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cushioning capability have not been without problems. Thus, some conversion machines may
fail to impart sufficient loft, or an adequate low density, to the sheet material to be converted,
resulting in a dunnage product having an undesirably flat, essentially two dimensional,

30 configuration rather than a more desirable three dimensional void fill configuration. In this
instance, manual labor is often used to further convert, e.g., crumple, the\ dunnage product so
that it has more desirable void fill capability. Also, the inventors of the present invention have
observed that in some dunnage conversion machines the feeding device may engage the sheet
stock material at a concentrated portion thereof and/or too abruptly causing sudden increases in

35 the tension of the sheet material which may tear and/or jam the machine, or otherwise
deleteriously affect the cushioning characteristics of the dunnage product, or its ability to

adequately protect against damage or breakage of the item to be protected.
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More particularly and according to an aspect of the invention, there is provided a
dunnage conversion machine and a method for converting sheet material into a dunnage
30 product, the machine including a forming assembly for shaping the sheet material into a
continuous strip of dunnage having a three-dimensional shape, and a pulling assembly
positioned downstream from the forming assembly for advancing the sheet material through the
forming assembly. The pulling assembly includes at least two grippers movable together
through a transfer region in transverse opposition to one another and cooperative to grip
35 therebetween the dunnage strip for advancing the dunnage strip through the transfer region. At
least one of the grippers includes an aperture operative to gather and laterally capture therein

the dunnage strip as the grippers move through the transfer region.
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An exemplary transfer assembly includes a flexible transfer element and a pair of wheels
mounted on respective longitudinally spaced axles, the flexible transfer element having portions
30 thereof trained over the pair of wheels, and wherein the grippers of said respective opposing
sets of grippers are affixed to and extend from said respective flexible transfer elements such
that at least one gripper from each of said respective opposing sets of grippers are in operative
engagement with the strip of dunnage when moving along the non-circular path.
The grippers of each set may extend perpendicularly, or at a different angle, relative to the
35 respective flexible transfer element. Also, as is preferred, upon rotation of the pair of wheels,
the at least one gripper from each of said respective opposing sets of grippers is longitudinally

offset to provide clearance therebetween upon convergence thereof. The flexible transfer
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therefrom. The first and second series of wheels rotate in opposite directions and the first and

30 second transfer elements are opposed to define the transfer region therebetween. The grippers
of the respective first and second transfer elements are progressively brought into opposing
relation to engage and transfer the strip of dunnage through the transfer region. As the first
and second series of wheels rotate, the grippers of the respective first and second transfer
elements converge toward one another at an upstream end of the dunnage transferring

3 mechanism to engage opposite sides of the strip of dunnage, transfer the strip of dunnage
through the transfer region, and then diverge away from one another at a downstream end of
the dunnage transferring mechanism to release the strip of dunnage.
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to the motion-transmitting assembly, the movable blade being movable in a plane parallel to the
plane defined by the outlet opening and across the outlet opening as it travels between the
30 ready-to-sever position and the severed position.

In another embodiment, the motion-transmitting assembly includes at least one linkage
member pivotally coupled to the movable blade. Preferably, guide plates are mounted on the
end plate adjacent the outlet opening and the movable blade is slidably retained within the
guide plates whereby, as the reciprocating actuator is moved either in a single forward stroke or

35 a single return stroke, the position of the linkage member will be varied to pivot the movable
blade from the ready-to-sever position to the severed position and back to the ready-to-sever

position. In another embodiment, one end of the movable blade is pivotally mounted to the end
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25  to-sever position, to the severed position and back to the ready-to-sever position. In another

embodiment, the step of moving the reciprocating actuator includes retracting the reciprocating
actuator in a return stroke whereby the movable blade is moved from the ready-to-sever
position, to the severed position and back to the ready-to-sever position.
According to another aspect of the invention, there is provided a void fill dunnage
30  product comprising a three dimensional crumpled strip of dunnage round in cross-section and
including at least one ply of sheet material having, in cross-section, a crumpled multi-lobed
undulating body, with the lobes thereof extending longitudinally and being dispersed in an
irregular pattern. The void fill product preferably has the highest possible volume and stability,
while using the least possible amount of raw material. As was noted above, this is achieved by
35 the present invention by producing the noted generally cylindrical product whose stability can
yet be further increased by making the same generally curved and/or by permanently deforming

the cross-sections of selected spaced portions of the product.
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illustrative enbodi nents of the invention, such being indicative, however,
Fig. 2 is a top plan view of the dunnage conversion machine of Fig. 1.

Fig. 3 is a side elevational view of the dunnage conversion machine of Fig. 1.
Fig. 4 is an enlarged perspective view of a pulling mechanism of the dunnage
30 conversion machine of Fig. 1.
Fig. 5 is a side elevational view of the pulling mechanism of Fig. 4 as seen along line 5-5
in Fig. 4.
Fig. 6 is an end elevational view of the pulling mechanism of Fig. 4 as seen along line 6-
6 in Fig. 4.
35 Fig. 7 is a perspective view of the pulling mechanism of Fig. 4 with a top support panel
thereof removed to permit viewing of a gear train of the pulling mechanism.



20 of but one or a few of the various ways in which the principles of the
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6, wherein a Si¢-ipCdF a doAtragriond viewed Adkined dwinage ehe diffieesepart alenaiei on i s
shown be'lé\@gFﬁbﬂﬂékﬁ ed through a dunnage transfer region of the pulling
mechani sm '%.‘-' is a cross-sectional view of the strip of dunnage
shown in Fig. MatA!Diza sioasrsedignal viswf pisHie of depneggaf & diffiegpnt H"irha"”i'g e 11 Cis
? cr o?]s ?@%t]honaéstfpw@hoarnﬁmg@ 10B sflinn@ge at a I0I| fferent part al on? t he
ength of the 0Ss-sectiona V|e strlpo
dunnads at o G feRa SRt Yor nE R EgoR PR CaREE Bk hown i n
Figs. 11 B andridli13@ arﬂ@lﬁggd erddelewtiaral eind ofh se\aring asdembilyest tiod dunnegelunnage

conver si on maehi H%cr?{u gi’lgg Fig. 13 is an enlarged end el evational view
of a severing assenb the dunnage conversion machine of Fig. 1. Fig.

14 is a perspéigildés a/PQJWDQSiIVQ Yiew ottne sevegnaassentblyyof &ig. B gs sad fgmeeen from a
downstream end thereof.

20 Fig. 15 is a perspective view of the severing assembly of Fig. 13 as seen from an
upstream end thereof.

Fig. 16 is a perspective view of a dunnage conversion machine in accordance with
another embodiment of the present invention with a housing thereof removed to permit viewing
of internal components of the machine, the machine being shown mounted to a stand and

25 extending over a work surface, and the stand including a stock supply assembly.

Fig. 17 is an enlarged perspective view of the dunnage conversion machine of Fig. 16.

Fig. 18 is an end elevational view of the pulling assembly with a constriction member
mounted thereto of the dunnage conversion machine of Fig. 17 as seen along line 18-18 in Fig.
17.

30 Fig. 19'is a top plan view of a pulling assembly, a severing assembly, and a security
device of the dunnage conversion machine of Fig. 17 as seen along line 19-19 in Fig. 17.

Fig. 20 is a top plan view of the pulling assembly and the security device of the dunnage
conversion machine of Fig. 17 as seen along line 20-20 in Fig. 17.

Fig. 21 is a side elevational view of the pulling assembly of the dunnage conversion

35 machine of Fig. 17 as seen along line 21-21 in Fig. 19.
Fig. 22 is an end elevational view of the pulling assembly of the dunnage conversion

machine of Fig. 17 as seen along line 22-22 in Fig. 19.
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| nventi og.d 5, AESMIRFEREAENRHAdohdlYoh T ERSAER, QUBSE dobfurediE lngage
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i ncl udi NgnarkQkrishX BMAL Qiredlioh Bf Ml HGhe/sHART ik RBE Hil!hg‘?ﬁh%hfﬂgéﬂwﬁﬁerdo@ or rope

of a generally cylindrical shape The dunnage pro uct 1's uSed as an
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i ncludes a ba.§e cﬂn%ggee %gnvm}o%r;nécﬁlngqg inc ude aq‘o?r%nagn%gén%bly 28 a SQO(B( supply

assembly 27, of any desired type, for supplying sheet material to the forming assembly 26, and
a pulling assembly 28 powered (energized) by a motor 30, for example a rotary electric motor.

25  Downstream of the pulling assembly, there is provided a severing assembly 34 for severing a
continuous strip of dunnage formed by the forming assembly 26 into a desired length pad. The
stock supply assembly 27, the forming assembly 26, the pulling assembly 28 and the severing
assembly 34 are mounted to the base plate 18 and/or in the housing of the dunnage conversion
machine 10. The operation of the dunnage conversion machine 10 may be controlled by a

30  known controller (not shown).

In operation of the machine 10, the stock supply assembly 27 supplies sheet material to
the forming assembly 26. The illustrated exemplary forming assembly 26 includes a forming
member 44, such as a forming frame, a converging shaping chute 46, and a constriction
member 48. The shaping chute 46 includes longitudinally extending, transversely converging

35 side walls 50 which preferably are curved or arcuate in transverse cross-section. As the sheet
stock material is passed through the shaping chute 46, the side edges thereof are folded or

rolled inwardly towards one another so that the inwardly folded edges form multiple substantially
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subst ant stdb bﬁ/d@n‘a& Otg ©4 ]DOMnP@EEMSWIZ,B:L%W@ tydes wfjformidg masdmbliex mepte ng _
resili e“h Bl'bgéﬂo's@&h erhbée%lé o %ﬁm&%&&deﬁ §5Pét£%%¥\|o%”§bﬂ7e%§eer égﬁ‘et he exit

end of t hus preform-ng an stream i ning t
mat eri al 58?]‘180 Mmﬁh’ﬁjeh@rﬁb)émcqmor@@édleée”ﬂnm fefarerReeshapi ng chute 46 to ensure

proper shapi nﬁh@;ﬁlﬂhngfééééﬂwtﬁrlgzﬂs I&J&?ed%ﬂlﬁétre(a% ofdhé ﬁfrmﬁ]glatsgah@y 58884, in
materi al ), operative de the central

f
bor 1 B BioorGRE8 BT anT BrerPe N Hep S aF Ve FEnJangrotpPas ShARY R chut e
4ﬁ fOL C e¢tond kbiast cbds’pmtlihgfaﬁﬂdpmlngrtrah@llaillng@lpﬁérstdz@lecﬂht%&ésc&lﬁ@ﬂn peatdrons of
the sheey

t
of t ho. ohePy bt Yoot becht SRt AT B Pl P Sriab 5h MR ettt R oo
mat er i al dumage chirvestiapinachirei® éOneGunclihe isf aiesting fumetidmewhetebyehe opposing erds
into th d
ol at vePy el S ctant oz bridres A IEIRRY Fta thofdthtr dindletOCE
46 adsac @WOStt%a@vemseéWGs geresf tqmiéi t@mﬁ@e sty threughdhroggh HRdwMINgAs | s

further desaibhyderadiah Qh e BeSORRLA %m% %Mpﬁﬁ%sééﬁﬁh}"ﬂ t @i or shapes
the sheet material, and may al so be cal erin nber. The
constri C?pqgﬁm%m h@orﬁgﬁsswe engagement i lmproves the manner by WhICh the strip of

dunnage is gripped and enables the rate at which the strip of dunnage is produced to be
increased.

