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SHEET FEED ASSEMBLY DEFI NI NG CURVED AND STRAI GHT FEED
PATH FI ELD OF THE | NVENTI ON The present invention

wo edoatie®or o feedi ng sheets of material al ong aPEEau2009/000258
path that has curved sections that transition into a
straight section or other, differently curved
sections. In particular, the invention relates to

SHREFRERL S R RO B NG ARY PPARDI G Bl Foe parn

observer may conclude that there is relative freedom
in the shape a paper feed path may take, however there
FIELD) OFSldhe INERNTHDNY ul es whi ch nust be obeyed for a
sheet of paper to be able to conformto a paper guide.
I f the paper cannot conformto the shape of the guide,

| t TheSpro@ht MGEMRINIrY a2 to@edif bided of mhfvrial £ak: 4 fed phta that has

undesirable print artefacts. First (and nost )
curveshigctens| that trapsidorpigtcha siipéght sestion avethetn ¢ifsrealy jcuivpd s¢egions. In
prir, ST B0 SO BRUR DGR L od AN

trailing edge flicks on passing. The paper cannot

conformtqQ a step junp. I n mat hematical terns, the
BAC&Q%(%H%Q SBg%ﬁYmgﬁ%Ny differentiable. Second: At
all points along the curve the slopes (tangents to the

pat h) must nmatch. This nmeans the path cannot have
shat firskglake, & nbietvenhey eotdhelertbatithese ofreletivesatadom in she shape a

pore G B e e 8t e S b RS PSP Rgyea o
sheel&HABerlth 8c hble &8 coMifdhLio@Pabd! guldcaTIRNpapbr &nndt®nform to the shape

transition points from one tgpe of curve to another
id C

of thergwide.dt s @obectuadlydcing Thuided | Ahid cawlcad to wislesitabls) prinartefpgts.

poi:i?stt (a%ldonqgst ‘(:)QVelOl?S%;)hfhe tpgt% rrlng]s%' Boatrhtaeen a%?yus epr ]%%Ipls inoift. Even minute
steps cause the paper to jam during threading and can cause print artefacts as the trailing edge
flicks on passing. The paper cannot conform to a step jump. In mathematical terms, the path
must be continuously differentiable.

Second: At all points along the curve the slopes (tangents to the path) must match. This
means the path cannot have sharp kinks in it where the radius of curvature is essentially zero.
Again, quite clearly, the paper cannot conform to a sharp bend. Mathematically this means the
first differential (tangents) at the transition points from one type of curve to another must also
be equal.

Third (and not so obvious): At any point along the path, the instantancous radii of
curvature must not have step jumps, or the paper will not conform to the guide.

This is illustrated by the general bending equation:

R=EI/'M

Where: R is the radius of curvature
E is the materials bending modulus
I is the second moment of area

M is the applied bending moment
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curvature nust not have step junps, or the paper wll

not conformto the guide. This is illustrated by the
w@emenadoobendi ng equation: R = EI/M Were: R iBCT/AB2009/000258

radi us of curvature E is the materials bendi ng nodul us

| is the second nonent of area Mis the applied

bendlng nmonment A step Junp in radius of curvature

ires a st ng t.he bendi ng. nﬁﬁ Eince
gS&PHBWP\I/%FaI |0£g ré{?t@refrf’%@sﬁrst?ﬁé?ffl BsMo iheogRdipg frogrent,
smcé‘@l%ﬁﬁf varlablds Srd¥Rled PRopRit&a bl the 91%?1%! !Pio%ze%%hﬁ‘ RAdOY pBHGAIIR

step in the noment. In reality, the path has a '
possibipiotanbly suelr y stagin the mentcahdo m@lmdhlwﬂolﬂaswmtw wargmg

: a | points

1nsta8 gﬁg@g ﬁ%&l% fj\:?glfva?u ¢ ?&p aél Cﬁohrgs or gx%rgplla,e n%“ﬁ%ff Wﬁ{l A1 aré f constant

curvit@fd lcadi@Stod t@@feﬁtlaarstralgmcpaﬂonatsl Oddnstaftel €pdrtios, viRRSR &donstant
and finite, and consequent({ Mis constant and finite.

and fipyte; pred eqnsegugily Mo eonsint md fEnifen i Hicrseraighioparkien, Beif difhagie, so
the b%}?&fgg %noM:th MH%V\%WGV%IM M%% %151%81‘? h&:{]%tgg&ﬂﬁu&lgmst exist

con I'ons nust exi st simultaneously. isis a
simuttamdousigli Thdriya camdtictaoy camiitjonasdpasrasult, thetpaperpapet stay in

anngr stay in contact with the guide at such a point.
contgd withithegyde Ysuehybbly require sheet material to be

noved along a feed path. If the feed path is curved,

it is exceedingly difficult to bend the extrene

| et §eldd geinidngty Ibmérecshee.tenht@bdi@ebe mevddrat)ﬂg@afdédqgath If the

edge cont act.s the | hat . defi n t he
feod ST SREE S sl By A R eorigg Hleroxbrift e Gine Hlgf 19 the curved
shapE h&s fdaadhendse tdieickBeLuibCRYSIRrOfhat Nginb ﬁ{écﬂuﬁga ieeErRdd path,
e force creates. However, at a distance extrenely

the cen@stefomg agting a dipecdae hendvtireshiectdepause othe bersting memensahe force

creates. However, at a distance extremely close to the edge, the moment arm (i.e. the distance
to the point where force is applied) is not long enough to generate the bending moment
necessary for the sheet to flex into the curved shape defined by the guides. At distance
infinitesimally close to the leading edge, the moment arm is infinitesimally small and the sheet
is in fact flat; not curved at all. Hence there is a relatively flatter leading edge as the sheet is
fed around the defined curve. This gives the leading edge a tendency to ‘chisel’ into the guide
surface because it is not conforming to the curve. The chiselling action increases friction and
can be the driving mechanism behind feed jams. Feeding sheets of paper through a printer is

an example where jams, or ‘paper cockle’, in the sheet feed system are a common problem.

