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WO 2007/ 046309 PCT/ JP2006/ 320523 -1 DESCRI PTI ON
| MAGE FORM NG APPARATUS TECHNI CAL FIELD 5 The present
i nvention generally relates to an imge form ng

. WOzpeya6300s, and nore particularly relates to PemJrPImgs820523

-form ng apparatus having one or nore recording ' heads
“mounted on the carriage. 10 BACKGROUND ART A
serial -type inage form nglapparatus is a type of
i mage form ng apparatus_such _as a.printer, a
facsinmle, a copier, DPPFRIBFION; a nultifunction
copier having functions of a printer, facsimle, and
copi er. AMBEE FORMING AVPBARARH§e form ng apparat us
normal Iy includes one or nore recording heads (print
heads) nounted on a carriage which recordi ng heads
are made of liquid drop spraying heads that spray
AN s@aey ding |iquids (for exanple,” inks). In
—such a serral-type image form ng apparatus, the
carri agen d, : Lal i.n .
e A
. limted t.o a _sheet .of pape and _may . al.so .be call.ed
LG Y 50 PR = 4 TN SPSr TR R A ST i rates to
medi um or the like) in-a direction orthogonal to _the
angiLmags Fe T ehiSE AR USe EVENY MRS UMME & FRREFEH:Ng
25 and the recording mediumis conveyed intermttently

he daDTROUH/0Y 630 S NRCTAIRAGMEY-320523

BACKGROUND ART

A serial-type image forming apparatus is a type of
image forming apparatus such'as a printer, a facsimile, a
copier, a plotter, or a multifunction copier having
functions of a printer, facsimile, and copier. A serial-~-
type image forming apparatus normally includes one or more
recordinglheads {print heads) mounted on a carriage which
recording heads are made of liquid drop spraying heads that
spray drops o?'recording liquids (for example, inks). In
such a serial-type image forming apparatus, the carriage is
moved to serially scan a recording medium (hereafter called
a paper sheet, but not limited to a sheet of paper, and may
also be called recording paper, a transfer medium, a
printing medium, or the like) in a direction orthogonal to

the direction in which the recording medium is conveyed;

and the recording medium is conveyed intermittently a
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-2 recording wdth at a tinme. An inage is forned -
(recorded or printed) on the recording nedi um by

WO p¢38E3dhg conveying and recording steps al tRCTIR2006/320523

In such an image form ng apparatus, if the edges 5 of
a paper sheet are detected incorrectly, liquid drops
nay be sprayed onto an arga outside of the paper
sheet. This nay deteriorate the i.nage _quality or
rerpEALRICHAIEY A @nFimes AR 5§a36cbﬁvé9sweee|(recorded or
Pat ent docunent 1 discloses an inage formng
pappaedt usnt hae hasoadpapgeredhumt byenepratingoonnedydng and
a carriage for scanning a paper sheet w dthw se and
rikgoklengbytapkealbeanatieayel y detect the edges of the
paper sheet on a plane close to the inmage form ng
area. [Patgniuslocanrenthadd danrnes £t udPpl £ e Odges
Publ i cati on No. 2004-237693 115 - ﬁﬁﬁgn |é§ge form ng ¢
ppa C h ray [
og R égbggegﬁgéegaig a%géﬁged Eﬂgégégﬁtagad ggah ggbﬂs may

nozzl es recordi ng
ensor _for ectin

aper sh eadln
o8 BEray 0 bBEoas: 2b8aPRERadCadhr OGP BEGT. “EStevEPLe
because of irregularities in_assenblin the 20 , .
mayseghesipgahie hFhémFEEOHH?ﬁ@tMeQH ﬁ@giFe§ SGRBVENANg unit
paper sheet sensor may vary. This nmakes it necessary
stichahbghs thaveyetobdilhg ﬁéﬁﬁnhoéépéﬁeaﬁdltﬁésﬁéﬁéﬁs an !
sheet sensor (this process is called "registration
indpesfoent hy. aPpatheust hbathhad, at pepeemandetssknghr
for an 25 increased printing speed of imge formng

m8lAAELat ¥aes. c¥heNage for scanning a paper sheet widthwise

" and is thereby able to accurately detect the edges of the

paper sheet on a plane close to the image forming area.
[Patent document 1]'Japanese Patent Application
Publicatioﬁ-No. 2004-237693
-' In an image -forming apparatus having recordiﬁg
héadé fo£ spraying liquid drops, the nozzles of the
recorgding heads and a paper sheet sensor for detecting the
leading edge of a paber sheet must be aligned appropriately.
However, because of irregularities in assembling,'the
distance between the recording head nozzles and the paper
sheet sensor may vary. This makes it necessary to align the
recording head nozzles and the paper sheet sensor (this
process is called “registration adjustment”).

On the other hand, the demand is high for an

increased printing speed of image forming apparatuses. When



WD 2007/ 046309 PCT/ JP2006/ 320523 -3 printing nultiple
pages, the printing speed can be increased by
narrowi ng the di stance between a precedi ng paper
W0§H‘é7é‘l46-°ﬁﬂd a succeedi ng paper sheet (hereaft ePCEaP2006/320523
‘a di stance between paper sheets). However, in a 5
configuration where a-sensgor for detectlng t he | eadi ng
edge of a paper, sheet is nounted on a carriage,
pritarimg SnAl dipiee mage betyee pyhreniddespeanniag 19é a
precedi ng paper sheet is finished and when the

irftetRd O Pind e Bafli 11k etios Hca betirsaed 39% Poing

sheet is started, because the carrlage has 1

f
Igcgt%é% et ect Calt hée agl nﬁgd Ceﬁt}g};&ofg}ﬁw ﬁ-éeixg%éd?{ef called
‘paper et. This tine it difficult to
G@ﬁ?@& P RAP o SRt Pep iU bl o
certain level-. In other words, inprovenent in
5 Cocne'%‘fﬂﬂrq'?lféémf Sthede @ctﬁ%%e’f% 4%?1’9‘1%&9@ okeading edge
:gaper sheet has a great effect in inproving' the

8 REARRY. SRt dfs awpuntege droEnigRr g atifsere Ge avdyime
to solve the above mentioned problemis to provide a

gagebatovepapathesheatte semmoring ackd ypsHdRiind dBér sheet is
first paper sheet sensor on the carriage in the paper

£i200 SHEW QHA G HEH adid etk b H 108Gty tétfge of a
: Ieadlng edge of a paper sheet using the first and

S mJ' tiple Sﬁrr?e%?ﬂgmeeettsggga%srm%t ecti nghc% rl;%rrlage has
10 td SIS o SPAOCJ&%eCF%%estJ.t%gessol %hat the sensor is

. able to detect the leading edge'of the succeeding paper
sheet. This time gap makes it difficult to reduce the
distance between paper sheets beiow a éertain level. In
other words( imérovement in techniques for detecting the

'15 leading edge of a papgrlshqé£ has a great effect in
imﬁroving’the printing speed of an image forming apparatus.
One way to solve the above mentioned problem is to
provide a second paper sheet sensor placed upstream from a
first paper sﬁeet sensor on the carriage in the paper
20 conveying direction and thereby to detect the leading edge
of a paper sheet using the first and second paper sheet
sensors.
However, providing multiple paper sheet sensors
for detecting the leading edge of a paper sheet makes it

25  necessary to perform registration adjustment for each of
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25 necessary to performregistration adjusfnent for' |
each of WD 2007/ 046309 PCT/JP2006/ 320523 -4 the paper

. WOgpE@de8ensors and therefore conplicates the PEF/@RW686320523

.- of registration-adjustnent. DI SCLOSURE OF THE

I NVENTI ON 5 The present_ inyvention provides an inmage

forming apparatus that substantially obviates one or
tHO g o mde Saisets hd hehdddidad il @itk es the

di sadvant ages of the related art. Enbodinents of the
pRSESAN o f AN QML QY 185 Mk mekk | mage for ni ng ‘

apparatus that.accurately detects the |eading edge of

a paper sheet even when the distance between paper

sheets is small, thereby making it possible to achieve'’

fas in Enbodi nents of the present
Dﬁgggg‘[églégégé$2§9§§§§&¥% an i mage form ng appar at us
that nmakes registration adjustnment involving multiple
paper sh&le sR¥RIPRL silmyeationcBFAVHELsoa@n image forming
enbodi ment of "the present invention, an inmage form ng
amgppatatastbatt shbetenanal iggebviate s epor dongmoedi pmoblems
by conveying the recording nmediumin 20 a direction
caiddbgsyat heo lamitaniong dindcdidwinttagses rbf0@he related
having a recording head includes a first detecting
aMhit nmounted on the carriage and configured to detect
the .recording nedium a second detecting unit placed -
uDStreawhmgﬁggh%ﬁgsfb&skhgek?%%%ﬂg Hﬂ%%n%ﬁo%hﬁrovide an

direction

image forming apparatus that accurately detects the leading
'édge of a paper sheet even when the distance between paper
sheets is small, thereby making it poésible to achieve a
faster printing speed. |

Embodiments of the present invention alsc provide
an image forming appa;a?us $hat makes registration
adﬁustment involving multiple paper sheet sensors simpler.

According £o an embodiment of the present
invention, an image forming apparatﬁs that forms an image
on a recordiné medium by conveying the recording medium in
a direction orthogonal to a scanning direction of a
carriage having a recording head includes a first detecting
unit mounted on the carriage and configured to detect the
recording medium; a se;ond detecting unit placed upstream
from the first detecting unit in the direction that the

recording medium is conveyed, and configured to detect the




25 recording nmediumis conveyed, and configured to
detect the WD 2007/ 046309 PCT/ JP2006/ 320523 -5
recordi ng medium and a control unit configured to

- WOQ0oww6309 oper ations of the inmage form ng appacCatimsooe/320523
.based on a detection result fromthe first detecting
unit or the second detecting unit. 5 - BRIEF
DESCRI PTI ON OF THE DRAW FIG 1 is a side

rekeyat h@nakdyimy 8hdMBChanteal uRatt soffigArexews! éBMtrol
I mage form ng apparatus according to an enbodi nent of

obOEaPERETbe! PNEN hOBG FO-FLGy Zpbar@elbaBakbaliof! st he

ani cal arts

t|c d|a i1 tin exe Iar conv or
AREPET TP, FEo R nbrary HRrmpecFh: APt ERRa PRy oo
FIG 4 is a schematic diagramillustrating another
Sgxenpl dpyeEbrI8y8Rlbel t of the exenplary-image forning
apparatus; FIG 5 is a block diagramillustrating an
5 exenpl ary control unit of the exenplary imge form ng
20 apparatus; FIG 6 is a drawi ng used to descri be
BRIBFDPESORIPITON cOF OTHE CDRAHIB@Sexenpl ary printing
process of the exenplary image formng apparatus;

PIG. 1 is a side elevational view of mechanical

parts of an exemplary image forming apparatus according Fo
an embodiment of the present infention;
10 FIG. 2 is a p;an view of the mechanical parts
, 'shown in FIG. 1;
FIG. 3 is a schematic diagram illustrating an
exemplary conveyor belt of the exempla?y image forming

apparatus;

15 FIG. 4 is a scheqatic diagram illustrating another

exemplary conveyor belt of the exemplary image forming
apparatus; |
| FIG. 5 is a block diagram illustrating an
exemplary coﬁtrol unit of the exemplary image forming
20 apparatus;
FIG. 6 is a drawing used to describe exemplary
charge control in an exemplary printing process of the

exemplary image forming apparatus;



WD 2007/ 046309 PCT/ JP2006/ 320523 -6 FIG 7 is a
drawi ng used to describe the state of a

WOehHged9 conveyor belt of the exenpl ary i nageP€DuPIOng320523
apparatus; FIG 8 is a drawi ng used to describe the -
state.of 5 a paper sheet ngught into contact with
the charged conveyor belt;” FIGs. 9A and 9B are
drawi ngs m3ed 17013eac:ﬂr9ﬁmg uesanpbanysproBesehef state of
detecting the | eading edge of a paper sheet according
at ‘éh%r oS e AR TR 06 £t heePLeRRRA al_rﬁ} I QR £ n

O is a fll'owhart showi ng an exenpl ary prlntlng
agbggg§§ﬁaccordlng to the first embodinent; FIG 11 is
art show ng an exenpl ary prlntlng process

accordlngF&8 a,second _ enbodi nent ,of

&ge 15 present
i nventi on® B & 229F8VENY aBPEYshBWARECER Qgng?yState of
settings of distances bet ween paper sheets according
> a3t PAPRE $8E6Hd Prevebdi Apke, contpet withsthef chagwadr
showi ng an exenplary 20 printing process according to
canvigyrd brBddi nent of the present invention; FIGs.
14A and 14B are drawi'ngs used to describe the
exenplarprGsntBmgandoasssraC@ﬁaﬁiﬂ@st@séaetbhdédcrlbe an
enbodi nent ;
exemplary process of detecting the leadlng edge of a paper
sheet according to a first embodiment of the present ,
10 invention;-
FIG. 10 is a flowchart showing an exemplary
printing process according to the first embodiment;
FIG. 11 is a flowchart showing an exemplary
printing process according to a second embodiment of the
15 present invention; ‘
‘FIG. 12 is a table showing exemplary settings of
distances between paper sheets according to the second
embodiment;
FIG. 13 is a flowchart showing an exemplary
20 printing process according to a third embodiment of the
present invention;
FIGs. 14A and 14B are drawings used to describe

the exemplary printing process according to the third

embodiment;




WO 2007/ 046309 PCT/JP2006/ 320523 -7 FIGs. 15A and 15B

are drawi ngs used to describe the exenplary printing

process according to the third enbodinent; FIG 16 is
woaodm@eshart showi ng an exenplary 5 printing peeQesee/320523
" according to a fourth enbodi nent of the present

invention; FIG 17 is a flgwhart show ng an exenpl ary

skew correction process Th™the exenpl ary i mage

fOr M g apRAI Ao andlQ ol Grel Bl ol Y Hoefkd e d& ipe

descri be the  exenplary SkEMICOffECtIOﬂ process

b8 ity FLG b S Lp ety P NORAD v

ﬁb aﬁlar% image formng apparatus; 15 FIG 20 is a
Sed to describe the exenplary' regi stration
adjustnent rocess shown in FIG 19; FIG 21 is a
drawi ng & tlé d@sﬁlﬂi@"‘tqli’@ré"xéﬁﬂw 1By iestamatliasty
adj ust rent process shown in FIG 19; FIG 22 is a )
> puinving peeckis aleserding tie 20fexerpl enyod Bgest raf | tine
adj ust nent process shown in FIG 19; and FIG 23 is a
pfeoswhaiivaitovdmg an exenplary printing process where

the distance between a first paper sheet sensor and a
second pafey. heals %?&i%hdh%r&e%%HW¥$g an exemplary skew
correction process in the exemplary image forming
apparatus;
10 FIG. 18 is a drawing used to describe the
. exemplary skew correction proceés shown in FIG. 17;

FIG. 19 is a flowchart showing an exemplary
registration adjustment process in the‘exemplary image
forming appgratﬁs;