30 The second function preferably performed by the pulling assembly 28 is a connecting
function whereby the opposing sets of translating grippers 60 and 62 deform the strip of
dunnage on opposite sides thereof to form a connected strip of dunnage. Of course, other
mechanisms may be employed to "connect” the dunnage strip, i.e., to operate on the dunnage
strip in such a manner that it will retain its void fill and/or cushioning properties as opposed to

35 reverting to the original flat form of the sheet material. For example, known connecting
mechanisms include mechanisms that crease the sheet material to enable the sheet material to
hold its three-dimensional shape.
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alternatively be used as the form ng assenbly 26 without the form ng nenber
44 or shaping 15 chute 46. The constriction nenber 48 perforns the
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conversion machine 10. One function is a 8\gafunctl on whereb
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et a3 fioRibi et Rt TLstskg SR st R host 7S ey e @b bbbl D L1
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the pul | beigr eesilionb(TyisZBaplss thecerrragassrinbly Shidtdnsratanes ednjinudve meppersPhg set s

of tr anS'cﬁHtthé\@y Oih PSP 2 S0Vt G2mdad PEMdvaBe Blib BRsQ&mbiP ANRAGEmRA (PROSI t e
sides thereof to forma connected strip of dunnage. O ‘course, other

mechani sRREMMRFitigR r@ﬁ)’l”wa%l moyable. BagRatsempl e 4dﬁrrﬁ?"¥@é‘gstf‘? next SPccéed'“Q 8Bper at e
on the domdimggge.Strip in such a manner that it wll retaln its void fill

and/ or cushi opl ng. properties ose 0 35 rev er to.the origi.nal
Flat or mof TB e RUER FobteERrin e 5 Esar o e SR F g s Bn sims
i ncl ude treclvamgenentdrsibn araebis@ait the béreiabfterdhprioverherito being bégrablbefos heet

nat eri al ?)iag%p}%(?ri %};{Ii{;}i@k? [ %lrﬂ%; @%ﬂh%g%m&[&?‘&qmgg&eyﬁ&%é %/4(?:!'

PCT/ USO1 N exe nuous g@rl p of dunnage
travel s G@wremisgring mtﬁgﬂtymiéhep(@id f""r?@d@ssl@lﬂiﬂnylgzﬁaltagterlﬁ@sspémewwgarﬁssenbl y

34 whi Chd@r%‘é@é Erodﬁf?c %r@Héﬁlbﬂ&lyofhetp?é’%@htnﬂ/enﬁ ﬂsé%}é’ehlﬂo&fl 09;58% QBsidpto a

section Of a desired g In accordance wt resent ventlon t he
sever #ngraRsialing pyprsAs ﬁ%em%%@a@llwwﬁwﬁm%@e&agwt and Rrﬁﬁf%%\fem of a

DUﬁB pU;bd\én@ﬁé}ﬂﬂf HEHD, ofa?mua@eraamgé){the Al VAR oa%eéir#&{sb gsl‘lto p%véﬁthﬂtOéth?tl ?ﬁ
nme er C n at or | eratl vely connecle (0] e
movabl e @P%{‘d é@#@ﬁlﬁ’?ﬁ ?“’a %foren%f'%% éaw%fﬁaf' W%@?ér%w'%e s is

descri beplremnu:gy Isame]rcodeéramh maehiosg. rlebadni[oretﬂemnﬁhgﬂy dedreiifty prodded mothe f or war d
or retur Q%Fllﬁgi%ﬁ%fbl Cor e rBée%?ﬁ%+n'¥.8§§F{§? esrrag}lg CPr H]%gus sev%@&oc%/f%pssgt(}%?fa €

assenbly verin oma rea
open, 25posinnags as tbemetgssir@veﬂwedulhrwaasbmele& posi ti on whereby the dunnage

strip is seveggthingtnlth #RYsPRSKarkdIndte hERENaM 0 Figs. 4-11, the pulling assembly 28
includes a pair of transfer assemblies 110 and 112 disposed in side-by-side, or juxtaposed,
relationship to define therebetween a dunnage transfer region 113 (Figs. 8, 9 and 11) through
which the strip of dunnage from the forming assembly 26 passes. The transfer assemblies 110

30 and 112 are driven by the motor 30. More particularly, the motor 30 and transfer assembly 110
include respective rotatable wheels 114 and 116 over which a flexible drive element 117 (Fig. 2)
is trained to transfer movement from the motor 30 to the transfer assembly 110.
The flexible drive element 117 may comprise an articulating chain, as shown, a flexible
belt or other means of transferring rotary motion. The rotatable wheels 114 and 116 may
35 comprise sprockets for use with the articulating chains, as shown, pulleys for use with flexible
belts, or any other suitable means for carrying the flexible drive element 117. The rotatable

electric motor 30 preferably is a variable speed motor and may include a speed reducer 94 (Fig.
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sever position. This enables the severing assenbly 34 to operate in a
continuous manner, or "on the fly", since after a severance is nade the
novabl e Wadevassenbly 74 is returned to the open positipaT/Us@adyisng t he
novabl e bl ade assenbly 74 for severing the next succeeding strip of

dunnage. : i1l ..be apprec) { r ' t4.@N
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of transfl&) 183 seaidf?.d$31 The Herdble transfar slsvasts 139, %\%@% s 14ketrangfer jaiaticaglos ed,

rel ati onglidmé@ rdaf hagehRepghRg YEE WnRhGNERBEtEd BNFIRF edRYF AR akik3 1661 9s. 8,
9 and 11) through the strip of dunnage fromthe form r}gﬁgssenbl y 26

whij ch (
passes. THe1%% srpreivelysbiagypshaencys (rtafpnalype nhindheyrEsReaivHie a¥gt or ~ 30.
Mor e par t 8@ ulsaahy 182, @3 mal Hecainglp tsyhetaisdue mavesentih yhelrdébectivectramgter

respective raot.at e el.s 114 and 116 over ich,a flexible drjiyve el ement
7P O gasesybie PR S e fpdhBRE o RN AN s Pt S e oS e

t ransf er trasserdskgmidles.110had fl 2ekarisiatesdntovies fdxibleetrdanset élement t3mpovirgeinan
articul at,i; L1, " : lexi r

Franof er L1 F7a in BRpo ey o el olRtc ol RS o B,

conpr i sefleghletriesfer eleinenidé0 woving iraisgniwith @nd in erpoeinarakation dastheilexiple pul | eys

for use WhkdleddiGnddthgo belts, or any other suitable means for carrying the
flexible drive elenent 117. The rotatable electric notor 30 preferably is
a var fabl e spes¥ithiediexbiedirivaglemsel Udeths ﬂ%%’@éfaﬁﬂﬁrfé%?‘e@ﬁqq:ﬂg? and 14fp

01/ 94107 1 RCHalS6vhprisdtafficulating EigdinsG anshicin, flédghlapslisar apgbmst meghstdie speed

t her eof %nd t hat o

the transfer assenbl t hr the flexjhle drive
L emont Tameiemolor St 8 sehe R e 250s Yoot hfh AP EA HHac D bt Tl ' 150
whi ch coand $82)i188 aee disposedrelaiigely pdraikl &f edcheiter and fransvarss énthe path2@ treeel dr i ve

the 1 ansf gL ARSFUBINAL2%nL il [SELL 06, ABROR! fog Bnd DA 18], fBeraragyst er

assenbly . The coacting gearsl . are e same si'ze ‘and,
cons egfue AemMyrisetspeockeie &f uge Withthsterticyiating gitaise s alayenbullens for uee wittuflexibie

operate psits BearaiiRer typE# rdutiRg HeRibeRFSEER NG $helrkQpdtiivh dekibld tHnsRe Elehiarisude
respective upper flexible transfer
130, 132 and 140, 142.
As is best shown in Figs. 4-6, each axle or shaft 180, 181 and 182, 183 is rotatably
mounted at its opposite ends in respective upper bearings 190, 191 and 192, 193 and
30 respective lower bearings 200, 201 and 202, 203 which are held, respectively, in an upper
support panel 210 and a lower support panel 220. The upper support panel 210 and lower
support panel 220 are spaced apart by four vertical support members 230 at the respective
corners thereof. The lower support panel 220 is mounted on four S-shaped stand off brackets
232 (Fig. 1) to the base plate 18 of the dunnage conversion machine 10. The stand-off
35 brackets 232 provide clearance underneath the lower support panel 220 into which the lower

bearings 200, 201, 202 and 203 extend.
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el ements 130 and 132 and respective |ower flexible transfer elenents 140
and 142 which are trained over respective upper pairs of rotatable wheels
160, 161 vedd1/90627 163 and | ower pairs 1o of rotatable wherCHUSNO86B71 and
172, 173 nounted on respective | ongi tudi nally spaced axles 180, 181 and

182, 183, Thepllemltiof £ £R08! 6508t PTRON Skl o diBafiloddfh sddd Haramsie”
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182, 183 are gose atlve par al | to eac er and transverse to
t he pat h1%% Prefaragly in eerrpwécuer fq'ﬁloaﬁhetﬂ%rﬁwag@r exaner!e. brheadd Rragieie?ad (Fiss, 161,

16t2 1|63§3 a0 d). 1|ﬁQh|s Wayk thelﬁéqblelt?%sraxéle%nmrmrm%rﬁnmgd@tfﬁnd‘t.eﬁ asl @pwt h the
articulatl n
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el emreln]'E saloﬂ@melrléﬂ)eaﬂhﬂlpbﬂr@ ,of frd&l whike prswd‘hﬁgststablhlv\anthempﬁ?ﬁs ends, @e., ¢ach axlje
t n ) e ,ends
|0:1 ?e%pec%r?e\?gné%%g? r(t%i)clesfargfztheg ip@ 2@9% gb {?6'3 %ﬁg 2:#0 ?%Zgaﬁ% AFower
bear i ngsis20@st cigedy %WMIHZYOJEIQS 208 am7c¢iaczhrgelplbmfl269 2%8%@:24&/6249 250n2®n 26 per
support F@@%S@ﬂrgud%@%t Qpp!o‘%}g%éno@mé}%ftsld?@% er%%ﬁhg tﬁ%ﬁrléb%pse{o b%%ﬁjg{eh panel

210 and | ower 0 are sPace our vert support
nmenbers PErdy aridr@ltweélp;é@@twéo thedravelaihsiet fhed xnblvﬁenﬁf@mefemgrugﬁ&a t13g&nel 220
I s nount eg,qaof our S-shaped stand of f brackets 232 (Fig. 1) to the base

plate 18 of the dunnage conversion 10. The _stand-off 35 brackets
232 pflovi de cﬁ%@ﬁ@ﬁé‘é?'ﬁﬁoﬂeﬁ‘%m’?f%gﬁ t@ﬁéﬁer gleppBier3Palseand 3801820 whi ch t he

| O}Ner beatinngsly206e, 20Ty 202 réﬁﬂéct&@%n@p@r@ﬂ@ 247, MQ) B[ 24l £hg 30T2345042,18678
Referrin S el tra ar in sets
oF ¢ 1 ane et g oond iiRerE nugh B o oS ot RIS Riiete SRR b afBRET 267

uni fornm R, eepaecéldelapﬁma transiey flighbpa20T a24as theﬁnﬁmemurarsdgm deawssecond

. d
05" o uRteahe YRS BEEK, o RaRAN AR 060 BREL 2 ERr R SRfrned el o,

t han #hafh UBSEERBANG; therré!"@e@wblw 2&farecdpwisiran enyofdine pullmg as Y88 the
| engt h ofro thieedd, &l thingfet fligtSfa®s T together form the above mentioned dunnage transfer

region 113 through which the strip of dunnage is gradually transversely engaged, advanced and
released. The transfer flight paths T are substantially non-circular paths, i.e., substantially
linear, as is the dunnage transfer region 113 formed thereby.

