PERFORATED CUSHI ONI NG DUNNAGE PRODUCT, MACHI NE AND

METHOD FOR MAKI NG SAME FI ELD OF THE

I NVENTION 5 The herein described invention relates generally to
a cushi oni ng dunnage product, and to a machi ne and net hod for
converting sheet stock materi al | nto a cushi oni ng product. jross
BACKGROUND OF THE .| NVENTI ON 1= In the process of shipping ampiyte
fromone |location t terial |s
typical ly placed m%%ﬁ% hﬂgﬁg Rag 8 'fla any voflfeo 4w -4
and/ or to cushion the dV‘M'E' astlc f oam
peanuts and pl astic bubble pack are two types of conventlo used
packagi ng materials. These plastic materials, however, alt hough

perform ng acceptably in many %] 8] ns, are not w thout

di sadvant ages. For exanple, one drawback of plastic bubble filmis that it
usuall? I ncl udes a pol yvinylidene chloride coating which prevents the
plastic 20 fil r i sposal

G i cul t1es. £ ore oo o R e 8 S FE e e o foam
peanut s addnbage praduct; and tdabbéehipachdaethad {enmeveyting sheatstiak a
charge of static.electricity that attracts dust fromthe surrounding
packagi ngMateaal e @ evsRIPBING PRASWICH] ast i ¢ materi al s someti nmes

t hensel ves produce a significant anobunt of packaging 25 "lint." Such dust
and lint particles are generally undesirable and may even be

destrueti ve to sensitive nBACGKGROUNDG QM THE IBIVENTION cs or nedi cal

equi pnent . Per haps the nost serious drawback of plastic bubble
wrap and/or 30 plastic foam peanuts is their effect on our environnent.

Quite sinply, §0€RE process of shipping an item from one location to another, a

protective packaging material is typically placed in the shipping case, or box,
to fill any voids and/or to cushion the item during the shipping process.

15  Plastic foam peanuts and plastic bubble pack are two types of conventionally
used packaging materials. These plastic materials, hbwever, although
performing acceptably in many packaging applications, are not without
disadvantages. For example, one drawback of plastic bubble film is that it
usually includes a polyvinylidene chloride coating which prevents the plastic

20 film from being safely incinerated thereby creating disposal difficulties for
some industries. Additionally, both the plastic foam peanuts and the plastic
bubble pack have a tendency to generate a charée of static electricity that
attracts dust from the surrounding packaging site. Furthermore, these plastic
materials sometimes themselves produce a significant amount of packaging

2s  "lint.” Such dust and lint particles are generally undesirable and may even be
destructive to sensitive merchandise such as electronics or medical

equipment.

Perhéps the most serious drawback of plastic bubble wrap and/or

a0 plastic foam peanuts is their effect on our environment. Quite simply, these



- 2- packagi ng materials are not biodegradabl e and thus they cannot
avoi d further mul tiplying our planet's already critical waste disposal
probl ens. The non- bi odegradability of these packaging materials has
becone i ncreasingly i nportant as nore industries adopt progressive
policies of environmental 5 responsibility. These and ot her
di sadvant ages of conventional plastic pdckaging mat eri al s have nade
paper protective packaging material a very popul ar alternative. Paper

i s bi odegrRRMKEICENG Materipliake ARtbiodegtastiablepnd thus thbrennaet avaid dyrher

t her eby ' ' I e i bl.e choi A
consci ent 1T8HERinglPuf Bl F BRI Bl it R dichdsaP pESIPAIS, The 087:1 <y
saf el y i naibaegiatiabing of thesehsdd@gihg Maéeriald hakaricoite heedadngly materi al
i's particularly advantageous for use with particle-sensitive

mer chandi dEparéant a8s morecindastrirssadanteprogassiveepoliciesf snuiiennensalat i ¢

cling. S onsibil'tW“ | e paper in a sheet formcould possibly be used as a
protectfve”e P pac é(gi ng material, it is usually preferable to convert
sheet stock material into arelatively | ow density pad-1ike cushioning
product. A cushioning conversion machi ne may acconplish this

conver si on, suchhase engsether sisasiyantages pionventiopgl plestic paskagiran and
5,123, 889. TEe.én ire disclosures ff t hese.patents, . l whi ch t.ne assi gnhee
of the prd@8ht" BB]%"c?aﬂaS’ﬁ AR PT] %‘W&r%%gﬂw&wﬁ?ﬁ’é"l &VETY PeRYEI n by

reference aferhBeive. ePapéickiisdegradable, recyclabld ahdl ddthgeded B A r@RkEEble
conversion machine, the stock material 2 constituti n? the starting
e

mat eri ab fresounes,cibverelry innakipg it es envirphmestally sespensible chaisedel of one or
nore plies of a sheet.nater.al J.ed onto a holl qw, cyl,indrical tube.
Consequent§9Psqratiars BIfgry ASULRRRIY. dReremiarthiof iagro e OERRE, o1 on
machi ne i ssAHdAPIRINRAtE PaperDFirtheriNobe, Shaser pgretcditival packaginy HitBahl kel v,

i
fan-fol ded stock material may be used as in the manner 30 described in
comonl y apeitigadariyadvamtageons. fos usg avith particle-sensitive merchandise, as its

- 3- I oni_ng._conversion chipes.in use today have a form ng
devi ce c'SﬁB Cg’gglé%ﬁ ﬁb‘gfc?gﬁi'8ée?‘ﬁ§ﬂ“tg§os?8€‘ﬁ§{'89ro convert a continuous web
of sheqt stock material (either single-ply or multi-ply) into a three
di nensi onal cushi oni ng product, or pad. The form ng device is used to

fold, or roll, V¥hailepapat by alshegtéermtouisepesniely ba veed aatapioieciivéard on

Itself to E)gé@gqngtn[n'aperg!, it is usually preferable to convert sheet stock material into

a relatively low density pad-like cushioning product. A cushioning conversion

machine may accomplish this conversion, such as those disclosed in U.S. Pat.
20 Nos. 4,968,291 and 5,123,889. fhe entire disclosures of these patents,

which the assignee of the present application owns, are hereby incorporated

herein by reference in their entireties.

In a typical cushioning conversion machine, the stock material
25 constituting the starting material for the conversion process will usually be
composed of one or more plies of a sheet material rolled onto a hollow,
cylindrical tube. Consequently, the stock supply assembly of the cushioning
conversion machine is adapted to accommodate this stock material.
Alternatively, fan-folded stock material may be used as in the manner

so described in commonly assigned U.S. Pat. No. 5,387,173.



cushi oning having a width substantially | ess than the width of the stock
material. The feedi ng device advances the stock material through the

form ng device and it may also function as a crunpling device and/or a
connecting (or assenbl i ng) device. The cushioni ng conversi on nmachi ne
may al so include a 10 ply separating device for separating the plies of
the web before passing t hr ough t he-For ner. Cushi oni ng

conver si on MRCl ieso NBEL A BIOAMEAIBLAY e BEL O NAve o IPRRST RS, O

severing the contl nuou rpo I'Screte ctirons or

pads. Sonmanges hédttingiuiice BpdOYEsHdmate it idbaveasE Bbhintidwes web ofighesmt i cal |y
produces cushi oni ng pads of a given and consistent |ength. O hers have
enpl oyed &'@GlK Matgriak taitharysinglgtply ofumvldsplghindp e Bree dingensionghnual |y

cont ol ¢ b | oGl OLabite B SAE Ehin BRIEYTS |56k FEFERDLY fbi} e, ©1 LM

t he manual” "Oor non< Nnual "system a e overa cost, Size an

conpl exi t yatetalaedifuavef shedBheBCSIOER. métdiRal inverd onlitéedual fopads sarig dfor med
only when the nmachine is operating. It would be desirable to provide a

met hod of cyspianang maving aswidth sstostandiallyiesg than thainddiheebthastaakns wi t hout
t he n f cuttir senbl y,.and/ a i_ne.qt.her than en. t he
strip of %&e&@ghﬁ' & f]eged?rgg ?%yﬁ;gaac% 085 Whe sItocfk }narggn.aq t}ﬂ?ough e Y%LWMQRY oF