‘15 o FIG. 20 is a draw%ng used to describe the
exemplary registration adjustment process shown in FIG. 19;
FIG. 21 is.a drawing used to describe the
exemplary registration adjustment process shown in FIG. 19;
FIG; 22 is a drawing used to describe the
20 exemplary registration adjustment process shown in FIG. 19;
and
FIG. 23 is a flowchart shoﬁing an exemplary
printing process where the distance between a first paper

sheet sensor and a second paper sheet sensor is recorded.
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WD 2007/ 046309 PCT/ JP2006/ 320523 -8 BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON Preferred enbodi nents of

wobtbE/opsesent i nvention are described bel ow V\P¢T7JP2006/320523

reference to the acconpanying drawi ngs. 5 An

-exenpl ary i mage form ng aq?aratus according to an
enbodi nent, of the preseni®Tnvention is described
below with reference to FIG 1 and FIG 2. FIG 1l is
a side elevational view of nmechanical parts of an

B b e A 6 AP AVATRRRPT 0 10 L0, 2
i - FIG 21is a
pl an vi of_ the mechanj,ca art shown in FI.G 1.
e exermbr Bty THesy BTG Aot s PLaSeBkr AgBtion are
Is supported by a guiding unit, which includes a
dQﬁFr@é’QCbcbql%PhoWht@ uFgEeFante 2tpatiehacreEpanydng Mr@wings.
| eft 15 sideboards (not shown), so as to be able to,
Ars|éxbmp le tshelmalje efdimime afpa et wa regne> (i gn -t @i ng
directions). The <carriage 3 is noved in the
enBbdimsraN B M Reidants Mvent ity NS CRIVETIG D1 with
via'a timng belt 5 stretched between a drive pulley

r&fe Atk e puldgy Bl showrid, Bl Gs 2 KQduide

bushes (bearlngs) 3a are provi ded between the

]'?@J recordﬁng heagge}%% r&ﬁeg#rt%] fqeancg.ré{frr%glear% image
fil&{:ﬁ}w né% heads for"(‘i\‘}fr&%}ﬁjgttﬁ nk de(rr%%’ of %eléﬁ]’}éﬁ;esent

The recordlqg heads 7 are arranged so that an
invention is a plan view of the mechanical parts

., shown in FIG. 1.

In the exemplary image forming apparatus, a
carriage 3 is supported by a guiaing uﬁit, which iﬁcludes a
guide rod 1 and a guide rail 2 laid between right and left
sideboards (not shown) , so\gs to be able to slide in the'
diiections of the arrow; (main-scanning directions). The
carriage 3 is moved in the main-scanning directions by a
main-écanning motor 4 via a timing belt 5 stretched between
a drive ﬁulle& 6a and a driven pulley 6b showﬁ in FIG. 2.
Guide bushes (bearings) 3a are provided between the
carriage 3 and the guide rode 1.

On the carriage 3, four recording heads 7 composed
of liquid drop spraying heads for spraying ink drops of
yellow (Y), cyan (C), magenta (M), and black (Bk) are

mounted. The recording heads 7 are arranged so that an




WD 2007/ 046309 PCT/ JP2006/ 320523 -9 array of'ink

spray nozzles forns a right angle wwth the main

scanni ng directions and ink drops are sprayed
 WOdooHwazd. Each of the liquid drop spraying Ip@q-m2006/320523

formng the recording heads 7 includes an

energy-generating unit for 5 generating energy to

spray liquid drops.-For-suéh an energy-generating

abpay, ol ﬂhEZ§§E89tﬁsz@éEUEBEﬁsSﬂcbléﬁtaangle with th
pi ezoel ectric element, a thernal act uat or adsing Iqu|3

méiﬁ ”Bcgﬂhh.hﬁgd‘i.au%%% o % %Fl %?(t rcfycg% ml, Cﬂ%}}’%%{i lntggwnwar‘d.

el enent suc ape ne

act uat or S|n net se changes caused ,
tenperat %%%gtel},e J‘g’r lg’rﬁcgq%tsf %]tf?%sl'é\%?‘g%t%ﬁ’rmmg ‘the
usin statlc electricity may be used. The recording
reEAHding Bsase LokPEiedestapneneFIyngeneratiag unsp for
sprayi ng heads each having arrays of nozzles for
5 gepruytheg denetgentocepoay. liguitiedropsi afer 3satkoan
i ncl udes sub-tanks 8 for supplying/color inks to the
enexgy-dieme hatilsg 7unTte subietoakscBriteastpptbedsubhhas a
color inks frommain-tanks (ink cartridges) (not

pBE0NE) e E DH OB éMkn € UPR| ¥hé HREB &t&&toﬁdﬁéiﬁgmi&umefllm

recordi ng heads 7 for spraying ink drops,

f
AFFENAI M A SRR bty fens evcn
b the rec ds ont
%L%klé%ap%?gl#&?{e LeSPERE BRAE A TR h%cE‘g%‘P’ég‘éS%ng
| ary i mage form ng apparatus al so
meta ﬁ%rg) changes caused by temperature changes, or an

10

., electrostatic actuator using static electricity may be used.

The recording heads 7 may be composed of one or more liquid
drop spraying heads each having arrays’of nozzles for
spraying different colors.

,15 h The carriagg 3 alfo includes sub-tanks 8 for
supplying’ color inks to the recqrding heads 7. The sub-
tanks 8 are supplied with color inks from main-tanks (ink
cartri@ges) (not shown) through ink supply tubes 9. In

‘addition to tﬁe recording heads 7 for spraying ink drops, a

20 recording head for spraying drops of fixing liguid (fixing
ink), which reacts with recording liquids (inks) and
thereby fixes the recording liquids.onto the paper sheet,
may be provided on the carriage 3.

The exemplary image forming apparatus also

25 includes a paper feeding unit for feeding paper sheets 12
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‘25"ihélddeé'a paper f eedi ng unit for feeding péper

sheets 12 4 WD 2007/ 046309 PCT/JP2006/ 320523 -10

wO00I0kesdo on a paper stacking plate (pressing pteiEnekios2s

.of a paper feed tray 10. The paper feeding unit .
includes a crescent roller (paper feed roller) 13 for
separating the paper sheet® 12 and feedi ng t hem one

sONCRNE & O B 416e PAPEL 1901 1§ ﬁ%i%f‘@ %Pé@sﬂr%? k& 11 of a

separating pad 14 facing crescent I"er 13 and

rial aMth ' i Ct coefficient. .
offEF oad ST 10 T (et Lot A MEN FORNELY
roller,13.. The exenpl a [ mage. fornj appar at us_al so
CHEPEHLE ERLLEE CRRRSE HPRi 104 b= Lot b s S9RF Hiahg the
sheet 12 fed fromthe paper feeding unit to a
PaRRY t3hrptmdet a7 feedbndli Hphans e BN shergPaper
unit includes a guide 15 that guides the paper sheet .
st@ckiny fplate hel paget 4 exeppanpt ing tpad Tbnfeyiong beie
21 that electrostatically attracts 15 and thereby
cragyEyts tdElapEl steaiad?, of £LamteridDIwiarh 22 hidmat
presses the paper sheet 12 agai nst }he conveyor “belt
£ Pilceddh thes Bbye Lo eYind h@ed{ﬂ@ﬁ%i&@eg%d 12 85 GOIWEI g
gui de 23 that changes the direction of the paper sheet
' ' ' oximately vertically
t%‘gav\%? gﬂééghfa%sp#)%(?%a ]Zfeylaggj'degrees so that the paper
sheet 12.s |laid .on the convé%pn bel t 21, .8 pressing '
part 24, &AFd XFRIGY SAGIprEsTIRG PEPEEATES BilsCed |

. by the pressing part 24 .
includes 'a conveying unit for conveying the paper sheet 12

. fed from the paper feeding unit to a position under the

recording heads 7. The conveying unit includes a guide 15
that guides the paper sheet 12 féd_froﬁ the paper feeding
unit, a cohveyoi belt 21 that electrostatically attracts
gnd thereby conveys the paeeg,sheet 12, a counter roller 22
that presses the paper sheet 12 against the conveyor belt
21 and thereby conveys the paper sheet 12, a conveying
guide'23 that changes the direction of the paper sheet 12,
which is beiﬁé fed approximately vertically upward,
approximately 90 degrees so that the paper sheet 12 is laid
on the conveyor belt 21, a pressing part 24, and a paper-
edge pressing roller 25 biased by the pressing part 24
toward the conveyor belt 21. The exemplary image forming
apparatus further includes a charging roller 26 for

charging the surface of the conveying belt 21.




toward the conveyor belt 21. The exenplary inmage
formng apparatus further includes a charging roller
26 for 25 charging the surface of the conveying belt
WO2007/046302007/ 046309 PCT/ JP2006/ 320523 -11 ThecCT/IrP2006/320523
" .conveying belt 21 is an endless belt (which my be
nol ded as an endl ess belt gi made by connecting the,
ends of a belt) stretched”befween a conveying roller
27 used Bife SV PinP &It D P tONSEAM £94 11546128 which
used as a 5 driven roller. The conveying belt 21 is
r j e_ paper Vi diprect ibon, (sub.. aJAle .
R e e A R T S S LS
rotated_b ub, scanni ng tor 31 via a.timng.be
A3 208 e Fefr hgr ERPERddoeRledh decdnPelippospiar 27 |
under the conveying belt 21 in a 10 position )
u%%?r%%p%nﬁFhﬁetBO%g%riﬁﬁéeafB?ﬂﬁh@naFéélgi 2Reused as a
recordi ng heads 7. The conveying belt 21 may have a
> deivigherobyer. Theucenveyisgshelh 2h F$GusBned an the paper
multi-layer structure (two or nore | ayers) as shown
comvéying 4difeettonvéyan Hehhnihg2dicest achs thewhaper FIG.
sheet 12 and the charging roller 26. Therefore, when

2the ERaVEeyRYePEhy 2d11as Qm|yo@£€e&éﬂﬁra &b scanning
insulating matertal is used to nake the |ayer. Wen

ndtfe POWEIOL PobindloPE- BIING & LHENG cifier 3. 2

exanmpl e, two ayer _ actin
oR05E 29 480 RagR P, BB O S B PRSI ELRLY,
10 P éf%f%ém% régﬁﬁ%ﬁﬁiﬁb to the image forming area of the
'iecording heads 7.

The conveying belt 21 may have a single-layer
structure as shown in FIG. 3 or é multi—layer structure
(two or more layers) as shown in FIG. 4. The conveyor belt
'15 ?1 contacts the paper_sheeﬁ 12 and the charging roller 26:

Thérefore} when the conveyor belt 21 has only one layer, an
insulating material is used to make the layer. When the
conve&or belt 21 has multiple layers, for example, two
layers, the side contacting tﬁe paper sheet 12 and the
20 charging roller 26 is preferably made of an insulating

layer 21A and the other side is preferably made of a
conductive layer 21B.

The insulating material of the single-layer

conveyor belt 21 and the insulating layer 21A of the multi-

25 layer conveyor belt 21 is preferably a resin such as PET,




conductive |ayer 21B. The insulating material of the
singl e-layer conveyor belt 21 and the insulating
wORkenrere3BIA of the nmulti- 25 |ayer conveyor bebCT/2820063320523
" .preferably a resin such as PET, WD 2007/046309 - '
PCT/ JP2006/ 320523 -12 PEIl,, PVDF, PC, ETFE, or PTFE,

or an el astoner containin@i%o conductivity contro

PR} ebYE, 2 SGyTEMe a/pl BHFER [ €54 SAd VA 1ds t et rH?onta;'Lning no .
insulating material 1s preferably 10120cm or greater, :

SEAPE LT B S R YA iscivsn
oP ko b BLELS SELL RIS P g S el e Sbove

the volume resistivity of the nmaterial becomes 105 _
OF HRQKR) P BERIGR LT cHEF Mg dratarizs ikepddie iandpctive
so as to 10 contact the insulating |ayer 21A of the ;
5 layeweddd delthe mulihelnyaer heoneeyaw-bealer2stisiguefdrably 5
and rotate according to the rotation of the conveying
mats thy nidiorgeris appiliehmve tiam thiatriednttss iofs tde an
axl e  of the charging-roller 26-. The charging roller
ePhstismdBae tof b Ui Ued e dTBIR 1A 1 uMd el ilsx MAIUPRSE the
resistivity of 106 through 1090cm An AC bi as
yd N ' 14, 5( 103 G 4) applies positive
man y\énlegjaétgg\}%es,k&%i gggtgﬁgﬁs lfoor example, 2 kV to the
chargi ng..roller 26 as scrihed | ater., .The waveform
o the ABTE! SESTIARSDE O 16En @ dudve PP LE {FAFENG 4P o
wave, but is preferabhy 20 a square wave.
10 contact the insulating Tayer Z21A of the conveyor belt 21

. (when it has a two-lavyer structﬁre) and rotate according to
the rotation of the conveying belt 21. Force is applied on
the both ends of the axle of the charging roller 26. The

charging roller 26 is made of a conductive material with a

15 volume resistivity of 10° through 10° Qcm. An AC bias
applying unit 114 (see FIGs. 3 and 4) applies positive and

negative AC biases of, for example, 2 kV to the charging

roller 26 as described later. The waveform of the AC bias
may be a sine wave or a triangular wave, but is preferably

20 a sgquare wave.

As shown in FIG. 2, the exemplary image forming
apparatus also includes a rotary encocder 36. The rotary
encoder 36 includes an encoder wheel 34 attached to the

axle of the conveying roller 27 and an encoder sensor 35




As shown in FIG 2, the exenplary imge form ng

apparatus also includes a rotary encoder 36. The

rotary encoder 36 includes an encoder wheel 34
WOo0074s6398 to the axle of the conveying rol | epc2iipane320523
" an encoder sensor 35 WO 2007/ 046309 PCT/ JP2006/ 320523 :

-13 made of a transm ssion, photo sensor. for detecting

the slits on the encoder eel 34. In-front of the

mERS 600 Braehi H€86n OPROEST sddsof Ofofled@esbfgnghene slits
position of the carriage 3 in the main 5 scanning

ol $REtd QL 4 Sr Phipvd fdegly . As shown in FIG 1, the linear
encoder 44 1ncludes an encoder'scale 42 on which

slits are f n. encoder_ sensor .43 made of
transm sgno%rrﬁ%t go'}gé: Sor-Fdr-FSt ?c?t iand‘lf’t’?@rsl?ri%o%‘]: 44
the, encoder scale 42. 10 On the carrjage 3, a first |
LY fiit a9 st drOBH 1onkfe 0he £3F134% i Dniphbee main
sensor is nounted. The first paper, sheet sensor 81 is
5 seanpnfing dlreewionictenrogided: Avrsham e iREGt he, the
| eadi ng edge of 'the paper sheet 12 being conveyed. A
1 yeponerpapier shteinchndss £2 erscqubest tsaaibsl 45 o SwhiBetn
fromthe paper-edge pressing roller 25 in the k

s Piaperamo iy sHd ent | iSRS drisdACEs thesEopreyi ng
roller 27. The second paper sheet sensor 82 is nmade of

tfhnéﬁﬁééﬁaﬂ‘ﬁhdﬁBﬁébﬂ%ﬂ?“qu”&gégﬁﬁkﬁﬁ5Ehé“%ﬁﬁ}%ﬁo?rﬁ;e

detecting unit for detecting the leading e

ARG H8fle 1%, The ,

10 On the carriage 3, a first paper sheet sensor 81
. made of a reflection photo sensor is mounted. The first
paper sheet sensor 81 is used as a first detecting unit for
&etecting the leading edge of the papef sheet 12 béﬁng
conveyed. A second paper sheet sensor 82 is positioned

15 upstream from the papgr—edg? pressing roller 25 in the
paper conveying direction so as to face the conveying
roller 27. The secona paper sheet sensor 82 is made of a
refleétion photo sensor and used as a second detecting unit
for detecting‘the leading edge of the paper sheet 12. The
20 first and second paper sheet sensors 81 and 82 are not
limited to reflection sensors, but transmission sensors or
physical switches may be used for the first and second
paper sheet sensors 81 and 82.