30 The return flight paths R, which are also substantially non-circular paths, are the paths
whereat the opposing sets of translating grippers 60 and 62 return from the downstream end of
the pulling assembly 28 to the upstream end of the pulling assembly 28; i.e., back to the
upetream end of the dunnage transfer region 113 to gradually transverse engage the next or
succeeding strip of dunnage.

35 It will be appreciated that the gradual transverse engagement of the strip of dunnage is
facilitated by the grippers 240, 241, 242, 243, 244 of the first set of grippers 60 gradually
approaching the grippers 250, 251, 252, 253, 254 of the second set of grippers 62 at the
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el ements, the desired frequency at which the strip of dunnage is engaged by
the grippers, the geonetric configuration of the grippers, or the type of
engagenmewodesiined by the grippers (e.g., whether it is BepUs@di8tt have
the strip of dunnage connected by the grippers). Each gripper 240, 241,
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return fbighhs pathsdioedizat 25p, g@eﬂ%@héya bamamawsshsp@dﬁ@benﬁ%g oresmeat i vel y.

The t f fl T th t he pat hs
wierohs " HeSngEhoRhagod e bt oo pgs otbtie s st 24P i
strip of 2¢mmngu@$|fzsomeﬁ52ma 2am%4eggneegmowérdts bacrﬁmthén A theaSeedrh gnd@8f the a

d t asse
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non- ci rc ar i hear, as is the dunnage transfer
region 113 f oM@Ecartiseledyfhe té@haneé qpéﬂlngéhoﬁqof‘@ﬁftfeﬂ'&ﬂ%%&%“%ﬁ@fﬁ“@re al so

subst ant bﬁidshﬁg@‘ﬁﬁpé‘ré baolloa, Juat izwe, 284 8nd 580, P64, 1282, meﬁ&%gém& faﬂpé?gé@s sets
of trans ISE’I rlgﬁpers% and 62 return fromthe downstream end he
pul | i g de&& egebf 488 WS dirp yebﬁ‘EP@ﬁanﬁff’o"Y%é‘sﬁ?ﬂ 9riPRES 280 enfid 9422843
back to mneancuzw; zaamser%s@smdn@grdwve@gﬁoaerfmsﬁwerafdragemmnéd%tarﬁ ﬂghadual I y
transverset Seﬁﬂ ﬁ]eett hgf n@xtt ot | w@ g ge. 35 Irs be
appr eci ab30° FAAeHRISTEF TahiA htsr an eﬂ’a§8 H1; B‘?rﬁ?ﬁ@ ?Gﬁ‘e & PYRRS ozf unnage
i s faci 4t 2t2R48y244end S0 pidr 852 2063, 254 ByerRddlly r@atBes 2 Ainimél dabesizki(Figt 6)set  of
gri ppers gt fRuak ﬂpag{ W g\% é%@ 4 of
t he sec oa}ggglet of é% du g%fb {P‘%ﬁ/ ?9\%\%%? Q%i%ge?’é?&rﬂ% i‘Qégﬁpp &
upst r Bameth@4bf242 %Q%a@j@ﬁor 8o 262, 298g#%¥n 113 as the flexible transfer
eRl S”E[‘LS 3—30 In?e@r?er%ﬂjsh%%sth]aﬂng%rﬁé&'?édldﬁs PBY nd FRAESask PbHbAs bl dBbict pat hs
0] e transfer at hs

regions 282 of the opposmg grippers 240, 241, 242, 243 244 and 250, 251, 252, 253, 254

“close in” on each other to grip or lock the strip of dunnage therebetween. The grippers 240,

241, 242, 243, 244 and 250, 251, 252, 253, 254 are then transiated further downstream by the

30 respective flexible transfer elements 130, 132 and 140, 142 through the pulling assembly 28.

Of course, other geometric configurations may be used to facilitate the afore-described gradual

transverse engagement of the strip of dunnage and such alternative configurations are

contemplated as falling within the scope of the presently claimed invention. Thus, for example,

the openings 280 may be semicircular or semi-oval in shape to achieve the transverse

35 engagement.
It is noted that, in the illustrated exemplary embodiment, the grippers 240, 241, 242,

243, 244 of one transfer assembly 110 are longitudinally offset by a gap D (Fig. 9) in relation to
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the point of transverse engagenent will vary depending on, for exanple, the
extent of the respective grippers relative to the flexible transfer

el enent s woowhiteh they are affixed. Thus, for 5 exanple, Pe€l/asivesbis | onger
grippers may engage the strip of dunnage sooner and/or further upstream
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(Fi g. 9) oppesinglgdppespapd conspquently, the greater the crimping and/or deforming on opposite
transverse sides of the strip of dunnage.
At the downstream end of the pulling assembly 28, and more particularly the
30 downstream end of the dunnage transfer region 113, the opposing sets of translating grippers
60 and 62 gradually diverge away from each other to release the strip of dunnage. In this
regard, the grippers 240, 241, 242, 243, 244 and 250, 251, 252, 253, 254 are moved from their
transfer flight paths T to their return flight paths R.
As was alluded to above, the pulling assembly 28 may function as a feeding assembly
35 and/or a connecting assembly. The grippers 240, 241, 242, 243, 244 and 250, 251, 252, 253,
254 of the illustrated exemplary pulling assembly 28 causes the sheet material to be pulled (i.e.,

feeds the sheet material) through the forming assembly 26 and also progressively crimp and/or
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244 and 250, 2HhoughIRe skipd of the exemplary constriction member 48 is oval or round shaped,
other shapes are contemplated as falling within the scope of the presently claimed invention.

30 Thus, for example, the shape of the constriction member 48 may be circular, or the constriction
member 48 may comprise two half or semi-circular or semi-oval bars or members. The present
invention also contemplates use of the constriction member 48 without the afore-described
forming member 44 and shaping chute 46 so that, for example, the sheet material is advanced
from the stock supply assembly 27 directly to the constriction member 48. N

35 As shown in Fig. 6, the center point C of the oval shaped constriction member 48 lies in
the vertical center plane of the gap B formed by and between the grippers 240, 241, 242, 243,
244 and 250, 251, 252, 253, 254 of the respective opposing sets of grippers 60 and 62. The

16
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al so contenpl ates use of the constriction menber 48 without the
af or e- dedeiatgg tendency of the resilient sheet material which forms the strip of dunnage to spring

back to its original form, i.e., its pre-transversely engaged form. It is believed that this also
reduces the tension in the sheet material and, accordingly, the likelihood of the sheet material
30 tearing.

It will also be recognized that grippers and subsequent, or next-in-sequence, grippers
continuously and sequentially perform different functions. For example, in the illustrated
exemplary pulling assembly 28, downstream opposing grippers 243 and 253 are in transverse
engagement of the strip of dunnage S substantially simultaneously as the next-in-sequence

35 upstream opposing grippers 244 and 254 are likewise in transverse engagement of the strip of
dunnage S, and as grippers 240 and 250 are moving along the return flight path R about to
converge towards the strip of dunnage S at the upstream end of the pulling assembly 28.
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of the sppes 29mtf bewhg shown, for example, in Fig. 11B, a cross section of the strip of dunnage S
as it emerges from the pulling assembly 28. Figs. 11C and 11D show other cross sections of
30 the strip of dunnage in accordance with the present invention, these demonstrating the random
orientation of the lobes 294.

The pulling assembly 28, in turn, advances the strip of dunnage S and further reduces
the outer diameter thereof by cross-sectional crumpling of same to form a relatively narrower
strip or rope of a generally cylindrical shape (Figs. 11B, 11C and 11D). The illustrated

35 exemplary pulling assembly 28 forms, crimps and/or kinks 296 and 298 (Fig.11A) on opposite
sides of the strip of dunnage S at regularly spaced intervals, the crimp 296 on one side being

preferably offset from the crimp 298 on the opposite side of the strip of dunnage S. The crimps
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as by squeez or conpr essi Into generally
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cross-section, a crunpled multi-lobed undulating generally annular body. As
a con Squlgﬁw@@ts of the severing assembly 34 and coact to sever the continuous strip of dunnage into

the severed sections. To this end, the severing may be achieved by physically cutting in a
scissor fashion the strip of dunnage with the coacting blades 316, 331. Another way may be by
30 tearing the strip of dunnage along longitudinally spaced transverse perforations in the strip of
dunnage as is in, for example, a fan folded sheet material with predetermined spaced apart
{ransverse perforations.
One end of the severing arm 330 is pivotally attached to the end plate 310 via a pivot pin
334. The other end of the severing arm 330 is slidably retained relative to the end plate 310
35 within a guide track 336. The pivot pin 334 is preferably positioned about midway between the
proximal side 320 and distal side 322 of the dunnage outlet opening 302 and laterally offset
therefrom by a distance about the same as the width dimension of the opening 302.
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Lhe end Pl at oyl SHEhoBTREDEEal A3k 15 o3RRStk 5 5™

side 320 of t dunna
a pneumatic piston- cyllnder assembly, and the reciprocating member 76 comprises an actuator

rod which is linearly movable by the reciprocating actuator 70. The reciprocating actuator 70 is
mounted to a support member 370 which, in turn, is mounted to an edge of the end plate 310
30 as shown. As the reciprocating actuator 70 extends and retracts the reciprocating member 76,
the reciprocating actuator 70 slightly pivots about a pivot pin 372 positioned at a rear portion of
the reciprocating actuator 70.
It is noted that alternatives to the reciprocating actuator or push-pull mechanism 70 may
be used to achieve the desired push-pull motion at the joint pivot pin 358, and such alternatives
35 are contemplated as falling within the scope of the presently claimed invention. For example, a
disk may be connected to the shaft of a motor for rotation therewith and then have attached to a

tangential portion thereof a linkage member whereby as the disk is rotated, the linkage member
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assenbl y 78 VRé‘feF}mP(?%ﬁrto kgeiﬂ 407, Bidihed efhbodi n\%nf)&%%lnh%ee&qv& iohhe | ower

link 350 is pivotally att at a common or | ol nt in 358 to the
af or effe nmaerr@@jmra@e@rea@r@ar'rhﬁge PeEPAS épverpion wwraé'v inskm &ttbef?rﬁécer dEgselocat i ng

nmenber 780@t Likd'®e jafirédeftiribed diHinBgSeshvbSioAnaeAREM 0, thi Glﬁm{’e@g cBhediorl S
pi vot al | rmunt d to the engp_‘p} te%éo via an u 64 15