THE | NVENgeUée and it may alsbheinetieAedt a cRUHAPling BePice \drdiger @ dodvektiagsbr oni ng
conver si on machi ne _and_net hod_for converting sheet stock material into
a novel c@SREOYAIIAG) SEVineodlbe ishianing spavegiatymashineomayRIs@ dolude alesi r ed

| ength, w th . . . .

a0 Mg oy Sebataing'88iss ey sepriating, e Rliss Hotont R RRIPILBPIITor a | ess
expensi ve throughrathe €6rraéel | ess conpl ex nachine. According to another aspect
of the i nvention, there is provided a cushioning conversion machi ne and
nmet hod for produci ng a continuous strip of dunnage havi ng spaced al ong

the length 5 ther e ctions an tear |i i ch. individual
secti one or pade tontiEéGAE R haBhineg herbints e, BP0k valile or 2
severing dréefibliedsfordevering the ctiitingousiselp off cti@RionM itosdistietef

cushioning may be produced and stored for later use when i ndividual

secti ofs &CElipRATVRPAS-oPorMe machinesakayreawipyed 3 gutting assqblyniledt ne and
nmet hod ar i i i.C I, (| or

ot herw se%\}\égﬁ{eagfctﬁgg' g)gtu Qé %é‘ﬁﬁﬁ’g‘m B§?§i§¥a ‘é&gra “‘r’m"r°e"%§‘%§{s?e"dma| ong
tear |ineDters halvedaempldied § cottiny absiabROthas réquireddah oparitoe t6t ock
material, discrete sections or pads of desired |length may be detached al ong

the tear IMmardally goptedtielenothiafithepadbbeingmtdi Thameytttia essemblvelit i on,

the either the manual or non-manual system adds to the overall cost, size and

20 complexity of a conversion machine. Also, the individual pads are formed
only when the machine is operating. It would be desirable to provide a
method of separating the strip of cushioning into discrete sections without the
need.for_a.cutting assembly and/or at a time other than when the strip of
cushioning is formed.

25

SU Y OF THE INVENTION

The present invention provides a novel cushioning conversion machine
and method for converting sheet stock material into a novel cushioning

3o product and for providing sections or pads of desired length, without the need



15 stock material may be perforated or weakened by a mechanical device, a
chem cal device, a laser, an el ectromagnetic device, a radiation device,
etc. A preferred device for perforating the sheet stock naterial

i ncl udes at | east one mul ti-edged cutting nenber which may be, for
exanpl e, a serrated bl ade. 20 I n accordance with a preferred
enbodi nent, a pair of rotating nmenbers,4_ such as coi ni ng gears,
cooperate to draw the sheet stock material through the conver si on
machi ne. Aomf euttingyassenbiie thetaveenaltling thectonsttustionphne hessr expensiygry
cooper at es_w e erf or at. - - i.al as the
serrated bﬁ%gg’ éﬁ% %gﬁér&ﬁ’g‘%’gg‘ra&ﬁ“g?eg 6‘55? %{'ﬁ%tt%%tnﬁhg?cr%srégg? (gctaemat erial.
The 25 peRlentibhptiser@rieairedideies ebyhishihd Comversion mbchine &l isthed fopf
shapes and directions across and/or along the stock material.

| n anot herP@dysingrareontinuouastrip elideenageaynaspased alondkthe enathe
rotatin n i nde tly rotate Pr. |

oY, B BB BT P g i Pitpiglal PR S RO o, e
and conp&s betsedrafedEasiis Bh@Nitigowrt lethdeiforld S@fering device. As wAhot her
aspect of the invention is characterized by a cushioning 5 product produced
by the proee@ppseciatgshl g cagtinueus strippl cuphiening Bay bperduged and storgd

ator ol | Cl5 Y de TR DobBlpiaiohRi4fe Teovbatiod B 4P & REfeey.

cushi oni ng) and then weakening the strip of cushioning by perforating
the strip al ong transversely extending tear lines so that the strip is
sever abbe al ongTheemeehineland mathofare ciiasagterizeds by 1d wrakeringdryviee fehe

dest €0, Rl By BORRRLES yap AR MR e MR B o B st

recycl abl egpitg eimMmiveekdthat 4£AEP 108 cUBBRHINEs formedulk Briathe&Kseddk paper .
15 The 1 nvention further provides a nmethod wherein a cushioning

conver si onmatetiehdliserese spriieas @r pieds ied «lesired dangitlx may fie datached aleadened,

for exanmplg b tforatin al ong tear l.ines. The machin erts the
sheet 7 B dedling It SreeReReR v vadelS b RimeR s of ApEdN s Bk
strip ofs stodiATHte@NENGhay B peifotdteBforoN ek eHEd By W hkchavieaVgakesed
sections al ong which 20 individual sections or pads can be separated from

the strip. chemical device, Firseropeglgaitprangnetihdeviceas updiation dewdcensieat Aon
are, her el nglar Lillyice tor SSPRTAR A0 ShBEY HobH RbdetiaPRICHLES B¥leas? ohil®

clains, thE'§
muiti-edged cutting member which may be, for example, a serrated blade.

20 In accordance with a preferred embodiment, a pair of rotating members,
such as 'coining gears, cooperate to draw the sheet stock material through the
conversioﬁ machine. A multi-edged blade rotates with_each rotating member
and coo;ﬁerates with theother-blade to perforaté the stock-material as the
serrated blades simultaneously rotate past the path of the stock material. The

25 perforations created thereby may be in any of a wide variety of shapes and

directions across and/or along the stock material.

In another embodiment, the multi-edged blades are separate from the

rotating members and independently rotated. Preferably the blades are



and annexed drawi ngs setting forth in detail certain illustrative
enbodi nents 25 of the invention, these being indicative, however, of but a

few of the various ways in which the principles of the invention nay be
enpl oyed. - 6-

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a pictorial top
vi ew of a cushioni ng conversi on machi ne-5- accordi ng to the i nvention

with the tog ‘Jn of the |hne s housi ng nearest Vi eﬁ\éf removed
to pernit '9Fath ﬁ°\9‘f"‘°’|"rﬁaé‘i’ r?glt fHOHRYNS sfpperforate e sor g0fe 2 is a
pictori al dgfe ﬁ{, 6f%§ﬂﬁﬁh§rﬂl&9%?éﬁ}"iﬁ{e§' on machi ne of Figure 1,

with the si the machi né's usi ng nearest the viewer r enoved
to permt view ng of i nternal machi ne conponents. 10 Figure 3 is
an end vi ew of emachlneta} n .along the |ine 3:- ure 2, with

an end cover reRBOERPT FERAFPTL HK%N'%'%I%W'@Q%B@SOW ﬁd;“sm B9t he
i nventi pn. progliat produgé@'ﬁryetlﬂa brocdBs %@lsﬁégﬁgﬁd@%bﬂ# pl‘é's‘ﬂ’ée@%t&@@ n‘(‘&%hgp' ng

devi ce of Figure 3, show ng 1 n parti t he engagenent of

severing nenrdeushioning converslonﬁngmmaeSwtﬁcmpemsnsem.bpﬁemais theesstom:k t he
weakeni ng dewceta en alo Ilne 5-5 of Figure 4, -20 = |

Fi gure 5A M&terigy|tenfajme 'Sfaqa’r‘?'\éweéﬁvvsfhfﬁﬁ Weeﬁ‘g’ﬁPbﬁVng°€ﬁH§h'R&§‘9)
been perfo t nce with
tho prosers s pen e cHEhY IRE 3 LT RHhict By Roralig e U RS ATTED

25 tfragsvearsbl extendinmg searslkradsi smahatwhevstapns Isavertabt&atqmgetﬁi: tezhhowi ng
a nodi fi ed, form of weakeni ng devic Fi gu 6 is a
pi ct or ial 'mﬁempemﬁ%wet?é@caﬁaﬁWérpaéﬁmfcﬁhmﬂs'r@fi length. In'a preferred

embodiment, the supply of sheet stock material should include stock material
. which is biodegradable, recyclable and composed of a renewable resource,

such as Kraft paper.

15 The invention further provides a method wherein a cushioning
conversion machine is supplied with sheet.stock material that is weakened,
for example by perforating, along tear lines. The machine converts the sheet
stock material into a relatively low density three dimensional strip of
cushioning.” The strip of cushioning will have weakeﬁed sections along which

20 individual sectiocns or pads can be separated from the strip.