In the exemplary image forming apparatus, the

25 second paper sheet sensor 82 is positioned upstream from




20 first and second paper sheet sensors 81 and 82 are
not limted to reflection sensors, but transm ssion
wogerTdaé®9 or physi cal switches may be used f oPCTAE2006/320523

first and second paper sheet sensors 81 and 82. In
t he exenpl ary i mage forning apparatus, the 25 second
paper sheet sensor 82 is p &7t oned upstream from WO

tt@&%é;@é@&&gié’cﬁfé@@?@é/ ﬁ@ﬂﬁ@ﬁ 25 1fn 1% PARSE » €dG8veying

pressing rolfler 25 in"the paper conveying “direction

dff@é%&5wt§%oa9'88%.EBebﬂB%%”%%% 9&3&&%n&aQ{ é%rriage‘3.
wever, e positi on of tThe second paper sheet sensor
82 is not, limted.to the position,shown in FIG 1. The
HEASHEE 1 ToRE Rt F el 88 Oha Mot ST R - Bpes5 pahsor B2
 préferably as close as possible to the first paper
1zt Sbrkbed slo tthe i PRFHVECR hehewk okl | BFC actur Bes .
Al so,,the second paper sheet sensor 82 is preferably
5 peokticonnet Upposttend cpaprer shesyiensool32rif7psefasably
to be able to detect the paper' 10 sheet 12 when it is
adbethegs € cw eyesls B badt b yehd hl petpepapehestied? s@ysde 81 to
conveyed wi thout using a conveyor belt (for exanple,.

11 $5d NEh@ GORYEYi Y @b Ridy. THEsSX CFid 8 ¥cdii@ISaper
form ng apparatus further includes a paper ejecting

B SRR 38 19 AR PRy SIS e Dl e
o BPEL L SELL 10 U0 (34" W0 %od ADRE g 2S0RLSY 00 AL
10 KO Y lsn 18 s BOAS e Shvayad BEOAd Ty 2Hnd BARS
. 'sheet 12 may be conveyed without using a conveyor belt (for
example, by using a conveying roller).
The exemplary image forming épparatus further
includes a éaper ejecting unit for ejecting the paper sheet
15 }2 on which an image bas bgen recorded by the recording |
heads 7. The paper ejecting uni; includes a sheet
separating claw 51 for separating the paper sheet 12 from
the cépveyor belt 21, a paper ejecting roller 52, a paper
ejecting rollér 53, and a paper catch tray 54 for receiving
20 the ejected paper sheet 12.
A duplex unit 61 is detachably attached to the
back of the exemplary image forming apparatus. The duplex
unit 61 takes in the paper sheet 12 that is conveyed

backward by the conveyor belt 21 turning in the opposite

25 direction, reverses the paper sheet 12, and feeds the sheet
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ej ecting ro{féf 53, and a paper cat ch tray”54 fér
receiving 20 the ejected paper sheet 12. A dupl ex
unit 61 is detachably attached to the back of the

 Woeamgémpy i mage forning apparatus. The dupl ercTupiobe/§izbs23

takes in the paper sheet 12 that is conveyed backward

by the conveyor belt 21 turging in the opposite 25

direction, reverses the péb r sheet 12, and feeds the
a§41261 115 YO.RO0IL 046 300 LI JEROVBLERLD2 301 18+ 2881 Il the

Into the space between the counter roller and the

r ts21. An extra tray 70 nay be attached to
C?ﬁggg%?t%%?%fzfthe exenpl ary image form ng apparat us.

The extrg tray 70 5 ha sim. | ar_confiqguratiaqn' to
that of edé:p'éar trre@é’d-sﬁcfé%ﬁy R #it A TEhida tgl%aﬁﬁafrtom. of
stacking plate (pressing plate) 71, a separating pad
the exepplrFy f HBuCS of PERITG apPRIr2bR% eyThey exbracktrays70
and 76. The paper feed roller 73 and the separating
hagck 72inehar atenfhgupspeen sheetsatl 20finthé epape# 0fé¢ddntray
one by one. Then,.the conveying rollers 75 and 76 '
leonveyindbugapes sheet dPaclpivg dplate (PeesPREE plate) 71,
between the counter roller 22 and the conveyor belt

a Zdepdy £OME Opadint 4, Of %ﬁﬁ?e;exfé@a aFy11&BOe3 f 0L NSonveying

apparatus 1s outlined ow wth reference to the
' in. F 5, 11 I it
QI Poks 15 A% AN MOl FH&a %ol 1l FANAR! chL!

separating pad 74 separate the paper sheets 12 and feed ;

them one by one. Then, the conveying rollers 75 and 76

‘convey the paper sheet 12 upward into the space between the

counter roller 22 and the conveyor belt 21.

A control unit of the exempléry image forming
apparatus is ouflined below with reference to the block
diagram shown in FIG.'S: \-

"The control unit 100 includes a CPU 101 for
controlling the enti&e image forming apparatus, a ROM 102
for storing programs to be executed by the CPU 101 and
other fixed déta, a RAM 103 for temporarily storing image
data, a rewritable non-volatile memory 104 that retains
data even when the power is off, and an ASIC 105 that
performs, for example, signal proceésing and a sort

operation on image data and handles input/output signals

for controlling the entire image forming apparatus.



" 10

15

20

Controlling the entire inage form ng apparéfdé,-a ROM
102 for storing prograns-to be executed by the CPU

WOR0W/d6a? ot her fixed data, a RAM 103 for tenpor/apiobs/320523

storing imge 20 data, a rewitable non-volatile
menory 104 that retains df a even when the power is
off, and an ASIC 105 t hat erfornms, for exanple,

si gnal ProeeSYImaANGrA tSAH0 LY ald Al Imqe/ﬁdqtoaa for
and handl es i nput/ out put S|gnals for controlling t

B L bORT s 1 PR EL ST 1 g 0
udes an. 1/ F 1 se d ng/ r ecei vi ng, dat a-
o HEES 80 Pl e S0 4010 %%%%%% P, o
a aratus such as a_PersonaI comput er, £r|nt ‘
b refneEet umit aH AR lb?ﬁque‘ilrﬂ‘{ﬁlrfjoq sfor
controlllng the recording heads 7, a main scanning
comtbelling vilrg) xedarding fheads i Ui ny nadin netansaqmotpr
notor 4, a sub scanning notor driving unit 113 for
dr&?iﬁqmpﬁiﬁarﬂm)fdmxﬂrﬂvingnﬁhﬁ din asvhranidg @dddr fOr a
receiving detection -signals fromthe first paper
s@hestarmensd mitor e SHePnchid PepefosheetvSansHe
the linear encoder 44, and the rotary enco§§$ 36. %&?

s ORSA Bt AfsePANE] , Ly 0 i/tPUfhiés%ﬁ ﬁt%qy%é&%ieog

information is connected to the contro

I d_ of f b
s:.n%r':'% yéﬁ ng&l% f%rgeg) i G SSEO aegre s%b%%n sse:)fbqu%,;b%l,l 4 l}elofseclosnd

an AC bi s t charging roller 26.
paﬁgé s et sensor 8 éherilnear§£né%der 44, and the

. rotary encoder 36.

An operations panel 117 for inputting and
displaying information is connected to the control unit 100.
The control'unit 100 also_ turns on and off the AC bias -
applying unit (high-voltage power supply) 114 for applying
an AC bias to the charging roller 26.

The I/F 106 of the control unit 100 receives print
data including image ‘data via a cable or a network from the
host %0. The nost 90 may be a data processing apparatus
such as a personal computer, an image reading apparatus
such as an image scanner, an imaging apparatus such as a
digital camera, or the like. A printer driver 91 of the
host 90 generates print data and outputs the generated

print data to the control unit 100.




" 10

15

20

The |/F 106 of the control unit 100 receives print T

data including inage-data via a cable or a network
fromthe host 90. The host 90 may be a data
WOR0oT@Es39ong appar atus 20 such as a personal ceEIUPres/320523
" ..an inmmge readi ng apparatus such as an indEge scanner, o
an i magi ng apparatus such g? a digital canmera, or the.
like. A printer driver 91 of the host'90 generates

print datgharchouleutsedde goneimi Shatyidd OM Gl data
the control unit 100.” WO 2007/ 046309 PCT/ JP2006/ 320523

inld TbeeERY ﬂgﬁggagf eﬂgef?gquggyéséségetgggﬂggﬁgias to"

in a receive r of t , causes
ort operation

' erformoperations including a .
pghPohE opPirt ChE aPRERNAPRE af oLl AlePaliEn BRatR Brint
‘the print control. 5 unit 107. In this enbodi-nment,
ARyt BXARSTRES phifit imaga dafa EonbletRBiRAtgontrol
bitmap data by the printer driver 91 of .the host 90
upkk ok @7 ¢ hEnpthhs epbedimentenimage t etaxenptheyprintgdata
form ng apparatus. However, .font data nmay be provided,
aforcexespted. into tihetiROd dHPa soy t Hiaé phEntONVErSVOR H% of
10 performed by the exenplary inmage form ng apparatus.

tielo$ € C80 Vbéio Pe PO | 9P 0F ddiea | APDEs St ac § dpte exemplary
pattern data) which portion corresponding to one |ine

iﬁﬁgepf$ﬂﬁiH? Q%g%PStESQO?Ehggep?ﬁgﬁnz'nggtwgﬂ“be provided,

controllunl sends the one'line o _ ‘
e ST TR A R o e S S A obRas |
pgr%c?}rr?ehd %)9 nta}I]e aé:n:eampS aeflif ij.n?a?geg ifrgpnging apparatus.

When receiving a portion of the image data (dot
pattern data) which portion corresponding to one line of
printing by the recording heads %, thelprint control unit
107 sends tbe cne line of dot péttern'data és serial data
Fé the head driver 103 in synchronization with a clock
signal and also sends a latch signal at a specified timing
to the head driver 108.

The print control unit 107 includes a drive
waveform genefating circuit. The drive waveform generating
circuit includes a ROM (the ROM 102 may be used for this
purpose) containing pattern data of drive waveforms (drive
signals); a waveform generating cirduit including a D/A

converter for converting the drive waveform data read from

the ROM from digital to analog; and an amplifier.
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to the head driver 108. The print control unit 107 '--M\””'mmwmm”wwm1

i ncludes a drive waveformgenerating circuit. The

wodoineasapavef orm generating 20 circuit includeerarisodydzos2s

(the ROM 102 may be used for this purpose) containing
pattern data of drive mavei roms (drive signals); a
wavef orm generating circuit°Tncluding a D A converter

for converdd neddeirdriate 1Y afRnmdta & Igadd rr%istt@?‘: for
ROM fromdigital to anal og; and an anplifier.

heRE iﬁ?’%g%ﬁﬁ i "5%%?% Y e TG %"%f;adcf’%ﬂ%geé dts)
SRR 1T T oA 1 T i TR TG ER ng

a register value of the shift register according 5 to
latqhing 3 stehiiate R Mhe ot trgtstgy ageording
| evel conversion circuit (level shifter) for
terani g thiegnal efrorofthe vt iget orenpurok romtt W01 atahlevel
circuit, and an analog switch array (switching unit)
cdriragrsion wriechion @evelf fshiyftdie favedhatdinerthellievel
head driver 108 selectively applies 10 parts of drive
of\ay ef i dergite Pedmiainy S afcr hel Faeor didyy fitadsalbg
by turning on and off the analog swtch array and
sﬁiﬁ%ﬁ*&&fﬁ§VF@W%{EhfﬁH“HH&E¥JﬂHﬁﬁki £%Eafﬁﬂfhn r%ﬁf by

scanni ng rfiotor driving unit 111 ca gﬂfates a con
val sed: t t value su (ed .15 fromthe .
t}@&u%# asﬁgl%géxg'eeﬁ{egg}eeaccfi% ‘(/ea]f %d%bﬁea]i%cetdl% y applies

sampl i detecti on_ pul ses fromthe encoder_44, and,
pqﬁégiffmgrive wavefé%ms to the actuators of the recording

. heads 7 by turning on and off the analog switch array and

thereby drives the recording heads 7.°

The main scanning motor driving unit 1111
calculates a control value based on a target vaiue supplied
from the CPU 101 and a speed.Qetection value obtained by'
sampling detection pu%sés £rom the encoder 44, and, based
on the calculated contrel value, drives the main scanning
motor 4 through an internal motor driver.

Similarly, the sub scanning motor driving unit 113
calculates a control value based on a target value supplied
from the CPU 101 and a speed detection value obtained by
sampling detection pulses from the encoder 36, and, based

on the calculated control value, drives the sub scanning

motor 31 through an internal motor driver.
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on the calculated control value, drives the main
scanning notor 4 through an internal notor driver.
Simlarly, the sub scanning notor driving unit 113 20

WOoADTtb3es a control val ue based on a target pcalaweoos/320523

supplied fromthe CPU 101 and a speed detection val ue
obt ai ned by sanpling dete&%ion pul ses fromthe

encoder 36, and, based -on*the cal cul ated contro

val ue, drg i den SEani £ Rt qmgb ;
N L e Mforming

06L3  po i nting ip.t

RTeRaT Aty Fragec sead e B AERDEREEGTEe o 8681 of,
twith re%erence to FIGs. 6 through 8. First, exenplary
%ﬁ%?%% ontrol on the conveyor 5 belt 21 is described |,
below with reference to FIG 6. As described earlier

t he amourfilGFt r AXARRARYT S FBREISHIGREIRL athedhacqiureyor
36 attached to one end of,the conveying roller 27 for
belf nthgi s hdesonvesdrbebow with Thefsudnse atwi RHGno6oras
driving unit 113 of the control unit 100 controls the
desir iifled ceanl Hgr potive Adowet 06 fli PPt i dhel sledet Simeded by
amount of rotation and the CPU 101 controls the
tiolt dndodér tHe A DERSd @@p$ﬂér@h&"&f\ﬁﬁéggbﬂﬁé§fﬂ§:roller
power supply) 114 for applying a high voltage (A

231880 A1y U AL 5ok 37100 s 0L oo
oSubF FRL LS SRRl A 0 BB £ e

scanning motor 31 according to the determined amount of

. rotation and the CPU 101 controls the output of the AC bias

applying unit (high-voltage power supply) 114 for applying
a high voltage (AC bias) to the chargiﬁg roller 26:

Tﬁe Ad bias applying unit.114 controls the cycle
(the amount of time) qf the positive and negative voltages
applied to the charging roller 26 and, at the same time,
the control unit 100 controls the movement of the conveyor
belt é;, thereby making it possible to apply positive and
negatife voltéges with a specific charge cycle length to
the conveyor belt 21. As shown in FIG. 6, a “charge cycle
length” indicates the width (distance) of one cycle of
positive and negative voltages in tHe paper conveying
direction.

