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invention relates to a dunnage conversion nachine with transl ating
grippers, and a nethod of converting sheet material into a dunnage product
using the translating grippers, and a dunnage product. BACKGROUND OF THE
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~s capture a crunpled strip of dunnage for advancing the strip of dunnage
t hrough the conversion nmachi ne. According to another general asp dii‘;%@fzogfﬂe
i nvention, a severing nenber (such as a blade) is connected to a

reci procating actuator by a notion transmtting assenbly that noves the
severing nmenber through a full severing cycle upon a single stroke of the
actuator in either direction. According to a further general aspect of the
invention, a void fill dunnage product zo includes a three dinensional
crunpled strip of dunnage of generally cylindrical shape including at |east
one ply of sheghugfmweii 8t dd=pain [ ARt ' ongi tudi.nal |y
ext endi ng ﬂd%%ﬁ%%wjta%%sgr di qﬁgﬂ%@gﬂ!ﬁﬁfaﬁ r??r egulaggg*gg%%%?d'{eris h rdEhif
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assenbl y fdspragtadgitsng t he sheet material into a continuous strip of dunnage
havi ng 1@ t hree-di mensi onal shape, and a pulling assenbly positioned
downstream fromthe form ng assenbly for advancing the sheet materi al

through the forning assenbly SUMMARY,OF THE NGNS y i ncl udes at | east two
'gri ppers novabiTie pregatinentidnpresss a@uﬁrfa@é‘ﬁﬁémiﬁﬁﬁhaﬁhe'%&r%ﬁ‘éﬁl&@e
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at an yps nd of. the transfer region a PHSO¥ away from
one angét) h@&&gitgh gy %ﬁm‘ﬁg? H@J}?{egﬁa"%?"vm dricabieduelwhesgystaniity ¢an yatrbedurthedi nent |

t he gdppeinsregreddympkivgthe same genmeraliybevetiintiol bpeFRMBRIE RIAHACIHE cREMDN axi s
and are | sdctie df sgetida®paded poftiSisr R prQUt the common axis. The grlppers of
each set may : icularly, or at a different angle, relative to
the respecti v%%ﬁﬁ%q‘%%gggﬁy W'F%t%tas%?fﬁ@rm‘@ﬁ%dﬁhﬁ@m provided apul | i ng
assenbl y FHOPIRIRAEVeRsigLpachine anda ofethod fos sarviadingeshe BateHal ifRRARAANRE thereto the
r especso vprodet, sheahadhink RRREIAg a ' are pperative to nove
the gri pp@n%m%{'s LS ol &S r%)ech? v?eaﬁ?n? %?%ﬁ‘/g’?? rgg%m%%getﬁﬁ?ﬁﬁnﬁﬁst ream end of
the transfer region to transyEdBres-dnmsigeal shage.and ppullg assemelge and away
L gt o o ol cnchs o btukirgind st A ATukchgh floase e
strip embiid ull v g

non- ci r ai tbﬁ)rug,pggrg}she@ reo&ﬁosﬁ eéflgtl %tﬁl ?lg_n stsa gbgﬁgmaq{%mF’%ﬂ’ He8P%e operati ve
sequential lyy as the gripp&nsVaRRAereaition i eneanether-ant conpemtivegabtip i n opposi t e
rel at i ¥n, hergostvesndhaguoaage siinderpeivarting therdupnagh sep BRGLGR tHe R SBGEMBE T ON

opposi t e Isasiese éflues pipders ﬁau@%@&]&ré F’-ﬁ%ﬁ@ %Qreangtl rip. of i %rnna e. The'
opposi ng h%ggéshg%ogggﬁt ream of the non-circdrar pat:ﬁer% &PRiPE E'3'7""gr adual | y
rel ease the Strrp MRS mave tivab Yedgneeriregian: s novi ng downst ream zs of
the non-ciroular path preferably release the strip of dunnage substanflally
simul taneously with or after opposingzgrippers noving along the

non-circul ar path, upstream of the non-circular path, engage the strip of
dunnage to advance the sane. An exenplary transfer assenbly includes a
flexible transfer elenent and a pair of wheels nounted on respective

| ongi tudi nal ly spaced axles, the flexible transfer el enent having portions
ao thereof trained over the pair of wheels) and wherein the grippers of
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.ua 2G4 elenents of the transfer assenblies may conprise articul ating
chains, flexible belts, or any other neans of transferring rot aryg ot ool
Preferably, novenment of the flexible transfer elenents is synchronized. A
form ng assenbly according to the invention preferably includes a
constriction s nmenber through which the sheet material is pulled to effect
crunpling thereof and form ng -of the strip of dunnage. The constriction
menber may be a ring which is, for exanple, oval and has rounded edges at
t he upstream end thereof. The constriction nenber is preferably at an
upstream end of the fprmng assenpl The constriction nenber constricts
and gui des t he"&P PPBO%FE%L?%W&E{B’"?”BB%W”BW@FFS%WP@&?[“&{”WWBO?tﬁrrtﬂ?’ﬁg
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regi on. Tﬁrgnevergé)(ov&p?;g@lp aEEﬁ”FiP%'Q%E‘B%%?@Fi ve to move longitudinally the
first set of gniappkarembbdimentzhé grippérs aerarmanged i teansyeasely @ppoket b&ts second
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second tr E?a"é?feﬁﬁeémaﬁe FegiaN ta Elpase the stnnef dussagsc (The grifperssf eachdetsecond
seri es zof majbemevabieckicng @lnafleir@RepA unﬁﬁ;ﬁ&ﬁéfelaﬂ@ﬁb%n@éﬁ&@hﬁtﬂnémr efrom The

first and, [ te.in o 08 i rections and the
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at an upsbrratam;m&hgﬁnp‘péienﬂuﬁ@a@% the RIMAr&idripBsl, Gt -ci&; ngage

opposite ﬁééﬁfe%%%sef'ﬁé{g%}pe&d“'?“aaeﬁ&gmgﬁﬁﬁﬁtranSfer the strl p o unnage
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severi ?\03 g%%gf ge%ﬁé l he @u nhag13 grtel"'lﬂbe TR 8" Sl /EFREGIVE QRRASR of
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sheet mat haiatleastivhe geppeoifin: Bathdbsad rediacb oEﬁHQiﬂéQ&s 6f'§hp%£}§ asy ; assenbly
0 seveﬁ Ee

i's positi version a
conti nuougb‘ag‘?fﬁﬂt @#H %ﬁ%@g@#ﬁ%emgg'gv‘@%%mgiﬁ'?°8FF’r8Lf%a’£a@es| red length. The
severing of e3¢h $Rh By xippskpemeadigiiagieor ataiditierent @ngle.oelative irgthec t uat or
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stationary bl ade which coasts with the novabl e bl ade as the novabl e bl ade
noves to the severed position. Preferaply, the novable bl ade coasts with
the stationary blade in a sclssor-like fashion. According to another aspect
of the invention, there is provided a dunnage conversi on machi ne for
converting sheet material, such as paper having at |east one ply, into a
severed as section of dunnage. The dunnage conversi on nachi ne incl udes
conver5|on assenblles for convertlng the sheet naterlal |nto a contlnuous
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transmtting assSenb

havi ng an upstream side and a downstream side. The conversion ass!_eqbl i es
are positioned upstreamof the end plate and the end plate has a difdagéls
outl et opening through which the ze strip of dunnage energes. The severing
assenbly is operative to sever the continuous strip of dunnage after a

|l ength of the strip of dunnage has passed through the outlet opening. As is
preferred, the novable blade is nounted to the downstream side of the end
pl ate and coupled to the notion-transmtting assenbly, the novabl e bl ade
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outl et openi ng. PERITERCRER to resneetive frst anisiecmd gamertinifySs bisoketfls; 2

f d # Ly which | o § SRl aer ol |
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fromthe stoc '385%%@735%@%%1’%9“% ¥ the senphd sdtef drippers MEyAGFRBR réafidh tf or m t he
strip of digieiget of gopperstilong atsecarl oA BIRLBESatR SPhins 8 il "g{f{ﬁ'ﬂ\é%gft‘ﬁ!’ gﬂq*éﬁ t here
i's provi dege jaxtamis I continuous strip o a
severed, s'e%tji on o?ﬂg Og{ianse ?f%%{%e%agﬁ,"@ﬁm'% Atjpesiqne peppef of e finst isetgyr
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poOSi H) 03_ %{g m?mgsgszézﬂmfﬁ mﬁpaaﬁgbﬁphcﬁ;@eﬁﬂiﬁ a{u@@éﬂ%ﬁ&t&%@fiﬁﬁélen%?% E}nlaon. I'n
an enbodi s s heERY L ocating actuator includes
ext endi Ngrdshifeaifds gr,@g&& cp&ﬁ?% ‘t;r'ﬁv%t; é{ﬁﬁd djg%hg ([:')'Erl r\'/\s/gelr 8'38'9'?"_6?‘_@ “W'iéﬁ"'é\f?ytmh e
novabl e bgard?r I s_noved T rom ] ol ﬁché?g_év'éﬁm'pesmerscaxtendlmg the severed
t)(ﬁSl t ![ ;'B ﬁigmgipg;%g;ﬁés?‘_@aﬂwzmmﬁ rapste intdp_ﬁdihihla Hfgbcﬁ&ﬁfaﬁé’{he?{@&%}[ Lrent ,

es nEigr et B incl ydes retracting the
r eGpr ocat btk rBSetAb et Lk & gé%%r srj;:rswtg ?r%&%é%{e‘érﬁ??? H‘gfeﬁ'_ﬁ%ﬂ]- dhBBHRRe™S s noved
fromthe L %@%{t t 0- sever po i"GAs teéﬁf?%@%mrewvgb@mgmmmmm@k to the
ready- t _o;é.d c;ﬁbﬁzia?i?;nﬁ@cwpéﬁngfdmmgwmb@h 1A Past eP%gfoF.ﬁAé mgﬁggi on, thler e
is provi second isefigksiof Whedl HoREE . ising.a three di hensiona
crunpl ed Sdrhsiontl A g&%ﬁhﬁgg@%}éﬁ@g&?gﬁ&%ﬁﬁq%ﬂé?‘ﬁ‘ﬂiiH@"sﬁ’ | east one
ply of sheecb mat er i al  having rorgr ghapdestesapyang af the denageptransferiag t i - | obed
undul ati ?;15‘3 BUYT 'AANBRIS IRECitE bides oftie st of eutrenel ivagsidr i Wby and bei ng
di sper sedhroughdhe iransteg rginn, m&ﬁdﬁrﬂergy&@ayﬁérﬁoﬁé 4ol ng‘ct referably has the
hi ghest pRsdinkh : ility, whle using TR °I‘"¥’§§?’"SB%§"‘| bl e
amount of raw n%tt'\gﬁiygﬁﬁg ﬁgg‘\ﬁ/ﬁé“%g%fekag%%%? ofdyngages achi eved by 35 the

present invention by producing the noted generally cylindrical product
whose stability can yet be further inareased by making the sane generally
curved andl or by permanently deform ng the cross-sections of selected
spaced portions of the product. 6