Often it will be necessary for the sheet feed path to be curved and subsequently
transition into a straight line. At these points of transition in the feed path, the sheet material
is prone to deviate from the nominal or ideal path. As discussed above, this is particularly so
of the leading and trailing edges of the sheet. The stiffness in the sheet causes it to deviate
from the feed path until the leading edge enters the nip of a downstream roller pair (or guide
surface) while the trailing edge can spring away from the feed path once it is released from

between a roller pair.
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to the point where force is applied) is not |ong

enough to generate the bendi ng nonent necessary for
wob@gbmer to flex into the curved shape defi neGI/BY2aobe00258

guides. At distance infmtesimally close to the

| eadi ng edge, the monent armis infinitesimlly smal

and the sheet is in fact flat not curved at al

el b T IEh RO 8 ey ot
papehhﬁni &AL Hh ﬁ&iﬁ%e@l&lﬁﬂmmypaﬁpcan%elea%ma11¥ Qb@intcnfl. gkk e

surface because it is not conforn1n%> he curve.
printitgi re@lites thy ra@ha obsiraie t%‘é@efsﬁ the ifestlipeth fanebtisam pent w@hty If the

leadi(IleéiB}/ J[rel?lgﬂg 8 L%e Itch’enr}lg h%h%gt evglnes efaogln thle%ee élﬁtg thsen%hee C%l(s)tance from
the noRARED tIEORkia e of th@sﬁebﬁvﬁlftﬁa@ﬁgef Qﬁiﬂylﬁg ﬁte&lfglﬂrtﬁneaofctm [roplets

problem Oten it will be necessary for the sheet feed
will ﬁé@lhmﬂémblé agtglegis dn BadesyliBgdEidbnt |y transition into a
straight line. At these points of transition in the
feed path, the sheet material is prone to deviate from
t h@hmﬁmm'@h iowell sieet tppdper fedd adimblisse thkah vieterd. Hh $ightsof the
parti cul - so. of the | eading in dges of. .
widepEsad H%ee%r inkppTsger.¢Rresyeiign PRl o8 3@9@{1 ?fja LRicTirhaeqo this
partlgtﬁé(ﬂ é}gﬁcaftlﬁﬂ %%Vér?ﬁéjoreﬁitaﬂ \%H{EII WltllhaZ)P{e%ﬁgg tH& tﬁéj&%ntlon 18

the nip of a downstream rol pair (or gu
equaﬁu reﬂa@ey toweltlicr epplt@etumsan‘l’qlwgg sligefeccdmeslpmisny aadehe h‘roazﬂm

once sed from between a
inveigR caRcepa o] PG shte Tl O SHRFRTES o sur face
treatment such as the coatings on high quality photo
pers, this deflection fromthe nonm nal feed path can
SUNBéABQb@Ef@ﬂEQNYEMTKN%ntaI I nkJet printing requires
the nmedia substrate to stay on the feed path for
optimum print quality. If the leading or trailing edge
of Atdredingel afishapbctoby pakas idveativod frovideedshpat Bed dhanbly for
the distance fromthe nozzles to the surface of the
feedigy ssets gfinpateriph Rgjang s/kpgprmbendhig stiffpgsse the phast seding assemRly
.ets will result in visible artefacts in the
Com@isg{g't ing print.
feed path structures for defining a feed path, the feed path having a curved section

connected to a straight section such that the straight section is downstream of the curved
section with respect to the sheet feed direction; wherein,

the curved section and the straight section meet at a transition point where the straight
section is tangential to the curved section and configured such that a sheet partially in the
curved section and partially in the straight section has zero bending moment at the transition

point and zero bending moment in any part on the straight portion.

By transitioning to the straight section of the feed path at a point where the sheet
inherently has zero bending moment as it passes along the feed path, the leading edge and the
trailing edge has no driving mechanism to deviate from the paper path. The unconstrained
leading and trailing edges follow the straight feed path like the constrained intermediate
portions of the sheet. In this way, the printing gap between the nozzles and the surface of the

media sheet remains constant.
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The invention is well suited to paper feed assenblies
ininkjet printers. In light of the wide spread use of

WO popaeoopr i nters, the invention will be descriPEdAWRWN000258
reference to this particular application. However the
ordinary worker will apprecifate that the invention is
equal ly relevant to other applications involving sheet

feed hani d the bro i nventive concept .is not. .

TR GO0 AR D ok RDPH: e Sone GO MR T is at
the trhflitibMNYGNT IFRYcAS BRI fEQ fath @ribhuf &tin@sReLiollet ﬂh@tiélg/ﬁﬁﬁﬁﬁlg the

i nvention provides a sheet feed assenbly for feeding
curvgthweetien efftherfecépathl havi ng a known bendi ng stiffness,

the sheet feeding assenbly conprising: feed path

structures for defining a feed path, the feed path

ha@pfighatly GHE vigde SRCtidORs @A MPGESagCtnt vIRréSthE &deg irection is parallel
section such that the straight section is downstream

to andfopperate dhyy fpedidisestion aithairansitiaadieans Opgonaly, Gpéeed sragtres
inclu@b B%Rﬁth %Qtencﬂ@? b&Wlen ﬁféﬁl}ﬁee(ﬁd%ﬁ{f HeQRn@NG, f)&\}ﬁt the chute having
straig 0 at’a I on pol nt &re The

t sectron neet transi
an ingtr airgldtsusfetiesting withiang entet alrvédsuthe: oulketieda ggchdtween the

. and configured_such that a sheet partjally.in the |
innerg TSRt %f%ﬁ%thf%g? iWélllqh;}p‘? theek @r%"{e_ﬁ-apﬁﬂ?l_la%léct& giper and the
oute@SvASLF Q8 AR i6hTRIMRA i iac&hfroﬁlre@&s théQb fRA htE g8 Preferably,

zero bending nonent in any part on the straig
the iper andouteByries aresid¢ntonl tng bending eurse adiptgutbysa daastqrarteff a sheet

ISP T T
endsREHE behiigg b@Rd brgpatdigrtoneh diher dnd @?icieﬂl dpREgethd ?%acﬁ%hbetween
. e

driving nmechanismto deviate fromthe paper pa
the upsreagmsendzing dit trasaidiongoiahd trailing edges fol l ow the
straight feed path Iike the constrained internedi ate