When printing is started, the sub scanning motor

31 rotates the conveying roller 27 and thereby turns the




the control unit 100 controls the novenent of the

conveyor belt 21, thereby making it possible to apply
WO p@Bsioné3ve and negative voltages with a speci PCTIRNGTE523

.cycle length to 20 the conveyor belt 21. As shown in

FIG 6, a "charge cycle Ifggth" indicates the width

(di stance) of one cycle of“Ypositive and negative

cHYd PO Shd It tHE PERSKwLOHOVEY I P, di reed) oy MiENsame time,
printing is started, the sub scanni ng notor

25 31
) ' | t ) .

e S S R bor S bbEh AREDS BB AT ifrive

21 cl ockwi in.FlG,1 and, at.ih time, .the AC .
s Ghatl Q5% 55 o Conde B, B0 AT LE kA

square waves to the charging roller 26. Since the
r%ﬁa‘?{;i%@ 13 PPt DENEd $0AT i PhetPRASs e contakating

insulating 5 | ayer 21A of the conveyor belt 21,

5 lawett?lRk ehaihescenteyordgelybhoemit e chargentand
applied to the'insulating |ayer-21A of the conveyor

ndpdti®d {leasdes pisdapbterpoise 1y Vapylodiirge ot les en2flating
and a strip-shaped negatively- charged area 202 are

14 e TEE B 198 nesHversos hown: i m Fl4G st6ri g Hispéd

result, non-uniformelectric fields are forned on the

PETNENEty Hokin g e SR 516 SRS e vy
ctvfeded it 202 Rhs s lRbEp=ral EP-RGH LAY ebaum, 1y 1S o

10 Agig£§esult, non-uniform electric figlds are formed on the
conveyor belt 21 as shown in FIG. 7.

As described earlier, the insulating layer 21A of
the‘conveyor belt 21 is made of é matérial with a ;olume
resistivity of 1E12 Qcm or greater, or preferably of 1E15

15 Qom. Such a material preve?ts the positive .and negative |
charges from moving acgoss thei; boundary, thereby making
it possible to retain the positive and negative charges on
the insulating layer 21A.

‘The‘paper feed roller 13 and the separating pad 14

20 separate and feed the paper sheets 12 onto the insulating
layer 21A of the conveyor belt 21 where non-uniform
electric fields are formed by positive and negative charges.
When one of the paper sheets 12 is placed on the non-

uniform electric fields on the conveyor belt 21, it is

25 instantly polarized along the directions of the electric
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15 Ocm Such a material prevents the positive sand 7

negati ve charges from novi ng across their boundary,
thereby nmaking it possible to retain the positive and

wonrRegrdidsi0e charges on the insulating |ayer thﬁcrr,?libgm/g,zoszg,

paper feed roller 13 and the separating pad 14 .20
separate and feed the paper. _sheets 12 onto the
insulating |layer 21A of ied - conveyor belt 21 where

fmemagnlﬁeeahggeSErtﬁefh%hdanaggrﬁogﬁ%éttxcpei % éggrges

negative charges en one o e paper sheet’s

I d iformele flelds on_the
o8 858, 526cPE 29 pHBrs SHBreiankliy Boranrotacarote
the direction the electric ', WD 2007/ 046309
CPETRYPEOBG/ 5205232C08¢ fPBRasanfeestEaCh! thRopaper sheet
non-uni form electric fields, charges on one side of
12hBophher conseyor2bahtchlsi andf ghasgemeonctheepthebebide
21 becone dense and attract the paper sheet 12 to the
ofobbeypepke| th@ét aBAdwhhahgebasgesheepehethsi denbepbr belt
t he paper sheet 12 which' charges repel the conveyor

2bebécordd bpsose.spacseseBecavne ehathe abasgeydgnskbyence,
di fference, the paper sheet” 12 is instantly attracted

tﬁ@ %Q§e§0§H§¥9r12b§5t13§taﬁ£§ aEtPﬁStéaetBaeﬁé Bﬁséyor

as a finite resistance rue cnarges are |n uce

bgfta?.iCeﬁ%?‘SZ Shargoent aREEs 5 'e"?ﬁt 123005 RabtAGcEhe

conv bel]t 21 and charges.o conveyor belt 21 °
r%?t?ﬁ%?cﬁac r%?h%ﬁaﬁﬂﬁsa? et iR BF% gon both sides of the

paper sheet 12.

Positive and negative'true charges induced on the
side facing the conveyor belt 21 and charges on the
conveyor belt 21 attract each otﬁe; ana are therefore
stable. Positivé and negative true charges induced on the
other side are unstabte. S%nce the paper sheet 12 has a |
finite resistance of 1E7 Qcm through 1E13 Qcm, the true
charges induced on the other side of the paper sheet 12 are
able tp move. Therefore, adjacent ﬁositive and negative
true charges are attracted to each other and neutralized.
As a result, the number of the true charges decreases as
time passes. The charges on the conveyor belt 21 are
balanced by the true charges induced on cne side of the
paper sheet 12 which side faces the conveyor belt 21, and
as a result, their electric fields are terminated. The true

charges induced on the other side of the paper sheet 12 are
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stable. Positive and negative true charges i nduced-on .HWM_mW““;L,.,!

the 15 other side are unstable. Since the paper sheet

wolkdoiassoa k finite re' sistance of 1E7 Ocm t heouednos/320523

JAE13 xm the true charges induced on the other side
of the paper sheet 12 are _able to nove. Therefore,
adj acent positive and nega??Ve true charges are

né‘&%f?f.‘rfgﬁtgs eﬁ%@c?%}?&& é‘ﬂ&'v@eé'ﬁﬁ%ﬁéfg-efgcﬁié fields

result e nunber the true charges decreases as

ti asses. . T ch es on th vevor. belt . 21 ar
abs ErBRER R e nor o FEEE 2REs bRt | BFOENEY EAREN, decftfee as
t he aper sheet éz whi ch side faces the conveyor_ belt
the. COMUEYes BoFeshl1andHehs BRRETrFEeST ol damaye Closer to
term nated. The true 25 charges induced on the other

thé¢ decodrdheg papeds shecdldQ, apbng® Yoo7¢naE3e9 on the other
PCT/ JP2006/ 320523 -22 neutralized as descri bed above.

shie dhethe gpaperi shéeel U2 whiehtehargeas edepdhetled ocenveyor
the electric fields' decrease as, * the. conveyor belt

p@lt apd dAderpaperasheshe 12 90ye, ctRsefot®e dbEracting the
recordi ng heads 7. Also, since the charges on the

p?%@?“sﬁeéﬁdfzOEot@ﬁep@@ﬁ€e§9Pe$eﬂ@ @@ifﬁcfQ§§8§f%%ePfﬁe

e conveyor belt 21 decrease as tine passes,
%§$%§ attracting the paper sheet 12 to the conveyor
P 21 increases as.tine passes. The | eading. edge

Do 50" R o ol B Wk ) e R e
e8%PRE Sdnveyer bott i ae asscribed above is detected by
the second paper sheet sensor 82. The control unit 100
stores the timing (the number of pulses) at which the
second paper sheet sensor 82 has detec£ed the leading edge
o: the paper sheet 12, or the distance obtained from the
pumber of pulses and the piper conveying speed in a certain
area-in the RAM 103.

The paper sheet 12 is then conveyed to a position
under.the recording heads 7 mounted on the carriage 3 while
being pressed‘onto the conveyor belt 21 by the paper-edge
pressing roller 25. Then, the leading edge of the paper
sheet 12 is detected again by the first paper sheet sensor
81 mounted on the carriage 3 that has been moved to a
specified position for detecting the leading edge. The

control unit 100 stcres the number of pulses at a time

point at which the first paper sheet sensor 81 has detected




stores the tinfhg'(fhe nunber of bulses)'af which the T

second paper sheet sensor 82 has detected the | eading

edge of the paper sheet 12, or the di stance obtai ned
WORpEM6398 15 nunber of pul ses and the paper cpa'mymngszoszs
" speed in a certain ‘area-in the RAM 103. The paper

sheet 12 is then conveyed %3 a position under the

recordi ng heads 7 nount'ed dri"the carriage 3 while

thei Ga@i£§S8dgons o the ﬁQ?HEYQEe@€|iZzérthéh§1stance
paper - edge 20 pressing roller 25. Then, the | ead |ng

r t t e g
PP b PRSP EE o2 g Eet SRMCEnEREMAI DY hgCeeea
as_been_mpved 1.0 pecified position for

l%e?e%% ﬁ%l?h%r?%aﬁ?nﬁh% ﬁ@é control unit 100
stores the nunber. of pulses at a tinme 25 point at
whi ch t hé8 RV fdherreadseowe it Bl aeigiteda@ in a
2007/ 046309 PCT/ JP2006/ 320523 -23 the | eadi ng edge of

S regpiymperffencef tize of/F he0@i stamees oheaABEA 10Dbntohe

nunber of pul ses and the conveying speed in a certain

per farm nopéea RAdh 9 0nc gl £Pk 19drt eapsrotiionén the print
analyzes print.data in a 5 receive buffer of the I/F

datdf, -Dedisesandee ASIhd Brtor ReFs oFd @h‘?@rﬁfiﬁf‘scontrol
|nclud|ng a sort operation on the print = data,

urdd@nsg-er S‘Wﬂeﬂg Hd 'Ba;?%.leet éieZ'E hes PLd Nt L0 d@)%écﬁ)l to ugrérlnt

107. Wen t paper i'S conveye
Y scan OSJtIO of, the ima
st REPRAOET tf e R R SR0 %J?o*fh%nwa%ﬁata
10 gggf%rreéié) S%e print control unit 107, there is a pause

in the conveyance of the paper sheet 12. The carriage 3 1is
moved back and forth once (one round trip, the carriage 3
may be moved to make two or mdre‘round|trips or ma§ be
moved only one way) in the main scanning directions and ink
13 @rops are sprayed from the‘recording heads 7 onto the paper
sheet 12 to print a portion of the image data transferred
from the print contr$1 unit 107.
After the portion of the image data is printed,
the paper sheét 12 is conveyed to the next printing
20 position by the conveyor belt 21 and the next portion of
the image data is printed by moving the carriage 3 back and
forth again. When the printing is cdmpleted, the paper
sheet 12 is further conveyed, separated from the conveyor

belt 21 by the separating claw 51, and ejected to the paper




in the conveyance of the paper sheet 12. The carri age

3 is noved back and forth once (one round trip, the
WOcea7Hei9e 3 nay be noved to make two or nor ePCDIPRH6/320523

trips or may be noved only one way) in the main "

scanni ng directions and igg 15 drops are sprayed from
t he recordi ng heads, 7 ontG the paper sheet 12 to

cREERLL Ba POLS | Odihé’fpi‘éﬂ@ O At @atd aNsTor{Rfeafsom
the print control unit 107. After the portion of the

' ta ls. printed, the paper sheet 12 is conveyed
d%%a?ﬁ%g%ex 6%ar'l_nting 20 position by the conveyor belt

21 and the xt portion of, the imge data is printed
by movi ng Tt RO SRAMRIE LY AR AP TIRG. ARRRRAF L naen
thée printing is conpleted, the paper sheet 12 is
PXiRt Hiata oFRAY Sl SEphe RIGET rOFn TRRN dBvbielRle PRYeS Aare
by the separating claw 51, and ejected to the paper WO
5 prOVT¢Q46309=ROTI VP00 6/ 320528 pr 2ot Ty chhe regx54pa@rels
page of inage data is printed as -‘described above. In

nédes exeypl arde t amgendd rwih e appiitad g, a Wescedinat
data span nultiple pages or when nmultiple pages are 5

(PEEFLRE) coNsec Utnatel ¥y Wheddves rivihdd | 1 ¢ Ner 118X ndagtee

IS necessary is determned while printing a preceding

n«%%rﬁ\ )iyaﬁ&eé’!%ﬁtﬂéﬁ%rﬁg%‘%oé@éé PF | d eyt

next page i s necessar i'nting process o '

o4dF A PR 5T S M Gl Bl R G 0o
' roller 13 starts feediﬁg
10 In other words, the pape

%ggh roller 13 starts feeding the

. next paper sheet 12 so that the distance (gap) between the
preceding paper sheet and the succeeding paper sheet
becomes a specified value. Then,lthe néxt page is printed
in the same manner as described above.

15 ) An exemplary prinping process according to a first
embodiment of the present invention is described below with
reference to FIGs. 9A, 9B, and 10.

First, an exemplafy process of consecutively
printing multiple pages is described with reference to FIGs.
20 SA and 9B. FIGs. 9A and 9B illustrate a process of printing
multiple pages where the leading edge of a succeeding paper
sheet is detected after the printing on a preceding paper
sheet is completed.

As shown in FIG. %A, when the scanning of a

25 preceding paper sheet 12a is finished, a succeeding paper




next pabér“shéét 12 so that the distance (gap) between

the precedi ng paper sheet and the succeedi ng paper
sheet beconmes a specified value. Then, the next page

Wa 290T94680ed in the sane manner as descri bed aRav@2005320523
An exenplary printing process according to a first K
enbodi ment of the present i@yention is described bel ow

with reference to FIGs.’ 9&°79B, and 10. First, an

steRAPI12EY 1R eeeveyveld GARTERUUMRla n RiiistEnie Midn Rk
pages is described wth reference to FIG. 20 9A and

I Gs... I lustr : O C f printing .
p%n:l?lctelﬁéﬁg Egéeegn%ﬁ%?é“‘ tlr%eglgegI %ﬁglggge%o%%vz%'succeedi ng
paper shget js detec after_the printing.,on a ,
precedinggﬁaﬁé?wnsﬁge%fgs é%hpFé?eagrﬁéagﬁoanmPﬁeﬁlE? the
9A, when the scanning of a 25 precedi ng paper sheet
diFgCtdop; FhOHEdPYa t§c AE&QMN§OpapPAPRD 2997 G4tsegion
PCT/ JP2006/ 320523 -25 sheet 1211 is conveyed with a .
5 peeitaen despasdeterodnedepopgisdeni whepepehesieadity aslge

descri bed above. As shown in FIG 9B, the carriage 3
offovbe papeleshdetedRi as shoenthy)t he detewtt @ha pPapeing
edge detection 5 position (a predeterm ned position

ew@eiefthﬁelea&bead&ﬁgepagértBﬁeeaqubshQ%tiﬁ%rb%e the
detected) to detect the [eading edge of the

i R e AT AL R
smﬁgﬁglégbiksc889¥$&8db9ythgec889¥§'grbgikt2%1e%%%nwhile:

10 the carriage 3 is moving toward the paper edge detection
position. One possible problem such a mechanism might cause
is that, if the leading edge of the sﬁcceeding paper sheet
12b passes under the carriage 3 before'the carriage 3
reaches the papér edge detecti&n position, the first paper

15 sheet sensor 81 on thglcar{iage 3 is unable to detect the
leading edge of the succeeding paper sheet 12b.

