarlh Giayof the
nodi fied projections into stitching nmenbers 40 and 41 nmade in anot her

matter is poskavs, orwxamplentvadiametrichiit eppdsite cornestieg pinthales 266 anshno

connecti ori = opt i BEh BE by BB RY - BrAER bRECOH sl “Rui8ile 0, 1°
the illustrated stitching nenber 40141, the teeth 260 and 261 of the
-10-



gear disks 243 and 244 are shaped in a conventional gear fashion so that,
when tightly nmeshed together they appear as shown in Figure,8 |In the
context of the present invention, "tightly neshed" refers tg WR 2603 top
| and of a ~ projection 260 contacts the bottom | and between projections
261. During actual operation of the cushioning conversion machine 15, the
| ayers of stock material would be between the projections 220 and 234
formed by the teeth 260 and 261 whereby they would be so tightly neshed.
Mor eover, even conventional dry gears are usually not designed to be so
ti ghtly meshecbrinegtindioles And oemtenigdlys, the disko meimhersipteferahlyears bthedvistat t he
Illustration in @%gﬂge 8 a?d ?Iso Figure 9, are provided for explanation
not for the pﬁPB (ﬁeéﬂﬂ) qﬁ&'an i nt ended wor ki ng arrangenent. In Figure

8, the disks 243 &yt dididmenter P48 and 246 havghdicWlarsisdeg amdtthe dR depth
direction of the tooth 260 being positioned perpendicular to the root

circle ~5 of WgEbgr 347 hasa generafly sirqulayishppe Witk gegalonedi adasro ferAetheoot h 260
t act i.d ' ' t ' th
contacts sig ecﬂﬁﬁé %@%%hﬁZG%Mh%tcﬂgé a8gn Tﬁ&gﬁggnt%%e{ggﬁgﬁl%d%he%@gt hee

space between the is contact Is eonefry o
t eet h 2601 26 1prefrxably ofitherdayne tdiemktesand preferablyandismetdreqibethe tdigmétanefs, and

the abrupt fillet radiys.. In Fi e 9. the disk 1244 are shown in
atightly ms%&g‘%%ﬂ/ég’ ff%‘”&‘&’gﬁhe qu’r%qi'gf‘%ﬂr tSFt?]t#iﬂ?%ﬁ?ﬂh?%@b bei ng

posi tioned pempaibdrs243P44 BxtbRE rdoRly obiwllg. The Rk riémlerl24ipreferadly i n this
tightly nmeshed condition, the tooth 1260 does not contact side potlons of

the two adj acB?tadizerateriarger thepithe digmeienpl thexisk megibers 243 gad 240t hle
reconfi gurgd t t i ;

sem - Ci ?cu]e(‘)ar&iggﬁ?e gﬁ%rgﬁa‘s@g ﬁg%é n%é?%%llg%% Shﬂ%g‘aﬁ%ﬁé‘%‘*@hg‘%ﬁ%ﬂgr adual
zs fillet radantsakeyed canter hde 2T®likecthe &bdtkesd disk meenbea@dac Simhildriyetie. | f t he

stitching nmenhers 40 and 4 re difi to i nclude the exaggerated

backl ash projng'_ﬁlg F@Hgb,ef% ﬁ‘é@?ﬁr%ﬁ%*%faﬁﬁ%m'%%u@’& Q%@Fﬁ%%g'?cgesshom in
Figure 10. Aspgdbashhdhe@nter R6le86!28711IRE id@btSstRed\isk nfdrhbdr d4acl ude a
central row 387 of outwardly/inwardly directed dents 3881389 and a row of

tabs 391 ao | ongi tRightiaethed diskmernlerd atdead faujsaa siarseteneiraulay difkr ect ed
dents 388 (wh ' L B B .) The
hei ght of {\Eheﬁ‘t@%%ﬁ%%“lé)a%l%ggggggggd%tﬁ%iﬁg{({{em lﬁeb?%‘ﬁ?'gg’fgak HO By SHPEn Ib5] 380
due to the noFigumsdtbamt2d. ghofe tbethed dishkenetalbers 238 gFigem 44) arastaghed he

| nvention hastoggﬁ'n%r \?VHR\{WG t%gﬂu t?\grse%ﬂa |g%%d%iﬁwhonrceeasri%ﬁmcér tct) ?orm each outer side

segment 224. The center segment 222 is formed by two smaller circular disk
members 245 sandwiched between two toothed disk members 243 that have

