DUNNAGE CONVERSI ON MACHI NE AND METHOD We claimthe benefit of U S.
Provi si onal Patent Application Nos. 60/974,532, filed 24 Septenber 2007,
61/ 035, 701, filed 11 March 2008; and 561/076, 365, filed 27 June 2008, each
of which is incorporated by reference. Field of the Invention The present
invention is related to dunnage conversi on machi nes, and nore particularly
to a stock supply assenbly and an output chute for a dunnage 10conversion
machi ne, and a correspondi ng net hod, as well as a dunnage conversion
machi ne and nethod for maki ng a wappabl e dunnage product from a sheet
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into the conversion assenbly. The stock material typically is stored

adj acent the conversion assenbly, Wi the stock material as it
produces strips of 25 dunnage fro’#@nﬁgfqﬂ& unﬁggg products are severed. Wen
the converter is déplrogsedt nreidionéatetated toalvheagsr coov ersionwoadinsardrice, keepi ng
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or frame of t{e, ERMNEGhEGind ShdHHbHEd B ARG a wrappable dunnage product from a

sheet stock material.

Background
15 Dunnage conversion machines convert a stock material into a dunnage
product that can be used to pack articles and thus minimize or prevent damage
during shipment. The dunnage conversion machines, also referred to as dunnage
converters, include a conversion assembly that converts a stock material into a
relatively lower density dunnage product as the stock material moves through the
20  conversion assembly from an upstream end toward an outlet at a downstream
end.

At the upstream end of the converter, a supply of stock material is fed into
the conversion assembly. The stock material typically is stored adjacent the
conversion assembly, which consumes the stock material as it produces strips of

25  dunnage from which dunnage products are severed. When the converter is
deployed underneath a table or other work surface, keeping the stock material
under the table keeps it out of the way, but makes replenishing the stock material
difficult.

At the downstream end, dunnage conversion machines often include an

30 output chute secured to the housing or frame of the converter to guide dunnage
products away from the outlet. The output chute supports and guides the
dunnage products and can prevent the exiting dunnage products from causing

jams in the conversion assembly. A typical dunnage product has a length of



products away fromthe outlet. The output chute supports and gui des the
dunnage products and can prevent the exiting dunnage products from causing
jans in the conversion assenbly. A typical dunnage product has a | ength of
about twenty to about seventy centineters. |f a dunnage product does not
exit the output chute on its own, a subsequent dunnage product typically
wll push it out of the chute. A wappabl e dunnage product may be

advant ageous for l|ayering, including 5placenent between relatively flat
itens such as plates, and/or for individually wapping articles such as
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10protective wappi ng product. Existing w appabl e dunnage products include
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15 rollers that extend across the width of a sheet to form the regular sinusoidal shape
as the sheet passes between the rollers. These pleating rollers are very
expensive to make. Cardboard also is difficult to produce on demand since the
glue holding the layers together has to dry before use. Therefore, on-demand
conversion of a stock material into a cardboard-like wrapping dunnage product
20  probably is not practical.
Unlike cardboard, plastic bubble wrap can be made on demand, but the
process is very slow (generally about nine meters per minute, compared to about
twenty meters per minute for some converters that produce paper dunnage) and
its speed is limited by the nature in which bubble wrap is made. Additionally,
25 plastic is increasingly expensive, as well as increasingly being seen as bad for the

environment.

Summary
We have developed a wrappable dunnage product that can be produced
30 relatively quickly on demand from a sheet stock material forimmediate use. An
exemplary stock material is kraft paper, which is biodegradable, recyclable, and

composed of a renewable resource.



Summary We have devel oped a w appabl e dunnage product that can be produced
30 relatively quickly on demand from a sheet stock material for immediate
use. An exenplary stock material is kraft paper, which is biodegradable,
recycl abl e, and conposed of a renewabl e resource. More specifically,
the present invention provides a w appabl e dunnage product, a dunnage
converter for converting a sheet stock material into a wappabl e dunnage
product, and a correspondi ng nethod for produci ng a w appabl e dunnage
product. In particular t he present invention provides a nmulti- 5ply
dunnage product t erxr n Iof used as a
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that is ¢
downstream of the feed mechanism. The feed mechanrsm advances at least a

first web of sheet stock material therethrough at a first rate. The connecting
mechanism (a) retards the advancement of the sheet stock material by passing
the sheet stock material therethrough at a second rate that is less than the first
25 rate, thereby causing the first web to randomly crumple in a longitudinal space
between the feed mechanism and the connecting mechanism, and (b) connects
the crumpled first web to a second web to maintain the crumpled first web in its
crumpled state. The second web may pass through the feed mechanism and
crumple between the feed mechanism and the connecting mechanism, or bypass
30 the feed mechanism and join the first web as an uncrumpled ply.
An exemplary dunnage product includes multiple plies of sheet stock
material connected together, including at least one randomly crumpled sheet

having an irregular pitch that is connected to one side of another sheet to maintain



the crunpled sheet in its crunpled state. An exenplary stock materi al

i ncl udes paper. And an exenpl ary nethod for produci ng a dunnage
product includes the follow ng steps: (i) advancing at |least a first web of
sheet stock material through 5an upstream feed nmechanism (ii) retarding

t he passage of the sheet stock material downstream of the feed nechani sm by
passi ng the sheet stock material at a second rate that is |ess than the
first rate to cause the first web to randomy crunple, and (iii) connecting
mul tiple | ayers of sheet stock material, including connecting the crunpled
first web to c o hold
the crunpl ed TrCaagboredt TREQDRNREAL, AR g L et
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crunpl e mechanism and the connecting mechanism, and (b) mechanically connects
multiple sheets of stock material together to hold the crumpled sheet in its

20  crumpled state.

Yet another dunnage conversion machine for converting a sheet stock
material into a dunnage product includes a feed assembly for advancing a sheet
stock material therethrough at a first rate, and a connecting assembly downstream
of the feed assembly that (a) advances the sheet stock material therethrough at a

25 second rate that is less than the first rate, thereby causing at least one sheet of
stock material to randomly crumple in a longitudinal space between the feed
assembly and the connecting assembly, and b) mechanically connects multiple
sheets together, including at least one crumpled sheet, to maintain the crumpled
sheet in its crumpled state.

30 Another method for producing a dunnage product includes the steps of (i)
advancing a sheet stock material at a first rate, and (ii) mechanically connecting
multiple layers of sheet stock material together at a second rate that is less than

the first rate to cause at least one sheet of stock material to randomly crumple



wi thin a confined space before being connected to another sheet to maintain
the crunpled sheet in its crunpled state. Still another dunnage conversion
machi ne for converting a sheet stock material into a wappi ng dunnage
product includes (i) nmeans for advancing a 5sheet stock material at' a first
rate, and (ii) means for nechanically connecting nultiple |ayers of sheet
stock material together at a second rate that is |less than the first rate
to cause at | east one sheet of stock material to randomly crunple within a
confined space before being connected to another sheet to maintain the at
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separator that cooperates with channel guides to define multiple channels for the
20  stock material to travel through the feed mechanism to the connecting
mechanism, whereby the channels confine the stock material as it crumples
between the feed mechanism and the connecting mechanism, and each channel
has a different height to promote different frequencies and amplitudes in the
crumpling of respective webs of sheet stock material, (v) laterally-spaced forming
25  members that extend into the path of lateral edge portions of the sheet stock
material to urge those lateral edge portions inward to reinforce the edges of the
stock material as those edge portions pass through the connecting mechanism;
(vi) a series of transversely-extending serpentine guides upstream of the feed
mechanism that define a serpentine path for the sheet stock material to improve
30 its tracking and maintaining a minimum tension in the stock material drawn
therethrough; (vii) wherein the aforementioned serpentine guides include three
parallel rollers arranged with the axes generally in a common plane, and at least

one roller is pivotable between an operating position in line with the other rollers



and a | oading position spaced fromthe operating position to provide a

| arge gap for threading the stock material therethrough; (viii) where the
connecting nechanismincludes at | east one pair of gears that intermesh to
connect the nultiple |ayers of stock material, the gears-include at |east
two | aterally-spaced 5 segnents on opposing sides of an annul ar recess

t herebetween, and a stripper bar extends through the annular recess a

di stance upstream and downstream of the gears to help rel ease the stock
material fromthe gears; and (ix) wherein the feed nechani smincl udes at
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di spensi ng the dunnage product through an outle he conversion assenbly
i s capabl 0 of MBROBEEWRY fmwﬁ@éﬂ%ﬂ%m@%@ lsrdifg PShptteiqmateddl The
conver si on asgefbiveahso i ncl udes an output chute adj acent the 25outl et.
The output chute is nmoveable between a first position where the o tput

chute is aligned WW?Haﬁﬁﬁu@%??bﬁmﬁ%dVﬁ%R“@ﬂﬁﬁaﬁgmﬁPgﬁu@?§KH%VPWﬁ | east a
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t he out put chute
out of the chute.
By moving the output chute out of the way, relatively short dunnage
products can take an alternate route or path and fall through a gravity chute rather
than being fed into the output chute where they might jam.
20 An exemplary dunnage conversion machine provided by the present
invention includes a conversion assembly for converting a stock material into a
dunnage product and dispensing the dunnage product through an outlet. The
conversion assembly is capable of producing dunnage products of multiple
lengths. The conversion assembly also includes an output chute adjacent the
25 outlet. The output chute is moveable between a first position where the output
chute is aligned with the outlet so that dunnage products having at least a
predetermined minimum length are dispensed through the outlet into the output
chute, and a second position where the output chute is not aligned with the outlet
so that dunnage products having a length less than the predetermined minimum
30 length that are dispensed through the outlet bypass the output chute.
Another exemplary dunnage conversion machine provided by the invention
includes a conversion assembly for converting a stock material into a dunnage

product and for dispensing the dunnage product through an outlet. This



Anot her exenpl ary dunnage conversion machi ne provi ded by the invention
i ncl udes a conversion assenbly for converting a stock material into a
dunnage product and for dispensing the dunnage product through an outlet.
This conversion nachine al so includes an output chute adjacent the outlet.
The output chute has walls that define a passage through the output chute.
The output chute is noveabl e between a first position where the passage is
aligned with the outlet to receive dunnage products, and a second position
where the passage is not 5aligned with the outlet. The conversi on nmachi ne
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a dunnage progiistrasmichg of tHeconatieh bddentil@VEleScdneicAsE@sbiy eam end of the
conversion assenbly to a downstream end of the conversion ass&rﬁglﬁr.P The

conver si on asBex#As2 honsingdaat defingsian piylet Wé@lsgwq HB SUBRAYSRTP

di spensi ngs t h&ndéi%ﬂ%adﬂrr@cawmcﬂm :Q%U{@It%h@t@a Bmtﬂﬁe’autﬂéb The buders a
chut e adj acent the outlet. The conversion as§$Y nses du nage

product s t hr otk @Wrbnd&sﬁrggm,eﬁdéhqj&mqua@@ﬁe tf‘%ﬁ“ W@t"@ﬁ’ﬂt as a

gravity portigRitbhahefxthen@strédm @ndibwta@bumot ctrrumsxaegmaej witrethd ouist tts eam
direction, and an g%ﬁut chut e % ion that is de bet ween. a fi

posi ti on wher'€%He & Pryrisdiom Be CORETYyoR Biﬁe PB Bc‘)SIE{D?T\éd\ﬁDngIOa' i gned
wi th the outlgieraf @wesmrwhdmmetdmtmﬁe& tdraligesitwithathe eotktad tidte out put
chute portion,is

chut e por £ orf LE‘PB%% gHQS 895\}%“?gorgvg’tfst'(?r{ﬁ'nsseQﬁgqiyﬁa?s‘h% gg@%#}%ﬁ%ga E ihgnoﬂlgut
gravity chute por trebandtiserajpenadeocdnhersimutrhaehine includes a conversion assembly
for converting a stock material into a dunnage product as the stock material
travels from an upstream end of the conversion assembly to a downstream end of
the conversion assembly. The conversion assembly includes a housing that
25  defines an outlet for dispensing the dunnage product. The conversion machine
also includes a chute adjacent the outlet. The conversion assembly dispenses
dunnage products through the outlet in a downstream direction. The chute has a
gravity portion that extends in a direction transverse the downstream direction,
and an output chute portion that is moveable between a first position where the
30 upstream end of the output chute portion is aligned with the outlet and a second
position where the upstream end of the output chute portion is spaced from the
outlet. In the first position, the output chute portion closes the gravity portion, and

in the second position the gravity chute portion is open to the outlet.



An exenpl ary net hod of di spensing dunnage products includes the steps of
(a) converting a stock material into a dunnage product and di spensing the
dunnage product through an outlet, (b) if the dunnage product has at | east
a predeterm ned m nimum | ength, noving an upstream end of an output chute
5adj acent to and in alignment with the outlet to receive, support, and
gui de the dunnage product as it exists the outlet. If the dunnage product
has a length that is |ess than the predeterm ned m ninum | ength, the nethod
i ncl udes the step of aning the upstreamend of the output chute relative
to the outlet so that du cts exi s t he out put
g pLd P

chute. 10To make A REIPH bRl JBor A LB IR The
present i nventfi(ehcqnvening estaksineéral tnitas dsmnagesnmnwkztérWdlsmﬂsmIQMmg, away

from Che convelanaARSeBlotun 219, A8 RAGk L0 fRuhe cauty Lhe way vt e

the dunnage conve I'S ‘ope I"ar nnage donversi on machi ne
provi ded by tpredgeesieed mlrﬁymnmémgtmnmowmglamtraarsmmof armpufsummtal ng a

I f st l. i t ock
macor ] al i o codenh o in aB AP RLELRTLABEE IR e ClpeR R bRER 2L 0TS on
assenbl y and @Lh@ag@etorducﬂaﬁ;et efied$ fheiasitlet ighe Hynme@mwcb@aa/@@ngfaﬁh@ﬁfer ating
posi tion adj agahjoh it GAAUE n?hé’d‘m%ﬁﬁrﬂ'%résgﬂ@% RAethBd §té&52‘fospaced

fromthe operating position ng materi a out novi ng t he
conversi on as®eyny e upstreamphd of Gieaytiu @%é@ltﬁlai'tvﬁé‘?thﬁé%lt'@ﬁﬁ@sth@ifduﬂh@ge

i nvention are rB@ &l Q)@Mgetﬁe oY ,ét)byggs%qﬁé Q@gutad?,gteoartl cularly pointed out in

t he cl ai ns, the fol lowng description and annexed drawi ngs setting forth in
detai| ceffain il TQPakatil sasias ibeschtaskibe seply plstodhveaieiane prssat embodi ment s

bei ng i ndi catihyioh QHRMRE a s%wmgt smje%%m 1of retst&klaéwaﬁk&n waYonldlsivhi ch the
principles of the inventjon my rief Description of the

Dr awi ngs assgmly, gnq gidgs §€%ﬁé@ be OP%?{%‘%’T‘M Whiledhe grneagesRBIBIcalSy dunnage
conver si on megfkdtRgpr ovi ded in accordance with the present invention.

30FIG 2 is a sch rratlc pective view of erative el enents of an
exenpl ary dunnage £SHGEP i“b r}?&&ﬁpﬁréveb?%ma%m‘? Woé‘gﬁgp}ﬁlﬁﬁo‘@eﬁnﬁh t he

present i myenhidiion includes a shelf for supporting a supply of stock material, a conversion
assembly for converting a stock material into a dunnage product, and a stand that
supports the conversion assembly and the shelf. The shelf is linearly movable
between an operating position adjacent the conversion assembly and a loading
position spaced from the operating position for loading stock material without
20 moving the conversion assembly.

The foregoing and other features of the invention are hereinafter fully
described and particularly pointed out in the claims, the following description and
annexed drawings setting forth in detail certain illustrative embodiments of the
invention, these embodiments being indicative, however, of but a few of the

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

Brief Description of the Drawings
FIG. 1 is a schematic representation of an exemplary dunnage conversion
machine provided in accordance with the present invention.
30 FIG. 2 is a schematic perspective view of operative elements of an
exemplary dunnage conversion machine provided in accordance with the present
invention.

FIG. 3 is a top view of the dunnage conversion machine shown in FIG. 2.



FIG 3 is a top view of the dunnage conversi on machine shown in FIG 2.

FIG 4 is a cross-sectional view of the dunnage conversion machi ne shown in
FIG 3, |ooking downstream as seen along |lines 4-4. FIG 5is a
cross-sectional side view of the dunnage conversion machi ne shown in FIG

3, as seen along lines 5-5. 5FIG 6 is a cross-sectional end view of the
dunnage conversi on machine shown in FIG 2, |ooking upstream as seen al ong
| i nes 6-6. FIG 7 is a schematic view of a dunnage product produced
by the dunnage conversion machine shown in FIG 3. FIG 8 is a

schematic represe t] . ; e L ORi L ORBGH ovi ded
i n accordance wt ﬁli?'hdeg%rcgésesg%%?'&r}%\ﬁ'tglb‘l/o%ﬁ.ﬂ% duﬁﬂggyeg@v&%loﬂws a B{eepsg]gg/@ti ve
vi ew of an exiefiibal yoakingrigesteaw es seenalortliiead-4onsi stent with the

schematic represematy an érgss'-:%e%%i%rﬁal aide view dFki@ du]nga{;é C&W@Fﬁ&?mggﬁﬁé onal

el evation view of a portion o ~dunnage conversron machi ne FIG 9 as
seen gener al | shoaindm§!G.idnes sa@r dlong ner15.9. 15FIG 11 is a schematic

per specti ve vi ew gig % duiadesamyehd REAdHERMaddSILARAYGagHRVer Si on

machine of FIG 9. _ I's a schematic perspective view of a
packagi ng systemiimElQdi mykipetupaireammas seRrmege nedAvker si on machi ne.