S occ zaa~ In an enbodi ment, there is at |east one transverse crinp on
opposite transverse sides of the strip of dunnage. Preferably, grﬁ ?jnps
are longitudinally offset fromone another. According to yet an & d8plect
of the invention, there is provided a nethod of producing a dunnage
product, the method conprising the steps of supplying a sheet material s
havi ng at | east one ply and causing inward folding of the |ateral edges of
the at |east one ply of sheet material whereby a three-di nensional crunpled
strip of dunnage of round cross-sectional shape is forned. The at |east one

ply of sheet ss-sect i on, ed nmulti-| obed

undul ati ng body, trk?athl h@e%%%egﬁaf@}e ”é")?f"i?ﬂu‘f‘ﬁrﬁ 9 %?Y&efjﬁg?‘f?a Rq IPsYARY 867 ng
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t her eo ide is |o set from

the crinp jf‘)’tn a‘?fné:bJ %B%iL{a?%&r;d%E '? e%’gftﬁe THe ﬂﬁ%f?ﬁ%&l’%‘i’?ﬂ"’"ﬁdﬁ‘@m{% hod

furthef i Hg F‘?ﬁ’ﬂ%’g’c"ﬁ ?@eg‘m@ﬁ pFeverdnegpninupus stiimef dayeeerbloya &femreqmlchunmgat he strip

gf dunnagdsstduriengh The covsihg as@émwmamb%rmdvab@%&b dﬁg%ﬁéﬁ%éﬁﬁqﬁ t .
unnage V, ereof an e s r|p 0

i 5 dunna &ﬁ?%cg{dﬁ(gmg%ﬁéaasesgr%ﬁc@gn saPsrel 'éerm‘é‘i‘?gﬁres a

subst ant i qejmwa?rfﬁqvéefswebwswpn tolpeseyared posurbn dlma!gb atrbadgtgevehesipan | i ng

asserr})l ?/lupﬁhesihgieetgmermgmam;p&tcbﬁ? aa.gabuﬁe&epa,retchﬁ w@@gﬁ% QJ"EMSL ei nafter

nor e i Lcul ar 0i n al s e

fol l ovangM e@@%ﬁ? %gﬂﬂa’ﬂlagcféh&h ﬁ 'ﬁ“ﬁ?%ﬂ?‘ﬁﬁ'&%"@? ol tHﬁmPYﬂblet?"%dH det ai |

i 11 ust r at TRMEs oripR;eavared pesition. PW@WWw@ﬁtmowble igadsteolnts with thewtitioasry siade however

zo of butinalsﬂssbf-m@faisawnof the various ways in which the principals of the

i nvention may AR gﬁﬁ BRI EE. DESCR| PTI ON OF THE DRAWNGS Fig. 1 is a

per specti ve vi ew QAT BRPEC9b e AVERtoR, there fsiprvideria nnBeieanvassion  h t he zs

present | TREHE fop Ronprting shepouatérial sudhasealﬁerha-mg\mléaﬁ@n@ﬁymm a¥évwdng of

i nt er nal sﬁetimaﬂﬁmh@eof'rhb Bﬁhn@’?élélin{?é?smrl: dch;hm% ﬂé;ﬁld@s o SFZA“%F evg%é rfn the

dunnage c ch 0 al view of
t he dunnacgg‘ye %ﬁ&/h%%'s"le% %'Wﬁ‘tﬂ@ cﬁ‘ﬁ'"'f'—‘?‘@ St"ﬁ °f¢ﬂ”5399@"9§5@ﬁ”'éﬂﬁsa?'9’éld per spective

vi ew of POilmed FRiAtivetolbmeonve—eién assembliasituageer #e continuassstiplof amaaden@oaf Fig. 1.
Fig. 5 i segered s%tlc@oﬂiabsu%ﬁ'%hgtw %é&@eﬁnsﬁs&mbg r%ﬂudé?&mmbﬁﬂa% and 9 4 as

| f th
;5? Inl ﬁgo %c rgér%lﬁ%grﬁcglﬂa‘oﬁfzﬂmgﬂeda@ "leé'g?YaQF Bige by :@olivg "P?F"W'&nfsﬁe%l?iét\f’!vﬂ?g t 7e| s a
per spe®t i Mves/ihewoutble haderioi 4 regdytesbanpasitios fo Federedipasitbhary da@PoSUPPOT t
panel t hﬁ’éﬁﬂftoé&gl[ﬁbgﬂoﬁ ﬁboﬁﬁr HE!E s%k%wf fid r&Epr&a@‘%aarctugtoﬁln glg}%];‘ ?1t gﬂe pul I ng

mechani sm 7 a e}% an view uI i ng
mechani sm of Bi g Ro%l e‘éte "h n YeEsiqn rﬁ@"@eﬁlﬂi’?f"ﬂhﬁesmefﬂm@m 9 is atop
pl an vi eWa¥ng amisian sidgpndecivensteamaide FTige cobvaSiors@esmilibOaE pbdinéd Ne 9-9 in

Fig. 6. upstream of the end plate and the end plate has a dunnage outlet opening through which the
. 25  strip of dunnage emerges. The severing assembly is operative to sever the continuous strip of
dunnage after a length of the strip of dunnage has passed through the outiet opening. Asis
preferred, the movable blade is mounted to the downstream side of the end plate and coupled
to the motion-transmitting assembly, the movable blade being movable in a plane parallef 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 pivolally 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  asingle return stroke, the position of the linkage mernber 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

5




Fig. 10 is an enlarged end view of a constriction nmenber of the formng
assenbly. Fig. 11Ais a top plan view of the pulling nechanisn1gﬁggﬁg%ﬂnﬁ as
seen along the line 11A-11A in Fig. 6, wherein a strip of dunnage in
accordance with the present invention is shown being translated through a
dunnage transfer region of the pulling nechanism Fig. 11 Bis a
cross-sectional view of the strip of dunnage shown in Fig. 11A as seen -0
along line 11B-11B in Fig.l1A Fig.11 Cis a cross-sectional view of a
strip of dunnage at a different part along the length of the strip. Fig. 11

D is a crodse seChiva® | L e OF e af .a different part al ong
the | engt hStI%E ﬁ%.sﬁ?ﬁt' %ﬁygﬁmﬁﬁ&%@s@g%@%g@%ﬁﬁ%r % Sipgl %“’fgdi s an
end el evatlonal Vit "g M SfTakey tha RORiion ob e dnkage member vilike veriedd pivotthe Fi g. 13

i s an enl drgyeble blade tirethetréaupd-severgosindn 18 tHeeuRIed WbsASSMIREY 19 trg{ﬂ dunnage
conver si oncgaehpiiorf Fig. 1. Fig. 14 is a perspective view or%e t g severing
assenbl y of Fi gl.sﬁ%3 Q?’_‘S? seen froma downstreamend thereof. za Fig.15 is a
per specti ve vi &w oF o TrES0RRdiment, fesevasing pssewbly inclydesi=giazes! guide mefibeym an

upst r eam eRYNteH & 1o fipstrBarg sidd 6f theserdl s BPQdiIngARe ¥rBNoRE stib SHd . conver si‘on
nmachi ne iﬁh@&ﬁﬁég@@ﬂ@éom,ﬁrﬁ. anot her enbod?'ririlient of thg psrggsenpmr?‘%gg?\ ion with

a housing therl%of h@" ved'to pernmit view ng of internal conponents of the

machi ne, the nacfli BEM e FrvRrSipR REsemblies Bckidesa ndingasderfsly @mitiestdpsly over a

wor k- sur f deéssheetmeateriabinto tremoinfinoGisdirip®r durhb s & sUPRpkly 3SR ng‘c? gl;l_;%liesl? i's an
' 0 rg- 1 B.

enl ar gedl piessh | ' t e_conversjion, machi he
Fig. gS igna%rﬁg(r;\%d%fgg *Pﬁ%ﬂgga\g%&r&&&g%ﬁ%%ﬁe W&’Q%H"B'IF eghest a

constriction ne RfY fssembly anchthroughethel fonmiag essembly &rfsinDife gwg bf ne of
‘Fig. 17 aglmnage along line 18-18 in Fig. 17. ao Fig. 19 is a top plan view

i |1 ' nbl d ity devi f th
unnage conuer oy aanaloyeFalKPLqRl of g Fighulh sereisgrjard motiod aisevening! g. 17
Fig. 20 i & Q"VEPSSMRRT dinagaednto aiseverrd sertig obadasited lpngiin dhotubling SR GIpE by devi ce
of "t he teluNpbg@rETsTeassEoblicsRE Bonv6tiRf shbktdnatehi) ?&ch%@%beﬂ‘ at| 0§ g0-20 in

' the pu % QS8

Fig. 17. ki ' | tional viewo | BFy of the
dunnage cggggt?,% %gﬂﬁﬁg%s%r@%f ﬁlé‘ﬁ%%' f??dg“.s*"ﬂ'?sa?"g%@ﬁfe@% Refitiopedretativeta then Fi g.

19. Fig. 22VPEORASSEmRlies iusryen tomemtintousstarf ofidhmnagelintd gvessestibnoral t he
dunnage c@esired Bigih wiaii thesavtririgiafisembl, iIRFUISSSE Poflb Wbde aRE s Adinas tkg Fig 19
the s

g @ c zo | | vational view o0 eveelpllp%:a senbly of
t he dunna;%u%%r%%rr%gﬁe%% “ﬁfgh?ﬁ‘%ﬁE%kﬁeEYaWW taesnitiog agemhly Mpvigte- 23 in Fig.

19, th& sB7BRFHS asuaions Sndircstmie eaisrsrihe motion tramsbytiPasBEHAY RSt kicON. Fi 0. 24

i s an endmevabledlzde froh avii@bevENRsBEVE S | v of .fhe dunnage
CONVEr Si 0k, Féy ne of %i#g. el?“%é setgr?sg%crmg igﬂlﬂgneé/“fg’?%c’ﬁﬁrﬁ?"éf'ﬁ"'lg) t he

severing assenbly bei ng shown in a closed position. DETAILED DESCRI PTI ON
Referring n.OW"I Y emRedigrentithaglepiohmoldrigethe reainteating bitathdinduled blishding te0 3 @
g g 2 ina%et cmuvmceﬁih@éctﬁh@orfiﬁf l‘éb]!vgﬁde %%g@ﬁﬁ%%@flﬁ@rﬁo%fe%atdgg RS o th'er;gaed?r-t on s
(" gng el@-sg\?eP%ﬁdol-nxo % severeJ posigon 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

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 crumpied 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

the present invention by producing the noted generally cylindrical product whose stability can
yet be further increased by making tha_- same generally curved and/or by permanently deforming
the cross-sections of selected spaced portions of the product.