20 the teeth thereof aligned with one another and with the teeth of the outer disk
segments 224, The smaller circular disk members 245 space the toothed gear
members 245 apart and thus form the annular center groove 240 therebetween.
Each side segment 224 is spaced from the center segment 222 by a small
diameter disk member 243 which thereby forms the annular groove or groove

25 segment 246 between the center and outer segments. The disk members are
held together by connecting members 290, such as rivets or pins extending
through the holes 267/278 in the disk members 243/245 which are axially
aligned to receive the connecting rivets. Other suitable means may be
employed to secure the disk members together, For example the disk members

30 may be welded together and/or to a supporting shaft.

-11-



5 certain preferred enbodinents, it is obvious that equivalent alterations
and nodifications will occur to others skilled in the art Lppa)nAﬁR]&ﬂﬁaéadl ng
and understandi ng of this specification. For exanple, the stitching gears
may be used in other types of machines and nethods to stitch overl apped
portions of one or nore layers of stock material. The present invention

I ncl udes all such ~o equivalent alterations and nodifications. -17 01
APR 2003 ~r n rn~rc 1. A cushioning conversion machine ( 15) conprising a
conversion assenbly (31, 32) that converts a sheet-like stock material into
a three s dinensi eight tasttiedddiek mumla'rsﬂﬂm@vmmbmguamﬂca'ppleddisbrt i ons of

stock material; the cagnversion assenb%y ﬁﬁl)éé cI udi n%n& at I tching
assenbly (32)MeBReIEiI24Ppddweilarge diametentli ﬁ‘é‘ A/ A% ash econd
stitching nenggdinérkd fc),rn?%hn&%@ém Q&Jsﬁovm qurﬂd;dréls Ofhré& ot dvaignit war dl y
extendi ng projections 10 34) that neshingly engage during rotation

of the stitchnembersidérase §taol<ed4mg¢thet with thertgethdbeneofaliggpedwyitheane( 40)

conpri si ng, at BRE nber (41)
comor i oi ng® ety o fE.S535ier bEEReoRAM 47 AR Hia TR 2 B0 ot at ) on
of the stitcHomgedipyiner smalkd cirduiar4iigk rhémbeﬁs 2a6rstawdwfchedj bbtweeBI®p i n the
over | apped portions of the stock materi

for one row of tabs
for interl ockPetged H@M@%’F"P%fﬁ&éﬁ “'f?(SIhPY%H? tg@tﬁtﬂp‘%reg qj@p@eﬁgﬂtbrqnaano &rein the

cutting edge I I | f t y outer
ends of the :ﬁ:ﬂe ﬁﬁ\tp @;g?ec;tjﬁ gﬂ@odr%er( ge%?é n%héeﬂge-[:%e;ﬁﬁgﬁt% gﬁlﬁ%{g&zﬂo menber

(41), are radnembgrs@dsispaonthe tb@thaéeaaraupmberm24ﬁranaet@nddhss foredhe of t he

a1 ount or dht i elep ERAChatie 78 WeRRHENEG oo B i 3aie Bibebdl o

stitching nerfluen theddenterargmente230 hycal Hrgd eiatmetdrldiskapember 2470nhish | east one
of the adjacent BI’OJ ections (234) of the second stitching nenber (41) by a