FIG 13 is a perspagis K& thewafd vib®r §UIRIRGE pFRRNKEHSH RRAHGRS BErRbe FI G
2012 with the left si dle asnd tgp \Sanel s of itsIO hgus?rng reﬁved to ngeal t he

internal cor rgHemRios machine shepgin A8 8s a top view of the dunnage conversion
machi ne of FIG 13c|9Rk dtbembticicpReEhAonlG-ahdtheNdirngge E8nversion

10 machine provided in accordance with the present invention.
FIG. 9 is a perspective view of an exemplary dunnage conversion machine
consistent with the schematic representation in FIG. 8.
FIG. 10 is a cross-sectional elevation view of a portion of the dunnage
conversion machine of FIG. 9 as seen generally along lines 10-10 in FIG 9.
15 FIG. 11 is a schematic perspective view of a dunnage product produced by
the dunnage conversion machine of FIG. 9.
FIG. 12 is a schematic perspective view of a packaging system including
yet another dunnage conversion machine.
FIG. 13 is a perspective view of the dunnage conversion machine of FIG.
20 12 with the left side and top panels of its housing removed to reveal the internal
components.
FIG. 14 is a top view of the dunnage conversion machine of FIG. 13,
looking in direction 14-14 in FIG. 13.
FIG. 15 is a cross-sectional side view of the dunnage conversion machine
25  of FIG. 12, looking in direction 15-15 in FIG. 14.
FIG. 16 is a perspective view from the side of an exemplary stock material
supply cart for use with a dunnage conversion machine.
FIG. 17 is a perspective view from above the stock material supply cart of
FIG. 16.
30 FIG. 18 is an enlarged side view of an upstream end of the dunnage
conversion machine of FIG. 15.
FIG. 19 is an enlarged schematic perspective view of a portion of a feed

assembly of the dunnage conversion machine of FIG. 13.



FIG 15 is a cross-sectional
250f FIG 12,
perspective view fromthe side of an exenplary stock nmateri al
for use with a dunnage conversi on nachi ne.
vi ew from above the stock materi al

FIG 15.

portion
| ooki ng

| ooki ng

in the indic:

Irection represente

of FIG 14. 1 24 1s an enlarged

side view of the dunnage conversi on nmachi ne
| ooking in direction 15-15 in FIG 14. FIG 16 is a
supply cart
FIG 17 is a perspective
supply cart of FIG 16. 30FIG 18 is an
enl arged side view of an upstream end of the dunnage conversi on nachi ne of
FIG 19 is an enlarged schematic perspective view of a
of a feed assenbly of the dunnage conversion nachine of FIG 13.
FIG 20 is a cros ' 20 and
%]ég%\dla%g‘q B e%%'%ﬁV'EW%TFFC? 126}%@%%& c%r%gggz?naégng arr ows.
FIG 21 is a lopksgindbetridmatdd drieeliprotpiesented by tf@mnew@ﬂwglarm& 21-21 and
LT Lhe O 613 08 o ECR APV b PR IR
a perspective vi ew of rear, upper portion o e dunhage conversion
machi ne of FIlgpkingin the dlfeCt'Fn@d@i@d@’téﬁc@ms@ﬁ@@ﬂg aros- secti onal view of a

porti on of sa_conneqs ngs asaagbliefiod B A4ANREE: SAYRIhOR.IRGDI ne of FIG

13 Iooklng in direction 2

4

in@ED9Ws ggFl G 22 1S

cross- sect i on@ANVeisEW eAchinegd NG ol?- of the connecting assembly of the dunnage
conversi on machi ng|@f 23k Gn ehidrgd QKD clidhalliER GF b PBrtdfof a connecting

10

15

20

25

30

assembly of the dunnage conversion machine of FIG. 13 looking in direction 23-
23 of FIG. 14.

FIG. 24 is an enlarged cross-sectional view of a portion of the connecting
assembly of the dunnage conversion machine of FIG. 13, looking in direction 24-
24 of FIG. 15.

FIG. 25 is a perspective view of a drive chain portion seen from the right of
the dunnage conversion machine of FIG. 13 with the relevant covers of the
housing removed to reveal its components.

FIG. 26 is a front elevation view of a downstream portion of the dunnage
conversion machine of FIG. 12 with the housing removed to reveal a cutting
assembly.

FIG. 27 is an enlarged cross-sectional view of the cutting assembly of FIG.
26 as seen along lines 26-26.

FIG. 28 is perspective view of an exemplary dunnage conversion machine
with a sliding shelf in accordance with the present invention.

FIG. 29 is a side view of the dunnage conversion machine shown in FIG.
28 with the shelf in a working position.

FIG. 30 is a side view of the dunnage conversion machine shown in FIG.
28 with the shelf in a loading position.

FIG. 31 is a schematic perspective view of another dunnage conversion
machine provided in accordance with the present invention.

FIG. 32 is a schematic illustration of the dunnage conversion machine of
FIG. 31 with an exemplary output chute provided in accordance with the present
invention.

FIG. 33 is an enlarged cross-sectional elevation view of the output chute of
FIG. 32.

10



24 of FIG 15. FIG 25 is a perspective view of a drive chain portion
seen fromthe right of the dunnage conversion nmachine of FIG 13 with the
rel evant covers of the 15housing renoved to reveal its conponents. FIG 26
is a front elevation view of a downstream portion of the dunnage conversion
machine of FIG 12 with the housing renoved to reveal a cutting assenbly.
FIG 27 is an enlarged cross-sectional view of the cutting assenbly of FIG
2026 as seen along |ines 26-26. FIG 28 is perspective view of an
exenpl ary dunnage conversion nmachine with a sliding shelf in accordance

with the present 'Fnéeﬁ fs rbnerﬁe&we \Févs;nf%r%tm Q?]rﬂ)?l%/ cﬂt[ﬁ}‘(\’cﬁut tp%o%unnage

conver si on machi ne shown In a V\DI’ I'Nng posi t1on.
25FI G 30 is iaastetdandeawittothe presedunyrigen.odintee sitont shateninmdfirgtpeamion.n FI G 28

with the shelf i”()F?G'%g'arlg K)BW&&%utputchute BFBg 3k is a schematic

per spective view anot her dunnage conversion machi ne provided in
accordance with t TG piteis@ntendyigsnefitimoutput chute of Fi5.34.32 i s a schematic

illustratipn of ”F?Gdér'ﬂ@%%dec\%W%Fﬁb%ﬂtp”Pémhé‘@f ile) §@Hé%eo%3\d%§|{”brﬁn

exenpl ary output chute provid in accordance with the present invention.
FIG 33 is an enl &get 'éﬁ@étﬂ@éﬁq\’i’ eiae oetpel/@ALico? e -of the output chute
of FIG 32. FIG 34 is a perspective view of anot her exenplary out put
chute provided in accordance with the present invention, wth the output
chute in a first position. FIG 3Betaded Degerivtiatly of the output chute of

FIG 34. The present invention provides a dunnage conversion machine and method
10 for making a wrappable dunnage product from a sheet stock material, as well as a
stock supply assembly and an output chute for a dunnage conversion machine,

and corresponding methods.

Wrappable Dunnage
15 The present invention provides a wrappable dunnage product, a dunnage
converter for converting a sheet stock material into a wrappable dunnage product,
and a corresponding method for producing a wrappable dunnage product that is
relatively thicker and less dense than the stock material. In particular, the present
invention provides a multi-ply dunnage product that has sufficient flexibility and loft
20  to be used as a protective layer or wrap. At least one ply of the dunnage product
includes a randomly crumpled web or sheet. Randomly crumpling at least one
sheet provides cushioning properties to the dunnage wrap. The crumpled sheet
or sheets are held in the crumpled state along lines of mechanical interconnection
with at least one other sheet, where the lines of connection where the multiple
25  overlaid sheets or plies are held together can provide convenient fold lines.
Additionally, the dunnage converter and method provided by the present
invention can be employed to produce a dunnage product relatively quickly on
demand as needed without the expensive pleating rollers that create regular
parallel folds in a sheet stock material. Moreover, the converter and the stock
30 material take up much less space than the wrapping dunnage product produced
therefrom.
Referring now to FIG. 1, an exemplary dunnage conversion system 10

provided by the invention includes a supply 12 of multiple webs of sheet stock

11



FIG 36 is an end view of the output chute of FIG 34. 5FIG 37 is a side
view of the output chute of FIG 34 in a second position. FIG 38 is a
bottom view of the output chute of FIG 37. Detail ed Description The
present invention provides a dunnage conversion nmachi ne and nethod 10 for
maki ng a w appabl e dunnage product froma sheet stock material, as well as
a stock supply assenbly and an output chute for a dunnage conversion

machi ne, and correspondi ng net hods. Wap pabl e Dunnage 15The present

i nvention provides a w appabl e dunnage product, a dunnage converter for

converting a ghee I%@&&H@Fsgﬂrﬁgcﬂir@%tﬂaWo%QQr‘?sbthg s%ldf?'ﬂ%%gﬁ@?od%m’ and a

correspondi ng method for producing a w appabl e dunnage pro hat is

rel atively thiveoemngaianagsrrodetis & suliztie sieet stook atsiebincladies papepand/orcul ar ,
the present ipuantd aBPLgyli 8 rdr iRk URARIRr BLAAYEL AhRR @

suf ficient flgxgg%%itf’éﬁ%m€§§? éo {6 be usegﬂas’arprot%%tﬁvg %2 %ﬁlor
wrap. At | eassheshstopk ipatsriat fee usfuin iagyeonyesPIcRachinel 1hdedudesreithaoatipaler unpl ed

web or shegt. pI?@F‘Q%ﬂIt)lpI?rk%épﬁggi_r%tfidb@@ﬁ{erWI%II?ch'ﬁ’ﬁ;r RI\4rdesr cushi oni ng
properties to the dunnage wap. The crunpled sheet or sheets are held in

the crunpl ed Snaeeled IRty Iuia @39%5F In mefetriidadatagkn ML idmIede OF SRCKS PaY BR | east

one ot her shegied tWRESRIHAE nluitPRSsHRECH WRBS bf §BcABIRaltiBEcIMELIoR & the
250verl aid sheets or plies are held together can provide convenient fold

li nes. RHGRY 8¥HeeS Pradyel dunnage converter and method provided by the

present invention T¢:aruRRa nO¥8dn trfachM@ABGRcl el Hraad e A Lo i@l ativel y
qui ckly on denmand as needed w t hout the ex%)e%s(l ve ,gll eating rollers that
creat e redtil afdvgariag pEFastONgdirt sheptonweb ossiaekmAtgidri e FthraudnedVb? , t he
converter andcdnhgctiigatéchafismetEfor 8dnneatkke ritisiel oherla@pmgSpasts tddeamert he

D R S e BB B g it 8 FL el 20,
supply 12 of md thaptte feedsmeofarsdre@0 agtacks the stock material thereto, the
connecting mechanism 22 retards the passage of the sheet stock material
15 therethrough, which causes the stock material to randomly longitudinally crumple
or fold in a confined space extending longitudinally between the feed mechanism
20 and the connecting mechanism 22.

The connecting mechanism 22 connects multiple overlying sheets of the

stock material, including connecting at least one crumpled first sheet to one side

20  of another or second sheet, to form a crumpled strip of dunnage 23. The second
sheet may be a crumpled sheet that also passes through the feed mechanism 20
or an uncrumpled sheet that bypasses the feed mechanism 20. The conversion
machine also may include a bunching assembly 24 to inwardly gather the sheet
stock material upstream of the feed mechanism 20 and/or a cutting mechanism 26

25  downstream of the connecting mechanism 22 to sever discrete dunnage products
28 from the strip 23 of connected sheets.

In some situations the cutting mechanism 26 can be omitted altogether,
such as when discrete lengths of sheet stock material are supplied to the feed
mechanism 20 and the connecting mechanism 22. Another alternative is to

30 employ a sheet stock material that is perforated across its width so that a length of
wrapping dunnage can be torn from the strip of dunnage. The perforations can be
formed in the stock material before being supplied to the conversion machine16 or

formed as part of the conversion process. Additionally, the conversion machine

12



material and a conversion machine 16 that converts the stock material into

a wrappi ng dunnage product. A suitable sheet stock material includes paper

and/ or plastic sheets, supplied as a roll or a fan-fol ded stack, for

exanpl e. An exenplary sheet stock material for use in the conversion

machi ne 16 includes either a single 5ply or a nulti-ply kraft paper

provided either in roll formor as a series of connected rectangul ar pages

in a fan-folded stack. Multiple rolls or stacks may be used to provide the

multiple sheets or webs of stock material for conversion to the multi-ply

dunnage produ rsi i I f

mechani sm 20 écarﬁ%ﬁ%@gg% gepcét?&%% dSes"%(;dnle @n O?@ %ﬁdg%an esfr@m]@esgrfbock

mat eri al t her eftdunoagghmadedf @@mﬁa@s@chqatmalhd'ﬂmssoanm a‘momohﬁmé@w ng

mul tiple over i f i sm 20.
P ét@g@%@gweﬁgﬁghﬁcﬁm E@’f YRS LR Ogorﬁémftrfeg%wde%?

By passing the st _ ower rate n| sm 20
advances t he seBcR wiiledhe a¢nrtehm%mécham$é1 %Wﬁ?éﬁwsdg fﬁﬁbth@ﬁm@hf@zeflaét ar ds

Lhe passage Oholdifiofdieed ék{%oﬁ tp@g@l k latoribPy AGHORIRACAN EBpaitll &1 FRUSES the

stock material tor Irtu y crunple or in a confined
space extendi @ngelrf@WQD'ﬂ%@P@IQﬁ Ib9tV\{§?@ﬂ\Hkﬁafﬁe@ H@Ch@é‘“dn rE @RAHIesEANPectinad t he
connecting megRa M 22- The connecting nechani sm 22 connects

mul ti pl e overl y| ng sheets of the stock material, including connecting at
| east one crunpl eg?elff?rf'%@ nam kel G 2dn &irbpEdetaitsrf gn expmPRRBr Cvesvtond sheet |

to forma crumpbgck 56 él‘e%h%f/vnd%f@@ﬁ% 8%ath18mes§@@mat§h@%ts iTRaveae a crunpl ed
sheet that al so passes throu eed mechani sm 20 or an uncrurrpl ed sheet

t hat bypaé%esdqwtrﬁ@@dhrﬁé%mﬁ@ﬁhs%”m”eﬂfr%trl?d%Wé?@'PBrﬁ“@?ﬁE‘ﬁ@t@e %l so may

i nclude a bungdivagioasseiFHey32hclli@ed @M\a{celing a838rhgy 38 hefesbeaetersdipek materi al
upstream of the feed nmechani sm 20 and/ or cutti ngz mechani sm 26 25

downst r eam of MEHENSHRHE & GNGETHEEIFSHFE QQmFg‘aé‘éQ\Vé cﬂnQ@rCé‘lﬂé‘gcﬁﬁﬁ?fH@é

products 28 fsronedngiset4d. priddeed meoameet ed deheeaing.or more first ghemn@f si tuations
the cutting uch a screte

ani sm 6 ca alto et her

| ongths. of stk e Rk e arvaty 35 1 Genpprsgs o Thie GEdr AleRa 46 20 and
the connees i nghdwecthanguide &ath sAl@ftth@lUgiabtabum 1h\ee>unsh|hg)ass’é®nb®,n$ﬂ oy a sheet
stock materi al thj.g |bs gfrforatg&f&ﬁt s3, | (¥Y|dth s t hat a Iength of

wr appi ng dunnage cafi °He“t5t #SPM geﬁyl'rlﬁvaé ygﬁtr’?ﬁ:fég? "8 &% or at i ons
can be for rreobﬁeatstdmes:sgmdﬁethwughl ahis lrefeand gatbeiinygeasupetanedr mairhize conver si on
machi nel 6 or forrre r he c f t he
conver si on rra A" tri%stgéﬁmg% 'Snaar{d §rﬂ¥t§l9§f¥eg§;trh§t gocgﬁr?et%rfé?gs {j lh of

wr appi ng dunnfagentecioanism 40r iTpe dmstoh]amalgmhmctssmﬁblpéﬁﬁmmeedbtsnab@kd&mt erial.

Thi s can be aseRIPLISHER st GRRhpADS, feetkdrnalan smatl ok fh 0

upstream portion o eri al conn mechani sm
22 conti nues theilluseaied heerdatmok Tﬂnaﬂ@enaagu'@etsrﬁ}@“ehﬂtawghspa&z@d@nro@soﬂlmg t he

stock mat er | i dilnARBPLECALLUGERRNELE Bl oAnldd8 PlsBRL ALALIADS

| ocat ed between t mechani sm nect1 ng mechanism 2
Ref erri ng novihatheIvBsh of e, sheat, theduekethaiwidih of tharsteskengietaly conver si on

machi ne 36 are sheug; ERALOWLNGIR R_EALYHBSINS iStiss JRELEAAbwSglide MOVeES
25 members 52 and 54, which in the illustrated embodiment include guide wheels 56
that bear against the stock material. The upper and lower guide members 52 and
54 are laterally-spaced and transversely offset from one another. The guide
members 52 and 54 extend into the path of the sheet stock material alternately
from above and from below at [ocations spaced across the width of the path,
30 causing the stock material to transversely undulate therebetween (see FIG. 4).
The bunching assembly 38 thus gathers or bunches a greater quantity of sheet
stock material toward the center of the path, which may lead to lateral crumpling

as the sheet or sheets subsequently pass through the feed mechanism 40.
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10 downstream t hrough each conponent of the conversion nmachine 36, the
conversion machine 36 includes a bunching assenbly 38, a feed assenbly or
mechani sm 40, a connecting assenbly or nmechanism 42, and a cutting assenbly
or mechani sm 44. The feed nmechani sm 40 draws one or nore first sheets of
stock material froma supply 46 (FIG 5), over one or nore bars or rollers
47, 48, 15and 49 that guide each sheet through or around the bunching
assenbly 38. The bunching assenbly 38 laterally inwardly gathers the one or
nore sheets passing therethrough This i nward gat hering can prevent or

mnimze tear|_ ra? ru éﬁc eé@tf 5'“3‘43 éap gﬁ/’tp Allgl tE) aA3ndi glngtt ock
material is fé ee anlsm ustrate unchi ng
assermbly 38 i dlmeuslee of treestark rrgc.uerdaéégenzwllﬁoartah@ltto éwtﬁeﬁdoftth@at@vlerse the
thickness of EFQF‘en Qﬁé/of@rﬁ Bld Rt Sﬂﬁé %Ijté %ﬂ f8|8ﬁ||1&4‘&rebt@d5?9%rl Ll g4 at ed

orientation. tera ul de are er al aced on op 0Si ng si des
of the path otrumlﬁén$bfém9ersth@dkedme@?an@lm 49 and @mﬁm@tla@ mgchiirigradéast hat i s