30
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10. The dunnage conversion nmachine 10 converts a sheet-like stock material,
such as one or nore layers of recyclable and reusable Kraft pap®rlEG ntld4a
strip of dunnage inducting, for exanple, a relatively narrow three

di rensional strip or rope of a generally cylindrical shape. The dunnage
product is used as an environnental |y responsible protective packagi ng

material ~s typically used as void fill or cushioning during shipping. The
machi ne's frane includes a base plate 18 which is generally rectangular in
shape and, in the illustrated orientation, extends frontits upstreamend to

its dovvnst rea 4 zont al pl ane. st ream and
downst r eam i nﬂﬁ%%bbm??tgnet%ﬁ Q'gt%h &%St%ggir%?sl‘{%rﬁ (O ORRY s(t}? ﬁ%n@-ﬁr%%s'%g °§ | ow of

t he sheett"fettiRpfidinnage Biglrablynibe seroms arelongivgingly offst froro orgrnsinet.cal | y

shownf nunber edcdontirighte ye asthet @spect diehel ifvaRinhét & padikded alnseamh ael udes a

h t i |
componantiodie s ulhe b, FERRLE chileRis Bt LB R HIBL 6% ncl udes a
form ng d¥¥ieediisasbme ply and Gayeing inwsrd foldisg ehtm ktemy edges otthg atdenst oneglytojpe, f or
suppl yi ngsnsétetetenmtrefab@btﬁréedut\@mtdaammtea%&%bamnz& of fdtid Brofiichidagy assenbly

28 power ed rotary electric notor.
2s Downst W?%%%ﬁﬁﬁ?sga”eﬁé‘gﬁg?‘? ma@’ﬁ@?%’"? Jn ‘ﬁf??ﬁﬁeﬂﬁﬂﬁ‘ %C"B’@B'@i‘l ng
assenbly l‘@-dtl-bbfvd undwleting ivgdyathe intres thematextendingloaditudioaiip agkbdirgrdisperséxyint he
form ng @ﬁ@g&giayp&@mi nto a desired |l ength pad. The stock supply assenbly
27 th ormp %ms?enbll)(ttEB -t hfgjélgul I i_%g ssenbl and the severing
assenb1l 34 a R CHFAERPIEY 'g"ﬁ?ﬁi%/‘ﬁ?ly PimRef @ndierddkery of the
.dunnage (RﬁfrWE?Sé? sifesrthrrentn BrefepablyTthe cimppe pabnecsdad lotditadichlip nﬁayﬁmtm ersion
‘machi ne 1t ti3pbGRé 664 hdord i 2 EfbkARANING Aibirof klfer [(.gmttg ﬁmﬁ% In

t heet
ot er i ol EDOAIRATIRRTTI SRl I i of dyruets tudfvaiaT ea reTeyo p%? g
assenbl y @gow thelstriges dunnagerviri thge disrepsional drumsling theeesf andfto pailatpe btiipoe, a
convergi rtmmﬁdgams g @th@tasse% FRE céhstefRlnchibhd é?l@ur@ggﬂfsfa%@mlo%nﬁre%h api ng

chute 46 nc i tudi nall tendin transverse vergi ng as S|de
wal | s 50f’ %EPP%B"I‘%?%? hé%f'r'?)’@'&gs?se&’g'&uat e in transverse

cross-secti onThe_afgregrmm idather featoicds afftob dnvertion ars hpmtnaﬁm‘ntdmmllggtestrhed shaping

chute 46,anﬁlﬂﬁm&ﬂ p@ﬁt@@éutlirhﬁé agifnsatﬁ@fo %‘?%s&ﬁttfn‘%inh‘ﬂ%énﬂm PQWar ds one

anot her Sott %)rth ﬂ e su stan rally 9

i~ D Qnn Hﬂfa ‘?Iq"‘EP"@'ﬁteBﬁ g invention, P'éﬁ'?tbetfiﬂ indisaiivg, hewevarons of
sheet atmt@buta;he arsa fetheﬁlthemogewdysdﬁmfhldﬂethemmﬂpﬁﬂd‘mﬁ:nfrdiﬂorslhémieng chute, thus
pref or m ngupRpek. strean i ning the sheet material. The form ng nmenber 44
coasts with the shaping chute 46 to ensure proper shaping and form ng of

t he paper (or other suitable sheet nmaterial), the fanning nenber 44 being
operative to guide the cBRtEFaanmmitonwaHlEmRmhnes material along a bottom

wal | 54 of th &ﬂ}ét 4 led inward fo n rolling of
‘the lateral ?g:hgg tQ'IgOI’lS 0 wcﬁ heagg ?@'P"g'ﬁcm Ba?CSFOJr?P dﬁwg'?ﬁ)er 44

“proj e®s H’%"‘SP’\A%YPEH"? with 8 Seysing tjeresfl rempmedsinperitaiewing fof intemabénmponeptsadiut e 46 f or
proper guhalinaginef the sheet material into the shapl ng chute 46. The form ng

menber 44 als e chut e h its forwardnost end
56 (Fig. i) dtp @ééggj%ﬁ)tgfnéﬁwotfp' d?:'%% ogye?iB"F'ﬁ %l’gtyt ng bottomwall 54
of the shapi n@grﬁfﬁﬁ‘é’dﬂsle}éﬂ?})f&t’:@ﬁwOfmedlémﬁme@n@mmchmh@fﬁmdpl ng chute 46,

as shown. As Fig. 4|sua¢téﬁargdﬁmgpe&ﬁdviaﬁb%unﬁabﬂxeﬁr%&ﬁ{df%ldﬂﬁhd&@”ber 48 further
forms Qr SHARGH hddfine 4material, and may also be called a gathering
menber. The cgnstri ct| ‘menber 48 may alternatively be used as the formng
assenbly 26 wft 9tﬂﬁf‘spﬁ§'eY%'P'?ﬂ' ¥igw aEthe ailling meghanismen) Figg4 as seshaloag i@ 5-5The
const ri ctimBg. 4venber 48 perforns the additional function of directi ng t he

formed strip g i0ko itk | i as 8 Q her t eso '
forming ass nbﬁléggg'?my E!éevgﬁoggln%%oéiyﬁ,pu@tgj%'ﬁe%gmf'ﬂység(f’ BEFBY %ﬂ}éi e &omonl y
owned U 8MP8t%nt Nos. 5,947,886 and 5, 891,009, which are hereby

i ncor per at ed Fgridsa phypafc&\feejmme plikBg PEthkhisrl oPSg atiina 8Psdpbort panel ed

downst r eqar&ds rdnbiRed B'p gﬁﬁ%«eﬁg%@b&r%gmao?ﬂ% p¥]pn§r{§ﬁcaccor dance with the

present invention, incl st set o mm% grippers 60 and a
second set of cooperating and opposing translating grippers 62 which, as
described in greater detail below, together performat |east one and
preferably two functions in the operati on of the dunnage conversi on nmachi ne
10. One function is a feeding function whereby the opposing sets of
translating grippers 60 and 62 progressively transversely engage the strip
of dunnage on zs opposite transverse sides thereof to pull the dunnage
strip through through the form ng assenbly 26 and in turn the sheet
naterial frontthe stock supply assenbly 27 It mﬁll be appre0|ated that

o o " o o - o,




ao The second function preferably performed by the pulling assenbly 28 is a
connecting function whereby the opposing sets of translating grippers 60
and 62 deformthe strip of dunnage on opposite sides thereof toffdFn 2k
connected strip of dunnage. O course, other nechanisns may be enpl oyed to
"connect' the dunnage strip, i.e., to operate on the dunnage strip in such
a manner that it will retain its void fill andlor cushioning properties as
opposed to ss reverting to the original flat for of the sheet naterial. For
exanpl e, known connecti ng nmechani sns i nGude nechani sns that crease the
sheet materi al Fibosgnqblq t he sf eet material to. hold its three-di nensional
shape. 10  ~~ 3 25 20PPANVGY O tepulinomathapism ahife ¢ hsRen 2n9dheBre®ious
strip of diflage travel s downstream fromthe pulling assenbly 28 to the
severing assenbigys 84 o WaTVisES HSouliRgmBdhafish bt B i Skrip of
dunnage iq._tisfsa secti o%wof a desi(fpedﬁ(‘?eg%hfﬁ'%ﬁﬁgggggrsg%ﬁ%g@%?anQt%ﬁzA pr esent
i nvention, The severing assenbly 34 includes a redprocating actuator in the
f orm of 5a pushFigulQis en enlarbedrnd vieWof a eondtriationmenibbeof thefdeimasssiyly 74. A
redprocabng nmeggef1afda b ptah‘%ieﬁv%ﬂhggﬁgﬁtrﬁ%arﬁs% %Eﬁg ad Qeénsalc?lﬁ?r{e%t jvely

y via a T | ng

connect ed tgﬁge vabl e bl ade ass ; : tron-transm

assenbl y 787-1A8 K9 Bowhareipa gtrip of dunpagedn acgerdance Wik G wresentipvention isshewrys
12-15, a deingltransatedtbrodghox dunabger transferrredien 6ffthd fising @ethariemat i ng menber 76
causes the novghl 8 2d8s2S 3650 f I d e 34 to nove
froma re\%?%l- go-g F@\éeg,,gfgr open, ‘%&cu)vgqﬂr@gﬁﬁb ﬁd@‘ﬁﬁfe oghg‘g'?/@ﬁeqd?p%%sa%eged,
positio1ﬂ P 5 4B HRd strip is severed, and then back to a ready to
sever posi ti onFigTHiCds aomakd-extidrkriane! askipef ansade ¥ diiérehpaftRfngi® i N a