25 radial reltfeeby sasms the punching $egriand 23% Betwse] ”E%Q?“t?b?”%?qt%hl ng toget her
over| apped e%gn{é‘ﬁ{sl. I EHES4iSE mehiBels %@th%fd' t@{;etﬁ@r Y QsHieBtiy ﬁ\'&ﬁ%‘éréji 2nsi onal

strip of cushidning, conprising a I tchi'ng nenmber (40) and a second
stitching 3o swehiae rrive(szbl pjnsc extending thpough thg haleslinithel disky membessiwhich y
outwardly ?Xtaef\g %Ill Ied to recelve the connecting rivets. Again, other suitable means may
be employed to secure the disk members together, for example welding. A
bushing 294 may extend through the center holes 270/286/287 of the disk
members as shown.
As should now be evident, the gears 40 and 41 will rotate synchronously
20 because of the meshed central and outer segments of the gears. The meshing
gears pull the overlapped lateral edge portions of the stock material
therebetween and while doing so will form dents or indentations in the stock
material and thus thereby coin (mechanicaily permanently deform) the stock
material. At the same time, the cutting edges 237 spanning the teeth 234
25 (Figure 3A) of the adjacent toothed sections will move past the teeth 220 (Figure
2A) of the female gear 40. At the nip of the gears, the then juxtaposed cutting
edges and female gear teeth will cause adjacent portions of the stock material to
move in opposite directions while the cutting edges cooperate to create a

shearing action forming a slit through each one of the overlapped layers at each
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0 1 APR 203 projections (220, 234) that neshingly engage during rotation
of the stitching menbers (40, 41), the first stitching nenfper Apﬂg%gng
conprising at | east one recess (22G and the second stitching ne
conprising cutting edges (237) s received in the recess (226) during
rotation of the stitching nmenbers (40, 41 ) to cut a row of slits (393) in
the overl apped portions of the stock material to format |east one row of
tabs for interlocking the overlapped portions of the stock material;
wherein the cutting edges (237) are radially inwardly offset fromthe to
radi al | y out esidereda thiis foneeddmacthrddged dale portiombeind Déincldd bhthegroomd

stitchi ng nenber . e, radi.all Slti ned be n agj nt projections
(234) of gt he §%@B%@%’t7' ﬁ%lpﬁ'ﬁc é?"ﬁ)%ﬂ%:“ ﬁﬁjﬁ#s\é\gg f ﬂﬁ%ﬁg§paﬁ I Jess t han
the circunferenti aheféﬂﬁfgenéwfovﬁﬁur}eééla?@eima d%ﬁibﬁrﬁb 'p%lﬁxc( 3@&%@% td the second

stitching menber (41), and are circunferentially Spaced fromat |east one
of Is the adj atyenhorpmpb@mawy(llgst@te@ﬁt $te Bwcausbioning RrAdwe) cmpﬂws (41) by

di al
oo o LB hEh e AR A GRS BT B A B 2,
wherein the cuotatera, thesrelay¢rd profeidolyasoenprisingriddegeatdabi, rscyciabteraid y

t d | at th dj t t 2 A hi gni
onver si on nadSHSAbERrE8pagR o Bt (eI 13- Led g ojon zowans Fedt | n any
of the precedidedtbdrife Mﬁél@idﬁldﬁ&%nﬂQﬁt@ﬂé’a%'éﬁereﬂép pradeyechdl )

I ncludes a cutting wheel havi ng val | ey-al i gned portions (236)

radi al | y spanfgBag he@\@ﬂanneda@tmm@lﬂeam parignsci2oate stitehag tmammngm t he
e L ePA SR bR e e S BRAREER By 5, o e
forth in any gtaishecipdesva cergrat toaw mwﬂafwardtyhﬂreuwdldﬁyﬁ%&&]ﬁiﬁéﬂnatin@guith 01
PR 2Q03 a inwardly directed dents 389, The central row of dents is bounded at each side
thereof by a row 390 of tabs 391. The tabs, which are defined by laterally
spaced apart slits 393, are dented or punched from the layer of stock material in
15 a direction opposite the relatively adjacent dent of the central row.
The disk members that make up the gears 40 and 41 may be assembled
in different patterns as may be desired for a particular application. The outer
side segments of the stitching gears may be composed of a single toothed disk
member, as might be desired for forming a smaller width stitching. Conversely,
20 the number of toothed disk members may be increased to provide a wider
segment or segments. Similarly, the number of spacer disk members.and
punch disk members may be varied to impart different features to the resultant
strip of cushioning. By way of a specific preferred example, two of the toothed
disk members 244 could be stacked together with the teeth thereof aligned with
25 one another to form each outer side segment 233 and the center segment 230
could be formed by two smaller circular disk members 246 sandwiched between
two pairs of toothed disk members 244 that have the teeth thereof aligned with
one another and with the teeth of the outer disk segments 233.
Additionally or aiternatively, the arrangement of the stitching members 40