I ess than fhegunidbdy 0fiokNens ResL antonrTg%ﬂ@ﬁQ crrtﬁ?ﬁ' Q)Tfﬁw hebfGo&d OCK

material. The 11 ﬁustrated Bun?ﬁ asse o I ncl udes upper and
| ower gui de 2BAEHNBIES §e®zeaﬁmerﬁwncmecqw8hlﬁnm\érqplarrtlagpf the synerdsad P dshit

| ncl ude gui deTyhgalmatRAIAORMraARRIALH ddiecaRlRSly Rl al . The upper and

| ower gui de nenbers and are laterally-spaced and transversely offset
from one anot #EPmmasetesiiferentiueihe & ths stogk aterab ot Oryadry the Monet at h™ of t he

sheet stock n@ét@érlnglor@hﬁ@ﬂ@tﬂieybdnemnga@géf&mg@cérrmrh%ewraltacédncatI ons

spaced across the w dth of the pat 30 causing the stock material to
transverséfy RRWEEHtE f%%m%ﬂm%@éﬁo @%@epp@ecgyg meRRaNRIM ARihgteaR& kbl y 38

t hus gat hers @ﬁb@mﬂQMQs a greater quantity of sheet stock material toward
the center of the to | ateral u ing as the sheet or
sheet s subsequentl Q@‘Jsbutrﬁi:"ﬁﬂéﬁgefrﬁ@yg%éae frue %P?Pﬁ”@g&km 5‘6%P§?Seérurrpl i ng
Cﬁn creaL e fotdnd fe@esne@namlgmlmmbmlupamh If@ﬁ rﬁ@haﬂubm][@ lﬂ@lddéhadlt Jl(ééismensi Oln) of
the stock materi ner.a to the of .the stock materia
and/ or an mt%’rorr@ﬁf&g% g "ﬁ%’?g{) %g f06|aquch‘§§ﬁ%§fée£ttgtgclﬁ %'ﬁl i tudi nal
crunpl|ng1betme@beWh£nféﬁdﬂﬁﬂﬂh@ﬁb@ﬁﬁ@&naﬁdhbh£asmmmedhmagmmﬁghan|sn142 as
5descri bed beI a an i dlnal of t he sheet stock
material is H%1F¥Vlﬂm 81§ E%Sgﬁﬁ 8% SH?Hﬁyﬁﬁﬁﬁﬁ ?f@ﬁeg?arH@)dunnage
product . The<SWMmrMthemmmemdbhafémmemab gpuirdede @ debisad ggmorbtheattjcust abl e
Lo accom Ot b ShE e LR 40 B BLGE bl Rl BB ' D amount

of gat hering o?te[)%’nchl n unc asse can *e8 or pl aced
10bet ween t haslrligixecbtaml@hamIsenommrmrsdjetdfeha:mmésibcmmammrmm rsutigd® in
al ternati Y& rotating members on the other side of the stock material, or as shown, multiple
laterally-spaced pairs of rotating members 60 and 61 for advancing the sheet
stock material therethrough. The opposing rotating members 60 and 61 in each
pair preferably, but not necessarily, are biased against one another to maintain a
grip on the sheet stock material passing therebetween. The illustrated rotating
25 members are mounted on a common shaft, however, each pair of the rotating
members 60 and 61 may be independently biased toward each other, similar to
the arrangement described with respect to the connecting mechanism 36 in the
following paragraphs.
The rotating members 60 and 61 additionally can have portions that allow
30 the stock material to periodically slip relative to the rotating members 60 and 61.
This relative slip can be accomplished, for example, by providing flat portions 62
on the illustrated rotating members 60 and 61. If these flat portions 62 are

circumferentially spaced at laterally spaced locations across the width of the stock
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enbodi nent s. From t he bunchi ng assenbly 38, the inwardly-drawn stock
mat eri al passes to the feed nechanism 40. The illustrated feed nechani sm 40
includes at least two rotating feed nenbers 60 and 61 for advancing the
sheet stock material: 15 therebetween. The feed nenbers 60 and 61 have a
surface that provides sufficient friction to grip the stock material, and
may be knurled or have a rubber or other high-friction surface, for

exanple, to provide the desired grip on the stock material. The feed
mechani sm 40 can include one pair of rotating nenbers, a single rotating

menber on one f . Q! Lt il i ng
menbers on th@%oe'?' 8Iast%%gs@{ﬁﬁ?h%%%ﬁlémﬁeéﬁb %garrtggsté{s os\?%c%%rralc}%r?altlpl e
| ateral |l y- spatoer&upaﬁiﬁsreofialﬁaielaaﬂ cng pheghEwserbibe aotdti@lmbobemdlarcitig t he

sheet stock ”%oe |o%g|b Mlgége%&peen tngfe%la @dhgrglsrrn L{)Oaén'dr{ eggrm%%{lég 60 and 61

in each pair prefe not necessar are ase agai nst” one
anot her to namﬁcfmrmsna%,rl p on the sheet stock mat eri al passi ng

ther ebet wegn.  Te bl datEcthethdibALh0g AR IERREL SuaREMRURLRRL00, R common

shaft, however, each pair of the rotating nenbers 60 a
i ndependent | ymatfamsdn ﬂ@mﬁwp@mﬂmtsnemay rgwwq e Q"anrﬁéhéﬁitﬁéhﬂjéMMﬁ

described W t {3 r&SRRELhIRN %to%?@ﬂ@&éh UHcrUE’%BI @@bé&(ﬂé”éﬁd/& éok)@r Jridbl @ ng

par agr aphs. The rotating ers di t1 onal é can have portions
that allow 30%”9@55t%ld”%ﬁﬁ@ﬂlCQP”Q%”@)@HCB@I'%I“?WCM*PEaF PEtlyVQ &% he

rotating menmbgls R 764nd Thh%ﬁgﬂ&énb&&j ghbinFocadtonfhe QRBAt sthied, for
exanpl e, by providing flat portions 62 on the illustrated rotating nenbers

60 and 6110Ifm?W€§'é’aﬁF'§9 t*}%@tfth@ SEreyaNeGeRiGANYEPIEAPERNYG PUSHIS d¥E st

lateral |y spagefmli@siaiovemsppafy Peststdmgwings br dUnnéchi%n% a@lls thermt@@tmk as
| ateral shifting or tw sting notiqn. can be ipparted k materi al

to cause diff@PEmered s dinnagdeu niiis mEchst n?ﬁ@”r‘%g'étﬂrigh‘ ﬁéffﬁ@ras 60 and
61 and a | ongideutitanal adace bbﬁ@%@%ehh@lb@@d mﬁ@b@a&lrﬁémél@saodnﬁ e

connecting mechani sm 42 C smi42 re t he stock

material fronfd§E §ERRP: F%% ﬁ/oé tF‘ C%B‘?P L@ﬁ%pads'sg%ﬁ}% e?"‘é%eé‘i ve one or

nore sheets t)&m&{oubwmnhb@mbeﬁ&hmednammmd%@ dt (eapf i rd@tiag gearcr unpl ed

backi ng and/ or gver she sheet.s. i strat connect i n rrechan ism
em 70 P‘er?g%

42 includes at"®"8&St otfeé‘f’?% JEs e”/aé's 79 CRG Wﬁ PRSer | aced
teeth for defmayrb@gmtplwes reetrioss cafigh@timise bs dbsqpiass ivitly rdspectabdteneed,

Ler ety mechan SBh bl FLRHL RS B ARG A S PRG MULRLugr Lareine
of dunnage. Tduas stmetchiagiacraks thenridibtdf dre steckdnaterial gppeteedyfanotheagear, or
20 one or more gears opposing the single gear at laterally-spaced positions, or the
illustrated plurality of laterally-spaced pairs of opposed gears 70 and 71.
The rotating gear members 70 and 71 are driven at a rate that is less than
the rate that the feed mechanism 40 advances the sheet stock material thereto.
In an exemplary embodiment each pair of connecting gears 70 and 71 includes a
25  biasing member 74 that biases one gear 70 toward an opposing gear 71 and
thereby provides an adjustable pinch pressure between each pair of gears.
Accordingly, if more tension is needed at a particular location, for example toward
an outer edge of the sheet stock material, selected gears may have their pinch
pressure adjusted to effect the desired quality or character of the connection
30 between the multiple sheets passing therebetween.
Thus in the illustrated embodiment the gear members 71 on one side of the
path are supported by pivot shafts 75 pivotally connected to a corresponding axle
76 of the feed mechanism 40. Each gear member 71 is biased toward the
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chem cal or adhesive bond between the |ayers. The gear nenbers 70 and 71
flatten, crease, fold, and/or punch the stock material as it passes

t her ebet ween 15Al t hough the connecting nechani sm 42 includes at |east two
rotating gear nenbers 70 and 71 between which the stock material is fed,
nore gear nenbers may be enpl oyed in various configurations, as described
wWth respect to the feed nenbers 60 and 61. Thus the gear nenbers 70 and 71
may include a single gear stretching across the width of the stock materi al
opposed by anot her gear, or 20one or nore gears opposing the single gear at

lateral | y- Spagﬁﬁ)sgmgﬂegai ﬁvbeP?O B{/‘S b|a|s’n§5d%8@é o4l t%Wc%ldbé ¥ sﬁl{}ng 77. The

| ateral | y- spacer T opposed gear r'Gt atl ng gear
menbers 70 an8&Pring 7drigindgrpesad ketweprnratxedtitate mgmb@rs@ arleenyaee’r at e that the

feed mechani SB&rﬁw%ct%QY@fh%eg%aF RendRERt atd m%‘bumér%ﬁ‘t's% ‘Ah@dl ?10?«6!”20' des a 25

exenpl ary enbodi nent each pair of connecting gears
bi asi ng rrenbe?'“gmdt'%htanﬁloaﬁg sislgef fwagoring 77 feadabiy m@ya@rﬁﬁ@t@émm and

thereby provi gesmpen7ad dshadl fijrimeh oP&%S&éérr?‘g BRIV fbo%&ﬂ'ﬂe%ﬁhrﬁgﬁ gears.
Accordingly, 1f nore tension IS needed at a particu |'ocat | on, for

exanpl e towar BeE@YSeGREt ofdhyeacyrMerneers ﬁéé‘%'”@?%@ﬂe%ﬁt%@i’%@d sl hirsedd gear s
may have thei fowaideB oBb@éiﬁQJ@@araﬁdrﬁk%re’d &.@er@iﬁtf;ﬁs'hcm PRse@sinifbeldpplibd y or

character of the connection 30betwe sheets passin

t her ebet ween. at locationsrgpaged ﬁCWﬁ%tWGIW'G@tOrf éﬁeeﬁocé‘rfﬁ aql%ﬁpepfﬁéegtéaven hbers 71
on one side of rohemikRE D tiad BusttarRPstEREIrd oV asdhe@fuivaleh? bRkvgldalitys

connected to a corres e 76 ani sm 40. Each gear
omber 510 S BrPROGaTRGuAN I RBat SeReting Giu e TES TS e taohs Se g dovi ce
f74 t hat irTch ug;lg@k @a@ﬂéllpwsgs;tgro'ﬁlgﬁtl‘ichEdnlﬁlct?@ m@haﬁntsmranoigd bet ween ahfi xed
rame menber and . oke c ect ot ear ne r. .71 t he pivot
Chats 76 A bol 1 Gt alRAS it BREE G b Connin A e g o F R s pr 1 . 79
i s threadabl ymaedatmedsihg bbh@eﬁﬁ%e&mmbmusrﬁ&@taodmd (mmnéotmgad@ammsmnt of
thebiasingf ce a he spring 77.. Becaus eaho

monber o 770 s fieRBn e et P e R PR YR b8 R gear
menber 70,5 dlmée@seMQcallongxtum‘ml sraessisfiedimythbevadppl the tdinat! 3 trat feeths spaced
AT 08 re v bR lol 5pRl PeltolRl Gk Masnd 60 B2 S8 MM R ol

limted to the feuStHUC ONEY er
devi ces 10rrayfotddmesrpktey@dg apprpxlmaieﬂsetrarmderperﬁtbelnngladjna'sdlabnslpm pf e di ffer ent

locations as Lbg fLQGK, TRLAGEAaRAS PEDhAEALED thd'Fath BPRE I RIAES AN sm 42.

through the machine 36. When longitudinal crumpling is combined with crumpling

20  action caused by the inward bunching of the bunching assembly 38 and any
lateral twisting or shifting caused by the feed mechanism 40, the sheet stock
material is randomly crumpled, creating fold lines with random lengths and
orientations, and an irregular pitch between the folds.

To connect one or more uncrumpled sheets of stock material to the

25  crumpled sheet or sheets, the dunnage converter 36 can provide a bypass path
for an uncrumpled sheet or sheets to bypass the feed mechanism 40 and join with
the crumpled sheet or sheets at the connecting mechanism 42. The connecting
mechanism 42 then connects the uncrumpled sheet or sheets to the crumpled
sheet or sheets. To that end a bypass guide member, such as a guide bar or

30 roller 49, may be provided to guide the uncrumpled sheet or sheets around the
bunching assembly 38 and/or the feed mechanism 40 to the connecting
mechanism 42. A corresponding guide bar or roller can be provided on an

opposing side of the feed mechanism 40 to direct one or more additional

16



Qui de chute or tunnel elenents 80 constrain the novenent of the stock

mat eri al passing between the feed nechani sm 40 and the connecti ng nechani sm
42 to cause the stock material driven therebetween to randomy crunple
within 15the restricted | ongitudi nal space defined by the walls of the
tunnel 80, the feed nechanism 40 and the connecting nechani sm 42.

Longi tudinal crunpling creates fold |ines extendi ng approxi mately
transverse the | ongitudinal dinension of the stock material, which
generally is perpendicular to the path of the stock material through the
machi ne 36. V\h i

action caused @@u%ﬁ’gg Shﬁ%%@ﬂﬁ@ﬁ*%a H%Ch%lsqﬁgﬁlt(ﬁ?%%é@%& (oK H%bgag%d any

| at eral twi st sidgobtheshe ot moge campked Sbyetslbetffee@xmnﬁ@mbaim@aﬂls@l 42t he sheet
stock material is r m

| engt hs and ori entgﬁbg%@% 5leeﬁgthoqd %dgg%r&ﬁj eH\/&\%@%e %&fré?tg%

connect one ommbﬁ@ed@r@mgirﬁ@r@@ It§h\e<éth§06fat§m©&1|$ ofrtiedinisakpd pepduple 025b@rurrpl ed
sheet or sheefs, , ﬁagdgmea&%s%%wptpﬁ{g AP AgIndyPRINARER [ or an
uncrunpl ed sheet or shee ass eed nechanism 40 and join with
the crunpl ed Shreegrfasetiosheen @eéﬁmleﬁ@”@rotﬁri'é%ﬁtpﬁgmﬁ@dﬂﬁlé?ﬁ'@ﬁwzhedﬁﬁéh%onnect| ng
mechani sm 42 &é?fv@rsmnﬂg&ﬁr% &hsrmaa%%éw(ﬁ%es&%eérs% p%t%@& Sastridtdduhdes unpl ed

sheet or sheets. To that end bypass i de such as a gui de bar or

30rol l er 49, fragtatg thﬂ‘éd""{%' g‘i]?td@ ”E‘H@ Wﬁé“t‘%ﬁflﬂéﬁﬁ@%@ﬁteﬁ?' §%et s around
the bunchi ng gsseEtlivhodSsteipHPhe L&y 86HpidBERANIHS BeABrationd AiSo EaNMECT i Ng

mechani sm 42. A correspon @f@g gui de bar or.  roller can be rovi ded on an
opposi ng 47 defopred ipePrpvde)vareRIcdRNERS 9l0VieBriny Fuetads e srIefbr Y S8Rty onal

uncrunpl ed shggtisedhesHHfishi2o érﬁtﬁé’odﬂ&@lh@w &ivedRe &@nnl@etn@aﬁwmnshozam@ppOSI ng
side of the one gor npre cru the connectin anlsH%i
ter| al

To obtain theMaedng é@c?%ﬁﬁﬁﬁﬁﬁﬁtoﬁﬁﬁﬁéed@l ?)tth perfatiqngdo & ?eﬁ Blagn

may be per f or atzpfing el fbe the dib o8 Burirzgt. Tae globis materiaha@tehaivelpethypr oduct s
can be 5torn off as desired for us n article or for |ayering
i nsi de a cont W@rC“t%r%gp?@?eaﬁegﬁ% féré%deff@g‘ﬁge% 0 °p?s WO e st ock

mat eri al bei n@u§r@tﬁﬂérﬁlﬁbcﬁrﬁerﬁthﬁe@@ﬁ0@$lsm eRcHBe B reryorcldder avewttiregs part of the
conver si on proc aboy,

A t.ati f t at
Tt he i rectaRealEn fe Jet otieonat v et BRsParE 1 Phoau e Bpttg the
conver si on prlesgssromlthe cperdetedadtiipoisduahsge tan be 10 formed to provide

vari ani e Tengths o ARG GHORRSE. RS, RERARG:. BrostRRlg sl sed

mechani sm 20 and rrve connec
machi ne 16 carmo&nh)liesacrbd;aethstpemkofrhfm gheiehstoek mbtegalpedfeostatianansbléde $2parate a

length of aé’q%ﬂr%?gﬂ%h%é &lttﬁg{ﬁ@eﬁ Q&s?j&édt% C’éruS [Ba2ef ?fﬂ&ﬁ %%k materi al

al ternati vel I SCrete esired | ength,
or as shown i therterJetvanl Qifsarcattied mechadsmemay bteh@ed:m@qesdﬁtm imadsitione 36 may
include a CUtt%itﬁ%gillustrated cutting mechanism 44 to separate a dunnage product 100 from
| the connected strip 73.
The feed mechanism 40 and the connecting mechanism 42 may be
25 enclosed partially or completely within a housing (not shown). In which case, to
facilitate loading a new supply of stock material into the conversion machine 16 or
for maintenance, the housing may be openable to access the feed mechanism 40
and the connecting mechanism 42. In fact, one of the upper or lower rotating
members 60 and 61 of the feed mechanism 40 and the respective upper or lower
30 gear member 70 and 71 of the connecting mechanism 42 may be connected to an
openable portion of the housing to separate the rotating members 60 and 61 and

separate the gear members 70 and 71 to facilitate access to the path of the stock
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mechani sm 44 downstream of the connecting nechanism42 for cutting a
desired length fromthe connected strip of dunnage 73. An exenplary cutting
mechani sm 44 includes a rotatable cutting wheel 90 novabl e across the path
of the sheet stock material and a stationary blade 92 20agai nst which the
cutting wheel acts to cut the crunpled strip of dunnage 73 therebetween.