‘cont i nuougg flestfpf "On the fly, since after a severance is made the

p—

novabl e bl ade assenbly 74 is returned to the open position, readying the
movabl e bl ade H8sHRT § cress-astionaladay of A §iripiebdynazae at a differsol pat aong the of
dunnage. Hengiidithe sirp thinlsholrein#pR! ABizad €.t hat the present invention
provid certagp 4 n.t he,dunnage conversign hine art, the
her ei ng‘f§ ter i % 'of\?g?néerﬁ%/@%%tﬁongl :?E‘{i"f%‘ﬁféa',‘“ %W”@@%W@%’?eﬁg'ﬁﬂ'i cations
requiring convE®tBiREmetaesdand glevationgl Wow af asavering apserivinaf thediopragai si ng t he
i nt egrity cofivetsiva meshide 6 Rig. 1and/ or cushi oni ng characteristics of the

resul tant dunn . rticularl t he present invention
di scl oses noveﬁg'glgggoés) n egtcla‘}tngeg'f()?g'gS?‘Pﬁ?%?%ﬁ"ﬂﬁ%ﬁﬂg@?§998(5"°5'r‘?d 62 enabl i ng
gr adual tP&W&?‘Eé"‘éﬁ@'&@fermnt and progressive advancenent of the strip of

dunnage aa- oS SFig.6 i€ aibdrspiicilelVieWof HaRevslid Bs8RbIPS: i 1BLEYRAkomdy At | east
reduce th%pét%'éﬁ'én@&%%gf’f1 t he afon:-descri bed abrupt tearing sonetines
experienced by previously known conversion machines. In addition, the on
the fly severig 163 patereciy viewef s dywegancpruvssienbichingdn adcotlreemite s ent

i nvent i on aecthdrleabodinpit@f 610 Picserd fentsPWRT 4 RilisRb tHoler Ribldd 19 berfiit vféu%age as

it energesgi | i asse 28, Referring then to FiIgs. and
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9 Ut C 2004 upstream end of the dunnage transfer region 113 as the
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the respective grippers relaflve to the erxibIe transfer elements to which
they are affixed. Thus, for exanple, relaflvely |onger grippers may- -engage
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grippers are sufficiently spaced apart to prevent intertering travel paths
at the upstreamend of the pulling as$enbly 28. Once the opposing grippers .
240, 241, 242, 243, 244 and 250, 251, 252, 253, 254 have transversely
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zo the sheet material to connect. Because the exenplary grippers 240, 241,
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grippers and, reater the.cr and/ or deform ng on
opposi te transgg{é:eg&ﬁ‘lﬁ%ég%g?& RS LIS ‘%ﬁ’nﬂaﬁg %‘i’a"ﬂ%&%’bﬂm %m end of
the pul | i Hif PH¥RGIASEYLIPES todhrienering apsembly Sdhich yevetseashy aitinget teaiagntiend of t he
dunnage t &ipsf ®ihndg@@it® 8 sdolisn oftaf'ﬂés@amhn% %&@arﬁ:& whth %@%@Eﬁtr}gerﬁlﬁh ppers 60

and 62 gr rom ease

dunnageg % QY]%"}S{Q ggesm%lggﬂnﬁageé %rﬁ%???%# ag’liT thez{fﬁn °f234%”5h'2ﬂh and 250 251,
252, 253, "Fshﬁnﬁﬁﬁonwwm‘ﬁbiﬁﬂaﬂ%ﬁsembmﬁtft%eret:lbtq&@ng "realbhls"fGBftm their return
flight pardtiprddaiig ae@scetd @dﬁﬂatﬁ:é}y AN Rad th B Wbt RBIARIGHRY

or 1 ppers JRARRANGE SSSSRY Ye) SR qBetoatlin Sogier deg'g"le'r‘]’g’5§a“"2§n§1’:'@f12t1ﬁe
i|lustrat éélﬂe&@mfapyrepm $ﬁmgofamma‘bgahﬁg3memwas chises hheelabl@bigi al to be

puI led (i aSsembly@886thé Elﬁleﬁrtb%gerﬁw&rtb fove ﬁé?’ﬁ Q%Hy tomaﬁéroér%g&g pgﬁ%ﬁ Ifrba{ y 26 and

al so progressi Vel%ﬁed: ~ ~ ~ connect) the
strip df e B% F’ﬁ'?létp‘c'/%r@a%‘sﬁﬁpt‘s %@éé'ﬁmﬁgﬁﬂﬁﬁﬁqﬂmﬁl ng
assenbly B2ever piqswgr Triscensbles the seuserg) dssambipds taloﬁaatbeh ®egplinyasimager, of | uded to

above. FOForfHeATR sfice éftb@a%}e%eéérﬁmtﬁe b a}w DY diindd 18 e
transverseP%/,' eng%lg &l ﬁl vance nateri al et' rou assenbl y,
the gri pp&PE FRFEY: R NG fgv {erbﬁaﬂeé?seﬂ‘abfﬁéﬁs%ﬂng tﬁ?@?’%é‘l‘ﬂ%@%@ﬁﬁé

over | appi ptdunagger s of sheet material thereof. Alternatively, the grippers

nmay nots | ncl U%u@ﬂ%lf@d’ﬁb%&aﬁﬁ%ﬁ% bl% r@ﬁ%e B &8\:{?&%%%} tp%ﬁt’o ;[errr}%ﬁsﬁlt rip of

dunnage t rou’%}a form nagasse ance Rage
downst r eafiSSH™MAAR CUEFIPR graghinearythe hereigaftes rapfpvements heingydesisplie. ormay | ndude
enhanced Pxdmpls, breppleatives eqairing dvavesiihgensioiial at 0nsodeb epeaé witivug. r ubber)
enabl ing throrfis fhen@égawto@tﬁewaemvaﬁfdfo%q/sh@&ﬂg o bfhe RASACT, ("

strip of gunna vance the rou i ng
assenbl y. NN E%\ Yﬁ'i?e‘?'es&i“ "Ei@f'@ﬂ"rﬁ’t‘F'quS ngvel OIPH?ém@@ﬁﬁ]@fctl ng

assenbpky) fl‘ms;ahmmgrdparpﬁe euﬂ Gfoanaisiing gﬂﬂmanfrartsh@s@eﬂgbgdmneﬁﬁﬁﬂ@réssﬁ@ d the
PuLl 00 asdflnindBhlsGide lladd il B AINIIRGEN SRS {15 LG MRS SETDL Y 1O

t he conneftl rrl%l as[{%eg% The connectin he form of ,
for exanpl®8S & "%ﬁ?ﬁr"g theaf Q%d‘iﬁc @P@pt/mr@aswnﬁm@e expedenchdby mat eri al
so that opmevigwslytknom tontrarsicromaeiics. WatiditichHE BE the ﬁéﬂeﬁuﬁ*g ptbviddaey Reet

mat eri al t her eof, Refettl now t

6 and %‘9’9’* NI Bl prtsa B dh bl i et e A 9B o
‘the pufii Aynagass “V%f@ﬁ’éh%%{méﬁiseﬁ@ﬂﬁﬁ shaped constriction or

post - f or i ng rl%fdnﬂgt%mﬂlgsh-a)laﬁdmbratpbﬂ‘cﬁﬁtﬁt@ﬁ d11h ﬂéﬂﬁ!ﬂ%‘d&ébn’\%ﬂz%rger t han

its hei ghfpq g&le@»‘?j ir Fldﬁsig': sg,emglﬁ?mandqq'gdl %?H.g -ib}{)ﬁlge,|ﬂﬁj‘?<%gonsg‘!|‘ |035t rat ed

substanti al h "or "hel
exenpl ar y" @%5 ‘Pﬁfb‘?ﬂﬁ“e fheeebgfyigen %fl’mpmt@aﬁgvtremmﬁériﬁgs@b%andm)ﬂmum: part of

the form wgdatﬁsanﬂnbwuaﬁag*e@mfnmsmﬁmg‘ SEEMISY 2@&%@& tThE trirldidr BsRmoflena@ge. The

Tater o ARPZERARe) 5L D AR Bl Pyl oA ) |y

cr unpl i ngPElHRe "Eﬂ’@@t"e FRigtable wheelssiid ae«hm@srwq@ fiewibletdeivet dlethdny 117a(figf2)ee f 1 ow
of the shisdmbinebipdansiér ridveestfroinhies rambsmqblelattraﬂwméémmul | i ng assenbly
28. me constri JED rrat erial f the guide
chute 46 and f;ﬁ% ?r%ébl i E{érc')’étﬁtﬁgjr Q-B\r;' ?%’g‘%“i"‘n“# oR® PG f{ef"ﬁ]g pul I'i ng
assenbl y f’rﬁfﬁ?ﬁﬁ Ws@ﬁﬁ%@tﬁﬂmﬁm E)@éﬁ*ﬁiah'ﬁwhéﬁﬁéﬂrawﬂﬂ@ma!'mnber 48 is

oval ots rmmmis%w&s fwhkmmlaﬁﬁgactﬁmta@@ﬁbm{ ggheggsfoi @gel\,htﬁge)w@ hin the
scope of g, o?éﬁﬁ&i’ilatrkéﬁ?g eHIBLliol BXSAL 1A HeyiBQ kA WRmeh P17 f B Bigl N€_Shape

of the constricti ar, or Sl n menber 48
may conpr¥ q%@ct%c’rﬁ@l b"é(?rﬁ"aﬁ"’lb?éciﬁf'%m@?" apd mavwkylde B&Peﬁdmdun%’ 9BEFiG. The
present inventioir also contenplates use of the constriction nmenber 48

wi t hout the aforo-described form ng mamber 44 and shapi ng chute 46 so that,
for exanple, the sheet material is advanced fromthe stock supply assenbly
27 directly to the constriction nenber 48. as As shown in Fig. 6, the
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9 ~ Ft; 2004 constriction menber 48 is supported at a bottom,t ereof , and
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respective swi ng paths of the opposing grippers 240, 241, 242, 243, 244 and
250, 251, 252, 253, 254. It wll be appreciated that the constriction
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The pulling assenbly 28) in turn, advances the strip of dunnage S and
further reduces the outer diameter thereof by cross-sectional cr@npFingpmf
sane to forma relatively nartower strip or rope of a generelly cylindrical
shape (Figs. 11 B, 11 C and 11 D). The illustrated as exenplary pulling
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sides of the strip of dunnage S at regularty spaced intervals, the crinp
296 on one side being preferably offset fromthe crinp 298 on the opposite
side of the strip of dunnage S. The crinps 18 D ~ C 2D04 and/or ki nks
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35 It will be appreciated that the gradual transverse engagement of the strip of dunnage is
facllitated 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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As is best seen in Fig. 14, the guide track 336 includes spaced,u sggga?mu
and downstream beari ng nenbers 338 and 340, for exanple, bearing pl S,