Preferably, the feed path extends through an inkjet printer. In a further preferred form,
the inkjet printer has a printhead positioned adjacent the feed path downstream of the
transition point. In a particularly preferred form, the upstream end of the chute receives sheets

sequentially fed from a stack of the sheets by a picker arm.
BRIEF DESCRIPTION OF THE DRAWINGS

Specific embodiments will now be described by way of example only to illustrate the

present invention, with reference to the accompanying drawings, in which:

Figure 1 is a schematic representation of a sheet feed assembly in an inkjet printer

according to the prior art;

Figure 2 is a diagram of a cantilevered simple beam deflecting under a load applied to

its end;
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portions of the sheet. In this way, the printing gap
bet ween the nozzles and the surface of the nedia sheet
W0 20vai1eozonst ant . Preferably, the feed path stPCUAURE®S/000258
include a roller pair positioned such that its nipis
at the transition point. Préferably, the feed path
structures include a roller partially defining the
curved section of the feed th. tional |l t he .. :
ooy eaerismapls sodeiepiden S PestTE ST, for et printe
wﬂh6¢m§§ggﬁﬁmb§u§§gﬁk%ﬁﬁméQqﬁmﬁm%ﬁ%QﬁT%ﬁzﬁhe feed
direction at the transition point. tionally, the
feed structures include a chute extendi ng between the
upstreamend and the transitio oi.n the chut o
o e E BT of "ot R B 5B pRltpal Bt frospgi i
endsaty pesllegur f ace to define a gap between the inner and
outer curved surfaces through which the sheets are
fed. Optionally, the inner and the outer curved
Sugf re;l |.cal [ f ‘A
o BB R P B o BB L R BR e o R s i Fig. 4
CUFiga® 58 B ah delatged diagtam af the mdrangencal sacentdthepdye dx layd Akt a point
| east part .of. a_sheet that is bent over and held by
on the supie Wdé%guﬁﬁgéctly opposi ng forces such that
tangents at both ends of the bending curve are
parall el to each other and spaced apart by the spacing
beFigeeerd is helaipst ceancenfdrnzingl ta the shapa s i sheehbgyeddrity. co-planar,
Preferabl¥ theﬁﬁeﬁd at h extends through an inkjet
opposing fptsrs Wit nopPARllEk S oy of erred form the i nkj et
printer has a printhead positioned adjacent the feed
pat h downstream of the transition point. In a
paFigisuldaissyhapragit eenresdntoemet a Grehuip sn resardaeesawvidi thelgerve
anQHﬁﬁ Qgceives sheets sequentially fed froma stack of
PO HE 'dhets by a picker arm BRI EF DESCRI PTI ON OF THE
DRAW NGS Speci fic enbodi nents will now be descri bed by

ma¥.of exanple only to illustrate the .
igure 7B is an enlarged diagram of the resolution of the force acting at the feed roller

pairs into normal and tangential components;

Figure 8 is a section view of an inkjet printer incorporating a C-chute shaped to

conform to the curve plotted in Figure 5A;

Figure 9 is an exploded perspective of the printhead cartridge used in the printer of

Figure §;
Figure 10 is a section view of the print engine used in the printer of Figure §; and,

Figure 11 is a schematic representation of a sheet feed assembly according to the

invention with a curved chute shaped to correspond to the curve plotted in Fig. SA.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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present invention, with reference to the acconpanying
drawi ngs, in which: Figure 1 is a schematic
wo eppaewnt ati on of a sheet feed assenbly in anPCTRp2109/000258
printer according to the prior art; Figure 2 is a
di agram of a cantil evered sifple beam defl ecti ng under
a | oad applied to |ts end Fi gure 3 is a schematic
S res&nt athon of a @}I fee bly for an inkjet
HE’H Y HT OPB?‘FI‘@W% AEM YYEP §*the sinple beam
analysis of Fig. 2; Figure 4 is a diagramof a sheet
bei ng bowed by co- planar opposing forces until its
enBefeamg tpﬁmrd ble; sheﬁté@d@sgmhhswé wwfeedmga Sb@ﬂtaé of media
subs%%g%gsrt gg)lé hga ain h’glrlls nggﬁgg X en%s a{;oupi an 10Frl]egr T lq a]ng’ through

the n§e CES inputieive acmersd«a@rm Thedhpd dpiE Fdllefyrivi Qhe%h%é/te% past the
lotted in Fig gure 6 is aflot of a curve

Pﬂntg@ﬂﬁif%%%lﬁ@ﬂﬁf‘ompﬂg 0§ﬂ7§§élté‘?”@<ﬁ5 ZhevkZ4%owed by co- pl anar,
opposing forces with nonparallel ends; Figure 7Ais
schematic representation of a C-chute in accordance
Wi The inhercatticuding ktoffieadlini the Stiegt 2Gcaukdsgur leadiiy; edcam deviate away

i agram of the reso Utloﬁf‘aOf the fo

r
fromghe (oRE PrB ARG tSdEIofRt 1 1ok R P A SRRy Sat § 54 tondt drive
rollcRMRANARS S FIIGHiFrohd ip 6 SR8 HERTAEUE B 0 Bl «

prlnter lncorporalngaC-C utesape to confor
Howeer, tha mpgt thucﬁrbﬁds Amndiﬁgmnamﬁﬂed Joi thatrtee @riosingpinch force from

each; rﬁl?eerd ed ltrtg eeCt %a}/ t part E)th e Peed pat%%adl"h(i:sa(qoteg Ingtgﬁlg%g ?eddirect the

sheet back to the feed path.

The leading edge of the sheet 26 continues to deviate as it crosses the printzone 20 of
the feed path 8. The printing gap between the printhead 2 nozzles and the feed path 8 is X.
The printing gap between the nozzles on the printhead 2 and the leading edge is X* —
significantly smaller than X. Therefore the flight time of the droplets onto the leading edge
will be shorter than the droplet flight time once the sheet 26 enters the nip 18 of the output
rollers 22 and 24, and draws the sheet back to the feed path 8. The variation of droplet flight

times affects dot spacing on the printed sheet resulting in visible artifacts in the print.