O her cutting nmechanisns nay be used in place of or in addition to the
illustrated cutting nechanism 44 to separate a dunnage product 100 fromthe
connected strip 73. The feed nechani sm 40 and the connecting mechani sm 42

TR e 28, AR P LFi o Bo ARSI il RUSHOR A Showe) . L

whi ch case, I'ng a new supp haterial’ into the
conver si on nadthnnaeepenokupt f@r i nt enance, the housi ng may be openable to

access the feed [ ct, one
of the upper or Irrg@)é?&r%tt g%nﬁg%}aﬁrja&(ﬁqgg%%{qﬂ%l of ﬁ%}@@é %tleés'? é.%l sm 40
and the respeétd pefaigpes pbaralﬁb@ébt%@ly@@aﬁed@mwdlWy@mtﬁenwmg@bnmmng
connect i ngs meg, 't@%ﬁ%rm s'i%@et%%ﬂ%ét&@aﬁsoe 598@8@&%&@% biRRe @br the

housi ng to separa e rotat |ng nber s separate the gear
menbers 70 an@FthIV'ii%thﬁ@ﬁBNCa'ﬂ(é aw&@gaso'@@1%éncbé@ﬂwofﬁoqkﬁ@atgwaiécp@ethmt eri al

through the C@rﬁB/@tBék' ﬂ@teﬁﬁl‘i{@n@ﬁall}@ @nﬂﬁ&s%i&theéécdrﬁe&tﬁ%@nb@%ﬁ RhP a
dunnage product he resul ti naa dunnqﬁg%{'q)ro uct, 100, shown in FIG
I

7, includes atus Eh&s‘?crurﬁﬁléd 95%1%@9@13%@' ivaly gr ft ip, cughionigg éf?%ﬂrlsy spaced,

| ongi t udi nal | yfroe@qtgagmé%oﬁﬁém@gtbbﬁ& obands 102 where the sheet stock
material is enbossed or pierce unched or otherw se connected to hold

miltiple pPies 104" &RtERRIE FETPd%QtM AR FPErMPISH PMEIS: therdwcetRied Rt er i al
generally is @(%f%@%éﬁldrfoiﬁtﬁel”tﬁ@ﬂp@@@l}e%th@@arh@miﬁh PgoanMatehibiss Ly crunpl ed

|ies 104 provi relatlvel |oft in cush oni.n ons 110 outsi de
Phe: connact| ot Beraernted iy 185 S e p s moro duen pribd A0S e bt il e

ply 106, the pmcéssrmhe@npiwl re&ﬁﬁe&h@ﬁncﬁh sfahéb@mdwpwbepuersumplsadw pey. If the
same wi dth of  stock teria

f 106 dth
oo e B R Al ol B st Bl el o LS TPl BT * adune Lhe
\imogt h_ ﬂ‘ hm? etrgellm:md ophryipled pl?ld(;@fehslm Slhelse tatmhllytdmenpw5 rammlls@dniwtse;]l er ply
W ext e at e on e es .0 e
o e oy Bt MR o PR RedRE opdis [ Einfarp b ShertBind GERRLY e
fol ded i nwar dmyherrsmﬁertm aionagechrodart kesgthsvisk) Rraveie ar reorercoabisent freshed
connect ed 10 Ll hgio sl ELLSR H0S,HRARE CBRAMNSL,d S00! B Ry @ pguide a more

consi stent fifI“SHE e and/ or rove nnecti on
bet ween t he mjlstqcplnmtdaraayers of stock material, 20Add| ti onaIIy, if nore than

one uncrugpl ed pl 496,415, iH&SH &n ohSEn@GRbEH 3R 06 is desired, the additional
uncrumpled sheet or sheets may be fed into the connecting mechanism 36 (FIG.
2) on the same side or on opposing sides of the crumpled sheet or sheets. The
random crumpling of the crumpled ply or plies 104 and the laterally-spaced
connecting bands 102 holding the uncrumpled ply or plies 106 to the crumpled ply
25  or plies 104 provides a high quality dunnage product.

Changing the number of crumpled sheets, the weight of the stock material
employed, or the use of either a crumpled or an uncrumpled carrier sheet can be
used to vary the cushioning or other properties of the wrapping product.
Cushioning properties also can be controlled by changing a ratio of the feed rate

30 of the stock material through the feed mechanism 40 and the connecting
mechanism 42, Adjusting the gap between laterally-spaced bunching guides also

can change the final wrapping product.

18



uncrunpl ed sheet or sheets nmay be fed into the connecting nechani sm 36
(FIG 2) on the sane side or on opposing sides of the crunpled sheet or
sheets. The random crunpling of the crunpled ply or plies 104 and the

| at eral | y-spaced connecti ng bands 102 hol ding the uncrunpled ply or plies
106 to the crunpled ply 25o0r plies 104 provides a high quality dunnage

pr oduct . Changi ng the nunber of crunpled sheets, the weight of the
stock material enployed, or the use of either a crunpled or an uncrunpled
carrier sheet can be used to vary the cushioning or other properties of the

v apping product . Oyl ERLI%0RERSFS bSR3y AN RN £handi ng

aratio of the feed et erl &
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advanced by t grarg é@d%ﬁéeBa«eﬁ@mﬂmcqnne@urghnmémpml42irﬁ@tesetéagamée?@s 60 and

01 tovard theaRppNact e dsRs faf heabl AieoiPas airer Wllesisanpgelhng) mechani sm

42 rotates the gears ower rate than wheel s 60 and
61, the stocklongitusinally byiaahiupiie i iR SaicPynasting hedpo. therehe creahitel 80

connecting thr%n&&ﬁcrdnhkﬁé@&%o@%%ﬁﬁwb@%ck@r@&rﬁl CTRERIB8ctg rh&iHdsishiyd he stock
material. The connecti ng@mc anism 42 pulls the crunpl éd sheets P1 and P2

of stock ft eryllsithe sremelseisheets P1ane Rg olwiesk BatelpldherAprleger AMdeyithsieet P3,

if any, that W@@@icémrér%@dpmanhgm steaﬁwaé@ame&hgmmemnyﬁdlple
sheets P1, P2 and P3 t oget her as _the over %I ng plies pass between the

connecting ge3Ngeqtp fé?rfﬁ“'?’i'e Sh??félpl1')/32 gnd P teQRiNST 35 hRaeYRaMing miasiPdss enpl oyed,
a desired | engithe®f thdubna@Eing §egdt70fanam ! Feat el lﬁé(EHalﬂls7r344)'E 15dunnage

to provi de a dunnage produ 0.(FI G he des In
operati on, pa?f@ﬁr’] ¥ﬁ% giRaire 'ﬁ@ég Ogé ?rh")tcé’\i{\nfrﬁmt Corpse eg g'pF’?essn lows from a
supplmxgI 1214 hedluemég%e fd}froﬁdﬁbﬁmh&négemfb@ddt ob0 (FOG. @vfﬁith&ﬁkgeélmdoe@nh.a bgncﬁ ng
asse y 24. In this asse ter S ,bunc toward the
center so as to r JHOREEAYNeP Qﬁl%toﬁoglf”? {eé?l ck PAet Er 33'IOYVS\I?ﬁ%mt%e f eed
mechani sm 20, s;,@pl&(]szeheresf 6fr exanblerfionos roMueeIssadkemcbughea bumaking bysdabohe hed

st ock materl?e rd a gy ecttl nec h mH]Z(% %Jee q Wnegls rotate
faster than ar' S THIATHE oﬁ ety atr%%ﬁ% i E ? Weverne th&Peb

retardi ng t heeddheahe evidif of the wsbad stook treatarial. anmecfaad;maaghaammgﬂpa:k mat eri al

to randorly | SAgL bR Ynbol ool LR AUhEE oLk buotdllh i he shapes

formed between pl eat howe or med
during the craonpédting nmmeausnncﬁi dihesé feed gineals ratath flaatndtmhgears in the

connecting mechanism 22, however, thereby retarding the advance of the stock
material and causing the stock material to randomly longitudinally fold, crumple,
and/or roll. Unlike the shapes formed between pleating roilers, however, the

25 crumpled folds formed during the crumpling operation are irregular and randomly
oriented, although generally falling within a range of widths or lengths. The height
or width of the folds or crumpled portions can be controlied by adjusting the gap
between the bunching guides. As the stock material is fed through the feed and
connecting mechanisms 20 and 22, the crumpled folds are creased, crimped, or

30 otherwise fixed along relatively narrow lines of connection to maintain their
crumpled nature and provide loft in the dunnage product. This action forms the

finished dunnage product, which then can be cut to a desired length.
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oriented, although generally falling within a range of w dths or |engths.
The height or width of the folds or crunpled portions can be controlled by
adj usting the gap between the bunching guides. As the stock naterial is fed
t hrough the feed and connecting nechani sns 20 and 22, the crunpled folds
are creased, crinped, or 30otherwi se fixed along relatively narrow |ines of
connection to maintain their crunpled nature and provide loft in the
dunnage product. This action forns the finished dunnage product, which then
can be cut to a desired | ength. In summary, a dunnage conversion
machi ne 36 convert et ial | n e that is
rel atively th|ckeﬂﬁgwaﬁggég(%@ﬁ%%”gﬁgﬁgpﬁgugﬁ®gﬁg(%ﬁEg% gﬂﬁygggﬁ

rel atively thmategindn®uf cﬂdrmiagelpto;duttltha(tii:*a)te@t'rveiymmr anchleas dengertbarettei ve wr ap.
The conversio advances a
sheet stock n%?ggﬁgkﬂgl %ﬂﬁ&wgﬁﬁmﬁgﬁgggmaaﬁgﬁgkﬁﬁﬁégﬁ%ﬂ?@%?22 downst r eam
of the feed rrer@tmhvesmawo Thﬂ?h“enmﬂn@mphge de dichwlies mfemi me@fmndssn thwapassage

of the shegt §é&ﬁ!§e{*§£ﬁé&t%c& Hw%'feer‘?‘ah{hgr‘ég?o@g}ﬁ gr%?&&%e&t ﬁnsﬁﬁﬁ £rial

t her et hr ough at rate than t ani sm e stock
mat eri al to té#evisyaaacf thegepeoleahanism 40. Twp@r@ameqhﬁélsm&wtam erial to

10random y cryapbesdqa (ﬁtﬂeoé?\@'ef é{Qéknr%teﬁQ%&etﬂ%u‘ﬁﬁ%? f%] d tﬁ@‘étd%ﬁ%%@é}laﬁm 40

and the connecti ng nmechani sm 4 connecti ng ani'sm 42 connects

mul ti pl e overihgisyiragen @tfeﬁl@weffra@ﬁb@ﬂhgtfmmﬂﬁta@isMO Ee@@%th@@tocés they pass

therethr Ough,mbféﬁ!al%@tﬁ&cd?ﬂ@&%%é@ma%m‘@asﬁhlsocfb%s@éM%‘t&@ Sd18Qd tJ O one side
of one other sheet. The ot her sheet can be advanced through the feed

mechani smi%0 HAAOEY GAENRIE IN 3 ngitudingl aarededvard hhEedsearhaRIsMAY A 40 to the

connecti ng nEt%B@Bhr%&ﬂ%J mMe@hdHisre APNERE @@hrie@t eéHanER! £ZcshREl nlltigiheet s.
Al ternative Wapgabl e nna e Converter show gnot her enbodi nent

of a dunnage ®GHIRNLY @Merﬁé’é heRt S@Gbﬁ@t%ﬁb\?gﬁ@ar "i‘%tgﬁié%?scf FEd 9N t he
present i nvenhéloding Idsmwe@mﬂg/anéasﬂanmmdw skt t@@lﬁb!%rdbfbf@nébth%t stsdedCk

material into.a wa uct, .and incl udes f sheet
stock materi aThez‘\gE? g‘?ﬂ'%fs%‘%ﬁﬁ g@l‘fg%‘ Hﬁr}eﬁﬁi gﬁghﬁﬂﬁ’? 8%“%5’2%1 and P2
of sheet 34 ocle gmaieerarcajndfth@meuhﬁe(ﬁwumpnhwo tarek @n«aem@crhedmgnam&mwtblby; 206 t hat
connects the ggol i es ther to forma st |p of dunnage 207. 25The

connecting as QH’B(F © Gzl f%@tﬁl?r@g or sheets of stock materi al

t heret hrough at a slower rate than the rate at which the plies are fed from
the feed asse ny t%04 rth Bé c0o0 rnz‘a/t,;tn wth the feed assenbly 204 to
cause the st (rat %Wﬁf’p? &S ptgo i éfﬁ?l e between the feed assenbly 204
and the connect i n§l@SshibhElyovRitathek ecntiodinment ats durirlage 208vaisiomstackeiaen of t he

connect i gy AsS RTINS SEYEIEAMBE LELEN ENAER Pfe R ARM Ng: i nage

pr oduct 2 & PEomponent's "si m
corr espondi ng?O@(mmem she@k stohle mptegiebidiorrgwepbiodidemige wrdwptards not ed. For

exanpl e, the lhélud&ter&}p%g/ STLRY&", %dc?r;'natenal 202, a feed assembly 204 that draws
multiple plies P1 and P» of sheet stock material from the supply, and a connecting
assembly 206 that connects the plies together to form a strip of dunnage 207.

25  The connecting assembly 206 passes the plies or sheets of stock material
therethrough at a slower rate than the rate at which the plies are fed from the feed
assembly 204, thereby cooperating with the feed assembiy 204 to cause the stock
material to randomly crumple between the feed assembly 204 and the connecting
assembly 206. A cutting assembly 208 downstream of the connecting assembly

30 206 severs discrete lengths of a wrapping dunnage product 209 from the strip
207. These components similar to the corresponding components of the

preceding embodiment, except as noted. For example, the illustrated conversion
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machi ne 200 does not enploy the bunching assenbly 38 (FIG 1) of the

previ ous enbodi nent. Between the supply 202 and the feed assenbly 204, the
conversi on machi ne 200 includes a series of three bars or rollers 210, 212,
and 214 with axes 5that are aligned in parallel and in a comobn pl ane that
is inclined relative to the downstreamdirection. These rollers 210, 212,
and 214 define a serpentine path for the sheet stock material as it travels
fromthe stock supply 202 to the feed assenbly 204. These rollers can be
used in conjunction with a fan-fold supply of sheet stock material to

provide a 1 el RLENEL Yoo A58l Sh e S GARR en L a8 E R PEf AL orcl B €O N9

fromthe supp y or ~supp icu
fan-fol ded stewkodimestial. The rollers al so provide better tracking, so

that the stock matgglal, tﬂ%gﬁ;ﬁ‘)( Ftaf"?rﬁoetﬁg f@e%saesgprln}ﬁly%ﬂ thi canrE‘PéigrbCO”Si stent

| ateral |ocation. . rated conversron produces an
at | east two- plaghiog a@fbinn@de@aﬁe@@ quthra@barsmgv"emritt@rZtm@nééﬁﬁamtnanes rollers

210, 212, @ndth%tlare attgl rrentpg dllﬁtsanﬁ gmﬁ%ng;gn%rthéthéelnt:ﬁ%gt BRRRTR! e 204. As

in the previous enbo asse I nc es upper and | ower
rotating membeewrsiieamrtreoic®. {These fQﬂEﬁh%ﬂQl 22, @ﬂd R defilel fyse’peﬁ@a PEBE at i ng

menbers, in thi§cCR86t Whkehsterid IR idldBEMRH HE shick NGB & ARG bed above
al so can enployed in this enbodi nent. The upper rotatl n%ﬁef nenbers 216 engage
[

and advance afSSappF2Q yheee llewsiiaaibemsp i GnuaREN WEh § IdrsyipRly iohg

menbers 218 e&%ﬂﬁoéﬂﬁha%éﬁﬂ%ﬁdé @V@th@lk/)éoﬁ&stérm&ﬁsndmérﬁtrhb%’tock'ﬁﬁ’b%erfa@t ating
nmenbers 216 and 218 in this enbodi nrent are nounted

on
| at eral | y1@xt &HENRFORHAP P4pPhapicPUPREsy pEruIa bt Miantge ﬁ%@%\éwgw%a fne

pi votably noumnided sajad rkdit@eR dTiRE Rl B talso o Vi @Bstteh qbatmgwgorﬂmwﬁo&w 25At
an upstream end of e feed ssenttj(% 04 at |east o fg %% S.separated from
at | east one BeigER! epﬂt‘ifs they e aes,e)r/n 237 Ip RAnQeicaesipenyAgrapcgin: ysed, and

the two plies fol Tawidifrétes eﬁqu@@mmatmh@mm@oﬂﬁﬁﬂ sasaenht wo20g. This is

i shed with t d
Dl ate menber WHAPBRCURTR oo Ard- omar i, usbiEe rdlE 2 BAETEH Dhe ot ho
feed assembl ybalRglicarre) arﬂmgt&eutmmfeemSmmm@ff Adihena@pleyiospaced- apart
NI R RO e s S e ey
opposi te si deaiéadndt1@ tsapamnapairs gblia¢rallyespaend ageatingmeerabats hiarthis baﬂaugh

|2t eral | y-SPages OnRN 1050, LhE AERRAIAL Rl e oABULE A BEl At he

separator pl ate anne
embodlment The upper rotating members 216 engage and advance an upper ply

20  of sheet material and the lower rotating members 218 engage and advance a
fower ply of sheet material. The rotating members 216 and 218 in this
embodiment are mounted on common laterally-extending shafts, and the upper
rotating members 216 are pivotably mounted and biased against the lower
rotating members 218.