In the exemplary image forming apparatus, the
paper edge detection-position of the first paper sheet
senscor 81 1is éet at a position about 5 mm from the left

20 edge (facing the paper conveying direction) of a smallest
paper sheet usable. According to an exemplary scanning
speed of the carriage 3, when the péper conveying speed is
240 mm/sec or slower and the distance between the paper
sheets is 60 mm, the carriage 3 can reach the paper edge

25 detection position of the first paper sheet sensor 81
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10 the carriage 3 is noving toward the paper edge
detection position. One possible problemsuch a
wonschassosm i ght cause is that, if the | eadi por/eeges 26523
_.the succeedi ng paper sheet 12b passes under the
carriage' 3 before the carriage 3 reaches the paper
edge detection position, TREfirst paper 15 sheet

b%%e Qr +82 QBaH?ﬁ? eagbae% hbssuee@591hgegs%§gtSEEethgzb

I'eadi ng edge o ucceedi ng paper

Iar I ma rn1n paper edge

r%é? Flgﬁe gsggl dgF gﬁgeg% g% %gségfoﬁéet sensor 81
is set at_a position about 5 nmfromthe |eft 20, ed
(facing th@ E%p%¥e%a%%%¥ PELRT RS PEATC ¥ %P%%%I+%s€IG
paper sheet usable. According to an exenplary scanning
aghesdferding ther pagerashanenlihetpapepncsmeynay 100
speed is 240 nm sec or slower and the distance
dbtbemméneshwhpaper thheptperscéfvapinghepeadriag@48 maﬁsec
reach the paper edge 25 detection‘position of the

oki 63bwpapewheheehespaper 8dnkeyVEH260££84630940 mm/sec or
PCT/ JP2006/ 320523 -26 before the | eading edge of the

s§Hﬁ%§edtH§ Bapeko3hagit12b0 §8§6E€§ the Papst $HPEr sheet
detection position. In-an exenplary ‘printing pfocess

BH2u2 &8 PhGendOca Btkst beedi dible pager 3Nest ddse of

e con unrt erm Rés
ﬁ%Bﬁ? %Eﬁeégeﬁdlépeéaep 3oSARALcEopFeving SnoLhe:

faster than 240 mm/sec, the control unit 100 selects the

- 10,

second paper sheet sensor 82 poéitioned upstream from the
first paper sheet sensor 81 in the paper conveying
direction to detect the leading ;dge Sf the paper sheet 12.
The contrel unit 100 causes the conveyor belt 21
to convey the paper sheet }2,,detects the leading edge of
tﬂe paper sheet 12 using the selected paper sheet sensor,
the first paper sheet sensor 81l or the second paper sheet
senso? 82, and conveys the paper sheet 12 further to the
print start éosition {(first scan position). After starting
the printing, the control unit 100 determines whether it is
time to feed the next paper sheet 12. When it is time to
feed the next paper sheet 12, the control unit 100 starts
feeding the next paper sheet 12. When it is not time to
feed the next paper sheet 12, the control unit 100 starts

printing image data on the current paper sheet 12 and
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sl ower, the control unit-100 seleete,the first pepef“”
sheet sensor 81 on the carriage 3 to detect the
| eadi ng edge of the paper sheet 12. Wen the paper

WOoonVEy3g speed is 10 faster than 240 mﬂsec,pctmezoosfszoszg,

.control unit 100 selects the second paper sheet
‘'sensor 82 positioned upstLg mfromthe first paper
sheet sensor 81 in the ‘pap conveying' direction to

répkges the keading aﬂaepginﬁhﬁgpapelesﬂﬁeil1@heTﬁelntlng
control unit 100 causes’'the conveyor-belt 21

oROPNEY L PReRR géeégegﬁeég geichémEQStesad'ng edge of ‘

t he paper s 2 usin e sel ect paper sheet

sensor, he flrst aper. s t .se sor

second paﬁe? %ﬁﬁ§§°f)éhﬁﬁ) B§FTo eﬁ% %%eh%%p£§5t page

sheet 12 further to the rlnt start position (first
tec ﬁt%BQFP?oH?et¢$FePréPEFP9n@fZEl%hﬁaﬁﬁﬁniﬁnﬁomPﬁétEd If

control unit 100 determ nes whether. it is tinme to
netedth@ecaekropapeitsheet repeatpenherprénting sbepsewdtil

t'he next paper sheet 12, the control unit 100 starts
theelasy phagenextppapeedshrétet2théhbasttpagends prkhRted,

to feed the next paper sheet 12, the control unit 100

tﬁéaébﬁtﬁélpﬁhﬂtlDGOlé?Q@tgaiﬁeODaéﬁepé rgR8 PaPRinates
sheet 12 and ------------ WO 2007/ 046309

tﬁgﬂﬁgf@@gﬁésgpgggssz7 repeats the feeding and

printing cyc untlf the printing on the current :
paper sh co Ieted Th control unit 100
checks i?f Iflhbecrgs age " &deﬁ%ﬁﬁlﬁaerwq%? formlng

rintjng of aII ages i s, co et
a para%ug the control unit f86 selects either the first

. paper sheet sensor 81 or the second paper sheet sensor 82

according to the paper conveying speed. This mechanism
makes it possible to detect the leadiné edge of a paper
sheet by using fhe second papef sheet sensor 82 when the
first paper sheet seneo; is\not able to reach its paper
edge 'detection position in time because the distance
between a preceding papef sheet .and a succeeding paper
sheet is too small, thereby making it possible to
accuratel§ deéect the leading edge of a paper sheet, to
increase the printing speed, and to perform stable image
forming.

An exemplary printing proeess according to a
second embodiment of the present invention is described

below with reference to FIGs. 11 and 12.
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5 not, the control unit 100 repeats the, printing

steps until the last page is printed. After the |ast

wopey@46®oprinted, the control unit 100 ej ect BCTAR20b&AS523

page. and term nates the printing process. .
AS- descri bed above, in the gxenplary i mge formng 10,
appar at us, -t he control unt£8100 sel ects either the
first ' paRirshreitSansorsddor iR EHNd RaRelcontro
sheet sensor 82 "according to the paper conveying :
uﬁP@eﬂeoTQéfeQPgh@{ltﬁg} %eﬁifét E;gé%éi" &%%t dLSCtrt & or -
eadl ng edge of ,a paper sheet SI ng e second
aper sheet_sensor 82 when thg, 15 first er sheet
tRE e ShE HaRohoriote TEREH (02 PapdriceligRinel BRntRn edge
osition in tine because the distance between a-
Ogr%lé%cﬁ"’ﬁ%eﬁa%?e%h%%tac%t‘?\%dhn%u%%e%oﬁﬁjgn‘ba@’é?PGE%etIn
is too small, thereby naking it possible to
thte uenlpedimeirt ecthe hdl s bankt e oetirenipapeapshestect s
to 20 increase the printing speed,” and to perform
chiaded acmgedifigrioe ng. pAmexenpberyy p(patenot process this
according to a second enbodi nent of the present
xS ) Odls | ShEk@s Cin bt .-bEd Ova W SHowef B emee. too FI G
11 and 12. WO 2007/ 046309 PCT/ JP2006/ 320523 -28

dfseonde %E@eéﬁ%&?ﬁ%ﬁ[ﬁj%@é@gdigeﬂt tﬁg‘ea COHM 1 P! v%iﬂﬂ%tr (for

100 selects elt I rst paper deet sensorI | _
h . 82 to tect 1t i ng, :
R PE P D Chet ST S D4R F 40t 00

ropert I n
sﬁ%eg {sydemanded when printing on plain paper. On the

. other hand, the distance between gloss paper sheets or OHP

sheets is set to a larger value (for example, 60 mm),
because a smaller value increases the risk of causing paper
feed troubles.

] When the paper co?veying speed is.constant, the
time . from’ when the final scanning of a preceding paper
sheet is completed until when the leading edge of a
succeeding paper sheet passes the paper edge detection
position of the first paper sheet sensor 81 becomes shorter
as the distance between the paper sheets becomes smaller.
Therefore, when the distance between paper sheets is below
a certain value, the leading edge of a succeeding paper

sheet may pass under the carriage 3 before the carriage 3

reaches the paper edge detection position.
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5 this enbod}neﬁt fhe disténce betmeen pépef'sheets'””wm““w‘LMth
is changed accordlng to a print property (paper type,
inthis exanple) as shown in FIG- 12. As shown in

WORP@/04639 the distance between paper sheets PETSPL006/620523

.a small value (for exanple, 40 mm for plain paper,
because a hi gher printingC%Q speed is demanded when
printing on plain paper the other ‘hand, the
di st ance mtwm@ﬁpﬁrpmnﬁhﬁftﬁrﬁeﬁipshmeiﬁ FEG. 11,
set to a larger value (for exanple, 60 mm), because a

aBfet ! f&&ﬁﬁ&%h@%ﬁé@%ﬁ@@z risk phe CAYSERL1 paﬂgf 100

feed troubles n the papef conveylng spee
Cﬁ?@%%g?ﬁ% %gggFtbgﬁge%Q?ﬂygege Q?m%ﬁ @ﬁﬁ dlstance

' d f di er sheet passes the
bEEReT R et BEEFONLS pil T QR oL STOIE% 1| WaPA phlger distance

sheet sensor 81 becones_shorter 20 as the distance .
beevoRe PaPRr peipeet 8 héet 80 ek oPe sl 8HEeT er the Therbfol epnit
when the di stance between paper sheets is below a
1¢erselecyal tke fhest cpapay shiget ofemssuctbedn nghpaparriage
sheet may pass under the carriage 3 before the
3 ctos rdeigect theatdedinfecdipest etlge SEPELt §08ePOSR ! | WRen
WD 2007/ 046309 PCT/ JP2006/ 320523 -29 In an exenpl ary
£10E | dM 4 #1808 OSEES SAMEDE P Sldard lis @;Esfief e@}@%ﬁ‘gsé N,

paper sheet 12, the control unit 100 checks the prlnt

£ L OPSKL Yo, i%ﬁf{egga n§ef‘@ dard @eﬁéﬁ&?{ﬁ%&el by senser

paper sheets IS rrmor arger st anc

82 positioned upstream from the first paper sheet sensor 81

. in the paper conveying direction to detect the leading edge

of the paper sheet 12.

The ceontrol unit 100'caeses éhe conveyor belt 21
to convey the peper sheet 12, detects the leading edge ofl
?he paper sheet 12 us%ng tbe selected paper. sheet sensor,
the first  paper sheet sensor 81 or the second paper sheet
sensor 82, and conveys the paper sheet 12 further to the
print start position-(first scan position). After starting
the printing,‘the control unit 100 determines whether it is
time to feed the next paper sheet 12. When it is time to
feed the next paper sheet 12, the control unit 100 starts
feeding the next paper sheet 12. When it is not time to
feed the next paper sheet 12, the control unit 100

continues printing on the current paper sheet 12 and



5 between paper sheets is 50 nmor larger, the control

unit 100 selects the first paper sheet sensor 81 on
woRhir/aeavpi age 3 to detect the | eading edge ofctBe2006/320523
" .paper sheet 12.- When the di stance between paper

"sheets is smaller than 50 the control unit 100

sel ects the second paper sh@nt sensor 10 82 positioned

répshtgapnlr egelibRgf brgt pPEREInghept 18008011 8dhei Prifing
paper conveying direction to detect the [eading edge

off chbecRapet: sheely 12hodber SORLT obntilltod 00 causes the .

conveyor to convey the pap eet 12,

e 502, L0 S8 g Sl B P Bt page

first' paper sheet sensor 81 or the_ second paper sheet
t%eﬁ%%?r%ineaHEeEBﬁ§e9§l%hen%a9€ra%he%?g%% $eremmplebed. If
the print start position-(first scan position). After
5 n@tarthﬁgconh:eobrumtn@OOtnepe@hsrbhetmrtn‘qmg steps until
determ nes whether it is 20 tine to feed the next
tpapeasshgege 12s phented. i Aftenethe lésedpade hexprinted,
paper sheet 12, the control unit 100 starts feeding

thbecoeKioDaRRL t S1e6t e J@ct Wighe i Lokt PObetin® tormigsdes
t he next paper sheet 12, the control unit 100

tﬁ@ 3%95% on the current paper sheet 12 and
7IP2006/ 320523 - 30 repeats the ;

2533;2? o AL LA T A T o0
|10 oipgeReraneREiRG bb e pagead Steedfrereq Lhe control
,'unit 100 selects either the first paper sheet sensor 81 or
.the second paper sheet sensor 82 according to the distance
between paper sheets (or according to the paper type). This
mechanism makes‘it possible to'detect'the leading edge of a
15 péper sheet by using the second paper sheet sensor 82 wheh
the first' paper sheet sensor islnot able to reach its paper
edge detection position in time because the distance
between a preceding paper sheet and a succeeding paper
sheet is too small, thereby making it possible to
20 accurately detect the leading edge of a paper sheet, to
increase the printing speed, and to perform stable image
forming.
Meanwhile, it may be possible that the distance
between paper sheets becomes smaller than the wvalue defined

25 for each print property because of a paper feed trouble. To




until the last page is printed. After the last page is
printed, the control unit 100 ejects the | ast page

woaoneh/d4e30ni nates the printing process. As des@tTﬁﬁﬂmﬁgmﬁzs
" .above., in the exenplary printing 10 process
accordlng to the second enhodi nent, the'control unit
100 selects either the first- paper sheet sensor 81 or

obbeatecandnpap V\gEoﬁtﬂ@ﬁt, %ﬁ S@kef 1@9 oma g kerfnﬁﬁﬁ

di stance between paper s eets ccor |ng to

p | hani,s si,bl ,
=BBREREL¥RRy B8 RonEagatE Eb”ﬁegiggé §ﬁ§eels§aag.naetween
t he second pa er sh sensor 82 when the fir
PRRGE SChEce ggagartﬁg §EoRD| BTy SAERT| PENRABOR? OF
%e detection position in tine. because the distance
apeteendatpreindi ngipapes Sheeelantl a papeseshagtpapssor
sheet is too small, thereby making .t possible to 20
5 basedranetyedBEeSUrededﬁsadhng.edge of a paper sheet,
to increase the printing speed, dand to perform stable

i mage fqraitige deswdi dbodimerey, DEndassdtrecd hdthden
di stance between paper sheets becones smal | er than

v efin f e b u
Phpes e e R o rC SR A aapge R

ffggép§2$9§/gﬁgégssen§&r09¥lSEe ﬁgcgn§§gée §%¥i8ﬁ?85 y

formng ~apparatu

oL Re 0B L e LTS DA PABE L2061 8 2L

10 detect the leading edge of a paper sheet. However, the
. ‘'exemplary image forming apparatﬁs may be configured to
select the first paper sheet sensor 81 or the second paper
sheet sensor 82 to detect the leading édge of a paper sheet
based on a condition such as a paper type, a paper
15 thickness, the resistance qf.paper, single—side/double-side
printing,“a paper size, and so on.