Referring to Figure 2, the sheet 26 has been modeled as a simple cantilever beam
loaded at its end (or a distance L from the fixed end). The radius of curvature changes along
the beam 26 until it reaches infinity at the free end. That is, the beam is flat at the very end, as
the load F has no moment arm to bend it. If the beam 26 were to extend beyond the point

where F is applied, it would follow the tangent 8 (again, no moment to bend it).

The radius R of the curvature at any point on the beam 26 can be calculated using:
R =EI/M
where:

R is the radius of curvature of the beam at any given point along its length;
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Figure 8, Figure 10 is a section view of the print

engine used in the printer of Figure 8, and, Figure 11
WO 2009/16%b2mat i ¢ representati on of a sheet feedPGEEABERMPH00258

according to the invention with a curved chute shaped

to correspond to the curve plotted in Fig. 5A.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTSSHEET

. FEED,CH CCQF M TO SHAPE OF BOWNED SHEET
ElSié?%%%WﬁggP% é@%@ﬁx%mﬂﬂsheet feed assenbly is shown
M1sft1§‘eeéiid[i%rﬁorﬁ&ﬁﬁithg@o@ﬁtoﬂﬁﬁé@eaﬁwﬁﬁdrate past a printhead

The feed path 8 is extends around an idler roller

Lis tllmseamﬂ mpmeni@h atch @benit gn 28is geropsyngtsufpdead thegtheetr s 4 and
6. The input drive rollers drive the sheet 26 past the
printhead 2 and into the nip 18 of the exit rollers 22

andsidd thid meddl nin Braydtpobahid ih@etsiid NaBS disntdiRtwbahe 26
causes the Ieadln edge to deviate away fromthe feed
interppgtipn of the t%ngentéamébe VAR 2§ ancthe centreef radusliharnd e angle 0 between

ﬂmxﬁﬂhﬂhQ%oﬁﬂ qgﬂw%%%ﬁ ?ﬁ |nput drive rollers 4 and 6

he s eet I nto e nip 16 and therefore back on
to the feed path 8. However, the input drive rollers 4

g el PR o0 et e oppest ag, g ght s e Eetigure the
feedi)gtﬁ s{rﬁ Eaﬂ'ﬂe Bller i B gqqgcﬁﬁéqﬁteﬁhaﬂ % {hgt Ja?&iﬂlit&f:ﬁl tltlehlfeam model.

to the fee | eadi ng
The whget 11268 beavtmien theesflat eeodlen oathe fersl path @qt@ldsgsoasthhe prlnthead 2. L,

t 20.0of th
T anf] Bl ER s Sab® o WE ke d aptie Rl Mot pdiRe ippparive
roller$ 4 abdes. PAJ the kGt DRR fREMYRSNR tRiBpRQFZE BSl1eAY Ao, it has no bending
printhead 2 and the |eading edge is X - S|gn|f|cantly

momshigdtithat peinaandno Fensling mpmentiaearfy pogmttdowmﬁtéeaaf (vtithgrespect to feed
et t ed L€ han
direePRRTAF o B o PR TG v B8 BERRA Py 700
nip 18 of the output
The output rollers (not shown) and downstream feed path structures (not shown) can
be similarly positioned relative to each other to avoid the trailing edge from flicking up or

down when it is released from the input drive rollers 4 and 6.

Figure 4 is a sketch of a sheet 26 bowed by coplanar, opposing forces F until the ends
30 are parallel to cach other. The shape of the bowed sheet 26 can be determined iteratively
using the three equations set out below. Using the shape provided by this model, it is possible
to form a theoretically frictionless C-shaped chute. The chute is theoretically frictionless
because it dresses to exactly the same shape as the bowed sheet and therefore, there is no

normal force at any points of contact between the sheet and the chute surface.
CURVATURE OF BOWED SHEET
Referring to Figure 5A, the curve of the sheet 30 is shown with its axis of symmetry

(corresponding to the surface of the wall 28 shown in Figure 4) on the X axis. Angle 0 is

scribed between R (the radius of curvature at any point) and the horizontal. Force F is applied



rollers 22 and 24, and draws the sheet back to the

feed path 8. The variation of droplet flight tines
w@tfoene®ozriot spaci ng on the printed sheet resuPCi/AG2G00/000258

visible artifacts in the print. Referring to Figure 2,

the sheet 26 has been nodel & as a sinple cantilever

beam | oaded at its end (or a distance L fromthe fixed

by st peike o e s HipYoa R EC Ry SO G 2B BT P, Ac
this 4% RERMrSe, b atis Rbind BRINMRLYY EBMre #S9dhe AsPRY sholbfh BBure

ment armto™bend it. IT the beam 26 were to extend
5B, &ay fededALliROAt AtpoMd 8 Ehcoul® f@f’?kzi:ﬂe@l, it would foll ow
the tangent 8 (again, no nonent to bend it). The
radius R of the curvature at any point on the beam 26
5 Findc‘an‘be calculated using: R = EI/Mwhere: Ris the
Fadi us of curvature of the beam at any given point
along its length; E is Young' s nodul us of the sheet
material; Mis the ending nonent at that point on the
bgam gapd, Jgis the second noment of area about an
ds =axt+s=across—one surface of the sheet. Using this
$§E£|,Piﬂxﬁs—gpso possible to determine T, the
di stance between the intersection of the tangent 8 on
the wall 28 and the centre of radius R, and the angle
g between the wall and a normal to the tangent 8.
Referrigﬁ to Figure 3, the cantil ever beam nodel of
Fi e 2 d to configure the feed path
10 (xm%tgg%fhpe§§w#§§ roller 14 has a radius R equal to that
cal culated in the beam nodel. The tangent line 8
becones the flat section of the feed path extendi ng
past the printhead 2. L, T and q are used to position
the centre of the roller 14 and the nip 16 between the