25 At an upstream end of the feed assembly 204 at least one ply is separated
from at least one other ply. Typically only two plies P1 and P2 are used, and the
two plies follow different paths into the feed assembly 204. This is accomplished
with a separator 220 having a round upstream end 222 and a plate member 224
extending therefrom in a downstream direction into the feed assembly 204 and

30 between two pairs of laterally spaced-apart rotating members or wheels 216 and
218 that form part of the feed assembly 204. These rotating member pairs 216
and 218 are laterally spaced on opposite sides of the separator plate or engage

one another through laterally-spaced openings in the separator plate.
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menber 226 and 228 or channel guide plates define a path through the feed
assenbly 204 and the connecting assenbly 206. These channel gui des 226 and
228 define the upper and | ower boundaries that confine the sheet stock
material Stherein to facilitate the crunpling of the steck nmaterial between
the feed assenbly 204 and the sl ower speed connecting assenbly 206. The
sides of this pathway are bounded by opposing |aterally-spaced frane
menbers 230 and 232, which al so support the transverse shafts of the feed
assenbly 204 and the connecting assenbly 206 in this enbodinent. In
addition, the sepg( e upper
and Iomer gui de ne%%%gs gb%%géﬁgéﬁgﬁﬁgﬂ?&%?zé1 ge?a@gkgﬁ 5¥%§H%mghide
menbers. Consegoesrt R34 amm&&mrmhnmmgeiﬂbalatmes apatrethtdugh thd fdedof , in this

case above a”%%%ﬂbg)"%d éistﬁg% e%n és%%ﬁb&%’ﬂm Wgéﬁﬁ%nﬁwgﬁ‘%ﬁ&e‘%%%ﬂ e“ al on

ei ther side cru icall mretrical folding
and crunpl i ng2%8 &fine tfafwopnﬁrfaﬁéicy\rw b@mWﬁE%tﬁ*%M@ﬂ%t@eﬂﬁ@ﬁhﬂitD% maielialg

wavef orms i t el @C@Bﬁ@%ﬁﬂ& c&{nﬁmng%sgto@ma%r@ bétwgggwe%éd@séewbﬁgul ar

crunpling of the sheet nateri cord rent size

in-feed chanb%@"sar&thp&k&\@gé@eaﬁmnn@amwswwblbﬁ%n’éh'e @@ﬁsd@’éh'i%thé’ﬁm 228 and
the separat or ;RliRLRI&Py @;Ldoewgné}@ram{ el @raﬁ@nﬁ&%&s%@ BRb @3 \icrdi f f er ent

frequenci es and anplitudes sothe ies are kel'y to inter]lock when
they are broudli? StrR9EL AR frangveEseethy %PU@?&ﬁﬁ@sﬁﬂﬁ@yPB??”%#PéW”Q@FW@ plies

are connect edass\émbnmae ih s éﬁﬁB@cﬂ@bﬁf Iﬁ'aé&nﬁ’or?%sépﬁ%t&'dl&é 2w§b@bra|gfst into

each other to create t hi nner, |ess supportive dunnage

After the'feeld pé?é’@'rfﬁl”ﬁﬁ DT af‘%’é’“@éﬁ%&'?%f*@mbﬁfsa%?eﬁ P B%t '%ﬁ'ﬂs?rﬁ% OUpper and
| ower channel ofdHé g6idehtinfers 200mRduad§, BORVRK BRitadl paRBE oh BRharameasTsi on

assenbly 206. This causes rate ies tQ co ether a econe 25
connected to @ﬁ@sgﬁﬁ%@vegggﬁﬁ@ﬂggggpqr%pbqaﬁQ%ﬁ ngrﬁh\é&e ka{gaggr ly 206

t oget her. Andorv\BltHeeshb@nlmnﬁénmdnblg\heyrpmh&mﬁw wa@m@&ﬁcamﬁ@@&ggefi Re a
convergi ng space at t s si de e connecting ass t he
channer gui dedudaimro s B TSR GuPgedantr S aRaR D ERETBRYRal i the
way t hrough t.heemﬂaﬁdteqngn@@@@maéryplaﬂﬁsw ﬂql@d)nuégwaednﬂnm@gtdﬁme\/smbmne of the
Dunching asseRBIy a R Jhgimarre sipelt ble e et e o0& e ed
unching asse efjalagice 1 ey rated
conver si on maphihaeh2&! gnideuR2Gahd2 2 ald thie spacatdr plpgra24fatiowitmgplplsdav 234

between the fe Ly t reduce
the wi dth of tﬁgor% élgwégfbﬁpdm% ﬁ%evr\]gr%g%S%h{bgtu?%gg%eem'%g?reerla edges as
t he stock naﬂ$ewabwmaksegmeh@mehyebmm@hﬁmthmgﬁphﬁwﬂwaﬂdn@awhﬂhﬁwéea curved

surface t Q@t hé pﬁgéj%%%ﬁpﬁ&ote,e&(tﬁﬂ&)dt meoseﬁj?%t&% A?e 9&4 tﬂh@aﬂe%&%ggd rﬁs\?\/ﬁﬁfr of the

st ock nater|a y protru inward to eam
end thereof. mhtdﬁmrltfacr@ra@la @d@es |E€$fS supeortiteodionage prodast. are f ol ded or

turned inwardly b%ﬁft%hfﬂe f@éde%s% |y %%%eg%rg%rﬁ%@@@@én%%d%@%ﬁe’mt erial

of one | ayer can d aroun encl ose es of e ot her 'layer, and
t he and lower channel guide plates 226 and 228 converge adjacent the conversion

assembly 206. This causes the separate plies to come together and become
25  connected to one another as they pass through the connecting assembly 206
together. And while the upper and lower channel guides 226 and 228 define a
converging space at the upstream side of the connecting assembly 206, the
channel guides do not have to converge and can continue straight, all the way
through the connecting assembly 206 without reducing the volume of the passage
30 for the stock material.
Although this embodiment lacks the bunching assembly 38 (FIG. 1) of the
previous embodiment, the illustrated conversion machine 204 includes laterally

spaced-apart forming plow 234 between the feed assembly 204 and the
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connecting assenbly 206 then mechanically connects the overlapping | ayers
together. This makes the | ateral edges of the finished dunnage product nore
10uniform and the additional folding and the resulting additional |ayers
passi ng through the connecting assenbly 206 to formthe connecting-lines
hel ps to hold the dunnage product together better. The conversion nmachine
200 defined by this feed assenbly 204 and connecti ng assenbly 206 provides
approximately 40-55%crinp | oss. This neans that the wap dunnage product
that is produced is 15approxi mately 40-55% shorter than the stock materi al

that is used Or% ﬂ{BJé‘s%ef'nB 206 that rJﬁEeQ@\P@ﬂéf@% assermalesy, alzaqgl’m\k/érlﬁﬁat he

feed assenbly 2 I"ncl ud e two palrs aterally space apart ting
gear nenbers Md@ééﬁ%’@z@f@' acﬂmsszsshqﬁa@k@a@n@h%@wth@@éméhe @ingonnect t he

over | apped | a?ﬂ%!}@ 204 eéérpﬁéﬂ/e@é&vécﬁéun%ée Eﬁéﬁlsﬁﬁ&ﬂﬁed’i@t&{e’na'mt@mh et ween
the gears. ernative arrangenents descri bed respect to the

previ ous enbolier@ftal afass ofthe et ranislialt ¥adyadly pfqﬁrugln@ﬁwaﬁwﬁward tyér gears

236 are bi gsed ja@aitRsn émrereaeaA§th%$§er%ve@ge§loamerwockm‘@ﬁél arsfRdas a
spring. The biased rotatin ers 21 feed assenbly 204 and

t he bi ased ge%\‘lr%edz‘%arﬁ%byig%'aéqra'tm@"’%%'?ﬁm&et‘?%ﬁs Qg@éﬁfﬂcﬁ MRy I3 PE®ach

mounted in a Féﬂéﬁdah%@%ré@@fyn@%nfbl@ée ﬂw@te@béé)@’tﬁ@@!hbr 66D asd tnee pivots 240
25and 241 so that a snal ring can used tomprow de sufficient

or
bi asi ng f or cetonnecting gsgempy %%Blt*ﬂ%lm%‘f*@a'cé%(v’é‘%?t% HERRINDG¥ESt he f eed
assenbly 204 mgethbheTtoOmared ths tat@ssedtek bvf #HeGinRhed dumneg@ pByHuat @erRON

electric drive tor 42 24 dvely drives the | ower
Cotati ng a0 pd it ls S SR RG SainBRRuNb e Eas T e0 the | over
gear rkrenb(ers ﬂlﬁ&ﬁ;gﬁfthé&mmdn@memgly&ﬁa%mgmb&ﬁﬁewr@ liaes help$ tcolmsid suin%abl e
sprocket (not,shown ee et ween. t r ot.at j ng, nmenbers
306 and 216 o SehE e o del BlaseP el aTriR e §Eh B sk gieRhd SR e
connecti ng asfseedrbbs,enﬂﬂﬁzwaand @:&ﬂettyngtmserdbluQﬂedrdndea@pu@knmtgely he-56%l ati ve
sizes of the c? féket hlg1 etagés\é'tm Qfgrggdaﬁlﬁaggg)doc{u%{]@llaﬂs a &l}ogt ween.

Alternatlvely,rmspe rovi sepa rive the feed
assenbly 294 wpdommetetyoqrmﬁ% |shqtea$im1ntbda yto2K Bratedat hha’ns lmss@iocmoalcsdt may be

provi ded i nstead \%eégg%éc? hg%?é{eﬂr]i fodeh Vé:thgrfée\ﬁe EBb@@%B'an%&tethebl lity to

change the rel ati gears
236, 5238 wi tprongtof iamreh*yr&qacedrgparhmtartmgrgeaamemhersmrge@@ﬂéﬁ@nda68rchﬂtor 244

drives & gut | betiass Mo, GHl b AR E0BN ol Gl Sl R Pl ona bl ade

246 that extends across the w the unnage strip and has
a pair of crastkckanaterigd4gssds pteeenihe igeaise Altamelid dryengpaiests degeriteidng nenber s

216 and 238 it REpd & EFBPENRYertibirddH alsB&rdERHiempiafddidnig38 of

embodiment. Upper gears 236 are biased against lower gears 238 by a biasing
member, such as a spring. The biased rotating members 216, 218 of the feed
assembly 204 and the biased gears 236 and 238 of the connecting assembiy 206
are each mounted in a cantilever fashion for rotation about respective pivots 240
25 and 241 so that a smaller spring can be used to provide sufficient biasing force.
In the illustrated conversion machine 200, the feed assembly 204 and the
connecting assembly 206 are driven by a common electric drive motor 242. The
drive motor 242 positively drives the lower rotating members 218 of the feed
assembly 204 and is connected to the lower gear members 238 of the connecting
30 assembly 206 via a chain and suitable sprocket (not shown). The ratio of the
speed between the rotating members 216 and 218 of the feed assembly 204 and
the gears 236 and 238 of the connecting assembly 206 can readily be adjusted by

adjusting the relative sizes of the sprockets and providing a suitable chain
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10t he connecting assenbly 206 to positively drive the cutting bl ade 246
t hrough the layers of crunpled stock material with the nost force applied
at the lines of connection. The crank arns 248 are connected to a comon
shaft 250 and rotate through a cycle defined by respective cans 252. As
not ed above, the stock material could be perforated so that a | ength of
wr appi ng dunnage can be torn 15fromthe strip of dunnage. As shown
in FIG 11, the resulting wapping dunnage product 209 includes two plies
262 and 264 of randoniy crunpl ed sheet stock naterial Al t hough the exact

requency of IHEEhI Lo sHERRaRarRy RarRer s Sidparieailutbeq =
20st at i sti cal the, feethdssesbtyh2D4r asithe cafnettiregy abisbielye06i Al trespmisdionfaldche

rotatl ng MeTberg 216N AAE Sl hORLLESS BSSEIRLY. 20, B0 i, agar o 236 and

238 of the connecting asse e Si ze’ of e respectrve channel s
bet ween t he sefangattior rgtiae ep@e;_da; ch e fedbwbbrin AEd anpliz thearpl the ge23&36r 228
boundi ng t he i : rough which a respective ply 262 or
264 travelg (gggﬁﬁﬂﬁyﬂﬁ?ﬂkﬂﬁggﬁﬁgﬁg§ hﬁ gap is different on each side of

t he separ at or AZgparatehgut fnoteqZdAclivesia awiiptiamshile cdiéngadssembtyhvenicipipelidgs y 262

relative to tggutfnﬁg‘jfgféﬁg‘é% Fréat gﬂgn&%r@s’mré M‘ﬂ?oﬁﬁe Bfatl?td?ﬁﬁé &ﬁﬁé%&ét}‘ 264

generally are different. The ferential cru eeps WO pI ies 262

and 264 from AshasyPaif efrretearancdatongsartt the t%r@ sRagg@fHetngd t her eby
retaining | of ﬁqemeﬁs@ara%%tﬂﬁsldﬁ%e%@@é&%nwwm%% thJe£A056 &R Y& BPab! e

Dunnage Converter Yet anot her exenplary dunnage conversion nachi ne
300 is shdtn & CPP@“”Q_ES%“NYF%@@SW&%%?%FijYf»‘ %@Hﬂ*ﬁ@biageééﬁmr@%ﬁhewth t he

schemati c relap@@%m:r@wpm @cﬁcktrh@teﬁlélmﬂﬂg@e ﬁ@@twswcglaﬁp|.éavﬁméwnme8%9 of FIG 9.
Unl ess specified, features of this conversion mac 300 are substantially

simlar or th%”@ﬁﬁﬁmash@ﬁ5§¥Eﬁwsgﬁéaﬁ?mﬁﬁﬁﬁe%ﬁ)%ﬁ@“@P@&h@E%(éﬁ%b@FW%nts
Wil e the basmem@a%r@t:le%f.ﬁéd Wte%p@&.wems 082."B¢§ hbtae absves it dtédk t o t hat
described with ard to t rev enbodi nents, this. conversion
machi ne- i nol A" SEPLKA FERIERASS ITaLe \Grltes P IaRid] Gy oo FRbS TR | oss
| i kel'y to1§anirom the strip of dunnage.
As shown in FIG. 11, the resulting wrapping dunnage product 209 includes
two plies 262 and 264 of randomly crumpled sheet stock material. Although the
exact variation in the crumpled undulations is unpredictable, the amplitude and
frequency of the undulations generally can be approximately predicted
20  statistically, and is the result of the differential speed of the rotating members 216
and 218 of the feed assembly 204 and the gears 236 and 238 of the connecting
assembly 206, and the size of the respective channels between the separator
plate 224 and the channel guide plate 226 or 228 bounding the other side of the
space through which a respective ply 262 or 264 travels (see FIG. 9). Because
25 the gap is different on each side of the separator 220, the frequency F4 and
amplitude A1 of the upper ply 262 relative to the frequency F2 and the amplitude
A, of the lower ply 264 generally are different. The differential crumpling keeps
the two plies 262 and 264 from nesting with one another when they come
together, thereby retaining loft in the resulting dunnage wrap 209.
30
Another Wrappable Dunnage Converter
Yet another exemplary dunnage conversion machine 300 is shown in
FIGS. 12-15. This conversion machine is consistent with the schematic

24



An exenpl ary packagi ng system 322 shown in FIG 12 includes the conversion
machi ne 300, the conveyor 318 for transporting containers 324 to a
packagi ng | ocati on adjacent the outlet 316, and a control sensor 326
nount ed 10adj acent the conveyor 318 at a position upstream of the
conversion machi ne 300. By neasuring and/or inputting the conveyor speed, a
controller 330 incorporated into the conversion nmachine 300 or renote from
t he conversion machi ne 300 can use a signal fromthe control sensor 326 to
trigger atimer. The length of time fromwhen the sensor 326 is triggered

until a contaifng éseﬁ?a‘%a%f t"hg%uﬁ ér;t_i‘éeéé%%é%ﬁ nasphe? OOﬁﬁl%% IhRgd by the

sensor 326 can be use etermne t ength o e contal ner 324 and
t hereby the |émfl@doﬁeawreea@frﬁhl@pom@r@owaﬁmm@ow@rﬁ@ag@arpiredmamﬂar TiHibe

control I er 330780 MURbACE! dofy gﬁksbgevraﬁsbrﬁ%oaﬁmprwmemé ngth and

control the conversion machi ne I spense t (P unnage product
directly to tﬁ@erémn%ﬁtwgﬁonwowmfam@smtﬂrfcc@@i éascrierd witftiegarddg $eem 322

woul d arise wWhekicds M@&Hme@H@nﬁ%%oHUQQIHHPna‘éhlhb H?:ﬁ;d'é§%9véi‘§l 8atfREt om or top

| ayer in the container. Consequently, the production of a wr appi ng dunnage
product for IHVEW@W@”@HQQF@d%ﬂﬁﬂﬁ@?“ﬂ&ﬁWB@ﬁ@utonated and a wrappi ng product

of the appropriatey] &d&%d’br(}@Qol«&é@m@rsgé’tbﬁeﬁz%%@mFI@aH!ZYncﬁJHés% demand in a
nore conpact configuration than a §d%oduced suppl y of vvraégol ng dunnage

mat eri al . CO”WW@”C'B%%’?%?’%”W&%’W%\@ fog&Airarting qoﬁtﬂ"iﬁﬂ%éz Housi ng 302

t hat surroundgadk@g.hng%@&f@djgéenbmefbuaem@mﬁcsa Bbht@$ 568 324 hatintk@icl udes a
assenbly 306, and a cuttin ssenbl y

feed assenbly 304 a a conn a

306. The éan@ﬁ%‘?%‘h{Lﬁé@Hi’%@rgg%ah BRdIRSHRAM PhibeCaPYATHE maﬁaﬁ €399 bet ween
the feed 30 aB;Z&@bl&’rlr@%dﬁﬂdﬁuhﬁngﬂwmbymgpm%ﬁi@hbr‘ol%@@i%@ hebrperied

descri bed mnth J ference to 302 is

oot eq to s il TR kG BRE B R iae e i RO TR Ehove
packagi ng sur fiscesigha frtohethelcbanrsaihm 3edrivoid  geerat tirhdre Tpa(két@@h ofginsur f ace

i ncludes a cop 8. Q SR v " out an, ﬁis 320
Lo direct the MPABBIAG 1YoRuEe £0 BEtpT T aod Bad PG nf oA 00
exenpl ary 15t owlosg@mey\sexsmemblsyné‘ﬁzm rcah bé ssay/otdemrdie the pphthes thevo pl i es
P1 and P2 to {he dunnage Soms) dk MhoRG U por P ate [Fah@ifh Wlidlg Supplying
product. The controller 330 can automatically determine the appropriate length
and control the conversion machine 300 to dispense the wrapping dunnage
product directly to the container.
20 A suitable application for such a system 322 would arise when a wrapping
dunnage product will be used as a bottom or top layer in the container.
Consequently, the production of a wrapping dunnage product for layering in a
container can be automated and a wrapping product of the appropriate length can
be provided automatically and on demand in a more compact configuration than a
25  pre-produced supply of wrapping dunnage material.
The conversion machine 300 generally includes a housing 302 that
surrounds or incorporates both a conversion assembly that includes a feed
assembly 304 and a connecting assembly 306, and a cutting assembly 306. The
conversion machine 300 also includes the forming plows 312 between the feed
30 assembly 304 and the connecting assembly 306 that were described with
reference to the previous embodiment. The housing 302 is mounted to a stand
314 to raise an outlet 316 of the housing 302 above a packaging surface. In the

illustrated embodiment the packaging surface includes a conveyor 318. The
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5two plies or webs of sheet stock material to the conversion machi ne 300,
an exenpl ary stock supply 332 includes a stand 334 (FIGS. 16 and 17) for
supporting two separate stacks of fan-fold sheet stock material. An
exenplary stand is shown in FIGS. 16 and 17. The stand 334 includes a base
336, a pair of spaced-apart upright frame nmenbers 340 havi ng cross-nenbers
342 to hold the 10upright nenbers 340 upright, and transverse bars or