The.foregoing and other features of the inventioﬁ are hereinafter fully
described and particularly pointed out in the claims, the fellowing-description
and annexed drawings setting forth in detail certain illustrative embodiments

2s of the invention, these being indicative, however, of but a few of the various

ways in which the principles of the invention may be employed.



cushi oni ng conversion machi ne according to the invention, the side wall of

t he -7- machi ne's
housi ng nearest the viewer renoved to illustrate the internal
conmponents of the nmachine. Figure 6A is a plan view of a

perforated stock material for use with the s cushioning conversion nmachine.
Figure 7 is a partial pictorial top vi e of a further enbodi nent of

cushi oni ng conversi on macg' i ] 8 0 .1- achi,ne in Figure 6, the
top wall of the machine's E [t he -V ewe Toved to illustrate
the 10 internal conponents of the machine, showing in particular the feed
assenbl y. Figure 8 is a sectional view of the feed assenbly

t aken al ong t he Figure 8-4is a picridl tbpglew of, a shehvibniggi sonyersicouhachinke
puncturing el engnts aligned so as,.to cogperatively. perforate the stock
Mt erial . gscording to the IBVgnAianavith the sppakalbat e machilaie NPUEINGRCTRS! f ced
assenbl y t : | + Q s ; I gure 10
is a front #é%& 'ﬂvgevg% ogeﬁ(l;tl% 0‘:) én'g‘?’ ggge&ﬁﬁpyﬁégt%rﬁ%ﬁsc?lgetchoem 8n?)rrngséent

i nventi on. Figure 11 is a side view of the holding assenbly of
Fi gure 10. IS a fr?r%'t_,eend vi ew of a tearing,assenbly

) . Fi .12, A
according to th@'@%’%?&@?\&%‘?ﬂérﬂ‘?%mew 0 cushioning GRAEEEen e h{negaw of
the tearingg %ﬁ@r@ll Yvitth Bhe%ide d21 SR M9chiie’s houdtsg FEBlest tRedib®RrT NY

posi tion.

removed to permit viewing of internal machine components.
10 ) . l
Figure 3 is an end view of the machine taken along the line 3-3 of
Figure 2, .with an end cover remo{led to show a weakening device according

to the invention.

15 Figure 4 is an enlarged partial view of the weakening device of Figure

3, showing in particular the engagement of the severing members.

Figure 5 is a cross-sectional view of the weakening device taken along
the line 5-5 of Figure 4.
20 '
Figure 5A is a plan view of an exemplary strip of cushioning that has
been perforated {or otherwise weakened) along tear Iint__as in accordance with

the present invention; with one section shown separated from the strip.

25 Figure 5B is a cross-sectional view similar to Figure 5, showing a

modified form of weakening device,

Figure 6 is a pictorial side view of yet another embodiment of

cushioning conversion machine according to the invention, the side wall of the



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring now in detai

to the drawings and initially to Figures 1 and 2, there is illustrated
an exenpl ary enbodi nent of a cushi oni ng conversion 5 machi ne 10 accordi ng
to the invention. The cushi oni ng conversi on nmachi ne 10 includes a stock
material supply assenbly 15, a conversion nechani sm 20 for converting
sheet stock material into a three-di nei¥si onal strip of cushi oni ng, and
a weakeni ng device 25 for perforating the str to formtear | i nes

wher eby t H&aghiNeys OUSIRGNEATaS] thay"%elame teillystate the integall | nes 10
to form d'é&ﬁnﬁ%ﬂeﬁfgbwﬂé r% rpﬁgs The weakening device 25 is powered by a
not or 40, prefera R not or, selectively engageable with the
weakeni ng. devi ce 25 by a clutch 45. The conversion nechani sm 20

preferably incl udes a formng assenbly 27 and a feed assenbly 30 powered
by a not or 35 ?%Fér%l'?aa?faél"é%\ﬁ’rqfca petierated stock material forisenyithy thas

powers the a drive arrangenent 50 that may
i ncl udega nu ﬁ,gf&g{? grs{)t?"s such as sprockets 55, a chain 56 and a
shaft 57 for transferrl ng rotational power to the feed assenbly 30. The

feed assenbly 30 includes two opposed rotating nmenbers 20 60 and 61 which,
accor di ng to a plarert syaaastial piskrial dpe view Mt Ryfythgreembodingppt ebt at i ng

member, §L§§@8mwﬁ}2§€sn i 0 ‘i”tonﬁe dwéct‘ﬂﬁ% \éﬁva’ & pﬁ%ﬂ'e 6 dc'h'e"e

arr angenen er T0t A Thg me

rotating nﬁ)’ﬁJWaIE&f tlhé m&ah&ﬁe sthisudifg nbafest tide lvt’bv(mslham!b\iehi tdnalusmmé the
rotati ng t he conversion process, sheet

. Duri ng
st ock mat emtamal §0¢3m>q>qur<afrm%@achme' §h@wn% impeKticataretig) fpedasaeanbly.
transferred to the conversi on nechani sm 20. The sheet stock materi al
may consist of a plurality of superinposed plies of bi odegr adabl e and
recycl abl e Kraf Figurpes is aldeztional vietv bpkheVeaty bssumblyataken don@bhd inees-

plies of the stock material are preferred, and the stock materi al ¥ be
8 of Figure 7, showing in particular the puncturing elements aligned so as to
cooperatively perforate the stock material.
15

Figure 9 is a cross-sectional side view of the feed assembly taken along

the line 9-9 of Figure 8.

Figure 10 is a front end view of a holding assembly according to the

20 present invention.
Figure 11 is a side view of the holding assembly of Figure 10.

Figure 12 is a front end view of a tearing assembly according to the

25 present invention.

Figure 13 is a view of the tearing assembly of Figure 12, showing the

assembly in a tearing position.

30



-9- provided alternatively as a fan-folded stack of material. The

conver si on mechani sm 20 converts the sheet stock material into a
continuous strip of cushi oni ng. 5 More specifically, as the
feed assenbly 30 pulls the stock materi al t hrough the form ng assenbly
27, the formng assenbly 27 causes the | ateral edges of the stock
material to roll or fold inwardly to fagm a conti nuous strip havi ng two
|l ateral pillowlike portions and a central band therebetween. The feed

assenbly 30 perforns apD ) ENINAG ©Nont i nuous 10
strip through the nip of the two cooperating and opposed rotating nenbers
60 and 61 of the feed assenbly 30 thereby drawi ng stock material through

the formng assg lréfn%how in detail to thérggav&fééétén@ginm%sﬁ?gfénqj 2,

additionally pertform coi ning” or a nnect 1 ng” function as the

opposed r ahate igillvetdaced ablzxaamplaty enibodirent of aceshialing&odverfsidme

continuous strip as it passes therethrough to form.a coi ned str.i g As
enbly

the conhedP@ehingol Aaprosdipgior theyiByentiennJihecRHANIMRY CREVersion farrhias.
30, the styg ﬂgcﬂﬁéé?% éwcﬂ%gtérm s g@%&&;ﬂg‘ﬁ'&% éonvérBion medhbARfsAdizio/ e

enbodi nent s, e weakeni ng device | aced between 20 the supply
assenbl y Horaotivehing ebdet stmkmat&tal dntde thweerdintensianalistip of assenbly 27

and the feed assenbly 30, or eyen upstr of the fo
3 tareper

. ' . : nbl y.
One enbodiGHSYONG: REYR NaAKEANLESYIER NS EIiP e 1BF® toR” The

weakeni g 11\ Ghefeby Sh&stds I&?d:utsﬂi@_ir‘?é’mz‘bélt b& AR KIMALNRLIoNG thaftebP fines

machi ne' s housi ng. e weakeni ng devi ce I's connected to the nmotor 40
t hr ougho a toi foragdiszssEnbeatiarts ohpads.s Therweskaning device 2dtioponereyg hyhe

clutch 45. The lLinka ssenbly 70 transfers the rotatignal nptjon of the
motor 40 (TBORGHAG PREtreRVIaT electis MPtoResaIRibElY REoAARARE YSh A8

perforati ina devi . ion mechanism 2& the
strip of g&?ﬁ}(?)winﬁgée\flﬁet2h§e.b?ll7 ﬁlgg?}éﬁesd yr!r%gglmr’r%rr?t'o,n f eeedi rr?gS of the stripis

first stoppeferbly ifdodéde foraiemiasserbly 22 and @ feadésskniolypeQ poveeredt he
strip. The weakeni ng devi ce 25 includes a stationary bl ade
menber 75 Bh@ moter gpnpreterablyRh plestEs MBEOT-The | nkage assenmbly 70 inparts
l'inear potion to t he dynami c bl ade nenber 76 that is directed by guide
menbers 80 to