30 and 41 relative to the cushioning product could be modified if necessary or
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portions (236) each further include a concave edge profile surroundi ng each
radi al side of the cutting edge {237) . 6. A cushioning conveysi hi ne

( 15) or a stitching assenbly (32) s as set forth in the pre“EgdAﬁg ﬁﬁiim

wherein the valley-aligned portions (236) each include the relief (238),

and the relief fornms the concave edge profile. 7. A cushioning conversion
machi ne (15) or a stitching assenbly (32) as set forth in any of the

preceding clains wherein the reliefs (238) to conprise sem -circular

not ches extending fromone radial edge of the cutting edge (237) to at

| east the radiesiredgndn tfe itiurtrated ¢rohodimeginthe fpoete slitghineaembeg40 Aireciiyhi oni ng

conver si on | tf I | i i s,

Further. comprihiing e 2eling el kadd Wi YRt shpF -l ML ESER B S1E

bet ween t he osheremgtherateds! prdfbct ddtvardly 26m thidkideAthdRop sfdefiR FAJurd\6i@ A . A

. AF. AY. A (. AN. A3{y. A  AYU@ AY. A. Ay. A@ Pgh%4~]1.D- 3

4AATzupkf a§ W é%i]ﬁt"; %%ﬂ]%@f?é%ﬁtcéi{@”%ﬂeé%mw ‘l,fzﬁ %pff:&g-')&]pé%\f]effﬁ? EX#®RPca] cal cal ¢

gg]cgg]cg] cal cahg shkhiRb $erhsers 48lahaalcotliberellsOa RhitH@ spr@dnatb bl X] ] ca] ca] ca]

a] ca] c”a] ca] onpditdatiahs ki accpowmakale theckiy e/idie alrargaregnd of te) shafts 4B@apc”a) ca] ca

]c"alca]cal; 2tfdr.,, # | . . . .

viT e e ) L RePrantation of thedaiing asseniy 3% eRul £% nvsries WHMOEHEN) ca) ca] o

ﬂ )c?% )ca} cilzggd;gg%&gl grﬁhwﬁiﬁa] 08 heAd sitinng Arhibrl ¢ aWotprditsehlRa@BaRe| ' (n(((

: , T, | w mhe” Cc _ _

a] ca] ca] ca] cdveHpRred) ?,‘lcﬂeéé’f élﬂ\%&%kdﬁff@“é']’%@'ﬁﬁ?%ﬁ]%@]’%é%&'}%‘@] Rreie€h] ca] ca] ca
ca] ca] cal,ga | donasite si ide in Fi ioni

LoD Do T iRl SR PRy YSen Cup £ SLIS SURB9 o) ¢ o ca

] ca] ca] ca] ¢" gjredata] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c$a] ca]

co) celr e LA o7 AR R AR AT P e iy o) o) o
a] ca] ca] ca] cahstahsid 6f'taé ’émcmz%wﬁ@ﬁm wp &ahe 2Yndycsd eadigiad calng] C

ajca]calca]calcalcalcalcalc"allc"a]c"a]ca caé}ca] cal] cal.ca] ca] cal ca] ca] ca] ca]

ca] ca] ca] ca! Rgricuiankete[enceitx e eutting disk 24 cefjteanalg stighing merekardd (e cal cal ¢

" - Al cak - - | 5V \18{ 2XL
N 7] ] e e e e o) cal ca
] ca] ca] ca] c$aischdrmaliec adpwd pe &hosdrcta riggifytige de@p@f the-tabvsisdingjoryety 1098 () - F9
100 ()-  109%' ()- ."f 10%&" () - Yk AdESF .
109 E 3 - 109& %ﬁf‘é%gﬁﬁ}&”t 5’%8@&”8%@9,”1*6%@“?5"9% MRS 49 2rd v 05815 - 9+
109& () - L* Z1Q48ukerEftEl 9pdn 60th8 8utliRd@d§es 87108 Ebe mddificdiEagdrAf&skapd 5

109&' ()-L3 10%& ()-S210%& ()-9010%& ()-9/-109%& ()-- O
of the reliefs 238 may be changed.