er ot p| n
The | oweMaFTIRRAGEWNVEHRA BiSE el Ak SEE SR8 Of R '¥ﬁr1°oP 88¥ Ee ‘?6 t hus
forma Kegiglapes, Oitoh siib of Hennjagé micluping ofbr ¢iampls 8 rebidesaraw thrbe dlmensmnal
r eci proca,[tl nlgE act yat or @@‘m‘%@ﬂ% the reciprocating nenber 76 one forward
e

st roke (orIpo Pact s Irhe? rocapai]pr?g menber one backward stroke) the

reci pesocat i nngnﬁemb@nneYﬂrmerStreoLateﬁdo eestaat! 4710ig. 16) wbich 5 orie8%S8 in 2 peresaiiyt t | ng
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360, and urgin ower rom t he
upper |i m@u@pqoﬂ'hep[rﬁcrgmmomﬁssand@gtg@agn eme4 14 at which sheet stock materla is supplied

to the machine 400 and a downstream end 416 from which the machine 400 discharges
dunnage pads. The stand 410 has an L-shape configuration such that when the base 412 is
30 positioned below a working surface 420, for example a conveyor or, as shown in Fig. 16, a
table, the downstream end 416 of the machine 400 extends over the working surface 420. The
bottom corners of the base 412 include wheels 422 so that the stand 410 and machine 400 may
be moved easily. While not specifically shown/numbered in the drawings, the frame preferably
also includes a housing or cover, which is removed to permit viewing of the internal components
35  of the machine 400.
A stock supply assembly 427 supplies sheet stock material to the upstream end 414 of

the machine 400. The stock supply assembly 427 is separate from the machine 400 and forms
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28, THo fhsuaheskmaipdal (heIcansibion SEmbends Gric 130 st e afore-desstibachg ¢ hat
edges of cbh@ichbl Mendbr 48] MR sHBdAGhember 448 further forms or shapes the sheet

material and performs the additional function of directing the formed strip of dunnage into the
pulling assembly 428.
The pulling assembly 428 is located downstream from the forming assembly 426 (Fig.
30 17) and is shown in greater detail in Figs. 18-22. In accordance with the present invention, the
pulling assembly 428 includes a first set of grippers 460 and a second set of cooperating and
opposing grippers 462. The grippers 460 and 462 function in a manner similar to that of the
grippers 60 and 62 of the pulling assembly 28 illustrated in Figs. 4-9 and 11A, except that the
grippers 460 and 462 are translated along a circular path. In accordance with the invention
35 and, like the earlier described pulling assembly 28, the pulling assembly 428 performs at least
one and preferably two functions in the operation of the dunnage conversion machine 400; that
is, a feeding function whereby the opposing sets of grippers 460 and 462 progressively
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The oper abjeds frofn mﬂmlngmq@ha’rewmesmmhmﬁeﬂ@m ne 400 may be controlled by a

known cont 1ol 4l gk oSRRYRss HiSo e 98 6P WA 08480, ORSIA! €S

in a manner sim ore- scrl he stock
suppl ¢ afsengnglesptimigg pelt #&% 15 WQ@@tlmﬂf@rqoavepr%féctfomlm gigages the strip of

dunnage and assists in conveying the dunnage strip through the output chute 482.

It will be appreciated, then, that the conversion machine 400 according to the present
invention provides improvements in the dunnage conversion machine art that in many respects
are similar to those provided by the earlier described conversion machine 10. In this regard, the

30 present invention discloses novel opposing sets of grippers 460 and 462 which, like the grippers
60 and 62, enable gradual transverse engagement and progressive advancement of the strip of
dunnage across the full width of the strip so as to prevent, or at least reduce the likelihood of,
the afore-described abrupt tearing sometimes experienced by previously known conversion
machines.

35 Referring to Figs. 18-22, the pulling assembly 428 according to the present invention is
shown in greater detail. The pulling assembly 428 includes a pair of transfer assemblies 510
and 512 which define therebetween a dunnage transfer region 513 (Figs. 19 and 20) through
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15 assenbly 426. The illustrated exenplary form ng assenbly 426 includes a
convergi ng shaping chute 446, a curved constant entry bar or nenber 447,
and a comwsopi/etidbn nenber 448 (shown nost clearly in Fi gpC/8p01/18618 i S
noted that, unlike the form ng assenbly 26, the form ng assenbly 426 does

not i ncl tream
recei vi né’ﬂgg esq%ﬂ%“ r%ofg rg\ f% @eaS%Q'%BIPQ% %%\%ﬂgﬁgg%%ﬁr%ﬁ%%g%rt I on
443. As bifearnh@i®are grivanduitheraotr #a0- Mgrepaﬁs:elarho\rm melee43Qis gernestsd 40 Ket

entry ba'fraﬁlﬁgr’ as@é]ﬁblir QHQHQ B sthé‘d Fe@G&'rSH @ﬁﬁgsoﬁé Eh@m)%ﬂcrﬁélgpé?%lé %B"EHntrblU nnel
portion 443 of shapi ng chute portions of _the sheet

mat eri al 28¢/gr ?‘UHSH@& speed E@WS&HreFﬁWﬁT*BFWOFQS\ﬁQP &thﬁﬁé”%f‘ﬁrcﬁsﬁ@?‘b'¥§1% hyﬂe t he
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form ng asse Fig 30 17 IS shown I'n greater detail in Figs.

18- 22. |ﬁ5%€etbdj¢%%wca@dvﬁ1ﬁﬁot@t¢es Hiessmer Thaguas pehand 352 arpsynreried aldteinnl y 428
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assenbly 4 41's shown 1 n Severing assenp 434

sever® 88d 5§ toabputiawgaion %géewmf@eamﬁ@nsthﬁ ispmefaterakymgeed aites E@O%éﬁﬁ%n of a
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The grippers 640-647 and 650-657 of the pulling assembly 428 generally have a
geometry similar to that of the grippers of the earlier described pulling assembly 428. Thus,

30 each gripper 640-647 and 650-657 has a somewhat V-shaped, or outwardly opening, aperture
675. On opposite sides of the outwardly opening aperture 675 are coniact portions (i.e., the
arms that form the V-shape opening), which include arm portions 680 (i.e., side contact
portions) which are bridged by a base portion 682 (i.e., a central contact portion). The
apertures 675 of opposing grippers 640-647 and 650-657 together form a gap X (Fig. 22)

35 therebetween which gradually becomes narrower as the grippers 640-647 and 650-657
progressively move towards each other. The narrowing of the gap X between the grippers 640-
647 and 650-657 eventually reaches a minimal gap size by which the strip of dunnage is fully
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(Fig. 19) via a notion-transmtting assenbly 478. A conplete rotation of a
crank 480 of the notion-transmtting assenbly 478 causes the guillotine
bl ade asyeobi/g41474 to nove froma ready-to-sever, or opeRCT/PS&V8sN (Fi g.
23) to a severed, or closed, position (Fi g. 24) whereby 15 the dunnage
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driven gear 5 he transfer assenb drive

428, like the pulling assembly 28, may function as a feeding assembly and/or a connecting

assembly. The illustrated exemplary pulling assembly 428 both pulls the sheet material (i.e.,

feeds the sheet material) through the forming assembly 426 and progressively crimps and/or

30 kinks (i.e., connects) the strip of dunnage at regular intervals as it passes through the pulling
assembly 428. Other means of connecting may also be employed, as alluded to above.
Referring now to Figs. 19-21, there is shown a pair of guide fingers 690 which project in
a downstream-to-upstream direction on opposite sides of the path of travel of the strip of
dunnage. Proximal ends 692 of the fingers 690 are attached to a downstream wall 694 of the
35 pulling assembly 428. Distal ends 696 of the fingers 690 point towards the centerline of the

respective axles 580 or 582 occupying the same side of the pulling assembly 428. The fingers
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transfer assenbly 510 in a direction opposite that of the transfer assenbly
512. The coacting io gears 520 and 522 are the sane size and, consequently,
t he speedvavi/ibth the transfer assenblies 510 and 512 r pCRUSOT/S618he sane.
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al toget her t o capture the strip of _dunnage therebetween.
gh %e mventlon has been shown and described with Tespect to a certain preferred
embodiments, equivalent alterations and modifications will occur to others skilled in the art upon
reading and understanding this specification and the annexed drawings. In particular regard to
30 the various functions performed by the above described integers (components, assemblies,
devices, compositions, etc.), the terms (including a reference to a "means") used to describe
such integers are intended to correspond, unless otherwise indicated, to any integer which
performs the specified function of the described integer (i.e., that is functionally equivalent),
even though not structurally equivalent to the disclosed structure which performs the function in
35 the herein illustrated exemplary embodiment or embodiments of the invention. In addition, while
a particular feature of the invention may have been described above with respect to only one of

several illustrated embodiments, such feature may be combined with one or more other
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Once the opposing grippers 640-647 and 650-657 have transversely engaged
the strip of dunnage, the opposing grippers 640-647 and 650-657 maintain a
grip on Wweosp41dp of dunnage for the duration of their travekowsssugh the
dunnage transfer region 513. During passage through the transfer region
513 the unnage, i S Cr.i eforned on op osite 1o sides
Chereor 1ol hineHRErsiodeinitt, BR o A8 et e ooy R R 8O 6er B0, ”1 e
conver si particuiacpplimtidl (see Figs. 11 B, 11 C and 11 D, and the description
relating thereto.) At the downstreamend of the pulling assenbly 428, and
nore particularly the downstreamend of the dunnage transfer region 513,

t he opposing sets of grippers 460 and 462 gradually diverge away from each
other to release the strip of dunnage. 15 It will be appreciated that, as
with the earlier described pulling assenbly 28, the quantity and/or type
of grippers 640-647 and 650-657 enpl oyed may be other than that shown in
the several Figures depending on, for exanple, the desired circunferenti al
spaci ng between the grippers, the desired point at which the strip of
dunnage i s engaged by the grippers (e.g., relatively |longer grippers my
engage the strip of dunnage sooner and/or further upstreamthan 20
relatively shorter grippers), the geonetric configuration of the grippers
(e.g., the outwardly opening apertures 675 nmay be semi circul ar or

sem -oval in shape to achieve the |ateral and transverse capturing), or
the type of engagenent desired by the grippers (e.g., whether it is
desired to have the strip of dunnage connected by the grippers). It wll

al so be appreciated that, as with the afore-described pulling assenbly 28,
the grippers 640-647 of one transfer assenbly 25 510 may be longitudinally
offset by a gap in relation to the grippers 650-657 of the other opposing

transfer assenbly 512. Still further, it wll be appreciated that the
pul ling assenbly 428, like the pulling assenbly 28, may function as a
feeding assenbly and/or a connecting assenbly. The illustrated exenplary

pul l'ing assenbly 428 both pulls the sheet material (i.e., feeds the sheet
material) through the form ng assenbly 426 and progressively crinps and/or
30 kinks (i.e., connects) the strip of dunnage at regular intervals as it
passes through the pulling assenbly 428. O her means of connecting may

al so be enployed, as alluded to above. Referring nowto Figs. 19-21, there
is shown a pair of guide fingers 690 which project in a