The motor 35 powers the feed assembly 30 through a drive

arrangement 50 that may include a number of elements such as sprockets 55,
a chain 56 and a shaft 57 for transferring rotational power to the feed
assembly 30. The feed assembly 30 includes two opposed rotating members
20 60 and 61 which, according to a preferred embodiment, are coining gears.
One rotating member, such as the upper rotating member 60, is driven by the
drive arrangément 50 while the other rotating member, in this case the lower
Totating member 61, is driven due to it being in mesh with the upper rotating
member.
25
During the conversion process, sheet stock material is pulled from the
stock supply assembly 15 and transferred to the conversion mechanism 20.
The sheet stock material may consist of a plurality of superimposed plies of
biodegradable and recyclable Kraft paper rolled onto a hollow cylindrical tube.

30 Three plies of the stock material are preferred, and the stock material may be



descend upon the stationary bl ade nenber 75 so as to cooperate with the
stationary bl ade nenber 75 to perforate the strip of cushioning | ocated

t her ebet ween. 10 The dynam ¢ bl ade or severing nenber 76 is held
by a |inkage nmenber 81 and the stationary severing nmenber 75 is held by
a support nenber 83. The two bl ade nmenbers cooperate to perforate the
strip of cushioning, each having a%lurality of laterally spaced

perforating el ements or cutting edfges 84 15 and respective recesses or

s|h ots ﬁS froevidedealigrngtively as gsfaprfoldad siaeskmfimaterial. dhetganyessiefent s on
. i 5 .
bl ong. cach R HTTRLAB o BFRE YR BRI RRE haiBI o aponrindti® SPRCSF APar

el enents @Fushishiagher bl ade nenber such that when the bl ade nenbers 75

and 76 come together the cutting elenents perforate the strip of 20

cushioning to weaken the strip along a tear line. Alternatively, each
perforating el I s L.Ng
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uret hane rfesed!dseBmbTRII0 pakforsha apuliegPfa@R&tion by drawing thé Rohtigub@s5A, an
exenplary strip 86 of cushioning has been perforated 30 to form

| ongi t weli redripythspuagle dhepip of thadvws ceoperstisg ansf PRRIRPS @3pbeg members
weakened tear. |Jnes . Fiaure al sho ne.section S rated from
the strip _and 6F Ofat%e ‘Fe i %susreirﬁgyiﬁmetr? g? é’ga‘a’h"o‘% %{é)r&erﬁgg%ﬁaﬁgﬁfo n a

cushi oni ngheofdyeting @3sbmbip@i.ne of the present invention. A cushioning
conver si on machi ne 90 includes a stock material supply assenbly 15 and
a conversion nechani sm 20 as above described. The stock material supply

assenbly 15 inc .pair o |_at |1V, S e rt U d brackets
92 secured to t ﬁgﬁégﬁ%ﬁm{)?rga%? and%ﬂgdé*ﬂqﬁ%ﬁy%&gﬁoﬁ%ascﬁﬂﬂ@&né)? % he
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t herebetween a constant entry roller 96 that provi des a non-varying

poi nt of egantyalikand né thecentiououk stip esiitbassdsriherethroughhteodarmal | 98. The
| egs 94 al so_s
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alternative embodiments, the weakening device 25 may be placed between
20 the supply assembly 15 and the feed assembly 30 or between the forming
assembly 27 and the feed assembly 30, or even upstream of the forming

assembly.

One embodiment of the weakening device 25 is shown in Figures 3-5.
2s  The weakening device 25 is attached to a downstream end wall 67 of the
machine's housing. The weakening device 25 is connected to the motor 40
through a linkage assembly 70 that is connected to the motor 40 by the
clutch 45. The linkage assembly 70 transfers the rotational motion of the

motor 40 to linear motion for driving the weakening device 25 and perforating



15 prior to passage into the conversion nechanism 20. For further details
concerning the constant entry roller 96 and separating nmechani sm 100,
reference may be had to U S. Patent No. 4, 750, 896. Not i ceabl y
absent fromthe cushi oni ng conversion nmachine 10 of Figure 20 6 is a
cutting assenbly or even a perforating device. This is enabled by use

of a pre-perforated sheet stock nateri-ap- M shown in Figure 6A which nmay
have one or nore plies, preferably two or three plies, and perforated tear
l i nes thessisipeolf apahlpnmg)ng\ threﬂluetrgmd efmbodiment, depding\af theestrigtisr i al

is suppli conversion Qnyer si.on
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spaced apart the length t hereof . Because of the change in shape of the
stock material Mduring the conversion process, the resulting tear line

(or tear plane)The weakeningydevicegblincludes al sta’ghap'a blade anember 75 aha a

di screte cyshi oni roduct s ave nore our ed, edges than when
t he per? or2fTYRE Q& af&'erﬂ\en'émi?@ﬁ\/aeﬁsgl’ﬁy 559 imparty ﬁgﬁ%r RoteRstGnal
strip of ciwehdpRamic 6@@%5&!@76 that is directed by guide members 80 to

-12- Figures 7 through 9 illustrate a further enbodi nent of

cushi oni ngdescesshvpenitba statibhary bledemiémbet d5tdeaptesenpefatoanithdhe The
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I nt egr at eckHepbBeRveemal € 5 assenbly 104 Figures 8 and 9 better illustrate
this arrangenent. It is noted that although a cutting assenbly is not
shown i Fi gures 7 and 9 (or Figure 6), one optionally could be provided

f ti | f t d 9,
the absenbly 103NPHYIIATRE FiAde s BaveLian ymambee2Eris B Py EREE MmEe and
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and 105, respectively, for rotation therewt bl ade nenbers 102
and 103 rreﬁbeawcap;mtwmmmrys adwqoatecﬂm perﬁaﬂaee mihe strip of cuab:perng,oeanh ng
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t hereon cooperatively perforate the stock nmaterT al he shafts 57 and
105 are rotuttiotg g¢lesyentsrom oo logherr blada rbynbattabbee neemsatumelemermqsl &5 one
shaft may be drlve

t he nmeans, of ni zat.i on
bort s, ot care Shadsel aBde Al5nS aieb Al BRITRS 75 4! S drd StaSsebe it o
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Figures 4 5, or Figure 5B. O her blade configurations nmay al so be
used, such75§snd 76thartne|ﬂdgﬁheaﬂwdcwtrhm@ejemnestﬁpaﬁdreﬁe tha sﬁngu:rfes 8 and 9,

the bl ad 1 ted cut h t tt
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perforatlng element 85 could line up across from another perforatmg element
85 so as to cut the strip of cushioning between them. The shape of the
perforations created by the perforating elements 85 could include stits; stotsy
stars, circles, triangles, rectangles or any other shape or combination of

25 shapes. A further modification is illustrated in Figure 5B where the blade
member 76 is replaced by a backing member 76" composed of a resilient

material, for example a urethane resilient material such as Neoprene.