In the exeﬁplary printing processes according to
the above embodiments, a step of selecting the first paper
sheet sensor él or the second paper sheet sensor 82 is

20 performed even for the first page. However, the exemplary
image forming apparatus may be configured to use the first
paper sheet sensor 81 for the first.page regardless of the
paper conveying speed or the distance between the paper

sheets.

5 not, the control unit 100 repeats the printing steps =



anot her detectihg unit and to select a paper sheet
sensor 5 based on the neasured distahce. ,In the

woeennagzeenbodi nent, the di stance between papeeTSRR8E/S520523
" Jis defined for.each print property and the first. -

paper sheet sensor 81 or the second paper sheet
sensof 82 is sel ected based2dn the defined distance to

10 det ectyd he, drsadif fpﬁ%qpciqu RARK s %&%rbdei'ﬂ?j’\ﬁc‘éﬁfa third

the exenplary I'mag orm ng appar at us may
onfigured to., select the,first.pape heet..sensor. 8i .
P E o ng RF Sl eh ot LRk PRRES | GOSEHURRE LS wien
t hel eadi ng edge of aper sheet based on a condition
r%ﬁ%ﬁe%%eat%aﬁggsty%g,g%g%%%%rl 5 thickness, the
resi stance of paper, single-side/double-side
printi ng,Ita thepdhisid embpginag ton. then s te rapgmyheet
printing processes according to the above .
5 sembodi fkEmverka St epowfuset boh i mgth hehé | sstopdpesper sheet
sheet sensor 81 or the second paper sheet sensor 82 is

s@sPLré DI Ned evenet&fipl ey fbf St DAgeprboyey eshowhein FIG.
exenplary image form ng apparatus,may be configured

130 +158 dhee £ Sﬁniftpai)@@ SHESL s SENS 05 aSdr F Bded r@o]‘.jt.%:ztlB to

page regardl ess of the' paper conveying speed or
£6h3) QSRR EL L\ EL S0P, UL 0O 48000, <o
BT $p e L PEDOU I O LIS PESSHl e e o
10 tﬁg ;gggggghég% 12 using the second paper sheet sensor 82,
. The control unit 100 stores the'timing {(the number of
pulses) at which the second paper sheet sensor 82 has
detgcted the leading edge of the paper'sheet 12 or the
distance ob£ainéd from the number of pulses and the paper
15 conveying speed in a certain area in the RAM 103. |
‘The CPU 101 in the control unit 100 compares
condition data in the ROM 102, the RAM 103, and the non-
volatile memory 104 with the paper detection timing data
stored iﬁ the‘RAM 103 and thereby determines whether the
20 "leading edge of the paper sheet 12 can be detected by the
first paper sheet sensor 81 on the carriage 3. The
condition data includes the paper conveying speed, image
data, scanning speed of the carriage 3, distance between
paper sheets, paper type, single-side/double-side printing,

25 and timing of nozzle cleaning.




In the third embodi ment, the first paper sheet 5 .

sensor 81 works in conjunction with the second paper
sheet sensor 82., In the exenplary printing process
. woshemmaeiom FIG o | 13, the control unit 100- Q@@gﬁ@oglmszg,
" paper feed roller 13 to feed the paper sheet 12,
causes the conveyor belt 21_to convey the paper sheet.'
12, and detects the leadin 3édge of 10 the paper

sheet 12 WGt hes SRAOKLPARSNe sﬂr&etuﬁ@rﬁ%@?papme sheet
control unit 100 stores the t|n1ng (t he nunber

8
%’f”%i%f%da‘%%“%%%‘%ﬂ%‘% @M%m? asﬁfeﬁ%éeﬁéﬁé ongRs 12
b d f I t
of A @ R AL (O Fal 'rftii?t P8R padeapage
103 "The CPU 101 in the control unit 100 conpar es

ARl 1 PR PA Bt PR et FRM 10%e TORCFRM umBE 19 Yeduces
non- volatile menory 104 with the paper' detection
5 the mappnaenveymedspeerd eo ML othanchthsagdy3 can reach
det er mi nes whet her the 20 | eadi ng'edge of the paper
tishampd? edge hietettetdreddyitien i risimpaper sheet
sensor 81 on the carriage 3. The condition data

i ncl udes At rDARRILCANRY EH bagReeGoriviid g Hedd so that
scanni ng speed of the carriage 3, dlstance bet ween

tRape - Sthesd t.té’é}‘?s Sigples éj@&’bél?e Sié]laedzn.ng edge

printing,” 25 an tinmng of nozz e eani ng

of the paper sheetz%(g/ O% chonchc.:’cTc{ofPZOO(s/]?&PSczégus_esa the

10 conveyor belt 21 to convey the paper‘sheet 12, detects the
. 'leading edge of the paper sheet 12 using the first paper
sheet sensor 81, and conveys the paper sheet 12 further to
the print start position (first ;can szition). Aféer
starting thé printing, the control unit 100 determines
15 yhether it is time to~feed‘tﬁg next paper sheet 12. When.it
is time to feed the nex£ p;per sheet 12, the control unit
100 starts feeding the next paper sheet 12 and detects its
leading edge using the second paper sheet sensor 82. When
it is not timé to feed the next paper sheet 12, the control
20 unit 100 starts printing image data on the current paper
sheet 12 and repeats the feeding and printing cycle until
the printing on the current paper sheet 12 is completed.
The control unit 100 then checks if it is the last
page to determine whether printing of all pages is

25 completed. If not, the control unit 100 repeats the
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‘"vmén'{f i s not possi bl e, forrthe first papef sheet

sensor 81 to detect the |eading edge of the paper

woherl46#2, or when the carriage 3 is not abl ecrQriceesissz:

t he paper edge detection position in tinme, the.

control unit 100 reduces 5_t he paper conveying speed

so that the carriage 3 paﬁ3ﬁ§ach the paper edge
pgfﬁ€§£§09t99§'ﬁh@ﬂl'ﬂhé'ﬂ?stAééﬁé £ 80561 RELNEAPRBE the

conveying speed so that the Tifst paper sheet sensor

Cc et ec eadi ng of. e peL e .

193e BRRE LS br reer T 088 EaL bt BT PO B a5 B8 hap 2ast

21 to gopvey.the paper sheet. 12, detects the .I|eading
PRdGeBA FRENPAPEPS ShaRIPISTLERAGPACSFFrst paper

sheet sensor 81, and conveys the paper sheet 12 °

further tBhe t3ROYR iRKCGRIF t1HARIGOHET ipaskovs dpith

position). After starting the printing, the control
raheren0d tet EIGsnet4AStinhetdler 1PB. i EIGEneldd fhedughel5B

next paper sheet 12. Wen it is tine to feed the next
apapecheheeic l2iekec£obhé Otatipi dge 180sséAr £8oheatdbng.

the next paper sheet -12 and detects its |eading edge

usi ng therrsegand NADEHSHRSNS S HhSZeuMEt ddpd:S sheet

not time to feed the next paper sheet 12, the contro

] S i Atk N, ¢ n.th u

PR 2 R A s R R

cycle untjl ..the printing on the current_pa sheet "
p3SF cshEhh) StatEnSREERCF TiRFe 605t Eh EfBckoih and

it is the |last page to determ ne whether printing of
1aPt PhgeSarEiase conpietireen IFovR, tenkheorePer adde

100 repeats the WD 2007/ 046309, PCT/ JP2006/ 320523

, detection position to detect the leading edge of the next

paper sheet and the next paper sheet has been conveyed
further.

As shdwn in FIG. 15B,.when the carriage 3 is moved
before the printing on the current paper sheet is completed,
the first paper sheet sensor 81 on the carriage 3 is able
to detect the leading edge of the next paper sheet. However,
as shown in FIG. 14B, when the carriage 3 is moved after
the printing 6n the current-paper sheet is completed, the
first paper sheet sensor 81 is not able to detect the
leading edge of the next paper sheet because the leading
edge of the next paper sheet has already passed under the

first paper sheet sensor 8l1. In the third embodiment, when

the carriage 3 is moved after the printing on the current

paper sheet is completed, the paper conveying speed of the
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20

-34 printing steps unfifrfhe'{ast page is prfntedf T

After the last page is printed, the control unit 100
ejects the last, page and term nates the printing

. WOppEiEs9 The above process is described bel owcwisrinesi32os23

reference to FI Gs. 14A through 15B. -FI Gs. 14A through
15B are schematic views QE the carriage 3, seen
fromabove. In FIG 14A' pr'ﬁting on the current paper

néReepapbassheen £onpkahedd kB thée £hA cREENEEBI30Ban
the current paper sheet finishes with one nore scan.

I 1 d. he, C k 3;has;: heen noved )
r%gcghgh%aég?éfeﬁgég %égg%gg Poggégg?gPoﬁgtglﬁgfect t he
| eadi ng e of the next. .paper_sheet and the. next
paper shédt T therh! onve RIPTHET AN 19 @
FI'G . 15B, when the _carriage 3 is noved, 15 before the
LORT R | PRCOATTRRE cf r ERE PAPEENEnEBYENEIR P PRACr1PRE
first paper sheet sensor 81 on the carriage 3 is able.
bebodevtth raferendengoelge. otbt he next paper sheet.
However, as shown in FIG 14B; when the carriage 3 is
moved af tlr thee fvumth rgnisod inentturtlentf peperpsheetshaet
conpleted, the 20 first paper sheet sensor 81 is not

séhtert ®1 0gb£RS ihecohfadbngordgerRf thbes883hdPPREEr sheet
sheet because the | eading edge of the next paper

sehest fas %rﬁ?ﬂYeQéﬁﬁfgrynﬁﬁiniﬂﬁg %gﬁésgﬁgﬁéwﬁhfﬁt FIG.

sensar 81. In e third enbodi nent; carriage !
lg ' & gpgggt?éieég%gg%ﬁﬁlQéﬁggso@hé2§?§%£;ggégzg?f? gr13:to

Sheet "i 8 conple e paper- conv

feed the paper sheet 12, causes the conveyor belt 21 to

. ‘convey the paper sheet 12, and detects the leading edge of

the paper sheet 12 using the second péper sheet sensor 82

in a similar manner to that of the thi;d embodiment. The
control unit 106 stores the tiﬁing~(the number éf pulses)
gt which the second pgger ?heet sensor 82 has detected the
leading e€dge of the paper sheet 12 or the distance obtained
from the number of pulses and the paper conveying speed in
a cer£ain area in the RAM 103.

The-CPU 101 in the control unit 100 compares
condition data in the ROM 102, the RAM 103, and the non-
volatile memory 104 with the paper detection timing data
stored in the RAM 103 and thereby determines whether the
leading edge of the paper sheet 12 can be detected by the

first paper sheet sensor 81 on the carriage 3.
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VO 2007/ 046309 PCT/ JP2006/ 320523 - 35 next paper sheet oo

is reduced so that the carriage 3 can reach the paper
WO ®4ede® ecti on position in tinme. An exenpl ar pPCPIPA00d/320523

.process according to a fourth enbodi nent of the

present invention.is descikggd 5 below with

reference-to FIG 16. Int fourth enbodi nent, the

first papgfersheetis sRRsnbIGl feY kehd 1T o0y q:nsq;telorsmd&
t he second paper sheet sensor 82. In the exenplary

s@ﬁé@fr' 9. P&O&ﬁgéc‘éh@!\@ &t Ghedb, 12 hetl?@”&&%rb'ﬂ'ﬁnlt ‘

00 causes t paper feed roller 13 to 10 feed the
t £1
1€§p§é 0SS, <SRYR aple, SRUEYRnPEL ST Wen O VEY ot
p%%sxﬁﬁﬁz%%fﬂfﬁér%ﬁaﬁﬁ;S Rer ( HaES b ST {hﬁf3€§td§€23€rthe

enbodi ment. The control unit 100 stores the tim ng
leaghtng o@ee of pie seapenssheenien Ehe %%%ﬁ@lparpé? 100
sheet sensor 82 has detected the ‘| eading edge of the
upapethsheesull of dévedtstantke obtadieg edgenvfhthe paper
nunber of pul ses and'the paper conveying speed in a
skest al D 1oy ethé Nsében®APAIHD. sHbet GRehd®d 8P theperform the
control unit 100 conpares 20 condition data in the

siiRed02nt t B FAM 08, s @Ps fiien 0Pt eyOl 2t d | @umﬂyﬁvléﬂfy

w th the paper detection timng data stored 1 n the
d. .
S LR PR ool o

RIEN R R ON R R

T An exemplary skew correction process in the

exemplary image forming apparatus is described below with
reference to FIGs. 17 and 18. | ’

As described earlier, the paper edge detection
positions of the firs? paper sheet sensor 81 and the secénd
paper sheet sensor 82 are diffe;ent in the main scanning
direction (width direction of the paper sheet 12). This
configuration.makes it possible toldetermine the amount of
skew of the ﬁaper sheet 12 based on the detecéion results
from the first paper sheet sensor 81 and the second paper
sheet sensor 82 and to perform skew correction based on the
determined amount of skew by, for example, rotating image
data using the ASIC 105 during the image forming process.

In the exemplary skew correction process shown in

FIG. 17, the control unit 100 causes the paper feed roller




WO 2007/ 046309 PCT/JP2006/ 320523 -36 Wen it is

possible for the first paper sheet sensor 81 to

detect the paper sheet 12, the control unit 100
wWO02e07@86399t he first paper sheet sensor 81. \WeRCTAIP1086/320523
" .not possible for the first paper sheet sensor 81 to

detect the 5 | eading edge_g%_the paper sheet 12, the

control unit 100 wuses‘the’fesult of detecting the

13 egdli Age @ 0BG Qhapdie PR 13)eeiudds biyhé heoseepse belt 21
paper sheet sensor 82 to performthe subsequent

t h ar La . I he y
P e e 2 A T h e toner | BT ho 3R o
t he subseguent eps..are omtted here. An_ .exenpl-ar
e TR T ot proted THE (3eSoud dhfrar i aageschdor 82,
form ng apparatus is described below with referénce .
ane dgiects Thpdlardingseder vt vete RFPeershedk. 1papain
edge detection 15 positions of the first paper sheet .
S usigorhes finstd parescthert $epeer shbetThemsothg2cenirol
different in the main scanning direction (wdth
unit e?0 arrlbfuldtee papes wsheeit 1@ . sHéw sbased on the
configuration.makes it possible to determ ne the

détaditi o fre SIKEYs 03 f tige PEDESt SHE@t sdZoRNASESHOP $heet

detection results 20 fromthe first paper sheet sensor

s&ls ¥ ghea58cend BRPehrmeheRlwS $8Xe %O%D%Qﬁ) or example,
BePERE for exar

perform skew correction based on the etermne

' , | e at j ' at '
<SFB S ol SEATE Sy LTS PSS A
10 shew, e SRR ALY KW L B QM PL O eSS, SO Nheet 12.