Jnput drivegy.z
SR _xidx:%oz sind dé

0 max

15

J:m x, . dx— Lxm xdx = —% [cos 6’]70%

20

25  Numeric solution for the complete shape of the proposed curve:
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rollers 4 and 6. As the sheet 26 is fed through the
input drive rollers 4 and 6, it has no bendi ng nonent
wW@eoovhetoopoi nt, and no bendi ng nonent at any pRECTIAU2009/000258
downstream (with respect to feed direction 10).
Accordingly, the sheet 26 irfherently follows the flat
feed path 8. The output rollers (not shown) and
downstream feed path structures (not shown) n be
Usin? itid dpdvé ¥q1ﬁﬁ§ﬂ:tfb10d1§deﬂ ﬁ#}@t_t\}al@ dre_eagbcat e avoi d
he trailing edge fromtlicking up or down when it is
Ther | eased fromthe input drive rollers 4 and 6. Figure
4?8 3 sketch of a sheet 26 bowed by copl anar
opposing forces F until the ends 30 are parallel to
each other. The shape of the bowed sheet 26 can be
ds=ed@rmined iteratively using the three equations set
out below. Using the shape provided by this nodel, it
IS possible to forma theoretically frictionless
@ishaped chute. The chute is theoretically
R=f1jctionl ess because it dresses to exactly the same
shape as the bowed sheet and therefore, there is no
normal force at any points of contact between the
Egeet and the chute surface. CURVATUREOF BOWED SHEET
M =mRéf.errithg to Figure 5A, the curve of the sheet 30 is
shown with its axis of symetry (corresponding to the
surface of the wall 28 shown in Figure 4) on the X
axis. Angle g is scribed between R (the radi us of
curvature at any point) and the horizontal. Force F is
agpt ikddbydd ol | ers at the point 100 that the sheet
1. tran%;tLeﬂs—gron1a curved to a straight feed path. At
thi s fpot¥mt- "9n the curve, Xn x is found anal ytically
(where q =90 ) . As best shown in Figure 5B, ds is the
secant line at a point on the curve for given g.
Nuneric solution for the conpl ete shape of the
roposed curve: Using the above equation: for a given
2. qumpuefvalsue o x , we can sol ve Then from

3. dy=[as? -

By iterating 1 71 2 [J 3 in a computational loop and vector summation, we can produce the

correctly shaped curve. Knowing the correct shape for a given *max may not be sufficient,

since it is usually important that the distance 2 y_, between the curves tips matches into the
path system. We can solve this problem using a “shooting” method. We can do a binary
search to iterate Ymax and rerun the algorithm to find the value of 2y___ for the correct curve

to fit the design boundary conditions.

Also of interest is the minimum radius of curvature of this shape, because it suggests when

the media will retain a permanent set:
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By iterating 1 2 D 3 in a conputational |oop and
vector summation, we can produce the correctly shaped
weavgooknowi ng the correct shape for a given RCTAU2@Y/000258
not be sufficient, since it is usually inportant that
the distance 2 Vn x betweenl®he curves tips matches
|nto t he path system W can solve this problem using
"shootin met hod. W can do a binary search to
R, Wln@rxﬁ @1 1>@ sainiFdng weiys of the carvgend thermaxémpmignding moment.

val ue of y for the correct curve to. fit the des#a
Refeggigrgainyto Eeﬂa@ P dnefirshbaundary Gopdigipr s isx5=q. ek i Rprand 6= 0

t
The %gfh&‘?%ugﬁ n@gbﬂcﬁh FO(PiE (Y S RNQAGINiR %E@B‘SQ)OEO Bse‘tkg&%schése

fa W retain a permanent set

bourd@ryi coeditibime thei coived feadgaibus a afanditien eatiarel Qirfdlortgmhlch the radius

maxi num bendi n Referring,again . to ure.5A
variey bt PR DS ASI QOHAFRC G GBI Soihar bogRtArBOgRdRs

and g = 0. The second boundary condition 100 is x =

xmax, Ris infinite and q = 90. Between these boundary
NONRARNILED EATRY WaDEFXI T BATH®ed path is a transition

section 102 along which the radius varies in

accordance with a sheet of naterial constrained at

t NESVRAUALARNY, tEORIH hitRdSes MYONTPARALEIEIENTIRY: AND 8B¥kdrees.
PATHS I n sone situations, the feed path does not turn

Refopning te figare {Ar e ghdsaOfafithe sheg %@&@é@arah@f diheifing and second feed
rollefs ﬂ)ua{ 5?%0%‘[9@ Pt?(ﬂ%% a"t3 Qn Qrggeé {Beega?gtﬁg 51@ a Bg%dmﬁ gorgezF on the

st and roI ers
sheemﬂ driitch® clend sindOsuafacad¥ amigheoiitor siafabe 3 kaiforand tkexierckled shape

oF g hhebansdT Mo GUID RS se@ oD A8 SERo.

s S L1y 30Ol BAReO
requsgsnddrc@nntza abf theHeederoilsrs ttheod 82 isu::hlthey thecnof—llirieat iopposing buckling
force%%I cva\ﬁeegcht bheereg’oqg %t(se%GFlgunrg 5}39 Sltc(): Q rce F, actmg normal to the sheet and F
acting parallel to the plane of the ends 30. If the magnitude of Fj is the same at each of the
feed rollers 50 and 52, the sheet 26 does not scrub against the inner or outer surface 34, 32 of

the C-chute 54.
As shown in Figure 6, the numeric calculation method for determining the curve of a

buckled sheet is the same as for a sheet buckled until its ends 30 are parallel (see Figure 4)

except the boundary condition becomes §<90°.