bet ween which the severing arm 330 slidably noves froma ready-to-sever
position (i.e., an open position) to a severed position (i.e., a closed
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is The machine's franme 1s nmounted to a stand 410 (Fig. 1B) whlch i's
oriented in a generally wvertical manner. The stand includes a- %Ugnd
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In the illustrated enbodi nents of the pulling assenblies 28 and 428,
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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 oppaosite side of the strip of dunnage 8. The crimps
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2. is wdth going froman outer to an inner end of the gripper. 3. The
dunnage conversion machine of claim1, wherein the aperture BSIAEsHApe. 4.
The dunnage conversion nmachi ne of claim 3, wherein the V-shape aperture has
20 a rounded bottom 5. The dunnage conversion nmachine of claiml1, wherein
t he opposing grippers have contact regi ons operative to deform opposite
sides of the strip of dunnage to capture the strip of dunnage between the
opposi ng grippers. zs 6. The dunnage conversion machine of claim1, wherein
the grippers nove through the transfer region in longitudinally offset yet
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conver si on ch#n of claj m 10D, wher ers ac PP%xt end
per pendi cfli pﬁ?f ???ﬁ’f?‘? ﬁBgtgf"e@ﬁé?@tT?\fbr" ESPRPBPNIEGI dhe spyeringgasembly 34t conver si on
‘machi ne ofllusiated isoRiedilomrtias resttdf the guhrlay e goreesiemkhshidfeuidt her i nGudes a set of
transfer assenflid | [e ctjve set f ss
S Srok ik imkua
t he respe - efifh’a géngulbe transfer
r egi (r)]msfj odgnnagesandetopbninge3og dlgreudgh ik tiic @nmﬁo&w&m&gegr@agb jgmnéer%@a;:h ot her
at the do 4 1T r.egi.on_ to.re e.the strip o
dunnage. %ﬁ?é@ﬁé&%ﬁgﬁﬁé&%@ﬁ%ﬁr@ﬁ{% 'n‘%’g %%tgtbq'agi%%%ﬁ?&l%nd rein the
gri ppers @Predsatipnedmowable shear ahsiding Pladtassemion74 betb blade 31fand movatieposi t e
;rgilgt ;lo gnglet:?seerwmfmng%ﬂfteﬁ&?y 9ﬁrog&d l‘éﬂ’i(iv%géltrh@ l@hﬁ@%«%‘ Muﬂteg&atebigg:gtgfé 'r E&e;s
engage the strip of ~dunnag h - o o ' 1§f2 f or
ReBnG et BouB e cRe RERR 1 aefedby epionialodermes bsra

advancnglowef erdistal pide 322(1.9) ap tippen siielgand twelatbdhl sidiésctod wnd1 32 Teteyas Si on
machi ne Ofpraxingt”Eind Sistafhie thidl danteR PSS 15 the Wb iASF fie Wﬂaﬂgogﬁ}’mhiﬁgiﬁ%‘ t he
non-circu e.sli f .dunnage substanti a ST mul t aneousl y
W ih or apisRilebesd ik SiEyRengy B A fie o roined o1 be et aicr
upstream It Is&ligng Praxtaphsigei20of the dnurage ogtletopehing oo f

ch o manpRs that ligned with the praxirash
dunnage. 15. ThemduibiagRicQRMMMISAQRTOBNY bdhrids ddedériy hin 33 FHS tha@PPOSI NY
;grippess V| he .non- cy) ar h rel ease_the strip of
\dunnaggérJ Slgj%lsdtﬁg%te?%@%ﬁ%ﬁgﬁﬂéﬁ%%vgg’f%ﬁm%@ @grmﬁrﬁgj{’e BHFEGiE 3¢ #¥per s novi ng
al ong t hePA3¢ may fArairan fiedral Perb o desined.oThettiedes316; 831 el lieractpaltsevering ance t he
\?\L(ralrgi (rjlf eggg \;e;ega%e?"érﬁg aag‘g’ﬁmﬁﬁg?udesag%lﬁhg% ‘e rbgﬁg?f;drumé g@é%? and a
pair of wheels rrpun‘t%ésdé%ﬁﬁr S e SPYRING By Pe ?Fgfeﬁeé{ t?yfthy*"ica“y 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
transverse periorations.

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 outiet opening 302 and latorally offset
therefrom by a distance about the same as the width dimension of the opening 302.
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29 ~ ~.~ C 204 spaced axles, the flexible transfer el enent Vi Ag
portions thereof trairned over the pair of wheels, and wherein*t 'gamépers
of said respective opposing sets of grippers are affixed to and extend from
said respective flexible transfer elenents such that at |east one gripper
fromeach of said respective opposing sets of grtppers are in operaflve
engagenent with the strip of s dunnage when noving al ong the non-circul ar
path. 17. The dunnage conversion nmachi ne of claim 16, wherein the grippers
of each set extend perpendicularly fromthe respective flexible transfer

element. ~0 18k Ver Si ' f claiml16, wherein, upon
rotafl on of t%g N %@tﬁggl?ﬂﬁg%gﬁb ﬁ]‘% trggk :{%gi?:kuggsn%aaﬁ '%Sg%a"} ?ngm each of said
r espect i v@“@ﬁtﬁ‘@ﬂp Hegrigdpambers 338iang 840; for gxampieg beariclg Rlates.\pebweprwhichithe pr ovi de

cl ear anc esevéring @be B3teslinahixaoves Gov AIrgRIMIEsdvBrosiadn (.d.9an diaR pektidRRES conver sion
machi ne Ll 6 ) | f | bl e fer ~s_ el nts of the

t ransf er Ogggg,lg@ ﬁ%@fﬁﬁ%&%ﬂp&g@ﬁ)g hcf%%n? koga %ﬁ%ﬁg "32893"%3'9@8&&3\@9&"9

conver &i oNCRdENIAL-19revar apsifordeing showainthe Rigures.cRieuise trgl B dy manedent s of
the transtbdirc end piateB0ein aqmirpr juitepdsbearigle!bRackas BE2 arki®42 &s shHA aftiBNage '

ol ement s [ETaR RNt i Al o8 S e e Gt BRPR e of claim 1,
wherei n the fé&RHHEGedRSSATHPIe srvPlingaem 330is nerneéted fodive afensipentiobdsr ough whi ch
t he sheetretpibestinghctiizRor70Maakk tetiof trb@Gituly 45dMbEs. 2ord Bﬁ'ﬁ&%ﬁy apd formng of
whor o 1 RS TESREIRRGS ng SevehF it RO Rp kS s Ba TR A0 6 e conver o on
machi ne ofaNEMEing,298emblH8 viai owes dinkk pivelpin 354 Ak oppasithend of eratedlintdges at t he
-\tlj\ﬁst r _eamt ie pislothilyesttechig a%mm_ﬁwgw plAQ@BY ir?rtﬁ% ?ﬁe?%ﬁ&bh@@n%aémga{tﬂﬁ% nm 1, stream
e Ehor 78, A BRI o D SR BRI Sl TSR ey 5
downst r edifk 8PRmijeh I plctallyrguAtgd tostbe atst plate 310aia aupagdinkepivotpagiean bet ween t he
opposi#3g grt ppRé Bwer link 350, the upper fink 360 and the reciprocating member 76 thus form a
toggle joint at the joint pivot pin 358 whereby as the reciprocating actuator 70 extends the
reciprocating member 76 one forward stroke (or retracts the reciprocating member one
backward stroke) the reciprocating member 76 exerts a force at joint pivot pin 358, transmitting
opposite outward forces to the ends of the lower and upper links 350 and 360, and urging
20 downwardiy the lower link pivot pin 354 away from the upper link pivot pin 364. This causes the
severing arm 330 and, accordingly the blade 331 attached thereto, to siide to and fro within the
guide frack 336. Thus, one complete stroke of the reciprocating member moves the movable
biade assembly 74 through one cycle of making a severing stroke through the confinuous strip
of dunnage to a severed or closed position, and a return stroke to a ready-to-sever or open
25 position, which is shown in the Figures.
The iliustrated exemplary reciprocating actuator 70 comprises an actualor, for example
a pneumatic piston-cylinder 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 aliematives
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 poriion thereof a linkage member whereby as the disk is rotated, the linkage member
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30 ~J k: C 2~~4 26. ne dunnage conversion machi ne of cl ai EE, @ﬂerein
the constrictiron nenber defines an oval aperture thtough mﬁ?b t R strip of
dunnage is conpressed circunferenflally, the width of the aperture being
smal l er than the width of the sheet material. 27. The dunnage conversion
machi ne of claim1l, wherein the grippers are arranged in transversely
opposed first and second sets of grippers connected to respective first and
second gri pper carriages di sposed on opposite transverse sides of the
transfer region; the first gripper carriage being operative to nove

| ongi t udi Bidwls ¥ bridsra e fdversé LirdRb n-ngﬁdnp\ﬂﬁ&'ﬁcain%e%&q? dl%lefﬂjlég&flt Oo%gﬂtit{% ul ar path
g 0 nov ngihr di

and the second 8” )per carriage bel hg operative nally the
second sef 2043 ‘i’ed%@rt%e preseslipNeRiosn Gosmprly avmesH. 8. PafaneNgs. p323.888t of gri ppers
al oRg a shEamds m,%&mld&up&aﬁebeﬁny\b@émblmswpbyiﬁ@ﬁaom%fnbh@rmfﬁﬁg&ém@ﬁg \iﬁcon_d
pat hs ar i transfer reglon an erein
at | east e‘gﬂr%% i E]ggd {8% dﬂﬁ{g t@ﬁ%’%ﬁ%@%&%&f%@&%‘og%d a hpfg@gt one

gri ppersof’”?qri@r@%‘@@f‘ﬁ!'@éﬁefe@f"%ri ppers are operafrve to transversely -~s
engage ]Ehe stniqnmpérsmhprsaag;en@mteamsjpwp&ﬁﬂﬁ&fthééa{dwfte 31010 @hyRACI Ng the
strip o reaql The dunn conver si on
machi ne O@%&g?%nd%dg %\%ﬁg‘ r Fé‘ih'ﬁthF h@i{'}{oﬁe:ﬂr’]]ag 7 grgée(r?ré%a'i %r? tieg r?%”r‘ﬁ%s{@g g‘%ﬁe EhThgenment
regi on whdtokaiherepfe The pumpes sige 38U praferbly-rositioned relayye toghasdsnnage gelle20 t owar d
one anot heening 8021 ¥A BARSRITH tHatiPé MBvabRBIRA bedchBly74 bfidns HerbwiS GRS Ghe

”On'CifoC%S’JagltB% Eéa%?ﬁg'?VQ% S](;r%% _Ia‘xﬁeg’%r allel to one another, and a rel ease

regi on where e POR{IPR | ar pat hs di verge away from
one anot her. Referring & EigiFele seveingassambly Ifealdoiinvindes a olegided Saredipddeei n 25 t he

2&; 1: |O In ggsasaﬁusda_ b?a mountstas teiubstieaRRide aﬂﬁeggt{ }Sléatéfd. grhgqgégsﬂaémmrlﬁéednztn t Sng o
£ |

Crained cpages grf!%%a&g%% P%gé"’ s 5“§§8£ catespel g i tﬁg%ﬂ*siﬁm@i&,?ﬁ%ﬁ@i ncl ude

one or noA"E 3P feflpleg Hedwetangyiandynnsgs cutat opaninglA92.f Thedaredipdide membet 3881 i es of

et s e T B A B B A “Wher eby

the gri ppﬁngag%ﬁ ??ﬁgncgé%rfggﬁeggfqg@gsqqﬂyggirgﬁbthg BE3serEN P efredPWient s are

pr ogr essiflasgdywals 3092, 294 2nd@E assishig enseding thetedpes of trapstyip cfidehnbgeadaafoer t he

Strip of -unagae idih BYGB iskE elged BEAEhunhESH Sflet oabning™dh@, dunnage conversi on
ITst and second series of wheels

machi ne of cl aj 9 erein, _as_the f ¢ ]

rotate, the g%ﬁ%@ﬁ??’% gt'??e“?@%ﬂ&?@@@@@?@@%’rﬁf%@ﬁ%ﬂﬂ@@%{ﬁ@? er el enents
as confer 'g@chhe\iwa@l‘_cm@e avitlo the resert Insentionpis igerarally énditated atreferedcmageal

(T ansf er 1400 LKE 0 ft.ddskcAbed MG SAMAS] Radirildd, L abdiSodohldudl dunnage,

transfer rtnar:]&ng tﬂle gon\cl)értsdausrrllggtgr%tetrialf s?ul“clzg 25 cne or more layers of recyclable and reusable
Kraft paper, into a strip of dunnage including, for example, a relatively narmow three dimensional
strip or rope of a generally cyilndrical shape.