downst reamt o-upstream directi on on opposite sides of the path of travel of
the strip of dunnage. Proxinmal ends 692 of the fingers 690 are attached to
a downstreamwall 694 of the 35 pulling assenbly 428. Distal ends 696 of
the fingers 690 point towards the centerline of the respective axles 580 or
582 occupying the same side of the pulling assenbly 428. The fingers 25 WD
01/ 94107 PCT/ USO1/ 18678 690 have a shape which conplinments the shape of
the outwardly opening apertures 675 of the grippers 640-647 and 650-657.
In operation, as a gripper 640-647 and 650-657 diverges away fromthe
transfer region
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513 to release the strip of dunnage, the gripper, as it sweeps by the
correspondi ng guide finger 5 690, will receive the guide finger 690 in its
corresporWﬁ)nngm war dly opening aperture 675, causing thePQT/UpQIErS6Nd
finger 690 to "match up”. Thereafter, the guide finger 690 gui des the
strip of W%@agnggwstreamto the severing assenbly 434 and prevents the
strip of dunnage romtransversely straying fromthe dunnage transfer
region 513. Ad-t heAdiunprasrcopwfsipm mashineifoy eeryiring abesy nfatasial inleex dumageye
transfer gi@ficOBopdind: e next or succeeding gripper aligns lo itself with
the finger 690 and the finger guide 690 again, thereafter, guides the strip
of dunnage t & PHINGRIFEMPN °ra3§‘g%'ﬁﬁ)m‘f sheet '%@f'aﬂ)l“&/%ﬁ?r&mt’% b 9fgupnaggunnage

from t s ansohelireed fretdimghsichal smﬂﬁe drfde dunnage transfer region 513. The guide

fingers 690 gui t he strl n fro the du e transfer

regi on 513 an% ptqjgng ﬁ%segg\ye&qsﬁgnerfg @Wg%ﬁrﬁ,\l@%m fmfrﬂ'Bg P?ﬁqﬁrﬁﬁgf ageRDtiFent s
of the pwhbetngptm&mdnJghelseQ)&nmgdssb?l&ly,oppom ng grippers 15 are shown as
opposed ar i pparaiiind desemedy RoRERT LA i BB PR IGhE ERTRE |
accor dancedion ntppperitioni tapap enasher anH eognerative to grisdherdbetyetrhtte sipenagersgipdper at es
to gauhefagdHiingahea@dnaye QtﬁBttMBl?ghttH@[rghé?ertrggon dyg Qﬂggst%hé '()Pth%?ﬂ[%ﬁéﬁs gri pper

al ong with the opposing er wt aperture nove

transfer MEGHGAN aPﬁE”ﬁr‘@@@WYe forppder pomlaterally Céﬁhﬁeéh?f?@tt%dweg% ﬁfﬁg ag thepper s
havi ng digtipgare rove thraltanes tréristdr régiépl €, senmicircle or sem -oval) and/or
size apertures. As above indicated, the conversion machines 10 and 400 may
be operated by a controller. The controller, for exanple, may cause the
drive notor t@& be Emedginagelcaversioa riavhine opedial 1,ivhetapihe spetlrbyapehsn

oper at or e for as long as the pedal is
depreggegMEEﬁ Haﬁﬁh t?égggggggégﬂpﬁ@peohtrolIer may cease operation of
the drive notor 25 and effect operation of the severing notor to sever the
strip of dunngge. i ' :

described in fﬁs_'ﬁﬁ?ﬁﬁPgﬁﬂéﬁﬂéégﬁ?@ﬁ?@ggﬁﬂgﬁ{ﬁé@¥kﬂﬁﬂe§ﬁﬁﬂg§§ﬂyP%%e-

i nvention has been shown and described with respect to a certain preferred
enbodi nent's, equi vEeinnabd 5rabisRATnRARe BPAf §%b%f}$thWéhaB& Rtk OnsY her s
skilled in the &P& upon readi ng and understanding this specification and
the afhefdaPd In particular regard to 30 the various functions
performed by the above descri bed integers (conponents, assenblies,

Hreanss] ueedbto dderEase P EisiPe bLpE mwgﬁﬁmﬂ%ﬁéq%ﬂw%%gbﬁﬁ% unl ess
ot her wi sBayeaxsintegt kegions operatjvei tndefgam opwiisitdr sidgmeotftior sikp bhaurspgeeiofoapiird thact i on
of the dgﬁlﬁbﬁ‘gﬁfﬁabé%&%én (h'e Oe,g surﬁg{‘g?ﬁpglen% functionally equivalent), even

t hough not structurally eqU|v the disclosed structure which
perfofhs the function in 35 the herein illustrated exenplary enmbodi nent or
enbodi nent's of, theTHermmﬁégé)cfbnvér@noﬁ‘@mzlcr‘quh@Bfclém‘?MI G/her%mf}ﬁé%;h&délrsar'h eeﬂc}d{;ﬁ of
the inveption scribed above with respect to only one of

sever al eﬁ[@?@%@lﬂ’”é’?ﬂ?{i@? °ffs§ﬁ¥,eﬁ pﬁl@&tf@?@%@pgw'r@mﬁquw grie or
nor e ot hefdubGayDd 01/ 94107 PCT/ US01/ 18678

30 7. The dunnage conversion machine of claim 1, wherein the opposing grippers
transversely overlap while advancing the strip of dunnage.

8. The dunnage conversion machine of claim 1, wherein the grippers are arranged

in transversely opposed sets of grippers disposed on opposite transverse sides of the transfer
35  region.
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features of the other enbodi nents, as may be desired and advant ageous for
any given or particular application. 27 WO 01/94107 PCT/ US01/ 18678 What
i s clal mdons94107 A dunnage conversion machi ne for conver PCHgSelisets
material into a dunnage product, conprising: a form ng assenbly for

shapi ng the seet ‘i‘ﬁ‘é rr{n%e b&ﬂgrs?on%’ef&lng%%’lgm? h%re% th%’?.ﬁé%@a fhe! NCl uding
a t hree-di nensi onal ape an asse ownst ream
fromthe onoecpaﬂdﬁgtsag@@mﬂl\gelwmveé@\wd%prnﬁgartomr aééh‘emstrﬁaméanﬂ &F theriiepsfgh t he

form ng asg @rVQrchproé| S baAR SR dridtHeH S NdoviHstrk&AThd biPe Sahsaer s
novabl e together through a transfer region in opposition to one another

and coopéfd?ive to grip therebetween the dunnage strip for 1o advancing
t he dugpinage strip through the transfer region, and at | east one of the

gri ppers incl i ng_a ertureoerat'. | atera apture
therein the dﬂﬁnag nﬁgﬁgor{\’ﬁ@%ndﬁ% Pgaﬁ@% V‘?WF g'ﬁg[rlﬁgerﬂ)t%ascﬁég{

regi on. zredi I'wrmhjanﬁagyesmadamnd)a comuion akis ahd etegoinedtogether fer rotdtios ab@er t ur e
t apers 'Qheé&n%ﬁj&@ going froman outer to an inner end of the gripper. 3.

The dunnage conversion nmachine of claim1, wherein the aperture is V-shape.
4. The dunnage conversion machine of claim3, wherein the V-shape aperture

has 20 a rounded i &Lﬂfﬁ‘agécon-cgﬁ iAHERBE of BHEI S WRBERRB IgNEp RS ofdaRh Bt

wherein the opposing g ers ave contact regions operative to deform
0pposi teeé(ieﬁé§e'i5>f‘v”(ﬂ'ﬁéargltffq”pthéfeﬁﬂ’ﬁﬁtﬁégémﬂ@”@é‘ﬁture the strip of dunnage
between the opposing grippers. 25 6. The dunnage conversion machi ne of
claim1, wher ri ppers nove thro trans egi on

ongi & udi nal 1 920t 1 46 WBOSETMER ST FaI SR BRI B g t he
strip offuthenimalyees 36etof trahsferdisseraigies havineedinedctedrtnehato theabspelkcthiersels, ofwher ei n
t he opposj. rd . . I Lle trjp of
dunnags. PR Rl Ter S AaTES LB pt i ol e P SRR E Rl Der s
are arr argeald eeh ethenad ther upsirgaro ppdsidtie sansteroégio iogpaseerstis prusgd therstipefosi t e

transver t : 8678
it e L S L B
S r'lp unnage

20 13. The dunnage conversion machine of claim 12, wherein the grippers of each set
are movable along a non-circular path in opposite relation to one another and are operative
sequentially, as the grippers move along the non-circular path in opposite relation, to
transversely engage the strip of dunnage therebetween on opposite sides thereof for advancing
therewith the strip of dunnage.

25

14.  The dunnage conversion machine of claim 13, wherein opposing grippers
moving downstream of the non-circular path release the strip of dunnage substantially
simultaneously with or after opposing grippers moving along the non-circular path, upstream of
the non-circular path, fransversely engage the strip of dunnage.

30

15. The dunnage conversion machine of claim 13, wherein opposing grippers
moving downstream of the non-circular path release the strip of dunnage substantially
simultaneously with or after opposing grippers moving along the non-circular path, upstream of
the non-circular path, advance the strip of dunnage.

35

16. The dunnage conversion machine of claim 13, wherein each transfer assembly
includes a flexible transfer element and a pair of wheels mounted on respective longitudinally
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opposed sets progressively nove towards one another at an upstream end of
the transfer region and progressively nove away from one another at a
downst reavo enght1of the transfer region. 5 10. The dunnagePCDUSErSHISN
machi ne of claim9, wherein the grippers of each set are circunferentially
spaced a Lax] | O} [ | on gbout the
conmon a%ﬁ%ggfge§%&yﬁﬁgﬁ%E%ﬁ%%%“%%ﬁb@ggﬂﬁﬁ”ﬁﬁgﬁ%%%ﬁ8%8%?Sgﬁﬁ%ﬂgmﬁﬁerein t he
gri pper s wbeeleznd whetein birtosprEr et gpishigbrastier Pnposing sets vEginpsseare alfikediorangn

g;( !s Z " |1§ ext]yik?er'H RBR9YEs gL eRibRAraNEeNEIBReRE sGdrathal o jea MW riBpdrit@nPétchi NY

urther includes a set of transfer assenblies having connected
theret o Pheid 8pRAYS QRPOSBY Sei§fof orippegy 3rp Hrererative engaaeRenbyityiee s8I es bei ng
oper atsg veaurraggWwen hoging aldpg eiesnddfcircligr ga@ispect i ve set toward each ot her at
the upstreamend of the transfer region to transversely engage the strip of
dunnage and away from each other at the downstream end of the transfer
region to rel ¢ase THesdunabgd @neérsidn nraabiee oP@aith316, Wherenhithe gdmpecsoof\eacts sein
machi ne Qf i j I ] > t are novable along a
non- ci rcgftglﬁé g%rp%”]".?%‘ 'agfgﬁ@ﬁf tﬁ %Hrgg?(g% ﬁ%ﬁ’c{l%tr%isé@rgeﬁ%?%gr and are operative
sequentially, as the grippers nove along the non-circular path in opposite

relatipn, to ra : i 0.:0f e
hD 18, mﬁﬁéé’e @d}ﬁgé&%nh%%hutﬁﬁbf &aﬁtw‘?t DR upSELERST M‘ﬁﬁ@p&PZS

opposite sides th for advanci ng eremth the strip of dunnage.
14. The 8lLiMREfe thecHrRassesreriRaRHTaTReZah of paif! RespactivRivepPesing b IIRRErgIS pper s

novi ng  dengiidirt@ybfdet tdRoN@NCISarhide tRéreBativBer! @ldRamRvdriéhce tifidrdbfof dunnage
substantially sinultaneously with or after opposing grippers noving al ong

the non-circular path, upstreamof the non-circular path, transversely
engage the stt19.p ofheddumnagpecon3€&sidh mathiee diciaiamgks, ahererrisé exivkatimsie of claim

13, erej peSI i . MOVi D ream of the non-circular path
rel e\z,av%s%e ?’ Er?ﬁ‘ e§§r°?§{e§?" ng]%lrrlﬁga)%@%g% San ?gﬁ\é\@%ngicﬁﬁ'ln?'aneousl y with or after
opposi ng gri ppers noving along the non-circul ar path, upstreamof the

non-circul ar gath, nRAdYR S&e édﬁgeémin%cmle Gfiaﬂr%% wﬁ?reﬂﬁhe H%@é%él%?&e

conversion machine of claim1 ereln each transfer ass I ncl udes a

f1 exi bl eeleMgnisrabthedrangieh asseAdlies gpanriseflexiteBels. nount ed on respecti ve
| ongitudinally 29 WD 01/94107 PCT/US01/ 18678 spaced axles, the flexible

transfer ele t Vi ortions thereof frained over the pajr,  of
20 r‘rgp h'Phe cs]u%ngge conversion machine o clgim 16, wherein moverrPent of the flexible

transfer elements is synchronized.