20 With particular reference to the toothed disk members 243 and 244 (or
the segments containing the projections 220 and 234 if the stitching members
40 and 41 are made in a different manner), the number of projections 220 / 234
could be increased/ decreased. The illustrated stitching members 40/41 each
include eleven projections 220/234 whereby the disks 243/244 each include

25 eleven teeth 260/261. By way of a specific preferred example, modifications
could be made so that the stitching members 40/41 each included ten
projections 220/234. This modification in the projection pattern would of course,
require similar modifications to the cutting wheel 232 and/or cutting disks 247.

Additionally or alternatively, the shape of the projections 220 and 234

30 could be changed. By way of a specific preferred example, the shape of the
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f10% & ()-f d éﬂi@@aﬁ?gﬁéﬁ t&nd brobbbly would not be preferred However the present
100 & () - yo&1 00 & 0% & ()-"S1094 & ()-y 10% & ()-

dEbC 10% 210Myention- l@@mtae(apprecraﬂgwwt gych aqewr&e(mentpm)«g@(a M 1094 &' () -
e o Ld s FEE Ly R e
109%& () 9 10%8ert a-higher density pad is desired.

Moreover, the "exaggerated backlash” projections provide a direct,
noticeable, and predictable relation between the coining profile and the pinch
pressure between the stitching member 40 and 41.  Since the coining profile of

10 the cushioning product corresponds to its density, the density of a cushioning
product may be selectively changed by adjusting the pinch pressure between
the stitching members 40 and 41. For example, the cushioning conversion
machine 15 may be modified to include a control mechanism, operably
connected to the coining gears, which enables an operator to selectively vary

15 the density of the cushioning product on demand. The control mechanism could
include, for example, an accessible member outside of the housing for enabling
easy operator adjustment of the density of cushioning product, such as is set
forth in International Patent Application No. PCT/US96/10800. Additionally or
alternatively, the pinch pressure of the stitching members 40 and 41 could be

20 controlled by a microprocessor. In either event, it may be preferable to replace
the floating shaft arrangement shown in Figure 1 with the arrangement shown in
U.S. Patent Application No. 08/487,179 to allow for easier adjustments of the
pinch pressure between the members 40 and 41.

The preferred possible modification to the shape of the projections 220

25 and 234 will be explained in the context of replacing the gear disks 243 and 244
(Figure 6) with the gear disks 1243 and 1244 shown in Figure 7. However, the
incorporation of the modified projections into stitching members 40 and 41 made
in another matter is possible with and contemplated by the present invention.
Moreover, the modified projections may be advantageous for coining-only

30 connections and/or perforating/coining connections.
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gears are usually not designed to be so tightly meshed together. Accordingly, it

10 should be understood that the illustration in Figure 8, and also Figure 9, are
provided for explanation not for the purpose of showing an intended working
arrangement.

In Figure 8, the disks 243 and 244 are shown in a tightly meshed with the
depth direction of the tooth 260 being positioned perpendicular to the root circle

15 of the disk 244. In this tightly meshed condition, the tooth 260 contacts side
portions of the two adjacent teeth 261 thereby closing the space between the
teeth 261. This contact is due to the geometry of the teeth 260/261, particularly
the flat bottom lands, the flat top lands, and the abrupt fillet radius.

In Figure 9, the disks 1243 and 1244 are shown in a tightly meshed with

20 the depth dimension of the tooth 1260 being positioned perpendicular to the root
circle of the disk 1244. Even in this tightly meshed condition, the tooth 1260
does not contact side potions of the two adjacent teeth 1261. This "spacing” or
"slop” is due to the reconfigured geometry of the teeth 1260/1261, particularly
the semi-circular bottom lands, the aimost-pointed top lands, and the gradual

25 fillet radius forming a parabolic valley between adjacent teeth.