25 The machine's frame is mounted to a stand 410 (Fig. 16) which is oriented in a generally
vertical manner. The stand includes a base 412 and an upright frame to which the machine Is
mounted. The machine 400 has an upstream end 414 at which sheet stock material 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 comers of the base 412 include wheels 422 so that the stand 410 and machine 400 may
be moved easily. While not specifically shown/numbered Iin the drawings, the frame preferably
also includes a housing or cover, which Is removed to permit viewing of the internat components

a5 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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9 D~ C, 2004 transfer region, and then diverge away from one another at a
downst ream end of the dunnage transferring:-mechanismto rel edspEChell&trip

of dunnage. 31. A method of converting sheet material into a dunnage
product, conprising the s steps of: using a form ng assenbly for shaping
the sheet material into a continuous strip of dunnage including a

t hr ee- di nensi onal shape; and using a pulling assenbly positioned downstream
fromthe form ng assenbly for advancing the sheet nmaterial through the
form ng assenbly; ~o wherein the step of advancing the sheet materi al

[ nol udes1roRpfibe GrsepBNBICUyRie e baLiO NG A HE 10 AR nd Bo@PPOSI L on

to one an 1 her ebei e strip and
advance t%g uans%gn%?gfﬁn@d ﬁ?’tﬁ'e%&l Emopr"ge@ iﬁeq@ﬁ%ﬁ‘ "ﬂﬂr’]YF eBpv4fferture in
at | east OF¥ 8?"¥%"%W@%P@ﬁfﬂgﬁ\e§t regietial tg thercahveysianayschine 400 her e n t he
dunnage strip He duhBaggicoppBion nREKing@D0GSEIIEE StbeHing Q&eﬁnﬁlﬁ‘@ﬁ Eﬁdéﬁ.ﬂi . 15 32,

The et hog, bR N th ste captu t he
strip of S%ﬁla Bégkmggd ‘eﬁ%rgkeade)égg%m ﬁ’b%’f@? %Pﬁ&@%%&f’l?m ng opposfte
si des of wngd F“i“ ropy thejpiiing gesem 'M48§3 eTthis preriderbalsayerirngessdmblyt434ifor cl ai m 31,
wher ei n f lsevesogep captinuony strigoftdugngé Ifd@]ﬁ@dﬁyth@fbﬁﬁ,h@gssb,ﬂg},%ﬁ oTULLiRg the

rippers I na of fset yet paired.
grgel 2![0 i on ?éﬁ@ﬂalﬁg.?';h&g SEMQ%‘gva‘%E?Aﬁﬁrﬁvﬁ'ﬂmgPl?j\g‘ﬁs Wﬁﬁﬂﬁéﬂ? °§’ﬂsmfﬁén t hod as
set forthote g’ﬁ@ﬁ“?ﬁ . Tahiemeingassermbly 260 pilling agsemblyaize, seveaing sssembly 434 S
over | apo wand secartly asvibe@36 bre niuhte®tothe SAHEHARY IntR hoIE& J}flﬂ % set forthin
er se p

claim 31, ed In tran osed sets of
gri ppers g&IMS?r@ Fggg a%ﬂﬁ%ﬂfoogﬁ ?épe{q? g@é‘f @g‘ﬂgqe(fggvemon@?@hw ®fber egi on, and
the step &P" G H“@@?"F?!‘Béﬁngf*m)udes progressively nmoving the grippers
t owards so o neThamlonrime cariverdion HASHINLAToBE e dhSinkl FAGE 8'thdt Sﬁhgﬁo%f‘d

progr essi Wy e ana anot her tream end
of the trgﬁéscy er dcﬂiﬂetrl]@eg% kq?ﬁg ﬁst%’b&ﬁg]@'fppﬁﬁrsp??tl"}?te@ﬂé?Fhefﬂ'm'“ahere| n
the pul i AtFeRbY 484 er*'msﬁmexpmlawmﬂa asembly[426 nalnddsar conveigigdhagifg haV| ng
connect edciues4st acirhe! doﬁﬁ@ﬁeﬁﬂy\&ﬁr Srhehtief 4407 éri?ﬂﬁ?(ﬁaét icign M Qabérhlﬁs gﬁ}%ﬁq s 1o

noving th he usin rans ass
nmove the ﬁm&(ﬁ;@?@ﬁ ?- &I\I?’:l]@ d iﬁﬂ%qéﬂe'?"" the ﬁ@"ﬂ%éﬁ*@ﬁﬂ?@-ﬁ@ femmmsemldhsf er
region t 0 § ()@ nsddg a forming member 44.) The shaping chte 446 has a an upstream

receiving portion 441 and a relatively narrower downstream tunnel portion 443. As the sheet
20 stock material is passed over the curved constant entry bar 447, and through the receiving
portion 441 and narrower funnel portion 443 of the shaping chute 446, the side edge portions of
the sheet material are folded or rolled inwardly towards one another so that the inwardly folded
edges form multiple substantially longitudinally extending resilient crumpled portions of sheet
material, thus preforming and streamlining the sheet material. The tunnel portion 443 guides
25 the sheet material to the constriction member 448 (Fig. 18). As with the afore-described
constriction member 48, the constriction member 448 further forms or shapes the sheet
material and performs the additional function of directing the formed strip of dunnage info the
pulling assembly 423,
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 fo that of the
grippers 60 and 62 of the pulling assembly 28 illustrated in Figs. 4-9 and 11A, except that the
grippers 480 and 462 are transiated along a circular path. In accordance with the invention
35  and, fike 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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32 9 D E C 2004 engage the strip of dunnage and away from each other at
the downstream end of the transfer region to rel ease the strip9dif@uilfhge.
37. The nethod as set forth in claim36) wherein the step of noving the
grippers includes noving the grippers along a non-circular path in opposite
relation to one another and, as the grippers nove al ong the non-ciroular
path in opposing relation, sequentially transversely engaging the strip of
dunnage t herebetween on opposite sides thereof for advancing therewith the
strip of dunnage. io 38. The nmethod as set forth in claim 37, wherein

PP Of Sanbeet apls 1 <6 KRAR thitbnde slalinded S ol rkiehg 0" tNe

gri ppers Srrn!t@%l?/'irbﬁegﬁ% Slﬁpg[}-'%ﬁ%erﬁb%%lzgi?b%ﬂgf"‘g% ﬁ?‘-}/_'ﬂﬁgﬁfr@sfﬂﬂawg F??Emﬁgﬁzebi rcul ar

pat h, traf8derarsting figelipe whirebisthe bpposing skisiofggeners45038d 4@ defamatieattipas set

forth in ekdinfagkn & 5iBesARRES td¥BmY4 baEdS é%ﬁbvdeEthS%M‘ﬁ{elrpﬁﬂrga of the
iall'y si

non-ci rcul_ar th.rel ease the strip of dunnage substan mul t aneousl y

with or® afaf’sgf'%@ﬁgggi ﬁcaﬁé?q 'BB"@F@’ ?ﬁﬁ%‘itﬁ We’(T"Bﬁﬂg’F‘Pi@ 58 dP2eul ar pat h,

upstream of t hReferdng againdu Figs. 1pand17, i eeeplahentodimentothe deHtinaRgestrigef 40. The

net hod as defaad avel? dt | | d i ransf er
6ol 0 i ks M e BB o) b 181

assenbl I es v'res S nchllglon#‘irz{eqi 4[; . . i'm 31, .

wher ei n t RECIPEFFSETON 2941y ShMB I Fgsl g3 284 &hiihg seyeang psemblyfidfi ssvers. e strip

of dunnagéy citlingrg keadng; Grestripiof funoaperistrbaectiah ofledesipaitiergtimThe seemngf t he

f or i nd assaRblsk hiy BDimAL e KSR fe S SHNAGE. THOfdR NSt r eam end
regi on between

of the formng assenbly to an engagenen € Opposing sets
of. gri ppef8¥e" .SSW@Y%’W%g gyligiine U?Q%SFW%N‘gﬁ@Pwsad bresotanymettrd 761 i pper s
are arr ag@ﬁ@l 1BYvid a motinretraberhifting pgremblg 478,15 Eonfiede @ﬁﬁwa&anwsﬁofgfé pperz
connecte g . | [ | age | sposed on
opposite tﬁ%@ﬁ?@gﬁ% ?égség’lb%’? t,? %&gﬁgﬁgg@ﬁ?ggqeoa%?e%bﬁéﬁ \ﬁ}l]%wgfeﬁ’m{rh% step of
advanci ng "PHESTREE OniPRER PPstfon;(Fg | Z3hiea svrrech g desadipesitnni{Bip] 24) whaselyi r st set
of gri pperthe duhragg skipis sevdred; and-iherchbdc to Pehdy-aaeverpositog (Rigag). t udi nal Iy t he

second: set of gl sBiRlyRiclibh RE BLARASGRLAIR 1 bl HRVEIERL 4y the first
set of gri er s, 8,| 0 . a sec_ond non-cCIl r oul ar pa ;_ an .as erein pOI’tIOﬂS
of the fi PE@%&W@%@%W&% Rdigsy 19 and 28q Persteguritydeyise #3fineludss a rstanawar t he