In Figure BA, an exemplary strip 86 of cushioning has been perforated

3o to form longitudinally spaced apart rows of slits 87 defining respective



25 The cushi oni ng conversion machine 10 (including any of the

above descri bed alternative arrangenents) may additionally include a
hol di ng devi ce or assenbly for facilitating tearing of a section of the
perforated strip of cushioning fromthe remai nder of the strip in the

machine. In Figures 10 and 30 1 1, anjgexenplary hol ding assenbly 120
includes a stationary bar 1 21 that is

- 13- suitably nmounted to the franme of the machi ne downstream of the
conver si oweakeaedcienr Jineg B8 .s fFigure i plssashaws joae se2lion8S geparatedfiremi de
rods 122 the %’%%ﬁi ng therefromfor guiding novenent of a noveable jaw
124. The ‘e jaw may be equi pped with bushings for snooth gui ded
novenent 5 on the guide rods toward and away fromthe stationary bar. Such
novenent is effected by a notive device 126 which in the illustrated
enbodi nent is &igure §illusimates anoshemembpiinent efsa sHBNIPNEG eANRTEY i ¢

sol enoi_d. : f tor, of . j ne, i epated to
forma’stfi apChé efé tg& I gﬁ?{ng‘%{‘ ﬁgghg%ecg'ﬂ" W‘%Sﬁﬁg’?? rré‘tarﬁgg}%egéamy from
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strip therebetween. A section of the perforated strip protrudi ng beyond

t he holodi Bgeelats @2 dayetipurnaliedttberebetviegna cengtant getrydeled96 thagy t he
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20 has begfodioFétl BBNThBAe§S P4Palsh RRipEBEH R rélsatineRn & sepaiatingd to nove the
noveabl e jaw away fromthe stationary jaw to allow an additional |ength of

per f or at edngchranisor 100sthad eeejves te sheetostosl. materigb bl from the senstanthay be

stategically - i tdoned downstream.of the holdin senbl yv_tq detect
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For exanpl e, the hol ding device can be opened automati cal I%}én response
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Noticeably absent from the cushioning conversion machine 10 of Figure
20 © is a cutting assembly or even a perforating device. This is enabled by use
of a pre-perforated sheet stock material M shown in Figure 6A which may
have one or more plies, preferably two or three plies, and perforated tear lines
L spaced apart-sleng-the length of the material M. The material is supplied in
a well-known manner for conversion by the conversion mechanism 20 into a
25 strip of cushioning having perforated tear lines spaced apart the length
thereof. Because of the change in shape of the stock material M during the
conversion_ process, the resulting tear line {or tear plane) is generally irregular
in shape. As a resuit, the discrete cushioning products may have more
contoured edges than when the perforations are formed after the conversion

so 1o a three-dimensional strip of cushioning (Figures 1-3).



-14- or assenbly to tear the perforated strip of cushioning fromthe
stock materi al remai ning in the conversion assenbly. Either

simul taneously with the perforation of the strip of cushioning or
thereafter, a tearing assenbly may grab the perforated strip of

cushi oni ng downstream of the conversion 5 nechani smand downstream of a
tear line and then.pull the strip of cudshioning at a rate faster than
the rate of feed so as to separate the strip of cushioning . _along a tear
line, thereby TBEERS dAghiousk & Buetratasaifurihayembedieent oheushigping
assenbly | | a0l hey | ne so as
to be use asetrtg:‘i&ghr?%ﬁﬁﬁg %ﬁgé@ﬁ%ﬂ%&@ﬂ%&%f@% %992@% show
anot her exeenaErsion taahineg10S sethid yarhdZist that shown incFigdess 11 atoepe that
descri bed hol ding assenbly 120 (here referred to as a .. stationary

hol di ng a¥$\¢ciRsdygssanably adihewaakening deviee pet Mtagraied éme § sinple The
novabl i a ; Ao i -l i f 5
m)vema%t h%os%/a'ﬁ}%yaﬁggg?ﬁ u'ige%o?n t dzélsl{egttgipglri%?';m%gﬁﬁi ér}gsrﬁesenb 'ynﬁid].cg tﬁér
exanpl e, that athatighhacytiiag ak2émbly tshwotistveshlin Figirds Myand Se(drl Bighdd can

be nmounteg to the stationary, jaw 121 of the stationary hol ding assenbly for
pi vot al n&ré’rﬂ?n?pﬁi"?g]i\f saugbéimr?\aéﬁe fapeplenaleatitngrdithesifipt e a
pneumati ¢ piston-cylinder assenbly or solenoid (not shown). Thus, the 20
noveabl e hol di ng assenbly can be pivoted relative to the stationary hol ding
assenbly. As wAklsdem impfigecesaBeaghd 8 htherasssmbble T4 tholgdes slenprevicastybe
nmount ed f Qr n%ve nt. ot her thg@ pi voti ng movenent and f& pi voting. .
movemght ‘g?ﬁﬁit ed thed assarpblyx?Q angdc pak of blags Bembeisdl %3&9&@1’36‘1""{‘%‘ t he

| ength of aieehdriiedt el bhae 97130001661 SBSCRII Y (PR brtfort Whéralivh Mt ed Lo
25 a frane and preferably may have 1'ts own frane structure, be enclosed in

its obkadbanerigprari®2 badf 1G3renest dtaapproginadiehcthedpiteh cirelenat thene.
In use, initially the statignary and noveabl e hol di ng assenplies 120 and

132 are poRRE BiaHNadPatdsy &ihe Asnthenthaftssratatruine Plagie members Y@ Pnthe 30
f eed t f i i f . i j i , th
eed ot 0§58 ro&{ige figgvtiggghgfpaneqﬁgfs&pgk n?ét@h%]éﬁbé!b?aé’é pfeﬁgéeig“i H9 e
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the 15 respad3 ¢ensd tddarRar ¥nd ahe be2fbrating eldthéntsass ge blidet Mmenfsyrbor at ed

strip 1 2a?!igor]:ed thereon cooperatively perforate the stock material. The shafts 57 and

105 are rotatably synchronously driven by suitable means. For example, one
shaft may be driven by the other by means of synchronization gears, timing
belts, etc., or both may be directiy driven if desired. The blade members 102

20 and 103 may be the same as described above in connection with Figures 4
and 5, or Figure 5B. Other blade configurations may also be used, such as
that illustrated in Figures 8 and 9. In Figures 8 and 9, the blades 102 and
103 have serrated cutting edges with the cutting elements-thereof staggered
with respect to one another as shown.

25

The cushioning conversion machine 10 {including any of the above

described alternative arrangements) may additionally include a holding device
or assembly for facilitating tearing of a section of the perforated strip of
cushioning from the remainder of the strip in the machine. In Figures 10 and

3o 11, an exemplary holding assembly 120 includes a stationary bar 121 that is



cushi oni ng between the stationary and noveabl e jaws of each hol di ng
assenbly. After a desired length of the perforated strip has been produced,
5 the feed notor is stopped or di sengaged. The notive device 126 of each
hol di ng assenbly is energized to nove the noveable jaws 124 toward the
stationary jaws to pinch and thus hold the perforated strip therebetween at
| ocati ons di sposed on opposite sides of3-a tear line defined by perforations

formed in the strip of cushioning. Alternatively, either, hol ding assenbly
may 10 i FUIEAY Ba*f'z}?attpn%‘ee ramentisthegmeshine IRV FRinaRf BReCoRVTRONS 1 i b.
Wth the mbiv] Pri ¢S tidlady b ki i's pivoted
(or ot hera\?\n'sge y noved) i?)lrﬂel‘éti vgr?%)éfﬁg g‘tag%: %iérl{grgglgﬁo di r%é iggenbl y 120 to
ef fect t eaojestingftherefrpar far gidthgstnovprendod & meveeble jbiné24ThEhe the | aws
to the assenblies. are opened to.permt the torn section of cushioning
Lo be r oRBYLIRPIRIAY Mareba SaRPEdoVIRRENAAS far P eet SUESE SOPYEMERE gi nal
POSi 110N grPthePGaReCEdd¥ tard an@didy RBF tHEL8GkBNGFY Bﬁ{if shehgﬁoéweatof
cushi oni ng. A sensor or other device nmay be used to detect the
posi ti on inkfideted doyr a motive deviceni 2@ evisioh ddithe ifusdeted iehasbdimtemt i spect to
Figures 10 and 11, .20 preferably t tear line is, |located at a point that
is close WUH‘&“%M%&PF%@%% aszem?’le’(eohﬁrl‘ G*er?gﬁ”‘é§§lﬁ?&' 120. In the

enbodi ment described with respect to Figs. 1 2 and 13, the tear line
preferably is |ocated at a point between the jaws of t he hol di ng
assenbl i es 120/Vived tiH>ifeedesyadot of they makhirenisi ogprdited tefauch step of an
encoder may be relied upon to nonitor the rotation of the gears and 25
accur & elSHshiNipgothe Hégﬂ@rbﬁ%ia&%’éc?‘f isafetracied guay-ERM He stalionggy jaw

assenbl i iR : i i [ d Mc it . S.
Pat ent App 1| égtai”gﬁ No %@%)lg?ﬁ%ébﬁgrﬁﬁ@rge yl‘lé(r?%orggfr E%Bhgtr %ms‘lg'rr\]gi ts
entirety.clear of the path ofAlthbqegforated stnipe27 @f dushidrden exttimgnfrandtidescri bed

with respect to a 30 certain Preferr'ed enbodi nent .or. enpodi nent s,
equi val efPaghipgr oA 1552 degired length of the perforated strip has been produced,