The same equations and method for the numeric solution described above still hold

true, but the analytic solution to solve for x___ becomes:

M = F (xmax - x)
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requires close control of the feed rollers 50 and 52
such that the co-linear, opposing buckling forces F
W@ 200986002 be resol ved (see Figure 5B) into a fRCTAURN9/000258
acting normal to the sheet and Fs acting parallel to
the plane of the ends 30. Iflthe magnitude of Fs is
the sane at each of the feed rollers 50 and 52, the
sheet 26 does not scrub against the inner or outer
surface 34, 32 of the C-chute 54. As shown in Figure
gl 6, the nuneric calculation nmethod for determ ning the
RF C e~ a buckl ed sheet is the sane as for a sheet
buckl ed until its ends 30 are parallel (see Figure 4)
except the boundary condition becones The sane
equations and nethod for the numeric sol ution
whergescri bed above still hold true, but the analytic

.sol ut.ion to solve,for cones; where;. R s t radi us
R is B i ciRaf v Sorb BRTER PSPyl LEIhRl Gng
E is Yomgt finofulusofthe sigesmamdall us of the sheet material; M

is the ending nonent at that point in the sheet; and,
M isthg epdingemeaers abthanaskitin 81 sheesandbout an axi s across
Iis tR@f&céﬁH . gnt%ffaiegﬁbéln%ﬁtdxis Ia&r%gsa(?ﬂer&grfﬁ&roq nEguat i ons

set out above in a conputational |1oop and then vector

summating: Interestingly: RO when x =0 i.e. the

m ni mum radi us of the curve and the maxi mum bendi ng
Elsimgnefit Hence, \jhe circle of mininmumradius Ro has a

o anet erm= X?Tax SHEET FEED FOR H GH SPEED PRI NTER A

C-chute is useful in an inkjet printer to create a

paper path between a feed tray at the

dx =sinf.ds

R.d@=ds
_dx
sind d @

[terating through equations 1 = 2 = 3 set out above in a computational loop and then vector

summating:

2EI
X, =—[1—-cos®
F

max max ]

Interestingly:

R, when x =0 i.e. the minimum radius of the curve and the maximum bending moment
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base of the printer and a collection tray forned by
the top surface the printer. This is a conpact
w@ovbiigpewati on with a small footprint. Figure BCT/8U2009/000258
section view of a printer 66 with this configuration.
This printer uses a print ehyine shown in copending
USSN 12/ 014772 (Qur Docket RREOL7US), the contents of
whi ch are incorporated herein by cross reference. The
print engine of a printer refers to the key nechani ca
- MSLIYgt UL &% of an inkjet printer. The peripheral
8tructlres such as the outer casing, the paper feed
systtem paper feed and collection trays and so on are
configured to suit the specific printing requirenents
of the printer (for exanple, photo printer, network
printer or SOHO printer). The printer shown in Figure
8 ild an 44 SGHQ printer. Figure 10 shows a section
Vigw ofpfhe print engine 3 with a sheet of nedia 26
ext endi ng”past™the printhead integrated circuit (1C
64. The printhead 2 is in the formof a renovable
printhead cartridge 70. Figure 9 is an expl oded
_*perspective of the printhead cartridge 70 show ng the
2op nolding 72 with a central web 74 for structural
stiffness and to provide textured grip surfaces 76 for
mani pul ating the cartridge during insertion and
re [ 1 from.t he jpk tapks e Figure 8) is
f oHoHS: e Sﬁluﬁﬁ |°£?‘%r#élﬁl&f118{ﬁ : 5% H!‘(%‘Zlgﬁn%tfgg‘t “mani f ol dhas
five inlet ink spouts 88 set in an inlet shroud 78.
Each of the inlet spouts 88 feed a respective
SHEEORERN KGR HadH SpErptRRINTERy channel (not shown) in the
liquid crystal polymer (LCP) nolding 92. Air cavities
94 above the channels danp any hydraulic hammer in the
| nk onbigie Ruséul MGnShIQOS AR Wb kte a;ﬁa%& hh@eRfcen a feed tray at the
printhead integrated circuits (ICs 4 are nounted to
base of theymidsr gdle catectivretraydormed by thg t@surfapethp piinteh eBlds is@s

64, def.d ne .an ra f. ink ejection nozzles (not sho .
compigt T HAN LR ol £ Ak B SER O Tpk BEp AR wie
this ddRFAGEratibh ETHAE piiteN useSa print engine shown in copending USSN 12/014772

(Our Docket RRE017US), the contents of which are incorporated herein by cross reference.
The print engine of a printer refers to the key mechanical structures of an inkjet printer. The
peripheral structures such as the outer casing, the paper feed system, paper feed and collection
trays and so on are configured to suit the specific printing requirements of the printer (for
example, photo printer, network printer or SOHO printer). The printer shown in Figure 8 is an

A4 SOHO printer.

Figure 10 shows a section view of the print engine 3 with a sheet of media 26
extending past the printhead integrated circuit (IC) 64. The printhead 2 is in the form of a
removable printhead cartridge 70. Figure 9 is an exploded perspective of the printhead
cartridge 70 showing the top molding 72 with a central web 74 for structural stiffness and to
provide textured grip surfaces 76 for manipulating the cartridge during insertion and removal.

Ink from the ink tanks 56 (see Figure 8) is fed to the inlet manifold 82. The inlet manifold
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a pagewi dth printhead that remains stationary in the

printer during printing. At the downstream end of the
wo.amtretoi ng 92 is the outlet manifold 84. It PEEADR00E000258

outlet ink spouts 90, each fluidically connected to

one of the longitudinally eXtending ink channels

respectively. The outlet shroud 80 is conflgured to

hes sy R POk YEisL TRDRE ) U kT PO 1 oL s

respdcBi@€ onk Biti a1 )extchBg %Hmeﬁ@ot shoWaer MOBGuil Bﬁ/sfaf pAl@Er (LCP)
fluidic systémactively prines or deprimes t

moldairg ?ﬁ hisia davitics[St ey ethe ¢bamels gaing mnﬁhydrhléldhamr@ﬁren the ink when
187271

print né opa ok]&lgﬁ Sélléglg%dg)%nt Elgacﬁiglﬁelgra% ant 01rc]ults ﬁéNﬁ)l %ﬂr are moun%ed to the

undek GO RS ECB GhdMEHREDD e { @ftefagNC 8. 64l defihdgn arf’dyﬁffﬁﬁli §e@fon
clarlt%? )t ure 11 is sketch of the printer 66 show ng
vaivi

n0zz{ol énes 3 exend the vodthragthe shacts A6 tadeqringidl. tHEnepdhe printer is
a pagdyith SherbEPRa PRI stallod Pt Blin€ONingPrinfhie C Chut e