If the stitching members 40 and 41 are modified to include the
exaggerated backlash projections, the stitching pattern produced thereby is
shown in Figure 10. As illustrated, the stitching pattern will still include a central
row 387 of outwardly/inwardly directed dents 388/389 and a row of tabs 391

30 longitudinally spanning between adjacent outwardly directed dents 388 (when
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388/389.
Although the invention has been shown and described with respect to
5 certain preferred embodiments, it is obvious that equivalent alterations and
modifications will occur to others skilled in the art upon the reading and
understanding of this specification. For example, the stitching gears may be
used in other types of machines and methods to stitch overlapped portions of
one or more layers of stock material. The present invention includes all such

10 equivalent alterations and modifications.
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material;
the conversion assembly (31, 32) including a stitching assembly (32)
comprising a first stitching member (40) and a second stitching member
(41) each comprising a plurality of radially outwardly extending projections
10 (220, 234) that meshingly engage during rotation of the stitching members
(40, 41);
the first stitching member (40) comprising at least one recess (226)
and the second stitching member (41) comprising cutting edges (237)
received in the recess (226) during rotation of the stitching members (40,
15 41) to cut a row of slits (393) in the overlapped portions of the stock
material to form at least one row of tabs for interlocking the overlapped
portions of the stock material;
wherein the cutting edges (237) are radially inwardly offset from the
radially outer ends of the adjacent projections (234) of the second stitching
20 member (41), are radially positioned between adjacent projections (234) of
the second stitching member (41), circumferentially span less than the
circumferential space between adjacent projections (234) of the second
stitching member (41), and are circumferentially spaced from at least one of

the adjacent projections (234) of the second stitching member (41) by a
25 radial relief (238).

2. A stitching assembly (32) for stitching together overlapped edge
portions of stock material to produce a three-dimensional strip of
cushioning, comprising a first stitching member (40) and a second stitching

30 member (41) cach compnsing a plurality of radially outwardly extending
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members (40, 41);
the first stitching member (40) comprising at lcast one recess (220)
and the second stitching member (41) comprising cutting edges (237)
5 received in the recess (226) during rotation of the stitching members (40,
41) to cut a row of slits (393) in the overlapped portions of the stock
material to form at least one row of tabs for interlocking the overlapped
portions of the stock material;
wherein the cutting edges (237) are radially inwardly offset from the
10 radially outer ends of the adjacent projections (234) of the second stitching
member (41), are radially positioned between adjacent projections (234) of
the second stitching member (41), circumferentially span less than the
circumferential space between adjacent projections (234) of the second
stitching member (41), and are circumferentially spaced from at least one of
15 the adjacent projections (234) of the second stitching member (41) by a
radial relief (238).

3. A cushioning conversion machine (15) or a stitching assembly (32)
as set forth in either of the preceding claims wherein the cutting edges (237)
20  are circumferentially centrally positioned relative to the adjacent projections

(234).

4. A cushioning conversion machine (15) or a stitching assembly (32)
as set forth in any of the preceding claims wherein the second stitching
25 member (41) includes a cutting wheel (232) having valley-aligned portions
(236) radially spanning the space between the projections (234) and
wherein the valley-aligned portions (236) include the cutting edges (237).

5. A cushioning conversion machine (15) or a stitching assembly (32)

30 as sct forth in any of the previousclaim wherein the valley-aligned
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5 as set forth in the preceding claim wherein the valley-aligned portions (236)

each include the relief (238), and the relief forms the concave edge profile.

7. A cushioning conversion machine (15) or a stitching assembly (32)
as set forth in any of the preceding claims wherein the reliefs (238)

10 comprise semi-circular notches extending from one radial edge of the
cutting edge (237) to at least the radial end of the valley-aligned portions
(236).

8. A cushioning conversion machine (15) as set forth in any of the

15 preceding claims, further comprising a control mechanism which controls

the pinch pressure between the coining members (40, 41).
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