- 16- Miale A kNS Wol : er i Lk Ry Yz E{ adi ng
and u%erstgﬂgi ng t |°gb§ggdgil§'|s%%é|§t§9' aﬁﬁéﬁéeﬁ%%%\;(g% ?r(g{/ﬁt er31gs. ! OS
presemdi to miorrecthiel miovieableujdes 124 tosvarkl thgustatibeaty jalw &o pinabnandnibus

nodi fications, In rticular regard to the various functions, perforned

by the agilé theqtarferettd stiim thgepet EBMmpdnrtuon gb dheperivsatedettrives,
compos! I @Budihg bbyohB&eH dBing devitdELHThDA bR fofh AL S thar fine TEARSA)

used to scri be”such i1 ntegers nt en to correspond, unless
ot her wi seby thi patfedatitos any lonbigre dommstteam of ibhe froldingtdeyicpts pfowde
function of the descrjhed i nteger éi .e. that is fun&%i onal ly |
equi val erft $ECURR Pt U AN B used [P PPGKIING PAFRORES: oA 1RE 1hE SBEECNosed
St 1 uCLAIr &, i, Gl REF] BORE thBRefilNHd ARIVE ddifcd'Rf Ghdtatdd U5 hd
exerrp%ary en%o%i‘ ment gr engoélpbrlr'ent S glmt heehi nven‘%?;l5 oﬁ. In acﬂ%eteﬁ‘oen, while a
parti cul anof/eablerjambwawfrbmm statianayy Maotzéb!w desiditienkldbogdh of t h
respect t;?er grla¥88 r;‘grn:(:)afofsceuvs(?\ricgirlviné;ltloli')set pr)raotd%g:egﬁq? glegi?gé,sé sgggt?r rfneazyi/ttlds,E e nay be
strategically positioned-dewnstream of the holding assembly to detect
removal of the torn section of the strip and provide in response thereto a
25 control signal to the machine for controlling operation of the machine. For
-example, the holding device can be opened automatically in response to a

control signal from the sensor.

The cushioning conversion machine 10 (including any of the above

so described alternative arrangements) may additionally include a tearing device



conbined with one or nore other features of the other enbodi nents, as may
15 be desired and advant ageous for any given or particular application.

17 VWhat is clained is: 1. A cushi oni ng conversion machi ne for
converting sheet stock material into a cushioning product, conprising:

a conversion nmechanismfor converting the sheet stock material into a
three- dinensional strip of cushioni rd4- a weakeni ng device for
weakeni ng t he S%&ﬁk mat eri al alonq spaced .t ea ' nmeans for

.lines; nd
det achi ng °f RESET'Y 1BeRLLEMS BATAL? sﬁ&ﬁgpméﬁéwwq Foen floe A%k matetrlt e
| engt hs oﬁ%@éﬁﬂhgﬁh eRchLrLian assembly | BRNEPSVRIIRABUSRCNAN G418 | nc! udes a

feed asse aving at least one rotating nenber operative to draw the
sheet st operivméBonalf thierstughoft beshiomingraitbhereafethanesnmgadsérabheotgni cal |y
i nt erconnect. the sheet stock terial to maintain the shape of the

t hr ee- di moRdP 6ha|pe§mf?b%ﬁt%gﬁ cyfhigging downstream of the ¢RRYA!SIRIMg

conver sf O Gl 83 Bolw{Aiddinidl £halPub e gt 1 HEAKPELEGARY C°

i ncl udes at st one severing nenber coupled to said rotating ne for
rotati on tlhber metfaster than the dte of Aeedisbiasnionse pavatecthei stripnafcdustdonings et
forth in claim2, wherein the severing nenber has a plurality of |aterally
spaced seR®9Nhg \ERENDBRL theysEY ATPAWNG @ disrrgke pusenidgg¥Rdrat-e TN t83YiNBor ni ng

perforati %@§eajrﬁ'>|\; I?ﬁaftﬂq&# d@BE)Eftitﬂg c?ﬁhfor?ﬁng product beyond the machine so as
to be used as cushioning dunnage.
10
Figu.res 12 and 13 show another exemplary tearing assembly 132 that
includes the above described holding assembly 120 (here referred to as a
stationary holding assembly) and a similar but movable holding assembly 134.
The movable holding assembly 134 is suitably mounted in the machine for
15 movement toward and away from the stationary holding assembly 120. For
example, the stationary jaw 121 of the moveable holding assembly 134 can
be mountéd to the stationary jaw 121 of the stationary_ holding assembly for
pivotal movement effected by suitable motive means, for example a
pneumatic piston-cylinder assembly or solenoid (not shown). Thus, the
20 moveable holding assembly can be pivoted relative to the stationary holding
assembiy. As will be appreciated, the moveable holding assembly can be
mounted for movement other than pivoting movement and for pivoting
movement about a different axis;-such as an axis extending paralle! to the
length of perforated strip. The holding assembly may be suitably mounted to
2s a frame and preferably may have its own frame structure, be enclosed in its

own housing and the frame or housing attached to the machine.

In use, initially the stationary and moveable holding assembiies 120 and
132 are positioned adjacent one another as shown in Figure 12. When the

3o feed motor of the machine is operated to form a strip of cushioning, the



severing nmenber is rotated through the path of the stock material.

18 4. A cushi oni ng conversion machine as set forth in claim 2,
wherein the at |east one rotating nenber includes at | east one gear.
5. A cushi oni ng conversion machine as set forth in claim3, wherein the

at least one rotating nenber includes a pair of gears, and the severing
elements extend to a point radially aygward froma point on an axis of the
gears beyond a distance to a pitch circle of the gears. 6. A
cushi oni ngneveakiedevn12dcdl aachibolding fesernblyriscetraotesl awlayrfeom thee

one.gear. Teopecuve SEMShayy dula BARacpertii Feres Shaih, mere@ted st AR
claim3, VRhRAINgEetweHLIRStARMARF ahd riovdibléjds bf @deh holding 8. A
cushi oni ng conversion machine as set forth in claim2, having at |east one

severing rasssmblyoohiiensi desitid lengttoohithe perfbrated stag hes heemepradsgedher at
to

regular interyal,s at aline in th ath of fhe stock, mater.i 0_a
perforate ﬁef_egf’dfz’?%%'(se?ti‘) .eg.or ‘F'Sg"gag@?’- ﬁl@ mmepﬂf?wgeé(ffdlgf??ﬁ machi ne
as set forﬁcﬂdin@ ssdrAbily is%r?lz@dttg%oW%@%Ma@?é’]aQ@s hBel RS RuREVeri ng
menber having a plurality of laterally spaced perforating elenments
oper at i ve stetiboery [pawv$ de atincimsndrthukdoich pee parfotatedrstip thajedstween at
locations disposed on opposite sides of a tear line defined by perforations
formed in the strip of cushioning. Alternatively, either holding assembly may
10 include perforating elements to form the perforations in the strip. With the
strip thus held, the moveable holding assembly 132 is pivoted (or otherwise
moved) relative to the stationary holding assembly 120 to effect tearing of
perforated strip along the tear line. Then, the jaws to the assemblies are
opened to permit the torn section of cushioning to be removed. Also, the
15 moveable assembly is returned to its original position for production an

additional length of perforated strip of cushioning.

A sensor or other device may be used to detect the position of the tear

line. In the embodiment described with respect to Figures 10 and 11,

20 preferably the tear line is located at a point that is close to but downstream of
the holding assembly 120. In the embodiment described with respect to Figs.
12 and 13, the tear line preferably is located at a point between the jaws of
the holding assemblies 120 and 134, respectively. A sensing device such as
an encoder may be relied upon to monitor the rotation of the gears and

25 accurately position the perforated tear line between the tearing assembilies.
An exemplary device is described in commonly owned U.S. Patent Application No.