For example, when the'paper edge detection
positions of the first paper sheet sensor 81 and the second
paper sheet sensor 82 are detérmined ag shown in FIG. 18,
the distance (oi the number of pulses)} Yc in the paper .

15 gbnveying direction bgtweeq the first paper sheet sensor 81
and the second paper sheet sensor 82 can be determined.
When the paper sheet 12 is tilted to the right, the first
paper ;heet sensor 81 detects the leading edge of the paper
sheet 12 at a‘timing earlier than the normal timing {(the
20 timing when the paper sheet i2 is not skewed). When the
paper sheet 12 is tilted to the left, the first paper sheet
sensor 81 detects the leading edge of the paper sheet 12 at
a timing later than the normal timing.

When the distance in the paper conveying direction

25 Dbetween the first paper sheet sensor 81 and the second




25 FIG 17, the control unit 100 causes the paper feed
roll er WD 2007/ 046309 PCT/ JP2006/ 320523 -37 13 to
wobamd4édoe paper sheet 12, causes the, conveyorpoeb#08320523
.to convey-the paper sheet 12, detects the’l eadi ng edge
of the paper sheet 12 usi t he second paper sheet
sensor 82, and detects't Teadi ng edge of the paper.
paggswtsﬂé’e@g@ds& W NG the, fiHStamARel SheadtewahsOnit
1. Then, the control unit 100 cal cul at és the anount
F%gé/v {4 O réggﬁgzl -fd r st ,
dJ-C'agnt seco%%sg%pgh%%}:estkp@%t:ﬁlszo%h 81 an%sSSSéZE? Bp%%f%ér ns
w correction by, for exanple, rotating the inage
fog‘tlf%w%ré%eeaquo&htlﬁ{’e' cal cul at.ed anount of 10 skew, prints
‘the image data, and_ejects_the paper. sheet 12. For
exanpl e, ¥RERL RE 65&§r=edé§a@ég€£?#8ﬁ PRsditicangegpcted
the first paper sheet sensor 81 and the second paper,

5 byHew Eusforraenrshess aensmd &k showrdimaiebge gosition
t he di stance (or the nunber of pul'ses) Yc in the paper
deltte ooy dyy nithed i sesmiricopdystmesdredthesdnsat §RaperyclsheetXc
sensor 81 and the second paper sheet sensor 82 can be
determ ned. Wen the paper sheet 12 is tilted to the

right, the first paper sheet sensor 81 detects the

| eadi ng ad0geQlriRedPaARRYe,SRER! akdudkt 3l STeRIof the
earlier than the normal timng (the 20 timng when the :

O kit PR D 4 P e
10 PQSLSEJ- s.ognsilq%%?ﬁt%getcf atygftr{qfﬁ:{‘sﬂ% e@qafgfeﬁgrsl{qhe% EFgéJnesr of rbeletanci

‘the second paper sheet sensor 82.

Although the distances between the two paper sheet
sensors and the detected leading.edge ﬁositions aré used to
calculate the amount of skew in the above eQample,

15 substantially the same result may be obtained based on

L
leading edge detection timings (the number of pulses

cbtained from the enéoder).
As the distance between tﬁe paper edge detection
positions of the first paper sheet sensor 8l and the second
20 paper sheet sensor 82 becomes larger in the width direction,
the accuracy of detecting the amount of skew of the paper
sheet increases. Therefore, to more accurately determihe
the amount of skew of a paper sheet, the exemplary image

forming apparatus may be configured to change the paper

25 edge detection position in the width direction according to i




When the distance in the paper'cenVeying?direét}oh”"ééinhmest”J

between the first paper sheet sensor 81 and the second
WD 2007/ 046309 PCT/ JP2006/ 320523 - 38 paper sheet

wWO008R63082 i S Yc, the amount of skew per unit chnyﬁi‘ﬁg,gﬁ,szs
of the paper sheet 12 is expressed by the ' follow ng

equation: anount of skew =_[I| eadi ng edge p05|t|on
detected 5 by the first p§ €r sheet sensor

the(bseerngleggepee§f£éenb deaecgeﬂnegrtgel%QEOQQ RaPehat

sheet sensor 82 + escri bed above

f W p hee an, _be. _aobt |ned
E%ba? ?ﬁégl 4 .e’ﬁgfaa BB8 5EaRch s  8aE du, B pBa By R s mm
f %hrst sheet sensor é and the second paper
§ﬂ@e geﬁ% gggeAp hBugRPFheSaP&tances between the ,
two paper sheet sensors and the detected | eading edge
posi ti onF W eBedth® exemrla By cindge FpMingfapkeetws may
the above exanple, 15 substantially the sane- result
5 Dbengobéigbredned Hasptapna weading mdgeadet ¢ohi the dlsplay
timngs (the nunber of pulses obtained fromthe

urfDtoder the Aspéhet oss apseeDel Weesrt BRrgagRr tBEUBrinter
detection positions.of the first paper sheet sensor

aBivapdsi hersegendos20gHRPER §8§§E1§ﬁn§8rogzlﬁgﬁegasof

| arger in the width directi'on, the accuracy o

pgffgfﬁiﬂg ggﬁwa9$ypec€{o§kgﬁéﬂfaghfmg 8e£oE%F§$h1ﬁgen the

I NCr ease ore O nbre. accura eI Yy

a%%ﬁagnggnékg£ fgeéégétgrpaﬁ §h§§éél}f§deé§ Iargr to

10 eject a paper sheet when the amount oﬁ skew of the paper
., sheet is greater than a specified value and to feed another
paper sheet to continue the printing.

An exemplary registration adﬁustment process in
the exemplary iﬁage forming apparatus is described.ﬁelow

15 With reference to FIGs. 19\anq 21. .

'The exemplary registretion adjustment process
shown in FIG. 19 may be started.by a user instructiomn.
First, as shown in FIG. 20, the control unit 100 aligns the
first paper sheet sensor 81 with the second peper sheet

20 sensor 82 in a direction perpendicular to the scanning
direction of the carriage 3. Aligning the first paper sheet
sensor 81 and the second paper sheef sensor 82 makes it

possible to ignore the skew of the paper sheet, thereby

making it possible to accurately adjust the registration.
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"fofnihg appar at us nﬁy be configured to change the

paper 25 edge detection position in the width

- wodbernrtioon according to WO 2007/ 046309 PCT/IP2006/320523

,PCT/ JP2006/ 320523 -39- the paper size specified by
the printer driver 91 so that the paper edge
detection position is set~4f"a position 5 mMm fromthe

si de edgerid @parer whaetiodwWidierseddie tq'i%erﬁgo;?éﬁ/ sheet 12

i mage form ng apparatus nay 5 be configuredt
I3 S nj op, t ' y nj f the
e B g e DTS O O P e Y ¥ "o, 68
f e host 90) in jtion to or instead o
100 P Rt et Lurbbr rElh | eRnt P iHEEE Shimnlens sent
when the anmount of skew is greater than a specified
foemukhe oFctary0eRFode¥y 36 phpeR Whektthhctetord spapet sheet
of skew of the' paper sheet is greater than a
sepeet f $2ddebéaes ablie t beddbng cedyderf papepapbeeshéeet 12
continue the printing. An exenplary registration
wEtdlj Lstent tige of£8st | papé hesexetaiyot NByedé©s8t H0the
apparatus is described-below 15 with reference-to
1&4EBng 180g8 0o 1t he THEpEXCOME S V1T CHSA I bPEs the number
adj ustnent process shown in FIG 19 may be started. by
i n L o i LSt ; R h
of MeFeS it oo ds Rt et ol Shdngibel B
%f Wi th %hg%second paper sheet 20 sensor_82 in a |
P FEE TN DAT RTRTEur M VT O ThSRIE i 1 2 dfFEcdihapta in
the carriage 3. Aligning the first paper, sheet sensor

tha B 18 22 cdndt paate SheRt s orh g of HeklesPaper sheet

"sensor 81 and the second paper sheet sensor 82 shown in FIG.

. 21.

The contreol unit 100 conveys'the paper sﬁeet 12
pased on the leéding edge detection result from the first
baper sheet sensor Slf pri?ts_a registration adjustment |
chart using a first no;zle 7nl (a nozzle in an uppermost
position in the direction opposite to the paper conveying
direc;ion) of the recording heads 7 shown in FIG. 21, and
ejects the péper sheet 12.

The user checks the printed registration
adjustment chart and enters adjustment values from, for
example, the operations panel 117. The control unit 100
corrects the distance N1 between the first paper sheet

sensor 81 and the first nozzle 7nl using the entered

adjustment values. The control unit 100 then corrects the




possible'tb ighore the skew of the papér sheet;
thereby nmaking it possible to accurately adjust the
regi stration. WO 2007/ 046309 PCT/ JP2006/ 320523 -40

woBoer/mesbrol unit 100 then feeds the paper sheet/spzons320523
and causes the conveyor belt 21 to convey the paper
sheet 12. The control wunit 100 counts the nunber of
pul ses sent fromthe rota }”encoder 36 fromwhen the

d&%%@ﬁ@ pPapebethagh e 82 pdekecispelhe 4
edge o? t he Sgper s%ggtg%%bn P ? %ﬁgnekﬁe Fﬁ%g?nggpgpd

eBRC RS 8218, 2RLc BhTabn Fne. SRU R Y B S e BT
distance btalned £r0n1the nunber fﬁG égses and t he
paper , Qﬁy?ﬁﬁmg BedjSi Q¥ Retla FhﬁocPHErOl unit

RAM 103 as a di stance X between the first paper sheet
1§9n§6PVSISaﬁ63tﬁép§€c§héeﬁa68rasﬁééﬁa§6ﬁsdﬂlaz(§hown
in FIG 21. The control unit 100 conveys the paper
3 tbheéﬁtlzalbasédeonfthheldadtagcedgé)detedﬁlaﬁte&sdbtectlng
fromthe first 15 paper sheet sensor 81, prints a
thegpapeat sheeadjlAswieht thbaft resi pgparf shebtnezalser7nl,
(a nozzle in an uppernost position in the direction

peRALS hephetbha PQPeEuEQH¥§beHve?br€ﬁE'BQbleshQ%t 12 so
recordi ng heads 7 shown in , ‘and “eJects t

G R R e o
p¥§é%§§ﬂgégrha;g§m§§§%¥8hg ung Hgg gg% el%nl Whlch
10 distance a2 is equal to the distance_al, and prints a
pattern P2. Theoretically, the patterns Pl and P2
completely overlap when the paber sheet 12 is folded into
two. ’
Howevér, the first paper .sheet sensor 81 may not
15 Flways be accurately posit?oned because of\irregularitie;
in assembling and theréfore the distance al and the
distance a2 may notlbecome the same. When the first paper
sheetﬁsensor 81 is out of alignment in a direction opposite
to the péper‘conveying direction, the distance al becomes
20 smaller. When the first paper sheet sensor 81 is out of

alignment in the paper conveying direction, the distance al

becomes larger. The user checks the amount of misalignment

and enters adjustment values (plus or minus) from, for
example, the operations panel 117. As described above, the

25 control unit 100 corrects the distance N1 between the first



10

15

20

25

corrects the distance Ni between the first paper sheet
sensor 81 and the first nozzle 7nl using the entered

wo2bopadsaet ment val ues. The control unit 100 t pegar2006/320523
corrects the WD 2007/ 046309 PCT/ JP2006/ 320523 -41

di stance' N2 between the se&gnd paper sheet sensor 82
and the first nozzle 7n1 4Sing the corrected distance

pdber P &XaPh €or 381 SHOINLhd Fat AoziNe Wi‘tﬁ%e&‘%ﬁ the

100 conveys the paper sheet 12 a dlstance (

t
e%{;‘?ﬁ%{?l%@ %@éﬁgp‘g &Qﬁeg%ﬁlz W t%& she 1?% fé%%%%e N2
sheet sensor_ 81 ints .a attern PL,. fur r nve S
oS S Frttnd PREt Tiiede SHLRT 7 AA o cel
fromthe hottom edge of the pa er,sheet 12
NRGHES, TR hHRATARERN t TR fFPETeHoYE | E HANGHilth and the
distance a2 is equal to the distance al, and prints a
digtanes Pletiren ctheafisst tmépiat&@&is Fensow PR and the
conpl etely overlap when the paper 'sheet 12 is fol ded
seanrod paper Howeyersendwer f82 st paper . sheet sensor
81.may not 15 always be accurately positioned because

of , irreqy ¥dsldrabed RIRVEEMdcoadahY Hher efigiarde
dlstance al and the dlstance a2 may not becone the

(é?é@ané@@@ déhecfdi ) pdGRle I’?eansﬂh rétl cic—:?‘té)cl:%n?& unit
| reCt| on OppOS| te

alignment in a e pape

oYU AL IR S A o SERTE 20 o
tk}ﬁ Sq%nnergeévpeénhet eapfe{rsctonc}/ee elcntgindé ruer?fé oannd tat]enozzle
. 0f a recording head and to correct the distance between the
.second detecting unit and the nozzle of the recording head
based on the corrected distance. Such é mechanism ﬁékes it
possible to perform registration alignment of detecting
gnits without having ?o adjpst‘detecting units one by one,
thereby reducing the wo;kload o§ performing registration
alignment.

In an image forming apparatus where a paper sheet
is conveyed afound a conveying roller of a conveying unit,
the distance between the rotation center of the conveying
roller and the surface of the paper sheet varies depending
on the thickness of the paper sheet. Therefore, the ratio
of conveyed distance of the paper sheet to the amount of
rotation of the conveying roller changes slightly depending

on the thickness of the paper sheet.
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becones |arger. The user checks the amount of
m sal i gnnment and enters adjustnent val ues (plus or
m nus) from for exanple, the operations panel 117.

wOoAs7RsHws | bed above, the 25 control unit 100 g%@sﬁ"’éﬂﬂﬂ-"

.the distance Ni between the first WO 2007/-04
PCT/ JP2006/ 320523 -42 paper sheet sensor 81 and the
first nozzle 7nl1 based on~¢#He entered. adjust ment

val ues, - C t | St . t he
second pgfgger e%e;“gl%%g%}addfz %F% i‘éif%%lmnsoz@?e% bienl
based on.the corrected distance Ni_and the 5, distance
QTR Thelrr ) Sfe fptt SRR et Qtadt, ublta nifpResnatole,
second paper sheet sensor 82. As_descri bed above,
alReARARIRESHFIT ahe et he PR oV k2 5 HesBendEy hBdYVelo
between a first detecting unit and a. second
stietecti htiphe t imskasces @Dsthdl disvance rieetwdénthbe first
di stance between the first detecting unit and a nozzle
detoéctoin@ oot ngndetitk agskcd0d Castect itdendi st apeeh a
bet ween the ,second detecting unit ‘and the nozzl e of

cdhei & 0¥ dhdndiead 1 0asesk 0 & Neo COFS LSt 8Os UhSE@NE8ta for
Such™ a mechani sm nmakes it possible to perform

. . i ¢ o s . .
AR TP e bl ¢SO Plaff SR LT ek Sodb LI o
[ th kl oad, of f i istrati
oL oS T R PR ey Eopos AP IWeF o Whaper |
sheet is conveyed around a conveying roller of a
LREHRRY iTRKIRA 11T RRSTHLYi &Y ARG FRESEEPERHECF Bt at i on

center of the conveying
registration adjustment. For example, when forming an image,

. the exemplary image forming apparatus performs registration

.adjustment based on a correction value (registration value)

cor;esponding to the paper type, for e%ample, entered from
the operations ﬁanel 117 or specified 'by the printer driver
?1 of the host 90.