roll ers 344 spanni ng an upper portion of the upright nenbers 340 to help
gui de the stock naterial to the conversion nachine 300 (FIG 12). The

upri ght nenbe f|n t open. si de 43 t hat
facilitate Ioégug ae QBK%E$ P%?%y%ﬁgg t%?aja$ﬂg%pm w§ omer regi ons
of the open sod@sh843kﬁmmﬂwamnmmmardly extendlng supports 15 346 to hel p
support a stack i t menbers
346 protrudes |nmard%%&ﬂpggS%mkg%&ﬁng%%hgggﬁ& Rﬂﬁgggﬁgﬁﬁéfgﬁgﬂéégﬁﬁ
separate the olgs RgnglHds trterdtmnag«sonvafmenamwmmoy-T@%a@irtdiemqpedmmg

i nwar dl y- pgot g | t r 340 al so
stiffen the u\@?bﬁgOFB%E%BQ%ﬁ%gggagﬁaéﬁ%ag”??gﬁV#th Chm?l us rated stand
334 is prOV|déﬁﬂmﬂWWﬁhXMﬁégmﬁ33%®CW668ﬁﬁ@ﬂﬁﬁﬁ?IEGSth@ﬁn¢ﬂ7HbSO functions as
a cart. sultoRPoliG 300 chids Of reALIE SnedRBlcK mifdrial SAF Bxhifalyl and b2

passes through separate sets of serﬁen I ne , Shown In FIGS. 13-15

and parti cul apedd EsBownd Fithe 16angd tJﬁ@sﬁwg§§é”@5@99ﬁ6W§@§3%61mﬂ%ﬂequate

tension and eggouh ggnab@@%ah{eafﬁéshmsgﬁo RAGHY Bb¥s-ARmiblerLiHo8b Boldke f €ed
assenbly 304. The 25 serpentine 354, nounted at the upstream end of

t he conver'§i oHprreaémeﬁ@e@o%ﬂO Lﬂ’é‘ﬂhhé”%@?’ﬂ%ﬁﬁsﬁrﬁ’érsﬁtrﬂ'@“f %44 BRAANGIA of st ock

material and Ué‘tﬁér%gﬁloﬁ@f%B%Flgl&@ﬁer%eré bm% HéPd b@ﬂétr%&%ckmenaawm%% t hat
define a serpentine path for an tock materjal and a | ower set

of three rol | 8YVemsEs magine " @88% h&¥ %@9*‘%@”@@%%@H?f”‘r?e‘)ppﬁ’8§'ﬁ9f or a
lower ply of sieedtiont&cnalidesBas tiax esildte 1dagingGtdcrs sf ﬂaﬁ-f@a@f@cﬁ%@énal

generally are provided in . respective that .are ed relative to the
downst r eam di WE@HW oerWGAée%or?se etOpeé‘ic%’F &43 ins{uce e 9&?3‘%”9”@@“88? Shat h
fromthe ostl &6 tiadje&ﬁﬁmboﬂt he;tammmtilmega;rszs@ntrﬁob%re@rgwﬁ& t%dprﬁagg]gAfOf each
set to upper or |9 the feed as :

The contor r ofPEPSHaH oM ks Thror Bt S bapag RECACH B L GRS B ¢ of

SW ng arns 37€epaidie trewivogupplies oB Gcle. eTHeeéa‘t\AaiDdiI&e@bodlhg pn&iM&rd&iBO bet ween
an operating ion i.n-| e oth Ier 60 or 366 and
370 hnd a 1 oalionund Bt P Remld IR mhBbaRiRg BT sl the | oading
position 5praww@esﬁaméamgﬁmpaygagQKMEmwaememheveeumﬂnwKﬁMhepmmmddthe ot her
Luo, rollees Syt fiked 38 21 BEITRRAA! GFRnBbrl 8d Rehueen the rol fers more

easily. Load econes a i'ng the stock materi al
over the two roI | Eram dredstamtidd4 thﬂh&renmév 3p2|daeln pb!rfd andtRa passesftieedgtassenbl y

304. Then t he.d B%@E@%gﬁ%ﬁg@rﬂ%@\gﬁb@s%ﬁ&“ %wﬁﬂh’-‘l%’s hacls i CBlalrI§/S al i gned

operating p05| Ion, ock materia o an’ undul ati ng
or serpentineFlgafl® The sergentinecuides 864 ardvisieswthr addoppts. te@l@mam}brs 382 and 383

attached to t@%g%%?grﬂepﬁa&?r% ofFé%EﬁHy%ls |ttéﬁt@'§'%esf8@*§§§sefn{m(?{eﬂ{éem er

roller 358 or cllitates manua novi ng the center er out of
line with2% hesesmanine gepepss. meounird atcﬂsﬁwmge@rmnﬂmﬁweamverﬁ@n niggbloet o t he

ggeggtc Lpgdpossdol BeFire"setddhBndVbhiis I @alt PG of 5BLR RbferialldiRl iRANGS &) LRk er can
set of three rollers 356, 358, and 360 that define a serpentine path for an upper
ply of stock material and a lower set of three rollers 366, 368, and 370 that define
a serpentine path for a lower ply of stock material. The axes of the rollers in each
30 set generally are provided in respective planes that are angled relative to the
downstream direction. As a result, each ply P{and Py has a direct path from the
outlet adjacent the downstream-most rollers 360 and 370 of each set to upper or

lower wheels 372 and 374 of the feed assembly 304.
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15in the operating position, such as by using a spring-|oaded el enment that
engages a detent (not shown). Fromthe serpentine guides 354, each ply P1
and P2 enters the feed assenbly 304 on a respective side of a separator

pl ate 384 that extends between the wheels 372 and 374 of the feed assenbly
304 and defines a passage for each 20 ply F1 and P2 between upper and | ower
channel guides 386 and 388. The channel guides 386 and 388 flare outward,
away from one another, at an upstreamend to receive the plies, and then
extend parallel to each other through the feed assenbly 304 and the

connect i ng asse”b'fi e&isér%l%'l’ §aﬁé‘§68$6f%%h gﬁt@é@ﬁh eH*B@ WO to the

cutting assenbl not e previ ousl anne gui 86 and 388
al so confine lSW@gsﬂf'@@ R76rat ke pwing l@éﬂ&ééﬁwaﬂeh@tafa@@dak@ymms>38Q©ﬂtm@ﬁd anhe

connecting asggabliyy 3ion mlhne wT@ﬁmefo@r?é#O?%ﬁeﬁ%lé'nd?’o%% dr%gbléqg%?wﬁee?s

| ateral |l y- spaced upper and lower pairs rotatlnq_nenbe S or
and 374, and &aﬁm@lwwprﬂ fespoveg ff§€p@?§?@atlmp%ﬂt§)@r andradogerosiiigeel s 372 and

374 to facili %tvﬁjekgagbegaésa@@wemlta{e eéntéh@eér aﬁa%tﬁmg%ue% so Unli ke
t he separatel¥ supported upper wheels 10) precedi ng feed

assenbl y, thet@bpersiogherateriazan pp fetdnteetww aéﬁ@rﬁomrem@llxs HetRdnorinen Gs,

12-15 are secHg&finds ﬁn@@%ﬁﬁﬂoﬁ%éth@%@bck material oveR@heEtwol rBlr My hﬁ’de':' GS.
19-22, the wheel shaft 390 is supported at its_lateral ends by a pair of

opposi ng housrﬁﬁmﬁEﬁéw@ré@ﬁmﬁﬂﬂﬁﬂﬁﬁEﬁﬁ?@P%éoﬂh@h@bW§ﬁ@Pm§Wd@”@P§i ef r ame

menmbers 394, @erﬂ@*rbll&fbabkfjb\mlilﬂ)lfél@f@ﬁéd @watn@%emo@fthérasym@smmebl ocks 392,
and a lifting cam sh a h housi ng bl ock 392 hc&eses a_conpression 5

spring 402°%t oSBFLE3 er'i'@ 'UWp%Y @H&“P%Wﬁerﬁ’ fige PRY troHpa e 1BreeRigRds 372 and
3E4 t owar d onellarotdres barkles2hedBsB GtthdHeeko B];Qe%vhg%armsrzﬁﬁelsﬁramél tcp@rﬁ?d<e][ 404
that receives an t,. 4 an ol.ds, it in place,
bnd ¢y oughe ottt 16e br et Tar i es M dai s frrd8l 1695 et
vertically onrqﬂerrcaJtIoEImeguntrdtes oth'lélneolwsetelth@ba(ﬂmg B@Qtudmdahmmck%&hmear its
end where a bolt act

40 u ssor as wel |l
as the guide ?%raW@d% n@ﬁ@%ﬁ’%? E Sel gﬁ??f ggc Sem&%% lifting
cam shaft 1400initse Dp]erlaimgepmttoh s@amluyejlsm'g@,spangi-lcmhedeletﬂmt taeedgaghaft 390

in the |IIust5%g%8 @Hg%%wﬁd |tThe lifting shaft 400 spans the full width

of the feed assé s lateral ends are captured within the
pockets 404 From the serpentine guides 354, each ply P4 and P» enters the feed

assembly 304 on a respective side of a separator plate 384 that extends between
the wheels 372 and 374 of the feed assembly 304 and defines a passage for each

20  ply P1 and Py between upper and lower channel guides 386 and 388. The
channel guides 386 and 388 flare outward, away from one another, at an
upstream end to receive the plies, and then extend parallel to each other through
the feed assembly 304 and the connecting assembly 306 to guide the stock
material therethrough to the cutting assembly 310. As noted previously, the

25 channel guides 386 and 388 also confine the stock material between the feed
assembly 304 and the connecting assembly 306.

The feed assembly 332 includes laterally-spaced upper and lower pairs of
rotating members or wheels 372 and 374, and a wheel lifter to separate the upper
and lower wheels 372 and 374 to facilitate loading a new supply of sheet stock

30  material. Unlike the separately-supported upper wheels 216 (FIG. 10) of the
preceding feed assembly, the upper wheels 372 in the feed assembly 304 shown

in FIGS. 12-15 are secured to a common shaft 390.
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15i n the housing bl ocks 392. One side of each end of the Iifting cam shaft
400 is mlled dowmn to a flat 411 such that the |ifting camshaft 400 sits
bel ow its tangency on the flats 411 in the pockets 404 of the housing

bl ocks 392. The lifting plates 396 have a cl earance hole for the cam shaft
400 and a slot for the wheel shaft 390 to allow the translation notion of
t he wheel shaft therein. 20A hole toward the center of the [ifting cam
shaft 400 receives a | ever arm 412 that can extend outside the housing 302
of the conversion machine 300. The hole and the | ever arm 412 are parall el

to the flats 411 'F@efgnﬁg nHleéfFT(?é el% %%%P%haf%% & ohgg |?s Ig{er grm 412

t hrough ninety degrees from an operating positiont 14 on
rotates the egass @fapﬁeofc@hoslhamusthﬂmblotﬂfs 3B trhaintedf duagide thﬂateml ade hei r

round porti 'OnﬁrateTt*Fﬁné H(eh“b%ﬁs ﬁ@%%%h%%mﬁd 6\5‘&%& %56 nWa?d Bﬂh%b&’ g on to

t he wheel sha gl s 372,
t hereby provi @Phgnd agiiiinoremenalt 40Re E@pfp) @UWWQKV'@Q helveesd @ C@?lQreaﬂdn 374,

bet ween whisChf iy #296 bia8 HALKodBRLRY loller FAMIBIdrASk- V! RS 8PS n%mﬁ on all

the way to rotating gears 414 connecting asse 306 (FIG
3015). Once t Hwasq prkanpifesr iTAp hPES“PQJb'G@ﬁ392rfé&SLﬁWP@F§ qrrp@ckeéxﬂéﬁ tfaartm 412 to

its operati ngrd&@%é laﬁ)@n@bﬂﬁ@%ftfh&%aﬂ%ﬁa@@@@‘@ﬁd"hél@éalt WS, BRE QMBI b eel s
372 and 374 of t he feed é Int eoeratlng position, the spring

402 bi ases t h&0® @ﬁb?'fo"‘@é'@e Wi“e?'ﬁ’ af&%%%ﬁo Hanalet esvegtW@”X enar@elgaidest Thae | ower

wheel s 374, naheaMshirt Bétﬁhéé@ﬁblefm@%érasénH‘WH%P@é‘B@I@@% %S%Mrb%ﬁé above,
t he converS| on nmachi ne 300 includes formng 312 shown in FIGS. 13-15

of essent '@l | §°tERE S@ﬁﬁ%cgrﬁarﬁés%{sas velliagdh %Q‘é@? @ugn@rﬁ?déﬂ‘ﬁﬁb?ftthe YBemit ed
bet ween t he fg@(ﬂtmsen‘oly 304 and the connecting asserrbly 306 to urge

inwardly | ateral ortions_of the sheet st rial. The |ateral
edge portions of gﬁg% g cansBafi4do {5 ping witk oqa&g@t@r aphabvgde ¥B%e!i ons of
anot her ply, st 39|oen thesilstrateg dnfieidpesedTenrhey siefit 408\seaas telflil Wiatconnect ed

nsserbl y 10308 e o0 2s Rt BPs hiP B RRY Aca® ety it SRRt he
channel gu$ demphealhcasw@&ﬁocamdsg%s)nbrsidgtdfdia@gertchﬁ tiod lkftiny €xthn siharckoonet er i al
A L
material fr onmrbtee\ﬂetsmm h:etrteamchetsﬂM h&thg bavsnglildcks53d2d T4hé6ifttng phdtes m ze or
prevent janmm 3 f%fvetarl:?ea%r%%l%o@ttoﬁme%arﬂ é}\arftQ%O%ﬂg sloépf'or tf?e wheel shaft 390
to allow the translation motion of the wheel shaft therein.
20 A hole toward the center of the lifting cam shaft 400 receives a lever arm
412 that can extend outside the housing 302 of the conversion machine 300. The
hole and the lever arm 412 are parallel to the flats 411 in the illustrated
embodiment. Rotating the lever arm 412 through ninety degrees from an
operating position to a loading position rotates the ends of the cam shaft 400 off
25 their flats 411 onto their round portions. The lifting plates 396 transfer this
rotational motion to the wheel shaft 390, and thus to the upper rotating members
or wheels 372, thereby providing a gap between the upper and lower wheels 372
and 374, between which the sheet stock material can be fed without obstruction
all the way to rotating gears 414 and 416 in the connecting assembly 306 (FIG
30 15). Once the stock material is loaded, returning the lever arm 412 to its
operating position closes the gap between the upper and lower wheels 372 and
374 of the feed assembly 304. In the operating position, the spring 402 biases the
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416. Each stripper bar 418 and 419 extends through an annul ar recess or
val | ey between | aterally-spaced gear segnents 422. Because the stripper
bars 418 and 419 are snaller than the space between the gear shafts 421 and
423 and the dianeter of the gears 414 and 416 between the gear teeth, and
passes the gear 20at a point adjacent the shaft, they do not interfere with
the connecting operation in any way. The upper strippers 418 on the biased
idler gears 414 are attached to a gear support 424 upstream and downstream
of each gear 414, allowi ng the stripper bars 418 to nove with the pivotable

t 424, wWhi | till idi t h i, PRI t [
Gentral " porti SRbPY sidng e a B e s Ro SRS TR Bike SRR B8 T e
and does not fevdockshategalttherebaiween.gear 416 only rot ates. As in the
i nmbodi o f I . . ' ly 306
previ ous enbodt o0k o kHE EESH R R A04 A RO ATREL IR FRRAIDL Y 200
the | ower whegll2si3 iofriGhelF-¢edf eassriialy theIuneshdpe e in heerewears 30 416 of
the connecting 8S5ERRL ¥odifctshuhallhb Koochal B384 aRduTaspREkye sprocket s

434 and 436, as seen I'n . e the drive sprockets 4 and 436 that
are used to desseentthél6ieesyesingariiaterd rdgeportipes $fdbelskass eiobk pagoi4l. and t he

gears 414 andrgd g9 d %p%ﬂl&ﬂ@%f@éﬁ%%géétgﬁﬁy%rﬁ%ﬁf&é BvdrAGAL&L Miflicsdg the

side plate frame nenbers or walls e sprockets 434 and 436 are
readi | y accesgn@iher phoipad dhangsuliies Prmepedambai@f Byepvdckeconm@atednd 436 are

the only itemReerss Ry habOo&handheldearATAUM 4%_0‘?(He%nhé’&§g%@§’edrﬁﬁ1$r age

crunpling frequency. While this approach is relatively sinpleée an
i nexpensi V&, £#@ machine 5can alternatively include a transni ssion and/or

separate notors t R&GHRhE AbwideIcE BN 45R.RYSt BB chithel blide Yatddtigs st oppi ng
t he conversion proce d above, the relative arrplﬁl t ude of

ess, As noted abo , of the
crunpl i ng gen@?&P$8/iniwiding thasemed sfecksapigriaingst e gees3d4 aadd 1P isthai st ance
from the uppetoriaetidgaemglyi e, PbabererdS®mabkins860 6mbeyd Blippérabhesmonnect ed

iting the conn s downstreamto

T O B g e GIReE g SSSeITEL ) OB RESPES sioungt eam ¢
shown i n kb GSan®$160MiAIMi2NEr drévehit fimraihg bothk ReCR WididrRYinaRs geirs 12084 (FI G
0ot e P e ERRTE R 10 08 e DRI Py RPRHSETD (i 1 15
four-bar |inkbgeeddRiaait)-spasbd Jedr sagments|4p2 4 B84cauBesiepstrippe baty 4 180drar 445
oS e Lo B NAgE et BeaBE M R A S AE0T o 22 o
the shaft 448diatsath ofithe \yeasr&idlkand 30 6ibetvatchdiohgehrttestia, Selqassesthagkard52 whi ch
ICE,[ t IULS g%gggg}gaz;ﬁtj rﬁ{ fgigl%gét&hg gﬁafﬁ%?’eytc}?)antot ;Snltlé)r%(})er \t/vﬁh %h%eco%HéétslnB%pgrlaﬁgr? in440' The
any way. The upper strippers 418 on the biased idler gears 414 are attached to a
gear support 424 upstream and downstream of each gear 414, allowing the
stripper bars 418 to move with the pivotable gear support 424 while still providing
the necessary stripping action in a central portion of the gear 414. The lower
25  stripper member 419 is fixed and does not move, since the lower gear 416 only
rotates.
As in the previous embodiment, the feed assembly 304 and the connecting
assembly 306 are driven by a common drive motor 430. The drive motor 430 is
connected to the lower wheels 374 of the feed assembly 304 and the lower gears
30 416 of the connecting assembly 306 via a drive chain 432 and respective
sprockets 434 and 436, as seen in FIG. 25. Since the drive sprockets 434 and
436 that are used to drive the wheels 372 and 374 of the feed assembly 304 and

the gears 414 and 416 of the connecting assembly 306 are located outside the
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20rides on a pair of parallel shafts or slider arns 454 to guide the
cutting blade 440 as it noves across the path of the strip of dunnage to
sever a discrete length of a wapping dunnage product fromthe strip. Each
of the crank arnms 450 is aligned with one of the l|aterally-spaced gear
pairs 414 and 416 of the connecting assenbly 306 to concentrate the force
applied to cutting the strip of dunnage at 25the connecting |ines, which
are the areas of maxi numresi stance to being cut. The cutting bl ade
carriage 453 has an angl ed surface 456 behind the bl ade edge. This angle

removes any flat PR frang r&b‘?ﬁdbb%’gr‘&515?&4vﬁhépr%fckét?$3%’ﬁd %’@ﬁr%grga(ﬁl oduct

could rest. Fromthe cutting housi ng exit
continues a dewnsaible. Ihepeingithe gfain 2 am$m@01®0634$m453fh$r9m0ﬁlhe next

strip of 30 dumga@céseé Qcﬁéhr?%%é%o% P WRRP 1085 bind QMWH@D@%&OW%

previous strip of dunna I'S conversion nmac al so
provi des two Wageency Wevle s FmaChR@fQé@t'VB'.ﬁ@Kn@@ani @sxperpivesthempgodine t he

control | er 533Q,58RSQsIVBHGRIIARS SRRBAssIRf arddif s@ﬁérM% AR 043k Jidld s bel ow a
set limt conpared to its Intended running speed. Second, an optical sensor