22. The dunnage conversion machine of claim 1, wherein the forming assembly
includes a constriction member through which the sheet material is pulled to effect crumpling
25 thereof and forming of the strip of dunnage.

23. The dunnage conversion machine of claim 22, wherein the constriction member
is a ring.

30 24, The dunnage conversion machine of claim 22, wherein the ring is oval and has
rounded edges at the upstream end thereof.

25. The dunnage conversion machine of claim 1, wherein the forming assembly
includes a constriction member at an upstream end thereof which constricts and guides the strip
35 of dunnage from a downstream end of the forming assembly to an engagement region between
the opposing grippers.
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wheel s, and wherein the grippers of said respective opposing sets of
grippers are affixed to and extend fromsaid respective flexible transfer
el enent s woaohiv4ihat at | east one gripper fromeach of sai BCT/@SQestsve
opposi ng sets of grippers are in operative engagenent with the strip of 5

dunnage when VI NehetABkd 05, D907 FILAML B o BAZS, Wide TREUDERBnGABYCT o1 O

machi ne of claim
per pendi defings by oFal Ghettive thretmzhewmh/tée ﬁunépf gurmage igreofmereseedeitstinferamialg. The

dunnage gRAYGHSF RR éﬁ@ﬁlh}brb‘élnefsnﬁllé}'tﬁ‘an]tﬁe wiieE8hEshddPRRBteral at i on of the pair
of wheels, the at |east one gripper fromeach of said respective opposing

sets of grippers is longitudinally offset to provide cl earance

t her eket ween mpon mmhwvérb@ﬁa@thmelsfcléﬂw dusfeage conversion machine
of claim 16, erein the f 4b|etran of  the . transfer

assemblies co rgf'g%er%\?'ieaé'iﬂjg? 'HéraEng °pfased15f+'i%‘ aﬂg%ﬁcapé'g SEBA 8FRASH rmachi ne
of cl ai ntdrthectet ¢ eispedtibefifst and dekcend gripperf @rriages dispoded oafoppdeiie traasvefser

assenbl i |l e belts. 20 21. The dunnage conversi on nmachi ne
of clai mg@%s &mé ré,%fér r&%j!é'ﬁent of the flexible transfer elenments is

synchroni zed. th.ezlrst wrmoedgwna@eabe:rmwwawam mahiongitudinalyl the fiistiset @heringers t he
form he sheet
g %ﬁ&aiafs\fn dﬁ GF&U\%??ﬁth%nﬁ mercbﬁag@%fﬁ%ge an e#éumo%vre

material 1S pu ect crunpling formng of the strip
of dunnalpegitginaliyine saeagEolchinpRIP 41 YACHARMSHRIalM te l”lﬁ frwtzszt OfM'éP%”F alopge
C|0n5t r Egblsgﬁbnﬂﬁﬁh%{rculér%a@] KnihBi@in pmtlo%éof fﬁ@%rﬁHﬁ@@%ﬁg@@ﬂtﬁ@é&']?ﬂ??@é@t&? of
claim in e iS 0 ounded e a & ypstream
ond ¢ hor BENe DSBS AR UaHOR ALl R RRCH S F Pt o 1 TRt arkiTh ¢ ho
form ng ggpendand atilgast mttéeghpaemzﬁlﬂfetselcomd sHt oh@ippers «aé oparativeds traseverealg t her eof
whi Ch 08 én n?llie stﬁggf (ﬂ}rlllng esont cr>]p récpes tﬁgregfffordé'm/%ﬁ(?nvget% {F})%f ggn\ﬁgaé ream end

of th& 3" g a35enb n agenen regron he " 0pposi ng

gri pper sthr@@h\ie ’(Da.dsgitlelﬂorPCT/ US01/ 18678 26. The dunnage conversion machi ne
of claim 25, wherein the constriction nenber defines an oval aperture
through which the strip of dunnage is conpressed circunferentially, the

wi dt h of the %&aertﬂﬁ@%@@%@hﬁﬁlpém@'ﬁaﬁ Himg/edwhergin thevsansfseegiotat erial . 5

27. The @&Hnpas af @Hyﬁeﬁieﬂf‘reﬁﬁﬁ Wh@i%apﬂche%s@laﬁa éecow@ﬁérab.rbutahsatgé ERRBIge are
arranged in ransversey 0 irst and sets of ers
connet elPWRH POt AE gdv %ﬁnﬁﬂhreg'ee Yheregt *ﬁﬁﬁ@# aﬁda?%OPafba@ a'ic gbe%tas i
opposi t estibseansaiyzeallesto das andthérnand 4 rfssbe regicOit@nsat tHeefirétiang segind ppRY

carri agempc?J a?%at%gglrvg‘ltgleva\en/ag/?rorqpo\fl% a|n8thg' tudinally the first set of grippers

29. The dunnage conversion machine of claim 1, wherein
25 the pulling assembly includes first and second transfer elements and first and second
series of wheels, wherein the first and second transfer elements are trained over the respective
first and second series of wheels and include one or more grippers extending therefrom, the
first and second series of wheels rotate in opposite directions and the first and second transfer
elements are opposed to define the transfer region therebetween, whereby the grippers of the
30 respecitive first and second fransfer elements are progressively brought into opposing relation to
engage and transfer the strip of dunnage through the transfer region.

30. The dunnage conversion machine of claim 29, wherein, as the first and second
series of wheels rotate, the grippers of the respecti\{e first and second transfer elemenis
35 converge toward one another at an upstream end of the dunnage transferring mechanism to

engage opposite sides of the strip of dunnage, transfer the strip of dunnage through the
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lo along a first non-circular path and the second gri pper carriage being
operative to nove longitudinally the second set of grippers in synchronous
rel ati onwoot/maofirst set of grippers along a second nonpcT/Usulm®s78pat h,
wherein portions of the first and second paths are juxtaposed to define

t her ebet r t he
first el e rofod B M aold iy 3o Yok Birer B AeiE el EndLl RO mBbe

gri pperstramSéerbmama@ham@nﬂ@ r@‘ﬁ@ﬁﬁstb%ﬁtslélofld%a@@}gage the strip of dunnage on
opposite sides thereof for advancing the strip of dunnage through the
transfer region. 28. The dunnage conver si on nmachi ne of gl aim27, wherein

the transfer ?hgl (ﬁﬂmeﬁ‘ﬁﬁ'ﬁf pwerting shesy Agisrahibto ey inpeoaRie Wk {COMRESIRG et  and

second nep¢§bfi cul ar pat hs converge 20 toward one anot her, an advancenent

regi on whereat .the first an nd. n pat hs substantial ly
parallel to o ga%fﬂ”ﬂ'@? as%teﬁ'%)héf%l:gh 3&?%@ g'ﬁ’a gk '@t& ctoﬁ{é NUppg EYP Sﬁd second
non=  ci donrage inpltling adhreetdijeersivagl shapenaode anot her. 29. The dunnage

conver si on C r.ei i ncl udes
first and sg?g%cfp?%& e Asgérg}éﬁe “% Sdgwgéreg{ﬁand hééé(}g}!l %ggﬁrﬂp édrof wheel s,
wher ei n a%@nﬁlngﬁte shaet m@temi@r@tr@rtbﬁ? rmisp@ssambly;are trai ned over the
respegfive féér&méfﬁ'éjsté ?Pé?ﬂaﬁﬁﬂd Re sﬁ’éet%?@llaﬁn@r%s'nﬁ&)ldé%m%@t etHEpr €

grlppers ext en 1 ng t here rom the first second series of eels rotate
i n opposiitreudh .arf&ﬂsi’eér@'%ewt’%mpnF%@neaﬁmtf@é@d%?ep%rﬁ%yf%&p therplshiegnsthgr e

opposed Henrdgk st ahBadbdned fetiunh&dd Hiip mmbﬁh%ttmm regﬁbe.r *he drhéegilienper s of
Irst an econ sfer elenen

the 30 re tive rogressi vely

br ought | FHEGF! GBp LR RSSeTRAS 60 AN gaoHina SHER LU RGF ST FETS! - cunnage
t hrough ghgpets aesieved tegighrthe Béhsfekhegielunnage conver si on machl ne of claim
29, wherein, as the first and second series of wheels rotate, the grippers
of th& respectlve first and second transfer elenents 35 converge toward one
anot her at an32ipstTheanetbediasset fdit inldlaimadb wheesinsthe siepref capdeirgrine stripof  engage

opposi t e 454 age
PR e il S a o e A B

di ver ge HVR(RYEr om one another at a downstream end of the dunnage
transferring mechanismto rel ease the strip of dunnage. 31. A nethod of

converting sheet teri i nt na roduc onprising the 5 steps
o0 g a” T o nihedueBomes S 7o Ry ihe bk Al BV hagtpee <P
cont i nuotegethier inpludds moltimyihg @rippees thcbugg tree ttdirsmfayldmemmn_gmaiinaﬂhanMI yeétnd usi ng
a pulli ngalfer%]j lgﬁéryfpp Sl tn'rg?anﬁ%dﬂ%% o %%Pfré)u %Fgee form ng assenbly for

advancin rou assenbly; 10 wherein the
step of advancing the sheet material includes noving grippers together

through a traggfer ) ;
arip ?her cbet %‘gen Tr{]e‘%ﬂétﬂé'd LOsRRRASH blafNat, YRR RBRbE&Eind FipbAeREh&JLR ¥
25 overlap while advancing the strip of dunnage.

35. The method as set forth in claim 31, wherein the grippers are arranged in
transversely opposed sets of grippers disposed on opposite transverse sides of the transfer
region, and the step of moving the grippers includes progressively moving the grippers towards

30 one another at an upstream end of the transfer region and progressively moving the grippers

away from one another at a downstream end of the transfer region.