transfer skapedoutizhchute¥sz endia tiseyst 491 mdunRd @RI D thd WumBe! TREdoRVEYSH
further |08 shnekBRBHEHAREN OGARL Dl 25 (el Re SlypiRad G PBROST L €
sides t herdeof bet ween at F)?easte oneg%%ﬂ’te @Qﬁeﬁf&-ﬁe 206 ggasF%ﬁbé‘f"&gfgtahe first
set of 2yr pigEream mf of the chule A82, JEheshylg 482 ansthe indinereopyRIoRA8H fasm agr | ppers f or
advanci ng reldiigels bariop opéninh 486t the Bburestrgdim EEof tHeRGE 882 o@iveRt objdds frdhe net hod
as et Obhiigbafea)i MrlR aptHBGkE) ot [i6hcel 89 B0, SQTPLLSES, an s
engagenent b,rcﬁgg' on wher eat  the Tt @&%ﬁg@@ié’%ﬁ%ﬁy g? Psceglq‘g?re%gffﬂ?geonver ge
t oward on& %‘HEF’F" BeR faweefitie medingdOhher eat the first and second
non-ci rcul ar preieirdecseps4anisipdhertd BAhe ol 430 %%uﬂ!(ﬁ}?és@élﬁbly g rel ease
(1 €91 0N N Gir SRompid) 8 thninfy Bl 85! 1965180, W Bhle B r2Bonay engages e Y oM one
dunnage and assists in conveying the dunnage strip through the output chute 482,
1t 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 sirip 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
* shawn in greater detail. The pulling assembly 428 includes a pair of fransfer assemblies 510

and 512 which define therebetween a dunnage transfer region 513 (Figs. 19 and 20) through
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to 44. A severing assenbly for a dunnage conversion nmachine for converting
sheet material, such as paper having at |east one ply, into a §q¥}g¥eﬁ0
section of dunnage, the machine including conversion assenblies Tt b
converting the sheet material into a continuous strip of dunnage, the
severing assenbly being positioned relative to the conversion assenblies fo
sever the continuous strip of dunnage into a severed section of a desired

| ength, the severing is assenbly conprising: a novabl e blade; and a

reci procating actuator connected to the novable bl ade by a notion

transmi t t-i Wichadhe sirihofiguniegt from vedonring asssntiyl 26pRade THeUhderBaslids0- sever
posi tion tXoans 8YLAEHiRABY i dy-to-sever positjon upon a
single st rtpalﬁgf of th@ é ci.i)rhg?%twi?ﬁghﬁ%g%rgﬁuaﬂ%%%rﬁﬁ%rﬂs@g °8'i“re§%ﬂ°d > 45, A
severing aSsenbly AsY ¥t Vid JFeRd fefucer 25 ias: 23 wad24) which Isopereble i cogtrais senbl y
further i rRoPfipiadiushthe speeiddrapstorred ifathahevhbiB4300RHE FraWidr BsdohBly B9 aflee bl ade as

e moveblanbkrdanityon ki o5 g AL Bl i ey 102> Y

as set fora;tsh rébg%gl al gl] 44, wherein e nova _

stati onar y bl T0inclydes. diveh 992k 521 HRHntesiio amaxia FR8the axde MRidely paralshc hi ne f or
conver t i ngnd keesellyrspaced retive ouitd axizsEp &6 Figd Ot 8 ER\GNAE2)AThe 8R8 G382 Bltye 1 NLO a
sever ed saghi@rbhsddm . ' rising: conversion assenblies
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position to a bdkeiiwtiapdstspry saddiaskinb 5t Lfion upon a
Py thb Borsh Se ot Pooy Mo fael | O )

singl e st lecily hiifud S oSty Skt ey 2o -
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end pl af e *TEA" §PRATG 5849 Balioimaly elsumiscentiall owavsd amctrisgeto650i65E (RipRYEr Si On
assenbl i eFhbiisigledatprcratuodsr Bed 65028Y He shiifedih E!ori%%?&ngm Lbe e@é‘&'eﬁ%oabtsye having
a_dunnage il nAREB Atk dolLAAN, W ch the Strp of dUfnage eniiged, the
severing ?s zﬁantb el ng. operative toaEpEpted fpdne gspastiveaas B30 apd 683 of
dunnage af% &tation] th"Sie epresing sefsiof gippesaRaned 462 togethes@gh hBksuvgh t he
outl et opewntivged déhnage tehineRRAGEI0R STEELS 1183 gﬂ i ] g nflges &1 M 48,
FEEDY e R e e
plate and coupl ed to. the Hott on 15%and fRiFAsed-i g neted et kyike tha dunmegebl e bl ade
bei ng rov SEIsEEr Tegion 143 akibe prifen Hesstibed pultifgeaspéralie28] ehich ederay IchGigdfally| et
L0 e el BB il BB o s o
machi ne as_s e? s'?é(g’rg‘? %h I'n aggpﬁe%t,he & fereieereaiop Ftef the present puling
assembly 428 extends from about a region 666 upstream from the laterally spaced axles 580
25 and 582 to about a region 668 downstream from the same laterally spaced axles 580 and 582.
In other words, the strip of dunnage is transferred or advanced between two pairs of axdes in the
earlier described pulling assembly 28 and only one pair of axles in the pulling assembly 428,
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 contact 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
aperiures 675 of opposing grippers 640-647 and 650-657 together form a gap X (Fig. 22)
35 therebehf-veen 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~
847 and 650-657 eventually reaches a minimal gap size by which the strip of dunnage is fully
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zo transmtting assenbly conprises at |east one |inkage nenber QLV @Mly
coupl ed to the novable blade. 51. A dunnage conversi on nmachi né forth
i n daim 50, wherein guide plates are nounted on the end plate adjacent the
outl et opening and wherein the novable blade is slidably z5 retained within
t he gui de pl ates whereby, as the redprocating actuator is noved either in a
single forward stroke or a single return stroke, the position of the

| i nkage nmenber will be varied to pivot the novable blade fromthe
ready-to-sever position to the severed position and bad< to the

ready-t o- tsaﬁem.fsemﬁgagé@& caatqreé% wéogmma%ﬁpp%wefeﬂ 2%y 65Beb7. rxﬁ oﬁ@r set forth
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posi tion @f ahiesoldsh kdeStraRsWsdy thivirks {?ﬁeéﬂ@é’e |ﬂa@n)t RS abditeRARLE bl ade

fromthe ready t0-S ver position to sever € p05|t|on and back to the
r eady- £ o-CRYENHIR ¢ B‘?f‘aggg'ef?ﬁetweem ~ ~ ~ 2004 53. A dunnage conversion
nmachi ne as seOnéethé bpposing drippans 680-64hunt BEMES7T HavS tanaversely apgaditiestipnc| udes a
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asse
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~0 thr ougdtumktmamcandbﬂge pudig Risdeynblya 28, G oleparticlady thé doﬂmstraagmnd bfthe A net hod

of severi é!;{?éh’% t Lt

desired Igﬁa eq’gﬁ:%fé{g 13 twﬁgpp%m% ‘?%ﬁplﬁe{%r?g"%%‘?}@gfil oﬁl asse %%}VQJGS for
converti nfP& ?@EP ﬁ'isf?@'?aé? esteIef 48nd¢oer having at ~s least one ply, into a
conti nisous st lltlwﬁll nefappi-eciatagmat asndlithi thé Eutlicn desenbaY ipDingeRsanity 38, heguaritgned

rel ative ifydf éﬁ%ﬁ‘%ﬁ@éﬁ&dﬁ§m§8¥e§l§¥a‘?rbetopﬁr t‘ﬁ&%‘n?t%?‘lﬁ“flnﬂe“ p of

dunnage into a sever section o e severi ng

assenbl y feyerhfiaess deproging o fon exarapie e qfﬂfeém%mﬁbspa@emnm nected to
t he novabgrgpers, the desired point at which the strip of dunnage is engaged by the grippers (e.g.,

relatively longer grippers may engage the strip of dunnage sooner andfor further upstream than
20 relatively shorter grippers), the geometric configuration of the grippers (e.g., the outwardly
opening apertures 675 may be semicircular or semi-oval in shape to achieve the lateral and
transverse capturing), or the type of engagement desired by the grippers {e.g., whetheritis
desired to have the strip of dunnage connected by the grippers). It will also be appreciated that,
as with the afore-described pulling assembly 28, the grippers 640-647 of one fransfer assembly
25 510 may be longitudinally offset by a gap in relation to the grippers 650-657 of the other
opposing transfer assembly 512. Still further, it will be appreciatad that the puliing assembly
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 sheef material {i.e.,
feeds the sheet material) through the forming assembly 426 and progressively crimps and/or
30  Kkinks (i.e., connects) the sirip 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 680 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 680 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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20  shapes (for example, semicircle or semi-oval) and/or size apertures.

As above indicated, the conversion machines 10 and 400 may be operated by a
controller. The controller, for example, may cause the drive motor to be energized when a foot
pedal is depressed by the operator. The machine may produce a pad for as long as the pedal
is depressed. When the pedal is released the controller may cease operation of the drive motor

25 and effect operation of the severing motor to sever the strip of dunnage. Other control means
may be provided such as that described in U.S. Patent Nos. 5,897,478 and 5,864,484,

Although the invention has been shown and described with respect 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

3 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 comrespond, 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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za 63. A nmethod as set forth in claim®6l, wherein the step of causi

inward folding includes using a pulling assenbly for pulllnggﬂhd;&mﬂgp of -
dunnage through a constriction nmenber to both narrow the strip of dunnage
via three dinmensional crunpling thereof and to guide the strip of dunnage
to the pulling assenbly. zs 64. A method as set forth in claim®6l, further
i ncluding the step of deform ng one or nore cross-sections of spaced '
portions of the strip of dunnage. 37 9 D ~= ~ 2D04 65. A duUnnage
conversion machine for converting sheet material into a dunnage product,

I t
cont hﬁéﬂgeaéf'?f O B TR, p ed BBe DRy and BB SR Frilepe” ond

pul i ng aT@HRY HE@WFroned domnstrean1Fron1the form ng assenbly for
advandng t he sheet materi al through the form ng assenbly; the pulling
assenbly including at | east one gdpper novable through a transfer region
and cooperative to engage the dunnage strip for advancing the dunnage strip
t hrough the transfer region, the at |east one gripper including an aperture
operative to gather and laterally capture therein the dunnage strip as the
gri pper noves through the transfer region. 66. A nmethod of converting sheet
material i Mo a dunnage product, conprising the steps af. using a formng
assenbly for shaping the sheet material into a continuous strip of dunnage
i ncluding a thresdi nensi cmat shape; and using a pulling assenbly posifroned
downstream fromthe form ng assenbly for advanci ng the sheet materi al
through the form ng assenbly; wherein the step of advandng the sheet

material includes novinng at | east one gdpper through a transfer region to
engage the dunnage slip and advance the dunnage strip through the transfer

region, while an aperture in the gripper gathers and Laterally captures
therein the dunnage strip as the grlpper is noved through the transfer.
region. 38 .A <lI.AvYy.AK.A Ny. A A5#y. Ay. Af . Av
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15 width going from an outer to an inner end of the gripper.