The geonetries of the |nner surface and the outer

surface are the sa cept| of t

up$t @@éﬁ%ﬁ@%&»ﬁ@%&# etrr@al%lﬂid Pk pas five
outle? Wi Sﬁs 9@ hLBUHGRa gonc%%t &]ﬁ) (ﬁféto? EheslHﬁéﬁﬁﬁlallyc‘ extendmg lélk

expanded to acconmbdate the thickness of the sheet
changdseespaitiselsin e oﬁﬁet sﬂlaqudrSDtlglccmﬁgnnd tgalovbtiewetet sphles 90 to

engap oo B i Do BN BRERS I, St o T Y ). e

sums 80 tshdéd Whateth® bristehTBiHICK stbﬂﬁ 2OPRINPH1AEs orRRPEMcSAE 9hﬁthead 2.
6 are sequentially fed ?ron1the stack 40 in the paper

Detatlrchqesslsptbyl of e fhiidik eystemn ma 13@Vld¢ﬂ 8 tlnmepltb-cemtﬁ TéS $dd/872719 (our
and 48. heet s C-chute 54
dockgﬁ éaﬂl R OS %heerCOIéltﬁIrl é);t:r\év%%% i$ thea %eﬁirhe em rneéerfén é:e
around. The geonetry of the outer surface 32 is such

that the |eading eige easily feeds into and conforns
t olntthe Inggyesieof c@;ﬁy, dgure 4} ésesi(etch of the printer 66 showing the operation of

the C-chute 54 in relation to the straight feed path 8 in the print zone 20. The C-chute 54 has

an inner surface 34 and an outer surface 32. The geometries of the inner surface and the outer
surface are the same with the exception of the upstream and downstream end portions where
the inner surface is reduced and or the outer surface is expanded to accommodate the thickness
of the sheet and some tolerance. The majority of the gap between the inner and outer surfaces
is due to displacement of the inner 34 relative to the outer 32 along the C’s central line of

symmetry.

In operation, paper sheets 26 are sequentially fed from the stack 40 in the paper tray 38
by the picker arm 36 into the C-chute feed rollers 46 and 48. The sheets 26 enter the C-chute
54 and the outer surface 32 guides the leading edge around. The geometry of the outer surface
32 is such that the leading edge casily feeds into and conforms to the curve. Contact forces
acting at the leading edge to bend the sheet into the necessary shape have a long lever arm to

the point where the sheet contacts the inner surface 34.
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acting at the | eading edge to bend the sheet into the
necessary shape have a long lever armto the point
waok@paowhe sheet contacts the inner surface 34P@EEAU2009/000258

di scussed above, the feed path 8 at the entry and exit

to the C-chute is parallel.l#ence, the |eading edge

does not deviate fromthe straight path 8 as it is fed

t hroygh input driv ol]ers.4 and 6, The shee :

cont st Hhaed Bith STt eBEE P91 tis Rnie chitp il
Henéehﬁle Qéhfdﬁigted%@hée@ 1t detriADforhe stRSHP EhtﬁtSGh@ iSih @R tBrofhh input

fromthe output rollers into the collection tray

drlvall,@lle@ﬁea@d §e Tély nladet ernitinags acbtvngdhe patk SQire¢tlit igtoftbeip 18 of the
outp%,grltg 1&5 ?% and u i ean dléltée?ie een[giﬂ drop rfrocr:l% hg lﬁ):ug)gg roﬁxﬁ,? 1ntf)§he collection
nayupller palrs are feeding the sheet 26 in parallel but

opposi ng directions. The curvature of the sheet 26

between the roller pairs is the curvature that the

S h?I%E gg’ﬁtcﬁro{l&a@cqp&tth é‘tc'ﬂ{n%'ﬁl:éﬁ ro'_% ﬁrt e 1'11?1111‘[%1\76 rollers 4

nor ma

orce co onen to any etmee

and & heskts thodhith ﬁldommeallwﬁrlcﬁtbﬂless e fmmlleﬁpuirstahefeedlﬂg thenbeet 26
: ion. The .invention has been descrjhbed herein b
in p%li?fﬁ it oBRaNRS LrSHPR: %ﬁ@wmlr%%ﬁbe %ﬁﬁk befean thecaliet Eoef Rairs is
the cﬁ%&ﬁ@ihﬁﬂh@ ?ﬂ@ét Wats 8 dd% SnAR911 P" ogédck Ctﬁ%ﬂe (?sﬂﬁo WG rodQ

not depart om the spi |t and scope of the broad
compameettb iare cawant bve Gl the MBel andihs reet off @edt sasmnidythérefore no
fii tfeedlng sheets of material having a known bendi ng
N9 f f ness, the sheet feeding assenmbly conprising: feed

path structures for defining a feed path, the feed

pat h having a curved section connected to a straight
sethq oreiop has been desraibed herbighvy vwecaficsrmpls odlywdde oedmary

Workgr Wllp{eagﬁj r rve\?\?%nzeecntlallngfnva\rl\fattlg]ns L83 RRGHfichRorls I'Q)v%lcsnh(?oeltlotfdepart from the

spirit and scope of the broad inventive concept.
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the curved section and the straight section neet at a
transition point where the straight section is
W@ a00gaomopal to the curved section and confi gurRdI/atz099/000258
that a sheet partially in the curved section and
partially in the straight séZtion has zero bending
nmonment at the transition point and zero bendi ng nonment
CL [ &iny part on the straight portion. 2. A sheet feed
Al nbly according to claim1l wherein the feed path
structures include a roller pair positioned such that
its nipis at the transition point. 3. A sheet feed
1. asdehtsit jecd@ssmbbintyr fasdmizahentsiofwmaseredl hatinga keewn pending stiffness,
the Slsléert%le%g%r es eim%?l gdltlemamr oller partially defining the
cur ved s&etion of " RE®f eed path. 4. A sheet feed

asredpiti seea s fordefifing h &ophthnhRfeddpattigavingl V&ved section
section has an upstream end where the feed direction