36. The method as set forth in claim 31, wherein the pulling assembly further
includes a set of transfer assemblies having connected thereto the respective sets of grippers,
35 and the step of moving the grippers includes moving the using the transfer assemblies to move
the grippers toward each other at the upstream end of the transfer region to transversely
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dunnage strip and advance the dunnage strip through the transfer region,

whil e an aperture in at |east one of the grippers gathers and laterally
capt ur es woner/giin7 t he dunnage strip as the grippers are npeBR@Stwse18gh t he
transfer region. 15 32. The nethod as set forth in claim31l, wherein the
step of I f _

Cnel u des@%%;ﬂ tﬁé@rf g'fedtﬁtE%eDanQi aya Ll'n%ﬁ?% Y\’Qﬂﬂe Pg\ﬁnﬁrﬁﬁgségﬂ%ggfe t%ﬂ@lfeﬁ

met hod a@mtormasntmqﬁtmatdnnaage wher ei n the step of moving the grippers

t oget her includes noving the grippers through the transfer region in

| ongi t udi nal | offset yet paired relation for pi ng and advanci ng the
strip of dun The méthed asteh athda claist 3§, giherein eé eRiohNPYINg HGHOPRSt he

opposi 5ngmgruumﬂ6ﬁng ih@@ﬁld@ér§ @Ing aaan@vandr@athm bposél whtioh g oriddhotier iapd,of
dunnage. ers are

o ¥ angedas e PG paye 8igS i bnaiieUeiahy i Bpoiseie by sphtestiof Haaposii o
transver snegatgingetlse sifip bfmjma@mthfe@betweeg oo oppasitel srdesathsteepfoobdvanmnggtetrdweth

gri pper s, nsm Lg%ﬁarpdr 1ﬁq,gresm vely nmoving the grippers towards 30 one anot her
at an ups mend of the transfer regi on and progressively noving the
grippers avvay fromone another at a downstreamend of the transfer region.
36. The met hogg as ﬁt%tmét%&é's éel’t'fd?tparh E“an%ils? W%Fe‘#t 6bp'b§ﬁg BHpperGoRag el Y

further includes a set of trans assenbl i es aV|n8 connected thereto the
respect i gevrsiieamef thgroprsseuwar palfrrelgrge thestripnd dueiaopsybsigntiefesigritgsaprsy

i ncl udeswimyi afger bhsoskg gigpdrd ehdving Rfong theasoredifeliaesatih, UpEIdEn of the neri-tiRRelr S
t owar d eacF ot her t t he %strea%g%nd of the transfer region to

transver 8& fr%’?VWbiV@QT 1398678 engage the strip of dunnage and
away from each other at the downstreamend of the transfer region to

rel eage the st4ip of S i m 36,
V\/nerel?n t he s:%%p 011?1 rrrﬂé\jtﬂ%a s]et’?’orth 'H- Iglr"{s@} %%E %Dz)%g'rr}égﬂé#b%ﬁo‘% i ppers

al ong a domnstrearowf the r}@atoitcwlar naﬁp@taasetheeltrmtqfdnnnage@nestan@tlshemumouslns t he
gri PPer sy ihyearl 8 4 R forl e ABRARRA MBS ElrRbA RO

sequentl\g |y tran@e}gr gq‘ﬁn\gﬁ) sewé)ggyn%rn?he stnrdl}g of ur%%gge ere (ert] %Cét?ron
opposi t ePathcrayanqedhe slfip Phfurmgdainci ng therewith the strip of dunnage. 10
38. The nethod as set forth in claim37, wherein opposing grippers noving
downst ream of , t he non-cj recul ar th release the strip of  dynn

subst @nti al | y*&i mi éﬂeéb‘téﬁlset\fﬁfﬁ?‘tt” B'P'”h&tﬁ}e‘ﬁef?ﬁb’agﬁﬁ'b&”éf’{tﬁﬁﬁ?’gg}grﬁ'ﬁ?ﬂif al ong
t he non-eskgembllemspyﬁtchrontzps.tream of the non-circular path, transversely
engage the strip of dunnage. 15 39. The nmethod as set forth in claim37,

wher ei n opposi ng grippers noving downstream of the non-circular path
rel ease the sttip Tok raethorharesed idvihtianieinad 1, ywheieinthe atep @i ssigg the forming

assembly includes guiding the strip of dunnage through a constriction member at an upstream

25 end of the forming assembly thereby guiding the strip of dunnage from a downstream end of
the forming assembly to an engagement region between the opposing sets of grippers.

42.  The method as set forth in claim 31, wherein the grippers are arranged in
transversely opposed first and second sets of grippers connected fo respective first and second
30 gripper carriages disposed on opposite transverse sides of the transfer region; and
wherein the step of advancing the sheet material includes moving longitudinally the first
set of grippers along a first non-circular path and moving longitudinally the second set of
grippers in synchronous relation to the movement in the first set of grippers along a second
non-circular path; and
35 wherein portions of the first and second paths are juxtaposed to define therebetween the
transfer region and wherein the step of advancing the sheet material further includes
transversely engaging the strip of dunnage on opposite sides thereof between at least one
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with or after opposing grippers noving along the non-circul ar path,
upstream of the non-circular path, advance the strip of dunnage. 20 40.
The met hodoaw9ger forth in claim36, wherein novenent of PéEURIIESHTS e
transfer assenblies is synchroni zed 41. The nethod as set forth in claim

3L, wher ghtct B S haP. ior HSIR 1 (LT G pAS PR dobeldiBpg B dhnO t he
heh e It fipes

strip of nage t ouhacons T on an upstr nd of

t he fornﬁﬂ\@néﬂggﬁmtfw @ﬂd@n@@ge t@@bﬂhﬁ@tltah%fel’sfle@iop of dunnage froma dovvnstream
end of the form ng asserrbly to an engagenent region between the opposing
sets of grippers. he nmethod as set forth in claim3l, wherein the
grippers are %}ran-'a@d“?thoc’ g% st drityia gleim &% yesesip e repsTaTgIoR COMANSSS A8 of

gri ppey sefgiyerehedgibe whesaeek lfn@aiﬁd §éi:bneﬁl‘?&h a&ggﬂﬂatﬁﬁc@fvem@%waabhé ages

di sposed on, 9 %gs te transvers f t ae tr nsfer %gﬁ and wherein
the step?®"dd¥a7 Vaﬁﬁe“ﬂ?{ﬁr%%%‘e 5? ok EF‘E?&‘ JORGIFY §udinally the
first setbstdntigly papeiesto@he agotherf ardsa retemse mgwmemmdfler IsegvAgon-

| ongi t udi IPC%H ﬁa%ggwg%%%%ﬁrﬁ% &Ie ang{he'ppers in synchronous relation to the

novenent set ppers ‘al ong a second non-circular path;
and 35 wherein portions of the f| rst and second paths are juxtaposed to

def i g, ther ebgt weensdlafing LEGAH,AE: & 85iraGe BReHIRTRIILE She r%fsréewanc' ng

t he sheet ma_t eri al urther 1 ncludes transverse engag}l n e stri _
dunnage BWt&iAh84Gas REPERRANGE! Kgpt Methie BHP afeve SyhRggepthe

PCT/ USO1{ntB6iRg coﬂfekéiﬁﬁéss@iﬁnbﬁé%ﬂ‘oﬁ doh%rtu’s‘gethe Sheed izl |§toaeﬂ@bnﬂﬁudu§ @ﬁfﬁa 03 ne
unnage

ri pper Qf the second set o I dva ing the stri
O oo Binsabs RS PG St ssmbh Air s e o A5 St RN Preqctby BT e
wher ei n theeohtiranes sirip bEGUrMAgE DI bSerdasectidn of B@egiestdaitgthi che sm/emdigar eat the

first, an lrcul ar paths converge toward one another, an
advan2:5errg?f{éﬁ1 gp(%"ﬁ(gwﬁ Teat the first and second non-circul ar pat hs are

substanti al | ya mwdﬂd} bled¢;@ndne anot her, and a rel ease regi on whereat the

first and secopgiRQn m&éétﬁ%!:laéonl?@&ébstoqﬁé’ﬁ&%l% %@?ﬁgﬁ’&ﬁrﬁgﬁtl .10 44.

A severing assenbly or a dunnage conversi on r converting sheet
mat er i al asseqbly tha wﬁéﬂh%wﬁb& deifeos @ s iqrpsyer Pefitiondo gepwaredipasiioni on of

dunnage, ahdBadkaé BirékRly-tb-86Ved BbsIGbrapoM BrsHigRIstRdRS 81RL F&fordditing SEAb L ih Bihdrhe
sheet mat er al into a continuous strip of dunnage, the severing assenbly

bei ng@podf§di8hed rel ative to the conversion assenblies to sever the
continuous strip of dunnage into a severed section of a desired length, the

2ctuator conniet ed Fer TR tevRlias BRI R Ao Fra R e IS Moo Serb
t hat novéasthehacludpsastatidphoyddadevdinhacoreadith the-rsevable birstei asitbembeabde Idadeer ed
posi ti ONmoves to the severed position.
25

46. A severing assembly as set forth in claim 44, wherein the movable blade coacts

with the stationary blade in a scissor fashion.

47. A dunnage conversion machine for converting sheet material, such as paper
30 having at least one ply, into a severed section of dunnage, the machine comprising:
conversion assemblies for converting the sheet material into a continuous strip of
dunnage; and
a severing assembly positioned relative to the conversion assemblies to sever the
continuous strip of dunnage into a severed section of a desired length, the severing assembly
35 comprising:

a movable blade; and

34



and back to a ready-to-sever position upon a single stroke of the

reci procating actuator in either 20 direction. 45. A severing assenbly as
set fortwoniediai m 44, wherein the severing assenbly furpaeUSimishisdes a
stationary bl ade which coacts with the novabl e bl ade as the novabl e bl ade

noves to the forth in
cl \él m 44, Wne% ge:éﬁ?z?c%tnﬁ’dﬁoétﬁéb?fbogﬁécée%ﬁtg8@(:@8%%[& t?% t @?g%ﬁl %ﬁa‘?’%rgl ade i In a
sci ssor a%s@mb!yrthaumve;\trmmﬁ@@@ kiasieveons mﬁdmwvgémsdtoné@we\rem%@sglﬁ@et

mat eri al gnSpedt 188 réb%l[?% sevel pBﬁfi’dnrlH)oﬁta strigRSdtroRO 67 AL Vem;iréﬁaﬂng”‘a&@é&&* igditct i on
of dunnage, the machine conprising: conversion assenblies for converting

t he shee 'r%?i?rérl al into a continuous strip of dunnage; and a severing
assentl y positi oned relative to the conversion assenbl ies to sever the

conti nuous st of .dunnage into a evered n of esired | ength, the
Cover oS outahly A o gBER e Pachinb e SELRRE I im ety st e
PCT/ USOlbIﬂa&G%ﬁmganmsﬂﬁmmeide amja downsatam scdenﬁheccbm@rsmm ddsembisddeing bl ade by

a moti Onpcr)srnt?o’f{éﬁrhﬁétée{%ﬂw Rl 5%' dait f}ﬁé APy ht’"aﬁg g%@p‘{?% OE’ '?‘%%e'ﬁ‘ﬁigﬂé@.g{’ o- sever

ready-to-s Vered 05|t
posi t i onwhish theaﬁtrg:i @fg:luen@qerem@g@ﬁf therﬁngwqgsml@ly beigo ararativede sever thet her

di rectd O%ntnﬁu&ﬁ strfp SHUORRLR eff@F‘é( ?ernﬁihQJ? tHEBEHH SiuAtageHas hasddh éﬁrﬂugé‘l Ak Bl

further including an end ™ plate having an upstream side an wnst ream
si de, theP&¥¥Kversi on assenblies being positioned upstream of the end
plate, the end plate having a dunnage outlet opening through which the

stri 0] of dunn e t he severi n asse eratijve t sever
The. o cont | ibus A ByTE0s PR JE I bar S5t PORI AaBS, RBSER e Mgt mrage
has passbkiddé tsrrmxg\tedttbehmumetrearmpﬂabmge edA@platd ahdrooagied wothy elodoren machi ne as
set forth_i t he i ,

douns b et S ey, RTheBielrie BB a8 B b pBIkD e e bt A8inoe i ng
assenbl yby theeute\wabhiag bh@d@ovethengutiﬂbwaﬂﬂlr@ asrit teavplsdebvasartia teedy-tosevére pl ane

def i ned %{,oqq% o {REreQRRBiingY and across the outlet opening as it travels
bet ween ? e rea y-to-sever position and the severed position. 50. A

dunnage conversion nmachine as set forth in claim48, wherein the notion 20

tr anls mdt ting %SGWHNnrﬁggﬁéh@%n%adhﬁ@%fs sef@rth inAGSTRAGEH i Melich-| Y
coupt & %ransmlt? ing assemb?y comprises at least one linkage member pivotally coupled to the movable

blade.