462 i s nmount efPl#uasPesHs ardhafly guihouksiphriig the sanversieheroseimnes THef assenbl y
306. This sengggvedhd rb@ﬁveaarﬁpmwe SracatruhBivef donesdnd lé/mrr\ea Bg st ock materi al

backs-up, narrow ng bet ween the sensor and the 5ori |naI at h of
the stock mat &R ”?'ﬁt@ 1%6@(‘9&?Idﬁa'@S@OFH@%PP?‘?r@@dﬂQW% gé.'sde %C‘Ed t he
control ler 33@h&888 gFiepsi.he nmachi ne 300 and out put a signal to alert an
oper ator. eatures o e dunnaqgtgaconverm on (fhl ne 300 make

th
it easier 'Po | oadhﬁ]er?ﬁPB e ﬁappﬁ‘mﬂf‘aﬂe SHENG S CRIMHEIRY 289880 Shi ng pl i es
of stock mat epasabs dswnstdawelol th@sutlimpasseibiyrey 00fTha cdﬁﬁ@égﬁanmlpgt@h fromthe

L B e, LR e SRR AL Bl LR B RARE ot | P
%rodgci gg 36/1 qgsaa:entbyymﬁpﬁr@nrdiharpm;@oqsremhmdhnemndahe:?mm:éssmmma on- deLrand
t t

presont |+ nvert oIt SuTaIsE I iRl FR Yo Bl Bk e s o
sheet stock niuebardinkage 44 Zsardimsiaigeagseotlyct4at Menasateethtahomle‘!l% drivesker and
eSS, dense LNRR (N%PhAKe T8 O Slen BUL 4hS & ShAL LAl dnel Bh BRC ol L cT ent 1y

flexible to function as protec he' tohversio
i ncl udes a f elbd gﬁerctbtarﬂﬁéirha&@ drrvatcrad\ﬂ@ﬁcoesmaoam@emdssafdm(shmt@ﬂl &ach

ther et hrough g A BORRCLIRLTREHABLAR A RMTIGART Abub R0 ced

mechani sm 40. The connec assa F t he sheet
stock materi a¢arm¢®rfk§t3ﬁh@twglhp@‘§s the@dhtln@blahe%@ othe mitlregbladie caTeawélfﬁﬁough at a

slover ratge than fhe leﬁc?f%]aﬂfﬁ%f@{é'ft%}é‘l%e 5%%54%*1@&&8%5 ol 615‘& zi the

connecting mechani sm 'S causes the y crunple
in a | ongi t uddshmosgsarasosscthowpatin af e steed’ draoagmiosievam dlﬁ@reteH@nQibnﬁ@ct i ng

wrapping dunnage product from the strip. Each of the crank arms 450 is aligned
with one of the laterally-spaced gear pairs 414 and 416 of the connecting
assembly 306 to concentrate the force applied to cutting the strip of dunnage at
25  the connecting lines, which are the areas of maximum resistance to being cut.
The cutting blade carriage 453 has an angled surface 456 behind the blade
edge. This angle removes any flat surface upon which slivers of the cut dunnage
product could rest. From the cutting blade 440, the housing exit chute 460
continues a downward slope out of the machine 300. This allows the next strip of
30 dunnage formed in series to sweep out the remnants from the previous strip of
dunnage.
Finally, this conversion machine 300 also provides two ways to detect

jams. Refer back to FIGS. 12-15. First, the controller 330 senses when the speed
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25 mechani sm 42. The connecting nechani sm 42 connects mnultiple overl apping
| ayers of sheet stock material together as they pass therethrough,

i ncl udi ng connecting at | east one crunpled sheet to one side of one other
sheet. Sliding Stock Supply Shelf 30The present invention also-provides a
dunnage conversion machi ne having a shelf for supporting a supply of stock
material, a conversion assenbly for converting stock material into a
dunnage product dispensed through an outlet in a downstreamdirection, and
a stand that supports the conversion assenbly and the shelf. The shelf is
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i nvention prOV| NnVer si on machin uci ng dunnage
products for wkenihe qﬁmhatgﬂaib]aelﬁw |nﬁrraWI09meeﬂlawdvetwqﬂfrethe(sav@fgnd)mermch| ne
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converting a st mat eri a unnage p

1010 t hat supperaostrelles 380 nerepiop die megimhBq0 a@mtpqeﬁwab@m}@t g on assenbly
1002 is capabbg,g{ converting the stock material 1004 into a dunnage
product 1006 as the stock material noves through the conversion assenbly in
an upstream t o- dowWl$6¢ &awras pElee dornagerceryiFion prchiea #0e Ake dresieptoa

downstream eng)aéq;f@rov-ghﬁe Féﬁ@%ﬁrahg’iraé@r%oftth’@ln%@ﬂnln)é pliBS budgsk rﬁat@ﬁ’él%‘sng 1022
for the conversion asse The conversion assenbly 1002 15di spenses

t he dunnagdé pW@Uja%fhel%'ﬁ@gt%?&H@'F\é%rprﬁ(ﬂ{qt 8@mim@r'a@ndr?@avv6@e EOTYBHIPS: r eam end

of the housi ngadRR2to Matbymepﬁltmﬁ}éﬂ{rﬁlhgWe@é@@(fpbl)érttah@peﬁé&ﬂ\wfﬁes a stock
material into a relativel ess. dense unna%éﬁgro uct can be used in
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reference. lhe st and 1&%% |nclug frame }024 W th uprights 1026
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relatively thin and sufficiently flexible to function as a protective wrap. The
conversion machine 36 includes a feed mechanism 40 that advances a sheet
stock material therethrough and a connecting mechanism 42 downstream of the

20 feed mechanism 40. The connecting mechanism 42 retards the passage of the
sheet stock material therethrough by feeding the stock material therethrough at a
slower rate than the feed mechanism 40 feeds the stock material to the
connecting mechanism 42. This causes the stock material to randomly crumple in
a longitudinal space between the feed mechanism 40 and the connecting

25 mechanism 42. The connecting mechanism 42 connects multiple overlapping
layers of sheet stock material together as they pass therethrough, including
connecting at least one crumpled sheet to one side of one other sheet.

Sliding Stock Supply Shelf

30 The present invention also provides a dunnage conversion machine having
a shelf for supporting a supply of stock material, a conversion assembly for
converting stock material into a dunnage product dispensed through an outlet in a

downstream direction, and a stand that supports the conversion assembly and the
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25a shelf 1032 for supporting a supply of stock material 1004. The shel f
1032 defines a horizontal, substantially flat and conti nuous surface for
supporting the supply of stock material. The stock nmaterial 1004,
such as a container of stock material or a stack of fan-foel-ded-sheet stock
material is supported on the shelf 1032 to be fed into the 30 conversion
assenbly 1002 for conversion into a dunnage product 1006. An exenpl ary
stock material 1004 includes one or nore stacks of fan-folded kraft paper.
The stock material 1004 supported on the shelf 1032 can be fed into the

d f . i . . i i
donnage pr odusta 18etef iHRAE 3ogehie BRES ¥n 60BN i GRRAEEP e wpen
wor ki ng or opepaersign gassimiolyoand(Hb@lin@ Bysitamj speeert frorh éhecareratingi mnitias enbl y
1002 and a lo Id{bg SPRBI At i\}M_(,\Fh@l}tn%\%tﬁ%gwg%%nfgsg%bge operating position

for | oading stock materia conversi on assenbly 1002. The
illustrated stand R€eningmpydn detai krethe dravenasi and iriiderid FIC.08BGHsve t he

shel f 1032, | - at Lng: i b hel ' t he
conver si onﬁasgrengﬁﬂ%g'ggﬁ bﬁ&%'dtg é dﬁjrﬁ{}gsetér?g?ee_ Igﬁﬁa&éﬁgﬁpbqa%%?&%ﬁﬁges hel f 1032
is mounted todUmEAgSPERICEIR0USS inpackingaehiedss insetaaldindr, Topaemereipart

tel escopi Ng SHRRARE oARChVEHEOROTBIRIER a%ﬂagéé%ber%&n%%%ﬁl%loéﬁ’ f)l abl e

drawer slides. Both the outlet 1020 of the tonversion asseibly 1002 and
shel f 1032 i nceHerting&diterk pasriali 10A4 drea dHnnage rsedust $§Qfeanska staad ¢t er si on

machi ne 1000. EhguRRaK Ble QnvakRAasoRsk Rt od2. both can retrieve dunnage
products 1006 fromthe out]et 1020 and | oad the stock material 15 1004

from the dBwnst r eaie&avergien agsereme 1@es spratie almeoveryng thejstockdiapiaigeous

when space i s1bddihtoetdduridgd pRiudEID6 R enc abYen Sieal MG ESMRLYgHHR2 S
posi ti oned underneath agﬁt{'gglif?al or other work surface as shown in FIG

28. Thi's al | ofRVERIBIR A B PTG P SUBE0. CYBER RS Al |
splice a new suppdi tofa dinesltedrioad ial6.t Theadbnabmar0OS peitiallg hgRbYs §t ock
oo e P 2B EbL P8 Bl PR
includes tihe &isbdrees oy diinepge proajict!ione arbyghraaveunigt 1080 defieéd byl@32 from t he
R S AR S
1004 onto t hecstvetts a 38R mad&ahhtq 8 Jelatebyriedsrigpnsd dursiagh forddid@candet he
Pl 1 oi ng_a et BB B e R o S P S Sedol y of st ock
mat eri al bef oassetribvly istisplosdd ihd).Sr Ratantan §,8716588 hehith BO82etyantdngorefedr at i ng
posi tion. 20 by reference.
The stand 1010 includes a frame 1024 with uprights 1026 for supporting
the conversion assembly 1002 at an elevated position, and can also include one
or more wheels 1030 to help transport the converter 1000.
In addition to the conversion assembly 1002, the stand 1010 also supports
25 ashelf 1032 for supporting a supply of stock material 1004. The shelf 1032
defines a horizontal, substantially flat and continuous surface for supporting the
supply of stock material.
The stock material 1004, such as a container of stock material or a stack of
fan-folded sheet stock material is supported on the shelf 1032 to be fed into the
30  conversion assembly 1002 for conversion into a dunnage product 1006. An
exemplary stock material 1004 includes one or more stacks of fan-folded kraft

paper. The stock material 1004 supported on the shelf 1032 can be fed into the
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30 Short-Dunnage Qutput Chute Bypass In the place of or in addition to the
shel f, the conversion nmachi ne can include an output chute with an upstream
end that is noveable relative to the outlet. In a first position, the

out put chute is aligned with the outlet to receive dunnage products, and
in a second position the upstreamend of the output chute is noved out of
alignnment with the outlet so that dunnage products fromthe conversion
assenbly bypass the output chute. To di spense dunnage products with |engths
bot h under and over a Smnimumlength to prevent janming in a typical

out put chute, hgﬁeaﬂ{Sr?oe‘mm'J?Yﬁenédnggrsf?){\%\&%ﬁﬁgq %FB('SHVE;? sion Et a‘pat Can be

moved out of t rel h dunna e pro 1899 ong a
separat e pathptddactSd@éé not go through the output chute. Turning now to

FIGS. 31-38 an exepp| gly @ggrms?mgmb% B CBEL WA o %ﬁra?ﬁ@%ﬁé@ [ 1100

i's shown. The converter S a conversion a
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54 to a downstream end n upstream wnst ream |rect on 1166.

Any conver si oROeErhRspembit 1002 Jﬁ@ﬁ'bﬁtéat@fi stend dU sippatin hegenpereidact s of
15nmul tipl e | eggdchshieaibbdous g éh’élftm?z Cﬂ’lN@BEé?étm’gl&‘%mBFmotHbgﬁ@lf Rstide

i nvention. The converter 1100 includes a housing a conversion
assenbl y 1154Unggrdsrrstesionasaemely 108& housi ng 1168 defl nes an outlet 1170

for the conversiony, @%’ﬁﬁu”ﬂ%‘a}éd]c%ﬁéertemﬁo@qwg{éﬂ 032 25980REY tolhe dtahyspenses
dunnage products 1160 through the outlet 1170 in a downstream direction

1166. The 190 &'t RheBaibetRAE!S! SRECHARIE! elearRNtS PO R gHIN0 Sredmksis assenbl y

1154 and the ogd4, @ucrﬂés7&bmrﬁomiﬁé%.réblamr@v@rsﬁ@&t ot thechulbi 0PN tHennage
product | ength. In. an exe ¥ e;:]r%ment t he outlet 1170 defined by the
0% oBTeh

housi ng 1168 FYVPELD 3538W 10824 HsirrRdn9eRasition ke golss@Meam end
of the conver sit@bf @8 senrsiod dzdhin@ 500 mkém olHePOpalagp bbihcdawdes a chut e

T2 e o Ol i B A8 Ao Tt e Pl B 1120
and an output 1@iduten perdowertrddd 2nd ab $®of the converter 1000. This is advantageous
when space is limited, such as when the conversion assembly 1002 is positioned
underneath a table 1036 or other work surface as shown in FIG. 28. This allows
an operator to more efficiently supply stock material, splice a new supply of stock
material to an almost-spent supply stock material, and/or return to a packing
20  operation as quickly as possible.

An exemplary method of loading a dunnage conversion machine 100 thus
includes the following steps: (a) linearly moving the shelf 1032 from the operating
position (FIG. 29) to the loading position (FIG. 30) without moving the conversion
assembly 1002, (b) loading a supply of stock material 1004 onto the shelf 1032,

25 and (c) returning the shelf 1032 to the operating position (FIG 29). The method
can also include the step of splicing a new supply of stock material to an almost-
spent supply of stock material before the step of (c) returning the shelf 1032 to the

operating position.

30  Short-Dunnage Output Chute Bypass
In the place of or in addition to the shelf, the conversion machine can
include an output chute with an upstream end that is moveable relative to the

outlet. In a first position, the output chute is aligned with the outlet to receive
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referred to nore sinply as the output chute. The output chute portion 1192
is novabl e between a first position (FIG 32) where an upstreamend of the
out put 30chute portion 1192 is aligned with the outlet 1170, and a second
position (FIG 33) where the upstreamend of the output chute 1192 is
spaced fromthe outlet 11 70 and its first position so that dunnage
products exiting the outlet 1170 bypass the output chute portion 1192. The
conversion assenbly 1154 is operative whether the output chute 1192 is in
either the first position or the second position. The gravity chute portion

1190 has an eas][lr(n%gg%{c#égé ﬂcae%%grr\cgﬁostﬂ%wtﬁé up;s}r%gm eﬂ?j %&Héﬁg%e

portion 1192 clos rance the graV|ty when t he
out put chut e pandviedruldfsighmentwithiibe Putled so Pfws dtirage ERIGBCs3IM ted opens t he

entrance 1194@ﬁ99%%LQ%Sg“BPq9§ﬁ&”99HG??t&%99 to enter the gravity chute

portion 1190 when t Sut put ion 1192 is in the second position
(FIG 33). The gr a\ﬂ'Ot(!}SRﬂﬁla% dunrege ﬂm@c@wvlt@dmgﬂlsl@ﬁh tiodera@dovend ng dunnage

products t hat assenbl
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150ut put chute 1192middigowe &Nt IGY. b¢r383a%%&ew|@hﬁ@ldnﬁgé 8@&\){5@5@&1 Rablifc@ssor
1204, a nenory 1206, and a progrr amstored In th The controller
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sel ect ed | eng{{b4anst PRGerty a @taaem@tetr@W%fr% aGRAbaGY proagtel soeaie of the
conver si on assenblé 11 54 a 2 novenent of gg ﬁ@\Ut chute 119 The i nput
devi ces 1210 ¥8r< Halegarmuelsdem 8 vodeamRd 482 Shie SonHSFian gFselibey boar d,
nouse, touch srgsaen dbwsplrédm ead 3 CRNIAGIH @@tr@@ﬂ@dow@stﬂ@am dhedtorr emder for
readi ng a bar,code on. a contai ner, .that EI%ES t he dunna (gducts, a
radi o frequenelY FH¥RSI aéﬁ?ms]% ey %aé)ak)l BPd@Rd V”nar%eé)lr(g(ﬁﬁgsn caner a,
etc. The eontmokiplenenk@iZcapare Jxedp thercanvaetr tt 000 mmgecu mtrtehevemppm opri ate

i nputs that repre ocation é | ook 25up

nt a sel d | engt
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The out put s ft1Eh tthéoveshtanldnerof H20duesiap 1¢ 6 tefles waroudets! 1fdffartise t hat dri ve

chute 1102, 1Py REErERT et oEnous oot Beto g 0g S RBbaies ol D50,

control s a sopredwitsl1 il througR e autidt &170i inlkatpendPdam ticeationd 16heTlout put chute

1192 fr OnE(S hedistance between the downstream end of the conversion assembly 1154 and the
outlet 1170 is less than a predetermined minimum dunnage product length. In an
exemplary embodiment, the outlet 1170 defined by the housing 1168 is less than
five centimeters downstream of a downstream end of the conversion assembly
1154.