08/155,116, hereby incorporated herein in its entirety.

Although the invention has been shown and described with respect to a

so certain preferred embodiment or embodiments, equivalent alterations and



conver si on nechani sm 19
10. A cushioning conversion machine as set forth in claim1, wherein the
weakeni ng devi ce includes a severing nenber having a plurality of laterally
spaced perforating elenents operative to formperforations in the paper
downstream of said_ conversion nmechani sm 11. A cushioning
conver si on machi ne as set forth in cl a1, wherein the meakening devi ce

i ncludes a_s verin me haV|n p | at er a

per  or at 1 OB GRS DL Paeps to odhats st inghecarbBonSeHbAREr wi ¢ hi n
said convgnddRfaritiRgaRis Bpecification and tRe anfekbd MrOWidYL. CPRYYres &y Machi ne
as set forth in claiml, wherein the weakening device perforates the stock

mat eri al tmaas&ensetwd@@raibsu@meqmvatelmt@ltetét@nssamtmqmtnea‘mms in 13.
A cushi oni ng . conversi on ne. as et forth in claim1, wherein the
weakeni ng ﬂ% vieslerragard tgéf‘@c‘@é’&“ﬁr YRFiipgs QPUE?H“ﬁH%é’htnenﬁlP%‘b"egeﬁc‘hté%anl cal

devi ce, sa i@\'@@ﬁ%r%a(boﬂ%ym%tsaa&?a‘-‘rﬁl’:hesa@e%ﬁ&%t 'E:QH%%&H&; RY ')Cﬁw@&ﬂ'nﬁ’s
radi ati on device. cushlonlng conver si on machi ne for

converti ng(lsﬁedtngsadekemacertoaa “means’) aseddhidescribe suobintegeswrpe i si ng;

a conver5|on chanism for converting the sheet stock-majerial into a

t hr ee- ended to correspond, uniess otherwise mglcateJ 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

10 disclosed structure which performs the function in 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 features of the other embodiments, as may

15 be desired and advantageous for any given or particular application.



di mensional—strip of cushioning; and REPLACENMENT

gs&ﬂ"ﬂﬂ "WM?W’ m he stock material along spaced teg(r) li nes ammgfgggi "

the stvy1p 0O may be detachable along the tear lines to form

di screte | engths of cushloning products; wherein the conversion
mechani smincludes a feed assenbly havifhhg at | east one rotating nenber
operative to dr% heéiheet stock material through the conversion

mechani sm and "devi ce includes at |east one severing nenber
coupled to said rotating nenber for rotation therewth; wherei n at

| east one rotating nenber includes at | east one gear; and wher ei n

t he severing nehber Hasusehioumi W\@d@ieneﬂa@ﬁdeﬁgr tooyaréingl shest staek root of

sai d gear. nin product produced by the process
conpri si nd PR Bb%a cf”Sh'o'—""g pmg qi?r?fﬂ'sé %heet stock material having at

l'east ope ply tg c%n@@?&lbﬁ"rh@%arﬁ%@fr%‘oﬁoe tHtesheet stock m@eRanirald v
permanent|ly deform ng the sheet stock material into a three- dinensional

shape to fuwes-aimensprad stig lof euishipning and  weakening the strip of
cushi oni ng by perforatln he t rsel tendin ar
lines; and 'é%?grf%’ f%*‘%’t‘&ﬁ%’l‘e@.ﬂ"g%éﬁ i (&a %’nq{ea)siongnsgag?ég?%:[ e
cushi oni nQIrFHSOWKeTrébY the stnp dmﬁfsﬁidh:ﬁ@?rtﬁnbé?db'té(c%lﬂ%@tﬂﬁé @R GhEsNg
i ncl udes interconnecting the sheet stock material with at | east one
rotati ng nenform disaratentexigths lod cushisaing products.
10
2. A cushioning conversion machine as set forth in claim 1, wherein
the conversion mechanism includes a feed assembly having at least one
rotating member operative to draw the sheet stock material through the

conversion mechanism, and the weakening device includes at least one

15 severing member coupled to said rotating member for rotation therewith.

3. A cushioning conversion machine as set forth in claim 2, wherein
the severing member has a plurality of laterally spaced severing elements
operative to weaken the stock méterial by forming perforations in the stock

20 material as the severing member is rotated through the path of the stock

material.

4, A cushioning conversion machine as set forth in claim 2, wherein
the rotating members include at least one pair of gears.
25
5. A cushioning conversion machine as set forth in claim 4, wherein
the severing elements extend to a point radially outward from a point on an

axis of the gears beyond a distance to a pitch circle of the gears.
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di mensi onat—shape-of the strip of cushioning.
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16. A ﬂu ﬂ produced by the process set forfth in _cI aim 15,
wherein "Bﬂmfep i ncl udes providing stock material which is

biodegradable recycl &bl e and conposed of a renewabl e resource.

17. A nethod of meking a perforated cugBioning product conprising the
steps of: suppl ying a sheet stock naterial to a conversion
nmechani sm - confe %Wentﬂ%cgm‘éﬁﬁloﬁtmékh'Mt@rwilforﬂitl@ claim 5, wherein

apart the | BSGTR TR é""%’“ﬁg* Rherlds TSR TP ] oPRCO07 obf LnathPeatkopbar

lines into emegeat.e cushi oni ng products; _ mhereln t he suppl ying step
i ncludes supplying stock material which is biodegradable, recyclable and
conposed of a renewabl e resource; wherein converting includes

mechani cal l'y integrcon e L, e sheet. stock at | east one
rotating rrenber ?o msu%n aléll'r}gp LE; SoAYEESigp rpﬁﬁh'lnﬁraéseseta#(?ft:ge'ﬁs‘f'ﬁ‘ﬂ&la's“f’ prpin
18. A nmet o sévarid reerabeels 8atrafed dRiaeoONi Ng product conprising the
steps of: supplying a sheet stock material to a conversion

mechani sm converting the sheet stock material into a

three-di nensi onaé- str iApt':ugl%gning conversion machine as set forth in claim 2, having
at least ohe severing member cooperative with another hember so as to come

10 together at regular intervals at a line in the path of the stock material so as to

perforate the stock material.

9. A cushiohing conversion machine as set forth in claim 1, wherein
the weakening device includes a severing member having a plurality of
15 laterally spaced perforating elements operative to form perforations in the

paper upstream of said conversion mechanism.

10. A cushioning conversion machine as set forth in claim 1, wherein
the weakening device includes a severing member having a plurality of
20 laterally spaced perforating elements operative to form perforations in the

paper downstream of said conversion mechanism.

11. A cushioning conversion machine as set forth in claim 1, wherein
the weakening device includes a severing member having a plurality of
2s  laterally spaced perforating elements operative to form perforations in the

paper within said conversion mechanism.

12. A cushioning conversion machine as set forth in claim 1, wherein
the weakening device perforates the stock material transversely across the

30  width of the stock material.
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weakeni ng ng the stri p by perforating along tear lines for separating into
di scr ﬂl\[m“Loducts wherein the converting step is
acco fm“mu mﬂ rsion mechanism having a form ng assenbly for
convertting the $hekt "stock material into a three-

22 di nensi onal shape, and wherein the weakening step occurs before the
stock material enters the form ng assé&¥bly. A net hod of

maki ng a perforg‘%ed oy hér%@éﬂ%a{?&%deugtoggrﬁa rslné' ggsﬁgﬁﬁrth%ﬁéﬁ% 1, wherein

supplying a she st oc

conver ti ngtHehvesReAIng Hevice MY Heddelbdted faorhhheegrduﬁmmcﬁnab;uabelao, and
weakeni ng the stri E by perforating along tear lines for separating into

di screte w@shpoifiahgepiasdrceRemical devicgherlasar, eneleasrampgneiic devise and
acconpl i shed g%nﬁ ‘@gx§53|on mechani sm having a form ng assenbly for
converting {f ee ock material into a three- dinensional shape,
wher ei ngt he converting step includes nechanically interconnecting the
sheet stock nmaterial with at | east one rotating nenber to nmaintain the
t hr ee- di rrensu ondp. shdﬁoeuslmonmg squrswaurmamhleeeamsatrferﬂmak@mmgl swbprem

occurs aft he sto ses hro h,the form sse
20" A et Hiso Al WiafBR? hif a RTREG: ok HERa GO LR BheF BRE Tk afi s
has a feeds#gsgadky for draw ng the stock material through the form ng

assenbly and wherein the weakening step occurs after the stock materi al
passes through the

10 16. A cushioning product produced by the proéess comprising the
' steps of:
supplying a sheet stock material having at least one ply to a cushioning
conversion machine;
mechanically permanently deforming a sheet stock material into a three-
15 dimensiona_l shape to form a strip of cushioning; and
weakening the strip of cushioning by perforating the strip along
transversely extending tear lines so that the strip is severable along the tear

lines into discrete cushioning products.