connpeied torpitragght pestim such dhys sha siratghbscieis domagttqaprofghe quqeed
. ASI L [ . t assenbl y accordi ng
Secn{)lﬁ)%ﬁé%shgﬁ tc\?\ﬁggfel?eﬁ?%eﬂélrg gg) %V%%g%t ures include a chute
exthe rdivad sdeabmerdtht keaigitsteteamaenat atrdsitioe pbinawherkitionstraight
.point, the chute having an inner curved surface . .
Sec“ig‘élsstti‘%ﬁn’i}\ﬁltﬂhﬁ CHFYeR Seedpn mwﬁgwﬁ%@éﬂ% WestiAgially gufhe
WBENardd Rt N ER (RN BHE QBTN 8GR RS BRntchl QY transiti
Cuw%%ech t?}er@hee?s are ?I%d. 6.1 Aashegt fele assenbly ransition
pointadoedi egding nodnainmGangipertenrihe fteighhpentioand t he out er
curved surfaces are identical and displaced from each
other to formthe gap. 7. A sheet feed assenbly
2. aCAQhEH: fghdlaGschIbA} 4BcOrdMIED @aln i RehckrdiR ee a§tRictures include a
curves are identical to a bending curve adopted by at
roller pasposgiamned gifchghas it atp is hithe fransifeampodnier and hel d by
coplanar and directly opposing forces such that
tangents at both ends of the bending curve are

3. panahégtifcciaseanhy albglingaddlaspacatrép detfedypathergpass ifgude a

bet ween t he ugst ream end and the
roller partially defining the curved section of the feed path.

4. A sheet feed assembly according to claim 1 wherein the curved section has an
upstream end where the feed direction is parallel to and opposite the feed direction at the

transition point.

5. A sheet feed assembly according to claim 4 wherein the feed structures include a chute
extending between the upstream end and the transition point, the chute having an inner curved
surface nesting within an outer curved surface to define a gap between the inner and outer

curved surfaces through which the sheets are fed.

6. A sheet feed assembly according to claim 5 wherein the inner and the outer curved

surfaces are identical and displaced from each other to form the gap.

7. A sheet feed assembly according to claim 6 wherein the inner and outer curves are

identical to a bending curve adopted by at least part of a sheet that is bent over and held by co-
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transition point. 8. A sheet feed assenbly according
to claim7 wherein the feed path extends through an

wo pdopaedopr i nter. 9. A sheet feed assenbly accoP@i/Af2d08/000258
claim8 wherein the inkjet printer has a printhead
posi ti oned adjacent the feed6path downstream of the
transition point. 10. A sheet feed assenbly according

plang:Go o FedlvmBees it BRI el of ruhratf 40 afing gurve ar
paraBd1€8Eh RheRaltl §}HEId HaAby He sphciff 8&Ivel L@ upSREARINY ah@Fhe
feedi ng sheets of material having a known bendi ng

transgftanfriofiéss, the sheet feedi ng assenbly conprising: feed
path structures for defining a feed path, the feed
path having a first point wwth a first radius of

8. CUAVA¢dIFRd asseBdBOdomRigd cWirh 7 vehes&ie eHededdashittisxt@fds through an
_.curvature and a transition section extending between
inkjof BNy st poi nt and the second point; wherein, the
transition section defines conforns to a shape adopted
by one of the sheets of material extending fromthe
9. fi Asheqpdicdtassshmbiyeadcordivsto alatm Bwettcusie thefinkjbteprinitar dibs a printhead
Jradius, to the second point ere i.t has a curvature
positignel g a%ﬁ‘él&%lﬁge%f .anﬁ?a%\ogﬁe SRS 4R s enb y
according to claim 11l wherein the feed path in the
transition section is determ ned anal ytically using
10. t ha sheat stedpsiemblyaardondime tbictagh Srvelebirais thefupstearatndr o tleeschaite

et Pt P PO TR OB o O bRy

condition. 13. A sheet feed assenbly according to

claim1l further conprising a first sheet feed drive
11. A sheet feed assembly for feeding sheets of material having a known bending stiffness,

the sheet feeding assembly comprising:

feed path structures for defining a feed path, the feed path having a first point with a
first radius of curvature, a second point with a second radius of curvature and a transition
section extending between the first point and the second point; wherein,

the transition section defines conforms to a shape adopted by one of the sheets of
material extending from the first point where it has a curvature of the first radius, to the second

point where it has a curvature of the second radius.

12. A sheet feed assembly according to claim 11 wherein the feed path in the transition
section is determined analytically using the first point and the first radius of curvature as a first
boundary condition and the second point and the second radius of curvature as a second

boundary condition.

13. A sheet feed assembly according to claim 11 further comprising a first sheet feed drive
roller pair and a second drive roller pair for feeding the sheet along the feed path wherein the

first drive roller pair and the second drive roller pair are configured for synchronous operation.
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roller pair and a second drive roller pair for feeding
the sheet along the feed path wherein the first drive

WO 200bae9opmi r and the second drive roller pair BEBAU2009/000258
configured for synchronous operation.14. A sheet feed
assenmbly according to clai m11 wherein the feed path
at the first point is nornal to the feed path at the

second poi,nt. . A sheet feed. assenbly .accordi o ...
14, o1 A Rty oot cLiR L NREST N B e A pointis
nornfX{caRel tRd phitareRReddag pbintst point and the second

poi nt, the chute having an inner curved surface

nesting within an outer curved surface to define a gap

be en.the inner and.outer.curved supfaces. through
15, Rt hdameltl aPBRR Syl T Ry AEF bR Rpuce
chut@&aaidigigetleench@fif dSinvvhdrtied fecétepdimnge chite hiigs Sin@ér curved
curved surfaces are identical and displaced from each
surfage pesting oy ithsy 4 Quis cyiysd surface fo defnsta gap betvwess Byeripser and outer

wa?ﬁ%@%gﬁqgﬁhg%ﬁ%g%q% o e%&q%g.the feed path extends

ren A sheet feed assenbly
according to claim 17 wherein the inkjet printer has a

i nth it ' he f h
16. g][ A?sh%c? Z%gg%%&o%grd?n% tg% a?l’%l ltS w ere?ne 916 er?r}er aI(lj(P the ?)Eltrere guTved

surfaces are identical and displaced from each other to form the gap.

17. A sheet feed assembly according to claim 16 wherein the feed path extends through an
inkjet printer.

18. A sheet feed assembly according to claim 17 wherein the inkjet printer has a printhead

positioned adjacent the feed path downstream of the second point.