‘Also, an image forming apparatus may be configured
to determine the distance between the first paper sheet
sensor Bl and the second paper sheet sensor 82 during a
normal printiﬁg process (image forming process) and to
store the determined distance together with the type of the
paper sheet 12 in a storage unit (for example, in a
specified area in the non-volatile ﬁemory 104). Such a
configuration makes it possible to skip registration
adjustment steps such as determining the paper type and

calculating the distance between the first paper sheet
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‘roller and the surface of the paper sheet varies

depending on the thickness of the paper sheet..

woRogigkswe, the ratio of conveyed distance ofPCtlﬂgm06‘,320523

paper sheet to the anpbunt of rotation of ‘the
conveying roller changes slightly depending 25 on the
t hi ckness of the paper shedé#- WD 2007/ 046309

sEﬁI6£P§QQ§$§ZQE%3seaéﬁdTES géeHHEQEyng§8§¥p3r”EH& to’
apparatus may be config FBd“t o T ncl ude mil-tipl e
.stor.a nits.(for exanple,,.allocated addresses in
1ih8aT8Re08) RELPE RerbBySiony1PB SO3uRETRG PRLESTR,

i nst ances of the distance between the first 5 .
thereeyi s§AuRILRIakBet HeTsdeBAdOdePEELPRELDE FegbgERagion
configuration makes it possible to store distance data

alsgnmenth paper type such as plain paper or thick
paper and to ‘performregistration adjustment for each
paper typeccédhiimipyt oad ngnibéd st bbE tloe astesaiel v
perform 10 registration adjustnent. For exanple, when

ihPeAtNEGnANahMBE8ge EHEmEXENBbBEYat1BIGnEQHALR0a first
apparatus perforns registration .adjustnment based on

dggegﬁgﬁgtﬁﬂﬂtvabustgaeshsgre%ggﬂaﬁefaﬁg ?SRE£8§E§8dEBQ

aper tyFe, or exanp f 3 Lereh rom
. 1 P o G : .
a§PEGE. = *18cBi8Tho o Rnf "ot Rhe te ker Rhge RbF rphgeed

appar at us nma e configured to determne the distance '
upSPEEah Frany rRe, FOnbE Tt eer iR hatt hA "she ghescelon

second paper sheet sensor 82 during a normal printing
thebckBe remaydingrmediupr deesenvaradt and configured to

. 'detect the recording medium; and a control unit configured

to control operations of the image forming apparatus. Such
a configuration makes it possible to aﬁcurately detect the
leading edge of the recording medium even when the distance
petween paper sheets is small by using either one of the
first and second detecting units, thereby improving the
printing speed.

An image forming apparatus according to an
embodiment of‘the present invention also makes it possible
to simplify the process of aligning the first and second
detecting units and a nozzle of a recording head.

The present invention is not limited to the
specifically disclosed embodiments, and variations and
modifications may be made without departing from the scope

of the present invention.



20 store the determ ned di stance together with the

type of the paper sheet 12 in a storage unit (for

exa in a specified area in the non-volatil
W%ﬂﬂn&f?’@M) Such a configuration makes it p’&wp%’”"ﬂ‘

to skip registration adjustnent steps such as

determ ni ng the paper typeggad 25 cal cul ating the

di stance between the. first paper sheet WO 2007/ 046309

PCT/ JP200B82p5e8ent 4appbhcat 18, afdbaRedseBodaPPREEF

sheet sensorf8.2, and to inmediately print a

Pt&gt&tyaappﬂiadkdsnnﬁnt'2@06e6@546Mhéddb¢ rogd i tredpetth 20,

wor kl oad of performing registration alignment. 5

26069r dhag Jhgaaes@n‘@@dbm&g; ebpllieaprieseNc. 2D05HIIPR13
an |nage orm ng apparatus includes a first detecting °

£49kh gﬂ%&%@ an. %7061@0'0%9%31@ RMHOWBR it s A8t 8Hich are
I'ng ne

recor |um a second detecti ng uni t P aced

f h f h
h&F?&&??gko%%thge %%%égo gl%%%%EU%E%I:Q Eoﬁveyed and

configured to detect the recording nedium and a
control unit conflgured to control operations of the

i mage fornming apparatus. Such -a configuration makes

it possible to accurately detect the. | eading edge of
the recordi ng nedi um even when the di stance 15 between
paper sheets is small by using either one of the ,
first-and second detecting units, thereby inproving

the printing speed. An i mage form ng apparatus
according to an



enbodi nent of the present invention also nmakes it
possible 20 to sinplify the process of aligning the
first and second detecting units and a nozzle of a
recording head. The presept invention is not |imted
to the specifically disclosed enbodi nents, and
variations and nodifications my be nmade w t hout
departing fromthe scope 25 of the present invention.
WD 2007/ 046309 PCT/ JP2006/ 320523 -45 The present
application is based on Gldphese Priority Application
No., 2005-305464 filed on Cctober 20, 2005, and
Japanese Priority Application No. 2005-312213 filed
on Cctober 27, 2005, the entire contents of which are
5 hereby ingor papgted afehy Q%{:ﬂaefﬂﬁgc%ha't46fogn§‘| M5

1. An image form ng apparatus that forns an I nage on a

: rdin di um. by conveying the recor.din medi um in
an lé?%?rgét%OQE%#?%%b%ﬁapeF nﬁ?ﬂgegﬁpgkgﬂHﬁ ppcogding
. carriage having a recording head, conprising: a first
mediypt bRt # nglGRFC IRBUMIEd FPRE Bar Ri A§ENAAAT chifequier of
to detect a | eading edge of the recording nedium a
a casetapd Hetwaid rg vacorpliacedhaps) reanpfrienitde first
detecting unit in the direction that the recording

Fgggrﬁfﬁ%@Q@@E%@Qiﬂﬁ“ﬁﬂiwfﬁgﬁﬁ%@§‘bﬂk%ﬁétCEQQiage and
configured to detect a leading edge of the recording
medium;

a second detecting unit placed upstream from the
first detecting unit in the direction that the recording
medium is conveyed, and configured to detect the leading
edge of the recording medium; and

a controcl unit configured to control operations of
the image forming apparatus based on a detection result
from the first detecting unit or the second detecting unit,

wherein the control unit is configured to select
either the first detecting unit or the second detecting
unit to detect the leading edge of the recording medium

depending on a print property or a speed at which the

recording medium is conveyed.




edge of the recording nmedium and a control unit

configured to control operations of the inmage form ng

appar at us based on a deteg%%pn result fromthe first

detecting unit or the second detecting unit, wherein

the control unit is configured to select either the

first detecting unit or the second detecting wunit to

detect the | eading edge of the recordi ng nmedi um

depéndi ng o aepdimigpr dpermyngr apppesdtas whi ch t he

recording nediumis conveyed. -47- 2. The inmage

g: apparatus a : :

Sl S bt e S p SRS U T

fromthe second detecting wunit a timng at which the
based eenr thagdeteictmars nesuklachran dbtesticondpakitta oning

where the first detecting unit detects the |eading

.. € - he.r rdj ' 1.t h record

unit e PRI T e e B MOl e S 2

first detecting unit reaches the detection position,
detegcedutescaispeed wite nehitdie thersecdetdengimgdiinmt sletects

conveyed. 3. The inmge form ng apparatus as cl ai ned

' ' LN, the. control Lt deter.m nes ased
ehe eadl B ibae BE S e TROM et hbha el w1

unit a timng at which the recording nediumis to
recoy@dacd medietedsi v pasEdh orhavhée eetheohi petsidatectbafpre

unit detects the |eading edge of the recording
the %gféggﬁ%ﬁg%EgggFgggiﬁéﬁégﬁé%n@hgegégghkigﬂ)ﬂgg¥¥Hggf

reduces a speed at which the recording medium is conveyed.

3. The image forming apparatus as
claimed in claim 1, wherein the control unit determines
based on the detection result from the second detecting
unit a timing at which the recording medium is to reach a
detection position where the first detecting unit detects
the leading edge of the recording medium, and when the
recording medium is to reach the detection position before
the first detecting unit reaches the detection position,
uses the detection result from the second detecting unit to

perform an image forming process.



the first detecting unit reaches the detection
position, wuses the detection result fromthe second
detecting unit to performan inage form ng process.
-48- 4. The inmage forning_ggparatus as clained in
claim1, wherein the first “detecting unit and the
second detecting unit detect the |eading edge of the
recordi ng medium at different positions in the
scanning direction of the carriage. 5. The inmage
form ng appafheusimegel af oediimg ch@ipardatwshezsin the
control unit determ nes an anmount of skew of the
claimedotdi o atedilymwiasesi antHet €etris@n detsdtdsnd rem t heng
first detecting unit and the second detecting unit. 6.

the d88chARAL k¥l NG @W@T&éﬂéc@stﬁleail%%%ii ec%%&%"eo?the

wherein the conttol unit rotates the 1 nma

fornmed n the recordin di um based .on the )

reco bgt BB el i ot LSRRty BP St ha rScdRi meer BRI g,

. The ina%e formng apparatus as clained in claim 5,

direghépii ALt hBecomuwladmi t, when the deterni ned anount
of skew of the recording mediumis |arger than a
speci fied value, ejects the recording nedi um and
feeds another recording mediuminto the imge form ng
appay at 4 he .. f ] paLa : cl.ai .
R P e T R

4, wSLEE M pRd %dﬁ%%bi unit determines an amount of skew of

the recording medium based on detection results from the

first detecting unit and the second detecting unit.

6. The image forming apparatus as claimed in claim
5, wherein the control unit rotates the image to be formed
on the recording medium based on the determined amount of

skew of the recording medium.

7. The image forming apparatus as claimed in claim
5, wherein the contrcl unit, when the determined amount of
skew of the recording medium is larger than a specified
value, ejects the recording medium and feeds another

recording medium into the image forming apparatus

8. The image forming apparatus as claimed in claim

5, wherein the control unit, when the determined




amount of skew of the recording nediumis larger than

a specified value, outputs an error nessage. 9. The

i mage form ng apparatus as clained in claiml,

wherein the second detecti®y unit is positioned so as

to face a conveying roller used to convey the

recording nediumtoward an i mage form ng area where

the recording head forns the i nage. 10. The i nmage
amoufior af ngkapparfatiis ascedikg nodichaim Landrer eindt he

conveying roller drives a conveyor belt configured to
specfLEELT 081 AL CRAld el oL RG, T REQEdGRg  medi um and

hereby to convey the recording ne m 11. The i mage

fornlng apparatus as clainmed in claiml1, wherein the

control unit determ nes and records a distance

between the first detecting unit and the second

det ebt iTp vimege 150rTRag mife H0rid My appaiaeds las claim 1,

claimed in claim1l, wherein the control unit first
wheralilgnshenscafotiedefigst idet anti 6g iwnipo and itdiee Segendis

detecting unit and a nozzle of the recordi ng head;

to f&Rd Lheanakigng tha 1:heisone.ookohbe f%ﬁg ALl

unit and the second detecting unit -5 and the nozzte

h c rd| based on a result of the fi rst
med i, bATahE SRa TRy alsPhete dF e antacr 23 o a SaRigbL A
orn1ng apparatus as clained in claim1l, mhereln t he
head chp¥®3l ORI £TfdEst aligns the first detecting unit
and a nozzle of the recording head; and then

10. The image forming apparatus as claimed in
claim 9, wherein the conveying roller drives a conveyor
belt configured to electrostatically attract the recording

medium and thereby to convey the recording medium.

11. The image forming apparatus as claimed in

ciaim 1, wherein the control unit determines and records a

distance between the first detecting unit and the second

detecting unit.

12, The image forming apparatus as claimed in
claim 11, wherein the control unit first aligns one of the
first detecting unit and the second detecting unit and a
nozzle of the recording head; and then aligns the other one

of the first detecting unit and the second detecting unit




aligns the second detecting unit and the nozzle of the
recordi ng head based on a result of the first
alignnent and the recorded distance. 14. The inage
form ng apparatus as claigg in claiml1l, wherein the
control unit determ nes and"records the distange
etween the first detecting unit and the secon
and Elé?eEPizﬁ;Leur‘Pi I FOFMRY PRET kaFEeDrPt e result of
recordi ng nmedium 15. The inmage form ng apparatus as
the giabhedlignnendi mrkd, thwerecartird ddmstreoicaini t
determ nes and records the distance between the first
detecting unit and the second detecting unit when the
first detecting unit and the second detecting unit

are i g dH%#% ¢ to ing directian.
of tlﬁée' cgfl%i SLS[EQS%G. @Epﬁagéﬁgg%%ﬁggla?%arca ahlsmgg dln
.claimed in .claim11l, wherein the contral unit records
claiff 11 orbeteisn Tas, Gdnideel ofni he LaFetatdd Iet Weent ¢ et
P ! .
first detecting unit and the second detecting unit.
deteazinghenifagadf &r mang lappaf ats ascolrdiimed Hand cl aidn then
16, wherein each of the nultiple instances of the
aliguls sthaceebehdee tdig frig Sin det 8681 RBeURIdz ARd dhethe
second detecting unit corresponds to a type of the
recof&PR§0h89d BBLWMon a result of the first alignment and

the recorded distance.

14. The image forming apparatus as claimed in
claim 11, wherein the control unit determines and records
the distance between the first detecting unit and the
second detecting unit while forming the image on the

recording medium.

15. The image forming apparatus as claimed in
claim 11, wherein the control unit determines and records
the distance between the first detecting unit and the
second detecting unit when the first detecting unit and the
second detecting unit are aligned perpendicular to the

scanning direction of the carriage.

le. The image forming apparatus as claimed in

claim 11, wherein the control unit records multiple

et



_51_
instances of the distance, between the first detecting unit

and the second detecting unit.

17. The image forming apparatus as claimed in
claim 16, wherein each of the multiple instances of the
distance between the first detecting unit and the second
detecting unit corresponds to a type of the recording

medium.