20 16. A cushioning product produced by the process set forth in claim
15, wherein the supplying step includes providing stock material which is

biodegradable, recyclable and composed of a renewable.resource.

17. A method of making a perforated cushioning product comprising
25 the steps of:
supplying a sheet stock material to a conversion mechanism;
converting the sheet stock material into a three-dimensional strip; and
weakening the strip by perforating along tear lines for separating into
discrete cushioning products.

30
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f eed assenb A method as set forth in claim 19 wherein the

conver si a feed assenbly for drawi ng the stock materi al
t hr ough mnmm“mgmls\tuﬁb

23 and whérefn the weakeni ng step occurs as the stock naterial passes
through the feed assenbly. 22. A nethod as set forth in claim
17, wherein the weakening step includeg0-perforating the stock material

using a device selected fromthe group which includes a mechanical device,
a chenical devid®- a A4agthodyas sp fﬂ'ﬁ‘?ﬂl‘fﬁ@}?@!‘l 7 owheean dha conveRinasiemis
devi ce. IR [ whey, e
weakeni ng SFSB'W"#%ﬁeﬁ b%l H?%)t at {%énZﬁésﬁ{aﬁérﬁpr{oa&“\ié]?cfﬁ}éy@er r atrg%l bf(gde S
radially ak:baobamgmhashtaet pdlomaterialtiie 8 tele-diniersiarial shapegahadr

intervals as the shaft rotates t he serrated bl ade E)(ast th pat h of the
stock mat ettRfrein the weakesung sienBERdd RformMngtoskJarIBIACEE N oni ng

pr oduct Scorm{,hmsfgs%] biySt eps of : supplying a sheet stock materi al
to a conversion nmechani sm converting the sheet stock material into
a three-dinensional strip; and weakening the strip by perforating

along tear lines for separating into discrete _cushiqnin roduct s;
g .J3 rPlethod ag set tforth in claim 18, wherein th% \Beakemng step

occurs after the stock material passes through the forming assembly.

10 20. A method as set forthdn claim 17, wherein the conversion
mechanism has a feed assembly for drawing the stock material through the
conversion mechanism, wherein the weakening step occurs after the stock

material passes through the feed assembly.

15 21. A method as set forth in claim 20, whersin the weakening step

occurs as the stock material passes through the feed assembly.

22. A method as set forth in claim 17, wherein the weakening step
includes perforating the stock material using a device selected from the group
20 which includes a mechanical device, a chemical device, a laser, an

electromagnetic device and a radiation device.

-23. A method as set forth in claim 22, wherein the weakening step
includes perforating the strip by rolling a sprocketed wheel across the width

2s of the stock material.

24. A method as set forth in claim 17, wherein the weakening step
includes rotating a shaft upon which a serrated blade is radially attached so as
to perforate the stock material at regular intervals as the shaft rotates the

20 serrated blade past the path of the stock material.
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wherein the converting st ep includes nechanically permanently deformng the

sheet d inparting permanent creases in the sheet stock

naterimlmmm]mmmumrt he cushi oning product to nmaintain its three

di mensi‘ondl &$hape,® herein mechanically permanent|y deforning includes

I nt erconnecting the sheet

24 stock material with at | east one re2kting nenber to nmmintain the shape

of the three- i mensi gpal, strip. . . 25. A npethod as set forth in

claim 17, wher &%H&E‘eﬁgﬁ%aﬁiﬁ} forthyini ¢laim dds WhSIBH tenseRYSERIEERY i al

sel ected | | . 0 Lal

mul ti-pl yfr{sc?‘(ﬁ)%%(éqﬁ]aﬁri a él"iyn&%g? %@{g&%ﬁefﬁh {'{lﬁ?{p‘{eyéﬁegc ta%’g?ﬁarﬁegﬁ P ?ﬁbf an-fold

form aninpaiting peymsheskcrasses iimithe Bhesdstoc uabtesiak aihifio emableothea

cartridge. L 2(55. A cushi onj n% conversi on nmachi ne for converting

sheet st oERSHIRNING Rrodycii® maimiat) Bhthipepdigmnstonat §Appe-si ng: a

conver gi on mechani sm for converting the sheet stock material into a three-

di mensional strip of cushioning; a weakeni ng device for weakeni ng

t he stock mater2@l tA npethddcas spafuerth ireealaiml i heshetein ehy prdvadiBig stepof

cushi oni n c:l’lrag be det achabl ei<al ong t he tear Iings to form discrete |engths

of cushi oI SHARMANG sHeek matertal selpgted {epra 0P GEo¥R WINGPAPFIYIeRPrEheet

stock mat gLj il o d | AV o[ eTa T t he

tear |i negétfg’lr?{g?n% ft%%g Hcri\{aggér?ae'ie |e?&?ﬁ§éégfem gﬁ%ﬁ‘@%%‘é pr'oﬁ‘ﬁﬂct?g.‘@lsm
material in fan-fold form, and multi-ply stock material in individual sheet form

10 from a cartridge.

27. A method as set forth in claim 17, wherein the supplying step
includes supplying stock material which is biodegradable, recyclable and
composed of a renewable rescurce.

15

28. . A dunnage product comprising a strip of sheet stock material
formed into a relatively low density, three-dimensional strip of cushioning,
said strip of cushioning including weakened tear lines spaced apart along the
length thereof at which the strip may be separated to form discrete sections.

20 .

28. A cushioning conversion machine for converting sheet stock
material into a cushioning product, comprising:

a conversion mechanism for converting the sheet stock material into a
three-dimensional strip of cushioning;

25 a weakening device for weakening the stock material to produce
spaced tear lines whereby the strip of cushioning may be detachable along the
tear lines to form discrete lengths of cushioning products; and

a holding device for holding the sheet stock material to facilitate
detaching the strip of cushioning along the tear lines to form the discrete

so lengths of cushioning products.
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27. A Gu-s-hi—oni‘ng’é’é'ﬁ_\ier sion machine as set forth in claim26, wherein the
hol di ng deyvi noveabl e j aw whi ch pi nches and hol ds the
perfor-at%m Lmﬂ oning against a stationary jaw

25 . Lcus I &éni hg conversi on nmachine as set forth in claim 26,
further conprising a tearing device for tearing the strip of cushioning
along the tear lines to formthe discrete | engths of cushioning products.
29. A cushioning conversion nachine as set forth in claim28, wherein the
tearing device includes a noveabl e hol ding assenbly having a noveabl e jaw
whi ch pinches and holds the perforate@2strip of cushioning against a
stationary jaw, the noveable hoI di ng assenbly bei ng noveabl e between a
grab position a pos t forth in
QAT 37 her oBR- e CLapBRIH 6 SSrersion macking S aaTT RySel8 2 Eonpr | e

suppl yi ng glRebinsiHRECKo MM E dediceRkiUdg st molBablel ;hﬂﬁﬁ:h’r’éﬂpwﬁ%%%ﬁd Hsndtshl s
sheet stock material into the three-di nensional ‘strip.

met hod as e pedoratednsitipadhcaghioningr againstad dtatiqaeFyiaw. st ep and sal d
converting step conprise supplying sheet stock material w thout the tear
lines and formng the tear lines in this sheet stock material during the

convertisng step31. A cushioning conversion machine as set forth in claim 29, further
comprising a tearing device for tearing the strip of cushioning along the tear

lines to form the discrete lengths of cushioning products.

32. A cushioning conversio.n machine as set forth in claim 31,
10 wherein the tearing device includes a moveable holding assembly having a
moveable jaw which pinches and holds the perforated strip of cushioning
against a stationary jaw, the moveable holding assembly being moveable

between a grab position and a tear position.

15
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