3. The dunnage conversion machine of claim 1, wherein the aperture is V-shape.

4, The dunnage conversion machine of ciaim 3, wherein the V-shape aperture has
20 arounded bottorn.

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

have contact regions operative to deform opposite sides of the strip of dunnage to capture the
strip of dunnage between the opposing grippers.
25

8. The dunnage conversion machine of claim 1, wherein the grippers move through

the transfer region in longitudinally offset yet paired refation for gripping and advancing the strip
of dunnage.

30 7. The dunnage conversion machine of claim 1, wherein the opposing grippers

transversaly overiap 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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axis,

10 11.  The dunnage conversion machine of claim 40, wherein the grippers of each set
extend perpendicularly from the respective common axis.

12.  The dunnage conversion machine of claim 8, wherein the puliing assembly
further includes a set of transfer assemblies having connected thereto the respective sets of
15 grippers, the transfer assemblies being operative to move the grippers of the respective set
toward each other at the upstream end of the transfer region to transversely engage the strip of

dunnage and away from each other at the downstream end of the fransfer reglon to release the
strip of dunnage.

20 13.  The dunnage conversion machine of claim 12, wherein the grippers of each set
are movable along a non-circular path in opposite refation 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.

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

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.

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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' 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

5 dunnage when moving along the non-circular path,

17. The dunnage conversion machine of claim 16, wherein the grippers of each set
extend perpendicularly from the respeciive flexible transfer element.

10 18.  The dunnage conversion machine of claim 16, wherein, 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.

19.  The dunnage conversion machine of claim 16, wherein the flexible transfer
15 elements of the fransfer assemblies comprise arficulating chains,

20.  The dunnage conversion machine of claim 16, wherein the fiexible transfer
elements of the fransfer assemblies comprise flexibie belts.

20 21. The dunnage conversion machine of claim 16, wherein movement 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 aring.

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 th:_a forming assembly
includes a constriction member at an upstream end thereof which constricts and guides the strip

35 of dunnage from a downsiream end of the forming assembly to an engagement region between
the opposing grippers. '
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27. “The dunnage conversion machine of claim 1, wherein

the grippers are amanged in transversely opposed first and second sets of grippers
connected to respective first and second gripper carriages disposed on opposite transverse
sides of the transfer region;
the first gripper canriage being operative to move longitudinally the first set of grippers
10 along a first non-circular path and the second gripper carriage being operative to move
longitudinally the second set of grippers in synchronous relation to the first set of grippers along
a second non-circular path, wherein portions of the first and second paths are juxtaposed to
- define therebetween the transfer region and wherein at least one gripper of the first set of
grippers and at least one gripper-of the second set of grippers are operative fo transversely
15 engage the strip of dunnage on opposite sides thereof for advancing the strip of dunnage
through the fransfer region.

28.  The dunnage conversion machine of claim 27, wherein the transfer region
comprises an engagement region whereat the first and second non-circular paths converge
20 - toward one another, an advancement region whereat the first and second non-circular paths are

substantially parallel to one another, and a release region whereat ihe first and second non-
circular paths diverge away from one ancther.

29. The dunnage conversion machine of ciaim 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 fransfer
elements are opposed fo define the transfer region therebetween, whereby the grippers of the
20 respective first and second transfer elements are progressively brought into opposing relation o
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
serigs of wheels rotate, the grippers of the respective first and second transfer elements
a5 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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using a forming assembly for shaping the sheet material into a continuous strip of
dunnage including a three-dimensional shape; and

using a pulling assembly positioned downstream from the forming assembly for
advancing the sheet material through the forming assembly;

10 wherein the step of advancing the sheet material includes moving grippers together
through a transfer region in opposition to one another to cooperatively grip therebetween the
dunnage strip and advance the dunnage strip through the transfer region, while an aperture in
at least one of the grippers gathers and laterally captures therein the dunnage strip as the
grippers are moved through the transfer region.

15

32.  The method as set forth in claim 31, wherein the step of capturing the strip of

dunnage between the opposing grippers includes deforming opposite sides of the strip of
dunnage.

20 33.  The method as set forth in claim 31, wherein the step of moving the grippers
together includes moving the grippers through the transfer region in longitudinally offset yet
paired relation for gripping and advancing the strip of dunnage.

34.  The method as set forth in claim 31, wherein the opposing grippers transversely
25  overlap while advancing the strip of dunnage.

35.  The method as sef 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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11'8H"10% 8( 8&3t.) - The method as set forth in claim 36, wherein the step of moving the grippers
5 includes moving the grippers along a non-circular path in opposite relation {o one another and,

as the grippers move along the non-circular path in opposing relation, sequentially transversely

engaging the strip of dunnage therebetween on opposite sides thereof for advancing therewith

the strip of dunnage.

10 38.  The method as set forth in claim 37, wherein oppesing grippers moving
downstream of the non-circular path release the strip of dunnage substantially simultanecusly
with or after opposing grippers moving along the non-circular path, upstream of the non-circular
path, transversely engage the strip of dunnage.

15 39.  The method as set forth in claim 37, 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.

20 40. The method as set forth in claim 36, wherein movement of the flexible transfer
assemblies is synchronized.

41.  The method as set forth in claim 31, wherein the step of using the forming
assembly includes guiding the strip of dunnage through a constriction member at an upsiream
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 to respective first and second
3¢ 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-gircular path; and
a5 wherein portions of the first and second paths are juxtaposed fo 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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43.  The method as set forth in claim 42, wherein the transfer region comprises an
5 engagement region whereat the first and second non-circular pathis converge toward one
another, an advancement region whereat the first and second non-circular paths are
substantially paralle! to one another, and a release region whereat the first and second non-

circular paths diverge away from one another.

10 44. A severing assembly for a dunnage conversion machine for converting sheet
material, such as paper having at least one ply, into a severed section of dunnags, the machine
including conversion assemblies for converting the sheet material into a continuous strip of
dunnage, the severing assembly being positioned relative to the conversion assemblies to sever
the continuous sfrip of dunnage info a severed section of a desired fength, the severing

15 assembly comprising:
a movable blade; and
a reciprocating actuator connected o the movable blade by a motion transmitting
assembly that moves the movable blade from a ready-to-sever position to a severed position

and back to a ready-to-sever position upen a single stroke of the reciprocating actuator in either
20 direction.

46.  Asevering assembly as set forth in claim 44, wherein the severing assembly
further includes a stationary blade which coacts with the movable blade as the movable blade
moves to the severed position.

25

46.  Asevering assembly as set forth in claim 44, wherein the movable blade coacts
with the stationary blade in a scissor fashion.

47.  Adunnage 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
confinuous strip of dunnage info a severed section of a desired length, the severing assembly
35 comprising:
a movable blade; and
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49. A dunnage conversion machine as set forth in claim 48, wherein the movabie
blade is mounted to the downstream side of the end plate and coupled to the motion-
15 transmitting assembly, the movable blade being movable in a plane paraliel to the plane defined
by the outlet opening and across the outlet opening as it travels between the ready-~to-sever
position and the severed posifion.

50. A dunnage conversion machine as set forth in claim 48, wherein the motion-

20 fransmitting assembly 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 outiet 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 refumn 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 2.  Adunnage 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 retum 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.

35
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53.  Adunnage conversion machine as set forth in claim 48, wherein the severing
assembly includes a flared guide member mounted to the upstream side of the end plate for
guiding the continuous strip of dunnage into the dunnage outlet opening.

5 54.  Adunnage conversion machine as sef forth in claim 47, wherein the conversion
assemblies include:
a forming assembly which shapes the sheet material into the continuous strip of dunnage;
a stock supply assembly which supplies the sheet material to the forming assembly; and
a pulling assembly which pulls the sheet material from the stock supply assembly and
10 through the forming assembly to form the strip of dunnage.

55. A method of severing a continuous strip of dunnage into a severed section of a
desired length, comprising the steps of:
using conversion assemblies for converting sheet material, such as paper having at
15 least one ply, into a continuous strip of dunnage, and
using & severing assembly positioned relative to the conversion assemblies to sever the
continuous strip of dunnage info a severed section of a desired length, wherein the severing
assembly includes a movable blade and a reciprocating actuator cannected to the movable
blade by a motion transmitting assembly;
20 wherein using the severing assembly includes moving the reciprocating actuator a single
stroke, whereby the motion transmitting assembly moves the movable blade from a ready-to-
sever position to a severed position and back io the ready-to-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 posifion, 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 retum 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.

38. 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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5 60. A dunnage product as set forth in claim 58, wherein one or more cross-sections
of spaced portions of the strip of dunnage are deformed.

61. A method of producing a dunnage product, the method comprising the steps of;
supplying a sheet material having at least one ply;

10 causing inward folding of the iateral edges of the at least one ply of sheet material
whereby a three dimensional crumpled strip of dunnage of generally round cross-sectional
shape is formed, with at least one ply of sheet material forming, in cross-section, a crumpled
muiti-lobed undulating body, the lobes thereof extending longitudinally and being dispersed in
an irregular pattern.

15

62. A method as set forth in claim 61, further including the step of regularly
transversely crimping the strip of dunnage on opposite sides thereof, the crimping on one side
being longitudinaily offset from the crimping on the opposite side thereof.

20 63. A method as set forth in claim 61, wherein the step of causing inward folding
includes using a pulling assembiy for pulling the strip of dunnage through a constriction member
to both narrow the strip of dunnage via three 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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a pulling assembly positioned downstream from the forming assembly for advancing the '
sheet material through the forming assembly;
the pulling assembly including at least one gripper movable through a transfer region
and cooperative to engage the dunnage strip for advancing the dunnage strip through the
iransfer region, the at least one gripper including an aperture operative fo gather and laterslly
capture therein the dunnage strip as the gripper moves through the transfer region.

66. A method of converfing sheet maferfal into a dunnage product, comprising the
steps of:

using a forming assembly for shaping the sheet material into a continuous strip of
dunnage including a three-dimensional shape; and

using a pulling assembly posiioned downstream from the forming assembly for
advancing the sheet material through the forming assembly; o

wherein the step of advancing the sheet materlal includes moving at least one aripper
through a transfer reglon ta engage the dunnage sirip and advance the dunnage strip through
the transfer region, while an aperture in the gripper gathers and laterally captures therein the
dunnage strip as the gripper is moved through the transfer region. :

38