51.  Adunnage conversion machine as set forth in claim 50, wherein guide plates are
mounted on the end plate adjacent the outlet opening and wherein the movable blade is slidably
25 . retained within the guide plates whereby, as the reciprocating actuator is moved either in a
single forward stroke or a single return stroke, the position of the linkage member will be varied
to pivot the movable blade from the ready-to-sever position to the severed position and back to
the ready-to-sever position.

30 52. A dunnage conversion machine as set forth in claim 50, wherein one end of the
movable blade is pivotally mounted to the end plate at a pivot point, whereby as the
reciprocating actuator is moved either in a single forward stroke or a single return stroke, the
position of the linkage member will be varied to pivot the movable blade from the ready-to-sever
position fo the severed position and back to the ready-to-sever position.

35
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bl ade. 51. A dunnage conversion machine as set forth in claim50, wherein
guide plates are nounted on the end plate adjacent the outl et opening and
wherei n tweonsmaebl e bl ade is slidably 25 retained w thi nPCh&SQuUISer pl at es
whereby, as the reciprocating actuator is noved either in a single forward

stroke or a sgng %Htﬁﬁeﬁgc%%ﬁ%‘gﬁ’r?éc ﬁe%%lett#oﬂﬁinoéla@% WhaIKR%% will

be varied to IVOt nova romt -t o-sever pOSIt onto
t he sevea@@rqbtysmlwd@ﬁ adlacedugutide m@anrm@om@ddyihemwﬁm sigesf heend plate g, A

dunnage g@&!ﬁ&i@&ﬂnﬁﬂ%ﬁ?%ﬁﬁo@&urﬁn@&e ey th@dhﬁha%la%hf@t%@em%er ein one end of the
novabl e bl ade is pivotal mounted to the end plate at a pivot point,

whereby as the reciprocating actuator is noved either in a single forward

stroke or a ssNgl A a@indgé coiverion,mddiRe aB Q8 bitem dimtdTewhérskaigecamemioh W | |
be varied to, pi votl%ehe novabl e bl ade fromthe ready-to-sever position to

t he seve??&"}? 3 P7%¥ and back to the ready-to-sever position. 35 35 WO
01/94107 PCT/ dnJEa(Bri:mﬁ;&6§e8nbl35®h|cmsmhpama@esheetnnﬁenél01110thmc:bhﬁreloaassts@bf dunnéde;i n

claim 48, whej gj,n %Lp)g Iy H8Ke W iy E@&Eﬂé&’thls %ﬁ%é{%faﬁer?al i i F‘o‘?mﬂg a@&‘e TRAK

nounted to the ups cont’i nuous
strip of dunn@g@llngﬁsgemhlé \Atbwhrwa@feth@alneeéma@@hfrmg theast@:k supplmlama@é' and

conversi fRehH fgﬁmﬂé a§§etmg|}p15tf&rﬁ tneg{r,glomjﬁ%e yherein the conversion

asse Iles I'ncl ude: form’ng assenbly |ch shapes the sheet material into
the continuous strip of dunnage; a stock supply assenbly which supplies

the sheet natsg.ialA Fn@th*ob%f §veihd14 caHiinesUR! syrip GFidnnaRjetb lai segerad s&dtibh ¥ avhi ch
pul I's thg sheet mtaterl al omthe stock supply assenbly and 1o through the

form ng 8°rf‘?ﬁ5r‘ﬂ9tt @S€P3 9T of dunnage. 55. A method of severing a
cont i nuous stusing cmfnvei'elbnammunésafoacmmn@dhmmataml eficheas mhesi iavthglagéngt h,

corrprl Si Yt oﬁ% pg;sehygoagont] ugdsrggﬂpa@ravi%asg oghaassenbl ies for converting sheet

mat er i %al oL paper Ravi ng Pedst one ply, into a continuous
strip of dunnagi a sevéringassgmalypesitieredgelatvedatilecopesrsivn esssthbtied tatsever the t he

conver si gght,ﬁéagrm#d &%Hhﬁlag%(?rgsra\ s%@eqﬁd sQbh Bf’é)&!&lréﬁ TénBthO\hoQrBi'ﬂ'?ﬁeQ&\)eFﬁd) a

severed section esire wherein the severlng assenb
i ncl udesa%ﬁeﬁ’@{yamll@eﬁ|aara@/aaﬁd>laéﬂere@é REPRIAEtng aglupier cenealsh tnctbe érwvg*aiet he

novabl e b|ga@§l>eahm,@nf}msjnqmng bs¥amBlyt ting assenbly; 20 wherein using the
severing assenbl , i ncl udes npving the remgrocat !thﬁ?ﬁa(:t uator a sin

strok® wher #RPERESREMIFVEIGASAETRY MGUSSSBRENG HedGeRrofaing ﬁﬁWﬁtﬂf%g'ﬁﬂ'ﬁde

froma rﬂ&fk}é wnere@ﬁmeIrnqﬁorstramsbrnttuhg)a@eﬁﬁweﬁmS mmnb\rabre ddd fone & ré=@yttdre
ready-t o-se set rth in claimb55, wherein the

step of RS %osrc oH 3 2 88Yel5?cg%ostltton ancti p)a& 3%he ready—t% -sever position.

56. A method as set forth in claim 55, wherein the step of moving the reciprocating
25 actuator includes extending the reciprocating actuator in a forward stroke whereby the movable
blade is moved from the ready-to-sever position, to the severed position and back to the ready-
to-sever position.

57. A method as set forth in claim 55, wherein the step of moving the reciprocating
30 actuator includes retracting the reciprocating actuator in a return stroke whereby the movable
blade is moved from the ready-to-sever position, to the severed position and back to the ready-
fo-sever position.

58. A void fill dunnage product comprising: a three dimensional crumpled strip round
35 in cross-section and including at least one ply of sheet material having, in cross-section, a
crumpled multi-lobed undulating body, with the lobes thereof extending longitudinally and being
dispersed in an irregular pattern.
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25 actuator includes extending the reciprocating actuator in a forward
stroke whereby the novable blade is noved fromthe ready-to-sever

posi ti onwool941e7 severed position and back to the ready- POFESWMES6T0Si tion.
57. A nethod as set forth in claimb55, wherein the step of noving the

reci procatinggq 30 LNGI r 430 : Js | act uat or
in areturn s?gr'okeﬁ%@rgggémfj H‘g atrgr%l\glt;fg{ﬂzFn %ﬁ%’&g' ﬁu@ﬂ%@ﬁ@nrﬁ%ﬁ%{%t@%

r eady- t otransyelse sHHP 0N @APosite tranwverse\sisies @f et o duenegebeligh erBnRsHEe r eady -
tO'SeverbﬁgﬁhhbmpmﬁéﬁﬁmﬁﬂﬁgEqﬁﬂ&!| dunnage product conprising: a three

di mensi onal crunpled strip round 35 in cross-section and including at

| east one ply of sheet material having, in cross-section, a crunpled

mul ti -l obed ugglul & Hithabe Piodudtiak Ret Beh Indres S8hehaeih 0B beRrdid@oss-sections
ispersed in.an irregular pattern. 36 WO 01/94107

| i tudi pal l bei d
p8$?b531%@%@?%1&ﬁgrwikﬁﬁﬁw§g %Hpgﬁﬁé¥egébg@F{forth in claimb58, further

i ncluding at | east one transverse crinp on opposite transverse sides of the

strip of dunnage, i j , i i I f 1. ot her.
550 A dunnade: pronioaite SEbBRFolFpuiraRe ot Bh ety Bfterithe e s
cross-sect i onsipplyingsysheetdngonial havieg affleashenssplyi p of dunnage are def or ned.
61. Agrethod @Julsmawé% Ry &wma%]lea Lifine étth@a‘sﬂa%mpoﬁs%mmabm the

steps of: supplying a sheet nateria ving at |east one ply; 10 causing
i nward fWherehya 8iree fiengierdl slumplegedringf duneadgof perasallydpeqaryssoiecingbt
mat er i al shapaes Rvied with la@Rastione R P BRdet Gzl BEMIR Mih Brod$-sLioR G ubled

gener al | Qqund, cross-sectipnal ha is formed, wth at |east one. ply of
Theet ek HERas 5oy 87 ves BRRRT sEnd e Priseiialy riueins Bibetas i

undul at i agirtegdigr pdtteen.| obes t hereof extendi ng |ongitudinally and being
dispe%sed in an irregular pattern. 15 62. A nmethod as set forth in claim
61, further including the step of regularly transversely crinping the
strip of dunn@®e ohmefhodss et feithlinslaihéi efufthertimmuding the steg obregulady si de  bei ng
| ongi t udj ff : i i t i j f.. 20
63, A el T e cuPing e S Bhade R bpRSe tbstRBE, e cBinhiigbShe e o

f ol di ng be¢iRglongitsingdy efipehfrpmithe wigrings@nbe prrqsite pide themeplt he strip of dunnage
through a constriction nmenber to both narrow the strip of dunnage via

t hree di nensignal crunpling thereof and to gquide the strip of dupnage to
the ptfl1ing a&Sentfh gr’.emz?’g = 3ot AU BATA SAsWRRSE {15 18P PhpaEpag (e oG her

i ncl udi nigclubes sdirgpa pillindefsesmbln (or pOndIhe stprof damregs teadh Deshstiktigpaceber

porti Onstoogotf;[ Paei\'ro%\;[ the %trf%fof QHn“n%%Q\e/ia tl%ng;e dimensional crumpling thereof and to guide the

strip of dunnage to the pulling assembly.

25 64. A method as set forth in claim 61, further including the step of deforming one or

more cross-sections of spaced portions of the strip of dunnage.
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