25 The converter 1100 also includes a chute 1172 adjacent the outlet 1170.
The chute 1172 has a gravity chute portion 1190 that extends in a direction
transverse the downstream direction 1166, and an output chute portion 1192, also
referred to more simply as the output chute. The output chute portion 1192 is
movable between a first position (FIG. 32) where an upstream end of the output

30 chute portion 1192 is aligned with the outlet 1170, and a second position (FIG. 33)
where the upstream end of the output chute 1192 is spaced from the outlet 1170

and its first position so that dunnage products exiting the outlet 1170 bypass the
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30first position (FIG 34) to the second position (FIG 37). Converters
often are | ocated near a conveyor 1220 (FIG 31) that transport packagi ng
containers to be packed and shipped. O her work surface al so are used for
packi ng. In the enbodi nent shown in FIGS. 34-38, the gravity chute
portion 1190 has been omtted to inprove the view of the outlet 1170 (FIGS.
37 and 38) and the output chute 1192. The output chute 1192 has walls 1220
that define a passage 1222 through the output chute. The output chute 1192
i s novabl e Sbetween a first position where the output chute 1192 and the

passage 1222 Bntr utet;FEﬁ'n&M L ﬁ@%ﬁwe]régr?a?ge @1%‘?90 rtah/et\pr‘?etﬁ’éJrHEt 1170
to receive relat |ve

unnage products first position,
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with the outl é1701frE, O%Wtﬁém&tﬁoﬁt@mﬂ%@%e Araengsr'd@tde bepadtyhavi ng a

length | ess tBafe ting) & REILIPEURBRLIELEHBN A1 d 2R GH metﬂbsatpoﬁﬁ@n m@p@zjsed
through the outlet 1170 bypass the output chute the second

position, a b8td eRAnsURe 8@@@23@9‘6’@ qliw O AAR pr@ﬂ‘dﬂt%1 o0oip eﬂ@‘rmﬁa@a‘ﬂtygw de

surface to di pRfé pbiten duginReEen Pkl sShlw Pa%sh NP0 Bén %ts@tjéncpdﬂiétti%n
15downward. The bottom of the output chute 1192 or gw de surface 1230 is

horizontal |y SpAced HEwWaVPes I ihasanst 180 LRI Y49R8%er se a path
of the dunnaggropt@d et s; éltl’&a@t 250 inilitgetéRerontithb @bnvkskdién hesehitly slamnstiroeam

[ cadi ng cdbe BAEAREORTILRBUGHE L Sriase £na DRt 1930°6r TREHM put

chute 1192, t b&uté ﬁ@ﬂtlbﬂﬂ&@@t&bél&@:earﬂﬂhdldsrtﬂétrélaﬂi\lefy dhartriageagy mdawts 1400

downward. As fh rod 1 | ear the outlet 1170, they fal
t hr ough t he gﬁ@&aﬁﬁw fi@’ E‘I’t&%q%@) for collection below the outlet
1170. | n t itheidohustar dt eifuethbrodel odssty cdritrellezrulapmthactleuatﬂeﬁ192 is

pi vot abl e about an_axi s 123 e si ng
Dbe. oot nat SrePndr e et RS Rk ORR o P Hhl o e  DRLOS B Chut
1192 i s ro$ataldpyt dmp‘@c‘el@Zf momcbiteollout 202t tydida19 irmhdles pareckstororhOthe posi tion

of Le upstr S BAsAb, LIS, QHPUh SEIUEG 1l A8mbR, T Lhislor o8] ALen. The

pivot axis 12 ane 0 e outlet 1170,
general ly i s induilgsoorteadr, memdngyeé devieds| 4210 sormetarmirfrey e walstted dangénehcdof t he
output chute c]ﬁleggr'more outputs for controlling elements of the conversion assembly 1154 and
movement of the output chute 1192. The input devices 1210 can be connected to
20  orinclude one or more of a keyboard, mouse, touch screen display, a scanner or
sensor, a bar code reader for reading a bar code on a container that receives the
dunnage products, a radio frequency identification device (RFID) sensor,
microphone, camera, etc. The controller 1202 can be programmed to recognize
the appropriate inputs that represent a selected length or identify a location to look
25  up one or multiple lengths needed for a particular packing container.

The outputs from the controller 1202 can control various motors that drive
elements of the conversion assembly 1154 and/or movement of the output chute
1192. In the embodiment shown in FIGS. 34-38, the controller 1202 controls a
solenoid motor 1212 and a linkage 1214 to move the output chute 1192 from the

30 first position (FIG. 34) to the second position (FIG. 37).

Converters often are located near a conveyor 1220 (FIG. 31) that transport

packaging containers to be packed and shipped. Other work surface also are

used for packing.
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30An exenpl ary nmethod of di spensing dunnage products provided by the
present invention includes the steps of: (a) converting a stock nateri al
into a dunnage product and di spensing the dunnage product through an
outlet, (b) if the dunnage product has at |east a predeterm ned m ni num

| engt h, novi ng an upstream end of an output chute adjacent to and in
alignnment with the outlet to receive, support, and guide the dunnage
product as it exits the outlet, and (c) if the dunnage product has a | ength
that is | ess than the predeterm ned mnimum | ength, noving the upstream end

of the output Ch”tlﬁgﬁ o abo I%eltmtosh%)\r/\]/ﬁ ﬁ'l#usféc}-%ﬁhtkg3%@%%?%§rti§ﬁgggﬁS
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out put chute with an upstreamend th I's moveabl e relative to the outlet.
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enough to engage the bottom 1230 of the output chute 1192, the inclined surface

20  directs the dunnage products 1200 downward. As the dunnage products 120
clear the outlet 1170, they fall through the gravity chute 1190 (FIG. 32) for
collection below the outlet 1170.

In the illustrated embodiment, the output chute 1192 is pivotable about an
axis 1232 spaced from the outlet 1170 in the housing 1168, so that in the second

25  position an upstream end of the output chute 1192 is rotatably spaced from the
outlet 1170 and spaced from the position of the upstream end of the output chute
1192 in the first position. The pivot axis 1232 is substantially parallel to the plane
of the outlet 1170, generally is horizontal, and generally is near the downstream
end of the output chute 1192.

30 An exemplary method of dispensing dunnage products provided by the
present invention includes the steps of: (a) converting a stock material into a
dunnage product and dispensing the dunnage product through an outlet, (b) if the

dunnage product has at least a predetermined minimum length, moving an
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30 Clains Wiat is clainmed is: 1. A dunnage conversion machine for
converting a sheet stock material into a 5w appi ng dunnage product,

conpri si ng: a feed mechani smfor advancing at |east a first web of
sheet stock material therethrough along a first path, the feed nechani sm
including at | east one pair of rotating nenbers that feed the first web

t herebetween at a first rate; and a connecti ng nechani sm downstream of the
feed mechanismthat (a) retards 10t he advancenent of the first web, the
connecting mechani smincluding at | east one pair of rotating nenbers that

feed the first uehfher&oat te %dﬁg&rgr&?%ﬁoalh d%lﬂfent'vxﬁth tﬁ%gut ek[]ﬁ)n the

first rate, thereby causing t e Irst” we ran
| ongi t udi nal &35&ve. BHPABNC dvédef the dumiEgh B dIG %mlélemhéh%owwecmdrﬁg) Ifmechanl sm

as the first wemuﬁﬁygépebea%ga%rfgm%t B trﬁgnot b%et&mﬁso @ﬁﬂwmto the

connecti ng 15 mechani sm and he "connectin anl sm a connects
the crunpl ed fENe¥ Mpwpg the '&’Séré@@rﬁﬂ‘d\ﬁéﬂ‘et%‘t pfmtereﬁattvnéo&mvabw thetr st web

inits crugpl @Qwr%tg@tp%dukféeexﬁiﬁﬁ@r@od‘b@%ﬁé&(@%'d&%u‘t enftge connecting mechani sm
al ong a second path is different Tromthe first path. 202. A

conver si on machi nd" ggmg*@fy fhsy RTESE M InVeR A PIOVidiset diMagh E0MGrHen mgcieed

nenber s i ncl ughat kouadLE shde®t SupposingA @g@yer&beﬁmmm BRoAkers§8t forth in
claiml1l, whereinr tatln connectlnageé ers include at | east two

| at er al | y- spaBeEMrat PsCivertins 1och e NtietBeiede Brdvchdsnansed fhaeusd t eet h
for deforni ngaf betesheata §érﬁtﬁﬂﬁaﬂwp@bﬂ§{heﬁ>@ﬁﬁér§16n ta@@rnﬂinﬁéme shair.i heer | ock
mul tiple plies e%f eelt st ock conyersi on nmachi ne as set
Forth'in &0t Mok, GG o 'aUE HOPIEEP Brore NG BRI TR G HEBEPE | mol udes
a biasing rrenmemt}edndm Bading Qaet:cgearacmemarthé oneatthgardsB00 pPRoOSddg gear
menber and prgvi,des }1 %taleﬁ% pre re.
stock materu moving the co verSIon assembly. In the place of orin
addition to the shelf, the conversion machine can include an output chute with an
upstream end that is moveable relative to the outlet. In a first position, the output
15 chute is aligned with the outlet to receive dunnage products, and in a second
pesition the upstream end of the output chute is moved out of alignment with the
outlet so that dunnage products from the conversion assembly bypass the output
chute.
Although the invention has been shown and described with respect to a
20  certain illustrated embodiment or embodiments, equivalent alterations and
modifications will occur to others skilled in the art upon reading and understanding
the specification and the annexed drawings. In particular regard to the various
functions performed by the above described integers (components, assemblies,
devices, compositions, etc.), the terms (including a reference to a "means") used
25  to describe such integers are intended to correspond, unless otherwise indicated,
to any integer which performs the specified function (i.e., that is functionally
equivalent), even though not structurally equivalent to the disclosed structure
which performs the function in the herein illustrated embodiment or embodiments
of the invention.
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5. A conversion machine as set forth in claim1, wherein the first path
bet ween the feed nechani sm and t he connecting nechani smincludes one or
nore tunnel nenbers that define a substantially continuous path for the
sheet stock material between the feed nmechani smand the connecting

mechani smthat constrains the 5sheet CJaipek nmaterial therein and facilitates
crunpling of the stock material. 6. A conversion nmachine as set forth in
clainll,v@%gpriFing a bypass gui de nmenber for guiding the second web of
sheet of c ?ﬁ%l to bypass the upstream feed nechani sm and advance
along the second path to the connecting nechanism 10 7. A conversion
machi ne as set forth in claim1l, conprising a cutting nmechani sm downstream
of the cénﬁ&umnagemﬁngrﬁiwachms fopcemmartng p shephstockanaisrigentdart h in

cl ai m 15i ncl udes a rotatable cutting wheel
nmovab e ac é?H %%%EHC* t'he s@%;'#&stock material and a stationary bl ade
agai nst V\/m ch the cutting wheel acts. 9. A conversion nachine as set

fort hdi n cl ai anfegd mmbah&hn@nrlha@lwfenaihg@hil@ﬁt ﬁe"rrlb’rewsb plﬁlahe@.trjﬁzd:latrgat@ﬁaly
Soweb. of MeREREIPa BhEETRLpARY e foRhsRehaiy dReRiRb RS S for e

i n cl ai mctatirgpmiehitsdrs thatiFeed treé\ﬂrét wwthlwbéwv@@rm‘aeaﬁranatd eaan of the feed
mechanismthat are laterally offset from one anot her and extend i nto t he

h of h h k |
e cbot naen o SonnSCRBN mERh M dq el ot e R8T Mt that G FUREY | L

st epgy of the advancem@waBeihedrirat wepagle @nfn'ebﬁﬁg% wekthahisphRRIudh@akleaBt 6rﬁé al
t hrough an ua@&ream feed mechanismalong a first path in a downstream

di recti oPRif eWetafing pembeys thafdend dee firs W@@ntb@redoet\ivﬂ@m @aaﬁ@cp@@dah@gthﬂhe
first Welg I %Ié Hefnaé flpﬁ' r%t thér%hgtc'aﬂglngqﬁg fi hdBniiy Eﬁfmﬁl?tn‘? a

retarding passage er| a ownaty eam ot 't e feed

nmechani siongiyudieaidpagetbetwben the ety rlmebh&mentdn&j thm @drinegting mmedtanigm s nber s
at a sec nd rate that is less than the fi bo cause the first web to

r andoni yNErIRpNeEd RAURSHORHENG Hish pﬁﬁhfﬁ%m BARELIA 1§ GRIEEHRY
Sadvanci g cRafERO3Hd R cBhnE&fRf m%EH&r‘ﬁsﬁ‘Pél@é '(l§‘)' ccﬁ{rf%% fheR@tmpicy fifde

web to a second web to maintain the crumpled first web in its crumpled state, the
second web advancing to the connecting mechanism along a second path that is

different from the first path.

20 2. A conversion machine as set forth in claim 1, wherein the rotating feed members

include knurled wheels.

3. A conversion machine as set forth in claim 1, wherein rotating connecting
members include at least two laterally-spaced pairs of rotating gear members
25  having interlaced teeth for deforming the sheet stock material passing therebetween

to interlock multiple plies of sheet stock material.
4. A conversion machine as set forth in claim 3, wherein each pair of the connecting

gear members includes a biasing member that biases one gear member toward an

30 opposing gear member and provides adjustable pinch pressure.
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connecting nenbers that is different fromthe first path; and

connecting nultiple |layers of sheet stock material, including connecting
the crunpled first web to one side of the second web, to hold the crunpled
first web in its crunpled state. 10 12. A nethod as set forth in claim11,

wher e t hg adReEiIdHIMHcRMd & betdBRh TR eR@hi 1 alHere QA8 §iedti giah beevddrd fHe Web
and the second web. 13. A nethod as set forth in claim 12, where the

connect i fRphiBgBRARSIMMRNAItE aByesting mamhanisen HHast oNRyosMepe tyrlalides

f eedi ng ' - t e g . 14, A
met hod aé{bzrétﬁérf& 3&?%&'&‘%‘1 SPQnﬁiﬁﬁﬁ@g‘%ﬁ‘\rﬂﬁgPﬁgb?ﬁe g%%psrg%taségékn%%g%@lhe first
web al onpgetwerf theseed atdthianism ahdahe dbshedtingahbyhatsii thadesttratgnfhiened
space between the 20rotating feed nenbers and the rotating connecting
menbet s BBCEtPEH 'F‘éf%“adlﬂﬂﬁfﬁlﬂ%@dfﬁc'ltt%t@sfqﬂﬂ@t3|'%9fthe steek Metealnod as set
forth in claim211l, conprising the step of bypassing the second web al ong
the second path around the rotating feed nenbers before connecting the 25
first web. Andnvésiceractinesds setférth A diaimdgeonpnigergsa bppaschuide nember

conpr i si fa:SuidinG the SEEUcVERGYSheet ek HPrEL Y by edBrarnt (ed
advanci ngheahbhisfi aN®Bdanc&18Bhg 308 LBEENdBARI todhe 2bARBCt] kethaRiak at a
first rate; a connecting mechani sm downstream of the feed

mech#hi sm the connecting nmechanismincluding a pair of rotating nenbers

than t he! 1A PERVe Rl RaEr Bl et SR TR ER T Bne e R Blubafes i ' °°°
cont i nuodeisthsrm @f tihe chhredting rhettharisthween the feed nechani sm and the

connecting mechani sm thereby constraining the sheet stock material therein
and cooperating with the different first and second feed rates to randonmy

crumpl & e chhiiikidtlakfing doag el IR2 GRS 1Byl heghBghani sm

and the connecting nechanisn an pass ' gui de nenber For guiding a
secord webludks sheddtableonktimpivbeeaimovablEtadypate pdte df desl sheetstoclsm and to

advance %g?er;sé?%ﬁgda g@ﬁo%r@%?ac?e %S&%Q{jwﬁ%mhe cutting wheel acts.

9. A conversion machine as set forth in claim 1, comprising lateral guide members
that are laterally spaced on opposing sides of the first path to laterally guide the first

20  web of the sheet stock material.

10. A conversion machine as set forth in claim 1, comprising upper and lower guide
members upstream of the feed mechanism that are laterally offset from one another
and extend into the path of the sheet stock material, causing the stock material to

25 undulate therebetween.

11. A method for producing a dunnage product comprising the steps of:

advancing at least a first web of sheet stock material through an upstream
feed mechanism along a first path in a downstream direction toward a pair of
30 connecting members, including feeding the first web between a pair of rotating feed

members at a first rate;
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to the connecting nmechanismthat is different fromthe first path, where
t he connecting nmechani sm connects the crunpled first web to the second web
to maintain the crunpled first web in its crunpled state.

retarding the passage of the sheet stock material downstream of the feed
mechanism by feeding the first web between the rotating connecting members at a
second rate that is less than the first rate to cause the first web to randomly crumple

between the feed members and the connecting members;

5 advancing a second web of sheet stock material along a path to the

connecting members that is different from the first path; and

connecting multiple layers of sheet stock material, including connecting the
crumpled first web to one side of the second web, to hold the crumpled first web in
its crumpled state.

10
12. A method as set forth in claim 11, where the connecting step includes

mechanically connecting the first web and the second web.

13. A method as set forth in claim 12, where the connecting members include

15  gears, and the connecting step includes feeding the first web and the second web

between the pair of gears.

14. A method as set forth in claim 11, comprising the step of advancing the first web
along the first path through a substantially continuously confined space between the
20  rotating feed members and the rotating connecting members to facilitate crumpling

of the first web.

15. A method as set forth in claim 11, comprising the step of bypassing the second
web along the second path around the rotating feed members before connecting the

25 first web and the second web.

16. A dunnage conversion machine for converting a sheet stock material into a

wrapping dunnage product, comprising:

a feed mechanism with a rotating member for advancing a first web of sheet

30 stock material along a first path at a first rate;
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a connecting mechanism downstream of the feed mechanism, the
connecting mechanism including a pair of rotating members that feed sheet stock

material therebetween at a second rate that is less than the first rate;

one or more tunnel members that substantially continuously bound the first
path between the feed mechanism and the connecting mechanism, thereby
constraining the sheet stock material therein and cooperating with the different first
and second feed rates to randomly crumple the first web in a longitudinal space

between the feed mechanism and the connecting mechanism; and

a bypass guide member for guiding a second web of sheet stock material to
bypass the feed mechanism and to advance the second web along a second path
to the connecting mechanism that is different from the first path, where the
connecting mechanism connects the crumpled first web to the second web to

maintain the crumpled first web in its crumpled state.
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